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Abstract/Preface 
In the United Kingdom (U.K), the incidence and prevalence of type 2 diabetes mellitus 

(T2DM) and its complications are increasing. Glycated haemoglobin (HbA1c), a diagnostic 

and monitoring indicator of long-term glucose control has been pivotal for the management 

of individuals at high risk of, or with DM, with a strong correlation between increased HbA1c 

levels and adverse outcomes. However, the validity of HbA1c as a prognostic and 

diagnostic tool is affected by co-morbid conditions or other biological factors.  

This thesis consists of three studies with the common aim of improving the interpretation of 

HbA1c values across different ethnic populations, and in patients with different types and 

severity of anaemia, and with or without renal impairment in primary care in the U.K.  

In the first part, a systematic review and meta-analyses were conducted and HbA1c levels 

were compared with fasting plasma glucose (FPG) or oral glucose tolerance test (OGTT), 

among participants from different race/ethnicity. The purpose was to identify whether the 

variability of HbA1c values in different racial/ethnic groups is present in patients who have 

not yet been diagnosed with T2DM, to describe the appropriate categorisation of 

ethnicity/race in a clinical setting, and to ascertain whether the common threshold to 

diagnose T2DM should be adjusted in diverse ethnic/racial groups. The results showed that 

white subjects without diagnosed T2DM appear to obtain lower HbA1c values than black, 

Hispanic, and South & East Asian subjects for similar levels of FPG or OGTT. 

For the second and third part, electronic health records obtained from the Clinical Practice 

Research Datalink (CPRD) were analysed. The aim of part two, was to evaluate, using a 

regression analysis the direction and extent to which anaemia and renal failure affect HbA1c 

measurements when compared to FPG. Our conclusions indicated that there is an apparent 

impact of mild to moderate chronic kidney disease (CKD) on HbA1c (lower estimates), 

however, this impact does not appear to be clinically significant in primary care for 

individuals with good long-term glucose control or for T2DM diagnosis. Also, anaemia does 

not appear to be a mediator, however individuals with severe anaemia require further 

attention. 

Finally, for the third part, a survival analysis was developed to test whether HbA1c, 

categorised into glycaemic groups, has an effect on the subsequent incidence and 

progression of CKD, and all-cause mortality in patients with non-diabetic hyperglycaemia 

(NDH) and newly diagnosed T2DM. This study revealed that over an average follow-up of 

3 years pre-diabetic and newly diagnosed with DM participants of HbA1c groups over 48 

mmol/mol (6·5%) have an increased risk of incident and progression of CKD 3b or above, 
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and a higher risk of all-cause mortality compared to subjects in lower groups. Data were 

insufficient to estimate the effect of HbA1c on progression to end-stage renal disease.
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A.D. Anno Domini 
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 Complication Prevention in Type 2 Diabetic Patients Identified by Screening 
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 Controlled Evaluation 
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AusDiab Australian Diabetes, Obesity and Lifestyle 

B.C. before Christ 

BMI body mass index 

bn billion 
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CDA Canadian Diabetes Association 

CI confidence interval 

CINAHL Cumulative Index of Nursing and Allied Health Literature 

CHD coronary heart disease 

CKD chronic kidney disease 

CKD-EPI chronic kidney disease-epidemiology collaboration 

CPRD Clinical Practice Research Datalink 

CQC Care Quality Commission 

CV cardiovascular 
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CVA analytical coefficient of variation  

CVI intra-individual coefficient of variation  

CVG inter-individual coefficient of variation  

CVP pre-analytical coefficient of variation 

CVD(s) cardiovascular disease(s) 

DCCT Diabetes Complications and Control Trial 

DECODE Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe  

DKA diabetic ketoacidosis 

DM diabetes mellitus 

DPP Diabetes Prevention Program 

DPS Diabetes Prevention Study 

eAG estimated average glucose 

EASD European Association for the Study of Diabetes 

EDIC Epidemiology of Diabetes Interventions and Complications 

eGFR estimated glomerular filtration rate 

EMBASE Excerpta Medica dataBASE 

EPIC European Prospective Investigation into Cancer and Nutrition 

EPO erythropoietin 

ESA erythropoiesis stimulating agents 

ESRD end stage renal disease 

FBC full blood count 

FG fasting glucose 

FN false negative 

FP false positive 

FPG fasting plasma glucose 

GDM gestational diabetes mellitus 

GP(s) general practitioner(s) 

GT-2 glucose transporter 2 
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Hb haemoglobin 

HbA1c glycated haemoglobin 

HDL high-density lipoprotein 

HR(s) hazard ratios 

HPLC high performance liquid chromatography 

ICD-10 International Classification of Disease, 10th Revision 

IDA iron deficiency anaemia 

IDDM insulin depended diabetes mellitus 

IDF International Diabetes Federation  

IEC International Expert Committee 

IFCC The International Federation of Clinical Chemistry and Laboratory Medicine 

IFG impaired fasting glycaemia 

IGT impaired glucose tolerance 

IQR interquartile range 

JDFR Juvenile Diabetes Research Foundation 

KDIGO Kidney Disease: Improving Global Outcomes 

KDOQI Kidney Disease Outcomes Quality Initiative 

KNHANES Korea National Health and Nutrition Examination Survey 

LADA latent autoimmune diabetes of adulthood 

LDL low-density lipoprotein 

LEADER Leicester Ethnic Atherosclerosis Study 

MEDLINE Medical Literature analysis and Retrieval System Online 

MeSH medical subject heading 

MHRA Medicines and Healthcare Products Regulatory Agency 

MDRD Modification of Diet in Renal Disease 

MI myocardial infarction 

MODY maturity - onset diabetes of the young 

MOOSE Meta-analysis of Observational Studies in Epidemiology 



Abbreviations 

24 

 

MPG mean plasma glucose 

MSM multi-state model 

NCD(s) non-communicable disease(s) 

NDH non-diabetic hyperglycaemia  

NDDG National Diabetes Data Group 

NOS Newcastle-Ottawa scale 

NGSP National Glycohemoglobin Standardisation Program 

NHANES National Health and Nutrition Examination Survey 

NHS National Health Service 

NHS DPP NHS Diabetes Prevention Programme 

NICE National Institute of Healthcare Excellence 

NIDDM non-insulin depended diabetes mellitus 

NPV negative predictive value 

OGGT oral glucose tolerance test 

ONS Office of National Statistics 

PICOS participant, intervention, comparator, outcome, study design 

PPV positive predictive value 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

RBC red blood cell 

RCT randomised controlled trial 

RRT renal replacement therapy 

ROC receiver operating characteristic 

SBP systolic blood pressure 

SD standard deviation 

SI Système International 

SIGN Scottish Intercollegiate Guidelines Network 

SMBG self-monitoring of blood glucose 

SNP single-nucleotide polymorphism 
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T1DM type 1 diabetes mellitus 

T2DM type 2 diabetes mellitus 

TN true negative 

TP true positive 

U.K United Kingdom 

UKPDS United Kingdom Prospective Diabetes Study 

U.S United States 

USD United States Dollar 

UTS up to standard 

WHO World Health Organization 

WMD weighed mean difference 

β-cells beta cells 
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% per cent 

g grams 

mg/dL milligram per decilitre 

g/L gram per litre 

μmol/L micromole per litre 

mmol/L millimole per litre 

mmol/mol millimole per mole 

mL/min/1·73m2  millilitres per minute per 1·73m2 (body surface area) 
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Chapter 1. - General Introduction 
1.1. Background to the thesis  
There has been growing attention in recent years on non-communicable diseases as a 

leading cause of death and as contributors to loss of quality of life, such that they are now 

a major global health problem. Diabetes Mellitus (DM), commonly known as diabetes, is 

one of the top four major types of chronic non-communicable diseases by mortality (1) and 

in 2017 accounted for over 4 million deaths globally. Data collected in 2017 have generated 

estimates of approximately 425 million people between 20 to 79 years of age living with 

diabetes worldwide, whilst there are smaller numbers affected at the extremes of age. The 

prevalence is projected to increase by 48% by 2045. For the same year, 4·7 million people 

lived with diabetes in the United Kingdom (U.K.), and the prevalence was estimated to be 

5·95% (2). Diabetes and the associated complications of the disease are a growing 

economic burden to the healthcare systems (3, 4), which in recent decades have been 

facing significant financial constraints (5). 

Identification of people who are at high risk of type 2 diabetes mellitus (T2DM) or early 

diagnosis and prevention of diabetes are imperative for inhibiting or delaying the associated 

micro-vascular and macro-vascular complications, such as retinopathy, neuropathy, 

nephropathy, coronary artery disease, and stroke (6). In addition, maintaining good 

glycaemic control among those diagnosed with T2DM is likely to lower the incidence of 

diabetic complications (7), improve patient outcomes, and lower the associated economic 

expenditures. 

Glycated haemoglobin (HbA1c), which is both a diagnostic (8) and monitoring biomarker of 

long-term glucose control (9-13), has been pivotal for the clinical management of individuals 

at high risk of or with diabetes (14-19). The importance of HbA1c was recognised when The 

Diabetes Control and Complications Trial (DCCT) (20, 21) and the Epidemiology of 

Diabetes Interventions and Complications (EDIC) study group (22-24) in type 1 diabetes, 

along with the United Kingdom Prospective Diabetes Study (UKPDS) (25, 26) in T2DM, 

revealed a strong correlation between HbA1c levels and outcome risks, and thus indicating 

that HbA1c can be used for monitoring control of diabetes in clinical practice. These studies 

showed that long-term high glucose concentrations evidenced using HbA1c were related to 

increased risk of developing micro- and macro- vascular complications, and that targeted 

glycaemic control was associated with a reduced rate of development and progression of 

diabetic complications. 
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A universal diagnostic threshold (8, 27, 28) and targets for diabetes management based on 

desired levels of HbA1c have been recommended and are frequently updated, however 

differences in the analytical validity of HbA1c across specific group populations has made 

its clinical interpretation complex (29, 30). The work reported in this thesis explores whether 

the disparities of HbA1c in patients without known T2DM from different ethnic groups, and 

(separately) in patients with chronic kidney disease (CKD) with or without anaemia are real, 

and what their impact is on the health of the patients. In addition, the association between 

HbA1c levels on the progression of kidney function and all-cause mortality is also examined. 

This chapter includes a review of the history and of the different types of DM, and a 

description of the different methods that are currently used for the diagnosis of the disease 

and also for monitoring purposes mainly in the U.K. and further globally. Also, the definition 

and staging of CKD, a complication of diabetes, is explained and analysed based on the 

inter-dependent relationship among CKD, diabetes and that of HbA1c. The prevalence of 

the disease and its associated complications are also reported for recognising the 

magnitude of the problem. As a final point, the burden of ethnicity on the interpretation of 

HbA1c values is epigrammatically stated. 

 

1.1.1. An Introduction to diabetes mellitus - terminology & history 

Diabetes is not a new disease. Evidence of the condition has been documented for more 

than 3 500 years by physicians and researchers. The first manuscripts were found in Egypt 

circa 1550 B.C. Particularly, the physician Hesy Rah, describes in Ebers papyrus, 

symptoms of frequent urination, and emaciation. Later in 230 B.C., Apollonius of Memphis 

was the first to use the term “diabetes” (31, 32). The term diabetes is derived from the Ionian 

Greek word “διαβαίνειν” (/diabainein), a synthesis of the two words “-δια” (/-dia) and “-

βαίνειν” (/-bainein), meaning “to pass or run through” as in a siphon and its subsequent 

Latin meaning of “siphon”. It describes the passage of ingested fluids through the body 

unchanged as if through a tube and resulting in the excessive discharge of urine (31, 33, 

34). In the meantime, the physicians, Aulus Cornelius Celsus (30 B.C.-50 A.D.) and 

Aretaeus of Cappadocia (early 2nd century A.D.) were the first to give a complete clinical 

description of diabetes; 

“...an ailment which presented with excessive urination in frequency and volume, and 

painless emaciations”, “…a dreadful affliction being a melting down of the flesh and limbs 

into urine. The patients never stop making water but the flow is incessant as if from the 

opening of aqueducts….and patient is short lived”, 
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while Aretaeus was the first to establish diabetes into the medical nomenclature (34, 35). 

Until the late 1800s, people have acccepted the beliefs of Galen of Pergamum (131-201 

A.D.) that diabetes was a disease of the kidneys. Ever since though, documentation on the 

incidence of the disease was rare. 

It was not until the beginning of the 11th century when the Persian polymath Avicenna 

publishes “The Canon of Medicine” in which provides details about the sweet urine, the 

abnormal appetite, the diabetic gangrene, and the sexual dysfunction of the patients with 

diabetes (35). Finally, in 1776 the English physician Matthew Dobson with his advanced 

knowledge in chemistry became the first to associate the sweet taste of urine due to excess 

of sugar in the urine and the blood and concludes that diabetes is a metabolic disease and 

describes the first indications of the existence of two different types of diabetes (36). The 

term mellitus which in Latin means “sweet like honey” was added in the literature by the 

surgeon John Rollo in 1798, in order to differentiate patients with diabetes whose urine had 

a sweet taste, from the other diabetes category called insipidus in which urine was tasteless. 

An alternative term of diabetes mellitus already documented in India where is still in use, is 

madhumeha meaning “honey urine”(32, 35). Michel Eugene Chevreuil (1786–1889) 

identified the sugar in the blood and urine as glucose in 1815 (34). Meanwhile, Thomas 

Cowley in 1788 links pancreas with the occurrence of diabetes, and in 1869 Paul 

Langerhans, discovers some cell clusters in the pancreas, later named "Islets of 

Langerhans", that seemed to regulate glycosuria. These documentations had been of great 

importance for understanding the pathophysiology of the disease, ways of clinical diagnosis, 

beliefs, treatments and practices, that led to the revolutionary invention of the 20th century 

in diabetes, the production of insulin hormone in 1922 by Banting and Best (31, 32). 

Despite this progress and the sophisticated diagnostic biochemical methods that were 

developed during the 1970s (37), prevelance of diabetes is increasing and the slow onset 

and the assymptomatic progression of the disease remains and makes its prognosis a 

challenge. 

 

1.1.2. Types of diabetes mellitus 

Until the 1990s, patients with DM were classified into two categories previously called 

“insulin dependent diabetes mellitus” (IDDM) and “non-insulin dependent diabetes mellitus” 

(NIDDM), subjected to their grade of dependency on insulin (38). Albeit rational, for the two 

main types of diabetes, this did not prove consistent for the subcategories of the disease. 

Αlso, the classification was based on the treatment of the disease rather than its aetiologies 
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and underlying cause. Hence, in 1999, the World Health Organization (WHO) developed an 

updated definition and classification report for diabetes mellitus and described it as “a 

metabolic disorder with heterogeneous aetiologies, characterised by chronic 

hyperglycaemia, increased concentration of glucose (sugar) in the bloodstream, and 

disorders of carbohydrate, fat, and protein metabolism resulting either due to insufficient 

insulin production, or defects of insulin action, or both” (39). Insulin, a hormone produced 

by the pancreatic beta cells (β-cells) within the Islets of Langerhans, regulates blood 

glucose levels in the human body by assisting glucose to enter in the muscle, fat, and liver 

where can be metabolised to energy (40-42). Nowadays, patients with DM are classified 

into broadly 4 categories: type 1, type 2, type 3 (gestational), and type 4 (other specific 

types of diabetes) (43). The latter categories (type 3 and 4) are highly specialised topics 

which will not be analysed in this thesis. More recently, the concept of pre-diabetes or non-

diabetic hyperglycaemia has also become part of the research and clinical agenda.(43-45). 

 

1.1.2.1. Type 1 diabetes mellitus (T1DM) 

The destruction of β-cells in the pancreas and the subsequent absolute or almost absolute 

insulin deficiency lead to the development of Type 1 diabetes mellitus (T1DM) (46). Type 1 

diabetes mellitus is characterised as “immune-mediated diabetes” because the immune 

cells attack the pancreatic β-cells. It was formerly called “IDDM” or “juvenile–onset diabetes” 

as it appears more often in younger ages without excluding its onset later in life (43, 47). 

Type 1 diabetes mellitus accounts for 10% of those with diabetes (2). In the U.K. 

approximately 400 000 people are currently living with T1DM (48). The susceptibility of 

patients to the disease is determined by environmental and genetic factors. The majority of 

individuals with T1DM are often symptomatic and present with fatigue and weakness, 

weight loss, thirst, polyuria, polydipsia, and blurred vision. For the moment, there are no 

generally available healthcare interventions for prevention of T1DM, unless patients are 

participating in a research trial (43). Even if the onset of the disease per se has been proved 

to occur before patients become symptomatic (49, 50), screening of the population for 

T1DM is not currently recommended as part of routine care (51). However, the joint position 

statement released by American Diabetes Association (ADA), Juvenile Diabetes Research 

Foundation (JDFR), and Endocrine Society for the adoption of the staging of pre-type 1 

diabetes has been a step forward for the establishment of a policy framework and the 

development of appropriate therapies (52). 

The diagnosis of T1DM is usually straightforward. Patients typically present with an acute 

onset of symptoms, some of them life threatening if not treated promptly, like diabetic 
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ketoacidosis (DKA), the production of ketones substances harmful for the body, and a blood 

test is offered to them to examine their glucose levels, using the standard diabetes 

diagnostic criteria which will be described later in this Chapter. For people with T1DM daily 

insulin treatment is essential. Furthermore, regular blood glucose monitoring, and a healthy 

lifestyle to manage their condition effectively is required, otherwise, the complications of the 

disease can affect major organs in their body, including blood vessels, foot, heart, nerves, 

eyes, and kidneys (53). Maintaining a normal blood sugar level can dramatically reduce the 

risk of many complications, premature mortality, and extend long-term endogenous insulin 

production (43). 

 

1.1.2.2. Type 2 diabetes mellitus (T2DM) 

1.1.2.2.1. Pathophysiology and aetiology 

The most prevalent form of diabetes is type 2 diabetes mellitus, previously known as 

“NIDDM”. T2DM is a heterogeneous disorder, in which patients appear to have increased 

glucose concentration in their bloodstream (54). 

The pathogenesis of T2DM is complicated. Plasma glucose concentration, under 

physiological conditions, is regulated through a dynamic interaction between β-cell function, 

insulin secretion, peripheral insulin resistance/tissue sensitivity to insulin, and regulation of 

hepatic glucose production. These complex metabolic processes for glucose homeostasis, 

aim to maintained a relatively stable range of plasma glucose within a narrow range of 

fluctuation (55). When this mechanism gets destabilised due to the genetic, environmental, 

or metabolic factors, glucose concentration is affected. 

The interaction between glucose and insulin is initiated from the moment that glucose enters 

the body and gets absorbed into the bloodstream, where the process of glycolysis starts 

(40, 56). Glucose is an essential sugar that works as a principal fuel for energy production, 

mainly for brain, muscle, kidney, and other tissues. Yet, the uptake of glucose from the body 

cells is blocked unless insulin is present, whose role is to bind with the body cells’ insulin 

receptors and allow glucose into the cell. Thus, glucose is signalling the pancreas through 

the glucose transporter 2 (GT-2) or glucokinase to produce insulin (57). As soon as the 

pancreas detects the signals, the production of insulin starts. In the second phase, insulin 

is released straight into the bloodstream where it circulates together with glucose. Insulin 

unlocks the receptors of the cells and glucose is absorbed. Consequently, the glucose 

levels fall back into normal and pancreas stops producing insulin. Excess glucose is stored 

in muscles and liver as glycogen (glycogenesis process), in order to be released when the 

body lacks glucose (58, 59). Under the latter condition, known as hypoglycaemia, the 
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pancreatic alpha cells instead, produce and release the hormone glucagon, which 

stimulates both glycogenolysis (the breakdown of glycogen into glucose) and 

gluconeogenesis (the formation of new glucose molecules) processes that restore glucose 

levels within the normal ranges (60). 

Disturbances in this process leads to glucose dysregulation and T2DM evolves. Usually, a 

deficiency in insulin secretion may be due to an impairment in the stimulation process of β-

cells or a dysfunction of the pancreatic β-cells. On a second phase, peripheral insulin 

resistance or reduced insulin sensitivity, the inability of muscles, body fat and liver cells to 

recognise insulin signals, usually leads to impaired insulin action which subsequently results 

in low rates of glucose absorption from the cells or glucose intolerance (54, 61). 

Furthermore, hyperglycaemia itself contributes additionally to the pancreatic β-cell 

breakdown and worsening of insulin resistance, leading to a vicious cycle of hypoglycaemia 

and metabolic syndrome exacerbation (62). For these reasons, the condition differs from 

T1DM, which is characterised by the destruction of β-cells in the pancreas usually resulting 

in the complete failure of insulin production. 

 

1.1.2.2.2. Prevalence & incidence 

Type 2 diabetes mellitus accounts for approximately 90% of all diagnosed cases of diabetes 

worldwide (2). In 2018, approximately 3·4 million people have been diagnosed with T2DM 

in the U.K. (48). Type 2 diabetes mellitus usually affects older people and used to be known 

as adult-onset diabetes. The incidence of diabetes increases with age, with most cases 

being diagnosed over the age of 45 years (63, 64). However, the prevalence of T2DM in 

children and young adults is alarmingly rising (65, 66). The 2016/2017 published report by 

the Royal College of Paediatrics and Child Health found that 715 people under the age of 

25 years were diagnosed with T2DM in England & Wales, an increase of 77 since 2015-

2016 (67). 

 

1.1.2.2.3. Risk factors 

Although T2DM has several causes, of which not all of them are known, genetic 

components and lifestyle choices play a crucial role on the development of the disease.  

The genetic influence on the progress to hyperglycaemia has been supported by studies 

showing that patients who have a family history of diabetes are more likely to develop 

increased glucose levels. In particular, patients with one parent having the disease have 

almost 40% risk of becoming diabetics. This risk increases to 70%, when both parents are 
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affected (68). In addition to that, studies of specific subsets of people (e.g. Latin Americans, 

Native Americans, Asian-Pacific islanders, and blacks) have identified groups of people who 

are more likely to have elevated blood glucose concentrations independent of the 

environment they live in (69). These differences will be analysed further in Chapter 2. 

Besides the heritability of the disease, and population ageing, lifestyle choices are believed 

to be responsible for the large increase in the prevalence of T2DM the past 20 years. 

Smoking (70, 71), high body mass index (BMI) greater than 25 kg/m2 (72-74), or unhealthy 

diet (e.g. high fat diet, low fibre intake) which can lead to dyslipidaemia (75), and physical 

inactivity (76, 77) all increase the risk of diabetes. 

 

1.1.2.2.4. Natural progression overview (symptoms-prevention-NDH-treatment) 

Type 2 diabetes mellitus is an insidious disease that develops gradually over several years. 

As the early symptoms can be mild, people with T2DM can remain undiagnosed for many 

years. According to Diabetes U.K., 6 in 10 people are asymptomatic before they get a 

diagnosis with T2DM (48). Typical symptoms are fatigue, nausea, blurred vision, thirst, 

hunger, and frequent urination (78). 

The condition where blood glucose is higher than the normal ranges, but yet not high 

enough for someone to be considered as having T2DM is commonly called “pre-diabetes”. 

Pre-diabetes has been a condition known for many years. There has been several terms 

that have been used to indicate someone with abnormalities of carbohydrate metabolism 

or variant levels of dysglycaemia - subclinical diabetes, latent diabetes, mild diabetes, or 

chemical diabetes. Pre-diabetes term is more commonly used in the U.S and has been 

characterised as a subclinical stage of diabetes (28). It has been argued that the term pre-

diabetes causes more harm than good, as it was assumed that patients with pre-diabetes 

will eventually progress to overt diabetes. Hence, the WHO (79) since 2006 uses the 

expression “intermediate hyperglycaemia”, while in the U.K., NICE uses the term “non-

diabetic hyperglycaemia” (NDH). According to studies’ review completed by NICE, between 

33% and 66% of people with pre-diabetes - raised or impaired blood glucose levels will 

progress to T2DM within a period of 3-6 years (80). In this thesis the term NDH will be 

adopted to refer to those with pre-diabetes. 

There are two intermediate stages of NDH, the impaired fasting glycaemia (IFG) and 

impaired glucose tolerance (IGT). Impaired fasting glycaemia and IGT can occur as 

isolated, mutually exclusive conditions or together. Impaired fasting glycaemia is discovered 

after an abnormally high fasting plasma glucose (FPG) test (discussed later in the chapter), 



Introduction 

34 

 

and usually is associated with defective insulin secretion, hepatic insulin resistance and 

muscle insulin sensitivity. On the other hand, isolated IGT which can be detected from an 

abnormally raised 2-hour 75 g oral glucose tolerance test (discussed later in the chapter), 

but with normal FPG results, is associated with defective insulin secretion (differentiated 

insulin response form the one of IFG), reduced hepatic insulin sensitivity and moderate to 

severe muscle insulin resistance (81). 

Prevalence of IFG and IGT differs considerably; firstly because they don’t identify the same 

individuals, and secondly because of the regular changes of the criteria for the identification 

of the conditions. Both states, are precursors of T2DM if not treated promptly. A 2016 

systematic review from Eades et al (82) showed that the overall prevalence of IFG and IGT 

in Europe was 8·4% and 11·4% respectively in patients 18 years old or older. The combined 

prevalence of both IFG and IGT was significantly lower in 2·5%. Finally, IGT has been a 

better predictor of CVD and all-cause mortality (83-85) 

Identifying people at high risk of T2DM is critical for initiating treatment and also for 

secondary prevention of disease progression through lifestyle modification (86). For those 

patients with NDH, minor changes in their lifestyle could be enough to revert their condition 

(87). Weight loss and maintaining an ideal body weight, eating a healthy diet (88), and 

exercising regularly (89) are the first recommendations in order to keep their glucose levels 

within the normal ranges (85, 90, 91). Sometimes, bariatric surgery or pharmacological 

treatment with metformin is found necessary for additional protection of those at risk (83-

85). Metformin, increases peripheral glucose uptake and hence boosts insulin sensitivity, 

decreases the intestinal absorption of glucose and prevents liver from producing excess of 

glucose, thereby keeping the blood glucose levels in a normal range (92). For patients with 

more severe symptoms, long-term treatment with other glucose lowering agents such as 

acarbose, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) 

agonists, meglitinides, sodium glucose co-transporter-2 (SGLT2) inhibitors, sulfonylureas, 

and thiazolidinedione or even insulin is indicated (93). Also, for patients with diabetes and 

cardiovascular (CV) risk, antiplatelet, antihypertensive, and lipid-lowering therapies are 

recommended (94). 

Treatment of T2DM can have some adverse effects on patient’s health. Often, a dys-

balanced combination of glucose-lowering drugs and dietary intake, can lead to 

hypoglycaemia. Symptoms of hypoglycaemia include trembling, sweating, dizziness, loss 

of consciousness, hunger, and even seizures (95).  
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1.1.3.  Complications of diabetes mellitus 

Diabetes can affect many organs over time and can lead to life-threatening outcomes. 

Patients with diabetes are at increased risk of developing complications that affect the larger 

blood vessels of the body, known as macro-vascular conditions, and the smaller blood 

vessels, known as micro-vascular. 

 

1.1.3.1. Macro-vascular comlications 

Increased circulation of blood glucose reduces nitric oxide, a molecule that works as a blood 

vessel’s dilator and leads to the shrinkage of the vessels. Consequently, a shortfall in the 

production of nitric oxide increases the risk of high blood pressure, a typical co-morbidity of 

patients with diabetes and risk factor of cardiovascular, cerebrovascular and peripheral 

artery diseases (96). Untreated high blood pressure has been associated with the 

development of atherosclerosis. 

Atherosclerosis leads to impaired blood circulation which can decrease the supply of blood 

to the organs of the body. In particular, restrictions of blood to the feet and leg muscles, 

lead to peripheral arterial diseases with painful symptoms (e.g., sores and ulcers) for the 

patient. Furthermore, blood flow blockage to the heart muscle can cause coronary artery 

diseases, such as angina and myocardial infarction (MI) (heart attack), whereas blood flow 

blockage to the brain, causes cerebrovascular diseases, including ischaemic stroke (97). 

Adults with diabetes have a two- to three-fold increased risk of heart attacks and strokes 

compared to those with normal blood sugar levels. However, global estimates of diabetes 

cardiovascular related complications cannot be easily ascertained, as prevalence and 

incidence vary between developed countries for which data are more available, while there 

are difficulties in long-term measurement of complication rates for some of the developing 

ones (2). Also, results should be carefully interpreted and compared as each study defines 

differently what is included under the umbrella term of cardiovascular outcomes and uses 

different methodologies for calculating the desired estimates. 

A recent systematic review including 53 studies from 25 countries on the prevalence of 

CVDs in subjects with type 2 diabetes, showed that CVD affected 32·2% of the overall 

number (4 549 481); 29·1% had atherosclerosis, 21·2% had coronary heart disease, 14·9% 

heart failure, 14·6% angina, 10·0% MI and 7·6% stroke. CVD was the cause of death in 

9·9% of patients with T2DM (representing 50·3% of all deaths) (98). In the U.K., the latest 

study from Shah et al, (99) showed that T2DM was positively associated with peripheral 

arterial disease (hazard ratio (HR) 2·98), ischaemic stroke (1·72), stable angina (1·62), 
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heart failure (1·56), and non-fatal myocardial infarction (1·54), but was inversely associated 

with abdominal aortic aneurysm (0·46) and subarachnoid haemorrhage (0·48), and not 

associated with arrhythmia or sudden cardiac death (0·95). All the hazard ratios were 

adjusted for age, sex, risk factors, statins and antihypertensive therapies. The cumulative 

curves in Figure 1.1, represent the associations between each of the cardiovascular 

indications and T2DM. 

Finding separate results for T1DM has been hard, as most of the studies report data derived 

from cohorts with type 2 diabetes or from studies without differentiation of diabetes’ types. 

The WHO multinational study found that cardiovascular deaths accounted for 44% of death 

in those with T1DM and 52% of deaths in T2DM (100). Incidence and mortality from CVD 

events overall have been decreased the past 20 years, however they are still higher in 

patients with diabetes than with those without (101-104). Treatment models to more holistic 

care that address not only good glucose monitoring, but also lowering of blood pressure, 

cholesterol, dyslipidaemia, obesity, and educate the patient on the disease, have 

contributed to the decline of these rates and will be the cornerstone for tackling the disease 

in the future. 

Figure 1.1 Cumulative incidence curves for the incidence of first presentation of 12 CVDs in patients 
of more than 40 years, by diabetes status. 
Reproduced from the study: Type 2 diabetes and incidence of cardiovascular diseases: a cohort study 

in 1·9 million people (99). Permission to use was granted by the authors. 
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1.1.3.2. Micro-vascular complications 

Capillaries are responsible for conveying blood into tissues and cell types, including 

neurons and Schwann cells in the peripheral nerve, endothelial cells in the retina, and the 

mesangial cells in the renal glomerulus. Damage in capillaries because of the increased 

circulation of glucose into the bloodstream, leads to the irreversible dysfunction of these 

cells and tissues and consequently patients are likely to develop diabetic neuropathy, 

retinopathy, and nephropathy respectively (105). Micro-vascular conditions has also been 

found to be a risk factor of cardiovascular disorders (106). 

 

Neuropathy 

The pathophysiology of diabetic neuropathy is not entirely known. Nerves are responsible 

for carrying signals between the brain and many organs of the body. Hence, any damage 

in the nerves due to the inefficiency of blood vessels to transfer oxygen might have 

detrimental consequences for the health of the patient. Nerve damage could be a result of 

reduced blood flow in the capillaries, or through a direct effect of increased glucose on the 

nerve tissue. Usually, the nerves to the legs, feet and toes are primarily affected, causing 

numbness, tingling, and sharp pain. Also, nerves in the gastrointestinal tract or elsewhere 

might be also damaged (107, 108). Numbness prevents patient to feel and notice any 

irritation or cuts in the skin early, thus skin to break down and sores and blisters to occur. 

In addition to that, poor blood flow restrains wounds to heal, as a result the wounds to get 

easily infected and eventually the patient to need a limb amputation (diabetic foot) (109). 

Approximately 10% of the UK diabetes population will be diagnosed with a diabetic foot 

ulcer (110). The estimated prevalence of peripheral neuropathy in the U.K. among adults 

with diabetes ranges between 30% and 70%, depending on the age of the patients, duration 

and type of diabetes, and the diagnostic criteria used each time period (111). A last position 

statement from ADA evidenced that diabetic neuropathy might be present in 10-15% of 

patients newly diagnosed with T2DM with numbers to rise to 50% as disease progresses. 

In patients with T1DM neuropathy occurs in at least 20% of them after 20 years of disease 

duration. Tight glycaemic control is of high importance for the prevention of nerves’ damage. 

A balanced diet, regular exercise, anti-depressants, and pain relievers are also 

recommended depending on the severity of the disease (108).  
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Retinopathy 

Retina, a thin layer of neural cells on the back of the eye, is responsible of receiving the 

light that the lens has focused and convert it to electrical signals to the brain for visual 

recognition. Increased vascular permeability, alterations in blood flow or damage of the 

blood vessels might lead to bleeding into the retina, which prevents retina to see the light 

and loss of vision or even blindness to occur (112, 113).  

Retinopathy is thought to develop up to seven years prior to the diagnosis of type 2 diabetes 

(114). Diabetic retinopathy affects approximately over one-third of all people with diabetes 

(115), and is the leading cause of vision loss in working-age adults, and accounts for 2·6% 

of global blindness (116). Early diagnosis of retinopathy through regular eye examinations 

and good metabolic control can minimise damages in the retina and prevent or delay 

blindness (113). A study within a national diabetic retinopathy screening service from 2005 

to 2009 in Wales showed that the prevalence of any diabetic retinopathy was 56·0% in 

those with T1DM and 30·3% in those with T2DM. The presence of retinopathy was strongly 

related with the duration of diabetes for either type 1 or type 2, and also associated with 

insulin therapy in those with T2DM (117). Finally, one of the latest and largest studies in the 

U.K. using data from primary care, reported that the prevalence of diabetic retinopathy was 

48·4% in the population with T1DM and 28·3% in the population with T2DM (118). 

 

Nephropathy or chronic kidney disease (CKD) 

Kidneys are the filters of the body and are responsible for preserving the homeostasis of 

body fluids. Kidneys filter blood/plasma, reabsorb larger molecules including glucose that 

are important for their function and secrete smaller molecules, waste and excess of water 

through urine outside of the body (119). 

Diabetes has several impacts on kidney function. The tiny blood vessels of the filtering units 

of the kidney become narrower and get clogged over time when high glucose levels circulate 

in the blood. The filtering units, called glomeruli, and the surrounding arteries are also 

affected from high blood pressure (120). Impairments on the permeability characteristics of 

the glomerular capillary wall, lead to its inability to regulate efficiently the passage of useful 

proteins such as albumin back to the blood and instead they are secreted in the urine (121). 

The rate at which blood is filtered, which is an indicator of the overall kidney function, is 

known as glomerular filtration rate (GFR). A decrease of the GFR is a sign of kidney function 

decline. If this decline continues to occur over a period, the kidneys stop working and 

nephropathy occurs. Complete dysfunction of the kidneys leads to the development of end 
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stage renal disease (ESRD). Patients at this stage require dialysis treatments or kidney 

transplantation. Aggressive glycaemic control, annual check-ups and antihypertensive 

medication could delay the onset of nephropathy in patients at high risk of or with diabetes 

(122). Chronic kidney disease is a main complication of diabetes that this thesis is 

examining. Further analysis is provided in Section 1.1.5. 

 

1.1.4. Screening, diagnostic & monitoring tests for diabetes mellitus 

The pathophysiology of diabetes and the pathogenesis of its complications undisputedly 

indicate the importance of early diagnosis and maintenance of good control of the glucose 

levels. 

 

1.1.4.1. Available tests 

The first methods for diagnosing diabetes were based on the estimation of glucose in the 

urine. However, these methods were not specific for diabetes, as other causes could have 

contributed to this elevation. Also, the identification of glucose in the urine signified that the 

kidney function of the patients was already declining and the patient has already established 

diabetes (37). Therefore, the need for new quantitative tests for the measurement of 

glucose in the blood was evident. Many tests have been developed and were linked with 

the diagnosis of diabetes, such as genetic and autoimmune markers, blood creatinine, urine 

albumin or plasma insulin. Some of them (e.g. fructosamine, glycated albumin, 1·5-

anhydroglucitol [1·5-AG]) are characterised as non-traditional markers of hyperglycaemia, 

but frequently work as adjuncts to the tests that are more commonly used in clinical practice. 

For this thesis major focus will be given to fasting plasma glucose (FPG) and HbA1c. 

 

Blood glucose 

Blood glucose tests measure circulating glucose concentration in the blood at the time of 

the test. Glucose levels might be measured either by using a whole blood sample (capillary 

or venous), a plasma sample after centrifugation of anticoagulated whole blood, or a serum 

sample after centrifugation of non-anticoagulated whole blood. Usually, serum and plasma 

glucose concentrations, if measured in less than 30’ from blood collection show the 

comparable results (123, 124). Also, in a fasting state (e.g. overnight fasting), serum and 

plasma glucose concentrations are not significantly different in capillary, arterial or venous 

blood sample (125). However, analysis is often not conducted immediately after blood 

collection and as a result glycolysis continues in the tube. In case of a plasma sample, a 
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solution is given by the addition of sodium fluoride in the blood collection tube (nowadays 

there is shift to the use of citrate tubes (126)), which delays the glycolysis process without 

lowering glucose concentration (123). Beyond that, haematocrit tends to affect the whole 

blood glucose concentration and 10-15% higher measurements are displayed when 

compared to those from plasma or serum sample (127). FPG has been the preferred 

method in laboratories for the diagnosis of diabetes.  

However, in non-laboratory setting such as emergency and intensive care units, whole 

blood is more commonly used. Hence, the International Federation of Clinical Chemistry 

and Laboratory Medicine (IFCC) (128) recommended that plasma should be regarded as 

the reference sample and any whole blood glucose concentrations should be converted to 

equivalent plasma levels using the following formula: 

Plasma glucose	=	whole blood glucose x 1·11 (mmol/L or mg/dL) 

This decision allowed for better monitoring of the blood glucose concentrations of a patient 

over time and permits a clearer comparison of results between different countries due to 

consistent reporting (129). 

However, it has been shown that use of FPG alone may not be sufficienlty sensitive to 

enable early diagnosis of diabetes (130). The need for identifying glucose intolerance 

promptly, led to the abundant use of OGTT. 

 

Oral glucose tolerance test (OGTT) 

In the 1910s, the Staub-Traugott phenomenon (131) which described that in subjects 

without diabetes glucose levels after carbohydrate ingestion return back to normal more 

rapidly than in subjects with diabetes, became the basis of oral glucose tolerance test 

(OGTT). An OGTT test measures the circulating blood glucose between 1- or 2-hour after 

a glucose load, and normally after the performance of a FPG test. Until the late 1970s, 

several oral glucose loads and procedure times have been used for the assessment of the 

blood glucose concentration of the patients (132). In 1979 the National Diabetes Data Group 

(NDDG) (133) and in 1997 the American Diabetes Association (ADA) Expert Committee 

(134), standardised the OGTT procedure by establishing the measurement of 2-hour blood 

glucose after the implementation of a FPG test followed by 75 g of anhydrous glucose. The 

guidelines were based on the evidence from the Pima indians study (135). The OGTT has 

also been a diagnostic test for the diagnosis of GDM, and for identifying women at risk of 

progressing to GDM (136). 
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Glycated haemoglobin (HbA1c) 

Glycated haemoglobin (HbA1c) is a minor component of haemoglobin (Hb) that reflects the 

individual’s average glucose levels over the past 8-12 weeks - a reflection of the average 

erythrocyte’s lifespan (137). The first description of HbA1c was made in 1955 by Kunkel 

and Wallenius (138), but in 1976 was first proposed by Koening et al (9) to be used as a 

biomarker for monitoring long-term glycaemic control in patients diagnosed with diabetes. 

HbA1c is slowly formed during the 120-day life-span of the red blood cell (RBC), by an 

irreversible non-enzymatic process and is dependent on levels of glycaemia (139). HbA1c 

has been characterised as an index of average glucose over the preceding 3-4 months. 

However, clinical studies have suggested that HbA1c reflects a weighted mean of the 

preceding blood glucose levels during the 120 days of formation, suggesting that glucose 

levels in the 30 days prior to sampling contribute more (50%) to the results than of the 

glucose levels 60 (25%), and 90-120 days earlier (25%) (140). 

 

Correlation between HbA1c and blood glucose 

The systematic records of HbA1c in quarterly intervals, and the full 7-point daily FPG ones 

in 1 439 participants with T1DM (intensive and conventional treatment) during the DCCT 

and subsequent EDIC study, established HbA1c as an index of mean plasma glucose 

(MPG). The results, found a linear relationship between mean plasma glucose and HbA1c 

which has been used since that time from clinicians to set targets of glycaemic control (141). 

MPG (mmol/L) = [1·98 x HbA1c (mmol/mol)] - 4·29, r = 0·82 

MPG (mg/dL) = [35·6 x HbA1c (%)] – 77·3, r = 0·82 

However, mean plasma glucose was 1·2 mmol/L higher at 7% HbA1c in conventionally 

treated patients than in intensively treated patients, with the gap becoming 4·6 mmol/L at 

11% HbA1c. Thus, it was evident that the association between MPG and HbA1c might not 

be constant and possibly being depended on the glycaemic control of the population being 

studied (142). 

Therefore, the prospective “mean blood glucose study” - “A1c-Derived Average Glucose” - 

ADAG study, designed by the ADA, the European Association for the Study of Diabetes 

(EASD) and International Diabetes Federation (IDF) (143, 144), had as a purpose to 

improve understanding of the mathematical relationship between HbA1c and average 

glucose. The study recruited 507 individuals with T1 and T2 diabetes and 80 without 

diabetes from 10 international centres. Estimated average glucose (eAG) was calculated 

by combining weighted results from at least 2 days of continuous glucose monitoring 
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performed four times, with 7-point daily self-monitoring of capillary glucose performed at 

least 3 days per week. The relationship between eAG and HbA1c based on linear 

regression analysis was: 

eAG (mmol/L) = [1·5944 x HbA1c (mmol/mol)] – 2·5944, R2=0·84 – r = 0·91 

eAG (mg/dL) = [28·7 x HbA1c (%)] - 46·7, R2=0·84 - r = 0·91 

Despite of the quality of the study, further analysis has been suggested for better 

understanding of this relationship, since the magnitude of glucose variation can be higher 

than that of this study. A previous smaller scale study using continuous glucose monitoring 

had also close results with the ones of the ADAG study (145). The above formulae are 

currently used in order to eAG from HbA1c values, however the use of eAG is not 

recommended as the range is too wide. 

 

Standardisation programmes for the harmonisation of HbA1c  assay 

Harmonisation steps introduced by the National Glycohemoglobin Standarization Program 

(NGSP) following the recommendations from the American Association for Clinical 

Chemistry (AACC) Standards Committee (146), allowed the correlation of HbA1c measured 

in routine laboratories to outcome data from the UKPDS and DCCT trials. Equivalent 

harmonisation programmes were developed in Sweden (147) and Japan (148) (149) and 

now have been superseded by the IFCC system. 

 

Reporting system of HbA1c 

The standardisation of HbA1c by the IFCC Working Group (150) identified a significant 

artefact that was present in the NGSP measured HbA1c tests. This resulted in the IFCC 

values for HbA1c being lower than those generated by the NGSP. In order to avoid 

confusion by simply lowering the % HbA1c values and in order to move to SI units, the IFCC 

recommended the move to SI units of mmol HbA1c per mol Hb (151-153). The conversion 

between the two units is represented by the stable master equation (154, 155): 

NGSP	=	(0·09148 x IFCC)	+	2·152, or 

IFCC = (10·93 x NGSP) – 23·50 

Officially, there has been a consensus of dual reporting of HbA1c in both units, however 

individual countries can take their own decision for the expression of HbA1c (156-159). 



Introduction 

43 

 

The levels of HbA1c, besides of being an indicator of the treatment pathways for patients 

with diabetes and prognostic marker of the development of chronic diabetic complications, 

are used since 2011 for the diagnosis of T2DM (8). 

 

1.1.4.2. Evolution of diagnostic cut-offs 

The primary diagnostic recommendations for diabetes were set in 1965 by the WHO (160), 

and relied on the clinical history, evident symptoms, physical examination, as well as 

laboratory aids. The OGTT was the only available test at that time. The standardisation of 

the OGTT process by NDDG and the bimodal glucose distributions from the studies of Pima 

Indians (161, 162) and Nauruans (163) led to the alteration of the previously proposed 

criteria of the WHO (164) for the diagnosis of diabetes. Also, at that time FPG test was 

introduced as part of the diagnostic process. The FPG cut-offs have been revised several 

times throughout the years (38) (134). 

In 2011, WHO (8) recommended the use of HbA1c for the diagnosis of T2DM, provided that 

(i) assays are standardised to international reference criteria, and (ii) no other known 

condition is present in the patient that could lead to inaccurate results (165). An HbA1c of 

48 mmol/mol (6·5%) is designated by WHO, ADA (28) and the International Expert 

Committee (IEC) (27) as the threshold for diagnosing type 2 diabetes. This threshold for the 

diabetes diagnosis, based on optimal sensitivity and specificity for the detection of diabetes 

specific retinopathy, suggested because it was demonstrated that incidence of diabetic 

retinopathy significantly increased above this threshold (166). An HbA1c level of or over 48 

mmol/mol (6·5%) is sufficient for diagnosing diabetes, although a confirmatory test on a 

separate occasion is recommended for diagnosis. HbA1c does not identify the type of 

diabetes, and T2DM is normally an exclusion based diagnosis, once less common forms 

such as T1DM, GDM, and rare genetic forms of diabetes have been ruled out (167). 

Nonetheless, lower values than the one suggested do not entirely exclude diabetes 

diagnosed with glucose tests. HbA1c levels just below 48 mmol/mol (6·5%) may signify 

existing NDH which is commonly suggested to be present with an HbA1c range of 

42 ≤HbA1c <48 mmol/mol (6·0 ≤HbA1c <6·5%), however different ranges are used by the 

ADA and WHO to define risk. NDH, is always present before the onset of T2DM. The 

elevation of blood sugar is continuum and hence NDH is unlikely to be entirely benign (87). 

 

1.1.4.3. Screening for diabetes 

The onset of T2DM is estimated to occur approximately 4–7 years before its clinical 

diagnosis (114). Thus, an early screening could be considered as a useful preventative 
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measure of disease onset as long as it can detect influence or treat the abnormal 

indications. It is difficult to define the value of a population-wide screening test. According 

to the WHO (168, 169), the understanding of the disease and its burden on the population, 

the acceptability of a recognisable pre-clinical state during which the disease can be 

diagnosed, the reliability of a test itself to detect the disease in a pre-clinical state, the 

availability of effective treatment that improves patient’s quality of life, or the proved 

reversibility of the disease because of its prompt detection, especially for diseases with 

critical for life consequences, are some of the criteria that encourage its population use. 

Otherwise, inconsiderate use of screening tests that do not provide any health gain for the 

patient can only increase their worrisome or could lead to unnecessary medication intake. 

A mass blood test screening is not warranted in the U.K and the use of a paper-based risk 

test first is recommended. Those at high risk are offered a glucose or HbA1c based testing. 

Nowadays, in the U.S, targeted screening is recommended at 3 years interval, conditional 

on normal results, in all asymptomatic individuals 45 years old or older, and overweight 

people of all ages (170). Furthermore, screening for patients of a younger age conditional 

of the risk factors of diabetes, has been strongly suggested due to the increasing prevalence 

of T2DM in children (171). 

 

1.1.4.4. Comparison of the available methods for diabetes screening and diagnosis 

Both blood glucose and HbA1c based screening have been advocated however there are 

advantages and disadvantages to both. 

FPG and OGTT are inconvenient and laborious as patients are required to fast and an 

OGTT is particulary time consuming, and thus expensive in terms of clinician time. Glucose 

levels are prone to considerable biological variation leading to repeated attempts to get a 

clear diagnosis. Also, they represent a snapshot of the blood glucose concentration of the 

patient, quite the reverse of what HbA1c  corresponds to; long-term glucose levels over the 

past 2-3 months(172). This means that glucose testing subjects to daily variance and needs 

to be repeated often. Although a glucose measurement is cheap and widely available the 

time taken to conduct and OGTT is considerable. (173, 174). OGTTs showpoor precision 

and reproducibility (175, 176), or in other words, repeated results could greatly vary from 

one another (177). 
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FPG 

Laboratory glucose measurement is generally reliable and accurate with (178, 179) - low 

within-laboratory imprecision (18). However, pre-analytical factors like time of blood 

collection (e.g. morning vs afternoon), transport conditions, time from blood sampling until 

analysis (including sample processing and preservation), temperature and type of test tube 

can have a significant impact on glucose concentration (180, 181). Physiological changes 

including acute stress levels, physical activity on FPG in a single subject or dissimilar 

homeostatic set points can alter glucose concentrations between different subjects. Hence, 

the validity of the test both in individuals and populations is reduced. 

 

OGTT 

Despite its poor reproducibility, there are numerous benefits from the use of an OGTT test. 

It can distinguish patients from having IFG and normal glucose tolerance, or/and IGT or 

unknown T2DM. The IGT diagnosis is of high importance, as these individuals have a worse 

prognosis for progressing to diabetes and are of higher risk for developing cardiovascular 

diseases (182-184). Intra-individual variation identified in the Hoorn study and more recently 

the Tuebingen Family Study report an estimate of the CVI between 13-20% (185-187). 

Regardless of the efforts of researchers to understand the determinants of this variability, 

part of it remains unexplained (188, 189). 

 

HbA1c 

HbA1c has revolutionised the way diabetes is diagnosed and is a useful tool that can 

describe the overall glucose levels of a patient over a period of time or detect chronic 

hyperglycaemia. As fasting is not required during an HbA1c test and acute disturbances 

(e.g. physical exercise, dietary choices, stress) do not have an impact on it, the pre-

analytical variation of the test is superior to the one of FPG and OGTT (190). Furthermore, 

after the standardisation of the HbA1c assays, the analytical variability decreased and now 

is better than the one of glucose tests (<3% CVA in mmol/mol units) (191) independently of 

the analytical method that has been used (HPLC ion exchange, capillary electrophoresis, 

affinity chromatography, immunoassays, and enzymatic assays) for its measurement. 

However, HbA1c is more expensive than glucose to measure (excluding clinical and patient 

time), therefore is not yet widely available in Low and Middle Income Countries (192). 

Another asset of HbA1c is its strong association with the risk of retinopathy, justifying its 

use as a diagnostic, and has been proved as good as glucose tests at predicting risk of 
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long-term complications (193, 194). Also, for people with diabetes, has been the mainstay 

on reflecting the impact of medication or lifestyle interventions on the long-term patients’ 

glucose levels, thus becoming a significant tool when physicians need to take important 

decisions for patients’ health. The biological variability of A1c within an individual is smaller 

(195) than that of FPG (CVI 1·3% (0·7-2·2 CI) vs 4·8% (196)), and considerably less than 

that of OGTT, suggesting that repeated measurements would be more consistent using A1c 

(173). The respective CVG is estimated currently at 5·7% (3·3-20·4 CI) (196). 

Although HbA1c permits greater analytical stability and lower day to day variability over the 

traditional tests (FPG or OGTT), under specific circumstances may not accurately reflect 

levels of glycaemia (197). This is because patient-specific conditions influencing the 

glycation process can affect HbA1c and so can lead to unreliable results. Interfering 

biological factors such as age and sex (198), ethnicity (199), pregnancy (200), alcoholism 

(201), nephropathy (202), malaria , haemoglobinopathies (203), nutrients deficiency (e.g. 

folate, vitamin 12), anaemia, or any haematological disorder of the RBCs (204) can make 

the interpretation of the assay more difficult, and might cause spurious result. Clinicians 

using HbA1c in diagnosing diabetes would need to be aware of these limitations. Most of 

these haematological disorders are associated with changes in the count, life, structure, or 

function of RBCs. Also, specific medication (e.g. agents interfering with glycation, 

erythropoiesis) (205) and genetic factors can substantially alter the levels of glycaemia 

(172). 

Usually, the disorders that result in shortened red cell survival will result in falsely 

decreased values for HbA1c, e.g., haemolytic anaemia or haemodialysis, while nutrients’ 

deficiency that reduce the rate of RBC production falsely elevate HbA1c levels compared 

to underlying glycaemia. Also, increased red cell survival leads to increased HbA1c 

concentrations, for example after splenectomy. Blood transfusion as well tends to falsely 

increase the values; this is because transfusion bags contain a high glucose concentration. 

Confusingly, haemoglobinopathies including thalassaemia or sickle cell disease may 

produce ambiguous results, either low or high in some methods (206, 207). 

 

The concordance of HbA1c with FPG 

Even if the tests are equally used in clinical practice, they are not exactly equivalent. Even 

if all the three tests can identify patients with NDH, HbA1c cannot classify those with IFG or 

IGT (183). 
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For example, the study by Ho-Pham et al (208), including 3 523 Vietnamese individuals 

without known diabetes, reported a non-perfect correlation between HbA1c and FPG 

(r = 0·84; P < 0·0001). The study also, showed that among those with diabetes by HbA1c 

criteria, only 59·1% were classified as having the diagnosis by FPG criteria and among 

individuals classified as having NDH by HbA1c, FPG test provided a similar diagnosis for 

only ~ 20%. However, among the normal group by HbA1c criteria, 95% were also normal 

by FPG criteria. Thus, overall, HbA1c identified more people at risk of diabetes than did 

FPG using the ADA criteria for NDH diagnosis. 

However, not all the studies support this outcome. The study of Cavagnolli et al (209) 

conducted in Brazil, including 495 subjects, concluded that HbA1c ≥ 48 mmol/mol (6·5%) 

showed lower sensitivity to diabetes diagnosis, although with high specificity, suggesting 

that this cut-off point is not adequate enough to diagnose all cases of diabetes. Another 

study using data from NHANES 2005–2010, found that of the 245 subjects that had 

FPG≥7·0 mmol/L, only 106 subjects (43·3%) had HbA1c  ≥ 48 mmol/mol (6·5%). Also, out 

of the 392 subjects who had OGTT ≥ 11·1 mmol/L, only 110 subjects (28.1%) had HbA1c 

48 mmol/mol (6·5%). The low sensitivity of the HbA1c criterion in diagnosing diabetes 

strongly suggests that using an HbA1c ≥ 48 mmol/mol (6·5%) as a criterion for diagnosing 

diabetes will likely lead to a substantial number of missed diagnoses (210). Hong et al (211), 

using data from KNHANES, showed that the corresponding levels of HbA1c on the 

diagnostic threshold for NDH (5·5 mmol/L) and T2DM (7·0 mmol/L) were 39 mmol/mol 

(5·75%) and 47 mmol/mol (6·42%) in all study population using the FPG criteria and (47 

mmol/mol) (6·49%) and 55 mmol/mol (7·14%) using the HbA1c ones, suggesting that the 

established FPG criteria are relatively valid for Korean population. Finally, a study by 

Carson et al in U.S adults (212), found that an HbA1c ≥ 48 mmol/mol (6·5%) identified about 

30-40% of previously undiagnosed diabetes, while FPG ≥ 7mmo/L diagnosed about 50% 

and OGTT ≥ 11·1 mmol/L detected 90%. 

Consequently, after the evalution of some epidemiological studies (208, 210, 211, 213-218), 

none of the commonly used tests for diabetes can entirely substitute each other, as the 

concordance between FPG and HbA1c is not entirely perfect across the levels of glycaemia, 

and hence, different population is identified either in the NDH or diabetes group (167, 194, 

219). 

 

1.1.4.5. Monitoring thresholds/targets 

Management of diabetes can be complicated. Poor management of diabetes is associated 

with raised risk of micro- and macro- vascular complications, as well as increased hazard 
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rates of all-cause mortality (220-223). HbA1c has been an a useful method for monitoring 

glycaemic control, as it is an integrated measure of mean glucose (224). Monitoring of 

HbA1c in people with diabetes enables physicians to suggest the best available treatment 

for the patient based on a defined HbA1c target value (225, 226). 

Several studies propose that intensive management of multiple risk factors, including 

hyperglycaemia, hypertension, and microalbuminuria, is associated with reduced risk of 

micro-vascular and CV events. For example the Danish Steno 2 study (227), showed in a 

13·3 years follow-up study, that intensive intervention reduced the risk of vascular events 

by approximately 50% in people with T2DM and microalbuminuria and a mean HbA1c of 61 

mmol/mol (7·7%) at the end of it, as well as lowering the rates of all-cause and 

cardiovascular mortality. Also, a meta-analysis from Turnbull et al (228) analysing the 

results of four major RCTs (ACCORD, ADVANCE, UKPDS and VADT) showed that 

intensive glycaemic control, with an overall weighed mean HbA1c difference of 0·88% 

between the intensive and the conventional groups, moderately improves cardiovascular 

profile of the patients. However, for all-cause and CV mortality, changes were not 

significant. A meta-analysis from Hemmingsen et al (229), found that intensive management 

of blood glucose was not associated with statistically significant reduction of all-cause and 

cardiovascular mortality, however it seemed to reduce the risk of micro-vascular 

complications, but simultaneously increased the risk of hypoglycaemic events. The authors 

however, mentioned that the results should be carefully interpreted as the risk of bias for 

most of the studies was considered high. 

Deciding an optimal HbA1c target to indicate good control of blood glucose monitoring has 

been challenging, considering the heterogeneous results from the different studies. Current 

guidelines (29, 230) recommend a target HbA1c  of 48 mmol/mol (6·5%) or of 53 mmol/mol 

(7·0%) depending on incidence of hypoglycaemia, but also suggest that treatment targets 

should be individualised taking into consideration a patient’s co-existing medical history, 

patient’s preference, risk of hypoglycaemia, and avoidance of any adverse reaction. 

 

1.1.5. CKD as a complication of diabetes 

This thesis, particularly focuses on the relationship between diabetes and one of its 

associated complications, nephropathy. Chronic kidney disease is one of the primary 

complications of diabetes or indirectly due to hypertension caused from diabetes, and is a 

global health and financial burden (231). The National Kidney Foundation – Kidney Disease 

Outcomes Quality Initiative (NKF_KDOQI) guidelines for evaluation, classification, and 

stratification of CKD in 2002 (232), were adopted by the Kidney Disease Improving Global 
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Outcomes (KDIGO), a non-for profit organisation developing evidence based guidelines that 

emphases on the prevention and management of patients with CKD and diabetes. 

According to KDIGO (233), CKD is defined as “abnormalities of kidney structure or function, 

present for ≥3 months, with implications for health”. CKD is classified in 5 stages (see Table 

1. 1) based on the levels of albuminuria and/or estimated glomerular filtration rate (eGFR) 

indices regardless of aetiology, which have been demonstrated to be independent and 

complementary prognostic and predictive biomarkers of CKD progression, ESRD and 

mortality (234-237). Usually, patients progress through the stages of CKD (G1-G4) towards 

kidney failure-ESRD (stage 5, G5). 

 

 

 

 

 

 

 

 

 

 

 

1.1.5.1. Prevalence of CKD in patients with DM 

CKD affects 10-15% of the population worldwide (238-240), with the mean prevalence of 

stages 1 to 5 to be estimated at 13·4% and stages 3 to 5 at 10·6% as reported in a 

systematic review with studies after 2000 (239). Individuals with diabetes are twice as likely 

to develop nephropathy, and have nearly a 1·5 to 3·6-fold increased risk of death from CVD 

than individuals without (241). Around 30% of patients with T1DM and 10-40% of patients 

with T2DM will at some point experience total kidney failure (242). The global prevalence 

of diabetic nephropathy has been difficult to estimate thought, due to the great 

discrepancies on the incident of CKD and its underlying causes, e.g. obesity, hypertension, 

Table 1. 1 Classification scheme of Chronic Kidney Disease (CKD) with the level of albuminuria 
integrated. 
GFR glomerular filtration rate. Reprinted from the KDIGO 2012 Clinical Practice Guideline for the 
Evaluation and Management of Chronic Kidney Disease. Green: low; Yellow: moderate; Orange: high; 

Red: very high risk (233). Permission for use granted by KDIGO. 
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and the diverse policies and guidelines on monitoring of glucose control that are followed in 

each country (239). Studies have shown that prevalence is often mis-estimated as it 

depends on the method that is used to detect the disease or underestimated as it does not 

exhibit apparent symptoms until later stages, as a result many patients to remain unaware 

of their condition (243). The prevalence of ESRD is up to 10 times higher in patients with 

diabetes globally (2), and diabetic nephropathy accounts approximately for one third of all 

cases of ESRD (244). According to Diabetes U.K (48), currently there are at least 10 350 

patients that have ESRD and more than 22 650 who will need dialysis or kidney transplant 

(KT) because of diabetes. 

Patients with ESRD utilise a high percentage of the healthcare services. High-income 

countries usually devote more than 2 to 3% of their healthcare budget on therapies for 

ESRD every year, even though the number of patients receiving such treatments stand for 

only 0·03% of the total population. If risk factors (e.g. obesity, diabetes, hypertension) are 

recognised promptly CKD can be even averted and, if kidney disease is identified early, 

decline of kidney function can be delayed or even prevented by putting into practice 

inexpensive interventions (245). 

 

1.1.5.2. Relationship of CKD and HbA1c with NDH and diabetes  

Certain risk factors of CKD are important targets in the prevention or delay of the disease 

and for personalising treatment strategies. NDH appears to be one of them, but this is not 

supported unanimously from the relevant evidence. For example, some studies have shown 

that NDH is closely associated with the progression to CKD (246-248) that can be delayed 

by good control of blood glucose levels. On the other hand, studies examining NDH on the 

basis of HbA1c and incidence of CKD found a modest CKD risk (249, 250). However, there 

is evidence that almost 1/3 of adults diagnosed with newly diagnosed diabetes have already 

developed kidney damage, implying that undiagnosed CKD co-exists with NDH and/or that 

diabetes is possibly recognised late (251). Aspects of the link between early glycaemic 

control with HbA1c, and the progression of CKD and eGFR decline are poorly understood. 

In particular, whether kidney function decline depends on HbA1c, is not known. Clinically 

would be useful to know if there is a monitoring threshold at which HbA1c predicts decline 

in CKD. However, HbA1c might not be an accurate glycaemic index in patients with 

decreased eGFR, due to the decrease of red blood cell survival, a common CKD 

complication, as a result HbA1c values to be erroneous and the glycaemia of the patient to 

be poorly monitored or even detected (252). 
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1.1.5.3. Relationship of CKD and HbA1c with all-cause mortality. 

The number of deaths due to CKD are increasing every year. The GBD 2017 study 

estimated that approximately 1·2 million people died from kidney failure in 2017, an increase 

of 33·7% since 2007. The all aged deaths only from diabetic nephopathy exceeded 

425 000, a number that was estimated as a 37-40% increase since 2007 (~310 000). Out 

of the total number of deaths, 18% [77 300 (62 400–95 200)] were attributed to T1DM, while 

82% [349 000 (307 000–396 000)] due to T2DM (231). 

Studies have shown that HbA1c is a strong predictor of all-cause mortality. According to 

Khaw et al (253), an increase of 1% in HbA1c concentration was associated with about 30% 

increase in all-cause mortality among individuals with diabetes, whereas reducing the 

HbA1c level by 0·2% could lower the mortality by 10%.  
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1.2. Thesis rationale and objectives 
1.2.1. The relationship of HbA1c with ethnicity 

As one can see, extensive debates have arisen over a consensus on the diagnostic 

thresholds for NDH and diabetes diagnosis. 

This is because the use of three or more different tests for the diagnosis and management 

of diabetes complicates decision making processes rather than facilitating them. 

Particularly, FPG and HbA1c tests for patients with NDH or without known diabetes identify 

different patient populations. Evidence has shown that on the universal diagnostic cut-off 

(48 mmol/mol – 6·5%) for the diagnosis of T2DM, HbA1c test fails to diagnose diabetes in 

some cases (e.g., Brazilians), while in others (e.g., Vietnamese) patients are defined as 

having diabetes without this being confirmed from FPG or OGTT results. Ethnic 

characteristics might have an impact on the HbA1c results and could potentially explain 

these inconsistencies. The advantages of HbA1c test as previously described are 

numerous, thus a better understanding of the factors that affect results of this test could 

minimise oversights and possible faults during its use. 

The first aim of this thesis is to conduct a systematic review testing whether ethnicity affects 

HbA1c results and describe whether and how the results should adjust to promote effective 

diabetes diagnosis and monitoring in primary care. 

 

1.2.2. The relationship of HbA1c with CKD, NDH and newly established diabetes  

The management of hyperglycaemia in patients with advanced kidney function decline or 

ESRD and NDH or diabetes is challenging. Absence of compelling evidence on alterations 

in glucose homeostasis during kidney function decline and its subsequent effect on the 

development of diabetes and its complications might lead to poor management of the 

condition of these patients. Undoubtedly, HbA1c levels have a major influence on 

physicians’ decisions for the selection of treatments and medication for individuals with NDH 

and diabetes, with or without CKD. However, studies have suggested that HbA1c might be 

inaccurate in patients of these categories and results should be interpreted carefully. This 

is because CKD is thought to complicate the assessment of glycaemic control through its 

association with anaemia or by other unknown mechanisms that change haemoglobin 

kinetics (254). 

Hence, the second aim of this thesis is to evaluate the direction and extent to which anaemia 

(as measured by abnormalities of the erythrocyte indices) and renal failure (measured by 

the eGFR) affect HbA1c measurements. This is tested by comparing HbA1c to FPG as a 
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reference method - using electronic health records from the Clinical Practice Research 

Datalink (CPRD) - and suggest how HbA1c should be interpreted in primary care from health 

experts in the U.K.  

Conditional to the outcome of the relationship between HbA1c and eGFR, it was also sought 

to examine if different leves of glycaemic control measured by HbA1c have an effect on the 

subsequent incidence and progression of CKD in patients with NDH and newly diagnosed 

DM and all-cause mortality in order to inform clinical targets for control of HbA1c at different 

CKD stages. This association will be defined by using CKD stages based on eGFR 

measurements. As an ultimate purpose it was aimed to identify optimal HbA1c targets that 

will prevent the consequences of NDH, delay the complications of newly-established 

diabetes and any premature mortality from all causes. 
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Abstract 
Background: Differentiated HbA1c compared to glucose levels among racial/ethnic groups 

have been observed and may influence Type 2 Diabetes Mellitus diagnosis. Practical 

guidelines addressing this concern have not been developed yet. 

Objectives: The aim of this review was to confirm the differences in HbA1c measurements 

in different racial/ethnic groups conditional on known levels of glycaemia. 

Data sources: A systematic literature search was performed using eight electronic 

databases (EMBASE, MEDLINE, CINAHL, Psych INFO, Cochrane Library, ProQuest, 

Open Grey, and the Web of Sciences) for studies published up to the end of June 2019. 

Eligibility criteria: Eligible articles, published after 1990, included randomised controlled 

trials and cohort studies, reporting HbA1c values in at least two distinct racial/ethnic groups 

measured by certified/standardised methods.  

Participants: Participants 18 years old or older without diagnosed DM or non-diabetic 

hyper-glycaemia, were included.  

Intervention: HbA1c, with paired FG and/or OGTT measurements when available were 

described and compared across different racial/ethnic groups. A meta-analysis and meta-

regression were conducted to estimate the difference in mean values of HbA1c conditional 

of FG/OGTT in the available ethnic groups. All the test values were converted into 

international units. Data on age, gender, measurement methods, and study setting, and 

design were also extracted. 

Study appraisal and synthesis methods: The methodological quality of the included 

studies was assessed by using guidelines for assessing quality based on the Newcastle-

Ottawa scale. A narrative synthesis and meta-analysis were performed in accordance with 

the PRISMA and MOOSE guidelines. 

Findings: A total of 55 studies fulfilled the inclusion criteria, 34 of which incorporated HbA1c 

data, 25 contained additionally glucose data and 10 sensitivity and specificity data for 

various cut-off points for the screening/identification of either NDH or T2DM. Twenty-one 

studies with quantitative data compared white subjects versus (vs) black, 11 vs Hispanic, 7 

vs South Asian, and 6 vs East Asian race. Random effects meta-analyses of data 

demonstrated that HbA1c is 2·59 [95% CI, 2·21-2·96], 1·05 [95% CI, 0·79-1·31], 3·00 [95% 

CI, 2·32-3·68], and 1·73 [95% CI, 1·15-2·32] mmol/mol lower in white population compared 

to black, Hispanic, South Asian, and East Asian, respectively. 
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Limitations: In some studies, the clinical history, the co-morbidities, or medications of the 

patients were not clearly described. Also, defining race and allocating people into few 

“racial/ethnic” groups is difficult and consists of an important limitation in clinical research. 

Interpretation: The reviewed studies indicate that HbA1c has been systematically higher 

in black, Hispanic, and Asian population for corresponding levels of FG. However, it remains 

unclear whether there should be differentiated HbA1c diagnostic thresholds for T2DM for 

black, Hispanic, and Asian ethnic groups based on risk of clinical complications. However, 

policy makers and clinicians should be aware of the evidence indicating racial or ethnic 

differences, and to the need to consider more personalised medicine. 

Systematic review protocol number: PROSPERO (CRD42017062130) 
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Chapter 2. 
Do HbA1c disparities among different races/ethnicities are 

independent of glycaemia? A Systematic Review and Meta-

Analysis 

2.1. Introduction 
Traditionally, the diagnosis of DM has been determined based on the FPG and/or OGTT 

but more recently, HbA1c ≥ 48 mmol/mol (6·5%) as an index of mean glycaemia, was 

recommended by the IEC (27) to be used as the diagnostic threshold for T2DM diagnosis. 

The ability of HbA1c to predict the risk of micro-and macro-vascular complications of 

diabetes and subsequently the standardisation (146, 255) and harmonisation (150, 153) of 

the test over the years has improved its utility and comparability, and increased its 

application globally as a diagnostic test, as well as its conventional use as a measure of 

glycaemic control. The introduction of the test in clinical practice was an advantage both for 

the physicians, as well as for patients who could better understand and more conveniently 

keep track of their diabetes management by using a single test for screening, diagnostic, 

and monitoring purposes (256). 

The single cut-off point of 48 mmol/mol (6·5%) has been advocated as the threshold for 

T2DM identification with an HbA1c test both by the ADA and WHO, unless certain clinical 

conditions preclude its use (8, 28). This decision was established on study results of optimal 

sensitivity and specificity results, after a receiver operating characteristic (ROC) analysis, 

which showed that moderate diabetic retinopathy, one of the primary complications of DM, 

starts to develop at average glucose concentrations of 7 mmol/L or 48 mmol/mol (6·5%) as 

reflected by an HbA1c test (27, 257, 258). Retinopathy has widely been accepted as the 

best criterion for comparing glycaemic measures because it is a specific, objective, and 

relatively early clinical complication of diabetes (259). 

 

2.1.1. Previous evidence of HbA1c disparities between racial/ethnic groups 

However, as mentioned in “Chapter 1, Comparison of available methods, HbA1c”, there are 

conditions under which HbA1c is not used or is carefully interpreted, due to a high risk of 

being influenced by factors other than glycaemia. It has been recognised that also 

race/ethnicity may affect HbA1c concentrations both in adults with or without diabetes. A 

systematic review by Kirk et al (260), showed that lack of adherence to national diabetes 

care guidelines from African-Americans, Hispanics and Asian populations, and unequal 



Chapter 2, Introduction 

57 

 

access to health care, were the primary factors found to explain the HbA1c discrepancies 

in adults with diabetes. Nevertheless, other studies, after controlling for medication 

adherence between black and white populations, or self-management and quality of care 

between Latinos and white individuals, reported that HbA1c differences between the 

racial/ethnic groups were persistent and possibly there are other determinants that affect 

HbA1c levels (261, 262). Another study, to further control for differences due to glycaemia, 

examined black, Hispanic, American Indians, Asian and white individuals with IGT after 

adjusting for age, sex, education, marital status, blood pressure, adiposity (BMI and waist 

circumference), haematocrit, FPG and 2hPG, glucose AUC, β-cell function, and insulin 

resistance. Results showed that none of these covariates explained fully the lower levels 

found in whites compared to each racial/ethnic group (263). In 2017, the systematic review 

and meta-analysis by Cavagnolli et al (264) examined the effect of ethnicity on HbA1c levels 

in individuals without DM. Authors concluded that the absolute HbA1c values were 

significantly higher in blacks by 2·8 mmol/mol (0·26%), in Asians by 2·6 mmol/mol (0·24%) 

and in Latinos by 0·9 mmol/mol (0·08%) when compared to whites. This study evaluated 

healthy persons, allowing for strong presumption that differences found in HbA1c values 

between black, Asian, Latino, and white individuals are probably independent of glycaemia 

differences. However, it was not conclusively demonstrated that differences in glycaemia 

did not cause the observed difference in HbA1c results. The lack of quantitative glycaemic 

levels limited the study’s inferences, while the factors behind these discrepancies remain 

uncertain. 

 

2.1.2. Possible factors influencing HbA1c 

The most common explanations for these differences have been attributed to both genetic 

factors (265), and non-genetic factors (266), metabolic (267) or environmental/demographic 

(e.g. age, quality of life, SES) variations (268), any of which associated with variation in 

haemoglobin glycation. 

Concerning genetic factors, studies suggest that specific populations have higher 

prevalence of specific variants/alleles at specific loci (e.g. GCK, MTNR1B, G6PC2), which 

constantly lead to either higher or lower levels of HbA1c (269). Some of these SNPs alter 

the glycaemic pathophysiology of specific populations (270), whereas others may control 

non-glycaemic factors, haematological, such as RBC lifespan/turnover and function (e.g. 

HK1, GCK) (271). For example, in Singapore and in populations with African ancestry, there 

is a high prevalence of G6PD-rs1050828 variant, which interferes with HbA1c and lead to 

lower concentrations (265). Also, another study in Japanese individuals found that one 
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SNP-19 genotypic variant of CAPN10 gene is associated with obesity and glucose 

intolerance that lead to higher HbA1c levels (272). Likewise, some alleles more frequent in 

East Asians, affect the insulin secretory function of them which might lead to higher HbA1c 

concentrations (273). 

Overall, previous research has shown that heritability (274) and genetic factors might 

explain approximately 50% of variation in HbA1c (275, 276), thus support the exploration 

for a genetic loci unique to HbA1c. Hence, even if genetic factors explain a substantial 

amount of this variation, the difference of HbA1c concentration are not completely justified. 

Regarding non-genetic factors, it is widely known that age, BMI, smoking, alcohol 

consumption, and dietary patterns appear to influence HbA1c results due to their effect on 

glycaemia (277-279). Understanding the role and the magnitude of the effect of these 

possible covariates, is necessary in order to correctly interpret HbA1c in adults without DM 

across diverse racial/ethnic groups. 

 

2.1.3. The terms race and ethnicity in medical research 

Whether some of the underlying factors, including high frequency of specific genes and 

genetic variants that are more common in a specific population/ancestry and appear to 

affect HbA1c, can be extrapolated and reported as race or ethnicity effects is challenging 

when using current applications of the terms race and ethnicity as social categories, since 

it will possibly have scientifically flawed inferences. Race and ethnicity are two terms that 

have been used as a proxy of ancestry and individuals’ genotypes in clinical research. 

Recently, the danger of using such critical variables/terms within medicine has been 

emphasised (280).  

For this study, HbA1c results in groups with different race/ethnicity from the included studies 

are reported based on the definition of race/ethnicity that the original authors used (e.g., 

“black versus white” or “Latino versus white”). 

 

2.1.4. Prevalence of T2DM in different countries 

Research has demonstrated variations in the prevalence of DM in particular individuals, 

regions, and racial/ethnic groups. According to a national statistics report from the U.S, the 

prevalence of age-adjusted diagnosed DM was 15·1% in American Indians, 8·0% in the 

overall Asian population with the Chinese individuals holding the lower percentage (4·3%) 

compared to other Asian nationalities, 12·7% in black people, 12·1% in Hispanics, and 7·4% 

in whites. Simultaneously, the age-adjusted incidence rate for the same period was higher 



Chapter 2, Introduction 

59 

 

for black individuals (9·0 per 1000 persons), followed by the Hispanic (8·4), the Asian (6·0), 

and the white (5·7). The asymptomatic nature of the disease in its early stages has also led 

to increased prevalence of age-adjusted undiagnosed DM, with the white population having 

the lower percentages (2·0%) compared to the black (4·4%), Hispanic (4·5%) and Asian 

(5·7%) populations (281). Proportional with the U.S evidence were the findings of the IDF 

in 2017. It was reported that the proportion of diabetes that is undiagnosed in Africa is 

69·2%, in South-East Asia 57·6%, in Middle East and North Africa 49·9%, in South America 

40·0%, and almost the same between Europe and North America 40·0% (2). Also, it was 

estimated that China (282), India, U.S.A, Pakistan, and Brazil were the top 5 countries for 

number of people with diabetes between 20-79 years in 2019 (283). Moreover, it was 

observed that the prevalence of the disease is highest in racial/ethnic groups with 

“westernised” lifestyle or urban areas, while it is lowest in rural regions (2). Recently, this 

difference has been narrowed based on the 2019 estimations (10·8% (urban) vs 7·2% 

(rural)) (283). The high prevalence of obesity in urban areas (284) and the increasing rural 

malnutrition, especially in poor countries, are possibly the underlying causes (285). 

The regional and racial/ethnic differences in the prevalence of T2DM, combined with higher 

HbA1c levels in racial/ethnic groups other than white, calls into question the use of a 

universal HbA1c threshold for the diagnosis of T2DM. Thus, researchers begun to consider 

whether the HbA1c differences should be reflected by population specific HbA1c thresholds 

for the diagnosis of T2DM (286-288). 

 

2.1.5. HbA1c diagnostic threshold for T2DM diagnosis 

It has been acknowledged, that having a single threshold has appeared to be arbitrary 

throughout the years, since there is a global inconsistency of the cut-off point that identifies 

people at risk or with T2DM when accounting together the associations of HbA1c with 

glycaemia (208, 289, 290) and retinopathy prevalence (291-294).  

The results of “HbA1c-Derived Average Glucose” (ADAG) study, were one of the first that 

observed racial/ethnic differences between HbA1c and mean blood glucose. Results 

showed that the regression line was different in African Americans for a given HbA1c, 

implying that mean glucose levels of African-Americans were lower than that of white (144). 

Also, Carson et al (295), in a study comparing HbA1c and FG for the diagnosis of diabetes 

between black, Hispanic and white adults living in the U.S, reported that in total 0·5% of 

U.S adults had HbA1c ≥ 48 mmol/mol (6·5%) and FG < 7·0 mmol/L (126 mg/dL), whereas 

1·8% had A1c<6·5% and FG ≥ 7·0 mmol/L (126 mg/dL). In a subgroup analysis, black people 

had higher percentages of diagnosed individuals with DM with HbA1c compared to FG. The 
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discordance of the two tests show that HbA1c identifies fewer patients with DM compared 

with the traditional glucose measurements. Likewise, Lipska et al (296), found that women 

and black individuals are more likely diagnosed with DM or pre-diabetes by HbA1c as 

compared with FPG. On the other hand, among a South Asian population in Sri Lanka, the 

HbA1c threshold of 48 mmol/mol (6·5%) identified 29% fewer cases of DM than the FPG 

criterion of 7·0 mmol/L, and a diagnostic threshold of 5·9% was found optimal (297).  

Overall, even if FPG and HbA1c tests are used in combination, is not guaranteed that those 

detected as having diabetes would be confirmed with the use of OGTT. This is because 

both tests provide information for different aspects of glycaemia and consist of unique and 

complementary tests of an individual’s glycaemic status (298). Consequently, the optimal 

HbA1c threshold for detecting T2DM may differ by racial/ethnic group (299). This is one of 

the reasons that the diagnostic cut-off point of HbA1c test has not been adopted universally. 

Particularly, Bao et al (300), evaluated HbA1c in diagnosing high risk Chinese adults. 

Results showed that a lower threshold of 45 mmol/mol (6·3%) should be used for detecting 

undiagnosed T2DM. Similarly, in Malaysia, an HbA1c of 45 mmol/mol (6·3%) was found 

optimal for the diagnosis of T2DM when also accounting the high prevalence of DM in the 

country, compared to the ADA/WHO recommendations (301). Also, a study examining the 

burden of DM in urban black South Africans showed that HbA1c despite the high specificity, 

has low to moderate sensitivity to detect DM in this group, suggesting that a 

HbA1c ≥ 42 mmol/mol (6·0%) is more optimal (302). Also, a systematic review examining 

the differences in the performance of HbA1c for diagnosing DM between Arab and 

European population, found that the diagnostic accuracy of the test is similar in both 

populations (303). 

In Thailand, due to the high prevalence of thalassaemia, HbA1c is not recommended as 

screening tool for DM (304), and if used as diagnostic test, physicians should be aware that 

an HbA1c of 44 mmol//mol (6·2%) was found optimal for this specific population based on 

OGTT criteria (305). Remarkably, in Singapore, due to the high multi-ethnic population, 

HbA1c is not recommended for the diagnosis of T2DM at present (306). However, studies 

that have assessed the diagnostic performance of the test in Malay, Chinese and Indians 

living in Singapore suggest that a threshold of 43 mmol/mol (6·1%), might be optimal since 

it will lower the percentage of people with undiagnosed DM (307). On the other side, in New 

Zealand, an HbA1c of 50 mmol/mol (6·7%) is the threshold for DM diagnosis based on 

moderate to high risk diabetic complications (308). Therefore, the less consistent 

relationship between FPG and prevalent and incident retinopathy has also been a reason 

for continuous reassessment of the diagnostic criteria (309).  
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A review by Kim et al (310) determining the optimal cut-off value for HbA1c in the presence 

of diabetic retinopathy, found that the values of HbA1c ranged from 33-61·7 mmol/mol (5·2-

7·8%) in various racial/ethnic groups. Differences in definition and/or methods for 

recognition of diabetic retinopathy, differences in study populations, statistical methods, or 

measurement methods for HbA1c might explain the high variation. 

Hence, it appears that defining an HbA1c diagnostic threshold depends on different 

outcomes. 

Overall, the HbA1c discrepancies in different racial/ethnic groups have been recognised 

both in adults with or without diabetes. However, a systematic review and/or meta-analysis 

in people without known to have diabetes with provision of quantitative data for FG and/or 

2hPG has not been performed yet, in order to exclude attribution of the differences in 

absolute differences of glycaemia.  

This study aims to estimate the magnitude of the HbA1c difference among racial/ethnic 

groups and assist physicians with the interpretation of the HbA1c results due to ethnicity 

disparities that could lead to under- or over-diagnosis of T2DM.  
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2.1.6. Research questions & objectives 

Overall, HbA1c is one of the best indices of glucose concentration, has greater analytical 

stability compared with the other tests for glycaemia, correlates with likelihood of moderate 

diabetic retinopathy, and is a great predictor of renal diseases, and CVD events. 

Nonetheless, it has been exhibited that genetic and non-genetic factors, such SNP 

genotypes, alleles, or frequencies and biological or environmental variations affect HbA1c 

concentrations independently of underlying glycaemia. Understanding the role and the 

magnitude of the effect of these possible covariates, would be instructive to better interpret 

these HbA1c differences in adults without DM across diverse racial/ethnic groups. 

In addition to that, there is an ongoing debate of whether these differences should be 

reflected on the HbA1c cut-off for the diagnosis of T2DM. Most of the recommendations rely 

on findings that assess the concordance of HbA1c with FPG in non-diabetics or the 

association of HbA1c with diabetic-related complications and mortality. While some 

researchers continue to support the use of a universal HbA1c threshold, at the same time 

others propose that “race-specific” HbA1c cut-offs, would identify DM more accurately, 

which would consequently delay the incidence of diabetic complications since it would be 

treated promptly. 

Conclusively, the aim of this systematic review and meta-analysis is to collate all empirical 

evidence and identify whether the variability of HbA1c values in different racial/ethnic 

groups is present, after adjusting for glycaemia levels and understand whether the results 

have any implications for the currently used HbA1c cut-off point.  
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2.1.6.1.  Research Question 

 

Does ethnicity/race have an independent impact on the measured HbA1c in patients who 

are not known to have diabetes irrespective of glycaemic status by other measures? If yes, 

should the differences be reflected on the HbA1c thresholds for NDH and T2DM diagnosis? 

 
2.1.6.2. Project objectives 

 

Primary objectives: 

• estimate the difference in means of HbA1c concentrations among diverse ethnic/racial 

groups, and where possible conditional on known levels of glucose indices (such as 

FG or OGTT), 

• describe whether these differences have implications on the HbA1c diagnostic 

threshold for DM. Should results be interpreted similarly across racial/ethnic groups? 

 

Secondary objectives: 

• describe if available in the studies, the possible explanations for these discrepancies 

• describe if possible, whether “race-specific” of individuals and consequently of HbA1c 

diagnostic threshold is appropriate for correctly detecting DM, 

• suggest briefly whether differentiated HbA1c thresholds could be practically introduced 

in primary care. 
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2.2. Methods & Study Design 

2.2.1. Protocol and registration 

In May 2017, this systematic review was registered in PROSPERO (Protocol 

CRD42017062130), an international database of prospectively registered systematic 

reviews in health and social care, and can be found here (See Appendix A, PROSPERO 

Registry) (311). The reporting of this review and meta-analysis is performed in agreement 

with the Preferred Reporting Items for Systematic Review and Meta-analysis statement 

(PRISMA) (312) (See Appendix A, PRISMA 2009 checklist), and the Meta-analysis of 

Observational Studies in Epidemiology (MOOSE) guidelines (See Appendix A, MOOSE 

checklist) (313). 

 

2.2.2. Eligibility criteria 

Types of participants and exposure: Studies were eligible for inclusion if HbA1c was 

measured and reported in participants aged ≥18 years old without known diabetes. The 

studies had to report ethnic or racial categories within that specific set of participants and 

the obtained HbA1c values. Articles that involved individuals with diabetes and HbA1c levels 

in different racial/ethnic groups but had at least one control group without known diabetes 

or NDH or newly diagnosed with T2DM not yet under any kind of treatment, were also 

included. Studies with subjects at “risk of diabetes” or with NDH or pre-diabetes or IFG or 

IGT, according to any IEC (27), WHO (8) or ADA (28) criteria, were also included. 

We focused on patients without diabetes because the diversity of pharmacological and non-

pharmacological treatments for diabetes will cause substantial variability in HbA1c and also 

affect FPG and OGTT measurements, thus making it difficult to judge the independent 

impact of race/ethnicity.  

Studies including only one gender type were excluded. Also excluded were studies that 

focused mainly on specific participant groups who had medication or co-morbid conditions 

known to affect HbA1c results such as glucocorticoids, Ribavirin or Dapsone, anti-psychotic 

medication, or ESA or with co-morbidities like HIV, cystic fibrosis, schizophrenia, 

tuberculosis, rare diseases, non-alcoholic fatty liver, hepatitis, klebsiella, polycystic ovary 

syndrome, coronary artery disease, pregnancy, CKD, anaemia, thalassaemia, malaria, 

myelodysplasia, and splenectomy or after kidney transplantation or blood transfusion.  

Studies where the methods of HbA1c measurement were not standardised according to the 

NGSP or IFCC network were included and interpreted separately. Prior to 1990 HbA1c 
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measurement was highly inaccurate with improvements seen with the implementation of 

the NGSP (1996) harmonisation and subsequence IFCC standardisation, (146) thus a date 

limit of 1990 for the searches was used. Also, studies focusing on the discordance of HbA1c 

with the reference tests (FPG or OGTT) due to the presence/prevalence of Hb variants were 

included in the review, but not in the meta-analysis and separated for discussion. 

Outcomes and comparators: The articles should report at least one measurement of HbA1c, 

ideally paired with FG and/or OGTT values of participants in the same cohort. If FG and/or 

OGTT measurements were absent or if glucose was non-fasting, only the HbA1c values 

were compared. Studies comparing HbA1c only with alternative measurements of 

glycaemia such as fructosamine or 1·5 anhydrogluticol were also left out. 

Types of study design: Randomised control trials, cohort (retrospective or prospective), 

case-control and cross-sectional studies were included as long as they fulfilled the eligibility 

criteria. Case studies, animal studies, responses to the authors, opinion articles or abstracts 

with inadequate data for analysis were excluded. Systematic reviews were not included in 

the analysis but comprised a valuable resource of potential eligible articles. Articles not in 

English language were also not included. 

Table 2. 1 and Table 2. 2 are summarising the PICOS framework and inclusion and 

exclusion criteria respectively.  
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2.2.2.1. PICOS framework 

  

PICOS Description 

Participants non-diabetic hyperglycaemia, pre-diabetes, IFG, IGT or not known diabetes 

Exposure a quantitative measurement of HbA1c in different ethnic/racial groups 

Comparison 

HbA1c values ideally will be compared with FG and/ or OGTT, and all values 

should be compared between participants from different ethnic/racial 

background. The terms race & ethnicity or racial & ethnic groups were used 

interchangeably for this study 

Outcome 

difference in means of HbA1c concentrations between ethnic/racial groups 

without known diabetes, levels of FG and/ or OGTT when available, cut-offs for 

NDH or T2DM diagnosis, incidence of retinopathy, any conclusion about the 

discrepancies of HbA1c in different racial/ethnic groups 

Study design 
systematic review and meta-analysis including RCTs, cohort, control-RCT, 

control-case, cohort, or cross-sectional studies reporting HbA1c measurements 

by certified/standardised methods 

Table 2. 1 PICOS framework. Description of the PICOS strategy-criteria. 
*P: participant; I: intervention; C: comparison; O: outcome; S: study design; FPG fasting plasma 
glucose, HbA1c glycated haemoglobin, IFG impaired fasting glycaemia, IGT impaired glucose 
tolerance, OGTT oral glucose tolerance tests, RCT randomised control trial 
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2.2.2.2. Inclusion and exclusion criteria 

 Inclusion criteria Exclusion criteria 

Type of study RCTs, cohort, control-

case, cross-sectional 

studies 

Case studies, animal studies, conference 

abstracts with inadequate extractable data, 

posters, opinion papers, systematic reviews 

Population not known diabetes, pre-

diabetes, IFG IGT or 

non-diabetic 

hyperglycaemia either 

with IEC/WHO or ADA 

criteria 

any diabetic or pregnant individual  

Language English any other language 

Publication date Jan 1990-Jun 2019 before 1990 or after Jul 2019 

Measurement 
method/Exposure 

HbA1c, FG, OGTT 

measurements across 

racial groups 

any other method for measuring glucose 

levels or approved test for the diagnosis of 

diabetes (e.g., 1·5-anhydroglucitol or 

fructosamine) alone 

Co-morbidities - HIV, cystic fibrosis, tuberculosis, rare 

diseases, non-alcoholic fatty liver, hepatitis, 

klebsiella, malaria, polycystic ovary 

syndrome, coronary artery disease, chronic 

kidney disease, anaemia, myelodysplasia, 

splenectomy, kidney transplant, patients 

after blood transfusion 

Other -assays 

standardised/harmonised 

according to the NGSP 

or Japanese/Swedish 

reference system 

-studies suggesting a 

different diagnostic 

threshold for the 

diagnosis of T2DM 

-participants under anti-glycaemic 

medication or other treatment that could 

affect the index and reference test (e.g., 

glucocorticoids, Ribavirin or Dapsone, anti-

psychotic medication, or ESA) 

-patients with total participants < 100 

-measurements of HbA1c with POCT will 

be separated 

Table 2. 2 Inclusion and exclusion criteria for the assessment of the articles included in the systematic 
review and meta-analysis.  
NGSP National Glycohemoglobin Standardisation Program, ESA erythropoiesis stimulating agents, 
POCT point of care testing 
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2.2.3. Information sources 

The medical literature was searched to identify relevant studies and reviews in order to 

address our research question. Eight databases were searched; the CINAHL (EBSCO), the 

Cochrane Library (comprising Databases of Systematic Reviews and Cochrane Trials 

Register); Other Reviews (DARE), Methods Studies (CMR), Technology Assessments 

(HTA), Economic Evaluations (EED), EMBASE (Ovid), MEDLINE (Ovid), Open Grey, 

ProQuest (Dissertations & Theses: UK & Ireland, Dissertations & Theses A&I ), PsycINFO 

(EBSCO), and the Web of Sciences. The reference lists of relevant systematic reviews or 

of eligible articles were also hand searched and reviewed for the inclusion of any relevant 

articles not appearing in the results of the selected databases. 

 

2.2.4. Search strategy 

Discussions with clinical and health experts were arranged for the identification of 

appropriate terminologies, subject headings, and MeSH terms. The terms used in the 

research strategy were defined based on the idea behind the PICOS model. The 

established search strategy was then adapted to the various databases. The complete 

search strategy was also discussed with the librarian of the University (MS), for optimum 

inclusion sensitivity. Some of the main search terms used were: “a1c” OR “HbA1c” OR 

“glycated haemoglobin” AND “ethnic” OR “racial” OR “race”. Other relevant search terms or 

keywords combined with truncation such as “geograph-y/ical, “cultur-e/al”, “divers-e/ity”, 

“religi-on/ous”, “immigrant(s), etc, as mentioned in Appendix A, were used for ensuring term 

completeness and eliminating the chances of omitting any of the relevant articles. Despite 

the overly specific terminology, the elements found did not appear to be associated with 

bias. Search criteria were limited to publication date between January 1990 and up to the 

end of June 2019 and to English language. Classes of diabetic medication were used as 

exclusion terms if appeared in the title of the article in order to eliminate further the 

excessive number of the results returned. The full electronic research strategy for each 

database is described in detail on Appendix A, Literature Search Strategy. References were 

downloaded in RIS format and then transferred to Endnote X8-X9. 

 

2.2.5. Study selection 

The systematic review was conducted to identify published articles where HbA1c values 

are estimated in different races/ethnicities. The initial literature search, accumulation of 

results from all searched databases, duplicates removal, and title’s review were performed 
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by one reviewer (SC). Then, full copies of all the eligible studies were obtained. Next all the 

potential papers for inclusion were screened by abstract and full text based on the inclusion 

and exclusion criteria. Any reservations/scepticism concerning study selection was resolved 

by means of agreement, involving two other reviewers (YL or EE) according to the 

established criteria. 

2.2.5. Data collection process & data items 

One reviewer extracted information from each article using a data extraction form in Excel 

based on the pre-defined study inclusion criteria and primary objective of the meta-analysis. 

Most of the qualified studies had an HbA1c with a paired glucose measure and record of 

ethnicity or racial grouping. If FG and/or OGTT measurements were absent, or if glucose 

was not fasting, only the HbA1c values were retrieved and compared across racial groups. 

The essential primary outcome from each study, which was required for the meta-analysis, 

was the sample size, mean, and the standard deviation (SD) of the HbA1c, FG and/or OGTT 

values in different racial/ethnic groups. If the mean was reported separately by gender (e.g. 

male/female) or diabetic status (e.g. normo-glycaemia/pre-diabetes-NDH) the combined 

mean was estimated using the following technique as suggested by Cochrane (314) (See 

Table 2.3): 

There have been studies where the SD was not directly reported separately for each group. 

In these cases, the RevMan Calculator provided in the Cochrane Handbook was used to 

obtain SD from the standard errors (SE)s [SD = SE×√N], confidence intervals (CI)s [SD = 

√N×(upper limit – lower limit)/3·92], t values or p-values that relate to the differences 

between means in two groups (315). Also, mean age by race/ethnicity was derived either 

 Group 1 Group 2 Combined groups 

Sample 

size 

N1 N2 N1+N2 

Mean M1 M2 #!$! +#"$"
#! +#"  

Standard 

deviation 

SD1 SD2 

&(#! − 1)+,!
" + (#" − 1)+,"" +	

#!#"
#! +#"

($!
" +	$"

" − 2$!$")
#! +#" − 1

 

Table 2. 3 Formulae for combining groups. 
Reprinted from Cochrane Handbook, 7·7·3 Data extraction for continuous outcomes; SD standard 
deviation 



Chapter 2, Methods 

70 

 

from the cohort without DM when available for higher accuracy or from the total cohort for 

both groups if not reported separately. Two authors were also contacted via email and face-

to-face communication for obtaining the outcomes measures if not reported in published 

articles that otherwise satisfied the inclusion criteria. The main categories extracted 

included: year and country of the study, study design, aim of the study, sample size (total 

and between racial/ethnic groups), description of the cohort and the race/ethnicity of the 

participants; these were either extracted with the exact words used by the authors or 

subjects with a similar “race” were put together in one category. 

This is because race or ethnicity in the different studies was either self-reported by the 

participants (most cases) or obtained based on external information (e.g., municipal or 

hospital registries, Ministry of Home Affairs, Singapore: classification of race occurs at birth 

or the point of naturalisation, and people take the race of their birth father). Hence, 

classification of the participants in genetic subgroups was not possible. The 6 categories 

that were created for comparisons, was the result after putting together participants that are 

possibly sharing similar phenotypic traits based on the subjective consciousness of the 

individuals and that of investigators. 

Population demographics/characteristics such as age (mean or age groups) and diabetic 

status, diagnostic criteria used for defining normo-glycaemia, NDH or diabetes, the HbA1c 

and glycaemia measurement methods, analytical and statistical methods, sensitivity and 

specificity scores for the diagnosis of T2DM when estimated, any exposure to drug therapy, 

and duration of follow-up in case of longitudinal studies or RCTs were all extracted where 

available. The detailed excel spreadsheet is provided in Appendix A, Study characteristics. 

After completion of the extraction, data were processed for the meta-analysis using the 

Stata SE16.0 statistical software (Stata). 2019. Stata Statistical Software: Release 16. 

College Station, TX: StataCorp LLC). 

 

2.2.6. Risk of bias in individual studies (Quality assessment) 

In the initial protocol published in PROSPERO, it was suggested that the SIGN criteria 

appeared to be appropriate for reporting the methodological quality of the RCTs or of the 

non-randomised intervention studies as recommended by The Cochrane Collaboration 

Handbook (316). It was proposed that the QUADAS-2 tool would be used in case of 

diagnostic accuracy studies. However, the articles included in the systematic review, 

displayed a complexity of study designs that could not be adequately or correctly assessed 

by the SIGN or the QUADAS-2 tool. Hence, an adapted Newcastle-Ottawa scale (NOS) 

questionnaire was used based on the Newcastle–Ottawa scale (317) and the Laboratory 
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Medicine Best Practices Initiative Guide to Rating Study Quality (318). This approach had 

been previously proposed and developed by Cavagnolli et al (199), in order to assess the 

methodological quality of each study independent of the study design. 

The questionnaire is divided in 5 sections in order to judge risk of bias and quality of specific 

domains; Population studied (information on age, gender, clinical origin) – confounding bias; 

Participants’ selection process (e.g. interviews, biomarkers result) – detection bias; Study 

design (purpose of research question); Interfering factors (methods for origin identification 

and description, analytical methods of biomarkers) selection and confounding bias; and 

Statistical tools (clearly described outcomes) – reporting bias. Each section has been 

graded with a maximum of 2 stars. The quality of studies for the meta-analysis was 

arbitrarily graded as poor (<5 stars), fair (5-7 stars), good (8-9 stars), or excellent (10 stars) 

however none of the studies was excluded from the SR due to low quality scores (See 

Appendix A, Adapted Newcastle-Ottawa scale). Questionnaires were only used to assess 

the overall quality of the studies. Only the first reviewer assessed each study. 

 

2.2.7. Summary measures 

As previously explained, the primary outcome of the study was to estimate the difference in 

means of HbA1c values between different racial/ethnic groups, and by using white 

population as the reference group, preferably when in the same study the difference in 

means of FG/OGTT values could also be calculated/ or the FG/OGTT levels of glycaemia 

were known. This is because we wanted to assess whether the observed discrepancies in 

HbA1c exist when patients with different ethnic/racial groups have similar levels of 

glycaemia (as reflected by FG/OGTT). In studies where the mean HbA1c was displayed 

both unadjusted and adjusted for glycaemia levels besides other confounders (e.g., gender 

and age), the latter was preferred for the estimation of the difference in means between 

racial/ethnic groups. 

 

2.2.8. Synthesis of results 

The collected study characteristics were used for the implementation of a mixed methods 

review, a narrative synthesis of the main outcomes and subsequently a meta-analysis when 

quantitative data were available. 

For the narrative synthesis, the main outcomes and results of each study were 

described/reported in a systematic format (by race/ethnicity). 
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For the meta-analysis, HbA1c values of white participants were compared with the mean 

HbA1c values of black, South Asian, East Asian, or Hispanic/Latino subjects without DM. 

All reported HbA1c values were converted both to the IFCC (SI) & NGSP units for 

comparison. Weighted mean difference has been the preferred method to estimate our 

study effect sizes since all studies use the same continuous outcome and unit of measure. 

Meta-regression was then performed to investigate how glycaemia as a continuous variable 

measured by FG is associated with the estimates of differences in HbA1c. Age as a 

continuous variable was added in the meta-regression model to assess whether the 

intercept (effect-estimate) of the regression is altered. Hence, whether age could explain 

any apparent differences between groups. Variations of the estimated magnitude of 

difference due to differences on OGTT concentrations were assessed together and 

separately. Results of the meta-regression were visually examined with a bubble plot, a 

scatter plot of effect-sizes (y-axis) against a predictor (e.g., FG) (x-axis), stratified by 

racial/ethnic group. 

Measures of consistency or statistical heterogeneity (percentage variability in individual 

effect estimates) were assessed using the I2 statistic, with values of 50% or more 

representing a substantial level of heterogeneity (319). Statistical significance was set at 

p<0·05. It has been assumed that each study is estimating a study specific true effect and 

observed heterogeneity is attributed either to between study heterogeneity in true effects or 

within study sampling error (320). Therefore, a random effects model was used for the 

analysis with which weight for the studies with small number of participants will not decrease 

greatly. 

Analyses both with and without outlying studies were performed as part of a sensitivity 

analysis. 

 

2.2.9. Risk of publication bias 

It was attempted to assess any possible publication bias using the small-study bias method 

by evaluating visually a funnel plot, after plotting the results of the individual studies by 

racial/ethnic group on the x-axis (WMD) against a measure of precision on the y-axis, such 

as the SE of the overall WMD (321). The Eggers asymmetry test as formal statistical test 

for publication bias was also performed (322). 
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2.2.10. Additional analyses 

To account for potential imbalance discrepancies due to heterogeneity between the studies, 

meta-regression was conducted across subgroups defined by key study characteristics. 

Initially, the impact of sample size (under/over 1000 participants) was investigated. 

Next subgroup analysis for each compared racial/ethnic group was by adjustment of HbA1c 

values on various confounders; 0: if no evidence of adjustment, 1: if adjustment only for 

sociodemographic confounders, 2: if adjustment for at least glycaemia levels (FG and/or 

OGTT) and/or additional sociodemographic confounders. In this way, discrepancies of 

glycaemia levels between studies were considered. The third sub-analysis was performed 

by diabetes status (0: known normo-glycaemia (healthy subjects), 1: NDH including IFG, 

IGT, and 2: not known diabetes (including normo-glycaemia and/or NDH and/or newly 

diagnosed T2DM without any evidence of anti-diabetic treatment). 

Lastly, a sub-analysis between black and Hispanic, and between South Asian and East 

Asian groups, was also conducted. 

In addition to the main analysis, optimal HbA1c cut-off points that were reported in any of 

the studies included in the SR for the identification of NDH or DM in different racial/ethnic 

groups were described as an additional outcome. Where available, data on diabetes related 

complications were collated. 
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2.3. Results 

2.3.1. Study selection 

The systematic database searches up to the end of June 2019 yielded 71 507 records. 

Table 2. 4 below gives the number of results retrieved from each database. After adjusting 

for duplicates (23 725), 47 782 articles remained for screening. Of these, 44 075 were 

discarded after title screening. The abstracts of the remaining 3 707 studies were reviewed, 

and 2 807 studies were excluded. For 900 studies the decision was based upon full-text 

assessment. 850 studies did not meet the inclusion criteria as described. Additional 5 

records that were not picked up with our research strategy were identified from other 

sources (e.g., reference lists of other reviews or key-papers). Finally, 55 studies were 

approved, and quality assessed using the NOS criteria. The main reasons for exclusion 

were the following: studies using a single/sole racial/ethnic group, or outcome measures 

were not separated by diabetic status participants (diabetic and non-diabetic together) or 

incomplete/not reported data. Out of the 55 studies, one was an RCT, 18 were cohort, and 

36 cross-sectional studies. The process of study identification is shown in the flow chart 

below, Figure 2. 1. 

Databases Number of results 

EMBASE (OVID) 19 353 

Web of Sciences 12 468 

CINAHL (EBSCO) 10 756 

ProQuest   9 408 

MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Daily and Versions(R) (OVID) 

  9 356 

Cochrane Library (161 reviews, 28 protocols, 3 858 trials, 13 

clinical answers) 

  7 753 

Psych Info (EBSCO)   2 396 

Other sources      120 

Open Grey        17 

Total Number 71 507 

Table 2. 4 Number of returned results from each electronic database. 
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Figure 2. 1 Own illustration. Flow diagram of study selection.  
Adapted from PRISMA. (312). 

Records identified through 
database searching  (N = 71 507) 

Records screened by title  (N = 47 782) 

Records excluded on title 
(N = 44 075) 

Records for full-text assessment (N = 900) 

(N = 576 + other)  
Records excluded on full-text with 

reasons  (N = 850): 
flawed population (age, diabetics) (n = 88) 

irrelevant outcomes (n = 79) 
< low number of participants (n = 48) 

incorrect comparator (n = 321) 
other co-morbidities (n = 91) 

other medication (n = 17) 
unable to extract data (e.g., no HbA1c 
values, mixed pre-diabetes/diabetes, 

limited full text access, abstract) (n = 206) 
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Additional records identified 
through other sources (N = 5) 

Duplicates removed (N = 23 725) 

Records excluded on title and abstract  
(N = 2 807) 

Studies included in the meta-analysis (N = 34 (30+4)) 

Studies included in the review (N = 55 (50+5)) 
1 RCT 

18 cohort 
36 cross-sectional 
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2.3.2. Study characteristics 

A total of 55 studies that fulfilled the criteria were included in the systematic review, including 

information for a total of 115 787 participants. The characteristics of the studies are 

summarised in Table 2. 5 and Appendix A, Study characteristics. In terms of geographic 

region, most studies were carried out in the U.S (33), followed by Europe (14), Canada (3) 

and Singapore (3) and 2 other countries (New Zealand & Brazil). Most of the studies had 

more than 1 000 participants in total and only 11 had less than this. Mean age of the 

participants ranged from 37 to 73·6 years when this information was available. For 50 

studies, white subjects were compared to at least another distinct racial/ethnic group and 

only in 5 studies HbA1c levels were compared with a non-white reference population (323-

327). 

The most common racial groups that were examined included white, black, Hispanic or 

Latino, South Asian and East Asian subjects. Some other racial/ethnic groups including 

Greenland Inuit or Inuit immigrants in Denmark (328), and Inuit dwellers in Canada (329) 

were also identified and observed. Finally, HbA1c performance in Turkish immigrants in the 

Netherlands (330) and Sweden (331) was also described. 

White subjects were mostly non-Hispanic Americans (263, 277, 287, 332-361), European 

(328, 330, 331, 352, 362-370), Canadian (329, 371, 372) or in some cases South African 

(373) or white Brazilian (374). 

Black participants, especially for studies conducted in the U.S were referred to non-Hispanic 

black individuals, usually defined as African-Americans. However, there were some 

exceptions where the black population represented black Brazilians (374), African 

Surinamese subjects residing in the Netherlands (330), Africans living in the island of 

Mauritius or island of Rodrigues, Republic of Mauritius (325), and African Caribbean living 

in the U.K (369).  

Hispanic populations consisted of Hispanic subjects, primarily Mexican dwelling in the U.S 

for the studies that were carried out in the U.S. Only in the study of Aviles-Santa et al (354), 

the Hispanic group encompassed Mexican, Cuban, Puerto Rican, Dominican, Central 

American, and South American subjects, while in the Lindeman et al (333) and White et al 

(353) studies, most Hispanics were identified themselves as Spanish-Americans, whose 

ancestors have lived there >300 years or whose ancestors originated from Spain.  

Asians were the 3rd most common group for comparisons. Since in many studies there was 

a differentiation between South and East Asian population, it was decided to keep this 

distinction and further examine whether different constructions of the term Asian have an 



Chapter 2, Results 

77 

 

impact on HbA1c values. South Asians particularly from studies conducted in the U.K (352, 

363-370) included mainly Punjabi Sikh (Punjab, territory in Northern India), Pakistani and 

Bangladeshi subjects, whereas in case of Burden et al (362) and Hare et al (325) studies, 

included Indo-Asian residing in the U.K and Indians living in the Republic of Mauritius 

respectively. Participants recruited from the HELIUS Study (330) included South Asian 

Surinamese people residing in the Netherlands, whereas Lim et al (327), Venkatamaran et 

al (323) and Chiang et al (324) examined Indians located in Singapore.  

On the other hand, East Asian participants consisted of a broader compilation of Asian 

nationalities. For this study, Chinese are the main subjects of the East Asian group in many 

of the articles included in our review either living in Canada (329, 371, 372) or the U.S (263, 

326, 334, 347, 358) or Singapore (323, 324, 327), or the Republic of Mauritius (325). 

However Filipino, Japanese, Korean, Taiwanese, Vietnamese, Malay, or Pacific Islander 

were also identified as East Asian in some of the studies (263, 323, 324, 326, 327, 334, 

358, 373). 

Of the 55 studies, only 34 provided sufficient evidence for meta-analysis (263, 287, 323-

327, 329, 330, 332-334, 336, 337, 340-344, 346-349, 354-356, 358, 359, 362-364, 366, 

369, 373). All 34 articles incorporated HbA1c data in at least 2 racial/ethnic groups, 25 (263, 

287, 323, 324, 326, 327, 330, 334, 336, 337, 341, 342, 344, 347-349, 354-356, 358, 359, 

363, 364, 366, 369, 373) had paired FG and/or OGTT data and 10 (327, 329, 331, 345, 

350, 361, 367, 368, 370, 371) reported sensitivity and specificity data for various cut-off 

points either for the identification of NDH or T2DM. Twenty one studies compared white 

subjects versus (vs) black, 11 vs Hispanic, 7 vs South Asian, and 6 vs East Asian 

race/ethnicity. Five studies of the review did not contain any quantitative data for white 

subjects (323-327). In a subgroup analysis, 9 studies compared the difference in means of 

HbA1c between black and Hispanic and 6 between South Asian and East Asian. 

In most of the studies, results of HbA1c, FG or OGTT are reported in patients without 

diagnosed diabetes, meaning that patients with NGT or any NDH, including IFG or IGT or 

both, or newly diagnosed with T2DM have been assessed together. In cases that results 

were reported separately for each diabetic status (e.g. normo-glycaemia (287, 325, 336, 

342, 343, 348, 349, 354, 362, 364, 373), NDH (263, 287, 332, 334, 335, 339, 349, 354, 358, 

363, 373), the difference in means was estimated separately and used for subsequent sub-

analysis/sensitivity analysis. 

Out of the 10 diagnostic accuracy studies, 2 used FPG as the reference test for pre-diabetes 

or T2DM diagnosis (370, 371), 1 OGTT only (367), 6 both FPG and OGTT criteria (327, 

329, 331, 350, 361, 368), and only 1 prevalence of retinopathy (345).
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Anand et al, 2003 
Canada (371) 

cross-
sectional 

Dec 1996-Oct 1998 
South Asian, Chinese, and European origin 

from three cities in Canada  

936 
N/A, N/A 

non-diabetes 
ADA 1997, WHO 1998 

Determine whether using the FG and HbA1c 
together could improve the classification of 

individuals with IGT and DM in a multi-ethnic 
cohort randomly assembled in Canada 

Araneta et al, 
2015, U.S (326) 

cross-
sectional 

MASALA, NKS, JACDS, UCSD 
Filipino (in San Diego, Hawaii), Japanese 

(in Hawaii, Seattle), South Asia (San 
Francisco, Chicago) 

1 645; ≥45, 59·7 years 
without a prior DM 

diagnosis 
ADA 2010 

Ascertain the BMI cut point that might be 
most practical for identifying Asian-American 
adults without a prior DM diagnosis in four 

clinical cohort studies in the U.S 
Aviles-Santa et al, 
2016,U.S (354) 

cross-
sectional 

HCHS/SOL Mar 2008 - Jun 2011 
NHANES* 2007–2012 

sampling of the communities in San Diego, 
CA; Chicago, IL; Miami, FL; and the Bronx, 
NY; Hispanics/Latinos (Dominican, central 
American, Cuban, Mexican, Puerto Rican, 
South American) and non-Hispanic white 

15 325 
18-74, 43·3 years 

without self-reported DM 
ADA 2010 

Determine whether, after adjustment for 
glycaemia and other selected covariates, 

HbA1c differed between Hispanic/Latino and 
non-Hispanic white adults without self-

reported DM 

Azeem, 2013 
U.S (347) 

prospective 
cohort 

MESA Jul 2000-Aug 2002 
community dwellers in U.S: white, African 

American, Hispanic, Chinese 

5 069; 45-84, 63·2 years 
non doctor diagnosed DM 

ADA 2010 

Assess whether the association between 
HbA1c and CVD and mortality varied by 

race and ethnicity 
Booth et al, 2018 

Canada (329) 
cross-

sectional 
CANRISK 2007-2011/2013-2015  

seven provinces and two territories in 
Canada: Caucasian, First Nations, Metis, 

Inuit, South Asian and East Asian 

3 564; ≥18, N/A 
without prior DM 

CDA recommended cut-
points  

Examine the diagnostic ability of HbA1c in a 
diverse sample of Canadian subjects to 

determine optimal ethnic-specific cut-points 
using FPG/OGTT as gold standard 

Bower et al, 2013 
U.S (375) 

cross-
sectional 

NHANES 2005-2008 
non-Hispanic white, non-Hispanic black, 

Hispanic American 

4 413; ≥40, 57 years 
non-diabetes 

ADA 2010 

Determine whether the association between 
HbA1c and retinopathy differs by ethnic 

group in a sample of U.S. adults 
Burden et al, 

1999, U.K (362) 
cross-

sectional 
Diabetes Care, Leicester (residents) 

General Hospital: white and Indo-Asian 
262; ≥18, N/A; healthy 

volunteers 
RBG≥10mmol/L 

Determine a local HbA1c reference range 



Chapter 2, Results 

79 
 

Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Carson et al, 
2016, U.S (355) 

cross-
sectional 

CARDIA 2005-2006 
white, African-American residents from 

Birmingham, Chicago, Minneapolis, 
Oakland, U.S 

2 545 
18-30, 44·7 years 

without DM 
ADA 2010 

Determine whether average levels of 
glycaemic markers differ by race in adults 

with and without diagnosed DM before and 
after accounting for post-challenge glucose 

Chapp-Jumbo et 
al, 2012,U.S 

(342) 

cohort  (POP-ABC) 
white and black Memphis-area residents 

302; 18-65, 45·3 years 
normo-glycaemic with a 
parental history of T2DM 

ADA 2010 

Investigate the racial/ethnic disparities in 
HbA1c levels among non-diabetic persons 

with similar parental history ofT2DM 

Chiang et al, 2013 
Singapore (324) 

cross-
sectional 

SIMES, SINDI, SCES 2004-2011 
Chinese, Malay and Indians living in South-

Western part of Singapore 

1 131 (2 936) 
≥40, 52·8 years 

non-diabetes 
WHO 2011 

Investigated the prevalence and pattern of 
cardio-metabolic risk factors in pre-
hypertension in three ethnic Asian 

populations in Singapore 
Chiu et al, 2005 

U.S (336) 
cross-

sectional 
NHANES III 1988-1994 

non-Hispanic white, non-Hispanic black, 
Hispanic American 

1 089; ≥18, 45·5 years 
non physician diagnosed 

DM and HbA1c<42 
mmol/mol (6% ) and FPG 

<5·56 mmol/L (normo-
glycaemic); ADA 2003 

Examined the relationship of age with 
HbA1c, FPG concentration and compared 
the results between three ethnic groups in 

the present study.  

Dagogo et al, 
2013, U.S (348) 

cross-
sectional 

POP-ABC Mar 2012 
white and black Memphis-area residents 

376; 18-65, 44·2 years 
one or both biological 
parents with T2DM, & 

normal FPG and/or 2hPG 
at baseline & good health  

ADA 2003, WHO 1985 

Improve the ability to detect interaction of 
environmental factors with race/ethnicity and 
incidence of diabetes and identify individuals 

who may benefit from interventions to 
prevent DM and restore normal glucose 

regulation 
Davidson et al, 

2010, U.S (338) 
cross-

sectional 
NHANES III 1988-1994 

non-Hispanic white, non-Hispanic black, 
Hispanic American 

2 712; 40-74, N/A 
not diagnosed with DM 

ADA 2003 

Determine if age and race/ethnicity affect 
HbA1c levels independent of glycaemia. 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

de Miranda et al, 
2013, Brazil (374) 

cross-
sectional 

CAMELIA 2006-2007 
Doctor Program Unities of Niteroi, RDJ, 

Brazil: white, mulatto, black 

346 (extracted from study 
of Cavagnolli et al (199)) 

≥18, 37 years 
without DM 
ADA 2010 

Investigate if the prevalence of altered 
HbA1c varies with skin colour and if there is 
a familial aggregation of either skin colour 

and HbA1c 

Dekker et al, 2015 
The Netherlands 

(330) 

prospective 
cohort 

HELIUS Dec 2013 
random sample from municipal registry of 
Amsterdam: Dutch, South Asian & African-
Surinamese, Turkish, and Moroccan origin 

3 776 
18-70, 45·9 years 

not known DM 
ADA 2010 

Explored the association between dietary 
patterns and biomarkers of T2D in 5 ethnic 

groups living in Amsterdam 

Ebenibo et al, 
2014, U.S (349) 

cohort POP-ABC 
white and black Memphis-area residents 

280 
18-65, 44·2 years 

non-diabetes 
ADA 2010 

Determine the importance of “pre-diabetic” 
HbA1c levels by comparing the glucose-

regulatory function in persons with HbA1c 
levels of 5.7%-6.4% and those with 

HbA1c < 5.7% 
Eberhardt et al, 
1994, U.S (332) 

cohort SCCCDPP 1987 
white and black residents living in Anderson 

and Florence, South Carolina 

2 757 (3 175); ≥18, 42·8 
years; no DM, borderline 

DM, IGT; WHO 1985 

Consider the relationship between race and 
long-term glycaemic control, as measured 

by HbA1c 
Ford et al, 2019 

U.S (361) 
cross-

sectional 
NHANES 2005-2014 

non-Hispanic white, non-Hispanic black 
5 324; 18-70, 41·8 years 

mixed 
ADA 2010 

Characterize differences between black and 
white people in optimal HbA1c thresholds for 

diagnoses of DM and pre-diabetes 
Getaneh et al, 

2011, U.S (339) 
cross-

sectional 
DIAMOND (local) 2003-2004 

NHANES III (national)  1988-1994 
Dominican (New York City, New York), non-

Hispanic white, non-Hispanic black, 
Hispanic American 

15 491 
≥18, 40·4 years 

pre-diabetes, DM 
IEC 1997, ADA 2010, IEC 

2003 

Report on the performance of the recently 
recommended HbA1c criterion for DM 

diagnosis in comparison with the standard 
FPG and 2hPG test criteria across racial 

and ethnic groups. 
Grimbsy et al, 

2012, U.S (343) 
cohort NHANES III 

non-Hispanic white, non-Hispanic black, 
Hispanic American 

3 041 
≥20, 40·1 years 

non-diabetes, normo-
glycaemia 
ADA 2010 

Investigate if there is race-ethnic variation in 
HbA1c-associated risk allele frequencies for 

SNPs near SPTA1, HFE, ANK1, HK1, 
ATP11A, FN3K, TMPRSS6, G6PC2, GCK, 
MTNR1B; association of SNPs with HbA1c 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Guo et al, 2014 
U.S (350) 

cross-
sectional 

NHANES III 2005-2010 
non-Hispanic white, non-Hispanic black, 

Mexican 

5 395 
≥20, N/A 

without DM 
ADA 2010 

Assess ROC curves of HbA1c pertaining to 
the diagnoses of pre-diabetes and DM by 
FPG and/or 2hPG, and the effects of age, 

gender, and race 
Hare et al, 2013 

U.K (325) 
cross-

sectional 
Communicable Disease Surveys 2009 

survey on the main island of Mauritius & on 
the island of Rodrigues: African (Rodrigues 

& main island), South Asian, Chinese 

6 701; 19-78, 43·8 years 
not known DM, normo-

glycaemic 
WHO 2006 

Determine whether glucose-independent 
differences in HbA1c exist between people 

of African, South Asian, and Chinese 
ethnicities 

Hellgren et al, 
2017, Sweden  

(331) 

cross-
sectional 

MEDIM  2010-2012, 
Skaraborg 2012-2014, 

Flemingsberg & 4-D study 
subjects with Iraqi or Swedish ancestry or 

Turkish immigrants 

3 655 
30-75 (MEDIM), ≥20, 48· 

years 
not previously diagnosed  

DM 
WHO 2011 

Compare sensitivity and specificity for 
HbA1c ≥48 mmol/mol as a predictor for 
T2DM in two populations with different 

ethnicity and examine the predictive value of 
two levels of HbA1c (≥42, ≥39 mmol/mol) for 

pre-diabetes in these populations 
Herman et al, 

2007, U.S (263) 
cohort U.S DPP - up to 1999 

27 centre RCT: white, black, Hispanic, 
American Indian, East Asian (Japanese, 
Chinese, other East Asian groups, Asian 
Indians, and Pacific Rim Australasian) 

3 645 (3 819) 
≥25, 51 years 

IGT 
95≤FPG<126 and 

140≤OGTT<200 mg/dL 

Examine racial and ethnic differences in 
HbA1c in individuals with IGT 

Hivert et al, 2018 
U.S (358) 

cohort U.S DPP 
27 centre RCT: white, black, Hispanic, 

American Indian, East Asian (Japanese, 
Chinese, other East Asian groups, Asian 
Indians, and Pacific Rim Australasian) 

2 540 (2 658); N/A, 50·7 
years; high risk of 

developing DM 
95≤FPG<126 and 

140≤OGTT<200 mg/dL 

Investigated whether genetics could explain 
higher HbA1c levels in U.S DPP participants 

Jorgensen et al, 
2010, Denmark 

(328) 

cross-
sectional 

Greenland Population Study 1999–2002: 
Greenland Inuit, Inuit migrants in Denmark 

Danish Inter99 study: Danish subjects 

7 957 
> 35, 46 years 
non-diabetes 
WHO 1999 

Assess if ethnicity modified the association 
between glycaemia and HbA1c & compare 

DM prevalence according to diagnostic 
method between Greenland Inuit, Inuit 

migrants in Denmark, and Danish population 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Kehl et al, 2011 
U.S (340) 

cohort NHANES III 1988-1994 
non-Hispanic white, non-Hispanic black, 

Mexican 

12 698; ≥20, 44 years 
without DM 
ADA 2010 

Investigated the association between HbA1c 
and mortality with a particular focus on the 

impact of race–ethnicity 
Lacy et al, 2016 

U.S (356) 
cohort CARDIA 1985-1986 

multi-centre longitudinal study of white and 
African-American recruited from 

Minneapolis, MN; Chicago, IL; Birmingham, 
AL; and Oakland, CA. 

2 456 
18-30, 45·3 years 

free from DM at baseline 
ADA 2004, ADA 2010 

Examine the performance of an existing risk 
prediction model in a biracial cohort of 

African Americans and white adults from the 
CARDIA study using ADA 2004 & 2010 
guidelines, and assess change in model 
performance with the addition of baseline 

HbA1c as a predictor of diabetes risk 
Leong et al, 2018 

U.S (359) 
prospective 

cohort 
FHS 1992-1995: (white individuals of 

Western European descent) 
ARIC 1990-1992 

white and black participants from 4 
communities in the U.S 

8 249; middle aged 
adults, 56·6 years 

did not developed overt 
DM 

ADA 2010 

Examine whether HbA1c was associated 
with T2DM risk in four scenarios of clinical 
information availability: 1)HbA1c alone, 2) 

fasting laboratory tests, 3) clinic data, and 4) 
fasting laboratory tests and clinic data 

Likhari et al, 
2009, U.K (363) 

cross-
sectional 

white and South Asian (Punjabi Sikhs) with 
OGTT referrals from primary care to the 
Department of Clinical Chemistry, New 

Cross Hospital, Wolverhampton, UK 

134≥18, 60·2 
yearsIGTWHO 1999 

Study the ethnic differences in HbA1c 
between whites and South Asians with IGT 

Likhari et al, 2010 
U.K (364) 

cross-
sectional 

white and South Asian (Punjabi Sikhs) with 
OGTT referrals from primary care to the 
Department of Clinical Chemistry, New 
Cross Hospital, Wolverhampton, UK. 

139 
≥18, 67·7 years 

normal glucose tolerance 
WHO 1999 

Determine whether ethnic differences exist 
in HbA1c between white subjects and those 

of South Asian origin with NGT 

Lim et al, 2018 
Singapore (327) 

cross-
sectional 

National Health Survey Mar-Jun 2010 
Chinese, Malay and Indian community 

residents in Singapore 

3 540 
18-79, 42·5 years 

non-diabetes 
WHO 2006 

Evaluate the use of HbA1c for DM 
screening, determine the optimal HbA1c cut-

off for screening for DM and assess if 
HbA1c could be combined with FPG to 
detect individuals with DM and IGT, in a 

multiracial population living in Asia 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Lindeman et al, 
1998, U.S (333) 

prospective 
cohort 

HCFA  
non-Hispanic white and Hispanic Medicare 

recipients  residing in Bernalillo County 

651 
≥65, N/A 

without DM 
ADA 1997, WHO 1985 

Compare the prevalence of T2DM, the 
various CV risk factors encompassing the 

insulin resistance syndrome (IRS), and CHD 
in elderly Hispanics compared with non-

Hispanic whites 
Meigs et al, 2014 

U.S (351)  
cross-

sectional 
BACH 2010-2012 

African American, Hispanic and white 
participants recruited from Boston inner city 

areas 

1 387 
37-88, N/A 

non-diagnosed DM 

Test among diabetes-free urban community-
dwelling adults the hypothesis that the 

proportion of African genetic ancestry is 
positively associated with glycaemia, after 
accounting for other continental ancestry 

proportions, BMI and socioeconomic status 
Metcalf et al, 
2018, New 

Zealand (373) 

cross-
sectional 

Auckland Diabetes, Heart and Health 
Survey Dec 2001-Nov 2003 

Caucasian (South Africa, Europe, U.S), 
Maori, Pacific, Asian (20.8% Indian (South 
Asian) and 79.2% from China, Hong Kong, 

Korea, Taiwan and the Philippines) 

1 894 (3 559) 
35-74, 52·8 years 

not previously diagnosed  
DM 

WHO 1998 

Determine whether there were ethnic 
differences in HbA1c 

concentrations in adults with normal and 
abnormal glucose tolerance 

Mostafa et al, 
2010, U.K (365) 

cross-
sectional 

LEADER (ADDITION-Leicester, Europe) 
2004-2008; white and South Asian 

Leicester city population 

8 696; 40-75, 57·3 years 
not previously diagnosed  

DM; WHO 1999 

Examine the potential impact of the 
preferred use of HbA1c as a diagnostic tool 
on the prevalence and phenotype of T2DM. 

Mostafa et al, 
2010, U.K (368) 

cross-
sectional 

 LEADER (ADDITION-Leicester, Europe) 
2002-2008; white and South Asian 

Leicester city population 

8 696; 40-75, 57·3 years 
not prior diagnosed DM; 
ADA 2010, WHO 1999 

Determine optimal HbA1c cut-points for IGR 
in a multi-ethnic cohort 

Mostafa et al, 
2012, U.K(366) 

cross-
sectional 

ADDITION-Leicester 2005-2009 
white and South Asian Leicester city 

population 

6 040; 40-75, N/A 
not previously diagnosed  

DM; WHO 1999 

Analysed the independent effect of ethnicity 
on HbA1c and FPG and 2hPG respectively 

Mostafa et al, 
2013, U.K (367) 

cross-
sectional 

ADDITION-Leicester 2002-2008 
white and South Asian Leicester city 

population 

8 696 
40-75, 57·3 years 

not previously diagnosed  
DM 

WHO 1999 

Compare test performance for strategies 
detecting DM on the OGTT using either 

HbA1c)≥48mmol/mol (6.5%) or two HbA1c 
thresholds where the first cut-point ‘rules 

out’ and the second ‘rules in’ DM 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Nguyen et al, 
2008, U.S (337) 

cross-
sectional 

Bogalusa Heart Study 2000-2001 
white and black community of Bogalusa, LA 

1 111; 24-43, 36·2 years 
not known DM;  

ADA 2003 

Examines if excess of HbA1c, correlates 
with CV risk in a black/white community-

based non-diabetic young subjects 

Nowlin et al, 2018 
U.S (360) 

cross-
sectional 

NHANES  2007-2010 
non-Hispanic white, non-Hispanic black, 

Hispanic 

6 562 
≥20, N/A 

mixed 
N/A 

Identify associations between race/ethnicity 
and glucose control as influenced by diet 
quality, body mass, and inflammation and 

grouped by T2DM status 
Okosun et al, 

2012, U.S (344) 
cross-

sectional 
NHANES 2007-2008 non-Hispanic white, 
non-Hispanic black, Mexican-Americans 

1 37620-80, 48·1 years 
diabetes-free, pre-
diabeticADA 2010 

Determine the concordance between a 
combination of HbA1c and FPG and a 

combination of FPG and 2hPG, and whether 
substituting FPG + 2hPG with HbA1c + FPG 
can enhance the detection of pre-diabetes in 

DM-free NHANES adults 
Parinello et al, 

2016, U.S (357) 
prospective 

cohort 
ARIC 1987-1989 

follow-up visits 2 through 5 took place 
during 1990–1992, 1993–1995, 1996– 

1998, and 2011–2013 
white and black participants recruited from 

four field centres in the U.S: Forsyth 
County, Jackson, suburban Minneapolis, 

Washington County. U.S 

10 373 
≥18, 57·1 years 

non-diabetes 
ADA 2010 

Assess the associations of FG, HbA1c,and 
non-traditional serum biomarkers of 

hyperglycaemia (fructosamine, glycated 
albumin, and 1,5-AG) with prevalent 

retinopathy and incident CVD and ESRD, 
and to evaluate differential associations 

between black and white people 

Razak et al, 2005 
Canada (372) 

cross-
sectional 

SHARE and SHARE-AP 1996-2000 
European, South Asian, Chinese & 

Aboriginal subjects from 4 communities in 
Canada 

1 286 
35-75, 50· years 

excluded DM 
N/A 

Evaluate whether BMI and other 
anthropometric indices of visceral obesity 

vary by ethnic group in their distribution and 
their relationship to metabolic abnormalities 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Resnick et al, 
2001, U.S (335) 

cohort Health, Aging and Body Composition Study 
(Health ABC) 1996 

white and African American subjects 
recruited from two field centres, University 
of Pittsburgh and University of Tennessee, 

Memphis 

3 052 
70-79, 73·6 years 
non-diabetes- IFG 

ADA 1997, WHO 1999 

Report the prevalence of ADA-defined 
categories of glucose regulation in a large 
biracial cohort of adults aged 70–79; and 
contrast CVD risk factor profiles of older 

individuals with diagnosed DM, undiagnosed 
ADA DM, IPH, and those who are non-
diabetic by both ADA and WHO criteria 

Selvin et al, 2011 
U.S (341) 

cross-
sectional 

ARIC 1987-1989 
CARMRI sub-study 2004-2005 

white and black participants recruited from 
four field centres in the U.S 

1 376 
≥18, 70·3 years 

no DM 
N/A 

Investigate racial disparities in glycaemic 
markers, including those that reflect 
biological processes independent of 

haemoglobin glycation and RBC turnover 
Selvin et al, 2013 

U.S (287) 
prospective 

cohort 
ARIC 1987-1989  

follow-up visits 2 through 5 took place 
during 1990–1992, 1993–1995, 1996– 1998 
white and black participants recruited from 

4 U.S. communities  

10 598 
≥18, 56·37 years 

normo-glycaemia, pre-
diabetes 

N/A 

Compare the associations of DM diagnostic 
categories for HbA1c and FG with clinical 

outcomes in black and white persons 

Shipman et al, 
2015, U.K (352) 

cross-
sectional 

2012-2013 
Wolverhampton area, West Midlands, UK 

white and South Asian subjects 

948; >17, 55·1 years 
non-diabetes 
WHO 2011 

Investigate possible causes for previously 
reported glycaemia-independent South 

Asian–white differences in HbA1c 
The DPP 

Research Group, 
2000, U.S (334) 

RCT U.S DPP up to 1999 
27 centre RCT: white, black, Hispanic, 

American Indian, East Asian (Japanese, 
Chinese, other East Asian groups, Asian 
Indians, and Pacific Rim Australasian) 

3 063 (3 234) 
≥25, 51 years 

IGT 
95≤FPG<126 and 

140≤OGTT<200 mg/dL 

Evaluate the safety and efficacy of 
interventions that may delay or prevent 

development of DM in people at increased 
risk for T2DM 

Tillin et al, 2013 
U.K (369) 

cohort SABRE 2008-2011 
European, South Asian and African 

Caribbean subjects 

1 073; 40-69, 69·7 years 
non-diabetes 

N/A 

Studied risk factors measured 20 years 
previously as predictors of current HbA1c 

levels in 3 racial groups 
Tringham, 2006 

U.K (370) 
cohort Leicestershire (STAR) Feb 2002-Jul 2004 

European and South Asian subjects from 
15 GP practices, primary care, mobile 

screening unit, local hospitals 

3 515 
40-75, 55 years 
not known DM 

WHO 1999 

Compare the performance of FPG and 
HbA1c to detect unrecognised pre-diabetes 

and DM in at risk patients of South Asian 
and white European origin living in the U.K 
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Authors, Year, 
Country 

Study 
design 

Cohort & dates 
Healthcare setting 

Ethnicity description 

Sample size 
Cohort-Age/Mean age 

Diabetic status 
Diagnostic criteria 

Aim of the study 

Tsugawa et al, 
2012, U.S (345) 

cross-
sectional 

NHANES 2005-2008 
non-Hispanic white, non-Hispanic black 

3 902; ≥40, 56·4 years 
not treated for DM 

ADA 2010 

Compare the relationships between HbA1c 
level and the prevalence of retinopathy in 

black and white U.S adults 
Venkataraman et 

al, 2012 
Singapore (323) 

cross-
sectional 

Thyroid and Heart Study 1982-1984 
National Health Survey 1992; National 

University of Singapore Heart Study 1993–
1995; National Health Survey 1998 

Singapore Prospective Study Program 
2004-2007; Chinese, Malay, and Indian 

subjects living in Singapore 

3 895 
N/A, 49 years 
not known DM 

ADA 2010 

Study whether HbA1c, and its relationship 
with FPG, was significantly different 

between Chinese, Malays and Indians in 
Singapore 

White et al, 2015 
U.S(353) 

cohort Medicare rolls of Bernalillo County 
non-Hispanic white, Hispanic (83% 
Spanish- American, 10% Mexican-

American, 5% Hispanic-Native Americans) 

849; ≥ 65, N/A 
260 T2DM with HbA1c 

80 T2DM with FPG 
ADA 2010 

Describe the prevalence of DM, NDH, and 
glycaemic control in a population-based 

sample of elderly Hispanic and non-Hispanic 
white participants in New Mexico 

Ziemer et al, 2010 
U.S (277) 

cross-
sectional 

SIGT 2005-2008 
NHANES III 1988-1994 

non-Hispanic white and non-Hispanic black  

1 581;18-87 (SIGT), ≥40 
(NHANES), 52.4 years 

mixed; ADA 2010 

Determine if black–white differences in 
HbA1c level are present in other populations 
and across the full spectrum of glycaemia. 

 
Table 2. 5 Summarised data extraction form and key data from qualified studies. 
Appendix A, Study characteristics provides a detailed version of this table. *NHANES: US civilian noninstitutionalised population. Survey-complex, stratified, multistage probability 
cluster sampling design was used with oversampling of non-Hispanic blacks and Hispanics;, ARIC Atherosclerosis Risk in Communities, BACH Boston Area Community Health, 
BMI body mass index, CAMELIA Cardio-Metabolic-Renal familiar Study, CANRISK Canadian Diabetes Risk Score, CARDIA Coronary Artery Risk Development in Young Adults, 
CARMRI Carotid Magnetic Resonance Imaging, CHD coronary heart disease, CVD cardiovascular disease, DIAMOND Diabetes Among Dominicans and Other Minorities in 
Northern Manhattan, DM diabetes mellitus, FG fasting glucose, FHS Framingham Heart Study, HCFA Health Care Financing Authority, HCHC Hispanic Community Health Study/ 
Study of Latinos, HELIUS HEalthy LIfe in an Urban Setting, IGT impaired glucose tolerance, IPH isolated post-challenge hyper-glycaemia, JACDS Seattle Japanese American 
Community Diabetes Study, LEADER ADDITION Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results Anglo-Danish-Dutch Study in General 
Practice of Intensive Treatment and Complication Prevention in Type 2 Diabetic Patients Identified by Screening, MASALA Mediators of Atherosclerosis in South Asians Living 
in America, MEDIM Migration and Ethnicity on Diabetes in Malmö, NKS North Kohala Study, POP-ABC Pathobiology of Prediabetes in A Biracial Cohort, SCCCDPP South 
Carolina Community Cardiovascular Disease prevention Project, MESA Multi-Ethnic Study of Atherosclerosis, N/A not applicable, NHANES National Health Nutrition and 
Examination Survey, ROC receiver operating curve, SABRE Southall And Brent Revisited, SCES Singapore Chinese Eye Study, SHARE (AP) Study of Health Assessment and 
Risk in Ethnic groups (Aboriginal People) SIGT Screening for Impaired Glucose Tolerance, SIMES Singapore Malay Eye Study, SINDI Singapore Indian Eye Study, STAR 
Screening Those At Risk, T2DM type 2 diabetes mellitus, UCSD University of California San Diego Filipino Health Study, U.S DPP United States Diabetes Prevention Program 
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2.3.3. Risk of bias within studies  

Details on the risk-of bias assessment appear in Table 2. 6 using the NOS scale. Of these 

55 studies, 17 were judged to be of fair quality (5-7 stars), 38 of good quality (8-10 stars) 

and only 4 showed excellent quality. 

Only 9 studies achieved the maximum 2 stars on “Population studied” section. This means 

that for many studies, information on important demographic and clinical evidence regarding 

the participants were missing. For example, for at least 10 studies the mean age of the 

participants was not reported across racial/ethnic groups, which we know that consists of a 

potential confounder of HbA1c alterations. In addition, in almost half of the studies the 

clinical background (e.g., existing co-morbidities) of the subjects examined, was not 

sufficiently described, or was absent. Therefore, performance or confounding bias could 

have influenced the overall estimated magnitude of difference. 

For the identification/classification of subjects, “Selection of participants” section, without 

known DM, different methods have been followed and different diagnostic criteria have been 

applied, depending on the time that each study was conducted. In most of the studies (46), 

before entering the study participants received a diagnostic test using one of the traditional 

markers (FPG, OGTT, HbA1c) for the diagnosis of NDH or T2DM. Patients with normo-

glycaemia or NDH or newly diagnosed with T2DM using the relevant/appropriate diagnostic 

cut-offs were eligible to enter the study. Also, patients without any indication of anti-

glycaemic medication were considered as without DM. In the remaining 9 studies (287, 335, 

340, 347, 360, 361, 367, 372, 374), participants were classified as without DM after 

completing a survey or questionnaire based on a self-assessment or a doctor’s past verdict 

of not known diabetes. It is recognised that FPG and HbA1c do not identify the same 

population at risk of or with T2DM (210, 219), and population might have been contaminated 

with patients with T2DM, especially in cases where the use of anti-glycaemic medication 

was not one of the exclusion criteria. Consequently, detection bias due to problems with 

measurement or classification of exposure or outcomes should be considered since this 

could lead to overestimation or underestimation of the magnitude of difference. 

During the study selection process, it has been observed that there are plenty of studies 

(more than 150) that evaluate the HbA1c diagnostic criteria in sole racial/ethnic groups other 

than white. However, the studies evaluating HbA1c across racial/ethnic groups, which is the 

aim of the review, are significantly less. In our review, 35 studies had a study design that 

directly answered our research question. The remaining 20 studies were to some extent 

addressing a different research question, but they included relevant HbA1c and glycaemia 
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measures between different racial groups. Data from these studies were carefully assessed 

and retrieved. 

Studies varied in the measurement methods and analysers used for HbA1c and glucose 

estimation (see Appendix A, Study characteristics). In most studies the analysis of HbA1c 

was aligned to the NGSP (or DCCT assay) or IFCC or had a CVA<4 % or the study did not 

state any performance evidence of HbA1c analysis. As long as the analytical methods that 

used for HbA1c measurements were the same between the racial/ethnic groups compared 

within a study, any lack of standardisation would not alter the discrepancies observed. 

However, any comparison of the HbA1c levels in different races/ethnicities across studies 

should be carefully interpreted, especially if the measurement methods used are different 

or not standardised. 

On the other hand, the glycaemic analytical methods that have been used, were more 

homogeneous and the hexokinase enzymatic assay was the most common method for the 

estimation of fasting glucose. Fasting glucose was either measured in whole/capillary blood 

(287, 337, 341, 347, 355, 356, 358, 359, 369), serum (374) or most frequently in plasma. In 

fasting state, plasma and serum measurements do not differ significantly (125), however 

whole blood tends to display 10-15% higher glucose levels than plasma (127). Hence, 

inferences should be treated with caution if comparing a study with whole blood versus a 

study with plasma. 

Finally, the methods of all the studies included in the meta-analysis were clearly described 

and this is depicted with the attribution of 2 stars on “Statistical analysis” section. Studies 

that did not provide any quantitative measurement of HbA1c or provided only the median of 

the exposures across racial/ethnic groups, or failed to include SD, SE or CI values were 

included only as part of the review and were graded accordingly. 

Authors, Year Population Selection Study 
design 

Measurement 
& ethnicity 

Statistical 
analysis 

Total 
score 

Anand et al, 2003 (371) 1 2 1 1 1 6 
Araneta et al, 2015 (326) 2 2 1 2 2 9 
Aviles-Santa et al, 2016 
(354),  

1 2 2 2 2 9 

Azeem, 2013 (347) 1 1 2 1 2 7 
Booth et al, 2018 (329) 1 2 2 1 2 8 
Bower et al, 2013 (346) 1 2 2 2 2 9 
Burden et al, 1999 (362) 2 2 1 1 2 8 
Carson et al, 2016 (355) 1 2 2 1 2 8 
Chapp-Jumbo et al, 2012 
(342) 

2 2 2 2 2 10 

Chiang et al, 2013 (324) 1 2 1 2 2 8 
Chiu et al, 2005 (336) 2 2 2 2 2 10 
Dagogo et al, 2013 (348) 2 2 1 2 2 9 
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Davidson et al, 2010 
(338) 

1 2 2 2 1 8 

de Miranda et al, 2013 
(374) 

1 1 1 1 1 5 

Dekker et al, 2015 (330) 1 2 2 2 2 9 
Ebenibo et al, 2014 (349) 1 2 1 2 2 8 
Eberhardt et al, 1994 
(332) 

1 2 2 2 2 9 

Ford et al, 2019 (361) 1 1 2 2 1 7 
Getaneh et al, 2011 
(339) 

1 2 2 2 1 8 

Grimbsy et al, 2012 (343) 1 2 2 2 2 9 
Guo et al, 2014 (350) 1 2 2 2 1 8 
Hare et al, 2013 (325) 1 2 2 2 2 9 
Hellgren et al, 2017 (331) 1 2 2 1 2 8 
Herman et al, 2007 (263) 1 2 2 2 2 9 
Hivert et al, 2018 (358) 1 2 1 2 2 8 
Jorgensen et al, 2010  
(328) 

1 2 1 2 1 7 

Kehl et al, 2011 (340) 1 1 1 2 2 7 
Lacy et al, 2016 (356) 1 2 1 1 2 7 
Leong et al, 2018 (359) 1 2 2 1 2 8 
Likhari et al, 2009 (363) 2 2 2 2 2 10 
Likhari et al, 2010 (364) 2 2 2 2 2 10 
Lim et al, 2018 (327) 1 2 1 2 2 8 
Lindeman et al, 1998 
(333) 

1 2 1 1 2 7 

Meigs et al, 2014 (351) 1 2 1 1 1 6 
Metcalf et al, 2018 (373) 1 2 2 2 2 9 
Mostafa et al, 2010 (365) 1 2 1 2 2 8 
Mostafa et al, 2010 (368) 1 2 2 1 1 7 
Mostafa et al, 2012 (366) 1 2 2 2 2 9 
Mostafa et al, 2013 (367) 1 1 2 2 1 7 
Nguyen et al, 2008 (337) 2 2 1 1 2 8 
Nowlin et al, 2018 (360) 1 1 2 2 1 7 
Okosun et al, 2012 (344) 1 2 2 2 2 9 
Parinello et al, 2016 
(357) 

1 2 2 2 1 8 

Razak et al, 2005 (372) 1 1 2 2 1 7 
Resnick et al, 2001 (335) 1 1 1 2 1 6 
Selvin et al, 2011 (341) 1 2 2 1 2 8 
Selvin et al, 2013 (287) 2 1 2 1 2 8 
Shipman et al, 2015 
(352) 

1 2 2 2 2 9 

The DPP Research 
Group, 2000 (334) 1 2 1 2 2 8 

Tillin et al, 2013 (369) 1 2 1 1 1 6 
Tringham, 2006 (370) 1 2 2 2 1 8 
Tsugawa et al, 2012 
(345) 

1 2 2 2 1 8 

Venkataraman et al, 2012 
(323)  

1 2 2 2 2 9 

White et al, 2015 (353) 1 2 1 1 1 6 
Ziemer et al, 2010 (277) 1 1 2 2 1 7 

 
Table 2. 6 Risk-of-bias assessment of all studies included in the review of HbA1c comparison across 
ethnic groups 



Chapter 2, Results 

90 
 

2.3.4. Results of individual studies 

Black vs white participants 

In total, 34 studies included data, quantitative or non-quantitative, describing HbA1c levels 

in both black and white participants. 

The study of Eberhardt et al (332), reported a difference in mean HbA1c levels among 2 

757 black and white subjects residing in South Carolina with no reported DM or borderline 

DM (WHO 1985 criteria) (38). Black ethnic groups despite being overall younger than the 

white (40·3 vs 43·6 years, p < 0·001) had higher HbA1c values for those with no evidence 

of DM by 4·15 mmol/mol (0·38%); p < 0·05 after adjustment for age and BMI. The difference 

was clearer for those with borderline DM, however black men participants were absent in 

this category, and comparison with the white group would be imbalanced. So, subjects from 

this category were not included in the meta-analysis.  

Also, Resnick et al (335) found that the HbA1c of non-diabetic (ADA 1997, WHO 1999) 

African-American adult (70–79 years) males from the HEALTH ABC cohort was 44 

mmol/mol (6·2%) vs 41 mmol/mol (5·9%) for white participants, while for African-American 

females HbA1c was 43 mmol/mol (6·1%) vs 37 (5·5%) for white for similar levels of FPG 

and 2hPG. Results were not extracted in the meta-analysis due to non-reported SD or SE. 

In 2000, the Diabetes Prevention Programme (DPP) Research Group (334), introduced a 

27-center RCT, that examined the progression of Caucasians (55%) and African-Americans 

(20%) with IGT (7·8 ≤ OGTT < 11·1 mmol/L) and a 5·3 ≤ FPG ≤ 6·9 mmol/L, to T2DM. Data 

characteristics as retrieved from the baseline and before any initiation of intervention, 

indicated that between the two racial/ethnic groups FPG and OGTT levels were similar, 

while African-American men and women had elevated HbA1c [44·26± 6·89 mmol/mol 

(6·20±0·63%] compared to white (39·89±4·37 mmol/mol (5·80±0·40%). Besides the higher 

proportion of family history of T2DM of African-Americans, evidence on sickle cell Hb, or 

other haemoglobinopathies was not available for explaining further the findings. One 

weakness of this study is that women with history of gestational DM were not excluded from 

this cohort. However, it was decided to include it in our review since they have been 

proportionally distributed across ethnicities. After the establishment of the DPP, in 2012 a 

study from Herman et al (263) and recently a study from Hivert et al (358), used the DPP 

participants in order to examine the HbA1c disparities in different races/ethnicities and the 

role of genetic ancestry markers on this difference, respectively. Herman et al reported that 

between blacks and whites, and after adjusting for possible confounders (e.g. gender, age, 

SBP, HPB, BMI, FPG, AUC, CIR, HOMA-IR), mean HbA1c remained higher for the first 
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group (44·04± 6·45 vs 39·67±4·81 mmol/mol (6·18%±0·59 vs 5·78%±0·44) for similar levels 

of FPG (6·0±0·5 vs 5·9±0·5 mmol/L). 

Chiu et al (336) in a healthy sample of adults from NHANES (1988-1994) examining the 

effect of age on HbA1c, showed that FG concentration & HbA1c rise with age, and increases 

at similar rates between the racial/ethnic groups, possibly due to β-cell function decline. Age 

does not to appear to explain discrepancies of HbA1c due to higher age of black subjects. 

Also, NHBs had higher HbA1c levels than NHWs [33·77±3·39 vs 32·24±3·93 mmol/mol 

(5·10%±0·31 vs 5·24%±0·36)]. 

Moreover, Davidson et al (338) examined if age and race/ethnicity had an effect on HbA1c 

test independent of glycaemia in 2 712 individuals from the NHANES III (1988-1994) cohort. 

Multivariate linear regressions showed that, for subjects at the age 40 with NGT, slopes are 

similar but intercepts of NHBs are higher by 2·30 mmol/mol (0·21%) than whites (95% CI 

0·09, 0·32). Similarly, for subjects with IFG and/or IGT, slopes are also similar, but 

intercepts of NHBs are higher by 3·83 (0·35%) than whites (95% CI 0·2, 0·5). 

Nguyen et al (337) in a biracial (black-white) community of 1 111 non-diabetic young 

subjects examined the correlation of HbA1c with CV risk. HbA1c values at baseline were 

reported and exhibited that the black ethnic group had higher HbA1c levels adjusted for age 

and sex than the white [40·55 ± 4·37 vs 36·35 ± 3·20 mmol/mol (5·86%±0·40 vs 

5·75%±0·35)]. 

Getaneh et al (339) examined the performance of WHO HbA1c criterion for the diagnosis 

of T2DM using as a reference the traditional FPG and OGTT cut-offs (IEC 1997/2003 for 

pre-diabetes), and by simultaneously evaluating any differences in cardio-metabolic risk 

among the three diagnostic groups across different ethnicities. Results indicated that HbA1c 

criterion identified more African-Americans than white as having DM compared to FPG 

and/OGTT classification, while the IFG criterion appeared to identify more whites than 

African Americans in the pre-diabetic status. Finally, HbA1c criterion did not appear to 

influence the cardio-metabolic risk. 

Another approach of the impact of race/ethnicity on the association between HbA1c and 

mortality using the NHANES cohort (1988-1994) by Kehl et al (340) revealed, that despite 

the higher HbA1c levels of NHBs compared to NHWs [35·96±6·56 vs 33·37±16·29 

mmol/mol (5·44%±0·60 vs 5·20%±1·49)] at baseline, which persisted across the full 

spectrum of glycaemia even after adjustment for PG levels and other characteristics, there 

was no association of the test levels with all-cause or CV mortality in the group of African-

American people, meaning that HbA1c has limitations as a risk factor across race/ethnic 

populations. 
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The cross-sectional study of Ziemer et al (277), investigated the presence of HbA1c 

difference between black and white subjects aged 40 years or older across the full spectrum 

of glycaemia. Findings indicated that black ethnic group has consistently higher HbA1c than 

white and this gap broadens as dys-glycaemia worsens. 

Selvin et al (341) specifically assessed the HbA1c disparities in different races/ethnicities 

using 1 376 non-diabetic black and white persons from the ARIC cohort and observed that 

black persons had significantly higher HbA1c concentrations than white, still after 

adjustment for possible confounders and FPG. In a following study in 2013, Selvin et al 

(287) tried to interpret these difference in a clinical setting by understanding the association 

of diabetic categories with CKD and CV outcomes. Results from just over 10 000 black and 

white participants showed that hazard ratio of HbA1c for long-term outcomes was similar 

for both racial/ethnic groups and HbA1c should not have a separate interpretation for black 

population. 

The following three studies used black and white subjects from the same cohort (POP-ABC) 

to investigate racial disparities in HbA1c. Chapp-Jumpo et al (342) in a sample of adult 

offspring of parents with T2DM observed that HbA1c is higher in blacks compared to whites 

after adjusting for age, adiposity, blood glucose, etc [38·58±4·66 vs 36±3·55 mmol/mol 

(5·68±0·43  vs 5·45%±0·33)]. Similarly, Dagogo-Jack et al (348) confirmed the ethnic 

disparities in HbA1c between normo-glycaemic African-Americans and Caucasians 

(authors’ terminology) [38·36±5·14 vs 35·96±3·49 mmol/mol (5·66% ±0·47 vs 5·44%±0·32)] 

with similar hereditary risk for DM, despite having lower mean FPG (5·0±0·43 vs 5·12±0·42 

mmol/L) and similar 2hPG, HOMA-IR and HOMA-B. Furtherly, Ebenibo et al (349) added 

that diagnosis of pre-diabetes with HbA1c alone [39-47 mmol/mol (5.7-6.6%)] cannot 

substitute the diagnosis with direct glucose measurements, not only because of the 

variability of HbA1c across the African-American and the white group, either with normo-

glycaemia or pre-diabetes. 

Grimbsy et al (343), in 3 041 non-diabetic individuals from the NHANES III, attempted to 

explain ethnic disparities of HbA1c based on genetics and confirmed that NHBs had higher 

HbA1c at baseline than NHWs [35·08±7·21 vs 33·55±5·79 mmol/mol (5·36%±0·66 vs 

5·22%±0·53)]. 

Some of the most common strategies to assess the clinical utility of HbA1c across 

ethnicities, has been the examination of the concordance between HbA1c and a glycaemic 

marker, an FPG alone or in combination with an OGTT. Okosun et al (344) examined this 

concordance across categories. The clinical information that was collected revealed that 

NHBs had higher HbA1c levels than NHWs [36·83±4·59 vs 35·52±4·00 mmol/mol 
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(5·52%±0·025 vs 5·40%±0·013)], while FPG and OGTT were inversely higher for the NHWs 

(5·41±0·52 vs 5·56±0·55 and 5·88±1·73 vs 6·30±1·80 mmol/L). 

Tsugawa et al (345) compared the relationship between HbA1c and prevalence of 

retinopathy between 2 804 white and 1 008 black persons aged 40 years or older from 

NHANES (2005-2008). Findings exhibited that the prevalence of retinopathy increases at a 

lower HbA1c level in black Americans than in white. Duration of time patients spent at 

specific HbA1c categories was not taken into consideration in the results. 

Similarly, Bower et al (346) examined whether the association between HbA1c and 

prevalence of retinopathy differs by NHB and NHW non-diabetic subjects from NHANES 

(2005-2008). Regardless of the higher HbA1c of the NHBs over NHWs [38·80± 9.29 vs 

36·62±11·15 mmol/mol (5·7%± 0·85 vs 5·5%±1·02)], race/ethnicity did not alter the 

association of HbA1c with retinopathy, hence individualised thresholds for screening or 

diagnosis of T2DM are not supported by the authors. 

Azeem (347) assessed the association between HbA1c and CVD and mortality in free of 

DM community dwellers of MESA cohort, aged 45-84 years, by race and ethnicity. 

Descriptive statistics from the baseline characteristics of the subjects showed that African-

Americans have higher levels of HbA1c [36·83±4·70 vs 34·65±2·83 mmol/mol (5·52±0·43 

vs 5·32±0·35%)] compared to Caucasian group. Also, HbA1c was significantly associated 

with incident CHD and CVD in Caucasians but did not appear to be an independent 

predictor of incident CVD, CHD or all-cause mortality after in a median follow up of 5·9 years 

across ethnic groups. 

The study of de Miranda et al (374), confirmed the hypothesis that HbA1c of African-

Brazilian adults is higher in comparison with whites (values not reported), even after 

adjustments for possible confounders, the lack of numerical data did not allow the authors 

to determine whether these differences have a clinical impact for the individuals.  

Information following communication by Tillin et al (369), who studied risk factors measured 

20 years ago as predictors of current HbA1c, displayed that HbA1c was significantly higher 

in African-Caribbean men and women [42·10±5·60 mmol/mol (6·0%±0·51, p < 0·001] 

compared to Europeans [40·40±4·70 mmol/mol (5·85%±0·43)] for similar levels of 

glycaemia. The data for HbA1c, FPG, and OGTT were separately provided to the authors 

after correspondence with Dr. Therese Tillin. 

Guo et al (350) assessed the current ADA diagnostic HbA1c thresholds for pre-diabetes 

and T2DM. Authors reported that at any given FPG or 2hPG glucose level NHBs had 

notably higher HbA1c levels than NHWs (values not reported). 
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Meigs et al (351) using data from non-diabetic individuals in the BACH Prediabetes Study 

tested whether increasing African genomic ancestry proportion is positively associated with 

glycaemia, taking into account comprehensive physical and social phenotyping. Authors 

found that subjects with 100% African ancestry were associated with 0·19 mmol/L higher 

FG and 0·27% higher HbA1c levels compared to individuals with 100% European ancestry. 

Dekker et al (330) observed 3 776 individuals aged 18-70 from the HELIUS study and 

explored differences in dietary patterns and biomarkers of T2DM between African-

Surinamese and Caucasian Dutch residing in Amsterdam, Netherlands. The data that were 

gathered to assess this association, were extracted for the meta-analysis. Crude values 

showed that HbA1c was higher for African Surinamese than Dutch origin subjects 

[39·20±5·90 vs 36·50±4·14 mmol/mol (5·74%±0·4 vs 5·49%±0·38)]. 

A cross-sectional study by Carson et al (355) including 2 545 non-diabetic white and black 

participants from the CARDIA study examined specifically racial differences in biomarkers 

of glycaemia before and after 2hPG. The multilinear regression analysis showed that 

African-Americans had higher HbA1c [37·71±7·62 vs 34·43±5·47 mmol/mol (5·60%±0·70 

vs 5·30%±0.50)] and 2hPG [6·18±2·26 vs 5·71±1·84 mmol/L] than whites and lower FG 

levels [5·36±0·98 vs 5·32±0·72 mmol/L (these are the crude values)] even after adjustment 

for sociodemographic and cardiovascular confounders and FG (for outcomes other than 

FG), and 2hG (for outcomes other than 2hPG). 

Likewise, Lacy et al (356) investigated the performance of baseline HbA1c as a predictor of 

DM risk in an already established prediction model (ARIC) in 2 456 African-American and 

white participants aged 18-30 years from CARDIA study using the ADA 2010 guidelines. At 

baseline, HbA1c was higher in African-Americans [36±4·5 mmol/mol (5·46% ±0·41)] than 

white participants [34±3·4 mmol/mol (5·26% ±0·31)] by 2 mmol/mol (0·19%), and model 

performance was better among whites than African-Americans. 

ARIC middle-aged black (1 530) and white (6 719) subjects were also used by Leong et al 

(359) to evaluate the association of HbA1c with incident T2DM. The authors reported that 

incidence of T2DM was similar between black and white people  with HbA1c 39 mmol/mol 

(5·7%) independently of various clinical predictors, including FG. In the same way, the 

higher HbA1c in blacks [36·62±4·37 vs 34·43±3.28 mmol/mol (5·05%±0.40 vs 

5·30%±0.30)] did not affect the prediction estimates. 

Parinello et al (357) compared HbA1c as a prognostic marker of incident CVD, ESRD and 

prevalent retinopathy in 10 373 no-diabetic black and white participants from the ARIC 

study. Findings support that interpretation of HbA1c should be similar across ethnic groups 
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as its prognostic value is similar by race, even if HbA1c levels were higher for black people 

at similar levels of FG (only the median was reported in the Tables). 

A cross-sectional study by Nowlin et al (360) included NHB and NHW participants ≥ 20 

years of age from the NHANES (2007-2010) and investigated if BMI, diet quality and 

inflammation (CRP) mediated the effect of race/ethnicity on HbA1c. Authors demonstrated 

that HbA1c was significantly higher in NHB individuals compared to NH (values not 

reported), and indeed these variables were correctly considered as mediators in this 

association, yet partially. 

Finally, Ford et al (361) in a recent study of 5 324 black and white adults NHANES (2005-

2014) examining optimal HbA1c thresholds for NDH and T2DM confirmed that mean HbA1c 

was consistently higher in the black than in the white subgroup [37 vs 35 mmol/mol (5·53% 

vs 5·34%); p<0·001], while mean FPG was slightly lower in the black than in the white 

subgroup [5·4 vs 5.5 mmol/L; p = 0·049], and there was no significant difference in 2hPG 

concentrations [6·1 vs 6·1 mmol/L, p = 0·792]. A possible contamination of the sample with 

participants with self-reported DM meant that we were unable to include this study in the 

meta-analysis. 

 

Hispanics vs white participants 

Evidence including HbA1c levels of Hispanic and white individuals, was found in 17 studies 

in total. Fourteen out of the 32 studies that have been previously described had information 

on Hispanic population as well. In all of these studies, HbA1c of the Hispanic population 

was higher than that of white group, but had lower concentrations compared to the black 

participants (336) (338) (339) (340) (343) (334) (263) (358) (344) (347) (346) (350) (351) 

(360). 

In addition to the previous studies, Lindeman et al (333) compared the prevalence of T2DM 

in an elderly population (≥65 years) of NHW and New Mexico Hispanic individuals residing 

in Bernalillo County. Hispanic participants had a 3·5 times higher probability to have DM 

than the NHWs, however HbA1c and 2hPG were not significantly different in non-diabetic 

participants. 

On the other hand, a cross-sectional study by Aviles-Santa et al (326) investigated whether 

HbA1c differences remain significant after adjustment for glycaemia (FPG/2hPG and 

among other covariates) among 13 083 non-diabetic Hispanic (7 nationalities/heritages) 

subjects, and between the Hispanic group and 2 242 white adult individuals from HCHS 

(2008-2011) and NHANES (2007-2012) cohort studies, respectively. Results showed that 



Chapter 2, Results 

96 
 

adjusted mean HbA1c was significantly higher in the Hispanics compared to NHWs either 

with NGT or pre-diabetes (p < 0·001). Interestingly, it was found significantly lower in NHWs 

for each Hispanic heritage group that was compared with (p < 0·05). 

White et al (353) in an attempt to describe the prevalence of pre-diabetes, DM and 

glycaemic control in a diabetic and non-diabetic sample from the Bernalillo County cohort , 

found that there is a large variation between the sensitivity of HbA1c and FPG in the 

identification of both pre-diabetes and DM across ethnic groups. Authors of this study 

support the notion that FPG varies by ethnicity and thresholds should be adapted to 

Hispanic and non-Hispanic ethnicity. 

 

South Asians vs white participants 

In total 11 studies included evidence of HbA1c measurements or performance indicators of 

the test between South Asian and white population, 2 of which were described in the 

preceding sections. In both the studies of Tillin et al (369) and Dekker et al (330) that have 

been previously described, South Asians had the highest HbA1c values followed by those 

of black race/ethnicity. Caucasian groups had the lowest values. 

Burden et al (362), despite the small sample (262) of healthy white and Indo-Asian subjects, 

found that mean HbA1c was higher in both Indo-Asian men and women compared to whites 

[38·80±5·47 vs 34·43±4·37 mmol/mol (5·70%±0.50 vs 5·30%±0·40)]. Yet, the authors 

explain that random blood glucose was also significantly higher for Indo-Asians, and these 

discrepancies might be explained by the highest proportion of CV events and insulin 

resistance in this group. 

Despite the study having been conducted many years ago, and the change of the diagnostic 

thresholds for T2DM diagnosis since, Anand et al (371) had observed the ethnic variations 

on sensitivity and specificity across South Asians and white ethnic groups, so as to support 

differentiated thresholds of HbA1c across ethnic groups. 

Razak et al (372) examined obesity and glucose-metabolic abnormalities across South 

Asian and European men and women and observed that HbA1c was higher in South Asian 

by 5·79 mmol/mol (0·53%) [(95% CI; 4·0-7·54 (0·37–0·69)] compared to Europeans for 

specific BMI, age and sex, even after excluding patients with previously diagnosed DM.  

Mostafa et al in an early study in 2010 (365) examined the impact of HbA1c criterion [≥48 

mmol/mol (6·5%)] on the prevalence of T2DM compared to the WHO 1999 criteria. Results 

from 8 696 individuals 40-75 years of age with undiagnosed DM from the LEADER study 

showed that HbA1c had a significantly lower mean in white Europeans than South Asians 
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[38·36±6·67 vs 40·55± 6·67 mmol/mol (5·66±0.61% vs 5·86±0·61%), p<0·0001]. These 

results were not included in the meta-analysis as the authors later in 2012 (354) revisited 

this cohort and specifically analysed the independent effect of ethnicity on HbA1c and FPG 

and 2hPG between these groups. It was evident that South Asians, had higher HbA1c by 

[1·86 mmol/mol (0·87-2·95) 0·17% (0·08-0·27)] compared to white even after adjustment 

for age, sex, BMI, waist circumference, SBP, DBP, LDL and HDL cholesterol, triglycerides, 

creatinine, albumin-to-creatinine ratio, FPG, and 2hPG.  

Also, Likhari et al in their two studies in 2009 & 2010 (363, 364) studied specifically the 

ethnic differences between South Asian and white individuals from primary care in the U.K, 

with IGT or NGT respectively. Results from less than 150 participants from the first study 

revealed that South Asians have higher HbA1c than whites [47·54±0·70 vs 43·17±6·56 

(6·50%±0·70 vs 6·10%±0·60)], yet lower FPG levels. Similarly, South Asians with normo-

glycaemia had higher HbA1c than whites [43·28±6·34 vs 40·99±4·37 (6·11%±0·58 vs 

5·90%±0·40)], though FPG and 2hPG were similar. It has been hypothesised that non-

glycaemic factors might explain the apparent differences. 

A cross-sectional study by Shipman et al (352) similarly using non-diabetic patients from 

primary care in the U.K aimed to explain the causes of HbA1c differences between South 

Asian and white subjects. Authors suggested that a combination of non- glycaemic and 

RBC independent glycation factors may be suitable to explain the higher HbA1c 

concentrations in South Asians compared to whites, even after adjustment for 

haematological, biochemical, and demographic factors. The values of this study were not 

included in the meta-analysis since patients with CKD stage 4-5 were included in the 

analysis, that could have an effect on the accuracy of the test. 

Finally, Booth et al (329) in a sample from CANRISK found that mean HbA1c was 

significantly higher for South Asian population compared to white after adjustment for age 

and sex [40·44±5·03 vs 38·12±4·92 mmol/mol (5·85%±0·46 vs 5·64%±0·45)]. 

 

East Asians vs white participants 

There were 8 studies in which racial and ethnic disparities between East Asian and whites 

were evident, between other ethnic groups. Results by Anand et al (371) showed that the 

optimal threshold for T2DM diagnosis in East Asian subjects (Chinese) was higher than that 

of Caucasians [42 vs 37·7 mmol/mol (6·0 vs 5·6%)], but lower than the one suggested for 

the South Asian group [44·3 mmol/mol (6·2%)]. Also, in the study of Razak et al (372) 

HbA1c was higher by 4·04 mmol/mol (0·37%) in East Asians compared to white subjects, 
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but lower than that of South Asian and white ethnic group 5·79 (0·53%). Similarly, the results 

from the studies using the DPP, MESA or CANRISK cohort showed that HbA1c 

concentrations were significantly higher in East Asian ethnic group compared to white, but 

lower from the ones found in the South Asian subgroup (334) (263) (358) (347) (329). 

Besides the previous studies that have been already described, Metcalf et al (373) 

investigated whether ethnic differences on HbA1c levels are apparent in individuals with 

normo-glycaemia or any dys-glycaemia. This revealed that East Asians had an HbA1c 

higher by 2·30 mmol/mol (SE 0·40) compared to Europeans, after adjustment for age and 

gender and higher by 0·8 mmol/mol (SE 0·28) after further adjusting for FG and 2hPG. 

 

Black vs Hispanic participants 

Also, the difference in mean HbA1c levels between black and Hispanic population was 

directly compared in order to re-evaluate the discrepancies that are found for each group 

separately when they are evaluated against white subjects. Thirteen studies reported that 

non-diabetic blacks had consistently higher HbA1c levels than Hispanics, and 9 of them 

had sufficient data to be included in the meta-analysis (336) (334, 338) (263) (358) (339) 

(340) (343) (351) (344) (347) (346) (360). 

 

South vs East Asian 

Likewise, the differences between South and East Asian were observed and analysed. In 3 

out of the 7 studies that included South Asian and East Asian participants, (described 

earlier), HbA1c measurements in East Asians were  lower than the ones of South Asian 

individuals (326, 329, 372). 

Additionally, evidence is enhanced with the studies by Venkatamaran et al (323), Chiang et 

al (324) and Lim et al (327) who conducted their research explicitly on non-diabetic Chinese, 

Malays and Indians in Singapore. As mentioned earlier, Indians in this review were 

considered as South Asians, while the Chinese and Malay as East Asians. Venkataraman 

et al who researched the relationship of HbA1c with FPG found that at an FPG of 5·6 

mmol/L, HbA1c for Indians was 1·1 mmol/mol (0·1%), and 0·2 mmol/mol (0·02%) higher 

compared to Chinese and Malay respectively. At an FPG 7.0 mmol/L the difference of 

HbA1c worsens among the groups and Malays have in turn by 2·6 mmol/mol (0·24%) and 

0·5 mmol/mol (0·04%) higher HbA1c compared to Chinese and Indians. Yet, in the Lim et 

al study it was found that Chinese have slightly lower HbA1c and Malay slightly higher 

HbA1c compared to Indians [39·57 vs 40·99 vs 40·88 mmol/mol (5·77% vs 5·90% vs 
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5·89%)], however FPG levels were likewise lower for each group (5·26 vs 5·54 vs 5·46 

mmol/L). On the contrary with the previous studies, Chiang et al observed that HbA1c levels 

were pretty consistent among the Asian groups, however random plasma glucose was 

significantly lower for Malays (5·0±1·1 mmol/L) compared to Chinese and Indians who 

displayed similar concentrations (5·4±1·1 mmol/L). Finally, Hare et al (325) who 

investigated glucose-independent differences in HbA1c between South Asian, and Chinese 

ethnicities living in the main island of Mauritius agreed with the previous results of no 

difference in the HbA1c across the ethnic groups. 

 

Observations in less common ethnic groups/minorities 

Apart from the observations/comparisons that have been described earlier, there were 

some less common racial/ethnic groups for which data were available, but not sufficient to 

draw inferences from. 

To begin with, Hare et al (325), besides comparisons between South Asian and Chinese 

individuals, included data on non-diabetic Africans from the main island of Mauritius and 

Rodrigues island. Surprisingly, HbA1c levels between these groups were not similar and 

Africans from the main island of Mauritius had significantly lower HbA1c concentrations than 

the Africans from Rodrigues Island [38·8±0·33 vs 42±0·22 mmol/mol (5·7%±0·03 vs 

6·00%±0·02)].  

Similarly, the study by Aviles-Santa et al (354) mentioned that within the Hispanic group 

including Dominican (1 220), Central American (1 485), Cuban (1 991) Mexican (5 426), 

Puerto Rican (2 016) and South American (945) individuals, HbA1c displayed some 

significant differences. Particularly, within the normo-glycaemia category, adjusted mean 

HbA1c difference of Cuban vs Mexican and Puerto Rican heritage groups ranged between 

0·44-0·55 mmol/mol (0·04–0·05%), while between Puerto Rican and South American 

heritage groups adjusted mean HbA1c difference was 0·44 mmol/mol (0·04%). Within the 

pre-diabetic stage difference of HbA1c levels was higher and ranged between 0·66-1·09 

mmol/mol (0·06-0·10%) between the Cuban, the Central American, Dominican, and the 

Mexican heritage groups. Finally, within the unrecognised DM category, the difference 

doubled at least and ranged between 2·40-2·73 mmol/mol (0·22-0·25%) between the 

Cuban, the Central American and Puerto Rican heritage groups.  

Moreover, there were two studies that compared HbA1c differences between Caucasian 

and participants with Turkish or Moroccan, or Iraqi origin. Baseline characteristics from the 

study by Dekker et al (330) revealed that HbA1c concentrations of Dutch are significantly 
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lower compared to Turkish and Moroccan living in Amsterdam, Netherlands [36·5±4·14 vs 

38·1±5·1 vs 37·6±4·7 mmol/mol (5·5%±2·53 vs 5·64%±2·62 vs 5·59%±2·58)] for similar 

levels of FPG [5·2±0·6 vs 5·3±0·7 vs 5.2±0.6 mmol/L]. A very similar study by Hellgren et 

al (331) which explored the performance of HbA1c as a predictor of T2DM between 

participants with Swedish vs Middle-East ancestry (Turkish+Iraqi) reported that baseline 

HbA1c was higher for Middle-East ancestry group than Swedish [37 vs 35 mmol/mol (6·1 

vs 5·6%), p<0·001] for quite similar levels of FPG (5·6±0·9 vs 5.6±1·1 mmol/L, p = 0·991). 

Additionally, in another two studies, the first by Jorgensen et al (328) and the second by 

Booth et al (329), HbA1c concentrations were compared between participants with Inuit 

heritage and either Danish or Canadian ethnicity respectively. Data from Jorgensen et al 

revealed that the Inuit (1 073) had significantly higher levels of HbA1c than the Danish 

participants (6 784) in the whole spectrum of glycaemia measured either with FPG or 2hPG 

(values not reported/visualised in a figure). Approximately, at FPG 5 mmol/L, HbA1c for 

Inuit was 3·28 mmol/mol (0·3%) higher than that of people living in Denmark. On the 

contrary, Booth et al reported that between non-diabetic Inuit (246) and Caucasian (1 026) 

individuals, HbA1c was lower for the first group [36·61±0·26 vs 38·15±0·15 mmol/mol 

(5·5%±0.024SE) vs 5·64%±0·014SE].  
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2.3.5. Results synthesis 

Black vs white participants 

The primary meta-analysis was performed between white and black participants without DM 

(21 studies, 73 281 subjects) independent of the presence of FG/OGTT markers. Results 

showed that HbA1c levels of black participants were significantly higher than those of white 

ethnicity by 2·59 mmol/mol (0·24%), 0·95% CI [2·21-2·96] p < 0·001, I2 = 92·0%, p < 0·001 

(see Figure 2. 2 and summary Table 2. 5) (263, 287, 330, 332, 334, 336, 337, 340-344, 

346-349, 355, 356, 358, 359). Forest plots, bubble plots, and estimated magnitude of 

difference for the NGSP levels are available in Appendix A, Meta-analysis results (NGSP). 

To visually examine the relationship of HbA1c in different ethnicities conditional on the 

levels of glycaemia, the difference of FG or OGTT levels against HbA1c in the compared 

racial/ethnic groups using a bubbleplot was constructed. Thus, when levels of FG were 

Figure 2. 2 Forest plot of the magnitude of difference of HbA1c (mmol/mol) levels between black and white 
ethnic groups in non-diabetic subjects, estimated with the weighted mean difference (WMD). 
The magnitude of difference has been estimated using a DerSimonian and Laird (dlaird) random effects 
model under the assumption that the effect sizes have a distribution; The blue diamond shape indicates 
the pooled estimate and uncertainty for the combined difference; The prediction interval indicates the 
performance expected in a new study, similar to the ones that have involved in this meta-analysis. The 
solid vertical line signifies whether the black ethnicity shows no difference. CI confidence interval, SD 
standard deviation 
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accounted to ensure that discrepancies are not due to the difference of the glycaemic profile 

of the participants (data on FG only on 17 studies available), it was found that for the black 

population HbA1c is higher by 2·46 mmol/mol (0·23 %), p < 0·001 when the difference of 

FG levels between the compared racial/ethnic groups is zero (see Figure 2·3) (263, 287, 

330, 334, 336, 337, 341, 342, 344, 347-349, 355, 356, 358, 359, 369)). Also, from the 

weighted regression analysis with HbA1c as the dependent variable and the difference of 

FG levels between racial/ethnic groups as the independent variable, it was found that for 

every 0·1 mmol/L increase of the calculated FG difference between the racial/ethnic groups, 

HbA1c of the black population gets higher by 0·562 (0·05%) mmol/mol instead of 0·316 

mmol/mol (0·029), p = 0·006 the expected increase of HbA1c with FG in white populations. 

When the same analysis was performed with OGTT as the effect modifier instead of the 

FPG (data on OGTT only for 9 studies available), it was found that HbA1c is higher in black 

participants by 2·91 mmol/mol (0·27%), p < 0·001 when the difference of OGTT levels 

between black and white population was zero (263, 334, 342, 344, 348, 349, 355, 358, 369). 

Finally, we added in the first model the age difference as another potential effect modifier 

besides FG levels. This is because there has been evidence showing that HbA1c is 

increased by 1 mmol/mol or 0·1% for every decade increase (376-378). The results showed 

Figure 2. 3 Bubble plot of the effect of black race on HbA1c levels (mmol/mol) conditional on the levels 
of glycaemia measure by FPG (mmol/L).  
Solid line represents the predictions of the WMD as a function of the mean absolute FG difference 
observed in the ethnic groups; Bubbles are the observed WMD for each study (observed effect size by 
FG difference), with bubble sizes proportional to the study weights; Light blue area corresponds to the 
95% confidence bands 
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that when age difference within studies was also accounted black people had an HbA1c 

higher by 2·47 mmol/mol (0·23 %) p < 0·001. Age did not change the magnitude of 

difference. The low number of studies and the fact that black participants were always 

younger in the studies examined (already captured from the FG levels), might explain the 

similar estimate.  
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Similar analyses were performed for the remaining racial/ethnic groups. It is important to 

mention, that according to Cochrane Handbook (196, 321), a meta-analysis and meta-

regression should be avoided if evidence is derived from less than 10 studies. In the 

following subgroups meta-regression was performed despite the low number of studies, 

hence the interpretation of the results should be cautious. 

Hispanic vs white participants 

Results revealed that HbA1c levels of Hispanic (11 studies, 74 286 subjects) (263, 333, 

334, 336, 340, 343, 344, 346, 347, 354, 358), South Asian (7 studies, 62 540 subjects) (329, 

330, 362-364, 366, 369) and East Asian (6 studies, 61 268 subjects) (263, 329, 334, 347, 

358, 373) were likewise significantly higher than those of white. The WMD of HbA1c 

between Hispanic and white subjects was 1·05 mmol/mol (0·10%), 0·95% CI [0·79-1·31] 

p < 0·001, I2 = 69·8%, p < 0·001, (see Figure 2. 4). 

  

Figure 2. 4 Forest plot of the magnitude of difference of HbA1c (mmol/mol) levels between of Hispanic 
and white ethnic groups in subjects without DM, estimated with the WMD; CI confidence interval, SD 
standard deviation 



Chapter 2, Results 

105 
 

South and East Asian vs white participants 

For South Asians and East Asians, results of HbA1c were also higher compared to white 

subjects, and the difference was estimated to 3·00 mmol/mol (0·27%), 0·95% CI [2·32-3·68] 

p < 0·001, I2 = 79·6%; p < 0·001) and 1·73 mmol/mol (0·17%), 0·95% CI [1·15-2·32] p < 

0·001, I2 = 81·6%) respectively (see Figure 2. 5-2. 6).  

Figure 2. 6 Forest plot of the magnitude of difference of HbA1c (mmol/mol) levels between East Asian and 
white ethnic groups in non-diabetic subjects, estimated with the WMD; CI confidence interval, SD 
standard deviation 

Figure 2. 5 Forest plot of the magnitude of difference of HbA1c (mmol/mol) levels between South Asian 
and white ethnic groups in non-diabetic subjects, estimated with the WMD; CI confidence interval, SD 
standard deviation 
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Black vs Hispanic participants 

The subgroup analysis of the difference in means of HbA1c levels between black and 

Hispanic race/ethnicity (9 studies, 42 239 subjects) (263, 334, 336, 340, 343, 344, 346, 347, 

358) and between Asian groups (6 studies, 19 333 subjects) (298,300-302,304) confirmed 

the previous higher HbA1c levels found when white population was used as a reference 

group. Particularly, HbA1c results have been higher in subjects of black ethnicity without 

DM compared to Hispanic by 1·68 mmol/mol (0·15%), 0·95% CI [1·02-2·35] p < 0·001, 

I2 = 91·4%; p < 0·001 (see Figure 2. 7). 

  

Figure 2. 7 Forest plot of the difference in means of HbA1c (mmol/mol) levels between black and Hispanic 
race/ethnicity in subjects without DM, estimated with the WMD; CI confidence interval, SD standard 
deviation 
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South vs East Asian participants 

Also, HbA1c levels were lower by 2·01 mmol/mol (0·18%) 0·95% CI [-0·23-4·26] p = 0·077, 

I2 = 97·4%; p < 0·001 for every single HbA1c value in the non-diabetic range in nationalities 

identified as East Asian compared to subjects with South Asian background, but this 

difference did not appear to be significant (see Figure 2. 8). 

Overall, the difference of crude HbA1c levels between South Asians and white subjects was 

the highest (3·00 mmol/mol) (0·27%), compared to the others racial/ethnic groups. Also, the 

results of the meta-regressions, where estimates were adjusted for FG, OGTT and/or age 

within studies, showed quite close to the overall WMD difference for the white population 

(despite the fact that not exactly the same studies were analysed for the forestplots and 

bubbleplots). However, heterogeneity was also substantially high (≥75%) if not moderate 

(50-75%) for all the compared groups and needed to be clarified. 

 

Figure 2. 8 Forest plot of the difference in means of HbA1c (mmol/mol) levels between Asian ethnic 
groups in subjects without DM; CI confidence interval, SD standard deviation 
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2.3.6. Risk of bias across studies 

A combined graph of funnel plots was created in order to assess the presence or absence 

of small-study bias by visual analysis and confirm any possible funnel plot asymmetry. 

Figure 2. 9 shows funnel plot asymmetry by ethnicity group, measured by the overall 

estimate of difference in means of HbA1c (x-axis) and standard error of WMD (y-axis) as a 

scatter plot. Due to the small number of studies for the Asian subgroups (7 for South and 6 

for East Asian), it was deemed in appropriate to create a funnel plot for them since any 

result would be misleading. For both racial/ethnic groups, it is observed that the top areas 

of the plot are filled with studies suggesting absence of publication bias. In addition to that, 

for both studies there is a void of supposed ‘missing’ studies on the bottom of the plots, 

which consist of an area of high significance, suggesting that publication bias is unlikely to 

be the underlying cause of asymmetry (379) 

To confirm evidence of asymmetry further, a regression test for funnel plot asymmetry (test 

for small-study effects – Egger test) has been performed for each racial/ethnic group. For 

black ethnicity, the estimated bias coefficient is 1·07 with a SE of 1·63, giving a p-value of 

0·518. For Hispanic ethnicity, the estimated bias coefficient is -0·47 with a SE of 1·47, giving 

a p- value of 0·756. Thus, both tests provide weak evidence for the presence of small-study 

effects.  

Figure 2. 9 Funnel plots, using data from in total 23 studies of effect of race on HbA1c levels, grouped 
according to black and Hispanic ethnicity. 
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2.3.7. Additional analysis 

To explore the reasons for the wide heterogeneity in WMD estimates across studies, to 

examine whether there are differences between subgroups, and whether controlling 

analysis to one subgroup alters the conclusion, we performed sub-group analyses 

equivalent to meta-regression with a categorical study-level covariate, as described in 

method’s section. 

2.3.7.1. Sub-analyses between black and white participants  

By confounders adjustment 

Overall, between black and white subjects without DM heterogeneity was 92·0%. Therefore, 

these 21 studies initially were split into 3 sub-analyses to investigate possible reasons for 

heterogeneity. To start with, results showed that even after adjustment for 

sociodemographic variables within and across the studies (e.g., sex, age, BMI, and other 

but glycaemia), HbA1c levels of black participants were higher than those of the white ones. 

Figure 2. 10 Forest plot of the effect of black ethnicity on HbA1c (mmol/mol) levels in subjects without 
DM by adjustment of HbA1c levels to sociodemographic and glycaemia variables, estimated with the 
weighted mean difference (WMD). 
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Though, the difference was slightly lower compared with the crude values, while 

heterogeneity improved (WMD 1·88 mmol/mol (0·17%), 0·95% CI [0·90-2·86] p < 0·001, 

I2 = 79·6%, p = 0·008) (see Figure 2. 10). On the contrary, the observed difference was 

higher after adjustment of HbA1c for glycaemic levels, either FG or OGTT or both, while 

heterogeneity remained high (WMD 3·52 mmol/mol (0·32%), 0·95% CI [1·77-5·27] p < 

0·001, I2 = 91·0%, p = 0·001). 

By sample size 

The outputs stratified by sample size (less or over 1000 participants) and pooled estimates 

for each group are displayed in Figure 2. 11. Results showed that the WMD for HbA1c of 

black participants in studies with less than 1000 subjects was 1·88 mmol/mol (0·24%) 

p < 0·001 compared to white participants and heterogeneity was low to moderate 

(I2=36·4%). Estimates for the studies with more than 1000 participants did not differ 

substantially from the overall results (WMD 2·77 mmol/mol (0·25%) p < 0·001, 0·95% CI 

[2·35-3·20], I2 = 93·5%, p < 0·001). 

Figure 2. 11 Forest plot of the effect of black ethnicity on HbA1c (mmol/mol) levels in subjects without 
DM by sample size, estimated with the weighted mean difference (WMD). 
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By diabetes status 

In the final sub-analysis, the studies were stratified by the diabetic status of the participants: 

normo-glycaemia, non-diabetic hyperglycaemia, and not known diabetes (See Figure 2.12). 

Some studies appear more than once in this analysis since results of HbA1c were provided 

separately for each state. Normo-glycaemic black participants had still higher HbA1c levels 

than the reference group, but there was a smaller magnitude of the weighted mean 

difference (WMD 1·90 mmol/mol (0·13%), 0·95% CI [1·39-2·41] p < 0·001, I2 = 52·7%, p = 

0·096) than the overall estimate [2·59 mmol/mol (0·24%)]. Conversely, for subjects in the 

pre-diabetic state difference of HbA1c levels between black and white became more 

apparent (WMD 4·37 mmol/mol (0·28%), 0·95% CI [4·05-4·69] p < 0·001), but with absent 

and non-significant heterogeneity (I2 = 0·0%, p = 1·000). Lastly, the addition of some studies 

more than once in the analysis, did not affect the overall estimate (WMD 2·32 mmol/mol 

(0·21%), 0·95% CI [2·01-2·64] p < 0·001), while heterogeneity decreased (I2 = 84·8%, p < 

0·001). 

Figure 2. 12 Forest plot of the effect of black ethnicity on HbA1c (mmol/mol) levels by diabetic status, 
estimated with the weighted mean difference (WMD) 
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Single study evaluation 

Results from the sensitivity analysis for evaluating the contribution of each study to the final 

magnitude of difference revealed that if we remove the studies of Eberhardt et al (affinity 

column elution method) (332) and Nguyen et al, (turbidimetric immunoinhibition assay) 

(337) the overall magnitude of difference and heterogeneity do not change substantially, 

signifying that differences on the measurement method of HbA1c before year 2000 are not 

affecting the results (WMD 2·62 mmol/mol (0 24%), 0·95% CI [2·24-3·00] p < 0·001, I2 = 

92·0%, p < 0·001). The same results were returned even if we additionally excluded all the 

articles using a measurement method different than that of HPLC (WMD 2·62 mmol/mol (0 

24%), 0·95% CI [2·23-3·00] p < 0·001, I2 = 92·4%, p < 0·001) (327, 329, 340, 362). 

Also, the study of Dekker et al (330) with a black population of African Surinamese living in 

the Netherlands; different than the African American subjects of the other studies, showed 

results similar with the overall estimate when excluded (WMD 2·58 mmol/mol (0 24%), 

0·95% CI [2·19-2·97] p < 0·001, I2 = 92·4%, p < 0·001). 

Furthermore, after removing the studies using data from the U.S DPP programme (263, 

334, 358), which showed to have some of the highest WMD individually, we found a similar 

WMD with the initial overall effect (WMD 2·59) and a decreased heterogeneity (WMD 2·24 

mmol/mol (0·20%), 0·95% CI [1·96-2·52] p < 0·001, I2 = 83·1%, p < 0·001). Results were 

comparable if studies with WMD ≥ 4·mmol/mol were excluded and heterogeneity was 

decreased (WMD 2·12 mmol/mol (0 19%), 0·95% CI [1·86-2·38] p < 0·001, I2 = 80·8%, p < 

0·001) (332, 341).  
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2.3.7.2. Sub-analyses between Hispanic and white participants  

By confounders adjustment 

In general, between Hispanic and white non-diabetic subjects, heterogeneity was 69·8%, 

the lowest of all the compared groups. To explore the causes of this moderate heterogeneity 

we split the studies in 3 sub-analyses as well. Results of WMD for HbA1c levels adjusted 

for sociodemographic variables was not estimated, as only one study included these data 

(343). On the other hand, for the non-adjusted values WMD (WMD 1·00 mmol/mol (0 09%), 

0·95% CI [0·63-1·38] p < 0·001) was very similar with the overall estimate [WMD 1·05 

mmol/mol (0·10%)], while heterogeneity increased, I2 = 72·8%, p = 0·001) (see Figure 2. 

13). On the contrary, the observed difference was slightly higher after adjustment of HbA1c 

for glycaemic levels, while heterogeneity remained high (WMD 1·28 mmol/mol (0·12%), 

0·95% CI [0·63-1·3] p < 0·001, I2 = 84·4%, p = 0·011). 

By sample size 

There were only two studies with less than 1000 Hispanic and white participants. Results 

on the magnitude of difference did not differ from one category to the other [WMD 1·06 

mmol/mol (0·10%)], however heterogeneity was I2 = 73·4%, p = 0·011 for sample size≥1000 

and I2 = 49·4%, p = 0·160 for sample size<1000. 

Figure 2. 13 Forest plot of the effect of Hispanic ethnicity on HbA1c (mmol/mol) levels subjects without 
DM by adjustment of HbA1c levels to sociodemographic and glycaemia variables, estimated with the 
weighted mean difference (WMD). 
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By diabetes status 

In the last sub-analysis (see Figure 2. 14), where the studies are sorted by diabetes status, 

for Hispanic participants with normo-glycaemia or not known diabetes, HbA1c levels are 

higher compared to white by 0·85 mmol/mol (0·08%), 0·95% CI [0·64-1·06] p < 0·001 and 

1·01 mmol/mol (0·09%), 0·95% CI [0·58-1·45] p < 0·001 respectively). Results appear to 

be very similar with the initial overall estimate [WMD 1·05 mmol/mol (0·10%)], yet 

heterogeneity has increased for not known diabetes only (I2 = 79·6%, p < 0·001) and was 

not evident anymore for normo-glycaemia, but was not significant (I2 = 0%, p = 0·912). 

However, the difference of HbA1c levels between Hispanic and white groups for subjects 

only in the pre-diabetic state increased (WMD 1·35 mmol/mol (0·12%), 0·95% CI [1·09-

1·61] p < 0·001), and with small levels of heterogeneity (I2 = 11·7%, p < 0·001). Lastly, the 

addition of some studies more than once in the analysis, had a minimal effect on the overall 

estimate (WMD 1·06 mmol/mol (0·10%), 0·95% CI [0·84-1·28]) p < 0·001, and the 

heterogeneity (I2 = 68·0%, p < 0·001). 

 

 

Figure 2. 14 Forest plot of the effect of Hispanic ethnicity on HbA1c (mmol/mol) levels by diabetic status, 
estimated with the weighted mean difference (WMD). 
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Single study evaluation 

Once again, for assessing the impact of the methodological measurement of HbA1c 

between Hispanic and white groups we excluded the studies of Kehl et al (affinity 

chromatographic method) (340) and Lindeman et al (radioimmunoassay (RIA)?) (333). The 

findings indicated that WMD was similar with the overall estimate (1·05 mmol/mol (0·10%) 

and heterogeneity worsen by little (WMD 1·01 mmol/mol (0 09%), 0·95% CI [0·72-1·29] 

p < 0·001, I2 = 74·7%, p < 0·001). 

Also, the studies of Aviles-Santa et al (354), Lindeman et al (333), and White et al (353) 

which included participants with a Hispanic background different that the other studies, 

showed results similar with the overall estimate when excluded (WMD 1·03 mmol/mol 

(0.09%), 0·95% CI [0·71-1·35] p < 0·001, I2 = 74·3%, p < 0·001). 

Furthermore, after removing the studies using data from the U.S DPP programme, we found 

a similar WMD with the initial overall difference (WMD 1·05) and an increased heterogeneity 

(WMD 0·96 mmol/mol (0 09%), 0·95% CI [0·63-1·28] p < 0·001, I2 = 73·7%, p < 0·001). 

Only after excluding the studies of Azeem (347), Herman et al (263), and Okosun et al (344) 

WMD was by 0·05 mmol/mol (0·01%) lower than the overall estimate and heterogeneity 

was absent, but the reasons of this result could not be identified (WMD 1·00 mmol/mol (0 

09%), 0·95% CI [0·84-1·16] p < 0·001, I2 = 0%, p = 0·809). What has only been observed 

is that for the study of Okosun et al (344) HbA1c levels for white participants were lower 

than that of the Hispanic group (35·52 vs 35·41 mmol/mol) (5·40 vs 5·39%). Only by 

excluding this study from the meta-analysis results are formed accordingly: (WMD 1·16 

mmol/mol (0 11%), 0·95% CI [0·97-1·35] p < 0·001, I2 = 40·5%, p = 0·087). 

Any further sub-analyses between South or East Asian versus white population was not 

feasible due to the low number of studies the selected sub-groups.  
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2.3.7.3. Optimal cut-offs in different races/ethnicities 

Besides the studies for which the mean HbA1c values were compared in different 

racial/ethnic groups, ten studies (327, 329, 331, 345, 350, 361, 367, 368, 370, 371), either 

for the diagnosis of NDH or T2DM across races/ethnicities, for which sensitivity and 

specificity data were available, were identified. These studies could not be analysed in a 

meta-analysis, however the optimal thresholds that were proposed for each racial/ethnic 

group facilitated interpretation of the discrepancies found on HbA1c levels between 

racial/ethnic groups, and employed for a better understanding of the idea of adapting 

different diagnostic criteria for T2DM diagnosis dependent on the ethnicity. 

Tsugawa et al (345) in a cross-sectional study of 3 902 black and NHW participants over 

40 years of age using NHANES data from 2005-2008, investigated the HbA1c levels at 

which risk of retinopathy starts to increase. A restricted cubic spline model, after being 

adjusted for age, sex, hypertension, BMI, family history of DM, diagnosed DM, or use of 

oral anti-diabetic medication, showed that risk of retinopathy increases at higher HbA1c 

range in NHW [42-47 mmol/mol (6·0-6·4%)] than in black participants [36·6-41 mmol/mol 

(5·5-5·9%)] at any given glycaemic level between 5·0-7·0%, despite the constantly higher 

HbA1c levels in black subjects. Hence, altering the diagnostic threshold of HbA1c ≥ 48 

mmol/mol (6·5%) for black participants was not recommended from the existing evidence 

and findings. 

Another cross-sectional study by Guo et al (350), similarly using NHANES data from 2005-

2010, assessed the current ADA diagnostic HbA1c thresholds for pre-diabetes and DM. 

The findings from 5 395 NHW, Mexican-Americans and NHB individuals without known DM, 

showed that the utility of HbA1c at the diagnostic cut-off of 48 mmol/mol (6·5%) was poor 

and people are underdiagnosed when compared with prevalence rates established with 

FPG and/or OGTT levels, especially the NHWs and Mexican–Americans compared to the 

NHB population. An HbA1c of 45·4 mmol/mol (6·3%) showed optimal sensitivity (> 0·60) 

and specificity and similar levels of DM prevalence for NHW and Mexican-Americans 

compared to the corresponding rates using solely FPG criteria, however, when 2hPG 

criteria were introduced, HbA1c underestimated DM prevalence and sensitivity was 

significantly lowered (0·30-0·36). Regarding the diagnostic utility of HbA1c for pre-diabetes 

[39 mmol/mol (5·7%)], findings showed optimal sensitivity, specificity and similar prevalence 

of IFG and/or IGT as identified by the glycaemic measures, but only for NHB people. An 

HbA1c of 36·6 mmol/mol (5·5%) showed optimal results for NHWs and Mexican Americans. 

To conclude, authors reported that the utility of HbA1c varies with age and ethnicity and an 

HbA1c < 39 mmol/mol (5·7%) or < 48 mmol/mol (6·5%) does not exclude the presence of 

pre-diabetes or T2DM respectively. 
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A recent study by Ford et al (361) using an NHANES cohort from 2005-2014 examined 

optimal HbA1c thresholds for pre-diabetes and DM diagnosis between 5 324 black and 

white adults (18-70years). Performance of results was examined using Youden’s index 

statistic. Authors suggest an HbA1c ≥ 42 mmol/mol (6·0%) for discriminating DM from non-

diabetes, ≥44 mmol/mol (6·2%) for discriminating DM from pre-diabetes, ≥ 39 mmol/mol 

(5·7%) for discriminating dys-glycaemia (diabetes or prediabetes) from normo-glycaemia 

(FPG <5.6 mmol/l (100 mg/dl) and 2-h plasma glucose <7.8 mmol/l (140 mg/dl)) and pre-

diabetes from normo-glycaemia in black population. Respectively, results for the white 

participants were an HbA1c ≥ 39 mmol/mol (5·7%), ≥ 39 mmol/mol (5·7%), and ≥ 37 

mmol/mol (5·5%). HbA1c thresholds higher by 2-5 mmol/mol (0·2-0·5%) are suggested for 

the diagnosis of pre-diabetes and diabetes in black people compared to white. 

Anand et al (371), in a multi-ethnic cohort of 936 non-diabetic European, South Asian and 

Chinese participants residing in Canada found out that neither FG nor HbA1c are reliable 

tests to diagnose IGT separately or in combination. However, as proposed, the combination 

of an FG ≥ 5·7 mmol/L and of an HbA1c ≥ 41 mmol/mol (5·9%) cut-off points appear 

optimum for the identification of T2DM across all ethnic groups after using a multiple ROC 

analysis. Nonetheless, ethnic variations on sensitivity and specificity were apparent; 47·4% 

(24·9–69·8) and 97·6% (95·9– 99·4) among Europeans, 78·6% (57·1–100) and 95·9% 

(93·6–98·2) among Chinese, and 85·2% (71·8–98·6) and 91·3% (88·1–94·6) among South 

Asians, respectively. This means that if differentiated thresholds were used to diagnose 

T2DM, the optimal cut-off of HbA1c would be 37·7 mmol/mol (5·6%) for Europeans, 42 

mmol/mol (6·0%) for Chinese and 44·3 mmol/mol (6·2%) for South Asian. 

Later in 2006, Tringham et al (370) compared the performance of FPG and HbA1c as 

screening tests between South Asian and white Europeans living in the U.K (STAR study), 

for the identification of patients with undetected pre-diabetes and DM. Results from the area 

under ROC curve analysis showed that in a population between 40-75 years optimal cut-

offs for pre-diabetes screening or DM diagnosis with 90% sensitivity are; a FPG ≥ 4·9 

mmol/L or a HbA1c ≥ 37·7 mmol/mol (5·6%) for pre-diabetes and a FPG ≥ 5·4 mmol/L or a 

HbA1c ≥ 44·3 mmol/mol (6·2%) for DM for South Asian subjects; and a FPG ≥ 4·9 mmol/L 

or a HbA1c ≥ 36·6 mmol/mol (5·5%) for pre-diabetes, and a FPG ≥ 6·0 mmol/L or a HbA1c 

≥ 39·9 mmol/mol (5·8%) for DM in white subjects. Authors after taking into consideration 

specificity and the need of further testing concluded that FPG and HbA1c are not suitable 

for pre-diabetes screening. Yet, for people with at least one recognised risk factor for DM, 

a FPG ≥ 6·0 mmol/L (specificity 91%, sensitivity 90%) for white Europeans and a 

HbA1c ≥ 44·3 mmol/mol (6·2%) (specificity 82% and sensitivity 90%) for South Asians are 

recommended thresholds for screening for DM. 
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Mostafa et al (368) in 2010, in an analysis including 8 696 South Asian and white Europeans 

aged 40-55 years and assembled from the LEADER study, explored optimal HbA1c cut-offs 

for the detection of impaired glucose regulation (IGR) based on OGTT criteria and their 

impact on prevalence of IGR. The AUROC exhibited that the optimal HbA1c for IGR 

detection was HbA1c ≥ 39·9 mmol/mol (5·8%), with a sensitivity/specificity of 61·5% (CI 

58·2–64·4)/67·9% (CI 66·6–69·1) for white Europeans and HbA1c ≥ 42 mmol/mol (6·0%), 

sensitivity/specificity, 63·8% (CI 58·6–68·7)/69·4% (CI 67·1–71·6) for the South Asians. 

The PPV and NPV were close to 0·50 in both groups. However, age appeared to have an 

effect on the HbA1c of European subjects, as a result the optimal threshold to be optimal 

ideal at 38·8 mmol/mol (5·7%) for those aged 40-59 years and at 41 mmol/mol (5·9%) for 

those 60-75 years. Later in 2013, Mostafa et al (367) using the same cohort, extended their 

research and investigated the performance of HbA1c by proposing the use of two thresholds 

for undetected T2DM and IGR, after taking also into account the costs of their suggestion. 

Initially, the ROC analysis showed that a HbA1c ≥ 43·2 mmol/mol (6·1%) (sensitivity 

83·0%/specificity 87·8%) in white Europeans and HbA1c ≥ 45·4 mmol/mol (6·3%) 

(sensitivity 87·9%/specificity 85·5%) in South Asians were the optimal for detecting DM. 

However, the strategy of “ruling in” and “ruling out” DM at HbA1c ≤ 40 mmol/mol (5·8%) and 

≥ 51 mmol/mol (6·8%) respectively, is lowering the overall cost for DM detection, while 

differentiated thresholds due to ethnicity discrepancies are avoided. 

Lately, Booth et al (329) examined the optimal thresholds for dys-glycaemia and DM 

diagnosis compared with the CDA criteria after using a FPG and/or OGTT on 3 564 

participants from the multi-ethnic CANRISK sample. Results showed that Caucasian and 

East Asians had the same optimal HbA1c cut-off at 38·8 mmol/mol (5·7%) for dys-

glycaemia diagnosis but with slightly different sensitivity/specificity results; 79·1% (72·6–

84·7)/64·5% (61·2–67·7) and 72·2% (63·8–79·6)/ 69·2 (66·1–72·1). For the South Asian 

group threshold was held lowed at 37·7 mmol/mol (5·6%) with sensitivity of 79·4% (67·9–

88·3) and specificity of 64·8% (60·5–69·0). However, the cut-off for DM was set by 1 

mmol/mol higher in South and East Asians than the Caucasian group [(43·mmol/mol (6·1%) 

vs 42 mmol/mol (6·0%)].  

In Singapore due to the presence of Hb variants and G6PD deficiency, HbA1c is not 

recommended as a diagnostic test for T2DM (380). Lim et al (327) assessed the HbA1c 

accuracy as a screening test for DM in 3 540 South Asian (Indian) and East Asian (Malay 

and Chinese) residents of Singapore. AUROC outcomes showed that Indians, unlike 

Chinese and Malays, had higher AUC for HbA1c, however difference was not statistically 

significant, suggesting the FPG and HbA1c have similar performance in classifying 

participants using the WHO 2006 criteria for DM. Hence, it is recommended that HbA1c is 
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a suitable alternative to FPG as a first-step screening test, and the combination of two with 

cut-offs at 43·2 mmol/mol (6·1%) and 5·6 mmol/L would improve the identification of 

individuals with DM and pre-diabetes. 

To end with, there was one study comparing the sensitivity and specificity of ΗbA1c for pre-

diabetes [(≥ 39 mmol/mol (5·7%) & 42 mmol/mol (6·0%)] and T2DM detection (≥ 48 

mmol/mol (6·5%) between populations of Swedish and Middle-Eastern ancestry (Iraqi and 

Turkish), residing in Sweden. Hellgren et al (331) showed that HbA1c is an insensitive and 

ineffective screening tool for isolated use in clinical practice for the detection of T2DM and 

pre-diabetes, independent of ancestry. 
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2.4. Discussion 

2.4.1.  Summary of evidence – Scientific explanation 

The objectives of this systematic review were primarily to identify and combine new 

evidence on variability of HbA1c values in different racial/ethnic groups and to confirm 

previous outcomes, by assessing the difference in means of the HbA1c levels, as well as 

the differences when conditional on the corresponding glucose results, measured either 

with FG or OGTT. 

This systematic review (55 studies) and meta-analyses of 34 studies involving 114 592 

participants without diabetes demonstrated that HbA1c was consistently higher in ethnic or 

racial groups when compared to white participants. The highest difference was found 

between the South Asian and white group, and estimated at 3·00 mmol/mol (0·27%) [95% 

CI, 2·32-3·68]. This difference was lower for the black, East Asian and Hispanic population 

when compared to white. Particularly, HbA1c levels were higher for black people by 2·59 

mmol/mol (0·24%) [95% CI, 2·21-2·96], for East Asian by 1·73 mmol/mol (0·17%) [95% CI, 

1·15-2·32], and for Hispanics by 1·05 mmol/mol (0·10%) [95% CI, 0·79-1·31]. This 

difference was persistent between black and white populations even in studies that adjusted 

for potential confounders such as age and fasting glucose concentrations. This has 

important implications for diagnostic and screening criteria when applied to diverse 

populations across the world. 

The appropriateness of indirect comparisons for network meta-analysis across studies in 

different settings and countries needs careful consideration. In particular, we would need to 

be certain that the very similar sampling and methods of measurement were consistently 

performed across all the studies included in a network meta-analysis, so that we are not 

comparing apples and pears. Moreover, there were substantial differences in the choice of 

variables used in each study’s analysis for addressing confounding. Hence, I concluded 

that there were major methodological problems that limit the applicability of a network meta-

analysis for indirect comparisons. However, we did decide to implement the network meta-

analysis in Stata, and it was found that the direct relative effects were same as those of the 

forest plots. The results obtained were similar with both methods.  

 

HbA1c difference – previous evidence 

In compliance with evidence published from a previous systematic review by Cavagnolli et 

al (199), this study confirms that HbA1c levels are higher in non-diabetic South Asian, black, 

East Asian, and Hispanic racial/ethnic groups compared to white, which might have an 
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impact on the way the universal HbA1c threshold [48 mmol/mol (6·5%)] is interpreted to 

diagnose T2DM in all racial/ethnic populations. In addition further studies, that were not 

included in this systematic review due to small sample size, have demonstrated the same 

outcome (296, 381-384). Studies which did not fully satisfy the inclusion criteria which 

compared non-diabetic racial/ethnic groups different than the ones we observed (e.g. Saudi, 

Pacific) with that of white (385, 386), also concluded that white groups are likely have the 

lowest HbA1c concentrations across races/ethnicities for similar levels of glycaemia. To the 

best of our knowledge, only the study of Booth el al between Caucasian and Inuit living in 

Canada has shown higher HbA1c levels in Caucasians instead of the Inuit population (329). 

Finally, evidence of the presence of HbA1c discrepancies between individuals from similar 

races are apparent, but still very weak. The study of Hare et al (325) across blacks from 

Mauritius and the study of Aviles-Santa et al (354) across Latinos were indicative of this 

assumption, apart from the non-significant differences that were found between the South 

and East Asian population. This observation is also supported in some other studies not 

included in this review. For example, the study of Mtiraoui et al (387) who compared HbA1c 

concentrations among Arab population (Tunisian vs Lebanese) displayed results where 

HbA1c was not similar between the groups, despite having similar clinical characteristics. 

In a different study, results appeared to be consistent between samples from Algeria, Saudi 

Arabia, United Arab Emirates (UAE) and the Middle East and North Africa (388). Differences 

were also found in studies across white individuals living in different countries (389), 

indigenous and westernised populations (Australian Aborigines, Torres Strait Islanders, 

Native Canadians, Greek migrants to Australia, and Caucasian Australians) (390, 391), 

adults across Papua New Guinea (392), people from Malawi (Karonga and Lilongwe) (392), 

and between Haitian and African Americans (393, 394). Unfortunately, evidence in these 

populations is spartan, and no strong conclusions can be drawn. 

 

Possible explanations 

Despite the numerous studies on understanding the HbA1c disparities in different 

racial/ethnic groups, explanations as to the aetiology of these differences have been poor 

or have only partially enlightened understanding. As discussed in the Method’s section, 

exclusion criteria, studies including patients with conditions that preclude its accuracy have 

been excluded (e.g., anaemia, CKD, chronic blood loss, etc.), thus these factors were 

unlikely to explain the findings. Unfortunately, most of the studies did not provide very solid 

and robust explanations of their results, except making hypotheses and assumptions from 
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previous evidence instead. Insufficiency and lack of crucial evidence for testing various 

plausible hypotheses was a stumbling block for expanding their research. 

Also, differences in HbA1c could be due to unknown clinical risk factors, sociodemographic 

features (e.g., residency), diet and physical activity, genetic components (e.g. common 

mutations in specific racial/ethnic groups, G6PD variants, heritability), or a combination of 

all. 

Only the following studies of this review tested plausible hypotheses for the differences 

found. Particularly, Chiu et al (336), concluded that NHWs were the most insulin sensitive 

among NHBs and Hispanics, however the last two groups were more insulin-resistant than 

NHW with increases in β-cell function to offset the accumulating glucose. However, Herman 

et al (263) found that biologic variations in haemoglobin glycation or red cell survival are 

possibly responsible for the discrepancies found, after assessing that β-cell function and 

insulin resistance between blacks, Asians, Hispanics and white are not explaining the 

results. Also Grimbsy et al (343), concluded that prevalence of specific variants in the β-

haemoglobin gene are associated with erythrocyte disorders and differences in genetic 

regulation of haematological traits between Europeans and Africans. Similarly, Hivert et al 

(358) confirmed that sickle cell trait variants (rs334) in blacks are associated with higher 

HbA1c, while other common deficiencies, for example the G6PD, with lower. Meigs et al 

(351) in their study exhibited that HbA1c differences were lowered when BMI and SES 

factors were accounted. Also, showed that African ancestry increases HbA1c by 0·27% 

compared to white ancestry. 

It is widely accepted that people with South Asian origin have higher glucose intolerance 

than white individuals which might be an explaining factor of the results (284). Another study 

reported that visceral adipose tissue, known to affect HbA1c, is highest in East Asian 

participants than whites for similar BMI (395). Also, variability of RBC membrane 

permeability to glucose (396), and different rates of glycation process and de-glycation 

process (397-399) are plausible explanations, but evidence is very weak. Heritability, also 

might explain the findings, as it proved that HbA1c levels are genetically determined (275). 

There are also some other studies that assessed the associations of sickle cell trait (400) 

and genetic variants with HbA1c and agree that when some of them are present only in 

specific races or tribes, HbA1c interpretation should be cautious (265, 272, 279, 401-405). 

Implications for the diagnosis of T2DM 

It has long been muted that there are racial/ethnic differences in HbA1c values. All studies 

of this review, without any exception, acknowledge that crude values of HbA1c, and even 

after adjustment for potential confounders (e.g., age, sex, BMI, CRP, FPG, 2hPG, Hb, 



Chapter 2, Discussion 

123 
 

haematocrit, blood pressure), are different across races/ethnicities in people without 

diagnosed diabetes. Further to the identification of differences in HbA1c values between 

ethnic/racial groups, the magnitude of this difference on cut-off values for diagnosis for DM 

is a controversial point for debate. What is not known is the clinical significance of these 

discrepancies, especially in primary care, and whether they are relevant with patients’ 

progression to either DM or its complications. Whether the risk of complications for the same 

level of HbA1c is the similar for different ethnic/racial groups is debated. 

To begin, the evidence from the studies proposing HbA1c cut-off points for NDH or T2DM 

is inconsistent and incoherent. This is because researchers based their observations on 

results for different outcomes. The most common factors that have been investigated to 

answer this question are the incidence or prevalence of retinopathy (338, 345, 346, 357), 

the utility of HbA1c as a predictor of either micro- (287, 357) or macro-vascular diseases 

(287, 337, 357) and mortality events (340, 347), the concordance of HbA1c with FPG and/or 

2hPG, its diagnostic accuracy (sensitivity and specificity), and its consequence in the 

prevalence of T2DM (327, 328, 332, 335, 344, 349, 350, 356, 367, 368, 370, 371), and the 

financial consequences of a universal or not threshold in each racial/ethnic group (367). 

On the one hand, the following authors supported that HbA1c should be interpreted similarly 

across racial/ethnic groups. Particularly, Selvin et al (287) showed that hazard ratio of 

HbA1c for long-term outcomes was similar for both ethnic groups (10 000 black and white 

participants) and HbA1c should not have a separate interpretation for black population. 

Also, Tsugawa et al (345) and Bower et al (346) exhibited that the prevalence of retinopathy 

increases at a lower HbA1c level in black Americans than in white, despite the higher HbA1c 

in black subjects, so HbA1c threshold should be similar across groups. Finally, Parinello et 

al (357) support that interpretation of HbA1c should be similar across ethnic groups as its 

prognostic value for CVD, ESRD, and prevalent retinopathy is similar by race/ethnicity, even 

if HbA1c levels were higher for blacks at similar levels of FG.  

On the other hand, the study of Getaneh et al (339) suggests that a more personalised 

approach of diagnostic HbA1c would prevent over- or under-diagnosis between ethnic 

groups based on the corresponding FPG criteria. Likewise, Dagogo-Jack et al (348) and 

Guo et al (350) suggested that sole use of HbA1c for diagnosis of pre-diabetes and T2DM 

should be cautious in diverse populations as an HbA1c < 48 mmol/mol (6·5%) does not 

exclude entirely DM. Ford et al (361) proposed an HbA1c threshold higher by 2-5 mmol/mol 

(0·2-0·5%) for the diagnosis of pre-diabetes and diabetes in black people compared to white 

after a ROC analysis that showed that the current criterion has a high false-positive rate for 

the black population. Anand et al (371) after observing ethnic variations on sensitivity and 
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specificity across South Asians and white ethnic groups, suggested differentiated 

thresholds of HbA1c across ethnic groups. Specifically, supported than the optimal cut-off 

of HbA1c would be 37·7 mmol/mol (5·6%) for Europeans, 42 mmol/mol (6·0%) for Chinese 

and 44·3 mmol/mol (6·2%) for South Asian. Booth et al (329) agreed with the previous study 

and proposed that the cut-off for DM should be set by 1 mmol/mol higher in South and East 

Asians than the Caucasian group [(43·mmol/mol (6·1%) vs 42 mmol/mol (6·0%)] for the 

diagnosis of T2DM. Aligned with this proposal are suggestions from another study between 

black and whites. The authors might not suggest specific thresholds, but recommended that 

higher cut-off than 48 mmol/mol (6·5%) or 38·80 mmol/mol (5·7%) for DM and pre-diabetes 

might be more optimal for African Americans to avoid any mis-diagnosis (342). There was 

only one study that incorporated the factor of age while assessing the diagnostic HbA1c 

cut-off, and concluded that in older non-Hispanic black people with an HbA1c<53 mmol/mol 

(7·0%) DM is unusual (342). 

Tringham et al (370) instead, investigated HbA1c as a screening test for DM and concluded 

that HbA1c should not be used for the European population, and suggested that for people 

with at least one recognised risk factor for DM, a FPG ≥ 6·0 mmol/L for white Europeans 

and a HbA1c ≥ 44·3 mmol/mol (6·2%) for South Asians are optimal. Also, Lim et al (327) 

recommended that HbA1c is a suitable alternative to FPG as a first-step screening test, but 

the combination of two with cut-offs at 43·2 mmol/mol (6·1%) and 5·6 mmol/L would improve 

the identification of individuals with DM and pre-diabetes across races/ethnicities. Finally, 

Mostafa et al after years of research reported that an HbA1c ≥ 43·2 mmol/mol (6·1%) in 

white Europeans and an HbA1c ≥ 45·4 mmol/mol (6·3%) in South Asians are the optimal 

for detecting DM. However, when they encompassed financial aspects in their strategy, 

established that differentiated thresholds due to ethnicity discrepancies should be avoided, 

thus proposing a “ruling in” and “ruling out” strategy for the diagnosis of DM with thresholds 

at HbA1c ≤ 40 mmol/mol (5·8%) and ≥ 51 mmol/mol (6·8%), respectively (367). 

Certainly, the controversial evidence does not stop here. There are studies supporting that 

the HbA1c discrepancies reflect an actual disparity in glycaemia possibly mediated by 

demographic, socioeconomic, metabolic, and other dynamics. So, these findings 

recommend the use of the HbA1c criteria for diagnosis of DM (28) as they are in African 

Americans (267). A study with a more balanced approach, examined the relationship 

between HbA1c and diabetes-specific moderate retinopathy in Chinese, Malay and Indians 

and examined the suitability of the HbA1c (48 mmol/mol, 6·5%) threshold in Asians. 

Researchers explained that lowering the cut-off in Chinese population would be reasonable, 

given that the sensitivity and specificity of HbA1c are optimal at 42 mmol/mol (6·0%). 

Nonetheless a lower threshold would lead to an increase of DM prevalence, without any 



Chapter 2, Discussion 

125 
 

change in the NPV of the test, given the low prevalence of moderate retinopathy in this 

group below HbA1c < 48 mmol/mol (6·5%). Also, authors explored the alternative of 

increasing the threshold by 2-5 mmol/mol (3-5%) in Malay and Indians, thus calibrating for 

the higher levels of HbA1c that were found compared to Chinese. This decision might 

improve the performance of the test and potentially avert many cases of false positives, 

however there is a risk of late detection of moderate retinopathy given its high prevalence 

in these groups. When decisions accounted implementation issues and economic 

viewpoints, authors concluded that having a universal threshold is simpler and less costly 

given that prevalence of DM would remain the same. Finally, is suggested that in wealthy 

healthcare systems with less economic constraints clinicians should be cautious when 

patients’ results are around the HbA1c cut-off point and should not be reluctant on 

proposing lifestyle adjustments or therapeutic interventions (406).  
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2.4.2. Strengths and limitations 

Strengths 

This systematic review identified results by searching several relevant databases together 

with a team of experts on the topic and the support of a specialist (Matthew Smith) regarding 

the search strategy. Besides, a comprehensive search of grey literature including 

unpublished data, conference reports and presentations by searching articles in Open grey 

was followed in order to avoid any reporting bias. 

One of the biggest strengths of this systematic review compared to previous work, besides 

collecting evidence on non-diabetic population and individuals with NDH, is the specific 

focus on comparison with FG and/or OGTT data. Already discrepancies of healthcare 

provision or access to health services are less plausible for explaining the results in non-

diabetic individuals, but the availability of glycaemic markers confirmed that differences are 

not attributable to differences of the glycaemic profile of the patients at least for the black 

population. Also, this study included more than 100 000 participants from 34 studies which 

increased the power of the analysis. In addition, the majority of the studies not only used 

standardised methods for the measurement of HbA1c, but also used analysers, the 

measurements of which were not affected by the presence of Hb variants. Hence, 

measurement error was less possible for explaining the discrepancies found. These results 

were confirmed also from the results of the sensitivity analysis. We also only included 

studies where an explicit within-study comparison had been made between racial/ethnic 

groups, so that between studies differences in design should not confound racial/ethnic 

differences in response. 

Limitations 

Nevertheless, the review has been limited only to English language. Omission of studies 

due to the language barrier might have altered the results or would have provided more 

evidence on racial/ethnic groups for which now findings appear to be either absent or 

uncertain. Also, there has been cases where data have been retrieved from the same study 

cohorts with overlapping time periods (NHANES survey data, POP-ABC, DPP). This 

means, that for the future, data from new cohorts would be preferred, in order to enhance 

the robustness of the outcomes and establish that the observed results are not biased or 

misleading. Another limitation of studies with participants from the DPP, was that the 

FPG/OGTT tests were performed circa 60 days apart from the HbA1c. Despite this 

limitation, these studies have been included in our meta-analysis, and this is because the 

subsequent study by Herman et al (263) ensured in a small group of approximately 2 000 

patients that results would have been similar if they would have been contained in the same 
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day. As previously reported, some of the FG values, were not derived from plasma samples. 

However, these studies were included in the meta-regression, since the estimate of the 

difference, following a sensitivity analysis, was similar to the one found only with the studies 

including FPG levels.  

Moreover, in some studies it is uncertain whether patients with haemoglobinopathies or with 

conditions known to alter HbA1c accuracy have been excluded from analysis or not. 

Likewise, in some studies, despite claiming to include only healthy participants in their 

studies, it was clearly evident that some participants had mild CVD or were in use of anti-

hypertensive medication. Where the distribution of the CVD or anti-hypertensive medication 

was similar across racial/ethnic groups, studies were included in the review which might 

have affected the outcomes of the analyses. However, studies like these, were mostly 

having a research purpose different than that of this review and were included as part of 

the systematic review only. Also, unmeasured confounding in some of the studies is always 

a limitation. Thus, future studies should be more precise when describing the characteristics 

of their participants and their covariate adjustments, in order to avoid falsely inferences due 

to confounding.  

Also, it is unclear whether the ethnic groups sampled in the studies were recent migrants, 

or if they had been long-established over decades or centuries in the country of study. It is 

possible that the relationship between HbA1c and other indicators of diabetes mellitus could 

be affected by a complex interplay of psychosocial and environmental factors that vary 

according to duration of residence. However, none of the papers included in the systematic 

review distinguished the migration status of the ethnic/racial groups selected (e.g., recent, 

first, or second-generation migrants). This systematic review examined only race/ethnicity 

by particular papers, hence results were not able to be considered for this variable.  

HbA1c discrepancies between ethnic comparisons might have been different since HbA1c 

might be affected due to the time of residency of the descent population, acculturation (the 

process of adaptation and exchange of behaviour patterns to the principal culture in the 

new country), and other factors such as air pollution, and psychosocial forces. (407) 

In addition to that, studies from 1990 till July 2019 were included. During this period the 
diagnostic criteria for NDH and T2DM, either by ADA or WHO, have changed several times. 

Thus, is plausible to have either over- or under- estimated the WMD found between the 

racial/ethnic groups by diabetic status in the sensitivity analysis, as classification of 

participants in the diabetic groups would vary.  

Along with the previous drawbacks and even if studies have not been rejected depending 

on their quality assessment, it would be an oversight not to point out some flaws of the NOS 
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tool. Despite the fact that is a validated instrument and is highly used for assessing quality 

and risk of bias in observational studies, there is some insufficiency in the instructions for 

the use of the scale, that could lead in incorrect adaptation of the domains to particular 

research questions from different users (408), especially for inexperienced reviewers (409). 

Also, uncertainty of what some domains are actually measuring could lead to 

misinterpretation of the question asked, hence to poor validation (410). 

Finally, some of the studies that assessed the racial differences of HbA1c, did not fully 

report the mean age of the participants for each ethnic, had single measurements of the 

glycaemic markers, failed to adjust for co-morbidities or other factors (e.g. diet, physical 

activity) and were short of data that could be used to further explore the mechanisms that 

might explained the observed discrepancies (e.g. full blood count indices, eGFR, HOMA 

indices, etc.). The design of these studies should have been given more consideration in 

order to achieve higher quality and avoid any risk of confounding bias.  

This systematic review and meta-analysis used many relevant terms and keywords to the 

words “rac-e/ial” or “ethnic-ity”, as described in Section 2.2.4 of the PhD thesis. Some 

relevant search terms or keywords combined with truncation such as “geograph-y/ical, 

“cultur-e/al”, “divers-e/ity”, “religi-on/ous”, “immigrant(s), etc, as mentioned in Appendix A, 

were used for ensuring term completeness and eliminating the chances of omitting any of 

the relevant articles. Despite the overly specific terminology, the elements found did not 

appear to be associated with bias. 

Nonetheless, after examining all the articles included in the final review and analysis, I found 

that the search strategy could be narrowed to the common and important terms (“rac-e/ial” 

or “ethnic-ity”), including any truncation or MeSH terms. This would lower the total number 

of results without omitting any key articles. Hence, it is ascertained that any future 

reproduction of this systematic review could be implemented more efficiently, with a 

reduced number needed to screen to identify key papers. 

Finally, according to the Cochrane Handbook, subgroup analyses involve splitting all the 

participant data into subgroups, often in order to make comparisons between them. 

Subgroup analyses may be done for subsets of participants, such as those without DM and 

those with NDH. Subgroup analyses may be done as a mean of investigating 

heterogeneous results, or to answer specific questions about particular patient groups or 

types of study. Subgroup results can only be considered exploratory in nature and false 

negative and false positive significance tests increase in likelihood rapidly as more 

subgroup analyses are performed. The subgroup results should not be interpreted as 

confirmatory or conclusive. (411) Any reference to the subgroups analyses results in the 
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discussion part was removed. Also, presentation of statistical significance where possible 

in the subgroup analysis was removed, but the subgroup analyses results remained in the 

thesis. 

2.4.3. Conclusion 

In conclusion, this systematic review provided a comprehensive overview of existing 

research on the HbA1c levels among ethnic/racial groups. Although it has long been muted 

that HbA1c is higher in black populations, this is the first study to confirm that these 

differences are not due to differences in glycaemia and age of the participants analysed. 

Also, this study showed that differences of HbA1c between Asian and white population 

should not be interpreted as a whole, since South Asian population appears to have a higher 

difference of HbA1c compared to that of East Asian against the white participants. This 

observation is of high importance and suggests that extrapolation of previous findings to 

individuals of one race, the Asian, as a social construct can do more harm than good. The 

studies and the results from the meta-analyses clearly demonstrated the magnitude of 

difference of HbA1c levels in different races/ethnicities, however the subject of 

differentiation of diagnostic thresholds conditional on race/ethnicity warrants further 

research.  

Simultaneously, this review has identified some gaps in the current evidence. Particularly, 

evidence from this review shows that individuals of the same social or political 

race/ethnicity, and with similar glycaemic profile might exhibit variation of their HbA1c 

concentrations (325, 354). Studies comparing other socio-demographic characteristics are 

needed (e.g., residency, urban or rural living, time of residency), as well as studies including 

minorities and underrepresented populations. In addition, a more nuanced or 

comprehensive approach to the meaning and definition of ethnicity is needed. “Race” does 

not have a simple biological underpinning and reflects many different intrinsic and external 

factors. Moreover, many people do not fit neatly into one of a small number of racial groups 

such as white/black/Hispanic/Asian that are driven more by American politics and 

economics than anything else. A more detailed understanding of how the factors that 

comprise “ethnicity” affect the findings might enhance our understanding on the 

mechanisms behind the HbA1c inconsistencies. Most likely, will support the identification 

process of NDH and T2DM and optimise current screening and diagnostic methods globally. 

At present, how to interpret individual HbA1c measurements in a clinical setting will remain 

a conundrum, unless a combination of appropriate studies is conducted that in theory are 

assumed to comprise a solid and robust source of evidence. Firstly, concerns about the 

biological variation of the HbA1c measurements will only be resolved on studies including 
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a large sample of individuals with diverse geographic and ancestral backgrounds, where 

repeated measurement of HbA1c, FPG and 2hPG, together with an extensive list of pre-

defined sociodemographic and haematological biomarkers. Ideally, Genome Wide 

Association studies could provide greater clarity on factors that cause differences in HbA1c 

amongst the various diverse ethnic groups. 

Secondly, more evidence of sensitivity and specificity criteria for various diagnostic 

thresholds for NDH and T2DM diagnosis in different racial/ethnic groups from the same 

cohort is desirable, in order to outweigh the current limited and conflicting evidence. Also, 

another step would be the performance of a systematic review with studies assessing the 

diagnostic thresholds for T2DM in different racial/ethnic groups separately. During the 

screening process of this review, it was observed that there are more than 150 studies with 

AUROC analyses with diagnosis of DM or incidence of retinopathy as an outcome on 

Chinese, Korean, African American, Arab, Middle-East populations alone. Results from the 

same racial/ethnic groups could be clustered and meta-analysed for further inferences. To 

conclude, HbA1c thresholds might not be ideal to be differentiated by racial/ethnic groups, 

and a case-to-case approach should be considered. 
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Abstract 
Background: Anaemia is a commonly postulated mediator of differences seen between 

HbA1c and glucose at different CKD stages. 

Aim: We therefore assessed whether CKD affects the HbA1c – glucose relationship, and if 

so, whether and how anaemia affects this relationship in primary care patients. 

Methods:  

Design & Setting: A cross-sectional study using anonymised primary care based electronic 

health records from the Clinical Practice Research Datalink in the United Kingdom from 

January 2006 to July 2017.  

Participants: A sample population of 199 424 patients, 18 years or older, in whom HbA1c, 

FPG, Hb, and Scr were recorded within the same test date at any time between 1 January 

2006 and the practice’s last collection date.  

Analysis: A mixed effects model, adjusted for age, gender and ethnicity and using HbA1c 

as an outcome, described the main effects and interaction of FPG and CKD as exposures. 

The anaemia diagnostic codes or/and the full blood count indices were used to address to 

what extent the severity and aetiologies of anaemia mediated the impact of CKD severity 

on HbA1c conditional on FPG. Observations were stratified by CKD, anaemia severity and 

aetiology. 

Findings: We analysed 256 817 clinical records of repeated measurements from 145 057 

patients aged 62·78 (SD 14·62) and median 64 (IQR 53-74) at the time of test. Eighty-eight 

kidney transplant recipients were excluded. Analysis of the HbA1c-FPG relationship after 

adjustment for gender, age and ethnicity showed that anaemia is not a mediator of CKD 

impact on HbA1c. Mild and moderate CKD effects on HbA1c were apparent - HbA1c is 

overestimated for low FPG values and is underestimated for high FPG values - and 

remained unchanged from non-anaemia to mild and moderate anaemia or non-IDA and 

IDA. Finally, a possible measurement error of FPG should be considered for explaining the 

findings. 

Interpretation: The HbA1c measurements demonstrate reasonable concordance with FPG 

levels in mild and moderate CKD, unless the patient has an FPG ≥ 11 mmol/L. However, 

the validity of HbA1c demands further attention in patients with more severe cases of 

anaemia, or advanced to severe CKD. 
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Chapter 3. 
Chronic kidney disease and its impact on the clinical utility of HbA1c. 

A cross-sectional study using the Clinical Practice Research 

Datalink (CPRD) 

3.1. Introduction 
In 2017, the global prevalence of Chronic Kidney Disease (CKD) was 9·1% (8·5-9·8%), and 

continues to rise and already affects millions of people globally (412). In the UK, the 

prevalence of CKD stage 3-5 (15 ≤ eGFR< 60 ml/min/1.73 m2) (diagnosed and 

undiagnosed) was estimated to 6·1% in 2014 (413), the renal replacement therapy (RRT) 

prevalence was 962 per million population in 2016, while diabetic renal disease was found 

to be the most common factor of renal failure (accounting for 28·6%) (414, 415). 

In 2015 alone, 1·1 million deaths were caused by CKD worldwide (231). Diabetes mellitus 

(DM) is one of the leading causes of CKD; 10-40% of people with type 2 diabetes mellitus 

(T2DM) eventually suffer from kidney failure, but this is often diagnosed late (242). 

Evidence has shown that early identification of T2DM and accurate evaluation of good 

glycaemic control are imperative, since they can lower the incidence of microalbuminuria, 

frequently a precursor of renal failure (20, 416, 417), subsequently delay progression of 

diabetic nephropathy (418-421), and prolong the time before total renal failure (dialysis 

stages) (422, 423). 

 

HbA1c as a diagnostic tool and measure of glucose control 

Glycated haemoglobin (HbA1c) is a non-enzymatic glycation, formed on the N-terminal 

valine on the β chain of haemoglobin (Hb) (137), and occurs continuously over the lifespan 

of erythrocytes (red blood cells) (424). 

HbA1c, is primarily a measure of glycaemia and a marker of cumulative glycaemic exposure 

over 12 weeks, a reflection of erythrocyte’s lifespan (137) (See also Chapter 1, Section 

Screening, diagnosis, and monitoring tests in DM, Glycated haemoglobin, p. 42). It has 

been recommended as a diagnostic marker for T2DM since 2012 in the U.K (165) following 

the WHO guidance 2011 (8), and is commonly used for monitoring DM. The established 

relationship between HbA1c and glycaemia in the general population has increased the 

significance of the test in clinical practice (144). Clinicians rely on HbA1c measurements for 

the management of glucose control, and to guide treatment decisions (425, 426). 
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Caveats of HbA1c use 

Despite the advantages of HbA1c over traditional monitoring tests for DM (e.g. non-fasting 

status/fasting not necessary, pre-analytical stability, low within-individual variation, 

correlation with microvascular complications, etc) and the standardisation of assays, there 

are still some haematological and biochemical factors that affect its validity, and hence its 

clinical utility (427) for some individuals. 

The HbA1c test may not accurately reflect levels of glycaemia in all cases (172, 428), even 

if intra-individual variation of HbA1c is small, patient-specific factors can mean that inter-

individual variation between patients for the same level of glycaemia can be large. 

 

HbA1c, diabetes, chronic kidney disease and anaemia 

Chronic Kidney Disease is thought to complicate the assessment of glycaemic control in 

patients with DM when HbA1c is used, through its association with anaemia or by other 

unknown mechanisms that change haemoglobin kinetics (254). 

Patients with DM and CKD often develop anaemia, which can lead to increased HbA1c 

values due to erythropoietin deficiency and iron deficiency anaemia (due to elongation of 

the erythrocyte lifespan) (429-432), or decreased HbA1c caused by reduced RBC survival 

(172), increased erythrocyte turnover (433), or administration of erythropoietin (434). Also, 

non-iron deficiency anaemia, if present, may falsely decrease HbA1c levels (435). 

Health professionals should be aware of these erroneous results when monitoring for 

glucose control or when using HbA1c as a diagnostic for T2DM (436), although it is not 

known exactly how severe the kidney disease needs to be before it exerts effects on HbA1c. 

Thus, at the moment it is unclear under what circumstances HbA1c can be used to reliably 

measure glycaemia in patients with CKD and associated anaemia. 

 

3.1.1. Previous evidence of the impact of CKD on HbA1c 

Understanding the impact of each CKD stage on HbA1c in patients with or without DM is 

clinically vital for the management of such patients, however, results to date are 

inconsistent. Studies so far suggest that, CKD stages 1-2 appear not to have a significant 

impact on HbA1c (437-439). On the other hand, CKD stages 4-5, are consistently reported 

to appear to influence HbA1c, thus limiting its use on these stages. In particular, most of 

the studies show that HbA1c is under-estimated compared to other markers of glycaemia 

either before or after the use erythropoiesis stimulating agents (ESAs) (437-445). 
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Likewise, under-estimation of HbA1c is observed in patients on dialysis, either 

haemodialysis (434, 442, 443, 446-450) or peritoneal dialysis (437, 438, 440, 442, 451, 

452). Only the studies of Joy et al (453), Nunoi et al (454) and de Boer et al (455) showed 

different results; the first suggesting that HbA1c is over-estimated in patients in dialysis with 

poor glycaemic control (HbA1c > 58 mmol/mol, 7·5%), while the other two older studies 

showed no effect or over-estimation of HbA1c, respectively. Also studies examining the 

utility of HbA1c in individuals after kidney transplantation have confirmed its accuracy, 

however a lower cut-off (44 mmol/mol, 6·2%) was found more appropriate for diagnosing 

newly established post-transplantation DM based on sensitivity and specificity criteria of a 

systematic review from 6 different studies (456, 457). 

Nonetheless, despite the high prevalence of CKD, little evidence of the effect of CKD stages 

3-4 on HbA1c is available and in particular on the role of anaemia which is a common 

comorbidity (437, 438, 458, 459). 

 

3.1.2. Severity/aetiology of anaemia 

Anaemia is common in moderate to severe stages of CKD (≥CKD 3) (460) and in dialysis 

patients (461), but also occurs in earlier CKD stages (CKD 1-3) (462-464). The prevalence 

of unrecognised anaemia in patients with CKD suggests that the relationship between 

HbA1c and blood glucose concentration might change as glomerular filtration rate (eGFR), 

a measure of renal function, declines (462). Certainly, HbA1c is influenced by factors 

associated with the lifespan of erythrocytes, but more studies are needed to investigate the 

mechanisms through which erythrocyte indices influence HbA1c levels in patients with CKD. 

It is considered that aetiology and severity of anaemia, due to altered red cell lifespan, 

decreased erythropoiesis or iron deficiency, distort the HbA1c values, rather than renal 

failure per se, and the extent and nature of anaemia in different populations might underlie 

differences in previous results. Nonetheless, there is a need for more evidence, especially 

in identifying the types and degrees of anaemia likely to have significant impact on the 

reliability of HbA1c in order to apply these findings in clinical practice. 

The aim of this study is to evaluate the direction and extent to which anaemia (as measured 

by abnormalities of the erythrocyte indices) and renal failure (measured by the eGFR) as 

well as demographic factors affect HbA1c as a measure of glycaemia when compared to 

fasting plasma glucose (FPG) as a gold standard.  
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3.1.3. Research questions and objectives 

The utility of HbA1c for the measurement of glycaemia and diagnosis of DM has been well 

described. To the best of our knowledge, and despite many findings from different studies 

on the clinical performance of HbA1c as a measure of glycaemic control at different CKD 

stages and diabetic status, robust inferences cannot be established yet. This is because 

results from different studies appear inconsistent – some support that HbA1c is a reliable 

marker for patients with CKD, some suggest to be used cautiously and interpreted on case-

to-case basis depending on the clinical background of the patients, and other suggest that 

HbA1c should not be used at all in patients with CKD. There are major difficulties in making 

valid comparisons here, either because patients have a different diabetic status, even if they 

are being in the same CKD stage, or because of the high prevalence of anaemia and the 

administration of erythropoietin stimulating agents (ESA) in those stages that could alter the 

relationship of HbA1c with measures of glycaemia. Also, a recent systematic review by 

English et al (204), found that in the presence of iron deficiency and iron deficiency anaemia 

(IDA), common in patients with CKD, HbA1c overestimates glycaemia; inversely, HbA1c 

values may possibly decrease in the presence of non-IDA. The urgent need of large 

population studies to evaluate the difference between severity and effects of IDA and non-

IDA on HbA1c values is evident (465). 

Hence, these scientific gaps in research on the topic motivated us to conduct this study, 

which at the time of submission of our protocol was the first that would use electronic health 

records from a large European population. 

Therefore, this study uses data from the Clinical Practice Research Datalink (CPRD), to 

estimate the impact of different CKD stages on HbA1c conditional on FPG and the 

mediating impact of anaemia on this interaction. 

If HbA1c proves not valid at particular CKD stages, the aim will be to indicate the conditions 

under which HbA1c can be reliably used.  
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3.1.3.1  Research Question 

 

How well does HbA1c reflect glycaemic control at different stages of CKD (measured by 

eGFR) and different levels of glycaemia measured by FPG? Does anaemia (primarily 

defined by Hb) mediate any impact of CKD on HbA1c? 

 

3.1.3.2. Project objectives 

 

Primary objectives: 

• estimate using a regression model whether CKD stage defined by eGFR affects HbA1c 

conditional on glycaemia measured by FPG. 

• estimate to what extent anaemia (severity, IDA and non-IDA) mediates the impact of 

CKD on HbA1c conditional on FPG 
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3.2. Methods 

3.2.1. Data sources 

The Clinical Practice Research Datalink (CPRD), previously known as General Practice 

Research Database, is a database of electronic health care records extracted from primary 

care providers, representative of the UK’s primary care setting and contains information 

about demographics, laboratory tests (diagnostics), Read codes (clinical diagnoses), 

prescriptions and therapeutic treatments from over 45 million active patients registered 

across 703 General Practices (GPs) in the UK. 

This database is used for research by academia, clinical institutes, regulators and the 

pharmaceutical industry. Data from CPRD are used for medical research and 

epidemiological studies and reflect observations from routine clinical care (466, 467). CPRD 

was used for this study, since it contains clinical records for more than 500 000 individuals 

with HbA1c results either with or without DM from 620 practices across the U.K. The study 

was approved by the Independent Scientific Advisory Committee (ISAC). The protocol 

16_283R (See Appendix B. for the full protocol) and design of this study were submitted to 

ISAC on 9th of December 2016, were approved on 18th of July 2017, and have also been 

published here (468). 

 

3.2.2. Study design 

We designed a cross-sectional study to establish the validity of HbA1c by analysing the 

relationship between HbA1c and FPG at different CKD stages and with different levels of 

anaemia, comparing all occasions within CPRD on which a patient’s HbA1c, FPG, Hb and 

Scr were measured based on samples taken on the same day. 

The initial sample included data from 199 424 subjects with and with-out DM and with 

590 497 separate occasions on which all four tests were conducted on the same date. The 

exclusion of duplicate records and the inclusion of only patients with acceptable data quality 

(based on the CPRD criteria) reduced the sample to 196 791 patients in whom HbA1c 

(mmol/mol), FPG (mmol/L), Hb (g/L) and Scr (μmol/L) laboratory tests had all been 

measured and had available quantitative results on the same test date, on any date 

between 1st of January 2006 and July 2017 (348 673 occasions). Data after 2004 were 

preferred, since in April 2004, the Quality and Outcomes Framework was introduced, which 

encouraged electronic recording of certain indicators, like HbA1c, as part the “pay for 

performance” scheme (469). 
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3.2.2.1. Participants (See Appendix B, Populations flow diagram) 

Inclusion criteria (See Appendix B, Inclusion criteria) 

Inclusion criteria were (1) that patient’s records met CPRD’s research quality criteria, (2) 

and patients were 18 years old or older at the time of the test. CPRD proposes two different 

approaches for ensuring high quality results, and both have been followed. First, to ensure 

research-quality patient records, only individuals with complete acceptable patient metric 

based on recording of occasions, and age and sex recorded were selected. Second, the up 

to standard (UTS) date, a practice-based quality metric considering continuity of recording 

(excluding temporary registrations) and number of deaths, was applied for each 

participating practice. Only subjects within this period were included in the analysis and 

additionally with a minimum of 6 months of good quality data prior to each record, to ensure 

that exlusion crieria and covariates are likely to have been measured (470). 

 

Exclusion criteria (See Appendix B, Exclusion criteria and code selection) 

Measurement occasions were excluded from the analysis for any of the following reasons: 

1. occasions for which all the four tests were conducted, but the reported result of at least 

one test was missing or was implausible (e.g. zero), 

2. tests for which on the test date, another condition was present that could alter HbA1c 

accuracy (471) as also adapted by the WHO (8) (apart from anaemia and CKD as these 

are the focus of the current investigation). Specifically the following aqcuired conditions 

were excluded: 

a. all occasions on which the patient had a diagnosis of acute pancreatic damage (APD) or 

amylase or lipase levels over 200U/L within a month of the index test (472), 

b. occasions of patients with a diagnosis of an acute kidney injury (AKI), or a rise of the Scr 

of 26μmol/l or greater within 48h or 50% or greater Scr rise known or presumed to have 

occurred within 7 days, and within 3 months from the index test (473, 474) 

c. occasions before which at any time a patient had a diagnosis of HIV 

d. occasions of patients with blood disorders (myelodysplasia and splenectomy) at any time 

before the test or 3 months after the index test or 

e. any use of medication for HIV any time prior to the test or 

f. anti-psychotic medication up to 3 months prior to the test or 

g. glucocorticoids up to 3 months prior to the test or 

h. Ribavirin/Dapsone up to 3 months prior to the test or 

i. tests taken during pregnancy or delivery of a baby between 6 months before and 9 

months after the index test. 
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Also occasions of patients with congenital conditions such as thalassaemia or 

haemoglobinopathies at any time before the index test were excluded.  

 

3.2.3. Code lists and algorithms – variables’ definition (See appendix B, Code 

selection) 

CPRD data structure 

All CPRD data are retrieved from practices using the VISION Practice Management 

software. CPRD’s datasets format is separated into 10 files: patient, practice, staff, 

consultation, clinical, additional clinical details, referral, immunisation, test and therapy. For 

this study, only the patient, practice, clinical, additional, test and therapy files were used to 

retrieve the preferred data. 

Patient and practice files were combined to contain practices’ details (e.g., region, dates for 

obtaining research quality data recording) and patients’ demographics (e.g., age, gender, 

death dates, registration details).  

Following this, the clinical and additional files were merged to obtain the medical history of 

the patient, including symptoms, signs, clinical events and diagnoses, consultations, or 

hospitalisations, along with additional clinical measures (e.g., blood pressure, weight, and 

height), using the Read codes (alphanumeric codes) which allow linkage to medical terms 

decoded using the “Code browser”. Overall, for the detection of a clinical diagnosis in 

CPRD, the Medical Browser was searched using relevant text terms for each condition, 

e.g., “chronic kidney disease”, “renal failure”, “dialysis”, “Acute pancreatic damage”, 

thalassaemia”, “diabetes” etc., to identify the relevant Read codes for each disease 

category. 

The test file includes records of laboratory test data. The type of the test is identified through 

structured data using the “entity type”, a numerical code which is determined by the test 

result item chosen by the GP at source and is linked with the Read codes to describe the 

clinical results of the test. Each entity type contains 7 data fields which can contain the test 

results, the unit measurements, or the normal reference ranges of the test, and others 

depending on the entity type. Look-up tables are provided to translate what has been 

inserted in the data fields. 

Lastly, the therapy file covers details of all drugs prescribed by the GP with date, 

formulation, quantity, and strength. Prescriptions were identified using the Gemscript 

product code system, a dictionary specifying the selected treatments, or by drug name or 

BNF code based on the BNF chapter for prescription (475). 
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Identifying patients with a valid FPG, Hb, HbA1c, and Scr result 

For this study, the test files and the relevant entity types primarily were utilised for the 

definition of the necessary biomarkers (FPG, Hb, HbA1c, Scr). The clinical files (Read 

codes) were also examined to ensure consistency of the test (See appendix B, pages 28-

30). In cases where there were two values of the same test in the same day, the average 

value was estimated and used for the analysis. 

FPG 

For the FPG, entity codes 213, 274, and 278 were used. Look up and confirmation from the 

Read codes was imperative, since some of these results referred to HbA1c values (See 

Appendix B, Selection of FPG entity types). If this was the case, these records were ignored 

for this study. Also, in order to eliminate any influence of the results from non-plasma 

glucose tests, whole/capillary blood glucose tests were excluded from the definition, since 

it is known that they display by 10-15% higher glucose levels than plasma (127). 

Values < 20 were treated as being in mmol/L and values ≥ 60 as in mg/dL. For the values 

in between, the input from the other data fields (e.g., normal range basis or clinical outcome 

(e.g., normal, abnormal)) was facilitated to ascertain how these values should be 

interpreted. 

Hb 

The Hb records were selected from the 173, 213, and 288 entity codes. A list of only 15 

Read codes correspond to the results of these tests (See Appendix B, Selection of Hb entity 

types). Data ≤ 20 were assumed to be in g/dL, and values > 120 were perceived as being 

g/L. Results in between were carefully assessed using the Read codes, and the rest of the 

data fields (e.g., reference ranges), in order to assign the correct unit measurement to the 

records. 

HbA1c 

For the HbA1c, the entity codes 213, 274, 275, and 288 were combined with the attached 

Read code (See Appendix B, Selection of HbA1c entity types). For the HbA1c test, we 

assumed that values ≥ 25 and < 240 were mmol/mol and values ≥ 2·5 and < 10 were %. 

Percentage values above 25 and mmol/mol values < 10 were considered to be misreported 

mmol/mol and percentages respectively, and adjusted accordingly. The values inbetween 

were carefully examined together with their clinical result for the appropriate conversions. 

Six patients were dropped from the analysis due to implausible HbA1c values (HbA1c < 2·5 

or HbA1c > 240 mmol/mol). 
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Scr 

A valid Scr value was required for the classification of the subjects in each CKD stage. It 

was decided to calculate eGFR from Scr values rather than using the already calculated 

eGFR from CPRD’s records. This is because it was observed that the values were not 

always accurate, since laboratories were encouraged not to report absolute values when 

eGFR > 60 mL/min/1·73m2 and also because frequently the values of the cut-offs of CKD 

stages were recorded instead. Moreover, Scr tests are more consistently recorded, so more 

observations could be included. Finally, the lower number of cystatin C tests and the 

possible discrepancies on the classification of the patients at each CKD stage compared to 

the Scr based eGFR, prevented us from selecting it to estimate eGFR (476). Estimated 

GFR (mL/min/1·73m2) was in turn calculated using both the Modification of Diet in Renal 

Disease (MDRD) (477) and the Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) formulae (478) (See Appendix B, Table 2). Two separate analyses for each formula 

were conducted and results were compared, as it is known that each equation assigns a 

significiant proportion of people to a different CKD stage. 

For Scr, the entity codes 165, 166, 213, and 288 were used. A list of attached Read codes 

confirmed the selection of the records. It was assumed that values ≤ 5 and > 5 were mg/dL 

and μmol/L accordingly. Values were reported to the nearest whole number to reduce 

rounding errors. Scr values with a unit measurement in mmol/L (data3 == 96) or 

5 < Scr ≤ 10 umol/L were dropped as likely data entry errors (See Appendix B, Selection of 

Scr entity types). 

 

Conversion of units 

All test results were converted to Système International (SI) unit measurements for analysis 

(See Appendix B, Table 1). Finally, all codes that were used for the exclusion criteria, 

biomarkers’ and diseases’ definition, and drug prescriptions were reviewed by a general 

practitioner (Paul Wisdom, MD) and a Pharmacologist (Yoon Loke, Professor of Medicine 

& Pharmacology). 

 

CKD stages 

CKD stages were determined by the 2012 Kidney Disease: Improving Global Outcomes 

(KDIGO) criteria based on eGFR results (233) (See Appendix B, Table 3). Occasions for 

which the eGFR ≥ 130 mL/min/1·73m2 were classified as being in a hyper-filtration stage 

(479). Patients with eGFR < 30 mL/min/1·73m2 and on dialysis were considered as separate 
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CKD groups depending on whether they were on haemodialysis, peritoneal dialysis or 

dialysis of an unknown type. Indication of dialysis was retrieved from the Read codes in the 

clinical file any time before the index test (See Appendix B, pages 76-77). There were 

occasions where these groups had a slightly improved eGFR (over 15 mL/min/1·73m2), 

possibly due to dialysis treatment. This is the reason that the eGFR threshold was adjusted 

for this classification to a higher number. Patients with eGFR ≤ 15 mL/min/1·73m2 were 

considered as having kidney failure (CKD stage 5 or end-stage renal disease (ESRD)), but 

not yet in known dialysis treatment conditional of absence of dialysis clinical diagnosis. 

Tests occurring after a clinical record of Kidney transplantation were removed, due to the 

effect of immunosuppressant therapy and especially steroids on carbohydrate metabolism 

(480). 

 

Classification of anaemia by severity and aetiology 

The levels (severity) of anaemia were defined by using the Hb cut-offs as normal, mild, 

moderate and severe, as used by the WHO (481) (See Appendix B, Table 4). The types of 

anaemia were difficult to define in order to make appropriate inferences of their impact on 

HbA1c as an outcome. Thus, two methods were used for classifying patients into the 

different anaemia subtypes of; non-anaemia (healthy), non-anaemia (other abnormalities), 

non-iron deficiency anaemia (non-IDA), and IDA (See Appendix B, Figure 2 & 3). 

Definition 1 utilised certain Read codes to identify those patients with iron deficiency 

anaemia (IDA) and non-IDA (aplastic anaemia, B12 deficiency, folate deficiency, haemolytic 

anaemia, macrocytic anaemia, megaloblastic anaemia, normocytic anaemia, and 

sideroblastic anaemia) (See Appendix B, pages 90-93). Subsequently, subjects were 

divided into 4 groups; 

Group 1; subjects without any Read code of IDA or non-IDA within a year from the index 

test and Hb ≥ 120 g/L for females or Hb≥130 g/L for males at the time of the test and no 

record of iron supplementation within 6 months from the index test (considered as healthy 

group), 

Group 2; subjects with Read codes of IDA or non- IDA within a year from the index test and 

Hb ≥ 120 g/L for females or Hb ≥ 130 g/L for males at the time of the test and record of iron 

supplementation within 6 months from the index test (resolved anaemia/other abnormality), 

Group 3; subjects with Read codes of non-IDA within a year from the index test and 

Hb < 120 g/L for females or Hb < 30 g/L for males at the time of the test, and absence of 

any prescribed medication for iron supplementation within 6 months from the index test, 
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Group 4; subjects of IDA with Read codes of IDA within a year from the index test and 

Hb < 120 g/L for females or Hb < 130 g/L for males at the time of the test and subjects with 

non-IDA codes and prescribed iron supplements within 6 months from the index test (See 

Appendix B, Figure 2). 

The variable that was created for defining iron supplements from non-iron supplements 

included the following drug classes: erythropoietin, drugs related to hypo-plastic, haemolytic 

and renal anaemia, and parental oral iron supplements (See Appendix B, pages 94-102). 

Definition 2 was based solely on the biochemical profile of the subject at the time of the 

tests. To achieve this, it was further required a record of the RBC count and structure (MCV, 

MCH, and MCHC) levels, routinely measured with a Full Blood Count (FBC), in the same 

day as the other 4 tests. Tests’ definition and values were found in the test file, using the 

entity type and confirmed through their link with the Read codes from the clinical file (See 

Appendix B, pages 29-30). Figure 3 of the Appendix B summarises the algorithm (181 

combinations) that was created in order to fit patients in the 4 Groups as above. 

 

Classification of participants by diabetic status 

Patients were classified at each occasion as “non-diabetic” if they did not have any record 

of NDH or DM or any prescribed diabetic medication, or as “pre-diabetic” or “diabetic” 

(further classified as type 1, type 2 or uncertain type) based on coded diagnoses and 

prescribed diabetic medication recorded in CPRD (See Appendix B, pages 78-89) at any 

time before or up to 6 months after the test date. If the patient had multiple records of 

diagnoses the record closest to the index date was used. The variable that was created for 

identifying diabetes related medication or indication of diabetes through prescription of 

diabetic devices/tools included the following drug classes: biguanides, biphasic insulins, 

insulins, short insulins, intermediate and long insulins, sulphonylureas, thiazolidinediones, 

some other anti-diabetic medications, and use of insulin needles (See Appendix B, pages 

103-119). 

 

Covariates 

Covariates were selected so that analyses could be stratified on key patient characteristics, 

and to test whether differences in other variables might account for differences in the 

relationship between HbA1c and FPG. Age (376, 377), sex (195), and ethnicity (199) were 

extracted from the data as potentially important covariates (See Chapter 1, Section 1.1.4.3 

Comparison of the methods, HbA1c and Chapter 2 specifically for ethnicity). Age on the test 
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date was calculated approximately based on year of birth and treated as a continuous 

variable, while gender is recored as a binary variable with those of unknown or 

indeterminate gender excluded (in CPRD his is most likely to represent temporary 

registrations where quality of information is poor). We recoded patients’ ethnicity in broad 

groups as white, black, Asian, Chinese, mixed, other, and not known (missing) according 

to the clinical records (See Appendix B, Recording of ethnic group categories, pages 120-

133). For the current analysis, patients with an ethnicity record other than black were treated 

as being white when calculating for the eGFR, taking into consideration that 87% of CPRD’s 

population is white (482). Thirty eight patients with a record of both black and white ethnicity 

at different time points were excluded from the study. 

The population’s flow chart (See Appendix B, Figure 1) depicts in detail the initial number 

of patients that fulfilled the inclusion criteria and the number of patients that have been 

excluded or removed due to inconsistent records or implausible observations. 

 

3.2.4. Statistical analysis 

Descriptive analysis 

The process to determine the final sample was described with regard to the inclusion and 

exclusion criteria. Participant characteristics at their first included record were summarised 

as count, frequencies, percentage (%), mean with standard deviation (SD), or median with 

[IQR] by diagnosed diabetes status and CKD status as appropriate. 

Graphic analysis/presentation 

The graphic relationship between HbA1c and FPG was depicted using median-spline plots. 

Spline graphs calculate cross medians and then uses the cross medians as knots to fit cubic 

splines. The smoothness of the curves is determined by the number of cross medians used 

(483, 484). 

Linear mixed model 

To address the primary objectives, all the available tests for each patient were used, after 

examining any within-subject effect by estimating a linear mixed model with random effect 

of participant. Random effects are not directly estimated for each patient, but instead are 

summarised according to their estimated variances and covariances. The model considered 

HbA1c as outcome, conditonal on the FPG levels and the fixed effects covariates, age, sex, 

ethnicity, and adjusted for diabetic status at the time of the test. 
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The linear plots and regression models were implemented seperately for participants 

without diagnosed diabetes by restricting FPG ≤ 7·5 mmol/L and to participants with known 

DM and 5 ≤ FPG ≤14 mmol/L, which represent the most plausible clinical monitoring ranges. 

The mediating impact of anaemia 

Since CKD significantly modified the HbA1c-FPG relationship, the impact of both definition 

methods for anaemia (aetiologies) and severity (WHO definition) were included one by one 

as independent variables and compared to a model not including anaemia. Patients 

classified in CKD stage 1 and without anaemia were used as a reference group. 

Sensitivity analysis 

To confirm the validity of the findings and account for any measurement noise in the FPG 

variable, an inverse regression was performed. The inverse regression used the FPG as 

the response variable, and the interaction of HbA1c and CKD stages, including the 

confounders, as the independent predictors. Results indicated whether any flattening lines 

in the different CKD stages, arise as a consequence of regression dilution, also known as 

regression attenuation. Regression dilution, is the biasing of the regression slope towards 

zero, caused by measurement errors in the predictive variable (485). This is the more 

appropriate analysis if the aim is to predict a glycaemia value from an HbA1c measurement. 

Finally, to visually assess the relationship of HbA1c and FPG assuming that both markers 

are measured with error, a Deming regression assuming constant errors of the two 

variables, and a Deming regression accounting for explicit error of both FPG and HbA1c, 

were plotted against the simple linear fitted line. The R package “deming” (v 1.4, Terry 

Therneau, 2018) was used for the regressions’ comparison. 

3.2.4.1. Summary steps of the statistical analysis: 

Step 1: Linear mixed effects model with age, sex, ethnicity, and diabetic status as covariates 

and with or without anaemia variable. 

Linear mixed models with random effect are appropriate in cases where within-subject effect 

needs to be accounted. A model with anaemia variable as confounder can show whether 

anaemia has an impact on the predicted variable if compared with a model without anaemia 

as a confounder. 

Step 2: Inverse and Deming regression 

An inverse regression is used when measurement noise is suspected in the explanatory 

variable, while a Deming regression is used when is unknown whether both the explanatory 

and/or predictive variables are subject to measurement error.  
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Missing data 

This study consists of a complete-case analysis since occasions where value of the tests 

was unavailable or appeared unreliable were dropped. In CPRD and other primary care 

databases is common to have missing values due to omission of tests if found unnecessary 

by the clinicians, failure of the patient to attend, or negation to perform it (486). Certainly, 

there are cases where missing is not at random, and appropriate statistical techniques exist 

to deal with it in order to avoid invalid conclusions. In this study, a missing value of the 

laboratory results was assumed to be random, and unlikely to be related to its value. Also, 

the clinical codes for occasions where values were missing or were zero did not suggest 

any specific pattern for missing-ness after being observed. Out of the 1 406 479 occasions 

of tests (all 4), there were approximately 3 580 (0·25%) test values where data were zero 

and 115 714 (8·23%) where data were missing. These numbers correspond to a sample 

with paired tests after 01 January 2006 that fulfil the CPRD’s quality criteria, but before 

implementing the exclusion criteria. The exclusion of these occasions did not substantially 

affect the power of the study. In the final sample, missing data were only observed in 

ethnicity records, but these subjects were grouped separately, and their effect was 

considered. 

The content and reporting of this study has been structured according to all the 22 checklist 

items proposed in the STrengthening the Reporting of OBservational studies in 

Epidemiology (STROBE) statement. 
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3.3. Results 
3.3.1. Sample size 

Overall, from the CPRD – July 2017 version, an initial sample of 199 424 participants with 

590 497 occasions of the HbA1c, FPG, Hb, and Scr within the same test date at any time 

period was identified. Then, the removal of duplicate records and the inclusion of only CPRD 

high-quality subjects, reduced the sample to 196 821 individuals. Further, the application of 

the inclusion criteria, and especially the inclusion of only high-quality participants and 

observations in a good quality research period, reduced the sample size by 39 119 

participants. After applying the exclusion criteria, an extra 11 531 participants were removed 

from the sample, leaving the cohort with 259 331 occasions of all the 4 tests between 

January 1, 2006 and July 31, 2017. The additional removal of patients with ethnicity not 

recorded or ambiguously recorded and occasions of tests with improbable HbA1c and Scr 

values led to the a sample of 146 127 participants and 259 266 occasions. 

In the first summary results, there were 2 264 occasions with very low FPG (< 3·8 mmol/L), 

but very high HbA1c (≥ 48·63 mmol/mol, 7 %). This result could be due to several reasons. 

Firstly, it is possible that the patient might have taken a glucose lowering medication very 

close to the time of test performance, as a result the FPG to be very low, which evidently 

not to be reflected in the HbA1c results. Secondly, some values during the unit conversion 

of FPG might have been mis-interpreted or incorreclty converted from one measurement to 

another. For these reasons it was decided to drop these occasions, and also remove 

infrequent occasions (70) where FPG ≥ 30 mmol/mol. For these reasons a further 2 334 

occasions and 1 070 subjects were removed from the sample. 

Occasions (111) for which a record of Kidney transplantation has been identified before the 

test’s date were removed from the main analysis. Thus, 145 057 subjects were included for 

the primary analysis, of whom 74 951 (52%) were males and 70 106 (48%) were females. 

In total 256 817 occasions of the four tests that occurred in the same day were analysed, 

150 441 (59%) of which occurred in the years after 2012. This was expected as HbA1c was 

also introduced as a diagnostic test in clinical practice in July 2012 as proposed by the UK 

Department of Health Advisory Committee on Diabetes (165) and recommended by NICE 

(487). 

 

3.3.2. Participant characteristics 

The demographic and clinical characteristics of the study sample are summarised in Table 

3.1. Results from analysis in the main document will be reported using the CKD-EPI 
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equation, since it is currently used in clinical practice (487). All the results using the MDRD 

equation are presented in Appendix B, Results, p. 140-162. 

Overall, 75·42% of the patients that have been analysed are registered in General 

Practices, that are located in Wales, in the Northwest, in London, or in the South & Central 

regions of the UK. Patients registered in practices from Scotland, East Midlands, Northern 

Ireland, North & East areas, and York & the Humber represent less than the 2% of the total 

sample population. 

Ethnicity data were not systematically reported. Patients’ ethnicity was only available for 

79 289 (55%) participants, of whom 39 908 (50%) were white, 21 991 (28%) had a mixed 

race, 8 289 (10%) were Asian, 3 326 (4%) were black, and 0·47% were Chinese. For 7% 

ethnicity was not recorded or recorded as “other”. 

Almost 40% of the sample population had only one occasion with all four tests on the same 

day in their record, 16% had 2, 30% had between 3 - 10 occasions and nearly 5% had 

between 11 and 35, which was the maximum number seen. 

The mean and median age of all the patients at the time of the test, (including all the 

separate occasions), was 62·78 years (SD 14·62) or 64 [IQR 53-74]. Most of the tests, 

81·60%, were conducted in patients over 50 years, with those being in the age group 

between 60 - 69 years to have the most occasions (67 568) recorded in the entire sample. 

In total, 18% (47 358 occasions) of the total sample had CKD (eGFR < 60 ml/min/1.73m2). 

Specifically, 12% (30 510) was in CKD stage 3a, 5% (13 008) in CKD stage 3b, 1·33% 

(3 424) in stage 4 and 0·16 % (416) in stage 5 including non-dialysis and all type of dialysis 

patients. There were 318 occasions in CKD stage 5-non-dialysis, 44 in unknown dialysis, 

35 in haemodialysis, and 19 in peritoneal dialysis. Also, as expected, the majority of the 

occasions were in CKD stage1 (33%, 83 511 occasions) and 2 (49%, 125 122 occasions). 

Only 0·29% (746) of the occasions were identified in the hyper-filtration stage after using 

the CKD-EPI formula. Correspondingly, the distribution of occasions using the MDRD 

formula, despite similar with the previous results, showed some presumed variations. In 

particular, 1% (2 828 occasions) were identified in hyper-filtration stage, 24% (59 726) in 

CKD stage 1 and 56% (142 527) in stage 2. 

86% (221 495 occasions) out of all the sample occasions, were free of anaemia based on 

the WHO classification. Approximately, 10% (26 859) had a mild anaemia status, 3% were 

moderate, and only 0·11% (290) were severe. Based on definition 1, 9% (23 567) of the 

occasions were classified as non-iron deficient and 5% (11 755) as iron deficient. For 

definition 2, samples with complete data of RBC count and MCV, MCH, and MCHC levels 
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were required, therefore the sample size was reduced to 138 515 occasions and 83 506 

participants. In this subgroup, in 16 529 (12%) of occasions non-IDA was present with IDA 

in 3 807 (3%). Most occasions, 67 667, were free from anaemia (49%). 

Based on the definition that was used for classification of the occasions by diabetes status 

(Methods Section 3.2.3., p. 143), it was found that for 61% (156 916) of the occasions were 

in a diabetic state, 6% (14 831) had NDH, and 33% (85 070) had absence of clinical 

diabetes diagnosis and glucose lowering medication records. In those occasions that were 

identified as having DM, it was observed that 10% (16 285) had an HbA1c < 42 mmol/mol 

(6·0%) and 69% (108 868) an HbA1c ≥ 48 mmol/mol (6·5%). 

The number of observations with CKD was higher in females than males, whereas men had 

more individual tests in the CKD stages 1 and 2. CKD stage 2 and higher is associated with 

higher age (p < 0·0001) compared to CKD stage 1 or hyper-filtration, while higher HbA1c 

and FPG values are observed in higher CKD stages compared to those with CKD stage 1, 

except for CKD stage 2. 

For both anaemia definitions, biochemical/clinical and biochemical alone, the frequency of 

anaemia increased as CKD stage was increasing. Non-IDA was more frequent in CKD 

stage 4 and 5 compared to IDA. In particular, for definition 1, non-IDA counted for 42% and 

49% for those occasions in CKD stages 4 and 5, while IDA was estimated to be 19% and 

24% respectively. However, for the sub-group using the biochemical definition, non-IDA 

frequency was higher for the respective CKD stages (56% & 68%), while IDA was lower 5% 

& 4%. Only 21% (8%-sub-group) of those with ESRD were in a healthy anaemia-related 

profile, compared to 86% (55%-sub-group) of those in CKD stage 1 using both definitions. 

Also, a gradually lowering Hb is observed for each CKD stage with eGFR < 90 

mL/min/1·73m2. 

The proportion of occasions without diabetes decreases as CKD stage gets higher (CKD 

stage 2: 32%, CKD stage 5: 0·07%), and inversely increases for participants with DM (CKD 

stage 2: 61%, CKD stage 5: 83%) occasions). For those with NDH, frequency of occasions 

slightly increases from CKD stage 1 to CKD stage 2 (5% to 7%), and starts falling from CKD 

stage 3a to CKD stage 5 (6% to 2%). 
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Variables/CKD stages Total  
(n = 256 817) 

Hyper-filtration  
(n = 746) 

G1  
(n = 83 591) 

G2  
(n = 125 122) 

G3a  
(n = 30 510) 

G3b  
(n = 13 008) 

G4  
(n = 3 424) 

G5 all 
(n = 416) 

Age {years, median [iqr] & 
mean (sd)} 

64·00 [21·00] 
62·78 (14·62) 

27·00 [14·00] 
29·18 (10·11) 

52·00 [17·00] 
50·94 (12·11) 

67·00 [15·00] 
65·94 (11·53) 

75·00 [12·00] 
74·59 (9·06) 

79·00 [11·00] 
78·23 (8·78) 

80·00 [12·00] 
78·91 (9·57) 

74·00 [15·50] 
72·86 (11·95) 

Gender {n, (%) male} 138 311 (53·86) 337 (45·17) 46 416 (55·53) 68 516 (54·76) 15 183 (49·76) 6 055 (46·55) 1 573 (45·94) 231 (55·53) 
Biomarkers {mean (sd)} 
FPG (mmol/L) 7·08 (2·85) 7·04 (4·05) 7·12 (3·16) 7·01 (2·65) 7·14 (2·62) 7·32 (2·90) 7·51 (3·34) 7·27 (3·25) 
Hb (g/L) 139·25 (15·19) 137·98 (16·93) 141·94 (14·39) 140·42 (14·25) 134·59 (15·49) 127·47 (16·08) 120·35 (15·44) 114·49 (16·20) 
Scr (μmol/)L 84·36 (29·77) 52·76 (11·61) 67·42 (10·65) 82·01 (13·12) 103·63 (14·94) 132·19 (21·59) 192·22 (40·16) 451·78 (193·42) 
eGFR (CKD-EPI) 79·22 (21·02) 136·37 (7·64) 101·16 (8·57) 76·44 (8·49) 53·43 (4·25) 38·69 (4·23) 24·83 (3·88) 10·76 (3·87) 
eGFR (MDRD) 76·70 (21·32) 156·42 (51·57) 97·82 (13·49) 73·29 (8·90) 53·21 (4·24) 39·64 (4·29) 26·04 (4·05) 8711·51 (4·11) 
HbA1c (%) 6·75 (1·52) 6·73 (2·37) 6·77 (1·76) 6·69 (1·39) 6·82 (1·32) 6·99 (1·41) 7·16 (1·60) 6·89 (1·57) 
HbA1c (mmol/mol) 50·29 (16·67) 49·99 (25·89) 50·44 (19·25) 49·63 (15·24) 51·01 (14·41) 52·87 (15·36) 54·79 (17·52) 51·82 (17·12) 
Ethnic groups {n %, HbA1c (mmol/mol) mean (sd)} 
White 69 909 (27·22) 

49.04 (16.26) 
127 (17·02) 

50.61 (26.80) 
21 593 (25·83) 
49.00 (19.04) 

34 682 (27·72) 
48.35 (14.80) 

8 732 (28·62) 
50.10 (14.05) 

3 718 (28·58) 
52.00 (15.39) 

943 (27·54) 
53.29 (16.55) 

114 (27·40) 
50.86 (16.88) 

Mixed 36 415 (14·18) 
49·82 (16·73) 

96 (12·87) 
53·53 (27·61) 

11 390 (13·63) 
49·43 (19·43) 

17 811 (14·23) 
49·44 (15·49) 

4 556 (14·93) 
50·63 (14·38) 

1 957 (15·04) 
51·94 (14·26) 

552 (16·12) 
54·73 (16·97) 

53 (12·74) 
54·21 (19·98) 

Asian 14 021 (5·46) 
51·20 (17·29) 

72 (9·65) 
44·64 (21·60) 

7 302 (8·74) 
50·13 (18·11) 

5 376 (4·30) 
51·50 (15·86) 

832 (2·73) 
55·38 (15·46) 

302 (2·32) 
57·83 (18·73) 

114 (3·33) 
60·38 (21·65) 

23 (5·53) 
54·44 (17·3 9) 

Black 4 811 (1·87) 
49·82 (19·61) 

210 (28·15) 
47·17 (22·34) 

2 460 (2·94) 
49·43 (19·87) 

1 784 (1·43) 
49·70 (18·79) 

229 (0·75) 
53·85 (19·84) 

93 (0·71) 
54·25 (17·26) 

24 (0·70) 
61·98 (22·84) 

11 (2·64) 
57·60 (21·33) 

Chinese 602 (0·23) 
48·30 (15·28) 

3 (0·40) 
92·38 (20·26) 

327 (0·39) 
47·23 (15·72) 

236 (0·19) 
48·58 (13·43) 

26 (0·09) 
55·38 (17·74) 

6 (0·05) 
45·65 (1·59) 

1 (0·03) 
54·10 (-) 

3 (0·72) 
39·85 (8·69) 

Other 577 (0·22) 
49·04 (16·08) 

9 (1·21) 
41·96 (20·80) 

348 (0·42) 
49·26 (16·94) 

192 (0·15) 
48·66 (13·93) 

22 (0·07) 
49·85 (17·22) 

6 (0·05) 
56·05 (18·85) 

0 (0·00) 
- 

0 (0·00) 
- 

Unknown 130 482 (50·81) 
51·04 (16·64) 

229 (30·70) 
52·19 (28·31) 

40 171 (48·06) 
51·66 (19·44) 

65 041 (51·98) 
50·21 (15·21) 

16 113 (52·81) 
51·35 (14·41) 

6 926 (53·24) 
53·37 (15·40) 

1 790 (52·28) 
55·15 (17·71) 

212 (50·96) 
51·32 (16·28) 

Diabetes status {n %, HbA1c (mmol/mol) mean (sd)} 
Healthy 85 070 (33·12) 

38·13 (5·50) 
452 (60·59) 
34·71 (6·29) 

35 364 (42·31) 
37·13 (5·74) 

40 333 (32·23) 
38·63 (5·12) 

6 383 (20·92) 
39.85 (5.21) 

2 049 (15·75) 
40·47 (5·56) 

427 (12·47) 
40·76 (4·94) 

62 (14·90) 
37·37 (6·73) 
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Variables/CKD stages Total  
(n = 256 817) 

Hyper-filtration 
(n = 746) 

G1  
(n = 83 591) 

G2  
(n = 125 122) 

G3a  
(n = 30 510) 

G3b  
(n = 13 008) 

G4  
(n = 3 424) 

G5 all 
(n = 416) 

NDH-pre-diabetes 14 831 (5·77) 
43·37 (6·73) 

15 (2·01) 
45·71 (11·45) 

3 896 (4·66) 
43·57 (8·17) 

8 368 (6·69) 
43·21 (6·10) 

1 844 (6·04) 
43.41 (6.24) 

584 (4·49) 
43·92 (5·93) 

117 (3·42) 
45·23 (6·49) 

7 (1·68) 
38·17 (4·96) 

Diabetes mellitus 156 916 (61·10) 
57·54 (17·23) 

279 (37·40) 
74·97 (26·81) 

44 331 (53·03) 
61·66 (19·88) 

76 421 (61·08) 
56·13 (15·87) 

22 283 (73·04) 
54.84 (14.78) 

10 375 (79·76) 
55·83 (15·63) 

2 880 (84·11) 
57·26 (17·90) 

347 (83·41) 
54·67 (17·14) 

Anaemia status Definition 1 (Combination of biochemical and clinical profile) {n %, HbA1c (mmol/mol) mean (sd)} 
Healthy 206 658 (80·47) 

50·02 (17·00) 
603 (80·83) 

51·91 (27·47) 
72 272 (86·46) 
50·56 (19·62) 

104 583 (83·58) 
49·33 (15·40) 

21 344 (69·96) 
50·45 (14·46) 

6 642 (51·06) 
52·47 (15·43) 

1 127 (32·91) 
54·96 (18·36) 

87 (20·91) 
52·90 (19·74) 

non-IDA 23 567 (9·18) 
52·12 (15·03) 

54 (7·24) 
41·99 (18·68) 

4 052 (4·85) 
50·71 (16·67) 

9 261 (7·40) 
51·90 (14·27) 

4 965 (16·27) 
52·47 (14·08) 

3 606 (27·72) 
53·12 (15·24) 

1 425 (41·62) 
54·42 (16·56) 

204 (49·04) 
50·78 (16·70) 

IDA 11 755 (4·58) 
51·61 (14·71) 

57 (7·64) 
43·62 (14·03) 

2 554 (3·06) 
49·77 (15·96) 

4 426 (3·54) 
51·39 (13·65) 

2 199 (7·21) 
52·63 (14·17) 

1 764 (13·56) 
52·78 (14·60) 

656 (19·16) 
54·29 (17·22) 

99 (23·80) 
52·64 (15·94) 

Other non-anaemia 14 837 (5·78) 
50·22 (15·75) 

32 (4·29) 
38·69 (10·77) 

4 713 (5·64) 
48·73 (17·01) 

6 852 (5·48) 
49·96 (14·67) 

2 002 (6·56) 
51·66 (14·61) 

996 (7·66) 
54·80 (16·51) 

216 (6·31) 
57·84 (19·74) 

26 (6·25) 
53·22 (15·69) 

Anaemia status Definition 2 (Biochemical profile at the time of the test) Total participants = 83 506, Occasions n = 138 515 
Variables/CKD stages n = 138 515 n = 431 n = 45 337 n = 66 593 n = 16 882 n = 7 138 n = 1 913 n =221 
Healthy 
(n %, mmol/mol) 

67 667 (48·85) 
50·53 (17·74) 

232 (53·83) 
51·31 (26·50) 

24 818 (54·74) 
50·99 (20·11) 

34 011 (51·07) 
49·84 (16·21) 

6 482 (38·40) 
51·25 (15·24) 

1 832 (25·67) 
53·84 (16·77) 

275 (14·38) 
54·65 (17·36) 

17 (7·69) 
56·58 (22·16) 

non-IDA 
(n %, mmol/mol) 

16 529 (11·93) 
51·77 (14·77) 

40 (9·28) 
43·95 (15·99) 

2 750 (6·07) 
50·05 (16·00) 

6 299 (9·46) 
51·50 (14·10) 

3 546 (21·00) 
52·12 (13·87) 

2 675 (37·48) 
53·03 (15·21) 

1 069 (55·88) 
53·91 (16·28) 

150 (67·87) 
50·86 (15·62) 

IDA 
(n %, mmol/mol) 

3 807 (2·75) 
53·47 (16·41) 

27 (6·26) 
47·18 (15·48) 

1 186 (2·62) 
51·73 (17·49) 

1 524 (2·29) 
53·48 (15·58) 

622 (3·68) 
55·48 (15·52) 

344 (4·82) 
55·16 (15·69) 

96 (5·02) 
58·12 (20·65) 

8 (3·62) 
45·88 (15·23) 

Other non-anaemia 50 181 (36·23) 
49·63 (15·94) 

132 (30·63) 
49·18 (25·96) 

16 477 (36·34) 
49·40 (18·17) 

24 585 (36·92) 
49·23 (14·77) 

6 199 (36·72) 
50·45 (13·91) 

2 272 (31·83) 
52·43 (14·59) 

470 (24·57) 
54·46 (17·10) 

46 (20·81) 
49·95 (13·89) 

Erythrocytocis 331 (0·24) 
58·86 (27·02) 

0 (0·00) 
- 

106 (0·23) 
61·62 (27·72) 

174 (0·26) 
58·79 (27·45) 

33 (0·20) 
49·55 (14·58) 

15 (0·21) 
53·57 (23·50) 

3 (0·16) 
93·99 (61·20) 

0 (0·00) 
- 

Table 3. 1 Sample characteristics by CKD stage using the CKD-EPI equation 
Counts refer to number of individual tests and not number of participants. For all the counts, percentages are estimated to the column count. Data for age at test are presented as median (IQR) 
and mean (SD). Data for all biomarkers are presented as mean (SD). CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, MDRD Modification of Diet in Renal Disease, CKD chronic 
kidney disease, NDH non-diabetic hyperglycaemia, non-IDA non-iron deficiency anaemia, IDA iron deficiency anaemia, HbA1c glycated haemoglobin, FPG fasting plasma glucose, Hb haemoglobin, 
Scr serum creatinine, eGFR estimated glomerular filtration rate measured in mL/min/1·73m2  
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3.3.3. Impact of CKD on HbA1c 

First, to visually examine whether CKD modifies the HbA1c-FPG relationship, we plotted 

the association between HbA1c and FPG for each CKD stage using median-spline plots for 

the total sample. Cross medians were calculated using 3 bands (cross-median knots) by 

visual inspection to smooth the plot, meaning that the x axis was divided into 3 equal-width 

intervals and then the median of y and the median of x were calculated in each interval. 

3.3.3.1. Splines – HbA1c/FPG relationship for each CKD stage 

Figure 3.1 shows the relationship between HbA1c and FPG stratified by CKD stages. The 

relationship appears to be linear to start, with no obvious difference between stages. At 

higher FPG levels, FPG > 9 mmol/L, there is some gradient, such that those in dialysis or 

moderate or severe CKD stages have lower HbA1c levels conditional on their FPG than 

those with no or mild CKD. 

Figure 3. 1 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in different CKD stages using the 
CKD-EPI formula. Stage 5 CKD represents observations not in dialysis, while stage 5* CKD includes all 
dialysis observations (unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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3.3.3.2. Splines - HbA1c/FPG relationship for each CKD stage in patients without diagnosed diabetes, NDH and diagnosed DM 

 

The relationship of HbA1c and FPG 

in different CKD stages was also 

stratified by the diabetic status at 

which each observation was 

recorded. 

As observed, in Figure 3.2, also 

using spline plots, due to the low 

number of observations in CKD 

stages 4 and 5 for the not known DM 

strata, inferences are impossible. 

The relationship for those without 

diagnosed diabetes or NDH appears 

to have obvious difference between 

CKD stages when FPG > 8 mmol/L, 

except for those occasions being in 

hyper-filtration stage, for which there 

is some positive gradient starting 

when FPG > 5·5 mmol/L. 

 
Figure 3. 2 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in different CKD stages using the CKD-EPI formula 
and stratified by diabetic status. Stage 5 CKD represents observations in all type of dialysis and not on dialysis together. 
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3.3.4. HbA1c & FPG relationship 

The spline plots suggest that as eGFR decreases (CKD stage increases), the slope of the 

relationship between HbA1c and FPG is consistently shallower, but only when FPG is at 

least 8·5 mmol/L or higher. The pivot point appeared to be very close to the mean of the 

sample, suggesting that this might be due to regression to the mean, and the tendency of 

variables with extreme values to move closer to the mean when repeated/in subsequent 

measurements (488, 489). Hence, it was decided to conduct separate analyses for those 

participants with FPG ≤ 7·5 mmol/L and 5 ≤ FPG ≤ 14 mmol/L. 

3.3.4.1. Relationship between HbA1c & FPG in participants without diagnosed DM and 
FPG≤7·5 mmol/L (Graph)  

The figures (See Figure 3.3, 3.4) show that the paired FPG against the HbA1c values in 

patients without diagnosed diabetes and FPG ≤ 7·5 mmol/L. Since there were observations 

with FPG ≥ 7 mmol/L, which possibly indicated undiagnosed or non-confirmed DM or 

unrecorded DM, observations were restricted only to those where FPG ≤ 7·5 mmol/L. Figure 

3.3 includes observations in CKD 5, either on dialysis or not, while in Figure 3.4 these 

observations were omitted, due to low numbers (only 8 occasions in those stages). Hence, 

for the participants without diagnosed DM, but having severe kidney failure, inferences were 

not made. 

Figure 3. 3 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in participants without diagnosed 
DM and FPG ≤ 7·5 mmol/L in different CKD stages using the CKD-EPI formula and a linear plot. 
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A positive linear relationship between HbA1c and FPG was observed for both CKD and 

non-CKD patients. The intercept varied depending on CKD stage and levels of glycaemia 

especially for CKD stages 3 and 4 (moderate kidney damage). In other words, the 

regression lines show that increases in FPG (from 3·8 - 7.5 mmol) are accompanied by 

corresponding increases in HbA1c in a consistent manner for patients with CKD 1-3b. 

However, the HbA1c did not go up by the same extent in patients with more severe CKD. 

There was a more gradual slope of rising HbA1c that accompanied the higher FPG. This 

indicates that severe CKD may be associated with a relatively higher HbA1c than those with 

milder CKD despite the FPGs being similar in the severe and the milder CKD groups. At the 

FPG diagnostic point, 7 mmol/L, HbA1c is only lower for the occasions in which are in the 

hyper-filtration stage when compared with CKD stage 1.  

Figure 3. 4 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in participants without diagnosed 
DM and FPG ≤ 7·5 mmol/L in different CKD stages using the CKD-EPI formula and a linear plot. CKD 
stage 5 observations have not been included 
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3.3.4.1.1. Mixed effects model 

A linear mixed model was estimated in order to account for potential bias from repeated 

measures. Results showed that conditional on the fixed-effects covariates, (age, sex, 

ethnicity, and diabetic status) repeated observations are moderately correlated within the 

same subject, conditional on their FPG levels and covariates. The participants random 

effects compose approximately 62·36% of the total residual variance, indicating that some 

individuals have consistently higher HbA1c compared to their FPG levels. The variation 

between patients conditional on FPG has a standard deviation of 5·22, while the variation 

between observation within the same patient has a standard deviation of 4·06, indicating 

how much HbA1c can change from patient to patient, and from one test to another 

respectively (See Table 3.2). 

Overall, the regression showed that CKD stages 2, 3a, 3b, and 4 in subjects with FPG ≤ 7·5 

mmol/mol are associated with higher estimates of HbA1c, than those in stage 1, which are 

gradually decreasing with increasing FPG (p < 0·01), while hyper-filtration status is 

associated with lower estimates of HbA1c, which is gradually increasing with increasing 

FPG (p < 0·01). On the contrary, the impact of ESRD (dialysis and non-dialysis) on HbA1c 

was not significant.  
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Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 3.812 0.056** 67.67 3.702 - 3.923 <0.01 
Hyper-filtration -6.870 1.643** -4.18 -10.090 - -3.649 <0.01 
G2 1.570 0.239** 6.58 1.102 - 2.037 <0.01 
G3a 2.166 0.369** 5.87 1.442 - 2.889 <0.01 
G3b 3.423 0.493** 6.94 2.457 - 4.390 <0.01 
G4 4.356 0.819** 5.32 2.751 - 5.962 <0.01 
G5 (non-dialysis) 1.331 2.279 0.58 -3.136 - 5.799 0.56 
G5 (all-dialysis) -0.013 4.016 -0.00 -7.884 - 7.858 1.00 
Female -0.462 0.196* -2.35 -0.846 - -0.077 0.02 
50-59 years 4.917 0.315** 15.62 4.300 - 5.534 <0.01 
60-69 years 7.210 0.318** 22.64 6.586 - 7.834 <0.01 
70-79 years 8.509 0.352** 24.16 7.819 - 9.200 <0.01 
Over 80 years 8.776 0.417** 21.03 7.958 - 9.594 <0.01 
Black 2.794 0.709** 3.94 1.404 - 4.184 <0.01 
Mixed 0.504 0.315 1.60 -0.114 - 1.122 0.11 
Chinese 5.888 1.820** 3.23 2.321 - 9.455 <0.01 
Asian -0.858 0.456 -1.88 -1.752 - 0.036 0.06 
Other -1.028 1.901 -0.54 -4.754 - 2.698 0.59 
Unknown/missing 0.364 0.232 1.57 -0.090 - 0.818 0.12 
Hyper-filtration*FPG 1.217 0.318** 3.82 0.593 - 1.841 <0.01 
G2*FPG -0.275 0.042** -6.62 -0.356 - -0.193 <0.01 
G3a*FPG -0.318 0.062** -5.09 -0.441 - -0.196 <0.01 
G3b*FPG -0.384 0.083** -4.62 -0.547 - -0.221 <0.01 
G4*FPG -0.459 0.139** -3.29 -0.732 - -0.186 <0.01 
G5 (non-dialysis) *FPG -0.233 0.399 -0.58 -1.016 - 0.549 0.56 
G5 (all-dialysis) *FPG -0.056 0.717 -0.08 -1.460 - 1.349 0.94 
Female*FPG 0.070 0.035* 2.03 0.002 - 0.138 0.04 
50-59 years*FPG -0.747 0.057** -13.11 -0.859 - -0.635 <0.01 
60-69years*FPG -1.102 0.057** -19.27 -1.214 - -0.990 <0.01 
70-79years*FPG -1.319 0.063** -21.10 -1.441 - -1.196 <0.01 
Over 80 years*FPG -1.380 0.073** -18.85 -1.524 - -1.237 <0.01 
Black*FPG -0.149 0.129 -1.15 -0.402 - 0.105 0.25 
Mixed*FPG -0.065 0.056 -1.17 -0.174 - 0.044 0.24 
Chinese*FPG -0.765 0.327* -2.34 -1.406 - -0.125 0.02 
Asian*FPG 0.600 0.081** 7.44 0.442 - 0.758 <0.01 
Other*FPG 0.364 0.342 1.06 -0.307 - 1.034 0.29 
Unknown/missing*FPG 0.018 0.041 0.45 -0.062 - 0.098 0.65 
NDH 2.180 0.066** 32.84 2.050 - 2.310 <0.01 
Diabetes mellitus 7.714 0.045** 172.39 7.626 - 7.802 <0.01 
_cons 16.910 0.306** 55.19 16.309 - 17.510 <0.01 
Var(_cons) 27.283 0.173  26.944 - 27.626  
Var(residual) 16.470 0.089  16.295 - 16.648  

* p<0.05; ** p<0.01  
Table 3. 2 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model restricted to FPG≤7·5mmol/L with the interaction of FPG with CKD stage, 
gender, age and ethnicity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and FPG, 
NDH non-diabetic hyperglycaemia 
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3.3.4.2. Relationship between HbA1c & FPG in participants with known DM and 
5 ≤ FPG ≤ 14 mmol/L (Graph) 

The following figure (See Figure 3.5) depicts the relationship of HbA1c and FPG in different 

CKD stages in participants with known DM. Observations were restricted between the most 

plausible clinical monitoring ranges, 5 ≤ FPG ≤ 14 mmol/L. 

In the linear plot, it is observed that between 5 ≤ FPG ≤ 8·5 mmol/L, there is no obvious 

impact of CKD on HbA1c, unless the participant is in the hyper-filtration stage in which case 

HbA1c is high compared to CKD stage 1. It appears that for those occasions a higher HbA1c 

is present in the whole spectrum of glycaemia. However, the HbA1c did not go up by the 

same extent in patients with more severe CKD when FPG > 8·5 mmol/L compared to CKD 

stage 1, indicating that that moderate and severe CKD may be associated with a relatively 

lower HbA1c than those that are CKD-free despite the FPGs being similar.  

Figure 3. 5 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in patients with known DM and 
5 ≤ FPG ≤ 14 mmol/L in different CKD stages using the CKD-EPI formula and a linear plot. 



Chapter 3, Results 

159 
 

3.3.4.2.1. Mixed effects model 

A linear mixed model was estimated in order to account for potential bias from repeated 

measures. Results showed that conditional on the fixed-effects covariates, repeated 

observations are poorly correlated within the same subject. The participants’ random effects 

compose approximately 49·78% of the total residual variance. The variation between 

patients conditional on FPG has a standard deviation of 6·06, while the variation between 

observation within the same patient has a standard deviation of 6·02 (See Table 3.3). 

Overall, the regression showed that CKD stages 2 and higher in subjects with 5 ≤ FPG ≤ 14 

mmol/L are associated with lower estimates of HbA1c when FPG is close to 8 mmol/L or 

higher. For stage 5, underestimation of HbA1c is apparent, but with small clinical relevance 

since patients with CKD 5 are not regularly monitored in primary care. The difference of 

predicted HbA1c measurements compared to stage 1 becomes more apparent with 

increasing FPG (p < 0·02). Hyper-filtration status is associated with higher estimates of 

HbA1c, which are largely increasing with increasing FPG (β = 0·91, p < 0·01).   
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Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 4.910 0.030** 161.92 4.851 - 4.970 <0.01 
Hyper-filtration -4.429 1.331** -3.33 -7.037 - -1.821 <0.01 
G2 2.159 0.175** 12.33 1.816 - 2.503 <0.01 
G3a 3.378 0.271** 12.47 2.847 - 3.909 <0.01 
G3b 4.648 0.359** 12.94 3.944 - 5.352 <0.01 
G4 6.556 0.592** 11.08 5.397 - 7.716 <0.01 
G5 (non-dialysis) 6.132 2.029** 3.02 2.156 - 10.108 <0.01 
G5 (all-dialysis) 6.435 3.704 1.74 -0.824 - 13.694 0.08 
Female 0.485 0.147** 3.30 0.197 - 0.773 <0.01 
50-59 years 1.003 0.224** 4.48 0.565 - 1.442 <0.01 
60-69 years 3.275 0.230** 14.23 2.824 - 3.726 <0.01 
70-79 years 4.860 0.261** 18.63 4.348 - 5.371 <0.01 
Over 80 years 5.160 0.319** 16.17 4.534 - 5.785 <0.01 
Black -1.077 0.570 -1.89 -2.195 - 0.041 0.06 
Mixed -0.443 0.238 -1.86 -0.910 - 0.024 0.06 
Chinese -0.078 1.576 -0.05 -3.166 - 3.011 0.96 
Asian 1.882 0.347** 5.43 1.202 - 2.561 <0.01 
Other 3.384 1.567* 2.16 0.314 - 6.455 0.03 
Unknown/missing 0.455 0.172** 2.64 0.118 - 0.792 0.01 
Hyper-filtration*FPG 0.915 0.172** 5.33 0.579 - 1.251 <0.01 
G2*FPG -0.384 0.023** -16.41 -0.430 - -0.338 <0.01 
G3a*FPG -0.534 0.036** -14.68 -0.605 - -0.463 <0.01 
G3b*FPG -0.611 0.048** -12.84 -0.704 - -0.518 <0.01 
G4*FPG -0.790 0.077** -10.23 -0.941 - -0.639 <0.01 
G5 (non-dialysis) *FPG -0.986 0.269** -3.67 -1.513 - -0.460 <0.01 
G5 (all-dialysis) *FPG -1.134 0.475* -2.39 -2.064 - -0.203 0.02 
Female*FPG -0.062 0.020** -3.09 -0.102 - -0.023 <0.01 
50-59 years*FPG -0.123 0.030** -4.12 -0.182 - -0.065 <0.01 
60-69years*FPG -0.501 0.031** -16.12 -0.562 - -0.440 <0.01 
70-79years*FPG -0.752 0.035** -21.22 -0.822 - -0.683 <0.01 
Over 80 years*FPG -0.820 0.044** -18.72 -0.906 - -0.734 <0.01 
Black*FPG 0.522 0.081** 6.46 0.364 - 0.680 <0.01 
Mixed*FPG 0.081 0.033* 2.48 0.017 - 0.145 0.01 
Chinese*FPG 0.306 0.230 1.33 -0.145 - 0.757 0.18 
Asian*FPG 0.149 0.048** 3.10 0.055 - 0.243 <0.01 
Other*FPG -0.401 0.217 -1.85 -0.826 - 0.024 0.06 
Unknown/missing*FPG -0.011 0.024 -0.46 -0.057 - 0.035 0.65 
NDH -7.017 0.057** -122.55 -7.129 - -6.905 <0.01 
Diabetes mellitus -5.581 0.085** -65.45 -5.748 - -5.414 <0.01 
_cons 18.080 0.230** 78.54 17.629 - 18.531 <0.01 
Var(_cons) 36.749 0.279  36.207 - 37.300  
Var(residual) 37.069 0.164  36.749 - 37.391  

* p<0.05; ** p<0.01  
Table 3. 3 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model restricted to 5 ≤ FPG ≤14 mmol/L with the interaction of FPG with CKD stage, 
gender, age and ethnicity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and FPG, 
NDH non-diabetic hyperglycaemia 
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3.3.5. Impact of anaemia severity and aetiology on HbA1c at each CKD stage 

To visually examine whether anaemia severity or aetiology modifies the HbA1c-FPG 

relationship, we plotted the association between HbA1c and FPG for each anaemia 

category using median-spline plots for the total sample (256 817 occasions), unless plotting 

for anaemia aetiology using solely the FBC indices for which 138 515 occasions were 

included. Cross medians were calculated using 3 bands (cross-median knots) to avoid 

spurious associations, meaning that the x axis was divided into 3 equal-width intervals and 

then the median of y and the median of x were calculated in each interval. 

3.3.5.1. Splines - HbA1c/FPG relationship by anaemia severity (WHO defintion) 

Figure 3.6 shows the relationship between HbA1c and FPG stratified by anaemia severity 

independent of kidney failure severity. There is no difference between those that are healthy 

and those with mild or moderate anaemia when FPG measurements are around 9 mmol/L. 

However, there is some negative gradient for the occasions which are in the mild or 

moderate anaemia category when FPG > 9 mmol/L, and positive when HbA1c 

(40 < HbA1c < 48 mmol/mol) (5·8 < HbA1c < 6·5%) and FPG < 9 mmol/L. Finally, a certain 

degree of underestimation of HbA1c is present for those occasions being in severe anaemia 

category in the whole spectrum of glycaemia.  

Figure 3. 6 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) stratified by severity of anaemia 
based on the WHO definition. Number of participants at each group: Healthy (221 495), mild (26 859), 
moderate (8 173), and severe anaemia (290). 
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3.3.5.2. Splines - HbA1c/FPG relationship by anaemia severity for each CKD stage 

Figure 3.7 shows the relationship between HbA1c and FPG stratified by anaemia severity 

for each CKD stage. In the mild anaemia stage, most of the occasions (16 050) are in stage 

1 and 2 of CKD, while there are 5 551 occasions in stage 3a, 3 743 in stage 3b, 1 290 in 

stage 4, and 145 in stage 5. For moderate anaemia, occasions are evenly distributed for 

CKD stages 1, 3a, and 3b, with approximately 1 500 occasions each, while there are 2 597 

occasions in stage 2, 779 in stage 4, and 149 in stage 5. Out of the 290 occasions of severe 

anaemia, only 100 are CKD-free. It is observed that CKD stages 5, including dialysis and 

non-dialysis (416 occasions), have an uncertain impact on HbA1c, especially in the severe 

anaemic group, but this is probably due to the low number of occasions (9 occasions) in 

this particular category.  

Also, it is noted that even if participants are free from anaemia, either mild or moderate, 

HbA1c is still lower for CKD stages 3b and 4 compared to CKD stages 1 and 2 when 

FPG > 9 mmol/L. Finally, a certain degree of higher HbA1c is present for those occasions 

which are in the hyper-filtration stage (746 occasions) in the whole spectrum of glycaemia 

Figure 3. 7 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in different CKD stages using the 
CKD-EPI formula and stratified by anaemia severity. Stage 5 CKD (Dialysis) includes all dialysis 
observations (unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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and independent of anaemia category. This shows that differences in HbA1c associated 

with CKD are not mediated by anaemia severity.  
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3.3.5.3. Splines - HbA1c/FPG relationship by anaemia aetiology (definiton 1) 

Figure 3.8 shows the relationship between HbA1c and FPG stratified by anaemia aetiology, 

using definition 1 (clinical), independent of kidney failure severity. There appears to be no 

relationship between HbA1c and anaemia aetiology, unless FPG measurements are over 

10 mmol/L.  

Figure 3. 8 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) stratified by aetiology of anaemia 
based on definition 1, as described in Methods section. Healthy (206 658), Non-IDA (23 567), 
IDA (11 755), and other abnormality (14 837) 
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3.3.5.4. Splines - HbA1c/FPG relationship by anaemia aetiology for each CKD stage 

Figure 3.9 shows the relationship between HbA1c and FPG stratified by anaemia subtype 

for each CKD stage. The majority of non-IDA and IDA occasions are observed in stage 2 of 

CKD with 9 261 and 4 426 occasions, respectively. For the non-IDA group there are 4 052 

occasions in stage 1, 4 965 in stage 3a, 3 606 in 3b, 1 425 in 4, and 204 in stage 5. Similarly, 

for the IDA group, there are 4 052 occasions in stage 1, 4 965 in stage 3a, 3 606 in 3b, 1 

425 in 4, and 204 in stage 5. According to the graph, kidney dysfunction, does not appear 

to have an impact on HbA1c, either in healthy or non-IDA category, unless FPG is 

approximately over 11 mmol/L. For those occasions being in the IDA category, the 

magnitude of this impact appears to be even lower as compared to the previous 

observation. Finally, HbA1c appears higher for those occasions which are in the hyper-

filtration stage across the whole spectrum of glycaemia and independent of anaemia 

category.  

Figure 3. 9 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in different CKD stages using the 
CKD-EPI formula and stratified by anaemia aetiology (definition 1). Stage 5 CKD (Dialysis) includes all 
dialysis observations (unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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3.3.5.5. Splines - HbA1c/FPG relationship by anaemia aetiology (definiton 2) 

Figure 3.10 shows the relationship between HbA1c and FPG stratified by anaemia 

aetiology, using definition 2 (based on the FBC results at the time of the test), independent 

of kidney failure severity. The relationship between HbA1c and FPG appears to have a 

negative gradient in the whole spectrum of glycaemia for those having a non-anaemic 

abnormality and a positive one for those in the erythrocytosis category compared to those 

participants that are healthy. Also, an underestimation of HbA1c is suggested when 

FPG > 8·5 mmol/L for those having non-IDA, and when FPG > 11·5 mmol/L for those having 

IDA. On the contrary, when FPG < 8·5 mmol/L or FPG < 11·5 mmol/L accordingly, a higher 

HbA1c might be possible.  

Figure 3. 10 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) stratified by severity of anaemia 
based on definition 2, as described in Methods section. Healthy (67 667), Non-IDA (16 529), IDA (3 807), 
other abnormality (50 181), and erythrocytosis (331). 
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3.3.5.6. Splines - HbA1c/FPG relationship by anaemia aetiology for each CKD stage 

Finally, Figure 3.11 shows the relationship between HbA1c and FPG stratified by anaemia 

aetiology, using solely the biochemical profile of the participants, for each CKD stage. In the 

non-IDA group, there are 2 750 CKD-free occasions, 6 299 in stage 2, 3 546 in stage 3a, 

2 675 in stage 3b, 1 069 in stage 4, and 150 in stage 5. Accordingly, in the IDA group, there 

are 1 186 CKD-free occasions, 1 524 in stage 2, 622 in 3a, 344 in 3b, 96 in 4, and only 7 in 

stage 5. It is observed that there is no obvious impact of CKD (stage 2-4) on HbA1c in either 

of the anaemia groups, unless the patient has an FPG > 9 mmol/L for those free of anaemia, 

and a FPG > 12 mmol/L for those with non-IDA or IDA anaemia.  

Figure 3. 11 Relationship between HbA1c (mmol/mol) and FPG (mmol/L) in different CKD stages using 
the CKD-EPI formula and stratified by anaemia aetiology (definition 2). Stage 5 CKD (Dialysis) includes 
all dialysis observations (unknown type of dialysis, haemodialysis, and peritoneal dialysis). 



Chapter 3, Results 

168 
 

3.3.6. HbA1c & FPG relationship including the severity and aetiology of anaemia 

3.3.6.1. Mixed effects regression model in participants with FPG < 7·5 mmol/L including 
anaemia severity as a covariate 

To test whether the impact of CKD on HbA1c is mediated by anaemia, and to estimate the 

impact of anaemia on HbA1c conditional on FPG, the mixed model developed in section 

3.3.4.2. was extended to include anaemia variables. 

Results were very similar with those found when anaemia severity was not included as a 

covariate and showed that conditional on the fixed-effects covariates (age, sex, ethnicity 

and diabetic status), repeated observations are moderately correlated within the same 

subject. The estimated model coefficients are shown in Table 3.4 and the fitted predictions 

are shown in Figure 3.12. 

Overall, severe anaemia, appeared to be associated with higher HbA1c estimates, however 

with increasing FPG HbA1c is lower by 1·80 (p < 0·01). 

Furthermore, the regression showed that CKD stages 2, 3a, 3b, and 4 are associated with 

higher estimates of HbA1c, which are gradually decreasing with increasing FPG (p < 0·01), 

while hyper-filtration status is associated with lower estimates of HbA1c, which are gradually 

increasing with increasing FPG (p < 0·01). On the contrary, the impact of ESRD (dialysis 

and non-dialysis) on HbA1c was not significant. 

Compared to the mixed effects model which did not include anaemia severity as a 

confounder, it was observed that the marginal effect of higher CKD stage did not differ 

substantially compared to the one including anaemia. In particular, for subjects with 

FPG = 5 mmol/L, CKD stage 3b and absence of anaemia, predicted HbA1c is 42·82 

mmol/mol (6·07%), while for those with mild anaemia or severe anaemia it is 43·33 (6·12%) 

and 42·92 (6·08%). Accordingly, for the non-CKD subjects predicted HbA1c values are 

41·37 (5·94%), 41·88 (5·98%), and 41·48 mmol/mol (5·95%) respectively. Further to our 

confirmation that in mild and moderate CKD stages, HbA1c value measurements are higher 

for FPG ≤ 7·5 mmol/L compared with non-CKD and absence of anaemia, anaemia severity 

does not appear to moderate this impact.  
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Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 3.816 0.056** 67.63 3.705 - 3.927 <0.01 
Hyper-filtration -6.930 1.642** -4.22 -10.148 - -3.711 <0.01 
G2 1.592 0.239** 6.67 1.124 - 2.060 <0.01 
G3a 2.210 0.370** 5.98 1.486 - 2.935 <0.01 
G3b 3.499 0.498** 7.03 2.523 - 4.474 <0.01 
G4 4.500 0.829** 5.43 2.874 - 6.126 <0.01 
G5 (non-dialysis) 0.925 2.290 0.40 -3.563 - 5.413 0.69 
G5 (all-dialysis) -0.024 4.017 -0.01 -7.898 - 7.850 1.00 
Female -0.467 0.196* -2.38 -0.852 - -0.082 0.02 
50-59 years 4.920 0.315** 15.64 4.303 - 5.536 <0.01 
60-69 years 7.201 0.319** 22.61 6.576 - 7.825 <0.01 
70-79 years 8.522 0.353** 24.14 7.830 - 9.215 <0.01 
Over 80 years 8.757 0.420** 20.86 7.934 - 9.579 <0.01 
Black 2.782 0.710** 3.92 1.392 - 4.173 <0.01 
Mixed 0.487 0.315 1.55 -0.130 - 1.105 0.12 
Chinese 5.839 1.819** 3.21 2.274 - 9.405 <0.01 
Asian -0.817 0.457 -1.79 -1.713 - 0.079 0.07 
Other -0.965 1.900 -0.51 -4.689 - 2.759 0.61 

Figure 3. 12 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in different 
anaemia severity status. The CKD stage and the covariates gender, age, and ethnicity are fixed at their 
means for each FPG and anaemia stage. 
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Unknown/missing 0.359 0.231 1.55 -0.095 - 0.813 0.12 
Mild anaemia -0.020 0.295 -0.07 -0.597 - 0.557 0.95 
Moderate anaemia -0.504 0.496 -1.02 -1.477 - 0.468 0.31 
Severe anaemia 7.530 2.534** 2.97 2.564 - 12.497 <0.01 
Hyper-filtration*FPG 1.225 0.318** 3.85 0.602 - 1.849 <0.01 
G2*FPG -0.279 0.042** -6.71 -0.360 - -0.197 <0.01 
G3a*FPG -0.331 0.063** -5.28 -0.453 - -0.208 <0.01 
G3b*FPG -0.410 0.084** -4.89 -0.575 - -0.246 <0.01 
G4*FPG -0.506 0.141** -3.59 -0.783 - -0.230 <0.01 
G5 (non-dialysis) *FPG -0.160 0.401 -0.40 -0.946 - 0.626 0.69 
G5 (all-dialysis) *FPG -0.071 0.717 -0.10 -1.476 - 1.334 0.92 
Female*FPG 0.072 0.035* 2.08 0.004 - 0.140 0.04 
50-59 years*FPG -0.747 0.057** -13.12 -0.859 - -0.636 <0.01 
60-69years*FPG -1.102 0.057** -19.27 -1.215 - -0.990 <0.01 
70-79years*FPG -1.328 0.063** -21.19 -1.450 - -1.205 <0.01 
Over 80 years*FPG -1.389 0.074** -18.88 -1.533 - -1.245 <0.01 
Black*FPG -0.155 0.129 -1.20 -0.409 - 0.098 0.23 
Mixed*FPG -0.062 0.056 -1.11 -0.171 - 0.047 0.27 
Chinese*FPG -0.756 0.327* -2.32 -1.396 - -0.116 0.02 
Asian*FPG 0.584 0.081** 7.23 0.426 - 0.743 <0.01 
Other*FPG 0.347 0.342 1.01 -0.324 - 1.017 0.31 
Unknown/missing*FPG 0.019 0.041 0.47 -0.061 - 0.099 0.63 
Mild*FPG 0.105 0.050* 2.10 0.007 - 0.203 0.04 
Moderate*FPG 0.122 0.085 1.44 -0.044 - 0.288 0.15 
Severe*FPG -1.798 0.442** -4.07 -2.665 - -0.931 <0.01 
NDH 2.176 0.066** 32.78 2.046 - 2.306 <0.01 
Diabetes mellitus 7.671 0.045** 170.40 7.583 - 7.759 <0.01 
_cons 16.876 0.307** 55.00 16.275 - 17.477 <0.01 
Var(_cons) 27.175 0.174  26.837 - 27.517  
Var(residual) 16.48 0.090  16.311 - 16.665  

* p<0.05; ** p<0.01  

Table 3. 4 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, anaemia severity, gender, 
age and ethnicity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 
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3.3.6.2. Mixed effects regression model in participants with FPG < 7·5 mmol/L including 
anaemia aetiology (defintion 1) as a covariate 

Overall, non-IDA is associated with lower estimates of HbA1c at low FPG values, but which 

increase with increasing FPG more quickly than for people without anaemia (β = 0·19, 

p < 0·01).  

IDA has no impact on HbA1c (β = 0·06, p = 0·41). 

The relationship between CKD and HbA1c is similar irrespective of whether anaemia 

aetiology is included in the model, suggesting that anaemia aetiology does not explain the 

impact of CKD on HbA1c (See Figure 3.13A). 

Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 3.811 0.057** 67.43 3.700 - 3.922 <0.01 
Hyper-filtration -6.963 1.642** -4.24 -10.182 - -3.744 <0.01 
G2 1.581 0.239** 6.62 1.113 - 2.049 <0.01 
G3a 2.185 0.370** 5.91 1.461 - 2.910 <0.01 
G3b 3.448 0.497** 6.93 2.473 - 4.423 <0.01 
G4 4.416 0.828** 5.34 2.794 - 6.038 <0.01 
G5 (non-dialysis) 1.269 2.285 0.56 -3.210 - 5.748 0.58 
G5 (all-dialysis) 0.033 4.017 0.01 -7.841 - 7.906 0.99 
Female -0.492 0.197* -2.50 -0.878 - -0.107 0.01 
50-59 years 4.927 0.315** 15.66 4.310 - 5.544 <0.01 
60-69 years 7.221 0.319** 22.67 6.597 - 7.846 <0.01 
70-79 years 8.534 0.353** 24.16 7.842 - 9.227 <0.01 
Over 80 years 8.767 0.420** 20.86 7.943 - 9.590 <0.01 
Black 2.794 0.710** 3.94 1.403 - 4.185 <0.01 
Mixed 0.492 0.315 1.56 -0.126 - 1.110 0.12 
Chinese 5.837 1.820** 3.21 2.271 - 9.404 <0.01 
Asian -0.834 0.458 -1.82 -1.732 - 0.065 0.07 
Other -0.981 1.901 -0.52 -4.706 - 2.744 0.61 
Unknown/missing 0.358 0.232 1.55 -0.095 - 0.812 0.12 
Non-IDA  -0.509 0.316 -1.61 -1.130 - 0.111 0.11 
IDA 0.688 0.423 1.62 -0.142 - 1.517 0.10 
Other abnormality -0.100 0.376 -0.27 -0.837 - 0.636 0.79 
Hyper-filtration*FPG 1.232 0.318** 3.87 0.608 - 1.855 <0.01 
G2*FPG -0.276 0.042** -6.65 -0.358 - -0.195 <0.01 
G3a*FPG -0.326 0.063** -5.22 -0.449 - -0.204 <0.01 
G3b*FPG -0.405 0.084** -4.83 -0.569 - -0.240 <0.01 
G4*FPG -0.500 0.141** -3.55 -0.776 - -0.224 <0.01 
G5 (non-dialysis) *FPG -0.264 0.400 -0.66 -1.049 - 0.520 0.51 
G5 (all-dialysis) *FPG -0.106 0.717 -0.15 -1.511 - 1.298 0.88 
Female*FPG 0.075 0.035* 2.16 0.007 - 0.143 0.03 
50-59 years*FPG -0.748 0.057** -13.14 -0.860 - -0.637 <0.01 
60-69years*FPG -1.106 0.057** -19.32 -1.218 - -0.993 <0.01 
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70-79years*FPG -1.329 0.063** -21.20 -1.452 - -1.207 <0.01 
Over 80 years*FPG -1.391 0.074** -18.89 -1.536 - -1.247 <0.01 
Black*FPG -0.159 0.129 -1.23 -0.413 - 0.095 0.22 
Mixed*FPG -0.063 0.056 -1.12 -0.172 - 0.047 0.26 
Chinese*FPG -0.756 0.327* -2.31 -1.396 - -0.116 0.02 
Asian*FPG 0.587 0.081** 7.24 0.428 - 0.746 <0.01 
Other*FPG 0.351 0.342 1.03 -0.319 - 1.022 0.30 
Unknown/missing*FPG 0.019 0.041 0.47 -0.061 - 0.099 0.64 
Non-IDA*FPG 0.185 0.054** 3.45 0.080 - 0.290 <0.01 
IDA*FPG -0.060 0.072 -0.83 -0.202 - 0.082 0.41 
Other abnormal*FPG 0.027 0.065 0.42 -0.100 - 0.155 0.67 
NDH 2.178 0.066** 32.79 2.047 - 2.308 <0.01 
Diabetes mellitus 7.672 0.045** 170.15 7.583 - 7.760 <0.01 
_cons 16.901 0.307** 54.97 16.299 - 17.504 <0.01 
Var(_cons) 27.197 0.174  26.858 - 27.539  
Var(residual) 16.490 0.090  16.314 - 16.666  

* p<0.05; ** p<0.01 

  

Table 3. 5 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, gender, age and ethnicity, 
aetiology of anaemia (definition1), and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 
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3.3.6.3. Mixed effects regression model in participants with FPG < 7·5 mmol/L including 
anaemia aetiology (defintion 2) as a covariate 

Overall, non-IDA is associated with higher estimates of HbA1c, which are increasing with 

increasing FPG (β = 0·10). However, the impact of non-IDA is not significant (p > 0·05). 

Further to our confirmation that in mild and moderate CKD stages HbA1c value 

measurements are higher for FPG ≤ 7·5 mmol/L compared with non-CKD and absence of 

anaemia, anaemia aetiology does not appear to moderate this impact (See Figure 3.13B). 

Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 3.708 0.079** 46.93 3.553 - 3.863 <0.01 
Hyper-filtration -6.061 2.169** -2.79 -10.312 - -1.810 0.01 
G2 1.405 0.334** 4.21 0.750 - 2.060 <0.01 
G3a 2.414 0.516** 4.67 1.402 - 3.425 <0.01 
G3b 2.878 0.700** 4.11 1.506 - 4.250 <0.01 
G4 3.257 1.143** 2.85 1.016 - 5.498 <0.01 
G5 (non-dialysis) -1.088 3.225 -0.34 -7.408 - 5.233 0.74 
G5 (all-dialysis) -9.056 5.483 -1.65 -19.802 - 1.691 0.10 
Female -1.126 0.275** -4.09 -1.665 - -0.587 <0.01 
50-59 years 4.786 0.436** 10.97 3.931 - 5.641 <0.01 
60-69 years 7.108 0.441** 16.11 6.243 - 7.973 <0.01 
70-79 years 8.170 0.494** 16.54 7.202 - 9.139 <0.01 
Over 80 years 8.335 0.591** 14.11 7.177 - 9.493 <0.01 
Black 0.828 0.941 0.88 -1.015 - 2.672 0.38 
Mixed 0.176 0.408 0.43 -0.623 - 0.976 0.67 
Chinese 5.727 2.350* 2.44 1.121 - 10.333 0.01 
Asian -1.453 0.583* -2.49 -2.595 - -0.311 0.01 
Other -1.189 2.318 -0.51 -5.733 - 3.355 0.61 
Unknown/missing 0.310 0.322 0.96 -0.322 - 0.942 0.34 
Non-IDA  -0.517 0.424 -1.22 -1.349 - 0.314 0.22 
IDA 2.987 0.783** 3.82 1.453 - 4.521 <0.01 
Other abnormality 0.485 0.280 1.73 -0.064 - 1.035 0.08 
Erythrocytosis -2.657 2.741 -0.97 -8.029 - 2.715 0.33 
Hyper-filtration*FPG 1.036 0.418* 2.48 0.217 - 1.855 0.01 
G2*FPG -0.234 0.058** -4.02 -0.348 - -0.120 <0.01 
G3a*FPG -0.356 0.087** -4.08 -0.528 - -0.185 <0.01 
G3b*FPG -0.280 0.118* -2.37 -0.511 - -0.049 0.02 
G4*FPG -0.294 0.194 -1.52 -0.675 - 0.086 0.13 
G5 (non-dialysis) *FPG 0.196 0.567 0.35 -0.914 - 1.307 0.73 
G5 (all-dialysis) *FPG 1.263 0.985 1.28 -0.668 - 3.195 0.20 
Female*FPG 0.182 0.048** 3.77 0.087 - 0.276 <0.01 
50-59 years*FPG -0.731 0.079** -9.26 -0.885 - -0.576 <0.01 
60-69years*FPG -1.088 0.079** -13.76 -1.243 - -0.933 <0.01 
70-79years*FPG -1.270 0.087** -14.53 -1.441 - -1.099 <0.01 
Over 80 years*FPG -1.338 0.103** -12.97 -1.540 - -1.136 <0.01 
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Black*FPG 0.303 0.170 1.79 -0.029 - 0.636 0.07 
Mixed*FPG -0.054 0.072 -0.75 -0.194 - 0.086 0.45 
Chinese*FPG -0.684 0.415 -1.65 -1.497 - 0.130 0.10 
Asian*FPG 0.783 0.102** 7.68 0.583 - 0.983 <0.01 
Other*FPG 0.416 0.411 1.01 -0.390 - 1.222 0.31 
Unknown/missing*FPG 0.023 0.056 0.40 -0.088 - 0.133 0.69 
Non-IDA*FPG 0.101 0.072 1.40 -0.041 - 0.243 0.16 
IDA*FPG -0.301 0.133* -2.25 -0.562 - -0.039 0.02 
Other abnormal*FPG -0.142 0.048** -2.94 -0.236 - -0.047 <0.01 
Erythrocytosis*FPG 0.328 0.468 0.70 -0.589 - 1.246 0.48 
NDH 2.185 0.095** 23.06 1.999 - 2.371 <0.01 
Diabetes mellitus 7.767 0.062** 126.18 7.646 - 7.887 <0.01 
_cons 17.705 0.433** 40.93 16.857 - 18.553 <0.01 
Var(_cons) 28.870 0.249  28.385 - 29.362  
Var(residual) 17.234 0.135  16.972 - 17.507  

* p<0.05; ** p<0.01 

  

Table 3. 6 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, gender, age and ethnicity, 
aetiology of anaemia (definition2), and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 
 

Figure 3. 13 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
different anaemia aetiology status. The CKD stage and the covariates gender, age, and ethnicity are 
fixed at their means for each FPG and anaemia type. 
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3.3.6.4. Mixed effects regression model in participants with 5 ≤ FPG ≤ 14 mmol/L 
including anaemia severity as a covariate 

To test whether the impact of CKD on HbA1c is mediated by anaemia, and to estimate the 

impact of anaemia on HbA1c conditional on FPG, the mixed model developed in section 

3.3.4.4. was extended to include anaemia variables. 

The impact of CKD was not affected by the inclusion of anaemia in the model. The estimated 

model coefficients are shown in Table 3.7. 

Overall, mild and moderate anaemias are associated with lower estimates of HbA1c, when 

FPG is close to 9 mmol/L or higher, and this difference gets bigger with increasing FPG 

(β = -0·38, p < 0·01, β = -0·60, p < 0·01). Severe anaemia, appeared to be associated with 

lower HbA1c estimates, and with increasing FPG predicted HbA1c is lower 

by 0·50 (p = 0·06) for the whole spectrum of the restricted glycaemia, however not 

significant. 

Furthermore, CKD stages 2 and higher in subjects with diagnosed DM are associated with 

lower estimates of HbA1c when FPG is close to 9 mmol/L or higher. The difference of 

predicted HbA1c measurements compared to stage 1 becomes more apparent with 

increasing FPG (p < 0·02). Hyper-filtration status is associated with higher estimates of 

HbA1c, which are increasing with increasing FPG (β = 0·94, p < 0·01). 

Compared to the mixed effects model when anaemia severity is not included as a 

confounder, it was observed that the marginal effect of higher CKD stage did not differ 

substantially compared to the one including anaemia. In particular, for subjects with 

FPG = 9 mmol/L, CKD stage 3b and absence of anaemia, predicted HbA1c is 58·87 

mmol/mol (7·54%), while for those with mild, moderate or severe anaemia are 58·49 

(7·50%), 57·54 (7·42%), and 54·29 (7·12%). Accordingly, for the non-CKD subjects 

predicted HbA1c is 59·53 (7·60%), 59·15 (7·56%), 58·20 (7·48%), and 54·95 mmol/mol 

(7·18%). Further to our confirmation that in mild and moderate CKD stages, HbA1c value 

measurements are lower for FPG ≥ 9 mmol/L compared with non-CKD and absence of 

anaemia, anaemia severity does not appear to moderate this impact (See Figure 3.14).  
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Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 4.935 0.030** 162.63 4.876 - 4.995 <0.01 
Hyper-filtration -4.625 1.330** -3.48 -7.231 - -2.019 <0.01 
G2 2.141 0.175** 12.23 1.798 - 2.484 <0.01 
G3a 3.062 0.272** 11.28 2.530 - 3.595 <0.01 
G3b 3.823 0.363** 10.54 3.112 - 4.534 <0.01 
G4 5.073 0.600** 8.46 3.898 - 6.249 <0.01 
G5 (non-dialysis) 4.248 2.033* 2.09 0.264 - 8.232 0.04 
G5 (all-dialysis) 4.745 3.703 1.28 -2.512 - 12.002 0.20 
Female 0.412 0.147** 2.80 0.123 - 0.701 0.01 
50-59 years 1.005 0.224** 4.49 0.567 - 1.443 <0.01 
60-69 years 3.183 0.230** 13.83 2.732 - 3.634 <0.01 
70-79 years 4.570 0.261** 17.49 4.058 - 5.082 <0.01 
Over 80 years 4.668 0.320** 14.58 4.041 - 5.296 <0.01 
Black -1.533 0.571** -2.69 -2.652 - -0.415 0.01 
Mixed -0.434 0.238 -1.82 -0.901 - 0.032 0.07 
Chinese -0.150 1.575 -0.09 -3.236 - 2.937 0.92 
Asian 1.530 0.347** 4.41 0.849 - 2.211 <0.01 
Other 3.430 1.565* 2.19 0.362 - 6.498 0.03 
Unknown/missing 0.464 0.172** 2.70 0.128 - 0.801 0.01 

Figure 3. 14 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in different 
anaemia severity status. The CKD stage and the covariates gender, age, and ethnicity are fixed at their 
means for each FPG and anaemia stage. 
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Mild anaemia 3.091 0.225** 13.73 2.650 - 3.532 <0.01 
Moderate anaemia 4.102 0.388** 10.58 3.342 - 4.862 <0.01 
Severe anaemia -0.034 1.985 -0.02 -3.924 - 3.856 0.99 
Hyper-filtration*FPG 0.940 0.171** 5.48 0.604 - 1.276 <0.01 
G2*FPG -0.381 0.023** -16.29 -0.427 - -0.335 <0.01 
G3a*FPG -0.490 0.036** -13.44 -0.562 - -0.419 <0.01 
G3b*FPG -0.498 0.048** -10.35 -0.592 - -0.404 <0.01 
G4*FPG -0.585 0.078** -7.47 -0.738 - -0.431 <0.01 
G5 (non-dialysis) *FPG -0.704 0.269** -2.62 -1.232 - -0.176 0.01 
G5 (all-dialysis) *FPG -0.898 0.474 -1.89 -1.827 - 0.032 0.06 
Female*FPG -0.050 0.020* -2.45 -0.089 - -0.010 0.01 
50-59 years*FPG -0.123 0.030** -4.10 -0.181 - -0.064 <0.01 
60-69years*FPG -0.488 0.031** -15.69 -0.549 - -0.427 <0.01 
70-79years*FPG -0.712 0.036** -20.04 -0.782 - -0.642 <0.01 
Over 80 years*FPG -0.754 0.044** -17.14 -0.840 - -0.668 <0.01 
Black*FPG 0.583 0.081** 7.23 0.425 - 0.742 <0.01 
Mixed*FPG 0.080 0.033* 2.45 0.016 - 0.144 0.01 
Chinese*FPG 0.317 0.230 1.38 -0.133 - 0.768 0.17 
Asian*FPG 0.196 0.048** 4.08 0.102 - 0.291 <0.01 
Other*FPG -0.411 0.216 -1.90 -0.835 - 0.014 0.06 
Unknown/missing*FPG -0.012 0.024 -0.51 -0.058 - 0.034 0.61 
Mild*FPG -0.385 0.030** -12.80 -0.444 - -0.326 <0.01 
Moderate*FPG -0.603 0.052** -11.56 -0.705 - -0.500 <0.01 
Severe*FPG -0.504 0.266 -1.90 -1.026 - 0.017 0.06 
Not known DM -6.948 0.057** -120.85 -7.060 - -6.835 <0.01 
NDH -5.528 0.085** -64.77 -5.696 - -5.361 <0.01 
_cons 17.853 0.231** 77.43 17.401 - 18.305 <0.01 
Var(_cons) 36.685 0.279  36.142 - 37.235  
Var(residual) 37.008 0.164  36.689 - 37.330  

* p<0.05; ** p<0.01 

  

Table 3. 7 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, gender, age and ethnicity, 
anaemia severity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 
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3.3.6.5. Mixed effects regression model in participants with 5 ≤ FPG ≤ 14 mmol/L 
including anaemia aetiology (defintion 1) as a covariate (See Table 3.8).  

Overall, non-IDA and IDA are associated with lower estimates of HbA1c, when FPG is close 

to 8 mmol/L or higher, which are gradually decreasing with increasing FPG (β = -0·40, 

p < 0·01, β = -0·57, p < 0·01). Further to our confirmation that in a cohort with absence of 

anaemia and in mild and moderate CKD stages HbA1c value measurements are lower for 

FPG ≥ 9 mmol/L or higher compared with non-CKD, anaemia aetiology does not appear to 

moderate this impact (See Figure 3.15A). 

Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 4.946 0.030** 162.73 4.887 - 5.006 <0.01 
Hyper-filtration -4.541 1.330** -3.41 -7.147 - -1.934 <0.01 
G2 2.155 0.175** 12.31 1.812 - 2.498 <0.01 
G3a 3.022 0.272** 11.13 2.489 - 3.554 <0.01 
G3b 3.772 0.363** 10.40 3.061 - 4.482 <0.01 
G4 5.074 0.598** 8.48 3.901 - 6.246 <0.01 
G5 (non-dialysis) 4.027 2.031* 1.98 0.047 - 8.007 0.05 
G5 (all-dialysis) 4.513 3.703 1.22 -2.744 - 11.770 0.22 
Female 0.349 0.148* 2.37 0.060 - 0.639 0.02 
50-59 years 1.006 0.224** 4.50 0.567 - 1.444 <0.01 
60-69 years 3.162 0.230** 13.74 2.711 - 3.613 <0.01 
70-79 years 4.511 0.261** 17.25 3.998 - 5.023 <0.01 
Over 80 years 4.586 0.321** 14.30 3.957 - 5.214 <0.01 
Black -1.509 0.571** -2.65 -2.628 - -0.391 0.01 
Mixed -0.435 0.238 -1.83 -0.901 - 0.032 0.07 
Chinese -0.078 1.575 -0.05 -3.165 - 3.008 0.96 
Asian 1.393 0.348** 4.00 0.711 - 2.074 <0.01 
Other 3.353 1.566* 2.14 0.284 - 6.421 0.03 
Unknown/missing 0.462 0.172** 2.69 0.125 - 0.799 0.01 
Non-IDA  3.192 0.242** 13.20 2.718 - 3.666 <0.01 
IDA 4.025 0.328** 12.28 3.382 - 4.667 <0.01 
Other abnormality 1.826 0.290** 6.31 1.259 - 2.394 <0.01 
Hyper-filtration*FPG 0.927 0.171** 5.41 0.591 - 1.263 <0.01 
G2*FPG -0.383 0.023** -16.36 -0.429 - -0.337 <0.01 
G3a*FPG -0.483 0.036** -13.26 -0.555 - -0.412 <0.01 
G3b*FPG -0.492 0.048** -10.24 -0.587 - -0.398 <0.01 
G4*FPG -0.591 0.078** -7.56 -0.744 - -0.438 <0.01 
G5 (non-dialysis) *FPG -0.697 0.269** -2.59 -1.224 - -0.170 0.01 
G5 (all-dialysis) *FPG -0.877 0.474 -1.85 -1.807 - 0.053 0.06 
Female*FPG -0.042 0.020* -2.07 -0.082 - -0.002 0.04 
50-59 years*FPG -0.122 0.030** -4.09 -0.181 - -0.064 <0.01 
60-69years*FPG -0.484 0.031** -15.55 -0.545 - -0.423 <0.01 
70-79years*FPG -0.702 0.036** -19.74 -0.772 - -0.632 <0.01 
Over 80 years*FPG -0.741 0.044** -16.82 -0.827 - -0.654 <0.01 
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Black*FPG 0.579 0.081** 7.17 0.420 - 0.737 <0.01 
Mixed*FPG 0.080 0.033* 2.44 0.016 - 0.144 0.01 
Chinese*FPG 0.307 0.230 1.33 -0.144 - 0.757 0.18 
Asian*FPG 0.217 0.048** 4.50 0.122 - 0.311 <0.01 
Other*FPG -0.398 0.217 -1.84 -0.822 - 0.026 0.07 
Unknown/missing*FPG -0.012 0.024 -0.50 -0.058 - 0.034 0.62 
Non-IDA*FPG -0.404 0.032** -12.51 -0.468 - -0.341 <0.01 
IDA*FPG -0.570 0.044** -13.01 -0.656 - -0.484 <0.01 
Other abnormal*FPG -0.265 0.039** -6.84 -0.341 - -0.189 <0.01 
Not known DM -6.943 0.058** -120.64 -7.056 - -6.830 <0.01 
NDH -5.526 0.085** -64.71 -5.693 - -5.358 <0.01 
_cons 17.776 0.231** 76.94 17.323 - 18.229 <0.01 
Var(_cons) 36.709 0.279  36.162 - 37.254  
Var(residual) 37.006 0.164  36.687 - 37.328  

* p<0.05; ** p<0.01 

  

Table 3. 8 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, gender, age and ethnicity, 
aetiology of anaemia (definition1), and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 
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3.3.6.6. Mixed effects regression model in participants with 5 ≤ FPG ≤ 14 mmol/L 
including anaemia aetiology (defintion 2) as a covariate 

Overall, non-IDA is associated with lower estimates of HbA1c when FPG > 7 mmol/L 

compared to the higher ones at a lower FPG point, and this difference widens (β = -0·62, 

p < 0·01) with increasing FPG. IDA is also associated with lower HbA1c estimates, but only 

when FPG > 11 mmol/L (β = -0·31, p < 0·01). Further to our confirmation that in a cohort 

with an absence of anaemia and in mild and moderate CKD stages HbA1c value 

measurements are lower for FPG ≥8 mmol/L or higher compared with non-CKD, anaemia 

aetiology does not appear to moderate this impact (See Figure 3.15B). 

Variables Coef. Std. Err. t 95% Conf. 
Interval 

p-
value 

FPG (mmol/L) 5.045 0.042** 119.04 4.962 - 5.128 <0.01 
Hyper-filtration -3.086 1.816 -1.70 -6.646 - 0.473 0.09 
G2 2.030 0.243** 8.35 1.554 - 2.507 <0.01 
G3a 2.458 0.378** 6.51 1.718 - 3.198 <0.01 
G3b 3.377 0.504** 6.70 2.389 - 4.366 <0.01 
G4 3.838 0.837** 4.59 2.198 - 5.478 <0.01 
G5 (non-dialysis) 0.735 2.845 0.26 -4.840 - 6.311 0.80 
G5 (all-dialysis) -1.801 5.202 -0.35 -11.997 - 8.395 0.73 
Female 0.542 0.205** 2.64 0.140 - 0.944 0.01 
50-59 years 1.153 0.309** 3.73 0.546 - 1.759 <0.01 
60-69 years 3.333 0.318** 10.49 2.710 - 3.956 <0.01 
70-79 years 4.872 0.364** 13.40 4.160 - 5.585 <0.01 
Over 80 years 4.989 0.449** 11.11 4.109 - 5.869 <0.01 
Black -1.202 0.727 -1.65 -2.626 - 0.222 0.10 
Mixed -0.634 0.309* -2.05 -1.240 - -0.027 0.04 
Chinese -1.519 1.943 -0.78 -5.328 - 2.290 0.43 
Asian 3.149 0.436** 7.23 2.295 - 4.003 <0.01 
Other 5.680 1.909** 2.98 1.939 - 9.421 <0.01 
Unknown/missing -0.101 0.237 -0.42 -0.566 - 0.365 0.67 
Non-IDA  3.973 0.327** 12.16 3.332 - 4.613 <0.01 
IDA 3.092 0.577** 5.36 1.961 - 4.222 <0.01 
Other abnormality 1.334 0.209** 6.39 0.925 - 1.743 <0.01 
Erythrocytosis -6.487 1.826** -3.55 -10.066 - -2.909 <0.01 
Hyper-filtration*FPG 0.626 0.236** 2.65 0.163 - 1.089 0.01 
G2*FPG -0.349 0.033** -10.70 -0.413 - -0.285 <0.01 
G3a*FPG -0.379 0.051** -7.47 -0.479 - -0.280 <0.01 
G3b*FPG -0.413 0.067** -6.19 -0.544 - -0.282 <0.01 
G4*FPG -0.378 0.110** -3.43 -0.594 - -0.162 <0.01 
G5 (non-dialysis) *FPG -0.211 0.377 -0.56 -0.950 - 0.527 0.57 
G5 (all-dialysis) *FPG -0.066 0.661 -0.10 -1.360 - 1.229 0.92 
Female*FPG -0.078 0.028** -2.76 -0.133 - -0.022 0.01 
50-59 years*FPG -0.147 0.041** -3.55 -0.228 - -0.066 <0.01 
60-69years*FPG -0.516 0.043** -12.01 -0.600 - -0.431 <0.01 
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70-79years*FPG -0.772 0.049** -15.62 -0.869 - -0.675 <0.01 
Over 80 years*FPG -0.841 0.062** -13.66 -0.962 - -0.721 <0.01 
Black*FPG 0.628 0.101** 6.25 0.431 - 0.825 <0.01 
Mixed*FPG 0.073 0.042 1.72 -0.010 - 0.156 0.09 
Chinese*FPG 0.520 0.274 1.90 -0.017 - 1.057 0.06 
Asian*FPG 0.018 0.059 0.30 -0.098 - 0.134 0.76 
Other*FPG -0.697 0.259** -2.69 -1.204 - -0.190 0.01 
Unknown/missing*FPG 0.071 0.032* 2.18 0.007 - 0.134 0.03 
Non-IDA*FPG -0.619 0.044** -14.09 -0.705 - -0.533 <0.01 
IDA*FPG -0.306 0.077** -3.95 -0.458 - -0.154 <0.01 
Other abnormal*FPG -0.281 0.028** -9.98 -0.336 - -0.226 <0.01 
Erythrocytosis*FPG 0.946 0.231** 4.09 0.493 - 1.399 <0.01 
Not known DM -6.949 0.078** -88.64 -7.103 - -6.795 <0.01 
NDH -5.584 0.121** -46.20 -5.821 - -5.347 <0.01 
_cons 17.433 0.323** 53.96 16.800 - 18.066 <0.01 
Var(_cons) 36.896 0.389  37.141 - 38.665  
Var(residual) 38.640 0.243  38.167 - 39.120  

* p<0.05; ** p<0.01 
Table 3. 9 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage, gender, age and ethnicity, 
aetiology of anaemia (definition2), and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non-diabetic hyperglycaemia 

Figure 3. 15 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
different anaemia aetiology status. The CKD stage and the covariates gender, age, and ethnicity are 
fixed at their means for each FPG and anaemia type. 
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3.3.7. FPG variability and measurement error 

Overall, the results suggest that the relationship of HbA1c and FPG changes at the different 

CKD stages, however anaemia does not appear to be the mediator for this impact, since 

the CKD impact is present for both anaemia and non-anaemia groups.  

However, as shown above (See Figure 3.16), the impact of CKD on HbA1c is not apparent 

if an inverse regression (predicting FPG from HbA1c) is calculated, suggesting that one of 

the markers has low reliability, as in a linear regression it is assumed that the independent 

variable is without error. The shallower slopes are also disappearing (except for hyper-

filtration) in mild and moderate anaemia and for an HbA1c between 45 and 60 mmol/mol 

(6·3-7·6%) and have an undefined direction for severe anaemia due to the low number of 

occasions. Similarly, the inverse slopes’ gradient is absent for participants with non-IDA and 

45 < HbA1c < 60 mmol/mol.  

Finally, results from the inverse linear plot for IDA anaemia showed that the slopes for mild, 

moderate (only 3a) and severe CKD have a positive gradient compared to no anaemia only 

Figure 3. 16 Relationship between FPG (mmol/L) and HbA1c (mmol/mol) in participants without 
diagnosed anaemia in different CKD stages using the CKD-EPI formula. Classical regression predicting 
HbA1c from FPG is shown on the left, inverse regression predicting FPG from HbA1c is shown on the 
right. 
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when HbA1c > 55 mmol/mol (7·18%) for both anaemia definitions. The inverse regression 

is suggested for predicting estimations of FPG from HbA1c. 

In an attempt to explain the findings and accepting that both HbA1c and FPG are subject to 

measurement error and day-to-day variation, a Deming regression was performed, since it 

takes into account variation of both FPG and HbA1c.  

In the plot below (See Figure 3.17), the green line is the simple linear regression of HbA1c 

on FPG with error-prone observations and the blue is the inverse regression, of FPG on 

HbA1c. The Deming regression is represented with the orange line, which is almost identical 

to the inverse regression. Also, the Deming regression after accounting explicitly for the 

errors of both variables for the specific sample (black line) has a more positive gradient 

compared to the linear one. The linear regression line is not as steep as the deming lines, 

suggesting that the simple linear regression might falsely predict lower HbA1c 

measurements due to the impact of CKD when the error of both variables is not considered.  

  

Figure 3. 17 Figure of Linear, Inverse and Deming regressions with and without measurement errors 
applied in a sample dataset provided by CPRD. 
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3.4. Discusion 
3.4.1. Summary of results and previous evidence 

The objectives of this cross-sectional study primarily were to assess whether the presence 

of CKD (mild, moderate, severe, or ESRD), measured by eGFR, has a clinically significant 

impact on HbA1c, and further to define whether anaemia severity or aetiology mediates this 

impact. 

A linear mixed model was the most appropriate analytic approach for these data considering 

the repeated observations and for accounting for within-subject effect. Other analyses that 

were also applied appeared to be less suitable. For example, a multivariable linear 

regression including age, sex and ethnicitity as confounders was used to predict participants 

HbA1c based upon the interaction of FPG with CKD stage, including the diabetic profile of 

the participants. A multivariable linear regression model showed whether these confounders 

had any impact on HbA1c accuracy. However, one of the linear regression’s assumptions 

is homoscedasticity, which indicates that errors have the same variance across all 

observation points. Since residuals, the vertical difference between predicted and observed 

HbA1c values, were not normally distributed the analysis was disregarded and a robust 

standard error analysis//White-Huber standard errors was applied to account for any biased 

estimators. Nonetheless, this analytic approach was not appropriate for a dataset with 

repeated observations, hence a cluster robust standard errors was estimated to relax the 

assumption of independence of the observations. In a dataset with repeated observations, 

a linear regression with cluster-robust standard error is commonly applied to and accounts 

for any heteroskedasticity across individuals. However, this method does not adjust for 

potential confounding due to systematic differences among individuals, but the mixed model 

does. Finally, a robust multiple linear regresion was applied to control for the effect of 

influential outliers since the outliers are weighted to have less impact on the estimates of 

regression coefficients. 

 

CKD impact in non-anaemic subjects 

The results derived from the relationship between HbA1c and FPG indicate that in a cohort 

without anaemia (Hb ≥ 120 for females or 130 g/L for males) predicted HbA1c appears to 

be lower for participants with mild, moderate, severe CKD, or ESRD when FPG is 11 mmol/L 

or over, and higher for participants with estimated hyper-filtration. On the other hand, in the 

same cohort of non-anaemic participants, HbA1c measurements of participants with mild to 

severe CKD appear to be higher when FPG is close to 5 mmol/L or lower. Results for 
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participants in ESRD (and dialysis) were not significant, possibly due to low number of 

participants in these stages. 

For 5 < FPG < 11 mmol/L predicted HbA1c varies depending on FPG levels and CKD 

stage. Since a statistically significant impact on HbA1c is evident, it is assumed that 

anaemia does not appear to be a mediator in this relationship. However, any differences 

are not clinically important for interpretation of HbA1c at least for mild and moderate CKD. 

This is because changes in HbA1c of less than 5·5 mmol/mol (0·5%) are not always 

considered clinically relevant from health professionals (490). 

Also, the inverse relationship between FPG and HbA1c showed that predicted FPG 

appeared to be unchanged in CKD stages 2 and over in the whole spectrum of glycaemia, 

except for hyper-filtration for which predicted FPG appeared to be lower compared to non-

CKD participants when HbA1c is over 70 mmol/mol (8·6%). This outcome suggests that for 

mild to moderate CKD and ESRD individuals predicted FPG measurements from HbA1c do 

not have a clinically significant variation when 30 ≤ HbA1c ≤ 70 mmol/mol (4·9 - 8·6%), the 

most relevant/common clinical measurements in primary care.  

Hence, the inverse and Deming regressions suggest that the differences in slope might 

have been caused by measurement error and should not have any implications in the 

interpretation of HbA1c. 

CKD impact in anaemic subjects 

Overall, the impact of CKD on HbA1c does not differ substantially in individuals with different 

aetiologies of anaemia compared to individuals with not known anaemia. However, 

independent of CKD presence, and at the diagnostic FPG point, HbA1c might be 

by 0·5 – 1·4 mmol/mol higher in individuals with non-IDA or IDA anaemia. These variations 

do not appear to be clinically significant for the diagnosis of T2DM on a population level. It 

is unlikely that these factors affect HbA1c in a way that we should act upon changes of 

guidelines in routine practice. 

Also, it appears that HbA1c is an acceptable measurement in mild and moderate CKD (£ 

3b stage), but for a sample population in stages 4 and 5 of CKD statistically significant 

differences were found. For the stages of hyper-filtration and severe CKD variations of 

HbA1c appeared to be larger. These variations do not appear to be clinically significant for 

the diagnosis of DM, since differences in hyper-filtration stage do no exceed the 5·5 

mmol/mol and the severe CKD incidents are not very common in primary care. This study 

identified a few individuals with severe CKD or hyper-filtration and anaemia impairment, 

hence confirmation of these results from further studies is necessary. 
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Overall, the impact of CKD on HbA1c does not differ substantially in individuals with 

anaemia compared to individuals without anaemia, however for severe anaemia predicted 

estimates of HbA1c vary. This could be possibly because of the impact of severe anaemia 

on HbA1c, as indicated from the results, independent of CKD presence or because of the 

low sample size in this group. In other words, clinicians should be careful when interpreting 

HbA1c in individuals with severe anaemia, even in non-CKD individuals, since HbA1c 

measurements could be lower when FPG ≥ 7 mmol/L. The study identified only 100 non-

CKD individuals with severe anaemia, hence confirmation of these results from further 

studies is necessary. 

From the inverse relationship, it appears that in mild, moderate, and severe anaemia, and 

non-IDA or IDA, the variation of FPG is very low in the different CKD stages compared to 

non-CKD as predicted from the FPG - HbA1c relationship when 30 ≤ HbA1c ≤ 70 mmol/mol 

(4·9-8·6%). However, for severe anaemia, predicted estimates of FPG show higher 

variation as HbA1c becomes higher, implying that estimations of FPG from HbA1c should 

not be derived for severe cases of anaemia. 

 

CKD impact defined by the MDRD equation (See Appendix B, Section Effect of CKD, p 140-162) 

Despite the widespread use of CKD-EPI for the estimation of eGFR since the introduction 

of the NICE CKD 2014 guideline (491), the MDRD equation may still be used in primary 

care in some practices. Therefore, a separate analysis assessing the impact of CKD on 

HbA1c after estimating eGFR using the MDRD equation is displayed in the Appendix B. 

Despite the CKD stage distribution differences that occur when comparing stratification via 

MDRD versus CKD-EPI, results of how CKD modifies the HbA1c-FPG relationship using 

the MDRD equation are very similar with the ones obtained when using the CKD-EPI 

equation. 

Anaemia severity or aetiology were not mediators of the CKD impact, while the impact of 

severe CKD and ESRD not on dialysis, on HbA1c is not statistically significant. A small 

difference was found for participants being in hyper-filtration stage. The results indicated 

that the main effect of hyper-filtration is positive, while the interaction effect is negative, 

suggesting that compared to stage 1, hyper-filtration is associated with higher HbA1c 

(conditional on glycaemia), but this increase is smaller for higher levels of glycaemia. 

The predictive margin results indicated that individuals with hyper-filtration, independent of 

the anaemia severity or aetiology have a higher estimated HbA1c compared to non-CKD 

individuals when FPG is 6 mmol/L or over. However, this difference is not as high compared 
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to the CKD-EPI results. This may have resulted from the increase in number of individuals 

in this group with, 2 227 individuals re-classified into the hyper-filtration stage from CKD 

stage 1. 

Possible explanations and comparison with previous evidence 

The clinical utility of HbA1c in the presence of CKD has been questioned previously, 

however results have been inconsistent. This might be a) due to the different reference 

methods (e.g., continuous glucose monitoring (CGM), FPG) that have been utilised over 

time, b) the presence or duration of DM, c) the use of iron or ESA treatment, or d) renal 

related therapies or other biochemical factors during diabetic nephropathy. 

Mild and moderate CKD 

In common with evidence published from a recent study by Borg et al (492), also using 

primary care data, this study suggests that in a clinical setting and particularly in primary 

care, the impact of mild to moderate CKD (CKD stages 1-3b) on HbA1c does not have 

implications in the diagnosis of DM or glycaemic control in people with DM and is 

independent of anaemia severity or aetiology, unless individuals have severe CKD or 

severe anaemia. Also, the inferences from the inverse regression propose a variation of 

FPG when HbA1c is over 70 mmol/mol. Similarly, Borg et al in their study found that an 

over- and underestimation of FPG when a person has an HbA1c ≥ 80 mmol/mol (9·5%) has 

limited clinical implications. Also, mild and moderate anaemia does not affect the 

interpretation of HbA1c in primary care, however the authors proposed further attention in 

cases of severe anaemia or severe CKD as well. 

Also, a recent study by George et al (445), in a mixed ancestry African population, showed 

that despite the good correlation of FPG with HbA1c in moderate and severe CKD, 

glycaemic control appeared to be underestimated compared to non-CKD, particularly for 

HbA1c ≥ 63·9 mmol/mol (8 %), and either in subjects with not known DM or T2DM. 

Also, the study by Chen et al (493) showed that estimated Average Glucose (eAG) 

calculated from HbA1c might underestimate mean blood glucose levels by 0·9-1·2 mmol/L 

in patients with T2DM. The lower eAG from HbA1c appeared to be higher compared to the 

findings of this study (0·5 mmol/L), but results were obtained from CGM measurements in 

patients with CKD stages 3-4, and whether patients had good or poor long-term glucose 

control was not specified. 

Similarly, Freedman et al (452) concluded that HbA1c performance is relatively good for 

mild and moderate CKD compared to results from serum glucose. 
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On the other hand, Harada et al (494), indicated that HbA1c is affected by moderate CKD, 

since a non-significant correlation was found between HbA1c and random plasma glucose 

in these stages compared to CKD stage 1 and 2. However, this evidence is derived from a 

study with 139 participants in total, 42 of whom were in CKD stage 3 and instead of FPG, 

random plasma glucose was used as the reference method. 

Finally, in another study where patients have been screened for DM, HbA1c appeared to 

be unaffected in moderate CKD compared to CKD stage 1 and 2, proposing that HbA1c is 

an appropriate test for T2DM in primary care (439). This relationship was assessed with a 

multivariable linear regression analysis and factors other than the presence of CKD seemed 

to affect the relationship between HbA1c and FPG. 

Severe CKD and ESRD 

We did not detect an impact of renal failure, before or after renal replacement therapy, on 

HbA1c values in patients without known DM. However, this is probably due to the low 

number of participants in these stages in our study. However, a significant impact was 

indicated for severe CKD, independent of DM diagnosis and anaemia severity, and ESRD 

before dialysis only for individuals with DM. Whether these results are due to CKD or other 

factors, cannot be confirmed from this study, since results were not adjusted for ESA 

administration that is very common in these stages and are known to lead in lowering of 

HbA1c (495). 

Our findings, even if they need further validation, are consistent from those of Jung et al 

(444), who suggested that HbA1c should not be used on older adults with DM and severe 

to very severe CKD, since they are not highly correlated with fasting glucose compared to 

milder CKD. Also, this study’s results are consistent with those found by Vos et al (442) in 

subjects with diabetic nephropathy stage 4 and 5, with the difference that instead of FPG, 

HbA1c was compared with mean glucose concentrations after CGM. Similar effects were 

obtained by the study of Lo et al (438), however these effects were explained by the use of 

ESA. 

Mild, moderate and severe anaemia – iron and erythropoietin therapy 

Our study concerning the mechanisms of how different anaemia aetiologies influences 

HbA1c is divergent from most epidemiological studies. In particular, most studies 

demonstrate that IDA results lead to falsely high HbA1c values (496), (497), (498) and are 

in accordance with those that suggest that HbA1c is lower in severe cases of IDA (499), 

however for our results this is proved only when FPG > 8 mmol/L. An interesting study by 

Silva et al (500) in individuals without DM, showed that the effect of IDA on HbA1c values 
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is dependent on anaemia severity. In other words, HbA1c is appropriate for DM diagnosis 

in subjects with mild anaemia and IDA, however, for subjects with moderate to severe 

anaemia and IDA, HbA1c might show higher results. 

Regarding the effect of non-IDA on HbA1c, previous evidence is almost absent. Only one 

study by Ford et al (435), showed no differences between the FGHbA1c glucose 

relationship in neither IDA nor non-IDA individuals. 

Nonetheless, no further explanation can be assumed for the obtained results, since the 

effect of iron or ESA therapy was not accounted for (443, 458). 

Finally, the results from mixed effects model and the inverse and Deming regression 

suggest that FPG has a high-within person variability, something that has also been 

indicated from previous findings (173), (501), (502). Jung et al did propose that FPG might 

not be an appropriate reference standard in a CKD cohort, since values might be affected 

by drug clearance and impaired gluconeogenesis (444). In general, it is suggested that 

caution is needed when trying to interpret the findings in terms of estimating FPG from 

HbA1c.  
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3.4.2. Strengths and limitations 

Strengths 

One of the major strengths of this study is the large sample size, with over 100 000 

participants and repeated measurements, using electronic health records that are 

representative of the population of the United Kingdom. Moreover, for the assessment of 

anaemia as a mediator of the CKD impact on HbA1c, three different definitions were used. 

Findings were similar when CKD was classified using either the CKD-EPI or MDRD 

formulae. 

Limitations 

The results reported in this study, should be interpreted after considering the study 

limitations. One of CPRD’s weaknesses, is that the primary care data can be variable, since 

they are entered by GPs during routine consultations, and not for the purpose of research, 

which can make their quality questionable. Also, CPRD requires considerable coding and 

data cleaning to produce a ‘ready for analysis’ dataset, and there are many different 

methods in the interpretation of definitions or ways of extracting data. For example, not all 

the indices were recorded in the preferable SI base unit, and there were many implausible 

values. We had to make many assumptions when converting the values in the appropriate 

unit measurement, which might have led to conversion mistakes. Also, even if it appears 

that missing-ness is random, there has not been any study verifying this for this study’s 

selected biomarkers, and this complete-case analysis might have led to selection bias. 

We aknowledge that the use of FPG to reflect genuine glycaemia status is not ideal, as this 

measure is not perfectly reliable (Chapter 1, Section 1.1.4.3, FPG), and also does not reflect 

post-prandial hyperglycaemia. Also, HbA1c reflects a weighted average blood glucose 

which is, in itself, difficult to measure directly. However, HbA1c is the most frequent and 

convenient test that is used in clinical practice to diagnose patients with T2DM and monitor 

long-term glucose control. The performance of the inverse and Deming regression 

confirmed these limitations, and suggests caution is needed when interpreting the impact 

of CKD on HbA1c, since data may indicate, falsely, that there is an apparent impact.  

Moreover, regarding Scr, it is not known what creatinine assays have been used, whether 

they changed over time, or whether were internationally standardised. Hence, we cannot 

report any impact of those factors on our results. However, because all the tests that were 

analysed have been recorded after 2006, the Scr is more likely to be standardised (503).  

Specifically, in 2006, the Laboratory Working Group of the National Kidney Disease 

Education Program” (NKDEP) released recommendations for improving GFR estimation 
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along with guidelines for measuring Scr. The laboratory working group recommended the 

recalibration and standardisation of Scr methods in order to be traceable to the IDMS 

(isotope dilution-mass spectrometry) reference method. (504)  

Two types of IDMS traceable creatinine methods are currently available on the market: 

enzymatic assays that are specific for creatinine and compensated Jaffe creatinine assays 

that are corrected to consider the sensitivity to non-creatinine chromogens, in particular 

proteins of the alkaline-picrate Jaffe assay.  

The implementation of IDMS traceable creatinine assays (enzymatic and compensated 

Jaffe) improved estimation of GFR by reducing bias. Though correct implementation of 

IDMS traceability has been found for most enzymatic methods, by contrast results for the 

compensated Jaffe methods are less clear and provide less reliable estimations of GFR. In 

addition, analytical precision is systematically better for enzymatic assays than Jaffe 

methods, which also suffer from interferences with non-creatinine chromogens. Failure to 

calibration can introduce a systematic bias in the estimated GFR. (505, 506) Variance in 

the measurement of serum creatine does not appear to be an issue in this population as in 

the UK, laboratory-specific standardisation was phased in from 2006 for the measurement 

of serum creatine and laboratories started to calibrate creatine assays to a reference assay 

using IDMS (2007). By the start of the follow-up period in this study (2006) serum creatine 

assays are assumed to be fully standardised, and calibrated (See Figure 3. 18). Also, 76% 

(194 130) of the occasions in this study are reported after 01.01.2010. (507) 

 

 

 

Though, as seen also from Figure 3.18, there is a possibility that different laboratories 

achieved standardisation and calibration at different times between 2006 and 2010. In this 

case, analytical errors, random-precision and systematic-bias, within Scr measurement can 

affect its analytical performance, introduce systematic bias in the estimated levels of GFR 

Figure 3. 18: Changes in reporting Scr and eGFR data over time. Reprinted from Improving the 
measurement of longitudinal change in renal function: automated detection of changes in laboratory 
creatinine assay. Journal of Innovation in Health Informatics. (508)	
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using the MDRD or other equations, and lead to misclassification of patients in CKD stages. 

If Scr methods were not standardised and Scr was measured by kinetic Jaffe method, then 

the original MDRD equation should have been used, which overestimates IDMS traceable 

Scr up to 20%, meaning that those in CKD stage 2 would truly have a worse renal function. 

(509) If creatinine results that are calibrated to IDMS may differ by 5 to 30% compared to 

uncalibrated results, use of a non-IDMS traceable equation with IDMS calibrated results will 

yield an inaccurate eGFR. (510) Correcting for calibration changes overtime, if possible, 

would perhaps also change the distribution of patients in the CKD stages. (506, 511) 

However, the underestimation of the HbA1c in stage CKD 3a or 3b is likely not to have 

clinical implications for patients in primary care. 

Also, patients with an ethnicity record other than black were treated as being white when 

calculating for the eGFR, which may have altered the eGFR calculations and furtherly 

classification of patients in the CKD stages. 

We are aware that the diagnosis of anaemia can take several months in primary care to be 

made, and the underlying aetiology can take even longer to identify. Hence, it might be 

possible that some patients were misclassified if their diagnosis was not recorded, and 

treatment therapy records were absent. Also, this study did not adjust for the effects of 

confounders, such as haematinic therapies, iron supplements or treatment with 

erythropoiesis stimulating agents, which is known that can alter HbA1c results.  

It is possible that unrecorded use of erythropoietin stimulating agents, as well as blood 

transfusions, could have led to residual confounding in the analysis. This is because 

erythropoietin and longer acting analogues are prescribed in secondary renal care, as a 

result not captured in the CPRD data set. Blood transfusion, iron supplements or 

erythropoiesis stimulating agents are likely to resolve anaemia and so change the Hb 

measurements. Hence, misclassification of participants on absence or presence of 

anaemia, type of anaemia or in anaemia treatment groups is likely to have occurred.  

Figures 3.9 and 3.11 in the PhD thesis depict the HbA1c-FPG relationship and it is observed 

that the relationship is not that alike for patients with CKD 3b or lower independent of the 

absence or resolved anaemia among others (other abnormalities), indicating that HbA1c 

measurements are affected by CKD per se. Hence, any misclassification between 

individuals that do not appear to have anaemia and those that are under medication for 

anaemia would have slightly affected the results more possibly in patients with CKD 4 or 5. 

Overall, there might be a small effect if there's a sudden change in Hb measurements (blood 

transfusion or change in medication for anaemia), but for someone who has chronic CKD, 
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Hb does not change considerably and it is relatively stable over the long term, so that HbA1c 

will not be affected very much.  

Also, according to the guidelines for the laboratory analysis in the diagnosis and 

management of diabetes mellitus, blood samples collected in tubes for the estimation of 

FBG should be placed in ice water slurry immediately, plasma should be separated from 

the cells within 30 minutes, in order to reduce cellular activity and metabolism and prevent 

glycolysis. The samples should be analysed within the laboratory within 2 hours of 

collection. This method appears to be impractical in clinical practice as a result the FPG 

samples to have been exposed in some decline in glucose level until laboratory analysis. 

To overcome this issue and minimise glycolysis, tubes containing citrate buffer or sodium 

fluoride were developed and used. Sodium fluoride tubes are used commonly in primary 

care compared to the citrate ones, however, are not effectively inhibit glycolysis at least at 

the first 1-2 h after blood collection. (512) According to the study of Gambino et al, mean 

glucose concentration decreased by 4.6 % at 2 h and by 7.0 % at 24 h when blood was 

drawn into sodium fluoride tube compared to 0.3 % and 1.2 %, respectively, into citrate 

buffer tubes. (513) This limitation is taken into consideration when guidelines are developed 

and for this study it has been assumed that blood samples were not analysed in less than 

2h. 

Regarding the size of error in HbA1c due to erythropoietin or other analogues, as it was 

mentioned in question 3.3, the size is likely to be small. It is almost impossible to estimate 

the effect of these factors and consequently the size of error in HbA1c due to the time-

dependent relationship they have. 

Regarding the re-interpretation of the Deming regression (page 195), FBG might have been 

underestimated and probably would have affected the slope of the inverse regression and 

the slope would be closer the linear model. However, since it is impossible to estimate the 

size of the error in FBG and HbA1c due to mismeasurement, we are unsure about the 

direction of the effect. 

Furthermore, there were 18 occasions of congenital conditions (thalassaemia or sickle cell 

disease) for which the diagnosis was later than the index date, as a result these occasions 

mistakenly to be included in the analysis. However, it appears that these inclusions have 

not altered the results of the HbA1c and FPG relationship after rerunning the mixed effects 

regression model. 

Finally, multiple testing is a major source of false positives in the medical literature. There 

are many sources of multiple testing. Besides the most obvious sources, comparing multiple 

groups or examining multiple outcomes, other less obvious sources include subgroup 
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analyses, variable definitions, repeated measures, and interim analyses. For example, 

multiple definitions of a variable (e.g., anaemia aetiology) require different analysis that 

leads to multiple testing equivalent to the number of the definitions. Also, exploratory 

analyses are particularly prone to this type of error and should be interpreted cautiously. 

When a few moderate size “significant” p values arise over the course of a large number of 

exploratory analyses, these likely reflect chance rather than real associations. Drawing valid 

conclusions requires taking into account the number of performed statistical tests and 

adjusting the statistical confidence measures. (514) Given the multitude of analyses that 

were run it is likely that there are many false positive results due to multiple testing. Many 

of the found associations even if they are statistically significant due to very large dataset 

and not as result of chance have no clinical relevance as mentioned in the discussion 

section. 
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3.5. Conclusion 
Our conclusions suggest that despite the statistically apparent change of the HbA1c-FPG 

relationship due to CKD and independent of anaemia severity and aetiology, HbA1c use 

and interpretation both for diagnosis at population level, as well as in monitoring groups of 

patients with diabetes mellitus is justified for patients with CKD stage < 4 and mild or 

moderate anaemia. Other mechanisms that were not explored in this study possibly affect 

the relationship between severe CKD and HbA1c. 

However, and despite the strengths of this study, further evidence on how CKD modifies 

the HbA1c-FPG relationship from different sample populations with greater ethnic capture 

(e.g., Afro-Caribbean, South and East Asians) is mandated. Also, studies with prospective 

design and pre-specified capture of all variables of interest, including BMI, haematocrit, red 

cell distribution width, and higher number of participants with CKD 4 or greater or severe 

anaemia could confirm or explain the results found. 

The finding that a substantial proportion of the variance in HbA1c readings is patient specific 

is also potentially of interest for developing patient specific thresholds that take into account 

a patient’s propensity to have high or low HbA1c values at any given FPG level.
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Abstract 
Background Increased levels of blood glucose damages the blood vessels in the kidneys 

overtime. This study estimated the effect of different levels of glycaemic control based on 

the glycated haemoglobin (HbA1c) on incidence and progression to moderate Chronic 

Kidney Disease (CKD) 3b or over, and death in patients in primary care. Purpose of this 

study is to assist clinicians’ treatment decisions in primary care. 

Methods 

Design & Setting: Longitudinal retrospective study using primary care based medical 

records from the Clinical Practice Research Datalink linked (CPRD) with the Practice Level 

Index of Multiple Deprivation (Standard) and the Office for National Statistics (ONS) 

registration data in England from January 2006 to December 2017. 

Participants: A sample population of 134 372 participants ≥18 years with a first HbA1c ≥ 42 

mmol/mol test entered the study. Patients left the study upon censoring or death. Only 

patients with non-diabetic hyperglycaemia (NDH) or newly diagnosed with Diabetes Mellitus 

were examined. 

Analysis: We developed a time to event analysis with death as competing-risk, using Cox 

proportional-hazards models, to estimate the effect of baseline HbA1c glycaemic levels on 

the incidence and progression of CKD and all-cause mortality, defined by eGFR. The 

cumulative incidence of outcome events was estimated by the cumulative incidence 

function by Fine and Gray model when applying the competings risks model. 

Control groups: The effect of each HbA1c group was compared to the group with HbA1c 

levels between 42-44 mmol/mol. The effect of glycaemic levels was also adjusted for age, 

gender, ethnicity, socioeconomic status, anaemia severity, weight, blood pressure, 

lipidaemic variables, including total cholesterol, HD, LDL, and triglycerides, smoking, and 

other medication related to renal treatment. 

Findings We analysed 86 601 participants, aged 65·39 years (SD 14·34) or 66 [IQR 55-

76]. 33 transplant recipients were excluded. 3 025 patients had clinical confirmed NDH and 

12 871 newly diagnosed DM at study entry. For 73 730 participants clinical confirmation of 

diagnosed DM at baseline was absent. 

During a median follow-up of 2·48 years [IQR 1·42-4·03] the risk of CKD decline (3b or 

over) is higher when HbA1c ≥ 44 mmol/mol compared to subjects with a 42 ≤ HbA1c < 44 

mmol/mol irrespective of baseline CKD stage. Similarly, there is an overall trend towards 

increased risk of ESRD/dialysis when HbA1c ≥ 44 mmol/mol, however results are not 
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statistically significant. Finally, findings of the effect of HbA1c groups on all-cause mortality 

signified that the higher the baseline HbA1c the worse the prognosis of death at least for 

mild and early moderate CKD states. Higher HbA1c glycaemic levels did not appear to 

affect the progression to death in participants with more advanced CKD. 

Interpretation This study found that primary care patients of high HbA1c glycaemic groups 

(over 44 mmol/mol) and with regular HbA1c measurements have an increased risk of 

nephropathy incidence and progression, and all-cause mortality compared to patients with 

HbA1c levels less than this. An optimal HbA1c threhold at which progression is slower or 

death is averted depends on absence or severity of CKD and warrants further research. 
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Chapter 4. 

Estimating the effect of glycaemic levels, using HbA1c biomarker, 

on the progression of CKD in patients with non-diabetic 

hyperglycaemia or newly diagnosed with diabetes mellitus 

4.1. Introduction 

Chronic kidney disease (CKD) is a global public health problem with more than 700 million 

cases. In the United Kingdom (U.K), approximately 5·6 million people had CKD in 2017 

(412). 

Renal dysfunction is marked by an increased urinary albumin-to-creatinine ratio 

(ACR) ≥ 30 mg/g or by an estimated glomerular filtration rate (eGFR) < 60 mL/min/1·73m2 

for 3 months or more, and is described by stages of severity (stages 1-5) (233, 515). 

CKD often coexists with or arises as a result of other medical conditions, such as Diabetes 

Mellitus (DM), and in this case is commonly known as diabetic nephropathy (121). However, 

CKD can be present undetected, resulting in late diagnosis and delayed treatment, which 

facilitates the faster progression to end stage renal disease (ESRD) or other co-morbidities 

or even death (516-518). 

Glycaemic control is a critical factor for delaying the onset of diabetes related complications. 

Glycated haemoglobin (HbA1c) provides a reliable measure of chronic glycaemia, 

correlates well with the risk of long-term diabetes complications (19), and is a useful tool for 

clinicians to take informed treatment decisions. 

4.1.1. Glycaemic control, progression of CKD and risk of mortality 

The National Institute for Health and Care Excellence (NICE) (425) recommends for 

patients with T2DM managed either by lifestyle and diet, or by lifestyle and diet combined 

with a single drug not associated with hypoglycaemia; HbA1c treatment targets of 48 

mmol/mol (6·5%), or for those on drugs associated with hypoglycaemia an HbA1c of 53 

mmol/mol (7%), because the risk of long-term vascular complications is thought to be 

minimised at these levels, as shown from several randomised control trials (RCTs) with 

prevention of microalbuminuria or delayed progression of macro-albuminuria as outcomes 

(25), (22, 223, 519-524). These recommendations for management of hyperglycaemia, 

focus on patients with type 2 diabetes mellitus (T2DM) and subjects that are CKD-free or 

are in early stages of the disease. Nonetheless, the risk of hypoglycaemia needs to be 
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always considered, and HbA1c targets should be adjusted for different individuals 

accordingly. 

Also, according to the KDOQI guidelines (525), a target HbA1c of ∼7·0% and not lower is 

suggested, especially for patients with severe CKD or complete renal damage (pre-dialysis) 

due to the risk of hypoglycaemia in those groups. Also three studies using subjects from the 

3 above mentioned RCTs (223, 523, 524) did not find any association between intensive 

glycaemic control close to normo-glycaemia levels and eGFR as an outcome; whilst all-

cause mortality was increased for those receiving more intensive treatment for reasons that 

remain unclear (526). 

For those on dialysis there is no established target, though an HbA1c between 53-64 

mmol/mol (7-8%) is recommended (527). This is because an increased risk of mortality was 

found for subjects with an HbA1c ≥ 64 mmol/mol (528) or an HbA1c ≤ 36 and ≥ 69 mmol/mol 

(529). However, other studies either did not find any association between HbA1c levels of 

patients in haemodialysis and death (530, 531), or found lower risk of mortality for dialysis 

patients with low HbA1c glycaemic levels (532, 533). Finally, in a study with Japanese 

participants on haemodialyis, mortality is higher for those above 56 mmol/mol (7·3%) 

compared to those with HbA1c < 56mmol/mol (7·3%) (534). 

Lately, it has been questioned whether specific HbA1c targets should be recommended for 

patients with non-diabetic hyperglycaemia (NDH) or early diabetes and how the 

management of glyceamia, especially in early stages, could have an impact on the 

subsequent progression of comorbidities including CKD or all-cause mortality. Answering 

this question is challenging because many years of good glycaemic control are required 

before a lower rate of progression to reduced kidney function is observed. There is some 

evidence suggesting that CKD might pre- or co-exist a DM diagnosis, potentially making 

pre-diabetes stage an important risk factor (247). However, other studies suggest no 

association between pre-diabetes and kidney function decline either in a 3 years (535) or in 

a 8 years follow-up (250). 

Aspects of the link between early glycaemic control with HbA1c, and the progression of 

CKD and eGFR decline are poorly understood and results are controversial for a population 

without diabetes. In particular, whether kidney function decline depends on HbA1c levels in 

patients with NDH or newly established diabetes is not known. Clinically it would be useful 

to know if there is an HbA1c monitoring threshold at which increased risk of onset of 

moderate CKD is observed. 
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Hence, this study will examine whether glycaemic levels, using HbA1c test, affect the 

incidence of CKD in patients with NDH or newly diagnosed DM if so and at what HbA1c 

level this progression occurs.  
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4.1.2. Research questions and project objectives 

Overall, the importance of HbA1c in clinical care and its use as a marker in patients with 

DM and CKD is well established. Most studies have focused on the link between HbA1c 

and CKD in patients with established DM, leaving unknown whether there is a link between 

HbA1c and CKD in patients with NDH or newly diagnosed with DM. What constitutes an 

optimal HbA1c level for preventing CKD progression and/or death has been a matter of 

debate. Also, whether HbA1c glycaemic levels in patients without diagnosed diabetes are 

associated with CKD progression, including death is not known. 

Although previous evidence demonstrating that intensive treatments that keep HbA1c levels 

close to normo-glycaemic levels lower the risk of albuminuria or the rate of eGFR decline, 

the competing risk of mortality might not outweigh the advantages of the intervention. 

Also, suggestions on management of hyper-glycaemia are derived from studies that are 

commonly using surrogate markers (incident micro-albuminuria and macro-albuminuria) to 

describe these relationships, as opposed to real clinical endpoints. This is the reason that 

our study will define this association by using the eGFR (intermediate end point), and all-

cause mortality. 

Hence, the effect of glycaemic levels, using HbA1c test, on the subsequent incidence and 

progression of CKD and risk of all-cause mortality in individulals with NDH or newly 

estiablished DM was estimated. Specifically, the risk of each outcome across different 

glycaemic groups defined by HbA1c level was compared, using data from the Clinical 

Practice Research Datalink (CPRD). 
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4.1.2.1. Research Question 

 

How does glycaemic levels as depicted in HbA1c test, in patients with non-diabetic 

hyperglycaemia (NDH) or newly diagnosed T2DM predict the subsequent incidence and 

progression of CKD, and risk of all-cause mortality? Is there an HbA1c threshold at which 

there is an elevated risk of CKD function decline? 

 

4.1.2.2. Objectives 

 

Primary objectives 

• estimate the effect of glycaemic levels, using HbA1c (classified in glycaemic groups), 

on incidence of CKD stage 3b or higher (time to first record) dependent on baseline 

CKD stage, 

• estimate the effect of glycaemic levels, using HbA1c (classified in glycaemic groups), 

on incidence of ESRD or dialysis (time to first record) dependent on baseline CKD 

stage, 

• estimate the effect of glycaemic levels, using HbA1c (classified in glycaemic groups), 

on incidence of all-cause mortality dependent on baseline CKD stage. 
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4.2. Methods 

4.2.1. Data sources 

Data from the Clinical Practice Research Datalink (CPRD) were used in order to estimate 

the effect of baseline HbA1c glycaemic levels in patients with NDH or newly diagnosed DM 

on the subsequent incidence and progression of CKD, and risk of all-cause mortality, 

conditional baseline CKD stage. CPRD provides high quality longitudinal data on over 45 

million patients across 703 GP practices in the UK with over 20 years of follow-up for 25% 

of patients making it suitable for epidemiological studies. CPRD’s patients’ data can also be 

individually linked to other health and area based datasets (467). 

In particular, for this study, patients’ data were linked with socioeconomic status based on 

area of residence from the UK Index of Multiple Deprivation (IMD) (IMD 2015) in England. 

Also, CPRD data were linked with mortality data from the Office for National Statistics 

(ONS). This is because ONS death dates are most accurate and should be used when 

available instead of the GOLD death date (CPRD GOLD contains data contributed by 

practices using Vision® software), for which delays on registration dates have been 

observed (536). 

The study was approved by the Independent Scientific Advisory Committee (ISAC). The 

protocol (16_283R) and design of this study were submitted to ISAC on 9th of December 

2016, were approved on 18th of July 2017, and have also been published here (468). 

 

4.2.2. Study design 

CKD is a common microvascular complication of diabetes. Whether pre-diabetes is causally 

related to diabetes complications such as CKD is unclear.  

Estimating causal effects is a key aim of applied health research. One approach is to 

conduct a randomised controlled experiment, but practical and ethical constraints mean this 

is only possible for a limited range of exposures. Most causal effects must therefore be 

estimated from observational data. Many sources of bias arise in non- experimental data, 

including confounding bias, selection bias, and information bias. 

Directed acyclic graphs (DAGs) are an approach for identifying confounding variables that 

require adjustment when estimating causal effects. DAGs are typically non-parametric 

diagrammatic representations of the assumed data generating process for a set of variables 

(and measurements thereof) in a specified context. DAGs are graphs that contain one 

directional arrows which connect the nodes within the graph structure, and where flow of 
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information can be shown to flow from "past" to "future" along the direction of the arrows. 

An arrow between two nodes denotes the assumed existence and direction of a causal 

relationship, but does not specify the sign, magnitude, or parametric form. These graphs 

are acyclic in the sense that a node cannot be caused by itself, and no paths turn back on 

to the parent node as they are directed from a causal variable to an effect variable. 

The total causal effect of a specified exposure (i.e., cause) on a specified outcome (i.e., 

consequence), which together form the focal relationship, is the joint effect transmitted 

through all causal paths connecting the exposure to the outcome. With respect to the focal 

relationship, a confounder is a common cause of both the exposure and the outcome, a 

mediator is caused by the exposure and in turn causes the outcome (i.e., falls on a causal 

path between the exposure and outcome), and a competing exposure is a cause of the 

outcome that is neither caused by nor causes the exposure. A direct causal effect is the 

effect that does not act through one or more specified mediators. (537)  

For this thesis a cohort of participants who remain in the prediabetic state for years would 

determine if blood glucose variations within the pre-diabetic range are predictive of CKD 

incidence and progression; however, owing to its observational nature this study would be 

prone to confounding. The aim of the study was to explore the possible link between blood 

sugar level and eGFR, providing the cut point of the risk threshold for blood glucose with 

CKD in patients with NDH or newly diagnosed with T2DM. Hence, based on DAGs 

approach, glycaemia is the exposure (cause) and CKD the outcome (consequence). Since 

glycaemia is a latent variable, HbA1c was used as a surrogate to assess the association 

between glycaemia and CKD. Patients’ characteristics known to affect both the levels of 

glycaemia and incidence of CKD were accounted to minimise confounding. Rising blood 

sugar levels can increase a person’s blood pressure, while hypertension is known to be 

both associated with the development and progression of CKD and CKD is also a 

complication of uncontrolled hypertension. Anaemia is known to be present in patients with 

CKD, commonly known as renal anaemia. Therefore, anaemia and hypertension are 

unlikely to be a consequence of incident CKD, but rather a proxy for baseline CKD, which 

is measured and controlled at baseline (See Figure 4.1).  

Whether or not controlling for CKD at baseline or/and anaemia a trend of increased risk for 

participants in HbA1c groups higher than the reference group is apparent. 
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A longitudinal retrospective study to estimate how glycaemic control, measured by HbA1c 

(mmol/mol) and classified in groups, predicts incidence of moderate CKD 3b or higher, 

ESRD or dialysis, measured by Scr (μmol/L), and rate of all-cause mortality from the time 

of their first eGFR after entering the study, among patients with NDH, (first measurement of 

HbA1c of 42 – 47 mmol/mol), or with newly diagnosed Diabetes Mellitus, (first measurement 

with HbA1c ≥ 48 mmol/mol), was designed. 

The initial sample included data from 482 045 subjects with and without DM and with at 

least one HbA1c ≥ 42 mmol/mol (6·0%) after 2006. The exclusion of duplicate records and 

the inclusion of only patients with acceptable data quality (based on the CPRD criteria) 

reduced the sample to 474 889 patients in whom HbA1c (mmol/mol) laboratory tests had all 

been measured and had available quantitative results, on any date between 1st of January 

2006 and December 2017, the study’s follow-up period. 

CKD stage was determined at each eGFR test, while the patient is in the study. The effect 

of most recent HbA1c from the initial CKD stage to CKD stage 3b or over and to starting 

ESRD/dialysis, and death was estimated. 

Figure 4. 1: Directed acyclic graph. Causal pathway between glycaemia and incidence of CKD. 
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4.2.2.1. Participants (See Appendix C, Populations flow diagram) 

Inclusion criteria and definition of ‘at risk’ period (See Appendix C, Inclusion criteria) 

Inclusion criteria were that patients’ follow-up period met CPRD’s research quality criteria 

(See Chapter 3, Section: Methods, Study design, Participants, Inclusion criteria). 

Each patient entered the study at the first HbA1c ≥ 42 mmol/mol (or ≥ 6·0%) during the 

study period at which they were 18 years old or older, eligible patients had to be registered 

with their practice for a minimum of 6 months before first HbA1c ≥ 42 mmol/mol (or ≥ 6·0%) 

to ensure adequate recording of baseline covariates, and then were followed until censoring 

(transfer out of CPRD, date of a censoring event, last collection date, or study end date) or 

death (date of death as recorded from the ONS records) (See Figure 4.2),  

Only patients in English practices and with linkage to ONS mortality records were recorded. 

Besides that linkage to ONS covers English practices only, we decided not to include 

patients from GP Practices in Scotland, Wales or Northern Ireland due to different 

guidelines that are being followed for monitoring diabetes. (487, 538-540). 

 

Exclusion criteria (See Appendix C, Exclusion criteria and code selection, p 13-49) 

Patients with the following conditions that could alter HbA1c accuracy (8) or CKD 

progression at any time before study entry were excluded. Specifically, there were 

excluded (See Appendix C, Exclusion Criteria, Code selection): 

a. patients with any prior diagnosis (Read codes) of NDH, prevalent diabetes or diabetes 

complications, or any referrals related to diabetic care, or any diabetes related 

medication or indication of diabetes through prescription of diabetic devices/tools 

included the following drug classes (Product codes): biguanides, biphasic insulins, 

insulins, short insulins, intermediate and long insulins, sulphonylureas, 

thiazolidinediones, some other anti-diabetic medications, and use of insulin needles, 

patients with any Read codes related to bariatric surgery (clinical & referral file), 

b. patients with a prior diagnosis (Read codes) of any of the following blood disorders 

(thalassaemia, haemoglobinopathies, myelodysplasia, and splenectomy) at any time 

prior to the entry date and 3 months after (clinical & referral file), 

c. patients with a diagnosis (Read codes) of human immunodeficiency virus (HIV) (clinical 

& referral file), 

d. patients after a clinical record (Read codes) of Kidney transplant (clinical & referral file), 

e. patients with a positive HIV test or medication (Product codes) for HIV, 
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f. and patients with any biomarker indicating blood disorder (thalassaemia, sickle cell 

disease, other haemoglobinopathy). 

Also, measurement occasions were excluded from the analysis for any of the following 

reasons: 

1. occasions for which an HbA1c or a Scr had a missing or a zero value, but another 

recorded value in the same day were dropped. In most cases these events were 

considered as administrative mistakes as a valid measurement of HbA1c or Scr was 

recorded in the same date. 

2. occasions were dropped in cases in which there was more than one HbA1c test present 

at the study entry date and a difference of more than 5 mmol/mol was recorded within 

the test measurements. If the difference was less than 5 mmol/mol the mean average 

was estimated to reflect the impact. 

 

Censoring events (See Appendix C, Censoring criteria and code selection, p 50-73) 

Patient records were censored at the transfer out date, date of last upload of practice data, 

at the date of death or date of incident of one of the following records conditional of occurring 

after the study entry date and before the study end date: 

a. a diagnosis of an acute kidney injury (AKI), or a rise of the Scr of 26μmol/l or greater 

within 48h or 50% or greater Scr rise known or presumed to have occurred within 7 days 

from the first test (473, 474), 

b. a diagnosis of an acute pancreatic damage (APD) or amylase or lipase levels over 

200U/L (472), 

c. bariatric surgery, 

d. occasions for which a patient has been subjected to splenectomy or developed any 

myelodysplasia or had a test indicative of thalassaemia, sickle cell disease, or other 

haemoglobinopathy, 

e. occasions for which a patient acquired an HIV infection, including having a positive HIV 

test or any prescription of HIV medication, 

f. upon diagnosis of pregnancy from the clinical files or having a positive pregnancy test. 

In cases were the date of diagnosis of a censoring event was absent, the patient (123 

patients) was removed from the study. All right censored patients, did not re-enter the study. 

In occasions were a Scr test occurred in the same date of a censoring event, the transition 

to the CKD stage was not estimated since it was assumed that the Scr test is already 



Chapter 4, Methods 

208 
 

affected from the event. In occasions were the date of a censoring event was the same as 

the date of death, the transition to death was estimated. 

The population’s flow chart (see Appendix C, Figure 1) is depicting in details the initial 

number of patients that fulfilled the inclusion criteria and the number of patients that have 

been excluded, censored or dropped due to inconsistent records or implausible 

observations.  
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4.2.2.1.1. Timeline - Follow-up period 
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Figure 4. 2 Timeline - follow-up period 
Study period from January 1st, 2006 – December 18th, 2017. CPRD’s patient’s quality criteria applied for 
all individuals either before or after 2006. Additionally, to ensure CPRD’s practice’s quality criteria the 
1st HbA1c ≥ 42 mmol/mol (6·0 %) must be obtained after the “up-to-standard” date and at least 6 months 
after it. 
Participants left the study either due to a transfer out of practice, a censoring event, a last collection of 
data from the GP system or death (as recorded from the ONS records). ONS Office of National Statistics. 
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4.2.3. Code lists and algorithms – variables’ definition (See appendix C, Code 

selection) 

CPRD data structure 

(See Chapter 3, Methods Section, Code lists and algorithms – variables’ definition) 

In addition to the above, the referral files, containing referral details recorded to external 

care centres, were also facilitated for this study. 

 

Identifying patients with a valid HbA1c, and Scr result (See appendix C, Code selection p 12) 

For this study, the test files and the relevant entity types primarily were utilised for the 

definition of the necessary biomarkers (HbA1c, Scr). The clinical files (Read codes) were 

also examined to ensure consistency of the tests (See appendix C, Code selection, p 12). 

HbA1c 

For the HbA1c, the entity codes 213, 275, and 288 were combined with the attached Read 

code (See Appendix C, Selection of HbA1c entity types). For the HbA1c test, it was 

assumed that values ≥ 25 and < 240 were mmol/mol and values ≥ 2·5 and < 10 were %. 

Percentage values above 25 and mmol/mol values < 10 were misreported mmol/mol and 

percentages respectively, and adjusted accordingly. The values inbetween were carefully 

examined together with their clinical result and input from the other data fields (e.g., normal 

range basis) for the appropriate conversions. Finally, any HbA1c less than 20 mmol/mol 

was assigned a value of 20, while any HbA1c more than 160 mmol/mol was assigned a 

value of 160. In total nine patients were dropped from the analysis due to ambiguous HbA1c 

values. 

Scr 

For Scr, the entity codes 165, 166, 213, and 288 were used. A list of attached Read codes 

confirmed the selection of the records (See Appendix C, Selection of Scr entity types). A 

valid Scr value was required for the classification of the subjects in each CKD stage. It was 

assumed that values ≤ 5 and > 5 were mg/dL and μmol/L accordingly. Values were reported 

to the nearest whole number to reduce rounding errors. Scr values with a unit measurement 

in mmol/L (data3 == 96) or 5 < Scr ≤ 10 umol/L were dropped as likely data entry errors. In 

cases where more than one Scr was observed in the same date, the mean average was 

calculated to estimate the eGFR. Estimated GFR (mL/min/1·73m2) was in turn calculated 

using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formulae (478) 

(See Appendix C, Table 5). 
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Exposure 

The HbA1c value at baseline was used for estimation of the effect. If it was absent at the 

time of the first Scr test and more than one HbA1c values were present before the first Scr 

test, the mean average was taken and carried forward to reflect HbA1c at baseline. Also, 

patients’ records with more than 3 years gap between consecutive HbA1c values from 

which one measurement was missing, were completely excluded from analysis. 

Then, patients were classified upon their HbA1c measurement into 6 groups (Group 0 < 42, 

Group 1 = 42 - 44, Group 2= 45 - 47, Group 3 = 48 - 52, Group 4 = 53 - 57, Group 5 ≥ 58 

mmol/mol) at first Scr test based on the most recent or estimated value. 

Covariates 

Available patient characteristics’ include gender, ethnicity, socio-economic status, age, 

anaemia severity, blood pressure levels, weight status and body mass index (BMI), smoking 

status, blood cholesterol levels (total cholesterol, high density lipoprotein (HDL), low density 

lipoprotein (LDL)), triglycerides, and medication related to CKD disease, inlcuding anti-

hypertensive medication. 

All these variables were included in the analyses as covariates in order to minimise 

confounding since all are known to have links to either HbA1c and Scr or diabetes and CKD, 

mortality, or are risk factors of CVD incidence (541). For example, drugs related to CKD 

(e.g. angiotensin converting-enzyme inhibitors (ACEi)) or medication for lowering 

hypertension, such as potassium-sparing diuretics, loop diuretics or thiazides, appear to 

have beneficial effects on patients with impaired cardiovascular history profile and also have 

beneficial effects on renal outcome parameters. Progression of albuminuria, a surrogate 

index of renal outcome, is slower and the same is demonstrated for eGFR (422). Hence, 

any possible effect of these variables on the transition estimates was controlled. 

The first 3 sociodemographic variables have been constant for every patient during 

study period. 

Gender was treated as a binary variable with those of unknown or indeterminate gender 

excluded (in CPRD this is most likely to represent temporary registrations where quality of 

information is poor). Patients’ ethnicity was recorded in broader groups as white, black, 

mixed, Chinese, Asian, other, and not known according to their clinical records (See 

Appendix C, Recording of ethnic group categories, pages 79-92). Patients with ambiguous 

ethnicity codes at different time points were assigned as mixed. Also, for the current 

analysis, patients with an ethnicity record other than black were treated as being white when 

calculating for the Glomerular Filtration Rate estimations (eGFR), taking into consideration 



Chapter 4, Methods 

212 
 

that 87% of CPRD’s population is white (482). Socio-economic status of the patient is 

linked with the deprivation value of their general practice in 2015 and is grouped in quintiles 

from the IMD scores (542) (see Appendix C, Table 1). 

The rest of the covariates are time-varying, however, for this study the observation 

at baseline was considered for estimation of covariates’ effect. 

For the continuous variables, for occasions in which more than one measurement was 

observed in the same date, the mean average was taken to reflect the impact of this 

measurement on baseline Scr test. In cases where more than one measurement was 

observed before the first Scr test, we used the “last-observation-carried-forward (LOCF)” 

method to reflect the impact at the time of Scr. 

For the categorical variables, for occasions in which more than one condition or 

contradicting diagnosis was observed in the same date, the information were converted to 

missing. In cases were more than one clinical status was observed before the Scr at entry, 

we used the “last-observation-carried-forward (LOCF)” method to reflect the impact at the 

time of Scr. 

Age 

The age of the participant at baseline was considered for the multvariable model and was 

calculated approximately based on year of birth and treated as a continuous variable. 

Classification of anaemia by severity 

The levels (severity) of anaemia were defined by using the Hb cut-offs as normal, mild, 

moderate and severe, as used by the WHO (481) (See Appendix C, Table 3). 

Classification of lipoproteins (continuous variables) 

Data for lipoproteins such as blood cholesterol and triglycerides were extracted from the 

blood cholesterol and triglycerides measurements, incuding total cholesterol, HDL, LDL, 

and triglycerides (see Appendix C, Covariates). Measurements of extreme value were 

ignored.  

Classification of blood pressure 

Blood pressure (BP) was coded as a binary variable (hypotension, hypertension) using the 

clinical Read codes (max of 10 years prior of each Scr test) (See Appendix C, Covariates, 

Blood pressure) for the first Scr test. 

Smoking status 
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Smoking status of the patients was classified as non-smoker, ex-smoker, current smoker, 

and not known. 

Classification of weight 

The weight status of the patients was defined from the clinical codes as underweight, 

normal, overweight, and obese. BMI was also used as an additional input when patients’ 

weight status was unknown (see Appendix C, Table 2). Occasions where BMI<10 kg/m2 or 

BMI>65 kg/m2 were not taken into consideration and presumed as unreliable. 

Medication exposure 

Finally, patients were considered and categorised as users, if medication affecting renal 

function (blood pressure lowering medication), were prescribed 93 days prior to the baseline 

Scr measurement. 

Conversion of units 

All test results were converted to Système International (SI) unit measurements for analysis 

(See Appendix C, Table 4). Finally, all codes used for the exclusion criteria, censoring 

events, biomarkers’ and diseases’ definition, and drug prescriptions were reviewed by a 

general practitioner (Paul Wisdom, MD) and a Pharmacologist (Yoon Loke, Professor of 

Medicine & Pharmacology). 

 

Outcomes 

Primary 

CKD stages were determined by the 2012 Kidney Disease: Improving Global Outcomes 

(KDIGO) criteria based on eGFR index (233) (See Appendix C, Table 6). CKD stage was 

determined from a single Scr measurement. CKD 3b was defined as an 

eGFR ≤ 45 mL/min/1·73m2. Occasions for which the eGFR ≥ 130 mL/min/1·73m2 were 

classified as being in a hyper-filtration stage (479). Patients with eGFR  ≤ 15 mL/min/1·73m2 

were considered as having kidney failure (CKD stage 5 or end-stage renal disease (ESRD)), 

but not yet in known dialysis treatment conditional of absence of a clinical record of  dialysis. 

Patients on dialysis whether they were on haemodialysis, peritoneal dialysis or dialysis of 

an unknown type, and Kidney transplant candidates or recipients (see Appendix C. 

Classification of dialysis stages (p 74-75) & Exclusion Criteria (p 28-29) were identified 

using the clinical files after having entered the study. Only the dialysis stages that were not 

associated with AKI or Scr rise informed the subsequent events independently of the eGFR 

at the time of the test and unless the patient had a kidney transplantation (KT) record. This 
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is because for patients that entered the dialysis stage we have hypothesised that did not 

move to previous CKD stages. The only transition from dialysis stages was to KT, and KT 

was considered an absorbing state, meaning that transition to death was excluded from KT. 

 

Secondary 

The secondary outcome was the occurrence of a all-cause mortality. As part of the 

descriptive analysis, death was separated into death from cardiovascular (CV) causes and 

non-CV causes. This is because patients with CKD and DM are known to have increased 

risk of CVD events, including coronary heart diesease, heart failure, arrhythmias, stroke 

and peripheral vascular disease (543). 

For this study, except for the direct cause of death, only the first 3 underlying causes of 

death for each patient were used in order to identify mortality from CVD or other causes. 

Subsequent underlying causes of death were either missing or were inconsistent for our 

cohort, so were not taken into consideration. To obtain the date, the main cause and the 

underlying causes, the patients’ identification code is linked, if death has occurred, with the 

ONS, Set 15 code cause of death, as reported in the death certificate, using the International 

Classification of Diseases 10th Revision (ICD-10) (544). ICD is the diagnostic classification 

standard for all clinical and research purposes also used and maintained by the World 

Health Organization (WHO). 

Cause of CV death was identified from the most frequent ICD-10 version: 16 Chapter IX, 

diseases of the circulatory system, blocks. 

Specifically we looked for ICD-10: IX, 

I10-I15 (hypertensive diseases, which includes essential primary hypertension, 

hypertensive heart disease, hypertensive renal disease, hypertensive heart and renal 

disease, and secondary hypertension); I20-I25 (ischaemic heart diseases, including angina 

pectoris, acute myocardial infarction, subsequent myocardial infarction, certain current 

complications following acute myocardial infarction, other acute ischaemic heart diseases, 

or chronic ischaemic heart disease); I35 (non-rheumatic aortic valve disorder); I48 (atrial 

fibrillation and flutter); I50 (heart failure, including congestive heart failure, left ventricular 

failure, and heart failure unspecified); I60-I67 (cerebrovascular diseases, including 

subarachnoid haemorrhage, intracerebral haemorrhage, other non-traumatic intracranial 

haemorrhage, cerebral infarction, stroke, not specified as haemorrhage or infarction, 

occlusion and stenosis of pre-cerebral arteries, not resulting in cerebral infarction, occlusion 

and stenosis of cerebral arteries, not resulting in cerebral infarction, other cerebrovascular 
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diseases, or cerebrovascular disorders in diseases classified elsewhere); I70-73 (.diseases 

of arteries, arterioles and capillaries, including atherosclerosis, aortic and other aneurysm 

and dissection, and other peripheral vascular diseases). 

The most frequent non-CVD mortality codes were matched with the ICD-10 chapters 

accordingly and were used for comparisons. 

 

4.2.4. Statistical analysis 

Descriptive analysis 

The descriptive analysis includes the process to achieve a final sample with regards to the 

inclusion and exclusion criteria. Participant characteristics were summarised as count, 

frequencies, percentage (%), mean with standard deviation (SD), or median with [IQR] 

depending on their distribution. 

Time to event analysis with competing risks 

The effect of glycaemic control, defined by HbA1c after being classified in 6 groups at 

baseline (participant at risk), on rate of progression between baseline CKD stages to first 

record of moderate CKD, CKD 3b or over, as a first event of interest, to ESRD or dialysis, 

as a second, and to all-cause mortality, as third, was estimated using a time to event 

analysis with competing risks. The purpose of outcomes’ distinction was to assess whether 

HbA1c glycaemic levels have different effects on them. 

Initially, the unadjusted incidence rates as the numbers of new events per person over a 

defined period of time were estimated. Also, the Kaplan-Meier estimation of survival 

functions, using the survival curve, was used to visually assess the rates of events 

occurence a given length ot time under the same conditions from each CKD stage at 

baseline. Survival time was calculated in years (continuous) by subtracting the date of the 

first Scr test after the patient has entered the study and the date of outcome event or loss 

of follow-up (or death).  

Then, a Cox proportional-hazards regression (545) based on a modelling approach to that 

of a survival analysis was used to estimate the hazard ratio (HR), effect size, separately for 

each outcome event, where participants who did not experience the event of interest during 

the follow-up period, were censored at loss of follow-up. Since in a Cox regression analysis 

outcome is a binary variable, for the first two outcomes (incidence of moderate CKD or 

higher and ESRD/dialysis) participants that die were treated as censored. Participants with 
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an HbA1c between 42-44 mmol/mol were used as the control group and were compared 

against those in lower or higher groups. 

In a survival analysis all participants are considered part of the risk set. Participants are 

followed from study entry until the event of interest occurs at a specific time point or they 

are censored. Those that experiencing the event are removed from the risk set over time.  

The hazard is the probability that the event of interest will occur during a small increment of 

time, given that the event has not occurred up to that time. In the Cox model, the hazard is 

expressed as a product of two components. The first component is the baseline hazard, 

which depends on time and represents the hazard of a person when all explanatory 

variables are set to their baseline values. The second component defines how the hazard 

varies in relation to explanatory variables. Cox proportional-hazards model assumes that 

covariates are multiplicatively related to the hazard. Censoring was assumed to be 

independent of the event of interest. The Schoenfield residuals were plotted to investigate 

that proportional-hazards assumption was not violated. 

Further, adjusted Cox regressions were applied to estimate the HbA1c effect conditioning 

on baseline values of covariates in order control for potential confounding. Demographic-

adjusted models (Model a) included age, gender, ethnicity, and index of Multiple 

deprivation. Fully adjusted models (Model b)included all varibales in demographic-adjusted 

models plus anaemia severity, weight, smoking status, blood pressure, exposure to 

medication for renal disease and measurements related to the lipidemic status of the 

participant, including that of total cholesterol, HDL, LDL, and triglycerides. 

Since the patient may die before a diagnosis of CKD 3 or over, or ESRD could have been 

made, and the censoring assumption that censored observations have the same hazard to 

higher CKD stage as those at-risk is not fulfilled, competing outcomes need to be 

considered. 

An alternative method to Cox regression is the competing-risks survival regression based 

on Fine and Gray’s proportional subhazards (SHR) model (546). A competing risk (death in 

this study) consists of an event that precludes the observation of the event of interest (CKD 

3b or ESRD/dialysis) to occur. This means that occurrence of this event lowers the hazard 

of the progression to any higher CKD stage. 

Death was treated as competing risk, since if one of the previous outcome events have 

occurred it would be known. This is because if death was treated as censored, the incidence 

of the principal event is overestimated, and biased and incorrect predictors’ effects are 
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obtained. In competing risk analysis, participants are at risk of CKD 3b and death at any 

time. 

Competing risks models provide valid estimates of the cumulative incidence and overcome 

the problem of overestimation of the probability of the event of interest to occur. Cumulative 

incidence functions (CIF) do not require that censoring to be non-informative and allow 

estimation of incidence in a cohort where the competing event should be accounted for 

clinical decisions. Also, CIF is a justified method to analyse prognostic factors. CIF was 

estimated for incidence to moderate or higher CKD stage, and ESRD, separately after 

accounting for death, as a function of years since study entry, since incidence estimates 

are co-dependent. CIF depends on the SHR ratio of the principal event. Participants that 

experience the event remain in the risk set, even if they are no longer at risk. SHR is not 

interpreted in the same way as HR and is used only for the calculation of an individual 

patient’s risk. This is because the estimated SHR aggregate several conceptual distinct 

phenomena, but are superior for making empirical predictions (547). SHR are better 

representing the relative effect of a covariate on the outcome which is also interpreted as 

the association of this covariate on the probability of the event to occur over time (548). 

All statistical analyses were performed in Stata MP 16.0 statistical software (StataCorp. 

2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC). P values 

less than 0·05 were considered statistically significant. Coefficients were reported with 95% 

confidence intervals (CI). 
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4.2.4.1. Missing data 

Any participants who had missing data of Scr that would classify them to the relevant CKD 

were excluded from the analyses at baseline (complete analysis). If from the initial CKD 

stage, the HbA1c test was missing the last observed value of HbA1c was carried forward 

as long as it was satisfying the inclusion criteria. Missing HbA1c levels of more than three 

years apart from their previous observation were not carried forward and those patients 

were not included in the analysis. Regarding the rest of the covariates when missing data 

were observed the day of a Scr test, the last observed value or diagnosis for each variable 

was carried forward, as long as it was satisfying the inclusion criteria. For categorical 

variables, when no information was available, variable was replaced with a missing 

category. For continuous variables, when no information was available, we fit a model only 

using the sample with non-missing values and compared the fit of this model to a model 

using the overall sample. 

The content of this study has been structured according to all the 22 checklist items 

proposed in the STrengthening the Reporting of OBservational studies in Epidemiology 

(STROBE) statement. 
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4.3. Results 

4.3.1. Sample size 

Overall, from the CPRD – December 2017 version, an initial sample of 482 045 participants 

with at least an HbA1c, ≥ 42 mmol/mol (6·0%) after 2006 was identified. Then, the removal 

of duplicate records, dropping of patients with missing clinical records, and the inclusion of 

only CPRD high-quality subjects, reduced the sample to 474 889 individuals (7 156 

participants excluded). Application of all the inclusion criteria, and especially the inclusion 

of only high-quality participants and observations in a good quality research period within 

the study’s follow-up periods, reduced the sample size by 279 674 participants (195 215 

remained). After applying the exclusion criteria, an extra 60 843 participants were removed 

from the sample, leaving the cohort with 134 372 patients between January 1, 2006 and 

December 18, 2017. An additional 123 subjects were removed from the study (134 249 

participants remained) due to the occurrence of a censoring event at an uncertain time 

(absence of clinical date). Further, removal of patients with occasions of Scr before study 

entry led to a sample of 125 713 participants (8 536 patients removed). Finally, the removal 

of patients with at least one occasion of consecutive HbA1c values for more than 3 years, 

lowered the number of the cohort to 118 110. 

Hence, a total of 118 110 individuals satisfied the criteria. In order to estimate the transitions 

from initial entry state to CKD stage 3b, ESRD or dialysis or death, patient had to have at 

least two eGFR observations/stages (eGFRs, dialysis, kidney transplant, death). Hence, 

30 877 that had one recorded Scr and no subsequent tests of renal function were removed. 

Out of this cohort, there were 2 230 individuals for whom loss of follow-up occurred due to 

a censoring event. 1 318 individuals developed AKI, 272 APD, 127 had bariatric surgery, 

65 developed a blood disorder, 13 were diagnosed with HIV, and 435 became pregnant. 

632 subjects were censored before their second event and therefore were excluded from 

analysis. The final cohort included 86 601 participants, of whom 43 379 (50·09%) were 

males and 43 222 (49·91%) were females.  
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4.3.2. Patients’ characteristics 

Baseline characteristics of the study participants are presented in Table 4.1 & 4.2. Baseline 

is defined as the date of the first observed eGFR measurement after meeting the HbA1c 

criterion (≥ 42 mmol/mol or 6% ). The distribution of demographic and social characteristics 

were described by CKD stage, using the CKD-EPI equation, since it is currently used in 

clinical practice (487). 

The mean and median age of all the patients at baseline was 65·39 years (SD 14·34) or 66 

[IQR 55-76]. Most of the tests, 85%, were conducted in patients over 50 years, with those 

being in the age group between 60 - 69 years to have the most occasions (21 721) recorded. 

Ethnicity data were not systematically reported. Patients’ ethnicity was only available for 

51 973 (60%) participants, of whom 25 420 (30%) were white, 19 938 (23%) had a mixed 

race, 4 141 (5%) were Asian, 2 261 (3%) were black, and 213 (0·25%) were Chinese. For 

40% ethnicity was not recorded or recorded as “other”. 

According to the index of Multiple Deprivation of 2015, 6 368 (7%) participants were within 

the 10% of the most deprived category, while 12 758 (15%) in the 10% of the least deprived. 

29 309 (34%) participants were between 10-50% of most deprived areas nationally and 

38 166 (44%) between 10-50% of least deprived areas. 

The number of individuals at the study entry were 86 601 and were distributed among 8 

CKD stages. Out of the total number, 253 (0·29%) were in a hyper-filtration stage, 23 957 

(28%) in CKD stage 1, 43 979 (51%) in stage 2, 11 742 (14%) in stage 3a, 5 126 (6%) in 

stage 3b, 1 372 (2%) in stage 4, 137 (0·16%) had ESRD, and 35 (0·04%) had initiated 

dialysis. At entry it appears that the majority of the participants were in CKD stage 2. 

The average follow-up period was estimated to 3·01 years (SD 2·20), with a median of 2·48 

years [IQR 1·42-4·03], and maximum follow-up length 11·9 years. 

72 106 (83%) subjects out of the 86 601 were alive after censoring. 5 509 (6%) and 7 986 

(9%) subjects death from cardiovascular and non-cardiovascular causes was observed, 

respectively. 

At baseline, in only 18% (15 896) of the participants, diabetic status was confirmed from the 

clinical records. For the remaining 82%, Read codes for DM were absent without precluding 

absence of the disease itself. 
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Variables/CKD stages Total  
(n = 86 601) 

Hyper-filtration  
(n = 253) 

G1  
(n = 23 957) 

G2  
(n = 43 979) 

G3a  
(n = 11 742) 

G3b  
(n = 5 126) 

G4  
(n = 1 372) 

G5 all 
(n = 172) 

Demographics   
Age {years, median [iqr], 

mean (sd)} 

66 [21·00] 

65·39±14·33 

33·00 [14·00] 

36·36±9·32 

53·00 [15·00] 

52·81±10·75 

68·00 [16·00] 

67·13±11·71 

77·00 [13·00] 

76·07±9·91 

82·00 [11·00] 

81·27±8·80 

85·00 [11·00] 

83·06±9·58 

80·00 [15·00] 

77·37±3·06 

Gender {n, (%) male} 43 379 (50·09) 133 (52·56) 13 366 (55·79) 22 112 (50·28) 5 062 (43·11) 2 045 (39·89) 558 (40·67) 103 (59·88) 

Ethnic groups {n, (%)} 
White 25 420 (29·35) 44 (17·39) 6 524 (27·23) 13 231 (30·08) 3 610 (30·74) 1 554 (30·32) 408 (29·7) 49 (28·48) 

Mixed 19 938 (23·02) 29 (11·46) 5 159 (21·58) 10 672 (24·27) 2 600 (22·14) 1 152 (22·47) 304 (22·16) 22 (12·79) 

Asian 4 141 (4·78) 26 (10·28) 2 257 (9·42) 1 608 (3·66) 184 (1·57) 49 (0·96) 11 (0·80) 6 (3·49) 

Black 2 261 (2·61) 97 (38·34) 1 212 (5·05) 819 (1·86) 93 (0·79) 28 (0·55) 9 (0·66) 3 (1·74) 

Chinese 213 (0·00) 1 (0·40) 116 (0·48) 82 (0·19) 10 (0·09) 3 (0·06) 1 (0·07) - 

Other 182 (0·21) 4 (1·58) 100 (0·42) 65 (0·15) 10 (0·09) 3 (0·06) - - 

Unknown 34 446 (39·78) 52 (20·55) 8 589 (35·85) 17 502 (39·80) 5 235 (44·58) 2 337 (45·59) 639 (46·57) 92 (53·49) 

Biomarkers {mean (sd)} 
HbA1c (mmol/mol) 51·27±17·09 67·31±30·52 55·87±21·44 49·83±15·15 48·68±13·43 48·18±12·46 48·18±12·42 48·34±12·02 

HbA1c (%) 6·84±3·72 8·31±4·94 7·26±4·11 6·71±3·54 6·61±3·38 6·56±3·29 6·56±3·29 6·57±3·25 

Scr (μmol/L) 84·86±29·83 50·98±13·11 66·85±11·13 81·05±13·39 101·21±14·80 127·75±20·74 186·54±39·95 416·08±176·36 

eGFR (CKD-EPI,  
ml/min/1·73m2) 

76·78±20·99 137·63±10·49 100·70±8·33 75·96±8·47 53·40±4·28 38·69±4·16 24·66±3·90 13·29±13·33 

FPG {n (%), mmol/L} 17 715 (20·45) 

7·51±3·53 

47 (18·58) 

10·70±5·53 

5 813 (24·26) 

8·31±3·97 

8 961 (20·38) 

7·17±3·18 

1 941 (16·53) 

6·93±3·13 

766 (14·94) 

6·92±3·57 

163 (11·88) 

6·92±3·60 

24 (13·95) 

6·15±2·58 

Hb {n, (%), g/L} 65 293 (75·39) 

138·31±16·29 

212 (83·79) 

136·92±19·39 

18 005 (75·16) 

141·93±15·89 

32 587 (74·10) 

139·51±15·23 

9 043 (77·01) 

134·38±15·87 

4 141 (80·78) 

127·80±16·82 

1 164 (84·84) 

119·94±16·25 

141 (81·98) 

115·14±16·36 

Total cholesterol {n, (%), 

mmol/L} 

65 856 (76·04) 

5·09±1·26 

169 (66·80) 

5·78±2·86 

18 986 (79·25) 

5·29±1·26 

34 009 (77·33) 

5·08±1·24 

8 461 (72·06) 

4·88±1·25 

3 344 (65·24) 

4·71±1·18 

804 (58·60) 

4·67±1·25 

83 (48·26) 

4·40±1·32 
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Variables/CKD stages Total  

(n = 86 601) 

Hyper-filtration  

(n = 253) 

G1  

(n = 23 957) 

G2  

(n = 43 979) 

G3a  

(n = 11 742) 

G3b  

(n = 5 126) 

G4  

(n = 1 372) 

G5 all 

(n = 172) 

HDL {n (%), mmol/L} 58 606 (67·67) 

1·32±0·40 

161 (63·64) 

1·13±0·31 

17 262 (72·05) 

1·24±0·37 

30 411 (69·15) 

1·34±0·40 

7 294 (62·12) 

1·37±0·41 

2 770 (54·04) 

1·38±0·44 

649 (47·30) 

1·30±0·43 

59 (34·30) 

1·20±0·46 

LDL {n (%), mmol/L} 44 307 (51·16) 

3·01±1·05 

106 (41·90) 

3·03±1·01 

13 266 (55·37) 

3·18±1·02 

23 240 (52·84) 

3·01±1·06 

5 285 (45·01) 

2·80±1·06 

1 945 (37·94) 

2·64±1·00 

427 (31·21) 

2·61±1·03 

38 (22·09) 

2·60±1·22 

Triglycerides {n (%), 

mmol/L} 

47 960 (55·38) 

1·89±1·19 

131 (51·77) 

1·99±1·50 

14 622 (61·03) 

2·09±1·43 

24 927 (56·68) 

1·82±1·09 

5 664 (48·24) 

1·77±0·96 

2 098 (40·93) 

1·72±0·98 

480 (34·99) 

1·86±1·06 

38 (22·09) 

1·95±1·10 

BMI {n (%), kg/m2} 29 734 (34·33) 

30·85±6·94 

95 (37·55) 

33·70±8·46 

9 050 (37·78) 

32·65±7·58 

14 965 (34·08) 

30·46±6·55 

3 762 (32·04) 

29·40±6·21 

1 466 (28·21) 

28·21±5·89 

344 (25·07) 

27·08±5·60 

52 (30·23) 

26·70±5·16 

Clinical Profile {n, (%)} 
Diabetes status 
NDH 3 025 (3·49) 2 (0·79) 774 (3·23) 1 680 (3·82) 380 (3·24) 162 (3·16) 21 (1·53) 6 (3·49) 

Diabetes Mellitus 12 871 (14·86) 56 (22·13) 4 696 (19·60) 6 211 (14·12) 1 364 (11·62) 444 (8·66) 89 (6·49) 11 (6·40) 

WHO anaemia 
 Normal 55 330 (63·89) 172 (67·98) 16 239 (67·78) 28 680 (65·21) 7 114 (60·59) 2 595 (50·62) 488 (35·57) 42 (24·42) 

 Mild 6 977 (8·06) 25 (9·88) 1 221 (50·97) 2 871 (65·28) 1 399 (11·91) 1 027 (20·03) 388 (28·28) 46 (26·74) 

 Moderate 2 819 (3·26) 14 (5·53) 516 (21·54) 976 (2·22) 493 (4·20) 493 (9·62) 276 (20·12) 51 (29·65) 

 Severe 167 (0·19) 1 (0·40) 29 (11·46) 60 (0·14) 37 (0·32) 26 (0·51) 12 (0·87) 2 (1·16) 

Clinical anaemia 
 Normal 52 120 (60·18) 159 (62·84) 15 411 (64·33) 27 138 (61·71) 6 563 (55·89) 2 373 (46·29) 440 (32·07) 36 (20·93) 

 IDA 3 327 (3·84) 24 (9·49) 763 (31·85) 1 313 (2·99) 563 (4·79) 462 (9·01) 190 (13·85) 12 (6·98) 

 Non-IDA 6 636 (7·66) 16 (63·24) 1 003 (41·87) 2 594 (5·90) 1 366 (11·63) 1 084 (21·15) 486 (35·42) 87 (50·58) 

 Other non-anaemia 3 210 (3·71) 13 (5·14) 828 (3·46) 1 542 (3·51) 551 (4·69) 222 (4·33) 48 (3·50) 6 (3·49) 
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Variables/CKD stages Total  

(n = 86 601) 

Hyper-filtration  

(n = 253) 

G1  

(n = 23 957) 

G2  

(n = 43 979) 

G3a  

(n = 11 742) 

G3b  

(n = 5 126) 

G4  

(n = 1 372) 

G5 all 

(n = 172) 

Weight categories 
 Underweight 96 (0·11) - 23 (0·00) 48 (0·11) 18 (0·15) 6 (0·12) 1 (0·00) - 

 Normal weight 3 520 (4·06) 10 (3·95) 920 (3·84) 1 854 (4·22) 468 (3·99) 206 (4·02) 54 (3·94) 8 (4·65) 

 Overweight 2 043 (2·36) 5 (1·97) 574 (23·96) 1 017 (2·32) 278 (0·24) 142 (2·77) 26 (1·90) 1 (0·58) 

 Obese 11 008 (12·71) 39 (15·42) 3 926 (16·39) 5 251 (11·94) 1 256 (10·70) 430 (8·39) 84 (6·12) 22 (12·79) 

Smoking status 
 Non-smoker 42 502 (49·08) 157 (62·06) 11 354 (47·39) 21 603 (49·12) 5 946 (50·64) 2 638 (51·46) 725 (52·84) 79 (45·93) 

 Ex-smoker 28 129 (32·48) 27 (10·67) 6 059 (25·29) 14 977 (34·05) 4 468 (38·05) 1 999 (39·00) 530 (38·63) 69 (40·12) 

 Current smoker 15 268 (17·63) 64 (25·30) 6 413 (26·77) 7 049 (16·03) 1 191 (10·14) 428 (8·35) 100 (7·29) 23 (13·37) 

Blood pressure 
 Hypotension 563 (0·65) - 67 (0·28) 253 (0·58) 137 (1·17) 84 (1·64) 19 (1·38) 3 (1·74) 

 Hypertension (n %) 40 412 (46·66) 33 (13·04) 8 172 (34·11) 21 076 (47·92) 6 889 (58·67) 3 259 (63·58) 869 (63·34) 114 (66·28) 

Renal drug exposure 35 063 (40·49) 21 (8·3) 6 257 (26·12) 17 463 (39·71) 6 651 (56·64) 3 543 (69·12) 1 029 (75·00) 99 (57·56) 

 

 

 

 

 

Table 4. 1 Baseline characteristics by CKD stage, using the CKD-EPI equation. 
Counts refer to number of participants at the study entry. For all the counts, percentages are estimated to the column count. Data for age at baseline are presented as median (IQR) 
and mean±SD. Data for all biomarkers are presented as mean±SD. CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, CKD chronic kidney disease, NDH non-diabetic 
hyperglycaemia, non-IDA non-iron deficiency anaemia, IDA iron deficiency anaemia, HbA1c glycated haemoglobin, FPG fasting plasma glucose, Hb haemoglobin, Scr serum creatinine, 
eGFR estimated glomerular filtration rate, HDL high density lipoprotein, LDL low density lipoprotein, BMI body mass index 
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Variables/HbA1c glycaemic 
control group (mmol/mol) 

Group 1 (Ref) 
42 ≤ HbA1c<44 

(n = 30 349) 

Group 0 
HbA1c < 42 
(n = 1 794) 

Group 2 
44 ≤ HbA1c<48 

(n = 25 768) 

Group 3 
48 ≤ HbA1c<53 

(n = 10 420) 

Group 4 
53 ≤ HbA1c<58 

(n = 5 002) 

Group 5 
HbA1c ≥ 58 
(n = 13 268) 

Demographics   
Age {years, median [iqr], mean 
(sd)} 

68·00 [21·00] 
66·84±14·09 

64·00 [19·00] 
63·20±13·60 

68·00 [20·00] 
67·55±13·80 

67·00 [20·00] 
66·05±13·90 

64·00 [20·00] 
63·70±13·82 

58·00 [20·00] 
58·28±14·20 

Gender {n, (%) male} 14 097 (46·45) 945 (52·68) 12 290 (47·69) 5 261 (50·49) 2 698 (53·94) 8 088 (60·96) 
CKD stage {n, (%)}  
Hyper-filtration {253) 66 (0·22) 6 (0·33) 47 (0·18) 18 (0·17) 7 (0·14) 109 (0·82) 
G1 (23 957) 7 248 (23·88) 559 (31·16) 5 885 (22·84) 2 707 (25·98) 1 529 (30·57) 6 029 (45·44) 
G2 (43 979) 16 252 (53·55) 959 (53·46) 13 546 (52·57) 5 302 (50·88) 2 447 (48·92) 5 473 (41·25) 
G3a (11 742) 4 326 (14·25) 196 (10·93) 3 955 (15·35) 1 482 (14·22) 663 (13·25) 1 120 (8·44) 
G3b (5 126) 1 919 (6·32) 54 (3·01) 1 755 (6·81) 704 (6·76) 284 (5·68) 410 (3·09) 
G4 (1 372) 483 (1·59) 18 (1·00) 509 (1·98) 186 (1·79) 65 (1·30) 111 (0·84) 
G5-ESRD (137) 42 (0·14) 1 (0·06) 59 (0·23) 19 (0·18) 4 (0·08) 12 (0·09) 
G5-dialysis (35) 13 (0·04) 1 (0·06) 12 (0·05) 2 (0·02) 3 (0·06) 4 (0·03) 
Ethnic groups {n, (%)}  
White 9 405 (30·99) 533 (29·71) 7 614 (29·55) 2 854 (27·39) 1 398 (27·95) 3 616 (27·25) 
Mixed 7 491 (24·68) 454 (25·31) 5 998 (23·28) 2 311 (22·18) 1 054 (21·07) 2 630 (19·82) 
Asian 1 323 (4·36) 96 (5·35) 1 216 (4·72) 561 (5·38) 275 (5·50) 670 (5·05) 
Black 787 (2·59) 39 (2·17) 743 (2·88) 275 (2·64) 102 (2·04) 315 (2·37) 
Chinese 74 (0·24) 7 (0·39) 58 (0·23) 31 (0·30) 15 (0·30) 28 (0·21) 
Other 51 (0·17) 6 (0·33) 51 (0·22) 16 (0·15) 14 (0·28) 44 (0·33) 
Unknown 11 218 (36·96) 659 (36·73) 10 088 (39· 15) 4 372 (41·96) 2 144 (42·86) 5 965 (44·96) 

Biomarkers {mean (sd)}  
HbA1c (mmol/mol) 42·46±0·51 39·13±2·40 45·25±1·60 49·75±1·33 54·82±1·47 84·61±22·68 
HbA1c (%) 6·04±0·05 5·73±0·23 6·29±0·15 6·70±0·12 7·17±0·13 9·89±2·07 
Scr (μmol/L) 84·81±29·12 82·04±22·10 86·59±32·77 86·46±31·19 85·14±28·83 80·62±24·77 
eGFR-CKD-EPI (ml/min/1·73m2) 75·34±20·26 79·90±19·69 74·12±20·60 75·35±20·99 77·79±20·79 85·58±21·23 

FPG (n %) (mmol/L) 5 021(16·54) 
5·60±0·94 

345 (19·23) 
5·87±1·07 

4 809 (18·66) 
6·01±1·07 

2 305 (22·12) 
6·73±1·3 

1 264 (25·27) 
7·50±1·49 

3 971 (29·93) 
12·33±4·48 
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Variables/HbA1c glycaemic 

control group 

Group 1 (Ref) 
42 ≤ HbA1c<44 

(n = 30 349) 

Group 0 
HbA1c < 42 
(n = 1 794) 

Group 2 
44 ≤ HbA1c<48 

(n = 25 768) 

Group 3 
48 ≤ HbA1c<53 

(n = 10 420) 

Group 4 
53 ≤ HbA1c<58 

(n = 5 002) 

Group 5 
HbA1c ≥ 58 
(n = 13 268) 

FPG {n, (%), mmol/L} 5 021 (16·54) 
5·60±0·94 

345 (19·23) 
5·87±1·07 

4 809 (18·66) 
6·01±1·07 

2 305 (22·12) 
6·73±1·3 

1 264 (25·27) 
7·50±1·49 

3 971 (29·93) 
12·33±4·48 

Hb {n, (%), g/L} 24 057 (79·26) 
136·64±15·54 

1 159 (64·60) 
139·11±15·98 

19 712 (76·50) 
136·37±16·24 

7 587 (72·81) 
137·87±16·69 

3 451 (68·99) 
140·27±16·06 

9 322 (70·26) 
146·27±15·61 

Total cholesterol {n, (%), 
mmol/L} 

22 468 (74·03) 
5·07±1·18 

1 423 (79·32) 
4·78±1·13 

19 099 (74·12) 
5·00±1·20 

8 008 (76·85) 
4·98±1·20 

3 938 (78·73) 
5·06±1·30 

10 900 (82·15) 
5·42±1·49 

HDL {n, (%), mmol/L} 20 256 (66·74) 
1·40±0·41 

1 302 (72·58) 
1·31±0·39 

16 988 (65·93) 
1·35±0·40 

7 083 (67·98) 
1·27±0·37 

3 478 (69·53) 
1·22±0·35 

9 499 (71·59) 
1·15±0·33 

LDL {n, (%), mmol/L} 
15 238 (50·21) 

3·02±1·03 
1 008 (56·19) 

2·78±1·00 
12 694 (49·26) 

2·97±1·04 
5 439 (52·20) 

2·94±1·04 
2 731 (54·60) 

2·97±1·06 
7 197 (54·24) 

3·18±1·09 

Triglycerides {n, (%), mmol/L} 15 966 (52·61) 
1·66±0·96 

1 068 (59·53) 
1·65±0·96 

13 541 (52·55) 
1·74±0·99 

5 906 (56·68) 
1·92±1·09 

3 035 (60·68) 
2·06±1·17 

8 444 (63·64) 
2·51±1·67 

BMI {n, (%), kg/m2} 9 484 (31·24) 
29·51±6·67 

719 (40·08) 
30·62±6·33 

8 450 (32·79) 
30·57±6·87 

3 720 (35·70) 
32·14±7·08 

2 008 (40·14) 
32·68±7·15 

5 353 (40·35) 
32·10±6·89 

Clinical Profile {n, (%)}  
Diabetes status  
NDH 978 (3·22) 286 (15·94) 1 210 (4·70) 367 (3·52) 100 (2·00) 84 (0·63) 
Diabetes Mellitus 781 (2·57) 735 (40·97) 2 130 (8·27) 2 479 (23·79) 1 877 (37·52) 4 869 (36·70) 

WHO anaemia   
 Normal 20 160 (66·43) 1 020 (56·86) 16 171 (62·76) 6 340 (60·84) 2 987 (59·72) 8 652 (65·21) 
 Mild 2 809 (9·26) 96 (5·35) 2 435 (9·45) 842 (8·08) 330 (6·60) 465 (3·50) 
 Moderate 1 025 (3·38) 38 (2·12) 1 064 (4·13) 377 (3·62) 125 (2·50) 190 (1·43) 
 Severe 63 (0·21) 5 (0·28) 47 (0·18) 28 (0·27) 9 (0·18) 15 (0·11) 
Clinical anaemia  
 Normal 18 870 (62·18) 946 (52·73) 15 136 (58·74) 6 945 (57·05) 2 848 (56·94) 8 375 (63·12) 
 IDA 1 312 (4·32) 47 (2·62) 1 193 (4·63) 411 (3·94) 150 (3·00) 214 (1·61) 
 Non-IDA 2 585 (8·52) 92 (5·13) 2 353 (9·13) 836 (8·02) 314 (6·28) 456 (3·44) 
Other non-anaemia 1 290 (4·25) 74 (4·12) 1 035(4·02) 395 (3·79) 139 (2·78) 277 (2·09) 
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Variables/HbA1c glycaemic 

control group 

Group 1 (Ref) 
42 ≤ HbA1c<44 

(n = 30 349) 

Group 0 
HbA1c < 42 
(n = 1 794) 

Group 2 
44 ≤ HbA1c<48 

(n = 25 768) 

Group 3 
48 ≤ HbA1c<53 

(n = 10 420) 

Group 4 
53 ≤ HbA1c<58 

(n = 5 002) 

Group 5 
HbA1c ≥ 58 
(n = 13 268) 

Weight categories  
  Underweight 39 (0·13) 4 (0·22) 30 (0·12) 12 (0·12) 3 (0·06) 8 (0·06) 
  Normal weight 1 429 (4·71) 66 (3·68) 1 068 (4·14) 377 (3·62) 178 (4·02) 402 (3·03) 
  Overweight 587 (1·93) 56 (3·12) 578 (2·24) 280 (2·69) 168 (3·36) 374 (2·82) 
  Obese 3 231 (10·65) 283 (15·77) 3 193 (12·39) 1 593 (15·29) 800 (15·99) 1 908 (14·38) 
Smoking status  
  Non-smoker 15 320 (50·48) 922 (51·39) 12 747 (49·47) 5 029 (48·26) 2 317 (46·32) 6 167 (46·48) 
  Ex-smoker 9 635 (31·75) 608 (33·89) 8 577 (33·29) 3 503 (33·62) 1 726 (34·51) 4 080 (30·75) 
 Current smoker 5 160 (17·00) 253 (14·10) 4 267 (16·56) 1 811 (17·38) 914 (18·27) 2 863 (21·58) 
Blood pressure   
  Hypotension  209 (0·69) 12 (0·67) 201 (0·78) 77 (0·74) 25 (0·50) 39 (0·29) 
  Hypertension  14 498 (47·77) 906 (50·50) 12 891 (50·03) 5 211 (50·01) 2 336 (46·70) 4 570 (34·44) 
Renal drug exposure 11 989 (39·50) 695 (38·74) 11 139 (43·23) 4 807 (46·13) 2 198 (43·94) 4 235 (31·92) 

 

Table 4. 2 Baseline characteristics stratified by glyacaemic status and defined by HbA1c measurements (mmol/mol) 
Counts refer to number of participants at the study entry. For all the counts, percentages are estimated to the column count. Data for age at baseline are presented as median (IQR) 
and mean±SD. Data for all biomarkers are presented as mean±SD. CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, CKD chronic kidney disease, NDH non-diabetic 
hyperglycaemia, non-IDA non-iron deficiency anaemia, IDA iron deficiency anaemia, HbA1c glycated haemoglobin, FPG fasting plasma glucose, Hb haemoglobin, Scr serum 
creatinine, eGFR estimated glomerular filtration rate, HDL high density lipoprotein, LDL low density lipoprotein, BMI body mass index 
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4.3.3. Effect of HbA1c levels on incidence and progression of CKD using Cox 

proportional-hazards model 

4.3.3.1. From entry state to CKD stage 3b or higher (Outcome 1) 

Out of the total cohort, there are 11 711 participants that have an incidence of CKD stage 

3b (9 831) or higher (1 880) in their records. 5 126 participants enter the study in moderate 

CKD (3b), and 1 544 were already experiencing severe kidney decline (1 372) or kidney 

failure (172), hence are excluded from these estimations. 

Among the remaining 79 931 participants, 5 041 experienced the principal outcome, and 8 

997 died (3 316 from CV causes and 5 681 from non-CV causes) without occurrence of 

CKD 3b or higher prior to death. The median follow-up time was 2·41 [IQR 2·6] years. 

Due to the small number of events, estimation of the HR from any initial stage separately 

for NDH and DM was not feasible. In particular, out of the 11 711 subjects, only 1 043 

(8·90%) who had a confirmed diabetic status from clinical records. For the rest, diabetes 

status was absent. Thus, further assumptions for the condition of the participants were not 

made and so no assumptions were made for the total cohort. 
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Figure 4. 3 Kaplan-Meier survival curve for length of time from every CKD stage at baseline (≤ stage 3a) until occurrence of the primary endpoint (CKD 3b or 
higher) for participants with different glycaemic levels, measured by HbA1c. Death event has been treated as censored. Censoring is indicated by vertical 
marks. The number of patients at risk at different time points s displayed below the graph. 
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Kaplan-Meier survivor function 

The Kaplan-Meier estimate of the survivor function is depicted in Figure 4.3. The survivor 

function describes the unadjusted probability that CKD 3b or over has not yet occurred by 

this time point, irrespective of baseline CKD stage. 

Out of the total 5 041 incidences, 2 044 occurred within the first year, and 1 262 within the 

2nd year from study entry. The cumulative failure and probability of survival/non-occurrence 

are 0·027 [95% CI, 0·026-0·029] and 0·97 [95% CI, 0·971-0·974] for the first year, and 

0·049 [95% CI, 0·047-0·050] and 0·95 [95% CI, 0·949-0.953] for the second year, 

respectively. 

In total, 78 (4·5%) events occurred when participants had a baseline HbA1c < 42 mmol/mol, 

1 531 (5·5%) if 42 ≤ HbA1c <44, 1 547 (6·6%) if 44 ≤ HbA1c<48, 730 (7·7%) if 

48 ≤ HbA1c <53, 349 (7·5%) if 53 ≤ HbA1c <58, and 806 (8·6%) if HbA1c ≥ 58 mmol/mol. 

The incidence rate was 1·48 [1·19-1·85] events per 100 person-year, 2·17 [2·06-2·28], 2·40 

[2·28-2·52], 2·50 [2·33-2·69], 2·15 [1·93-2·39], and 1·63 [1·52-1·74], respectively (See 

Table 4.3 also for occurrence of events stratified by baseline CKD). 

When the survivor function was obtained after stratifying by baseline CKD stage, it was 

observed that for patients with CKD stage 1 or 2 the different glycaemic levels did not 

appear to have an impact on the time to incidence of stage 3b, at least for the first 5 years 

of the study period (See Appendix C, page 119 & 122, Kaplan Meier survival curves). 

For participants starting at baseline CKD stage 3a, median survival time for the reference 

Group 1 was 8 years. For those with lower glycaemic level median survival time was 6·6 

years, while for those with higher glycaemic levels, median survival time for Group 3 was 

6·4 years, for Group 4 was 7·6 years, and for group 5 was 7·3 years. Median survival time 

was not known for Group 2 since more than the 50% of the subjects were censored (See 

Figure 4.4). 



Chapter 4, Results 

230 
 

Univariable regression analysis (See Appendix C, p. 115-126) 

The effect of HbA1c levels on progression of CKD was first estimated unadjusted for 

covariates and not stratified by CKD stage. Irrespective of baseline CKD stage, participants 

with HbA1c < 42 and HbA1c ≥ 58 mmol/mol have a lower hazard, 0·712 [95% CI, 0·57,0·89] 

and 0·821 [95% CI, 0·75,0·90], respectively, while those in Group 2 and 3 have a statistically 

significant increased hazard, 1·130 [95% CI, 1·05,1·21] and 1·210 [95% CI, 1·11,1·32], 

respectively, compared to the reference group (See Table 4.4). 

The Cox proportional-hazards regression showed that participants of higher glycaemic 

control groups (44 – 53 mmol/mol) compared to that of 42-44 mmol/mol (6-6·2%), from CKD 

stage 1 (140 subjects), have a gradually increased hazard (1·23 [95% CI, 0.67-2.27], and 

1.71 [95% CI, 0.88-3.32], however these differences are not statistically significant. For the 

higher glycaemic groups, at any time twice as many with an HbA1c ≥ 53 mmol/mol are 

experiencing incidence of CKD 3b or higher proportionally to the reference group (2·06 

[95% CI, 1·0- 4·18], and 2·56 [95% CI, 1·53-4·29]). There was no participant with an 

HbA1c < 42 mmol/mol at baseline. 

Similarly, for those in CKD stage 2 at baseline (1 565 subjects), HR was increased for those 

in Group 2 (44-47), Group 3 (48-52), Group 4 (53-57), and Group 5 (≥ 58 mmol/mol) with a 

HR at 1·22 [95% CI, 1·06-1·39], 1·45 [95% CI, 1·23-1·70], 1·24 [95% CI, 1·01-1·53], and 

1·46 [95% CI, 1·26-1·69]. 

Figure 4. 4 Kaplan-Meier survival curve for length of time from CKD stage 3a until occurrence of the 
primary endpoint (CKD 3b or higher) for participants with different glycaemic levels, measured by HbA1c. 
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Finally, for those entering the study in stage CKD 3a (3 335 subjects), HR differences 

between the glycaemic groups are not so apparent. For participants in Group 2 (1·00 [95% 

CI, 0·92-1·09]) and Group 5 (1·01 [95% CI, 0·90-1·13]) event rates are the same as in the 

reference group, and not statistically significant. For Group 3 and Group 4 participants’ HR 

increased to 1·13 [95% CI, 1·01-1·26] and 1·09 [95% CI, 0·98-1·26], respectively. Only for 

Group 3 the increased HR was statistically significant, but the relative effect size is small. 

Multi-variable regression analysis - demographic characteristics (See Appendix C, p. 115-126) 

The second analysis was adjusted for the demographic characteristics of the participants 

at baseline. The Cox proportional-hazards regression was adjusted for age, gender, 

ethnicity, and index of Multiple Deprivation. 

Results of the Cox proportional-hazards regression irrespective of baseline CKD stage 

showed that differentiation of glycaemic levels continued to have a significant effect to 

incidence of CKD 3b or over. In fact, the HRs for participants in Groups ≥ 2 were even 

higher than the unadjusted ones. Also, for participants with HbA1c < 42 mmol/mol, hazard 

was lower than the reference group, though not statistically significant (See Table 4.4). 

Also, results after adjustment showed that from CKD stage 1 the effect of being in a higher 

glycaemic control group (44 – 53 mmol/mol) than the reference group 42-44 mmol/mol (6-

6.5%) persisted, and HRs increased to 1·23 [95% CI, 0·66-2·27], and 1·79 [95% CI, 0.92-

3.50], but were still not statistically significant. For the higher glycaemic groups (HbA1c ≥ 

53 mmol/mol), Group 4 (2·22 [95% CI, 1·09-4·53]) and 5 (3·26 [95% CI, 1·93-5·50]), HRs 

were still increased, but for the latter group, three times as many subjects were experiencing 

moderate CKD or higher compared to the reference group.  

Also, results after adjustment from CKD stage 2 show that HR is similarly increased for any 

higher glycaemic group, and in particular for those that have an HbA1c ≥ 58 mmol/mol twice 

as many subjects move to CKD stage 3b or higher. Specifically, the obtained HRs are 1.22 

[95% CI, 1.07-1.40], 1.60 [95% CI, 1.36-1.88], 1.51 [95% CI, 1.22-1.87], and 2.05 [95% CI, 

1.76-2.39] for each defined glycaemic group. Age similarly increases the hazard, 1·07 [95% 

CI, 1.07-1.08] 

Finally, the HR for participants with a glycaemic control between 44-48 mmol/mol does not 

appear to be increased from CKD stage 3a (1·02 [95% CI, 0.93-1.11]). On the other hand, 

for participants with an HbA1c ≥ 48 mmol/mol HRs are still increased after adjustment 

(Group 3 (1·16 [95% CI, 1.04-1.29]), Group 4 (1·19 [95% CI, 1.03-1.38]), and Group 5 (1·16 

[95% CI, 1.03-1.30]). 
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Multi-variable regression analysis - demographic & clinical characteristics – fully adjusted model (See 

Appendix C, p. 115-126) 

Results after adjusting for weight, anaemia severity, smoking status, hypertension, lipidemic 

variables, and exposure to renal related medication, in addition to the demographic 

variables, showed that the effects of all the groups when HbA1c ≥ 48 mmol/mol (Group 3) 

remained statistically significant. HR gradually increased for every group and in particular 

for those participants with HbA1c ≥ 58 mmol/mol, HR was 42% higher than the reference 

(1·416 [1.24,1.62]) (See Table 4.4). 

From CKD stage 1 only the effect of Group 5 (3·43 [95% CI, 1·59-7·39]) remained significant 

after adjustment, while from CKD stage 2 any participant with HbA1c ≥ 48 mmol/mol had 

an increased HR to CKD 3b or over. 

Finally, none of the HbA1c glycaemic groups had a significant effect on progression of CKD 

from CKD stage 3a, which has been the state that most transitions occurred.  
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4.3.3.2. From entry state to CKD stage 3b or higher with all-cause mortality as competing 
risk (Fine and Gray model) 

Also, the SHR was estimated in order to reflect the effect of HbA1c groups on the cumulative 

incidence of CKD 3b or over in the presence of all-cause mortality as competing risk after 

adjusting for patient characteristics (fully adjusted model – See Methods, Statistical 

Analysis, p. 226). 

Figure 4. 5 shows the estimate of cumulative incidence curves, which defined the probability 

of experiencing CKD 3b or over in the presence of competing risks. It appears, that 

participants in HbA1c groups higher than the reference group have an increased probability 

to progress in CKD 3b or over, compared to those in lower groups. This is also confirmed 

from the adjusted SHRs (See Table 4·4). For example, participants with an HbA1c ≥ 58 

mmol/mol at any point in time, have an increased probability by 46% of progressing to more 

advanced CKD stages. 

A similar pattern is followed when the cumulative incidence function was estimated by 

baseline CKD stage separately. From CKD stage 1, subjects in Group 5 have a statistically 

significant increased cumulative incidence to progress to a moderate or severe CKD stage 

and the estimated SHR is 3·59 [1·63, 7·89]. From CKD stage 2, SHR is statistically 

Figure 4. 5 Estimates of cumulative incidence for occurrence of CKD stage 3b or higher in the presence 
of all-cause mortality as a competing risk, irrespective of baseline CKD, by HbA1c glycaemic levels from 
Fine-Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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significant for all the glycaemic groups higher than that of the reference. Estimated SHR is 

1·30 [1·06, 1·59] for Group 2, 1·72 [1·35, 2·19] for Group 3, 1·54 [1·11, 2·07] for Group 4, 

and 2·22 [1·76, 2·79] for Group 5. (See Appendix C, page 162-171). Finally, from CKD 3a, 

despite the decreased probability of progression for subjects with HbA1c < 42 mmol/mol, 

and a trend to increased probability for subjects with an HbA1c ≥ 48 mmol/mol, SHRs were 

not statistically significant (See Appendix C, page 172-174). 

As observed from Table 4.4 displaying the unadjusted and adjusted HRs and SHRs from 

the Cox proportional-hazards regression and Fine and Gray model respectively, findings 

regarding the effect of the different HbA1c groups on CKD progression are quite similar.  
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4.3.3.3. From entry state to ESRD or dialysis (Outcome 2) 

Of the total cohort, there were 540 participants that had incident ESRD (488) or had initiated 

RRT (52) in their records. 137 participants entered the study already having kidney failure 

(ESRD), and 35 had already started dialysis, hence were excluded from this analysis. 212 

participants that experience ESRD or dialysis exit the study due to death. Death for 112 

subjects is attributed to CV causes, while for 100 to other non–CV causes. 

Among 86 429 participants, 368 experienced the second outcome, and 13 179 died (5 351 

from CV causes and 7 828 from non-CV causes) without occurrence of ESRD or dialysis 

prior. The median follow-up time was 2·48 [1·42-4·03] years. 

The Kaplan-Meier estimate of the survivor function is depicted in Figure 4.6. Out of the total 

368 incidences, 284 (77%) occurred within the first three years from study entry, and the 

cumulative failure at year 3 was 0·004 [0·0039-0·0049]. 

In total, 3 events (0.05 per 100 person-years) occurred when participants had a baseline 

HbA1c < 42 mmol/mol, 100 (0.13 per 100 person-years) if 42 ≤ HbA1c <44, 113 (0.16 per 

100 person-years) if 44 ≤ HbA1c <48, 66 (0·20 per 100 person-years) if 48 ≤ HbA1c <53, 

28 (0·15 per 100 person-years) if 53 ≤ HbA1c <58, and 58 (0·11 per 100 person-years) if 

Figure 4. 6 Kaplan-Meier survival curve for length of time irrespective of baseline CKD stage until 
occurrence of the primary endpoint (ESRD or dialysis) for participants with different glycaemic levels, 
measured by HbA1c 
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HbA1c ≥ 58 mmol/mol. (See Table 4.3 also for occurrence of events stratified by baseline 

CKD). 

When the survivor function was obtained after stratifying by baseline CKD stage, it was 

observed that patients with CKD stage 3b and 53 ≤ HbA1c <58 mmol/mol, and those with 

baseline CKD stage 4 and 48 ≤ HbA1c <53 mmol/mol had the lowest survival probability. 

(See Appendix C, page 139 & 142, Kaplan Meier survival curves). 

Univariable analysis (See Appendix C, p. 127-142) 

Irrespective of baseline CKD stage, unadjusted HR was higher for participants with 

48 ≤ HbA1c ≤ 58 mmol/mol, however it was only significant for Group 2 (1·625 [1·19,2·22]) 

compared to the reference group (See Table 4.4). 

There was no incidence of ESRD or dialysis from the hyper-filtration stage. 

There were 19 subjects who had an incidence of ESRD/dialysis from CKD stage 1. Data for 

those with an HbA1c < 42 and between 53-57 mmol/mol were zero and parameters were 

not estimated. It appears that those in Group 2 and Group 3 have very few participants and 

results are not statistically significant. Finally, when HbA1c ≥ 58 mmol/mol four times as 

many subjects were experiencing the event compared to the reference group, but still the 

increase in the HR was not statistically significant because of the small number of events 

making the power of the analysis very low (4·42 [95% CI, 0·97-20·21]). 

Regarding transitions from baseline CKD stage 2 (64 subjects), HR may appear increased 

for the different glycaemic groups, however, was not statistically significant in any of the 

groups. The results obtained for the transitions from baseline CKD stage 3a (54 subjects) 

and 3b (83 subjects) were similar. The HRs only of those being in Group 3 (48 ≤ HbA1c < 53 

mmol/mol) (2·32 [95%CI, 1·05-5·12]) for stage 3a, and of those in Group 4 (53 ≤HbA1c <58 

mmol/mol) (3·14 [95%CI, 1·62-6·09]) for stage 3b were increased, and were statistically 

significant. Finally, the majority of transitions to ESRD/dialysis were observed from the 

previous CKD stage, the stage 4 (148 subjects). Nonetheless, for none of the glycaemic 

control groups HRs’ increase or decrease appeared to be statistically significant (Group 0 

(0·48 [95%CI, 0·66-3·51]), Group 2 (1·07 [95%CI, 0·73-1·57]), Group 3 (1·41 [95%CI, 0·87-

2·29]), Group 4 (0·89 [95%CI, 0·40-1·97]), Group 5 (0·66 [95%CI, 0·33-1·32])). 

Multi-variable analysis - demographic characteristics (See Appendix C, p. 127-142) 

Compared to the unadjusted model, obtained HRs from the Cox proportional-hazards 

regression after adjustment were not substantially different. Irrespective of baseline CKD, 

all HbA1c groups over 48 mmol/mol had increased and statistically significant HR compared 

to the reference group that varied between 1·56-1·77.  



Chapter 4, Results 

237 
 

Also, HRs were not statistically different from CKD stage 2 or CKD 4 to outcome 2, in any 

of the glycaemic status groups. However, CKD-free subjects but with an HbA1c ≥ 58 

mmol/mol appeared to have 5 times as many events compared to the reference group (5·55 

[1·19,25·95]. Also, only for baseline CKD stage 3a, twice as many participants with a 

48 ≤ HbA1c < 53 mmol/mol compared to the reference group moved to ESRD/dialysis with 

an estimated HR at 2·52 [95% CI 1·14-5·58]. Finally, for baseline CKD 3b, three times as 

many subjects with a 53 ≤HbA1c <58 mmol/mol experienced the transition, with the 

estimated HR at 3·01 [95% CI, 1·54-5·89], which was very similar to the unadjusted model. 

Multi-variable analysis - demographic & clinical characteristics (See Appendix C, p. 127-142) 

Finally, after adjustment for both demographic and clinical confounders, HR to ESRD or 

dialysis increased only for participants with baseline CKD stage 3b and HbA1c 

53 ≤ HbA1c < 58 mmol/mol (4·660 [1·80,12·06]). 

Additional analysis – Demographic, demographic and clinical adjusted models + adjustment by 

baseline CKD stage 

Due to the low number of events for this outcome, an additional Cox proportional-hazards 

regression analysis was applied adjusting for baseline CKD stage additional to the two 

multi-variable models. 

HRs for each glycaemic group were very similar with the results obtained from the Model a 

and b. In particular, participants with an HbA1c ≥ 44 mmol/mol (6·2%) had a greater risk to 

progress compared to the reference group. HRs for model a and adjustment for baseline 

CKD are as following: Group 0: 0·56 [0·18,1·76]; Group 2: 1·09 [0·83, 1·43]; Group 3:1·64 

[1·20, 2·24]; Group 4: 1·42 [0·93, 2·17]; Group 5: 1·33 [0·95, 1·86], while for model b and 

adjustment for baseline CKD are: Group 0: 0·38 [0·05,2·79]; Group 2: 1·06 [0·69, 1·62]; 

Group 3: 1·48 [0·91,2·42]; Group 4: 1·24 [0·64,2·39]; Group 5: 1·26 [0·74,2·16].  
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4.3.3.4. From entry state to ESRD/dialysis with all-cause mortality as competing risk 
(Fine and Gray model) 

The effect of baseline glycaemic levels was also accounted after accounting all-cause 

mortality as a competing risk. 

Figure 4. 7 shows the estimate of CIF curves (fully adjusted model), which defined the 

probability of experiencing ESRD or dialysis, while other participants had experienced a 

death. It appears, that participants in HbA1c groups higher than the reference group have 

an increased risk of progression to ESRD/dialysis, while for those in lower glycaemic 

categories the risk is decreased. For participants in glycaemic Groups 4 and 5 cumulative 

incidence appears to be similar, while those in Group 3 appear to have the highest 

probability to the primary outcome. 

Results from the Fine and Gray model, and irrespective of baseline CKD stage, show that 

there is a trend of increased risk for participants in HbA1c groups higher than the reference 

group, however SHRs are not statistically significant for any of the glycaemic groups (See 

Appendix C, page 175-177). 

From CKD stage 1, SHRs were not estimated for most of the glycaemic groups due to the 

low number of subjects in this state, and if estimations were obtained, results were not 

Figure 4. 7 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, irrespective of baseline CKD, by HbA1c glycaemic levels from Fine-
Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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significant (See Appendix C, page 179-181). From CKD stage 2and 3a, SHRs appeared to 

be higher for all the glycaemic levels, over and under the reference group, except for 

participants in Group 4 where the SHRs were lower, but none of them were statistically 

significant (See Appendix C, page 183-187). 

Also, cumulative incidence appears to be decreased for participants entering the study in 

CKD stage 3b and with HbA1c between 44 and 52 mmol/mol, however again the SHRs 

were not statistically significant. On the contrary, the cumulative incidence is increased for 

participants with HbA1c between 53 and 57 mmol/mol and the estimated SHR is 4·85 [1.94, 

12.12] (See Appendix C, page 189-190). Finally, from CKD 4, cumulative incidence was 

increased for subjects in Group 2 and 3 of CKD, and surprisingly decreased for subjects in 

Groups 4 and 5. None of the estimated SHRs were statistically significant (See Appendix 

C, page 192-194).  
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4.3.3.5. From entry state to Kidney transplant 

Kidney transplant was identified as a third outcome for this study. There were 14 patients 

for whom the final record was a kidney transplant. Out of the total, 5 had already initiated 

renal replacement therapy at baseline, 4 had already developed ESRD, 2 had severe CKD, 

and one was CKD-free. Also, two individuals entered the study being in CKD stage 2. For 

one of them, in less than a month, the Kidney transplant record occurred. An event like this 

is not very common. From the overall records, it appears that this patient developed AKI at 

some point after KT and this might explain the rapid decline of the kidney function. Since 

events of KT were low in numbers, the effect of glycaemic control was not calculated.  
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4.3.3.6. From entry state to all-cause mortality (Outcome 3) 

Out of the total cohort, there are 13 495 participants that left the study due to death. 

Cardiovascular death was observed for 5 509 (6·36%) participants. Among them, at 

baseline, 2 (3·63%) had hyper-filtration, 368 (6·68%) were in CKD stage 1, 2 276 (41·31%) 

in stage 2, 1 380 (25·05%) in stage 3a, 1 039 (18·86%) in stage 3b, 398 (7·22%) in stage 

4, 41 (0·74%) had ESRD and 5 were on dialysis. 

The most common direct causes of death were associated with ischaemic heart diseases, 

cerebrovascular diseases, diseases of arteries, heart failure, atrial fibrilation, hypertensive 

diseases, and non-rheumatic aortic valve disorders with 1 824 (33·12%), 865 (15·70%), 

221 (4·01%), 185 (3·36%), 152 (2·76%), 146 (2·65%), and 93 (1·69%) records, 

respectively. Specifically, the most common classification codes were that of chronic 

ischaemic heart disease, acute myocardial infarction, stroke, atherosclerotic heart disease, 

cerebrovascular disease, congestive heart failure, intracerebral haemorrhage, and atrial 

fibrillation. For the rest 36% of occasions, CV death was identified from the underlying 

causes. 

Non-cardiovascular death was observed for 7 986 (9·22%) participants. Among them, at 

baseline, 6 (0·0008%) had hyper-filtration, 1 030 (12·90%) were in CKD stage 1, 3 712 

(46·48%) in stage 2, 1 723 (21·58%) in stage 3a, 1 100 (13·77%) in stage 3b, 357 (4·47%) 

in stage 4, 49 (0·61%) had ESRD and 9 (0·11%) were on dialysis. 

The most common direct causes of death were associated with malignant neoplasm/cancer, 

vascular dementia or Alzheimer disease, or respiratory causes with 3 588 (44·94%), 404 

(5·06%), and 1 324 (16·58%) records, respectively. 

The Kaplan-Meier estimate of the survivor function irrespective of baseline CKD is depicted 

in Figure 4.8. Out of the total 13 495 deaths, 3 515 (26%) occurred within the first year of 

study entry, 2 778 (21%) within the second, 2 352 (18%) with the third, 1 719 (13%) with 

the fourth, and 1 078 (8%) within the fifth year. The cumulative failure, the number of fatal 

outcomes divided to a particular time, within the first 5 years was 0·23 [0·227-0·236]. 

In total, 206 events occurred when participants had a baseline HbA1c < 42 mmol/mol, 4 240 

if 42 ≤ HbA1c <44, 4 384 if 44 ≤ HbA1c <48, 1 864 if 48 ≤ HbA1c <53, 923 if 53 ≤ HbA1c <58, 

and 1 878 if HbA1c ≥ 58 mmol/mol. The incidence rate in 100 person-years was 3·67 [3·20-

4 21], 5·41 [5·21-5·57], 6·03 [5·8-6·21], 5·67 [5·42-5·93], 5·08 [4·76-5·42], and 3·51 [3·35-

3·67], respectively. 
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Median survival time for the lowest and the highest HbA1c groups was not estimated. For 

those participants in the reference group (Group 1) and Group 2, median time to survival 

was 9·years, for Group 3 was 9·5 years and for those in Group 4 was 10·3 years. The 

missing value for the 75th percentile is the result of the high prevalence of censoring in this 

cohort. 

When the survivor function was obtained after stratifying by baseline CKD stage, it was 

observed that for CKD stage 1, differences in the survival probability were apparent after 

the first 5 years from study entry. Median time to survival was not estimated (See appendix 

C, page 147). Further, the survival probability appears to be lower for patients with 

42 ≤ HbA1c <48 and baseline CKD stage 2 and 3a, compared to the rest of glycaemic 

groups. 25% of participants in Group 1 and 2 have survival times at least 5·1-5·6 years from 

stage 2, compared to those in Group 5 whose survival time is 7·79 years (See appendix C, 

page 150). Accordingly, median time to survival was 5·94-6·4 years for Group 1 and 2 from 

stage 3a, compared to 7·82 for Group 5 (See appendix C, page 153). 

In total, 2 139 participants died from stage 3b. Glycaemic levels of 22 subjects were 

classified in Group 0, 738 in Group 1, 725 in Group 2, 315 in Group 3, 147 in Group 4 and 

192 in Group 5. Incidence rate was 14·05 [9·25-21·34], 17·33 [16·20-18·62], 17·27 [16·05-

18·57], 17·21 [15·42-19·22], 17·71 [15·06-20·81], and 13·10 [11·38-15·09], respectively. 

Figure 4. 8 Kaplan-Meier survival curve for length of time irrespective of baseline CKD stage until 
occurrence of the primary endpoint (death from all causes) for participants with different glycaemic 
levels, measured by HbA1c 
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The corresponding survival times for 75% of participants was 8·52, 7·13, 6·7, 7·58, 7·67, 

and 9·6 years (See appendix C, page 156). 

From CKD stage 4, survival time was significantly reduced, while incidence rates were 

increased. Group 1 and 5 were sharing the same survival time (75th percentile), 7·5 years. 

Survival time for subjects of Group 4 was less, 6·52 years, while for the rest of the subjects, 

survival time was almost similar, 4·2-4·4 years (See appendix C, page 159). 

Results for those subjects that died after having developed ESRD or having started dialysis 

were similar to that of the subjects in stage 4. Survival time (75th percentile) did not change 

significantly for the any of the diverse glycaemic groups, except for Group 5 that decreased 

to 6·36 years. 

Cox proportional-hazards model (See Appendix C, p. 143-161) 

Unadjusted results of the Cox proportional-hazards regression irrespective of baseline CKD 

stage showed that the effect of HbA1c levels to all-cause mortality was significantly lower 

for all the glycaemic groups compared to the reference group, except for Group 2 

(44 ≤HbA1c < 48 mmol/mol), for which hazard was estimated to 1·08 [1·04,1·13]. However, 

when the effect was adjusted only for demographic variables, only the effect of those with 

HbA1c < 42 mmol/mol was lower. For Group 2 and 3 HRs were increased at 1·05 [1·01, 

1·10] and 1·06 [1·00, 1·12], respectively. Finally, the fully adjusted model showed that for 

all the glycaemic groups that were higher than the reference, there was a trend of increased 

risk to mortality, however hazard was statistically significant only for subjects with 

HbA1c ≥ 53 mmol/mol (See Table 4.4) 

The unadjusted effect of HbA1c on mortality from CKD stage 1 was significantly lower for 

subjects with HbA1 ≥ 58 mmol/mol (0·79 [0·68, 0·91]), however when the model was fully 

adjusted, the hazard was higher, 1·33 [1·05, 1·68] compared to the reference group. HR 

was also similar for the subjects in Group 4 (1·37 [1·00, 1·86]) (See Appendix C, p. 145). 

For participants with mild CKD at baseline, glycaemic control appeared to have similar 

effects as that of CKD-free individuals. However, in the unadjusted model not only 

participants of Group 5 had significantly lower HR (0·68 [0·62, 0·73]) compared to group 1, 

but also those in Group 0 (0·66 [0·54, 0·81]), and Group 4 (0·86 [0·77, 0·96]). HR for 

participants in Group 3 was significantly higher 1 07 [1·00, 1·14]. Results of the fully 

adjusted model showed that participants in Group 5 have an increased HR (1·185 [1·04, 

1·35]) (See Appendix C, p. 148-150). 

Unadjusted results of subjects in CKD stage 3a at baseline showed that patients with 

HbA1c ≥ 53 mmol/mol are at any individual time between 15-27% less likely to die (0·85 
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[0·73, 0·99] and 0·73 ([0·65, 0·83]). When the model was fully adjusted none of the HRs 

were significant. (See Appendix C, p. 151-153). 

Similarly, adjusted HbA1c effect on progression to death from CKD 3b and 4 was not 

significant from any glycaemic group. Only participants in Group 5 were 32% (0·68 [0·58, 

0·80]) and 37% (0·63 [0·48, 0·82]) less likely to experience death from CKD stage 3b and 

4, respectively, if model was unadjusted (See Appendix C, p. 154 and p 157). 

Finally, none of the HbA1c glycaemic groups had a significant effect [adjusted (demographic 

variables) and unadjusted] on progression to death from ESRD or dialysis state. Fully 

adjusted HRs from ESRD and dialysis were not estimated since the max likelihood could 

not be obtained (See Appendix C, p. 160). 

Additional analysis 

A test for trend was additionally applied in terms of estimating the effect of glycaemia, using 

the HbA1c biomarker as a continuous variable, on progression of CKD. Results in added 

Table 4.5 showed the adjusted HR to CKD 3b or over was 1·008 from all CKD stages and 

between 1·003 and 1·022 for the adjusted and fully adjusted models from each CKD stage 

separately, which suggests that other factors might be better predictors. Compared to the 

model where HbA1c was used as categorical variable, HbA1c showed a weak association 

with CKD progression. 
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Outcome Events 

Patients with 

outcome: ≥CKD 3b 

Group 1 (Ref) 

42 ≤ HbA1c<44 

(n = 27 892) 

Group 0 

HbA1c < 42 

(n = 1 720) 

Group 2 

44 ≤ HbA1c<48 

(n = 23 433) 

Group 3 

48 ≤ HbA1c<53 

(n = 9 509) 

Group 4 

53 ≤ HbA1c<58 

(n = 4 646) 

Group 5 

HbA1c ≥ 58 

(n = 12 731) 

Total 

Events 

(n = 79 931) 

From hyper-filtration 0 0 1 0 0 0 1 (%) 
From G1 19 (%) 0 22 (0·0001%) 16 (0·2%) 13 (0·3%) 70 (0·5%) 140 (0·2%) 
From G2 396 (1·4%) 26 (1·2%) 446 (1·9%) 239 (2·5%) 112 (2·4%) 346 (2·7%) 1 565 (1·2%) 
From G3a 1 116 (4·0%) 52 (3·0%) 1 078 (4·6%) 75 (0·8%) 224 (4·8%) 390 (3·1%) 3 335 (4·2%) 
CKD stage 3b or 
higher 1 531 (5·5%) 78 (4·5%)) 1 547 (6·6%) 730 (7·7%) 349 (7.5%) 806 (6·3%) 5 041 (6·3%) 

All-cause mortality 2 851 (10·2%) 145 (8·4%) 2 887 (12·3%) 1 175 (12·4%) 600 (12.9%) 1 339 (10·5%) 8 997 (11·3%) 

 

Group 1 (Ref) 
42 ≤ HbA1c<44 

(n = 30 294) 

Group 0 
HbA1c < 42 
(n = 1 792) 

Group 2 
44 ≤ HbA1c<48 

(n = 25 697) 

Group 3 
48 ≤ HbA1c<53 

(n = 10 399) 

Group 4 
53 ≤ HbA1c<58 

(n = 4 995) 

Group 5 
HbA1c ≥ 58 
(n = 13 252) 

Total 
Events 

(n = 86 429) 
From hyper-filtration 0 0 0 0 0 0 0 
From G1 2 (%)  0 2 3 (%) 0 12 (%) 19 (%) 
From G2 14 (%) 2 (0·1%) 14 (%) 12 (0·1%) 5 (0·1%) 17 (0·1%) 64 (%) 
From G3a 12 (%) 0 17 (%) 13 (0·1%) 2 (%) 10 (%) 54 (%) 
From G3b 24 (%) 0 23 (%) 13 (0·1%) 14 (0·3%) 9 (%) 83 (%) 
From G4 48 (0·2%) 1 (%) 57 (0·2%) 25 (0·2%) 7 (0·1%) 10 (%) 148 (0·2%) 
ESRD/dialysis 100 (3·3%) 3 (0·2%) 113 (0·4%) 66 (0·6%) 28 (0·6%) 58 (0·4%) 368 (0·4%) 
All-cause mortality 4 163 (13·74%) 204 (11·4%) 4 275 (16·6%) 1 810 (17·4%) 893 (17·9%) 1 834 (13·8%) 13 179 (15·2%) 

Table 4. 3 Outcome events stratified by baseline CKD stage and HbA1c glycaemic levels. 
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(mmol/mol) Ref 
Group 0 

HbA1c < 42 
Group 2 

44 ≤ HbA1c<48 
Group 3 

48 ≤ HbA1c<53 
Group 4 

53 ≤ HbA1c<58 
Group 5 

HbA1c ≥ 58 

N (failures) 
Pseudo R square 
Log lik, Chi-
squared 

Cox proportional-hazards model 

C
KD

 3
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or
 h

ig
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r  
O

ut
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m
e 

1  
- O

ve
ra

ll Unadjusted 
HR 
[95% CI] 

1 0·712** [0·57,0·89] 1·130*** 
[1·05,1·21] 

1·210*** 
[1·11,1·32] 

1·067 
[0·95,1·20] 

0·821*** 
[0·75,0·90] 

79 931 (5 041) 
0·001 

-53949·2, 88·22 
Adjusted 
HRa 
[95% CI] 

1 0·914 [0·73,1·15] 1·122** 
[1·05,1·20] 

1·365*** 
[1·25,1·49] 

1·408*** 
[1·25,1·58] 

1·509*** 
[1·38,1·65] 

79 931 (5 041) 
0·053 

-51115·8, 5755·1 
Adjusted 
HRb 
[95% CI] 

1 0·813 [0·58,1·14] 1·062 
[0·95,1·18] 

1·246** 
[1·09,1·42] 

1·255* 
[1·05,1·50] 

1·416*** 
[1·24,1·62] 

40 343 (2 252) 
0·070 

-20942·0, 3155·5 
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r 
O
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m
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1 
-  f
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C

KD
 s

ta
ge

 1
 

Unadjusted 
HR 
[95% CI] 

1 4·53E-20 [0·00,0·00] 1·23 [0·67,2·21] 1·707 
[0·88,3·32] 

2·056* 
[1·01,4·18] 

2·564*** 
[1·53,4·29] 

23 957 (140) 
0·001 

-1236·6, 24·82 
Adjusted 
HRa 
[95% CI] 

1 3·02E-15 [0·00,0·00] 1·227 
[0·66,2·27] 

1·793 
[0·92,3·50] 

2·221* 
[1·09,4·53] 

3·260*** 
[1·93,5·51] 

23 967 (140) 
0·000 

-1169·9, 158·1 
Adjusted 
HRb 
[95% CI] 

1 5·56E-20 [0·00,0·00] 1·428 
[0·61,3·36] 

1·275 
[0·45,3·63] 

2·103 
[0·77,5·76] 

3·428*** 
[1·59,7·39] 

12 856 (73) 
0·000 

-550·1, 105·9 
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1 
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C
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ge
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Unadjusted 
HR 
[95% CI] 

1 0·868 [0·58,1·29] 1·217** 
[1·06,1·39] 

1·446*** 
[1·23,1·70] 

1·242* 
[1·01,1·53] 

1·463*** 
[1·26,1·69] 

43 979 (1 565) 
0·000 

-15344·9, 36·14 
Adjusted 
HRa 
[95% CI] 

1 1 [0·67,1·49] 1·226** 
[1·07,1·40] 

1·600*** 
[1·36,1·88] 

1·511*** 
[1·22,1·87] 

2·052*** 
[1·77,2·39] 

43 979 (1 565) 
0·000 

-14911·3, 903·5 
Adjusted 
HRb 
[95% CI] 

1 0·981 [0·54,1·77] 1·274* 
[1·04,1·57] 

1·672*** 
[1·32,2·12] 

1·458* 
[1·06,2·00] 

2·094*** 
[1·67,2·63] 

22 375 (728) 
0·000 

-6331·8, 575·15 
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O
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co
m

e 
3  

Unadjusted 
HR 
[95% CI] 

1 0·641*** [0·56,0·74] 1·082*** 
[1·04,1·13] 

0·982 
[0·93,1·04] 

0·845*** 
[0·79,0·91] 

0·567*** 
[0·54,0·60] 

86 601 (13 495) 
0·002  

-141046·3, 672·1 

Adjusted 
HRa 
[95% CI] 

1 0·833* [0·72,0·96] 1·053* 
[1·01,1·10] 

1·061* 
[1·00,1·12] 

1·046 
[0·97,1·12] 

0·973  
[0·92,1·03] 

86 601 (13 495) 
0·059 

-133006·3, 
16751·9 

Adjusted 
HRb 
[95% CI] 

1 0·975 [0·79,1·20] 1·003 
[0·93,1·08] 

1·055 
[0·96,1·15] 

1·124* 
[1·00,1·26] 

1·144** 
[1·05,1·25] 

42 602 (5 134) 
0·07 

-46362·1, 7088·1 
 
 
 

        

(mmol/mol) Ref Group 0 
HbA1c < 42 

Group 2 
44 ≤ HbA1c<48 

Group 3 
48 ≤ HbA1c<53 

Group 4 
53 ≤ HbA1c<58 

Group 5 
HbA1c ≥ 58 

N (failures) 
Log lik, Chi-
squared 
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Unadjusted 
HR 
[95% CI] 

1 0·892 [0·68,1·18] 1·003 
[0·92,1·09] 

1·128* 
[1·01,1·26] 

1·094 
[0·95,1·26] 1·01 [0·90,1·13] 

11 742 (3 335) 
0·188 

-529254·6, 7·47 
Adjusted 
HRa 
[95% CI] 

1 0·979 [0·74,1·29] 1·017 
[0·93,1·11] 

1·161** 
[1·04,1·29] 

1·193* 
[1·03,1·38] 

1·160* 
[1·03,1·30] 

11 742 (3 335) 
0·000 

-29065·1, 386·48 
Adjusted 
HRb 
[95% CI] 

1 0·852 [0·56,1·30] 0·957 
[0·84,1·09] 

1·071 
[0·91,1·26] 

1·073 
[0·86,1·33] 

1·059 
[0·89,1·26] 

5 000 (1 451) 
0·000 

-11346·8, 367·24 
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m
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Unadjusted 
HR 
[95% CI] 

1 0·431 [0·14,1·36] 1·236 
[0·94,1·62] 

1·625** 
[1·19,2·22] 

1·267 
[0·83,1·93] 

0·897 
[0·65,1·25] 

86 429 (368) 
0·002 

-3939·7, 17·81 
Adjusted 
HRa 
[95% CI] 

1 0·576 [0·18,1·82] 1·205 
[0·92,1·58] 

1·768*** 
[1·29,2·42] 

1·580* 
[1·03,2·41] 

1·558** 
[1·11,2·18] 

86 429 (368) 
0·056 

-3727·0, 443·1 
Adjusted 
HRb 
[95% CI] 

1 0·377 [0·05,2·75] 1·064 
[0·70,1·62] 

1·476 
[0·91,2·39] 

1·262 
[0·66,2·42] 

1·236 
[0·73,2·10] 

42 570 (153) 
0·090 

-1381·0, 273·3 
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(mmol/mol) Ref Group 0 
HbA1c < 42 

Group 2 
44 ≤ HbA1c<48 

Group 3 
48 ≤ HbA1c<53 

Group 4 
53 ≤ HbA1c<58 

Group 5 
HbA1c ≥ 58 

N (failures) 
Log lik, Chi-
squared 

Fine and Gray model – Competing-risks (All-cause mortality) 
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Unadjusted 
SHR 
[95% CI] 

1 0·741** [0·59,0·93] 1·128*** 
[1·05,1·21] 

1·230*** 
[1·13,1·34] 

1·105 
[0·98,1·24] 

0·875** 
[0·80,0·95] 

79 931 
(5 041/8 997) 

-54319·9, 68·00 
Adjusted 
SHRa 
[95% CI] 

1 0·969 [0·77,1·22] 1·119** 
[1·04,1·20] 

1·392*** 
[1·27,1·52] 

1·457*** 
[1·29,1·64] 

1·601*** 
[1·47,1·75] 

79 931 
(5 041/8 997) 

-52021·3, 4819·2 

Adjusted 
SHRb 
[95% CI] 

1 0·835 [0·59,1·18] 1·082 
[0·97,1·21] 

1·281*** 
[1·12,1·47] 

1·289** 
[1·08,1·54] 

1·464*** 
[1·28,1·67] 

40 343 
(2 252/3 602)         

-21304·6, 2662·9 
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Unadjusted 
SHR 
[95% CI] 

1 0·455 [0·14,1·43] 1·236 
[0·94,1·62] 

1·659** 
[1·22,2·26] 

1·334 
[0·88,2·03] 

0·986 
[0·72,1·36] 

86 429 
(368/13 179) 

-3978·2, 15·61 
Adjusted 
SHRa 
[95% CI] 

1 0·615 [0·19,1·94] 1·213 
[0·93,1·59] 

1·810*** 
[1·33,2·47] 

1·667* 
[1·09,2·55] 

1·703** 
[1·23,2·35] 

86 429 
(368/13 179) 

-3815·1, 10506·9 
Adjusted 
SHRb 
[95% CI] 

1 0·385 [0·05,2·78] 1·085 
[0·71,1·66] 

1·515 
[0·93,2·47] 

1·346 
[0·70,2·59] 

1·330 
[0·80,2·21] 

42 570 (153/5 039) 
-1420·7, 11391·7 

* p<0.05, ** p<0.01, *** p<0.001 indicate siglificantly different with reference group (44 ≤ HbA1c<48 mmol/mol) 
 

 
 
 

Table 4. 4 Risk of outcomes in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), irrespective of baseline CKD stage. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR) or subdistribution hazard ratio (SHR). Firstly, an unadjusted HR and SHR are displayed.  
a The Cox proportional-hazard model/Fine & Gray model were adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation                   
b Additional to the demographic adjustments, models were adjusted for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, 
total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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 HbA1c (mmol/mol) N (failures), Pseudo R square, Log lik, Chi-squared 

Cox proportional hazard model 

CKD 3b or higher 
Outcome 1 - Overall 

Unadjusted HR [95% CI] 0·995*** [0·99,1·00] 79 931 (5 041), 0·000, -53977·5, 31·72 
Adjusted HRa [95% CI] 1·008*** [1·01,1·01] 79 931 (5 041), 0·053, -51133·5, 5719·6 
Adjusted HRb [95% CI] 1·008*** [1·01,1·01] 40 343 (2 252), 0·070, -20939·4, 3160·7 

CKD 3b or higher 
Outcome 1 - from CKD 

stage 1 

Unadjusted HR [95% CI] 1·014*** [1·01,1·02] 23 957 (140), 0·008, -1238·6, 20·71 
Adjusted HRa [95% CI] 1·018*** [1·01,1·02] 23 967 (140), 0·062, -1171·9, 154·2 
Adjusted HRb [95% CI] 1·022*** [1·01,1·03] 12 856 (73), 0·092, -547·5, 111·1 

CKD 3b or higher 
Outcome 1 - from CKD 

stage 2 

Unadjusted HR [95% CI] 1·006*** [1·00,1·01] 43 979 (1 565), 0·001, -15352·3, 21·33 
Adjusted HRa [95% CI] 1·012*** [1·01,1·01] 43 979 (1 565) 0·029, -14919·6, 886·7 
Adjusted HRb [95% CI] 1·014*** [1·01,1·02] 22 375 (728), 0·043, -6332·2, 574·4 

CKD 3b or higher 
Outcome 1 - from CKD 

stage 3a 

Unadjusted HR [95% CI] 1·000 [1·00,1·00] 11 742 (3 335), 0·000 -29258·4, 0·036 
Adjusted HRa [95% CI] 1·003** [1·00,1·01] 11 742 (3 335), 0·006, -29069·3, 378·1 
Adjusted HRb [95% CI] 1·003 [1·00,1·01] 5 000 (1 451), 0·016, -11347·3, 366·3 

ESRD/Dialysis 
Outcome 2 

Unadjusted HR [95% CI] 0·997 [0·99,1·00] 86 429 (368), 0·000, -3948·0, 1·05 
Adjusted HRa [95% CI] 1·008** [1·00,1·01] 86 429 (368), 0·055, -3732·7, 431·8 
Adjusted HRb [95% CI] 1·010** [1·00,1·02] 42 570 (153), 0·090, -1381·4, 272·4 

All-cause mortality 
Outcome 3 

Unadjusted HR [95% CI] 0·987*** [0·99,0·99] 86 601 (13 495), 0·002, -141099·5, 565·7 
Adjusted HRa [95% CI] 0·999 [1·00,1·00] 86 601 (13 495), 0·057, -133·016, 16 731·4 
Adjusted HRb [95% CI] 1·002** [1·00,1·00] 42 602 (5 134), 0·071, -46365·1, 7081·2 

Fine and Gray model-Competing risk (All-cause mortality) 

CKD 3b or higher 
Outcome 1/Competing: 

all-cause mortality 

Unadjusted HR [95% CI] 0·996*** [0·995,0·998] 79 931 (5 041/8 997), -54345·61, 16·18 
Adjusted HRa [95% CI] 1·009*** [1·007,1·01] 79 931 (5 041/8 997), -52042·41, 4792·8 
Adjusted HRb [95% CI] 1·009*** [1·006,1·01] 40 343 (2 252/3 602), -21302·5, 2686·1 
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* p<0.05, ** p<0.01, *** p<0.001 

 

ESRD/dialysis 
Outcome 2/Competing: 

all-cause mortality 

Unadjusted HR [95% CI] 0·999 [0·99,1·00] 86 429 (368/13 179), -3986·2, 0 189 
Adjusted HRa [95% CI] 1·010*** [1·00,1·01] 86 429 (368/13 179), -3821·0, 12 333·2 
Adjusted HRb [95% CI] 1·011* [1·00,1·01] 42 570 (153/5 039), -1421·0, 12 057·7 

Table 4. 5 Risk of outcomes in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c) and treated as a continuous outcome, 
irrespective of baseline CKD stage. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR) or subdistribution hazard ratio (SHR). Firstly, an unadjusted HR and SHR are 
displayed.  
a The Cox proportional-hazard model/Fine & Gray model were adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation                   
b Additional to the demographic adjustments, models were adjusted for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, 
total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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4.4. Discussion 

This study using a large cohort of participants from primary care in the UK (CPRD) explored 

the importance of glycaemic status, measured by HbA1c, on the incidence and progression 

of CKD stage 3b, ESRD including dialysis or KT, and experience of all-cause death. 

The competing risk analysis for incident CKD 3b or over as an outcome and irrespective of 

baseline CKD stage showed that participants with an HbA1c ≥ 44 mmol/mol have an 

increased risk of progression compared to subjects with an 42 ≤ HbA1c < 44 mmol/mol, 

however the risk was statistically significant only if HbA1c ≥ 48 mmol/mol. The pattern of 

findings was the same when the effect of glycaemic levels was assessed for each CKD 

stage separately, however because numbers in subgroups were sometimes small these 

were not always statistically significant. 

Similarly, there is an overall trend towards increased risk of ESRD/dialysis when 

HbA1c ≥ 44 mmol/mol independent of CKD stage severity at baseline, however again 

results were not statistically significant. Effect of HbA1c to progression of ESRD/dialysis 

from CKD stage 1, 2 and 3a should be carefully interpreted since very few participants had 

incident ESRD/dialysis from these stages over the follow-up period.  

Findings of the effect of HbA1c groups on all-cause mortality signified that the higher the 

baseline HbA1c the worse the prognosis of death at least for mild and early moderate CKD 

states. Higher HbA1c glycaemic levels did not appear to affect the progression to death in 

participants with more advanced CKD. This might be because patients in higher CKD 

stages may have higher HbA1c, but also may have more stable glycaemic control, which 

might outweigh the disadvantages of having high glycaemic levels. Also, since only the 

effect of baseline HbA1c on mortality was assessed, it is unknown what has been the 

glycaemic control of the patients in the meantime. For this study, it was observed that many 

patients have a high first HbA1c, maybe due to undiagnosed DM, that decreased in the 

subsequent HbA1c measurements and might explain why progression to death was not 

facilitated. Another explanation of the higher baseline values may possibly signify that DM 

has been there a long time and the microvascular consequences of the disease are already 

present (CKD damage). Then the CKD is a greater risk factor by then than the DM 

Furthermore, results of the competing risk analysis agreed with findings from the Cox 

proportional hazards model. 

Finally, in view of the findings of Chapter 3, it is likely that the association between HbA1c 

and progression to death is underestimated in this study due to reduced validity of HbA1c 

in patients with advanced CKD. Higher HbA1c glycaemic levels did not appear to affect the 
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progression to death in participants with more advanced CKD, demonstrating that the 

predictive validity of HbA1c level is stronger at earlier CKD stages. Underestimation of the 

association between HbA1c and progression to ESRD is likely to have occurred, however 

only 368 participants experienced ESRD, as a result to be unsure about the significance of 

the results.  

Possible explanations and previous evidence 

Overall, it appears that higher HbA1c at baseline is associated with more rapid worsening 

of CKD and all-cause death, however results were weaker when progression to 

ESRD/dialysis was assessed separately. Both age and HbA1c appear to be the most 

important factors associated with decline in kidney function in patients with NDH or newly 

diagnosed DM. 

The effect of HbA1c on CKD progression and death has been questioned previously, 

however results have been inconsistent. This might be due to a) the different study designs 

and statistical methods that are used to assess this effect (e.g. the association between 

HbA1c and eGFR (continuous outcome), b) the presence or duration of DM, c) the different 

follow-up periods for which this effect is examined, d) the different ethnic populations for 

whom this effect is assessed or e) due to the confounding effect of the different glucose 

lowering therapies and renal related medication. 

HbA1c and CKD progression 

Previous studies have mostly assessed the incidence of eGFR < 60 ml/min/1.73 m2 (CKD 

3a or over), ESRD, or dialysis, in subjects with (established) diabetes. Hence, direct 

comparison of results is not possible. Nonetheless, the results of previous evidence were 

considered for the application of a minimum external validity of this study’s results. 

Findings of this study were similar with the results of the study by Yasuno et al (549), 

assessing the incidence (eGFR < 60 mL/min/1.73 m2) and progression of CKD based on 

age and HbA1c levels of a Japanese population. The study, including 5 523 middle-aged 

and elderly non-CKD and CKD participants with or without diabetes at baseline, found that 

over a mean follow-up of 4·6 years, the risk of development and progression of CKD is 

increased starting from an HbA1c 53 mmol/mol (7%) or over. However, in the same study, 

an HbA1c < 53 mmol/mol (7%) appeared to hold back the incidence of new-onset CKD or 

progression, which is not demonstrated in the findings of the present study. CKD was 

defined both with eGFR stage decline and/or proteinuria stage and findings were similar for 

both outcomes. Moreover, another study, using subjects (CKD stage 1 or 2) from the 

Atherosclerosis Risk in Communities (ARIC) cohort and with an 11 years follow-up, showed 
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that HbA1c levels between 42-53 (6-7%), 53-64 (7-8%), and over 68 mmol/mol (>8%) have 

an increased risk of incident CKD (eGFR <60 mL/min/1.73 m2) than those with an 

HbA1c < 42 mmol/mol by 1·37 (0·97-1·91), 2·49 (1·70-3·66), and 3·67 (2·76-4·90), 

respectively (550). 

On the other hand, Takagi et al (551), in a study with 1 777 Japanese subjects with T2DM, 

and an eGFR > 60 ml/min/1·73 m2 assessed HbA1c as a predictor for the onset of CKD 

(eGFR < 60 ml/min/1·73 m) based on two consecutive eGFR measurements. Results 

showed that in a median follow-up of 8 years, the 5-year cumulative incidence was 10·4% 

and HbA1c might be a predictive biomarker of declined eGFR. Even if it was shown that 

higher HbA1c was associated with incidence of CKD, the HR for the continuous HbA1c was 

between 1 02 and 1 03, which suggests that other factors might be better predictors. 

Results of previous evidence on progression to ESRD or dialysis are mostly opposite to the 

findings of this study. In particular, a study by Kuo et al (422), in a cohort of 2 401 

participants with diabetes and moderate to severe CKD from Taiwan, demonstrated that 

there is an trend towards an increased risk of starting dialysis when HbA1c levels are of 42-

mmol/mol (6%) compared to levels less than this, however, the hazard was statistically 

significant only when HbA1c exceeded the threshold of 75 mmol/mol (9%). Also, the 

Shurraw et al (552) retrospective study including 23 296 diabetic subjects found an 

increased risk of ESRD (excluding haemodialysis or transplantation) in patients with 

moderate CKD and an 53 < HbA1c <75 mmol/mol (7 < HbA1c <9 %) by 22%, and for those 

with an HbA1c ≥ 75 mmol/mol (9%) by 152%. Risk of ESRD due to high HbA1c was lower 

for those already with severe CKD compared to those in moderate state. 

The study by Limkunakul et al (553), in a cohort of 618 participants with diabetic CKD in the 

U.S, found that there is no association between higher HbA1c and risk of ESRD and death. 

Finally, a systematic review by Koye et al (554) found that the incidence of 

eGFR < 60 ml/min/1·73 m2 ranged between 1·9-4·3%, and was greater in patients with poor 

glycaemic control, low baseline eGFR, older subjects, and high blood pressure. The 

corresponding incident rate of ESRD after excluding studies with high risk population was 

between 0·04-1·8%. 

HbA1c and all-cause mortality 

Regarding the effect of HbA1c on all-cause mortality, Currie et al (555) assessed all-cause 

mortality as a function of HbA1c in a similar cohort, including only participants with T2DM, 

from primary care in the U.K between 1986 – 2008. The results showed a U-shaped 

association after adjusting for several factors (age, sex, smoking status, cardiovascular risk, 
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general morbidity, and cholesterol), suggesting that low (42-51 mmol/mol, 6·1-6·6%) and 

high mean HbA1c (median 90 mmol/mol (10·5%)) are associated with increased all-cause 

mortality and cardiac events, independent of the treatment regimen. These results 

contradict the findings of this study, especially for participants with advanced CKD for whom 

high glycaemic levels do not appear to increase the risk to death. 

The subjects of our study with early diagnosed DM and poor glycaemic control appear to 

have a different progression to death. A similar U-shaped association with that of the 

previous study was found by Shurraw et al (552). The risk of mortality increased when 

HbA1c < 48 mmol/mol (or 6·5%) or >64 mmol/mol (or 8·0%), among patients with diabetes 

and eGFR < 60 mL/min/1·73m2 (stage 3 and stage 4 CKD). 

On the other hand, the study by Kuo et al (422) showed that patient with stage 3 to 4 CKD 

and DM have HbA1c levels of 6%–7% (42-53 mmol/mol), 7%–9% (53-75 mmol/mol), and > 

9% (75 mmol/mol) associated with increased risks of all-cause mortality, and HRs of 1·46 

(95% CI, 0·96 to 2·21, p = 0·07), 1·35 (95% CI, 0·91 to 2·02, p = 0·13), and 1·52 (95% CI, 

0·97 to 2·38, p = 0·07) (p for trend = 0·27), respectively compared to those with HbA1c < 6% 

(42 mmol/mol). Despite the fact that this association did not reach statistical significance a 

trend towards increased risk of death with higher HbA1c is apparent. For patients with CKD 

stage 5, HbA1c levels of 7-9% (53-75 mmol/mol) were also associated with increased risk 

of death, however, risk appeared to be lower for HbA1c levels over 9 mmol/mol (75 

mmol/mol). 

Another study by Sakurai et al (556), found that Japanese subjects who had not been 

previously diagnosed with diabetes using an HbA1c test and were not receiving anti-diabetic 

medication had HbA1c levels over 42 mmol/mol (6%) associated with increased mortality 

compared to those with an HbA1c less than 31 mmol/mol (5%). This study suggested that 

an HbA1c with levels over normo-glycaemia maybe an important warning of adverse 

outcomes. 

Exactly the opposite was found in a recent study that assessed whether specific HbA1c 

ranges are associated with risk of all-cause mortality in 12 045 participants without diabetes 

over the age of 50 years in the U.S. In a median follow-up of 5.8 years a reverse J-shaped 

association was found. These results suggested that subjects with very low HbA1c (<31 

mmol/mol, 5%), had an increased risk of all-cause mortality compared to the reference 

group (31-35 mmol/mol, 5.02-5.38%). An HbA1c close to 35 mmol/mol (5.4%) was the 

lowest risk point for all-cause mortality, while HbA1c levels over this point were not 

statistically significant for elevating the risk of death (557). 
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Finally, a study with 810 participants without a history of DM and over the age of 65 years 

reported that in a median follow-up of 14.2 years baseline HbA1c was not associated with 

all-cause mortality, suggesting that other factors than glycaemic control may be more 

significant for predicting death (558). On the other hand, according to Khaw et al (253), in 

a study where the effect of HbA1c was treated as a continuous variable, an increase of 1% 

in HbA1c concentration was associated with about 30% increase in all-cause mortality 

(relative risk: 1.26 [95% CI 1.04–1.52]; p = 0.02), among individuals with diabetes, whereas 

reducing the HbA1c level by 0·2% could lower the mortality by 10%. These last results were 

reported in the European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk), 

a large observational study of 4662 men and 5570 women without cardiovascular disease 

or diabetes at baseline. 

Implications for primary care 

The findings of this research study have important implications for the glycaemic 

management of patients with or without CKD and NDH or newly diagnosed with DM. To 

begin, since it appears that a single HbA1c of >48 mmol/mol is a significant predictor of 

higher risk for subsequent CKD, clinicians should try to keep HbA1c levels lower than this 

threshold independent of the CKD status of the participants. 

Also, it is recommended patients either without CKD or in early stages (2-3b) to keep HbA1c 

levels below 44 mmol/mol. Even if the predictive significance of HbA1c was low for the 

progression to ESRD, subjects with NDH are already at increased risk, and should maintain 

HbA1c levels lower to the threshold for the diagnosis of DM. 

This is because once patients have already progressed to advanced CKD, glycaemic 

control may not be the primary risk factor for controlling the progression of the patients to 

ESRD. Thus, other steps need to be implemented to reduce initiation of dialysis. Risk factor 

control such as optimising diabetes treatment as well as blood pressure therapy maybe lead 

to more efficient control of patients’ kidney function decline. 

Also, despite the non-statistically significant association of high HbA1c with all-cause 

mortality, particularly for CKD stage 4 or ESRD/dialysis and furtherly to milder CKD stages, 

clinicians should suggest good control of HbA1c levels below 53 mmol/mol. This is because 

that independent of CKD severity, the association between HbA1c glycaemic groups and 

death was significant. Also, findings from two systematic reviews have proposed that for 

patients without DM keeping an HbA1c below 39 mmol/mol (5·7%) (559) or between 31-42 

mmol/mol (5-6%) would not increase the risk of all-cause mortality. The equivalent threshold 

proposed for patients with DM is between 42-75 mmol/mol (6-9%). 
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Overall, it is suggested that clinicians should be careful on treatment decisions, and possibly 

instead of only aiming for specific HbA1c glycaemic targets, they should also point towards 

a stable glycaemic control of the participants. This is because there is some evidence 

supporting that glycaemic fluctuations over time might increase the incidence and 

progression of CKD or death (560), and also HbA1c variability is contributing to changes in 

eGFR (561) or all-cause mortality (562).  
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4.4.1. Strength and limitations 

Strengths 

One of the major strengths of this study is the large sample size, with over 80 000 

participants, using electronic health records from primary care. Also, this study assessed a 

large and generalisable population with multiple observations which allowed for careful 

analyses and further sensitivity analyses that ensured for the robustness of the results. For 

example, estimations of HRs and confirmation of the results using the sub-distribution 

proportional hazards model helped to ascertain the inferences made. Moreover, this study 

assessed the incidence and progression of CKD as clinical endpoints by using eGFR 

measurement, which is a useful tool for clinicians. Most importantly, this research study 

assessed the association of HbA1c levels independent of CKD severity, but also in different 

baseline CKD status. Hence, the different patterns and associations of glycaemia with the 

different outcomes became clearer and more well-defined. 

Limitations 

This study has several limitations. To begin, in CPRD, absence of a Read code is 

interpreted as absence of the disease itself. This arises concerns of potential 

misclassification of the patient, especially regarding diabetes status, either due to the 

variation in coding diagnoses among GPs, or because patient did not visit the GP during 

the time of the illness (466). Hence, true duration of DM cannot really be determined based 

on the records provided. For this study, even if subjects that entered the study had absence 

of any previous record of diabetes, a first ever HbA1c after the study entry criterion over 50 

or 60 mmol/mol, which is above the threshold of diagnosis, was observed. This means that 

either the individuals have had diabetes for some time but was not clinically confirmed, or 

that had established DM that could not be documented previously on the clinical records or 

that earlier diagnosis and diagnostic results may have not been accurately transferred in 

CPRD registered practices in cases where the patient was registered in a non-CPRD 

practice prior. Overall, it was difficult to define new onset diabetes as only a single 

measurement was used. Also, one of the natures of the electronic health records, is that 

the laboratory values are not determined based on the study’s purposes, but are collected 

depending on the health status of the participants at that time. As a result, the irregularity 

of observed tests might have affected the results. 

Also, CPRD requires considerable coding and data cleaning to produce a ready for analysis 

dataset, and there are many different methods in the interpretation of definitions or ways of 

extracting data. Many assumptions were made for code selection and for determining 

variables code lists or period of drug exposure. For this study, the publicly available code 
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lists and phenotype algorithms were advocated before making decisions (563). However, a 

more standardised approach for data from CPRD is highly recommended, and researchers 

are encouraged to display their strategies publicly. Also, it is important to mention that after 

the re-examination of all the Read Codes that were selected to define diabetes, it was 

observed that 4 Read codes (K081.00, K081000, Q440.00, Q440y100) were not relevant 

to diabetes mellitus disease, meaning that some participants were incorrectly classified as 

diabetics. After evaluation it was found that only 2 out of the 86 601 participants 

(patid=1991435 and 20718428) were included in the final analysis and is unlikely that these 

two misclassifications would affect the final results. Moreover, even if in this study exposure 

to renal medication was accounted, the cohort was not differentiated furtherly in different 

subcategories based on the class of medication they were prescribed. Whether no 

association was dependent on specific prevalent glucose – lowering medication for this 

cohort is not known. Further studies are needed to examine if specific class of medication 

have differentiated impact on the outcomes. Also, the retrospective design of this study, 

might have led to findings that might be affected by selection bias. 

According to KDIGO (233), CKD progression is defined on either a decline in GFR category 

accompanied by a 25% or greater drop in eGFR from the baseline, or a rapid progression 

as a sustained decline in eGFR of more than 5 ml/min/1·73m2/y, after ruling out cases of 

AKI. However, multiple Scr measurements at sensible intervals is the only means for 

confidently assess CKD progression (476). It is acknowledged that in this study using the 

first single transition to CKD 3b might have overestimated the rate of progression, however 

it is unlikely this observation does not give an indication of kidney function decline.  

In this study CKD stage (baseline and outcome) was determined from a single Scr 

measurement. According to NICE, eGFR result of less than 60 ml/min/1.73 m2 in an adult 

not previously tested should be confirmed by repeating the test within 2 weeks in order to 

exclude acute causes of eGFR decline. (564) According to the National CKD Audit report, 

biochemical evidence for CKD is defined as two measurements at least 3 months apart 

demonstrating an eGFR <60mL/min. According to the National CKD report, only 69.8% of 

those with biochemical evidence of in primary care also had a CKD code on their patient 

record, whereas amongst all people coded by GPs as having CKD, they found two 

supporting eGFR results in only 65.4% of these people. (565) The percentage of people 

without a CKD 3-5 Read code but who have two eGFR measurements consistent with CKD 

3-5 is 1.2% of the adult GP practice population. If those with one eGFR measurement <60 

mL/min/1.73m2 but with no identifiable eGFR measurements ≥60 ml/ min/1.73m2 are 

included, this percentage increases to 1.5%. (565) This means that determination of CKD 

from a single eGFR measurement might have mis-classified the populations especially for 
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those with an eGFR close to 60mL/min and overestimated the incidence to stages CKD 3b 

or over, as mentioned already in the Limitations section.  

According to NICE, people found to have a mild to moderate decline in kidney performance 

(CKD stages 1–3) on repeated tests over a three-month period should be monitored by their 

GP through regular blood tests to check whether the eGFR remains stable or is getting 

lower; a urine sample should also be taken to check for protein. The frequency of monitoring 

recommended by NICE between once a year to two or more times a year depending on: 

the stage of CKD and level of protein in the urine, past patterns of the eGFR and creatinine 

levels, the underlying cause of the CKD, other illnesses, and long-term conditions present, 

and the patient’s wishes (See Table 4.6). (564) 

 

 
Table 4. 6: Minimum number of monitoring checks (eGFR creatinine), per year for adults, children and 
young people with or at risk of CKD. Reprinted from NICE (564) 
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According to the National CKD Audit report 2017, more than 90% of people with DM and 

almost 80% of people without DM and with coded CKD stages 3-5 had a repeat blood test 

of their kidney function in the previous year. (565) It is assumed that the percentage of 

patients with NDH or newly diagnosed with DM and CKD stage 1 or 2 that has a repeat 

blood test is lower than that of those with DM and CKD. This means that if Scr 

measurements are not regularly measured a declined CKD function is more likely not to be 

diagnosed or be late diagnosed. Hence, this study might have underestimated the incidence 

of CKD. 

Finally, this study only included participants with a maximum of 3 years between 

consecutive HbA1c tests at any time point. The exclusion of these participants might have 

caused some sort of ascertainment bias. Hence, these results are more relevant for patients 

with complete measurements of their renal function and HbA1c. It was estimated that 76% 

had a second Scr visit within a year from their first one after an HbA1c ³42 mmol/mol. Mean 

time to the second Scr measurement was 0·70 [0·696-0·706] years. 

4.4.1.1.1. Statistical analysis modification / multi-state Markov model 

The initial purpose of this study was to assess HbA1c as a predictor of the subsequent 

incidence and progression of CKD, and risk of mortality from CVD or other causes, from 

each CKD stage. The effect of most recent HbA1c on transition intensities between CKD 

stages and from each CKD stage to starting dialysis, kidney transplantation and death was 

thought to be estimated using a continuous time multi-state Markov model, using msm, a 

statistical package by R software (566). 

However, owing to computational complexity, the development of the model could not be 

established. Although reducing the number of endpoints (e.g., aggregating stages of ESRD, 

dialysis and kidney transplant together), and adding equality constraints to the effects of 

confounders to reduce the number of parameters to be estimated, maximum-likelihood 

estimations were not obtained. The same outcome was observed even after selecting a 

random sample of the cohort with lower number of participants and transitions. 

For these reasons, the objectives of the study were altered to fit a new feasible statistical 

analysis considering the time constraints of this research degree. 
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4.5. Conclusion 

In conclusion, this study suggests that for subjects with NDH or newly diagnosed DM 

keeping HbA1c levels lower than the DM diagnostic threshold is beneficial since the risk of 

CKD progression is not increased below that point. Similarly, risk to all-cause mortality 

appears to increase at the same HbA1c point, however this risk is not statistically associated 

with glycaemic exposure, measured by HbA1c, when subjects of different baseline CKD 

stages are assessed. 

Although this study has many advantages, a study assessing the effect of most recent 

HbA1c on transition intensities between CKD stages and from each CKD stage to death is 

recommended. 
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Chapter 5. - General Conclusions 
This dissertation focused on HbA1c, a diagnostic and long-term glycaemic monitoring test 

for diabetes. The HbA1c disparities in different ethnic groups were examined through a 

systematic review and a cross sectional study respectively. Further to this the test’s 

prognostic utility in association with CKD incidence and progression and all-cause mortality 

in persons without known diabetes or NDH were analysed. 

In Chapter 2, we conducted a systematic review and meta-analysis of HbA1c disparities in 

different races/ethnicities. We confirmed that levels of HbA1c were higher in non-white 

compared to white, non-diabetic populations and the highest difference was found between 

the South Asian and white group, with an estimated difference of 3·00 mmol/mol [95% CI, 

2·32-3·68] (0·27%). This difference was lower for the black, East Asian, and Hispanic 

populations when compared to white. Overall, HbA1c levels were higher for black people 

by 2·59 [95% CI, 2·21-2·96] mmol/mol (0·24%), for East Asian by 1·73 mmol/mol [95% CI, 

1·15-2·32] (0·17%), and for Hispanics by 1·05 mmol/mol [95% CI, 0·79-1·31] (0·10%) 

compared to white subjects. The study clearly demonstrated that the HbA1c levels of white 

populations are lower than the comparator examined, however the subject of differentiation 

of diagnostic thresholds conditional on race warrants further research to elicit individual 

relationships. 

In Chapter 3, data from the CPRD was utilised in order to examine whether the presence 

of CKD interferes with HbA1c measurements. It was found that CKD modifies the HbA1c-

FPG relationship, independent of anaemia severity or aetiology. In particular, from the 

HbA1c-FPG relationship, HbA1c appears to be lower for participants with mild, moderate, 

severe CKD, or ESRD when FPG is 11 mmol/L or over, and higher for participants with 

estimated hyper-filtration. On the other hand, HbA1c measurements of participants with mild 

to severe CKD appear to be higher when FPG is close to 5 mmol/L or lower. 

For 5 < FPG < 11 mmol/L predicted HbA1c varies, either lower or higher, for mild and 

moderate CKD subjects. 

However, results from the FPG-HbA1c relationship suggest that the lower HbA1c 

measurements might not be a result of the impact of CKD, but false estimations, due to 

probable measurement error of both variables that leads to attenuation bias. 

Regardless of the limitations of the study, mild and moderate CKD or anaemia, and non-

IDA or IDA do not appear to have significant clinical implications in the interpretation of 

HbA1c in primary care, unless patients have measurements of FPG > 11 mmol/L or an 

HbA1c > 70 mmol/mol. For individuals with severe anaemia, severe CKD or ESRD with or 
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without dialysis, clinicians should be more careful when interpreting these biomarker values. 

Evidence from studies with larger number of participants in these stages are essential for 

confirming HbA1c validity. 

In Chapter 4, we estimated the effect of glycaemic status defined by varying HbA1c groups 

in patients with regular HbA1c measurements, on incidence of CKD 3b, ESRD or dialysis, 

and all-cause mortality conditional on baseline stage of CKD. Results suggested that 

incidence of CKD 3b or over for CKD-free subjects or for those in stage 2 at baseline, is 

higher with higher HbA1c levels than those with an HbA1c of 42-44 mmol/mol. Risk of 

progression of CKD from stage 3a appeared to be higher for higher HbA1c groups but 

moderate compared to patients with no or mild CKD. Regarding the effect of HbA1c on 

incidence and progression to ESRD risk estimates were controversial. Although an 

increased risk (overall) to ESRD is observed for HbA1c groups over 44 mmol/mol, when we 

tried to assess this effect from different CKD severity stages findings appeared inconsistent. 

This study could not estimate the exact effect from each baseline CKD state, possibly due 

to the low number of events. 

Finally, higher HbA1c did not appear to facilitate progression to death at least for patients 

with late moderate or severe CKD. Other factors appear to be more important for preventing 

death. 

This study suggests that prompt management of hyperglycaemia, especially in early stages 

of CKD, appears to be crucial for preventing kidney function decline. Also, worse glycaemic 

status at baseline might have an effect on ESRD or dialysis progression, however studies 

with more event rates are needed. Finally, it seems that as CKD progresses a more 

personalised approach on the management of the hyperglycaemia of each patient may be 

more beneficial. 
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Intervention(s), exposure(s) 
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ethnic/racial groups. 
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methodology (statistical analyses) confounders outcomes information for assessment of the 
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Literature Search Strategy 


List of Keywords, Index, and MeSH terms for CINAHL  


 Description Limiters/Expanders Results 


S1 TX a1c Search modes - Find all my search terms 53 166 


S2 TX HbA1c Search modes - Find all my search terms 13 051  


S3 TX "hba 1c" Search modes - Find all my search terms 13 051 


S4 TX "Hb A1c" Search modes - Find all my search terms 337 


S5 
TX "h#emoglobin 
glycosylation" Search modes - Find all my search terms 


10 


S6 TX "h#emoglobin aic" Search modes - Find all my search terms 74 


S7 TX "h#emoglobin a1c" Search modes - Find all my search terms 7 690 


S8 
TX "h#emoglobin a 
glycosylated" Search modes - Find all my search terms 


12 860 


S9 TX "h#emoglobin a 1 c" Search modes - Find all my search terms 7 690 


S10 
TX "glycosylated 
h#emoglobin" Search modes - Find all my search terms 


3 984 


S11 TX "glycoh#emoglobin" Search modes - Find all my search terms 572 


S12 TX "glycated h#emoglobin" Search modes - Find all my search terms 3 347 


S13 
(MH "Hemoglobin A, 
Glycosylated") Search modes - Find all my search terms 


12 842 


S14 


S1 OR S2 OR S3 OR S4 OR 
S5 OR S6 OR S7 OR S8 OR 
S9 OR S10 OR S11 OR S12 
OR S13 Search modes - Boolean/Phrase 


62 255 


S15 TX heterogene* Search modes - Find all my search terms 68 317 


S16 TX ethn* Search modes - Find all my search terms 180 097 


S17 TX rac* Search modes - Find all my search terms 191 175 


S18 TX geograph* Search modes - Boolean/Phrase 92 821 


S19 TX countr* Search modes - Boolean/Phrase 296 325 


S20 TX residen* Search modes - Boolean/Phrase 218 134 


S21 TX cultur* Search modes - Boolean/Phrase 343 695 


S22 TX divers* Search modes - Boolean/Phrase 180 920 


S23 (TI gene*) OR (AB gene*) Search modes - Boolean/Phrase 357 660 


S24 TX phyletic* Search modes - Boolean/Phrase 13 
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S25 TX socioeconomic* Search modes - Boolean/Phrase 111 566 


S26 TX origin Search modes - Boolean/Phrase 92 124 


S27 TX trib* Search modes - Boolean/Phrase 57 435 


S28 TX aboriginal Search modes - Boolean/Phrase 12 657 


S29 TX autochthonous Search modes - Boolean/Phrase 516 


S30 TX colony Search modes - Boolean/Phrase 20 301 


S31 TX colonies Search modes - Boolean/Phrase 20 301 


S32 TX cast Search modes - Boolean/Phrase 23 837 


S33 
(TI communit*) OR (AB 
communit*) Search modes - Boolean/Phrase 


155 977 


S34 TX religio* Search modes - Boolean/Phrase 63 972 


S35 TX indigen* Search modes - Boolean/Phrase 25 435 


S36 TX immigrant* Search modes - Boolean/Phrase 28 892 


S37 TX minorit* Search modes - Boolean/Phrase 83 228 


S38 TX native* Search modes - Boolean/Phrase 56 642 


S39 TX urban Search modes - Boolean/Phrase 116 930 


S40 TX coastal Search modes - Boolean/Phrase 6 880 


S41 TX royal Search modes - Boolean/Phrase 155 421 


S42 
(TI national*) OR (AB 
national*) Search modes - Boolean/Phrase 


140 844 


S43 TX "social group*" Search modes - Boolean/Phrase 6 834 


S44 TX citizen* Search modes - Boolean/Phrase 46 257 


S45 TX diaspora Search modes - Boolean/Phrase 753 


S46 TX folk* Search modes - Boolean/Phrase 26 530 


S47 
(MH "Race Factors") OR (MH 
"Race Relations+") Search modes - Boolean/Phrase 


22 994 


S48 (MH "Ethnic Groups+") Search modes - Boolean/Phrase 110 219 


S49 
(MH "Ethnological Research") 
OR (MH "Ethnology") Search modes - Boolean/Phrase 


5 662 


S50 
(MH "Socioeconomic 
Factors+") Search modes - Boolean/Phrase 


256 543 


S51 
(MH "Population 
Characteristics+") Search modes - Boolean/Phrase 


973 604 
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S52 (MH "Cultural Bias") Search modes - Boolean/Phrase 358 


S53 
(MH "Genetics+") OR (MH 
"Genetics, Medical+") Search modes - Boolean/Phrase 


122 702 


S54 (MH "Diagnostic Errors+") Search modes - Boolean/Phrase 14 761 


S55 
(MH "Emigration and 
Immigration") Search modes - Boolean/Phrase 


5 007 


S56 
(MH "Indigenous Health") OR 
(MH "Indigenous Peoples+") Search modes - Boolean/Phrase 


16 081 


S57 


(MH "Health Personnel as 
Patients+") OR (MH "Health 
Personnel, Minority+") Search modes - Boolean/Phrase 


2 560 


S58 (MH "Rural Population") Search modes - Boolean/Phrase 6 599 


S59 


(MH "Urban Areas") OR (MH 
"Urban Health") OR (MH 
"Urban Population") Search modes - Boolean/Phrase 


24 305 


S60 


(MH "Suburban Areas") OR 
(MH "Suburban Health") OR 
(MH "Suburban Population") Search modes - Boolean/Phrase 


837 


S61 


(MH "Special Populations") 
OR (MH "Health Transition") 
OR (MH "Geographic 
Factors") OR (MH "Family 
Characteristics") OR (MH 
"Birth Place") OR (MH 
"Residence Characteristics") Search modes - Boolean/Phrase 


27 980 


S62 


(S15 OR S16 OR S17 OR S18 
OR S19 OR S20 OR S21 OR 
S22 OR S23 OR S24 OR S25 
OR S26 OR S27 OR S28 OR 
S29 OR S30 OR S31 OR S32 
OR S33 OR S34 OR S35 OR 
S36 OR S37 OR S38 OR S39 
OR S40 OR S41 OR S42 OR 
S43 OR S44 OR S45 OR S46 
OR S47 OR S48 OR S49 OR 
S50 OR S51 OR S52 OR S53 
OR S54 OR S55 OR S56 OR 
S57 OR S58 OR S59 OR S60 
OR S61) Search modes - Boolean/Phrase 


2 273 
541 


S63 TI maternal Search modes - Boolean/Phrase 19 911 


S64 TI gestational Search modes - Boolean/Phrase 6 588 


S65 TI pregnancy Search modes - Boolean/Phrase 34 688 
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S66 TI juvenile Search modes - Boolean/Phrase 4 471 


S67 TI type 1 Search modes - Find all my search terms 13 021 


S68 TI metformin Search modes - Boolean/Phrase 2 304 


S69 TI sulphonylurea Search modes - Boolean/Phrase 101 


S70 TI sulfonylurea Search modes - Boolean/Phrase 245 


S71 TI dapsone Search modes - Boolean/Phrase 127 


S72 TI liraglutide Search modes - Boolean/Phrase 387 


S73 TI sitagliptin Search modes - Boolean/Phrase 335 


S74 TI magnesium Search modes - Boolean/Phrase 2 033 


S75 TI potassium Search modes - Boolean/Phrase 1 996 


S76 TI empagliflozin Search modes - Boolean/Phrase 95 


S77 TI orlistat Search modes - Boolean/Phrase 191 


S78 TI dapagliflozin Search modes - Boolean/Phrase 118 


S79 TI linagliptin Search modes - Boolean/Phrase 124 


S80 TI semaglutide Search modes - Boolean/Phrase 26 


S81 TI pioglitazone Search modes - Boolean/Phrase 641 


S82 TI exenatide Search modes - Boolean/Phrase 377 


S83 TI biguanides Search modes - Boolean/Phrase 10 


S84 TI dulaglutide Search modes - Boolean/Phrase 37 


S85 TI mifepristone Search modes - Boolean/Phrase 341 


S86 TI cabergoline Search modes - Boolean/Phrase 74 


S87 TI "ace inhibitor" Search modes - Find all my search terms 212 


S88 TI "GLP-1" Search modes - Boolean/Phrase 492 


S89 TI ertugliflozin Search modes - Boolean/Phrase 0 


S90 TI atorvastatin Search modes - Boolean/Phrase 982 


S91 TI simvastatin Search modes - Boolean/Phrase 925 


S92 TI repaglinide Search modes - Boolean/Phrase 68 


S93 TI nateglinide Search modes - Boolean/Phrase 62 


S94 TI acarbose Search modes - Boolean/Phrase 128 


S95 TI gliptin* Search modes - Boolean/Phrase 15 


S96 TI risperidone Search modes - Boolean/Phrase 981 
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S97 TI canagliflozin Search modes - Boolean/Phrase 157 


S98 TI adolescen* Search modes - Boolean/Phrase 64 063 


S99 TI hydrocortisone Search modes - Boolean/Phrase 268 


S100 TI miglitol Search modes - Boolean/Phrase 18 


S101 TI pramlintide Search modes - Boolean/Phrase 70 


S102 TI rosiglitazone Search modes - Boolean/Phrase 568 


S103 TI troglitazone Search modes - Boolean/Phrase 64 


S104 TI gliclazide Search modes - Boolean/Phrase 64 


S105 TI glimepiride Search modes - Boolean/Phrase 137 


S106 TI glipizide Search modes - Boolean/Phrase 62 


S107 TI glyburide Search modes - Boolean/Phrase 132 


S108 TI tolbutamide Search modes - Boolean/Phrase 17 


S109 


S63 OR S64 OR S65 OR S66 
OR S67 OR S68 OR S69 OR 
S70 OR S71 OR S72 OR S73 
OR S74 OR S75 OR S76 OR 
S77 OR S78 OR S79 OR S80 
OR S81 OR S82 OR S83 OR 
S84 OR S85 OR S86 OR S87 
OR S88 OR S89 OR S90 OR 
S91 OR S92 OR S93 OR S94 
OR S95 OR S96 OR S97 OR 
S98 OR S99 OR S100 OR 
S101 OR S102 OR S103 OR 
S104 OR S105 OR S106 OR 
S107 OR S108 Search modes - Boolean/Phrase 


149 047 


S110 S14 AND S62 Search modes - Boolean/Phrase 42 617 


S111 S110 NOT S109 


Limiters - Published Date: 19900101-


20190630; English Language; Human; Age 


Groups: Adult: 19-44 years, Middle Aged: 


45-64 years, Aged: 65+ years, Aged, 80 and 


over  


Search modes - Boolean/Phrase 


10 756 
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List of Keywords, Index, and MeSH terms for Cochrane  
 Description* Results 
#1 heterogene* 19 


#2 ethn* 14 915 


#3 rac* 16 810 


#4 geograph* 5 694 


#5 countr* 27 635 


#6 residen* 15 850 


#7 cultur* 26 850 
#8 divers* 12 446 


#9 gene*:ti,ab 174 871 


#10 phyletic* 2 


#11 socioeconomic* 9 164 


#12 origin 7 132 


#13 trib* 1 180 


#14 aboriginal 360 
#15 autochthonous 39 


#16 colony 7 971 


#17 colonies 581 


#18 cast 2 050 


#19 communit*:ti,ab 38 394 


#20 religi* 1 639 


#21 indigen* 1 130 


#22 immigrant* 685 
#23 minorit* 5 482 


#24 native* 3 676 


#25 urban 9 370 


#26 coastal 223 


#27 royal 17 929 


#28 national*:ti,ab 31 072 


#29 "social group*" 120 


#30 citizen* 2 764 
#31 diaspora 7 


#32 folk* 609 


#33 MeSH descriptor: [Ethnic Groups] explode all trees 4 025 


#34 MeSH descriptor: [Continental Population Groups] explode all trees 6 302 


#35 MeSH descriptor: [Ethnology] explode all trees 8 


#36 MeSH descriptor: [Socioeconomic Factors] 1 tree(s) exploded 9 303 


#37 MeSH descriptor: [Health Status Disparities] 2 tree(s) exploded 153 
#38 MeSH descriptor: [Healthcare Disparities] explode all trees 171 
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#39 MeSH descriptor: [Genetics, Population] explode all trees 25 


#40 MeSH descriptor: [Genetics, Medical] explode all trees 188 


#41 MeSH descriptor: [Population Characteristics] explode all trees 53 845 


#42 MeSH descriptor: [Population Groups] explode all trees 7 846 
#43 MeSH descriptor: [Cross-Cultural Comparison] explode all trees 228 


#44 MeSH descriptor: [Culture] explode all trees 2 715 


#45 MeSH descriptor: [Medicine, Traditional] explode all trees 1 377 


#46 MeSH descriptor: [Geography, Medical] explode all trees 10 


#47 MeSH descriptor: [Precision Medicine] explode all trees 368 


#48 MeSH descriptor: [Residence Characteristics] explode all trees 1 368 


#49 MeSH descriptor: [Cultural Diversity] explode all trees 73 


#50 MeSH descriptor: [Genetic Variation] explode all trees 5 300 
#51 MeSH descriptor: [Genes] explode all trees 1 646 


#52 MeSH descriptor: [Social Class] explode all trees 618 


#53 MeSH descriptor: [Rural Population] explode all trees 1 547 


#54 MeSH descriptor: [Community Medicine] explode all trees 35 


#55 MeSH descriptor: [Emigrants and Immigrants] explode all trees 158 


#56 MeSH descriptor: [Minority Groups] explode all trees 316 


#57 MeSH descriptor: [Minority Health] explode all trees 23 


#58 MeSH descriptor: [Suburban Population] explode all trees 35 
#59 MeSH descriptor: [Urban Population] explode all trees 1 231 


#60 MeSH descriptor: [Genetic Heterogeneity] explode all trees 13 


#61 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 


or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 


or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 


or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 


or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 
or #58 or #59 or #60 


375 259 


#62 "a1c" 19 912 


#63 "hba 1c" 1 748 


#64 "hb a1c" 15 189 


#65 "h*emoglobin glycosylation" 0 


#66 "h*emoglobin aic" 0 


#67 "h*emoglobin a1c" 0 


#68 "glycosyli?ed h*emoglobin" 0 
#69 "glycosyl h*emoglobin" 0 


#70 "glycated h*emoglobin" 0 


#71 "glycoh*emoglobin" 0 


#72 "glycosylated h*emoglobin" 0 


#73 "h*emoglobin a 1 c" 0 
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#74 "h*emoglobin a glycosylated" 0 


#75 "HbA1c" 15 094 


#76 MeSH descriptor: [Glycated Hemoglobin A] explode all trees 5 348 


#77 #62 or #63 or #64 or #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72 or 
#73 or #74 or #75 or #76 with Publication Year from 1990 to 2019 


19 693 


#78 #61 and #77 5 567 


#79 (maternal or gestational or pregnancy or juvenile or adolescen* or "type 1" or 


metformin or sulphonylurea or sulfonylurea or dapsone or liraglutide or 


sitagliptin or magnesium or potassium or empagliflozin or orlistat or 


dapagliflozin or linagliptin or semaglutide or pioglitazone or exenatide or 


biguanide or dulaglutide or mifepristone or cabergoline or "ace inhibitor*" or 


"GLP-1" or ertugliflozin or atorvastatin or simvastatin or repaglinide or 
nateglinide or acarbose or gliptin* or risperidone hydrocortisone or 


canagliflozin or miglitol or pramlintide or rosiglitazone or troglitazone or 


gliclazide or glimepiride or glipizide or glyburide or tolbutamide):ti 


59 950 


#80 #78 not #79 with Publication Year from 1990 to 2019 7 753 


  







17 
 


List of Keywords, Index, and MeSH terms for EMBASE 
Description Results 
1. a1c.mp. [mp=title, abstract, heading word, drug trade name, original title, device 


manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


106 915 


2. HbA1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


67 119 


3. hba 1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


3 981 


4. Hb A1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


740 


5. h?emoglobin glycosylation.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword, floating subheading word] 


86 


6. h?emoglobin aic.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


82 


7. h?emoglobin A1c.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


101 539 


8. h?emoglobin a glycosylated.mp. [mp=title, abstract, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


137 


9. h?emoglobin a 1 c.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


10 


10. glycosyli#ed h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


8 


11. glycosylh?emoglobin.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


1 


12. glycosylated h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


28 564 
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13. glycosyl h?emoglobin.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


6 


14. glycoh?emoglobin.mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


1 308 


15. glycated h?emoglobin.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


14 560 


16. hemoglobin a1c/ or glycosylated hemoglobin/ 114 972 


17. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 131 655  


18. race/ or ethnic group/ or ethnicity/ or socioeconomics/ or ethnology/ 345 079 
19. ethnic difference/ 33 939 


20. population genetics/ or population group/ 36 828 


21. ancestry group/ 3 843 


22. cultural factor/ 59 089 


23. community living/ 4 615 


24. social aspect/ or "social aspects and related phenomena"/ 75 307 


25. health disparity/ 17 416 


26. "ethnic or racial aspects"/ 23 342 
27. race difference/ 43 502 


28. "population and population related phenomena"/ 14 875 


29. research diagnostic criteria/ 468 


30. medical geography/ 745 


31. demography/ 201 069 


32. migration/ 36 306 


33. indigenous people/ 5 838 
34. minority group/ 14 024 


35. urban population/ or urban area/ or urban rural difference/ 101 927 


36. heterogene*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


416 510 


37. ethn*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


339 065 


38. rac*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


325 383 
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39. geograph*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


333 694 


40. countr*.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


585 412 


41. residen*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


315 883 


42. cultur*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


1 799 830 


43. divers*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


567 966 


44. gene*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


7 221 271 


45. phyletic*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading word] 


1 076 


46. socioeconomic*.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


203 237 


47. origin.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


399 955 


48. trib*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


48 254 


49. aboriginal.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


10 215 


50. autochthonous.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 
floating subheading word] 


6 663 


51. colony.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


232 408 
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52. colonies.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


53 839 


53. cast.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


38 394 


54. communit*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


700 795 


55. religi*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


82 856 


56. indigen*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


41 671 


57. immigrant*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


30 839 


58. minorit*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading word] 


91 916 


59. native*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


237 489 


60. urban.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


208 423 


61. coastal.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


35 820 


62. royal.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


109 443 


63. national*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading word] 


780 842 


64. social group*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


6 027 
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65. citizen*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


57 130 


66. diaspora.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


617 


67. folk*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


16 424 


68. 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 


or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 


or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 
or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 


11 617 519 


69. maternal.ti. 85 520 


70. gestational.ti. 28 057 


71. pregnancy.ti. 177 734 


72. (juvenile or adolescen*).ti. 226 309 


73. type 1.ti. 83 306 


74. metformin.ti. 15 343 


75. sulphonylurea.ti. 646 
76. sulfonylurea.ti. 2 021 


77. dapsone.ti. 2 092 


78. liraglutide.ti. 2 566 


79. sitagliptin.ti. 2 094 


80. magnesium.ti. 23 873 


81. potassium.ti. 38 771 


82. empagliflozin.ti. 935 
83. orlistat.ti. 841 


84. dapagliflozin.ti. 1 119 


85. linagliptin.ti. 773 


86. semaglutide.ti. 276 


87. pioglitazone*.ti. 3 971 


88. exenatide.ti. 1 950 


89. biguanide.ti. 494 


90. dulaglutide.ti. 387 
91. mifepristone.ti. 1 902 


92. cabergoline.ti. 875 


93. "ace inhibitor*".ti. 4 878 


94. "GLP-1".ti. 4 517 


95. ertugliflozin.ti. 110 







22 
 


96. atorvastatin.ti. 6 457 


97. simvastatin.ti. 6 728 


98. repaglinide.ti. 566 


99. nateglinide.ti. 387 
100. acarbose.ti. 1 145 


101. gliptin*.ti. 110 


102. (risperidone or hydrocortisone).ti. 10 289 


103. canagliflozin.ti. 844 


104. miglitol.ti. 220 


105. pramlintide.ti. 214 


106. rosiglitazone.ti. 3 038 


107. troglitazone.ti. 917 
108. gliclazide.ti. 898 


109. glimepiride.ti. 988 


110. glipizide.ti. 692 


111. glyburide.ti. 724 


112. tolbutamide.ti. 1 125 


113. 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 


or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 


or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 
109 or 110 or 111 or 112 


712 044 


114. 17 and 68 44 141 


115. 114 not 113 35 996 


116. limit 115 to (human and english language and yr="1990 -Current" and 


(adult <18 to 64 years> or aged <65+ years>)) 


19 353 


  







23 
 


List of Keywords, Index, and MeSH terms for MEDLINE 
Description Results 
1. a1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


20 284 


2. HbA1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


30 321 


3. hba 1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


4 706 


4. Hb A1c.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


503 


5. h?emoglobin glycosylation.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword, floating subheading word] 


50 


6. h?emoglobin aic.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


86 


7. h?emoglobin A1c.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


17 761 


8. h?emoglobin a glycosylated.mp. [mp=title, abstract, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


136 


9. h?emoglobin a 1 c.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


30 


10. glycosyli#ed h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


3 


11. glycosylh?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


0 


12. glycosylated h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


9 459 
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13. glycosyl h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


4 


14. glycoh?emoglobin.mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


946 


15. glycated h?emoglobin.mp. [mp=title, abstract, heading word, drug trade 


name, original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


38 508 


16. hemoglobin a1c/ or glycosylated hemoglobin/ 32 788 


17. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 


16 


62 834 


18. race/ or ethnic group/ or ethnicity/ or socioeconomics/ or ethnology/ 76 564 


19. ethnic difference/ 0 


20. population genetics/ or population group/ 37 086 


21. ancestry group/ 0 


22. cultural factor/ 0 


23. community living/ 0 


24. social aspect/ or "social aspects and related phenomena"/ 0 


25. health disparity/ 0 
26. "ethnic or racial aspects"/ 0 


27. race difference/ 0 


28. "population and population related phenomena"/ 0 


29. research diagnostic criteria/ 0 


30. medical geography/ 891 


31. demography/ 59 707 


32. migration/ 0 
33. indigenous people/ 0 


34. minority group/ 13 048 


35. urban population/ or urban area/ or urban rural difference/ 56 944 


36. heterogene*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


320 440 


37. ethn*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading word] 


303 172 


38. rac*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


199 059 
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39. geograph*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


177 468 


40. countr*.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


458 178 


41. residen*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


271 178 


42. cultur*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


1 684 558 


43. divers*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


501 175 


44. gene*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


6 373 619 


45. phyletic*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 
floating subheading word] 


1 095 


46. socioeconomic*.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


205 827 


47. origin.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


346 810 


48. trib*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


39 851 


49. aboriginal.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


8 200 


50. autochthonous.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 
keyword, floating subheading word] 


5 776 


51. colony.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


160 525 
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52. colonies.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


48 415 


53. cast.mp. [mp=title, abstract, heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


27 938 


54. communit*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


591 424 


55. religi*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


60 111 


56. indigen*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


37 295 


57. immigrant*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


27 970 


58. minorit*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 
subheading word] 


71 410 


59. native*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


206 383 


60. urban.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


179 786 


61. coastal.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


30 159 


62. royal.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


25 404 


63. national*.mp. [mp=title, abstract, heading word, drug trade name, original 


title, device manufacturer, drug manufacturer, device trade name, keyword, 
floating subheading word] 


529 425 


64. social group*.mp. [mp=title, abstract, heading word, drug trade name, 


original title, device manufacturer, drug manufacturer, device trade name, 


keyword, floating subheading word] 


5 293 
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65. citizen*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


19 105 


66. diaspora.mp. [mp=title, abstract, heading word, drug trade name, original 
title, device manufacturer, drug manufacturer, device trade name, keyword, 


floating subheading word] 


489 


67. folk*.mp. [mp=title, abstract, heading word, drug trade name, original title, 


device manufacturer, drug manufacturer, device trade name, keyword, floating 


subheading word] 


12 725 


68. 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 


31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 


45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 
59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 


9 747 059 


69. maternal.ti. 74 370 


70. gestational.ti. 20 456 


71. pregnancy.ti. 165 117 


72. (juvenile or adolescen*).ti. 185 362 


73. type 1.ti. 63 893 


74. metformin.ti. 9 525 


75. sulphonylurea.ti. 469 
76. sulfonylurea.ti. 1 779 


77. dapsone.ti. 1 795 


78. liraglutide.ti. 1 224 


79. sitagliptin.ti. 1 108 


80. magnesium.ti. 23 191 


81. potassium.ti. 42 225 


82. empagliflozin.ti. 413 
83. orlistat.ti. 598 


84. dapagliflozin.ti. 474 


85. linagliptin.ti. 374 


86. semaglutide.ti. 112 


87. pioglitazone*.ti. 2 470 


88. exenatide.ti. 966 


89. biguanide.ti. 518 


90. dulaglutide.ti. 157 
91. mifepristone.ti. 1 421 


92. cabergoline.ti. 656 


93. "ace inhibitor*".ti. 3 045 


94. "GLP-1".ti. 2 506 


95. ertugliflozin.ti. 49 
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96. atorvastatin.ti. 4 246 


97. simvastatin.ti. 4 645 


98. repaglinide.ti. 373 


99. nateglinide.ti. 258 
100. acarbose.ti. 793 


101. gliptin*.ti. 67 


102. (risperidone or hydrocortisone).ti. 10 474 


103. canagliflozin.ti. 439 


104. miglitol.ti. 134 


105. pramlintide.ti. 150 


106. rosiglitazone.ti. 2 172 


107. troglitazone.ti. 810 
108. gliclazide.ti. 568 


109. glimepiride.ti. 578 


110. glipizide.ti. 422 


111. glyburide.ti. 535 


112. tolbutamide.ti. 1 857 


113. 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 


82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 


96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 
108 or 109 or 110 or 111 or 112 


607 744 


114. 17 and 68 19 746 


115. 114 not 113 16 285 


116. limit 115 to (english language and humans and yr="1990 -Current" and 


"all adult (19 plus years)" and humans) 


9 356 
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List of Keywords, Index, and related terms for Open Grey 


(((a1c) OR (HbA1c) OR ("hba 1c") OR ("hb A1c") OR ("h*emoglobin glycosylation") OR 


("h*emoglobin aic") OR ("h*emoglobin a1c") OR ("h*emoglobin a glycosylated") OR ("h*emoglobin a 
1 c") OR ("glycosyli?ed h*emoglobin") OR ("glycosylated h*emoglobin") OR ("glycosyl h*emoglobin") 


OR (glycoh*emoglobin) OR ("glycated h*emoglobin")) AND ((heterogene*) OR (ethn*) OR (rac*) OR 


(geograph*) OR (countr*) OR (residen*) OR (cultur*) OR (divers*) OR (gene*) OR (phyletic*) OR 


(socioeconomic*) OR (origin) OR (trib*) OR (aboriginal) OR (autochthonous) OR (colony) OR 


(colonies) OR (cast) OR (communit*) OR (religi*) OR (indigen*) OR (immigrant*) OR (minorit*) OR 


(native*) OR (urban) OR (coastal) OR (royal) OR (national*) OR ("social group*") OR (citizen*) OR 


(diaspora) OR (folk*))) NOT (TI((maternal) OR (gestational) OR (pregnancy) OR (juvenile) OR 


(adolescen*) OR ("type 1") OR (metformin) OR (sulphonylurea) OR (sulfonylurea) OR (dapsone) OR 
(liraglutide) OR (sitagliptin) OR (magnesium) OR (potassium) OR (empagliflozin) OR (orlistat) OR 


(dapagliflozin) OR (linagliptin) OR (semaglutide) OR (pioglitazone) OR (exenatide) OR (biguanide) 


OR (dulaglutide) OR (mifepristone) OR (cabergoline) OR ("ace inhibitor*") OR ("GLP-1") OR 


(ertugliflozin) OR (atorvastatin) OR (simvastatin) OR (repaglinide) OR (nateglinide) OR (acarbose) 


OR (gliptin*) OR (hydrocortisone) OR (risperidone) OR (canagliflozin) OR (miglitol) OR (pramlintide) 


OR (rosiglitazone) OR (troglitazone) OR (gliclazide) OR (glimepiride) OR (glipizide) OR (glyburide) 


OR (tolbutamide)))`                   Total: (17) 
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List of Keywords, Index, and related terms for ProQuest 


(((a1c OR HbA1c OR "hba 1c" OR "hb A1c" OR "hemoglobin glycosylation" OR "haemoglobin 


glycosylation" OR "hemoglobin aic" OR "haemoglobin aic" OR "hemoglobin a1c" OR "haemoglobin 


a1c" OR "hemoglobin a glycosylated" OR "haemoglobin a glycosylated" OR "hemoglobin a 1 c" OR 


"haemoglobin a 1 c" OR "glycosylised haemoglobin" OR "glycosylized hemoglobin" OR "glycosylated 


hemoglobin" OR "glycosylated haemoglobin" OR "glycosyl hemoglobin" OR "glycosyl haemoglobin" 


OR glycoh*emoglobin OR "glycated hemoglobin" OR "glycated haemoglobin") AND (heterogene* 


OR ethn* OR rac* OR geograph* OR countr* OR residen* OR cultur* OR divers* OR ti(gene* OR 
communit* OR national*) OR ab(gene* OR communit* OR national*) OR phyletic* OR 


socioeconomic* OR origin OR trib* OR aboriginal OR autochthonous OR colony OR colonies OR 


cast OR religi* OR indigen* OR immigrant* OR minorit* OR native* OR urban OR coastal OR royal 


OR ("social group" OR "social grouping" OR "social groupings" OR "social groups") OR citizen* OR 


diaspora OR folk*)) NOT ti(maternal OR gestational OR pregnancy OR juvenile OR adolescen* OR 


"type 1" OR metformin OR sulphonylurea OR sulfonylurea OR dapsone OR liraglutide OR sitagliptin 


OR magnesium OR potassium OR empagliflozin OR orlistat OR dapagliflozin OR linagliptin OR 
semaglutide OR pioglitazone OR exenatide OR biguanide OR dulaglutide OR mifepristone OR 


cabergoline OR ("ace inhibitor" OR "ace inhibitors") OR "GLP-1" OR ertugliflozin OR atorvastatin OR 


simvastatin OR repaglinide OR nateglinide OR acarbose OR gliptin* OR risperidone OR 


hydrocortisone OR canagliflozin OR miglitol OR pramlintide OR rosiglitazone OR troglitazone OR 


gliclazide OR glimepiride OR glipizide OR glyburide OR tolbutamide)) AND (la.exact("ENG") AND 


stype.exact("Dissertations & Theses") AND pd(19900101-20190630))        Total: (9 408) 
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List of Keywords, Index, and MeSH terms for PsychINFO  
 


Description Limiters/Expanders Results 
S1 TX a1c Search modes - Find all my search terms 1 189 


S2 TX HbA1c Search modes - Find all my search terms 1 621 


S3 TX "hba 1c" Search modes - Find all my search terms 12 


S4 TX "Hb A1c" Search modes - Find all my search terms 9 


S5 TX "h#emoglobin 


glycosylation" 


Search modes - Find all my search terms 80 


S6 TX "h#emoglobin aic" Search modes - Find all my search terms 1 
S7 TX "h#emoglobin a1c" Search modes - Find all my search terms 771 


S8 TX "h#emoglobin a 


glycosylated" 


Search modes - Find all my search terms 1 050 


S9 TX "h#emoglobin a 1 c" Search modes - Find all my search terms 94 733 


S10 TX "glycosyli?ed 


h#emoglobin" 


Search modes - Find all my search terms 11 506 


S11 TX "glycosylated 
h#emoglobin" 


Search modes - Find all my search terms 600 


S12 TX "glycosyl h#emoglobin" Search modes - Find all my search terms 13 


S13 TX "glycoh#emoglobin" Search modes - Find all my search terms 35 


S14 TX "glycated h#emoglobin" Search modes - Find all my search terms 423 


S15 DE "Hemoglobin" Search modes - Find all my search terms 682 


S16 S1 OR S2 OR S3 OR S4 


OR S5 OR S6 OR S7 OR 


S8 OR S9 OR S10 OR S11 
OR S12 OR S13 OR S14 


OR S15 


Search modes - Boolean/Phrase 3 763 


S17 TX heterogene* Search modes - Find all my search terms 43 550 


S18 TX ethn* Search modes - Find all my search terms 177 861 


S19 TX rac* Search modes - Find all my search terms 161 249 


S20 TX geograph* Search modes - Find all my search terms 37 072 


S21 TX countr* Search modes - Boolean/Phrase 120 017 


S22 TX residen* Search modes - Boolean/Phrase 96 827 
S23 TX cultur* Search modes - Boolean/Phrase 386 416 


S24 TX divers* Search modes - Boolean/Phrase 137 140 


S25 (TI gene*) OR (AB gene*) Search modes - Boolean/Phrase 801 959 


S26 TX phyletic* Search modes - Boolean/Phrase 121 


S27 TX socioeconomic* Search modes - Boolean/Phrase 84 337 


S28 TX origin Search modes - Boolean/Phrase 64 638 


S29 TX trib* Search modes - Boolean/Phrase 10 679 
S30 TX aboriginal Search modes - Boolean/Phrase 3 791 
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S31 TX autochthonous Search modes - Boolean/Phrase 178 


S32 TX colony Search modes - Boolean/Phrase 6 094 


S33 TX colonies Search modes - Boolean/Phrase 6 094 


S34 TX cast Search modes - Boolean/Phrase 7 097 
S35 (TI communit*) OR (AB 


communit*) 


Search modes - Boolean/Phrase 273 907 


S36 TX religi* Search modes - Boolean/Phrase 94 326 


S37 TX indigen* Search modes - Boolean/Phrase 14 765 


S38 TX immigrant* Search modes - Boolean/Phrase 27 478 


S39 TX minorit* Search modes - Boolean/Phrase 57 419 


S40 TX native* Search modes - Boolean/Phrase 28 822 


S41 TX urban Search modes - Boolean/Phrase 76 280 
S42 TX coastal Search modes - Boolean/Phrase 1 986 


S43 TX royal Search modes - Boolean/Phrase 54 752 


S44 (TI national*) OR (AB 


national*) 


Search modes - Boolean/Phrase 163 654 


S45 TX "social group*" Search modes - Boolean/Phrase 12 212 


S46 TX citizen* Search modes - Boolean/Phrase 29 387 


S47 TX diaspora Search modes - Boolean/Phrase 1 719 


S48 TX folk* Search modes - Boolean/Phrase 10 264 
S49 DE "Race and Ethnic 


Discrimination" OR DE 


"Racial and Ethnic 


Attitudes" OR DE "Racial 


and Ethnic Relations" OR 


DE "Treatment Outcomes" 


OR DE "Refugees" OR DE 
"Global Health" 


Search modes - Find all my search terms 56 373 


S50 DE "Indigenous 


Populations" OR DE 


"Ethnic Identity" 


Search modes - Boolean/Phrase 20 483 


S51 DE "Ethnic Identity" OR DE 


"Diversity" 


Search modes - Boolean/Phrase 22 429 


S52 DE "Racial and Ethnic 


Differences" OR DE "Racial 
and Ethnic Groups" OR DE 


"Multiracial" OR DE 


"Minority Groups" OR DE 


"Majority Groups" OR DE 


"Health Disparities" 


Search modes - Boolean/Phrase 61 194 
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S53 DE "Ethnology" Search modes - Boolean/Phrase 2 083 


S54 DE "Population Genetics" Search modes - Boolean/Phrase 337 


S55 DE "Cross Cultural 


Treatment" OR DE 
"Southeast Asian Cultural 


Groups" OR DE "Cultural 


Test Bias" OR DE "Cross 


Cultural Differences" OR 


DE "South Asian Cultural 


Groups" OR DE "European 


Cultural Groups" OR DE 


"African Cultural Groups" 
OR DE "Vietnamese 


Cultural Groups" OR DE 


"Korean Cultural Groups" 


OR DE "Japanese Cultural 


Groups" OR DE "Chinese 


Cultural Groups" 


Search modes - Boolean/Phrase 68 027 


S56 DE "Community Health" Search modes - Boolean/Phrase 2 504 


S57 DE "Genetics" Search modes - Boolean/Phrase 41 810 
S58 DE "Health Disparities" OR 


DE "Health Personnel" OR 


DE "Health Screening" 


Search modes - Boolean/Phrase 29 628 


S59 DE "Research Diagnostic 


Criteria" OR DE 


"Diagnostic Criteria" 


Search modes - Boolean/Phrase 3 245 


S60 DE "Demographic 
Characteristics" 


Search modes - Boolean/Phrase 32 305 


S61 DE "Urban Environments" Search modes - Boolean/Phrase 22 720 


S62 DE "Rural Environments" Search modes - Boolean/Phrase 16 592 


S63 S17 OR S18 OR S19 OR 


S20 OR S21 OR S22 OR 


S23 OR S24 OR S25 OR 


S26 OR S27 OR S28 OR 


S29 OR S30 OR S31 OR 
S32 OR S33 OR S34 OR 


S35 OR S36 OR S37 OR 


S38 OR S39 OR S40 OR 


S41 OR S42 OR S43 OR 


S44 OR S45 OR S46 OR 


Search modes - Boolean/Phrase 1 941 


401 
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S47 OR S48 OR S49 OR 


S50 OR S51 OR S52 OR 


S53 OR S54 OR S55 OR 


S56 OR S57 OR S58 OR 
S59 OR S60 OR S61 OR 


S62 


S64 TI maternal Search modes - Boolean/Phrase 18 184 


S65 TI gestational Search modes - Boolean/Phrase 1 027 


S66 TI pregnancy Search modes - Boolean/Phrase 10 855 


S67 (TI juvenile) OR (TI 


adolescen*) 


Search modes - Boolean/Phrase 136 284 


S68 TI type 1 Search modes - Find all my search terms 2 601 
S69 TI metformin Search modes - Boolean/Phrase 198 


S70 TI sulphonylurea Search modes - Boolean/Phrase 4 


S71 TI sulfonylurea Search modes - Boolean/Phrase 24 


S72 TI dapsone Search modes - Boolean/Phrase 8 


S73 TI liraglutide Search modes - Boolean/Phrase 39 


S74 TI sitagliptin Search modes - Boolean/Phrase 3 


S75 TI magnesium Search modes - Boolean/Phrase 434 


S76 TI potassium Search modes - Boolean/Phrase 1 327 
S77 TI empagliflozin Search modes - Boolean/Phrase 2 


S78 TI orlistat Search modes - Boolean/Phrase 33 


S79 TI dapagliflozin Search modes - Boolean/Phrase 2 


S80 TI linagliptin Search modes - Boolean/Phrase 4 


S81 TI semaglutide Search modes - Boolean/Phrase 0 


S82 TI pioglitazone Search modes - Boolean/Phrase 88 


S83 TI exenatide Search modes - Boolean/Phrase 18 
S84 TI biguanides Search modes - Boolean/Phrase 5 


S85 TI dulaglutide Search modes - Boolean/Phrase 1 


S86 TI mifepristone Search modes - Boolean/Phrase 71 


S87 TI cabergoline Search modes - Boolean/Phrase 46 


S88 TI "ace inhibitor" Search modes - Find all my search terms 4 


S89 TI "GLP-1" Search modes - Boolean/Phrase 120 


S90 TI ertugliflozin Search modes - Boolean/Phrase 0 


S91 TI atorvastatin Search modes - Boolean/Phrase 102 
S92 TI simvastatin Search modes - Boolean/Phrase 126 


S93 TI repaglinide Search modes - Boolean/Phrase 2 


S94 TI nateglinide Search modes - Boolean/Phrase 1 


S95 TI acarbose Search modes - Boolean/Phrase 8 


S96 TI gliptin* Search modes - Boolean/Phrase 1 
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S97 (TI risperidone) OR (TI 


Hydrocortisone) 


Search modes - Boolean/Phrase 2 928 


S98 TI canagliflozin Search modes - Boolean/Phrase 6 


S99 TI miglitol Search modes - Boolean/Phrase 0 
S100 TI pramlintide Search modes - Boolean/Phrase 6 


S101 TI rosiglitazone Search modes - Boolean/Phrase 58 


S102 TI troglitazone Search modes - Boolean/Phrase 2 


S103 TI gliclazide Search modes - Boolean/Phrase 3 


S104 TI glimepiride Search modes - Boolean/Phrase 2 


S105 TI glipizide Search modes - Boolean/Phrase 1 


S106 TI glyburide Search modes - Boolean/Phrase 10 


S107 TI tolbutamide Search modes - Boolean/Phrase 10 
S108 (TI tolbutamide) AND (S64 


OR S65 OR S66 OR S67 


OR S68 OR S69 OR S70 


OR S71 OR S72 OR S73 


OR S74 OR S75 OR S76 


OR S77 OR S78 OR S79 


OR S80 OR S81 OR S82 


OR S83 OR S84 OR S85 
OR S86 OR S87 OR S88 


OR S89 OR S90 OR S91 


OR S92 OR S93 OR S94 


OR S95 OR S96 OR S97 


OR S98 OR S99 OR S100 


OR S101 OR S102 OR 


S103 OR S104 OR S105 
OR S106 OR S107) 


Search modes - Boolean/Phrase 10 


S109 S16 AND S63 Search modes - Boolean/Phrase 1 890 


S110 S109 NOT S108 Limiters - Published Date: 19900101-


20190630; English; Age Groups: Adulthood 


(18 yrs & older), Young Adulthood (18-29 


yrs), Thirties (30-39 yrs), Middle Age (40-64 


yrs), Aged (65 yrs & older), Very Old (85 yrs 


& older); Population Group: Human  


Search modes - Boolean/Phrase 


2 396 
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List of Keywords, Index, and related terms for Web of Sciences 
 


Description Result 
1 TS=((a1c) OR (HbA1c) OR ("hba 1c") OR ("hb A1c") OR ("h*emoglobin 


glycosylation") OR ("h*emoglobin aic") OR ("h*emoglobin a1c") OR 


("h*emoglobin a glycosylated") OR ("h*emoglobin a 1 c") OR ("glycosyli?ed 


h*emoglobin") OR ("glycosylated h*emoglobin") OR ("glycosyl 


h*emoglobin") OR (glycoh*emoglobin) OR ("glycated h*emoglobin")) 


Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 


Timespan=1990-2019 


47 043 


2 TS=((heterogene*) OR (ethn*) OR (rac*) OR (geograph*) OR (countr*) OR 


(residen*) OR (cultur*) OR (divers*) OR (gene*) OR (phyletic*) OR 


(socioeconomic*) OR (origin) OR (trib*) OR (aboriginal) OR (autochthonous) 


OR (colony) OR (colonies) OR (cast) OR (communit*) OR (religi*) OR 


(indigen*) OR (immigrant*) OR (minorit*) OR (native*) OR (urban) OR 


(coastal) OR (royal) OR (national*) OR ("social group*") OR (citizen*) OR 


(diaspora) OR (folk*)) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 


Timespan=1990-2019 


14 094 835 


3 TI=((maternal) OR (gestational) OR (pregnancy) OR (juvenile) OR 


(adolescen*) OR ("type 1") OR (metformin) OR (sulphonylurea) OR 


(sulfonylurea) OR (dapsone) OR (liraglutide) OR (sitagliptin) OR 


(magnesium) OR (potassium) OR (empagliflozin) OR (orlistat) OR 


(dapagliflozin) OR (linagliptin) OR (semaglutide) OR (pioglitazone) OR 


(exenatide) OR (biguanide) OR (dulaglutide) OR (mifepristone) OR 
(cabergoline) OR ("ace inhibitor*") OR ("GLP-1") OR (ertugliflozin) OR 


(atorvastatin) OR (simvastatin) OR (repaglinide) OR (nateglinide) OR 


(acarbose) OR (gliptin*) OR (risperidone) OR (hydrocortisone) OR 


(canagliflozin) OR (miglitol) OR (pramlintide) OR (rosiglitazone) OR 


(troglitazone) OR (gliclazide) OR (glimepiride) OR (glipizide) OR (glyburide) 


OR (tolbutamide)) 


Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 


Timespan=1990-2019 


645 916 


4 #2 AND #1 


Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 


Timespan=1990-2019 


14 910 


5 ((#4 NOT #3)) AND LANGUAGE: (English) 


Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 


Timespan=1990-2019 


12 468 
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PRISMAL 2009 Checklist (1) 


Section/topic  Checklist item Page 
Title  
Title 1 Identify the report as a systematic review, meta-analysis, or both. 56 
Abstract  
Structured 
summary 


2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 


54-55 
 


Introduction  
Rationale 3 Describe the rationale for the review in the context of what is already known. 56-62 
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 


outcomes, and study design (PICOS). 
63 


Methods  
Protocol and 
registration 


5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 


64 


Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  


64-65 


Information 
sources 


7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  


68 


Search 8 Present full electronic search strategy for at least one database, including any limits used, so that it can be repeated. 68 
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 


included in the meta-analysis). 
68 


Data collection 
process 


10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 


69-70 


Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 


69-70 


Risk of bias in 
individual studies 


12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  


70 


Summary measure 13 State the principal summary measures (e.g., risk ratio, difference in means). 71 
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Synthesis of 
results 


14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis. 


71-72 


Risk of bias across 
studies 


15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 


72 


Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 


72-73 


Results  
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 


each stage, ideally with a flow diagram. 
74-75 


Study 
characteristics 


18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 


76-86 


Risk of bias within 
studies 


19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 87-89 


Results of 
individual studies 


20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 


90-
100 


Results synthesis 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 101-
107 


Risk of bias across 
studies 


22 Present results of any assessment of risk of bias across studies (see Item 15).  108 


Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 109-
119 


Discussion  
Summary of 
evidence 


24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers). 


120-
125 


Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 


126-
129 


Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 129 
Funding  
Funding 27 Describe sources of funding for the SR and other support (e.g., supply of data); role of funders for the SR. - 
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MOOSE Checklist for Meta-analyses of Observational Studies (2) 


Item Recommendation Page 
Reporting of background should include 


1 Problem definition 59 


2 Hypothesis statement 59 


3 Description of study outcome(s) 62 


4 Type of exposure or intervention used 62 


5 Type of study designs used 62 


6 Study population 62 


Reporting of search strategy should include 
7 Qualifications of searchers ( e.g., librarians and investigators) 68 


8 Search strategy, including time period included in the synthesis and 


key words 


68 


9 Effort to include all available studies, including contact with authors 69 


10 Databases and registries searched 68 


11 Search software used, name and version, including special features 


used (e.g., explosion) 


68/70 


12 Use of hand searching ( e.g., reference lists of obtained articles) 68 


13 List of citations located and those excluded, including justification 65-67 


14 Method of addressing articles published in languages other than 


English 


N/A 


15 Method of handling abstracts and unpublished studies 65-67 


16 Description of any contact with authors 69 


Reporting of methods should include 
17 Description of relevance or appropriateness of studies assembled for 


assessing the hypothesis to be tested 


65-66 


18 Rationale for the selection and coding of data ( e.g., sound clinical 


principles or convenience) 


68 


19 Documentation of how data were classified and coded ( e.g., multiple 


graders, blinding and interrater reliability) 


68-69 


20 Assessment of confounding ( e.g., comparability of cases and controls 


in studies where appropriate) 


65 


21 Assessment of study quality, including blinding of quality assessors, 


stratification or regression on possible predictors of study results 


68 


22 Assessment of heterogeneity 72 


23 Description of statistical methods ( e.g., complete description of fixed or 


random effects models, justification of whether the chosen models 


account for predictors of study results, dose-response models, or 


cumulative meta-analysis) in sufficient detail to be replicated 


71-73 


24 Provision of appropriate tables and graphics 66-67 


Reporting of results should include 
25 Graphic summarizing individual study estimates and overall estimate 101-107 


26 Table giving descriptive information for each study included 90-100 


27 Results of sensitivity testing ( e.g., subgroup analysis) 109-115 


28 Indication of statistical uncertainty of findings N/A 


Reporting of discussion should include 
29 Quantitative assessment of bias ( e.g., publication bias) 108 


30 
Justification for exclusion (e.g., exclusion of non-English language 


citations) 
N/A 


31 Assessment of quality of included studies 87-89 


Reporting of conclusions should include 
32 Consideration of alternative explanations for observed results 120-121 


33 
Generalization of the conclusions (e.g., appropriate for the data 


presented and within the domain of the literature review) 
121/127 


34 Guidelines for future research 127-128 


35 Disclosure of funding source - 
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Adapted Newcastle-Ottawa quality assessment scale to evaluate study quality of the 


studies included in the meta-analysis (3-5) 


TOTAL SCORE: 10 stars 


Note: A study can be awarded a maximum of 10 stars, while each section with a total of 2 stars. In 


total there are 5 sections. 


Section 1 - Population studied: Total of Stars = 2 


a1. For non-randomised studies; Full description of the population studied: age, sex, clinical 


history-pre-existing comorbidities or treatments, population; well described, representative of 


source area, exposed and non-exposed cohort drawn from the same source/derived from the same 


cohort? If yes, 2 stars 


a2. For RCTs; Full description of the population studied as previously described and: random 


sample, allocation concealment, blinding? If yes, 2 stars 


b. Description without one or more items missing. If yes, 1 star 


c. No description of the derivation of the cohort. If yes, 0 star 


Section 2 - Selection of participants: Total of Stars = 2 


a. Participants are identified without DM by HbA1c, FG and/or OGTT, or no evidence of anti-


hyperglycaemic treatment? If yes, 2 stars  


b. Exclusion of DM was done by structured interview, previous clinical history and/or familiar 


history, written self-report? If yes, 1 star  


c. No description. If yes, 0 star 


Section 3 - Study design: Total of Stars = 2 


a. The study design was in accordance with the purpose of research question under study. If yes, 2 


stars 


b. The study was designed for another purpose, but provided sufficient data for our analysis. If yes, 


1 star 


c. No sufficient data by race or data mixed with diabetic subjects. If yes, 0 star 


Section 4 - Interfering factor: Total of Stars = 2 


a. The factor under investigation was well described (for example: detailed ethnic origin description, 


measurement methods used (certified/standardised), and fasting glucose). If yes, 2 stars  


b. The factor under investigation was partially described by interview, part of previous well 


described RCT or measurement methods were not ideal. If yes, 1 star  


c. Insufficient description of race or measurement methods not standardised or non-fasting 


participants. If yes, 0 star 


Section 5 – Assessment of outcome/Statistical analysis: Total of Stars = 2 


a. Patients without DM had their HbA1c /FG/OGTT results clearly described (mean, SD and/or 


SEM/CI). If yes, 2 stars  


b. Results for HbA1c for patients without DM were obtained after contact with the authors. If yes, 1 


star 


c. Insufficient data for SD derivation. If yes, 0 star  
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Study characteristics 
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Meta-analysis results (NGSP units) 


Forest plots 


  


Figure 1 Forest plot of the magnitude of difference of HbA1c (%) levels between black and white ethnic 
groups in subjects without diabetes estimated, with the weighted mean difference (WMD); CI confidence 
interval, SD standard deviation 
(WMD 0·24%), 0·95% CI [0·20-0·27] p= 0·000, I2 = 91·5%; p = 0·000) 
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Figure 2 Forest plot of the magnitude of difference of HbA1c (%) levels between Hispanic and white 
ethnic groupsin subjects without diabetes estimated, with the WMD; CI confidence interval, SD standard 
deviation 
(WMD 0·10%), 0·95% CI [0·07-0·12] p= 0·000, I2 = 69·1%; p = 0·000) 
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Figure 3 Forest plot of the magnitude of difference of HbA1c (%) levels between South Asian and white 
ethnic groups in subjects without diabetes estimated, with the WMD; CI confidence interval, SD standard 
deviation 
(WMD 0·17%), 0·95% CI [0·13-0·21] p= 0·000, I2 = 66·4%; p = 0·000) 
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Figure 4 Forest plot of the magnitude of difference of HbA1c (%) levels between East Asian and white 
ethnic groups in subjects without diabetes estimated, with the WMD; CI confidence interval, SD standard 
deviation 
(WMD 0·27%), 0·95% CI [0·21-0·33 p= 0·000], I2 = 71·4%; p = 0·002) 
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Figure 5 Forest plot of the difference in means of HbA1c (%) levels between black and Hispanic race in 
subjects without diabetes; CI confidence interval, SD standard deviation 
(WMD 0·15%), 0·95% CI [0·09-0·21] p= 0·000, I2 = 91·4%; p = 0·000) 
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Figure 6 Forest plot of the difference in means of HbA1c (%) levels between Asian ethnic groups in 
subjects without diabetes; CI confidence interval, SD standard deviation 
(WMD 0·18%), 0·95% CI [-0·02-0·438 p= 0·077, I2 = 97·2%; p = 0·000 
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Meta-regression/bubbleplots 


  


Figure 7 Bubble plot of the effect of black race on HbA1c levels (%) conditional on the levels of glycaemia 
measure by FG (mg/dL) 
Solid line represents the predictions of the WMD as a function of the mean absolute FG difference 
observed in the ethnic groups; Bubbles are the observed WMD for each study, with bubble sizes 
proportional to the study weights; Grey area corresponds to the 95% confidence bands, 
intercept 0·23%, p = 0·000 
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Risk of bias across studies 


For black ethnicity, the estimated bias coefficient is 0·81 with a SE of 1·59, giving a p-


value of 0·617. For Hispanic ethnicity, the estimated bias coefficient is -0·31 with a SE of 


1·49, giving a p-value of 0·839.  
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Additional analysis 


Figure 8 Forest plot of the magnitude of difference of HbA1c (%) levels between black and white ethnic 
groups in subjects without diabetes by adjustment of HbA1c levels to sociodemographic and glycaemia 
variables, estimated with the weighted mean difference (WMD) 
(WMD 0·24%), 0·95% CI [0·20-0·27] p= 0·000, I2 = 91·5%; p = 0·000 
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Figure 9 Forest plot of the magnitude of difference of HbA1c (%) levels between black and white ethnic 
groups in subjects without diabetes by sample size, estimated with the weighted mean difference 
(WMD) 
(WMD 0·24%), 0·95% CI [0·20-0·27] p= 0·000, I2 = 91·5%; p = 0·000 
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Figure 10 Forest plot of the magnitude of difference of HbA1c (%) levels between black and white ethnic 
groups in subjects without diabetes by sample size, estimated with the weighted mean difference (WMD) 
(WMD 0·21%), 0·95% CI [0·17-0·25] p= 0·000, I2 = 96·7%; p = 0·000 
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Figure 11 Forest plot of the magnitude of difference of HbA1c (%) levels between Hispanic and white 
ethnic groups in subjects without diabetes by adjustment of HbA1c levels to sociodemographic and 
glycaemia variables, estimated with the weighted mean difference (WMD) 
(WMD 0·10%), 0·95% CI [0·07-0·12] p= 0·000, I2 = 69·1%; p = 0·000 
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Figure 12 Forest plot of the magnitude of difference of HbA1c (%) levels between Hispanic and white 
ethnic groups by diabetic status, estimated with the weighted mean difference (WMD) 
(WMD 0·10%), 0·95% CI [0·08-0·12] p= 0·000, I2 = 67·1%; p = 0·000 
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this with a member of the CPRD Research team before submitting an ISAC application. Please contact the CPRD 
Research Team on +44 (20) 3080 6383 or email kc@cprd.com to discuss your requirements before submitting your 
application. 


Please state the name of the CPRD Researcher with whom you have discussed your linkage 
request.  


We have prior experience of accessing CPRD linked data 


Name of CPRD Researcher            Reference number (where available)            Date of 
contact          
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Please note that as part of the ISAC review of linkages, your protocol may be shared - in confidence - with a 
representative of the requested linked data set(s) and summary details may be shared - in confidence - with the 
Confidentiality Advisory Group of the Health Research Authority.  


Please select the source(s) of linked data being requested§ 
§Please note: This information will be published on the CPRD’s website as part of its transparency policy.  


 HES Admitted Patient Care                   Cancer Registration Data* 


 HES Outpatient                                      PROMS (Patient Reported Outcomes Measure)** 


 HES Accident and Emergency               CPRD Mother Baby Link 


 HES Diagnostic Imaging Dataset           


 Practice Level Index of Multiple Deprivation (Standard) 


 Practice Level Index of Multiple Deprivation (Bespoke) 


 Patient Level  Index of Multiple Deprivation*** 


 Patient Level Townsend Score *** 


 Other**** Please specify:      


*Applicants seeking access to cancer registration data must complete a Cancer Dataset Agreement form (available from 
CPRD). This should be submitted to the ISAC as an appendix to your protocol. Please also note that applicants seeking 
access to cancer registry data must provide consent for publication of their study title and study institution on the UK 
Cancer Registry website.  


**Assessment of the quality of care delivered to NHS patients in England undergoing four procedures: hip replacement, 
knee replacement, groin hernia and varicose veins. Please note that patient level PROMS data are only accessible by 
academics 


*** ‘Patient level IMD and Townsend scores will not be supplied for the same study 


****If “Other” is specified, please provide the name of the individual in the CPRD Research team with whom this linkage 
has been discussed.  


Name of CPRD Researcher           Reference number (where available)           Date of 
contact          


Total number of linked datasets requested including CPRD GOLD 


Number of linked datasets requested (practice/ ’patient’ level Index of Multiple Deprivation, Townsend Score or 
the CPRD Mother Baby Link should not be included in this count) : 2 (CPRD Gold, ONS) 


Please note:  Where ≥5  linked datasets are requested, approval may be required from the Confidentiality Advisory 
Group (CAG) to access these data 


Is linkage to a local¥ dataset with <1 million patients being requested?  


Yes *   No   


 *If yes, please provide further details:       
¥ Data from defined geographical areas i.e. non-national datasets. 


If you have requested one or more linked data sets, please indicate whether the Chief 
Investigator or any of the collaborators listed in question 5 above, have access to these 
data in a patient identifiable form (e.g. full date of birth, NHS number, patient post code), 
or associated with an identifiable patient index. 


Yes*             No   


* If yes, please provide further details:       







 
 


13 
 


Does this study involve linking to patient identifiable data (e.g. hold date of birth, NHS 
number, patient post code) from other sources? 


Yes    No   


SECTION E: VALIDATION/VERIFICATION 


Does this protocol describe a purely observational study using CPRD data? 


Yes*    No**   


 * Yes: If you will be using data obtained from the CPRD Group, this study does not require separate ethics approval 
from an NHS Research Ethics Committee. 


** No: You may need to seek separate ethics approval from an NHS Research Ethics Committee for this study. The 
ISAC will provide advice on whether this may be needed. 


Does this protocol involve requesting any additional information from GPs?  


Yes*    No   


 * If yes, please indicate what will be required:  


  Completion of questionnaires by the GPy        Yes         No  


     Is the questionnaire a validated instrument?                                              Yes         No  


     If yes, has permission been obtained to use the instrument?                     Yes        No   


     Please provide further information:       


  Other (please describe)       
y Any questionnaire for completion by GPs or other health care professional must be approved by ISAC before 
circulation for completion. 


Does this study require contact with patients in order for them to complete a 
questionnaire? 


Yes*    No   


* Please note that any questionnaire for completion by patients must be approved by ISAC before circulation for 
completion.  


Does this study require contact with patients in order to collect a sample? 


Yes*    No   


* Please state what will be collected:         


SECTION F: DECLARATION 


Signature from the Chief Investigator 


I have read the guidance on ‘Completion of the ISAC application form’ and ‘Contents of CPRD ISAC 
Research Protocols’ and have understood these; 
I have read the submitted version of this research protocol, including all supporting documents, and confirm 
that these are accurate.  
I am suitably qualified and experienced to perform and/or supervise the research study proposed. 
I agree to conduct or supervise the study described in accordance with the relevant, current protocol  
I agree to abide by all ethical, legal and scientific guidelines that relate to access and use of CPRD data for 
research  
I understand that the details provided in sections marked with (§) in the application form and protocol will be 
published on the CPRD website in line with CPRD’s transparency policy. 
I agree to inform the CPRD of the final outcome of the research study: publication, prolonged delay, 
completion or termination of the study. 
Name: George Savva  Date:      09.12.2016              e-Signature (type name):  George 
Savva      
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PROTOCOL INFORMATION REQUIRED 
Applicants must complete all sections listed below 


Sections which do not apply should be completed as ‘Not Applicable’ 


A. Study Title§ 
§Please note: This information will be published on CPRD’s website as part of its transparency 
policy 


The association between HbA1c, glycaemia and chronic kidney disease. 


B. Lay Summary (Max. 200 words)§ 
§Please note: This information will be published on CPRD’s website as part of its transparency 
policy 


Type 2 diabetes is a leading cause of chronic kidney disease globally. Around 10-40% of people 
with type 2 diabetes eventually suffer from kidney failure.  


Good control of blood sugar levels could prevent complications of diabetes including kidney 
disease, although the level of blood sugar at which kidney function starts to decline is not known, 
and people with high blood sugar, but who are not yet diabetic might also be at risk. A simple 
blood test named glycated haemoglobin (usually called HbA1c) is used for the diagnosis of type 2 
diabetes and monitoring of diabetes.   


However, kidney disease causes anaemia, which can make HbA1c inaccurate. Doctors are 
advised not to use HbA1c among people with kidney disease for this reason, although exactly how 
severe kidney disease needs to be before HbA1c is affected is also not known.  


This study will use data from Clinical Practice Research Datalink (CPRD) to test how well HbA1c 
measures blood sugar among people with kidney disease with or without anaemia. We will then 
test how HbA1c predicts changes in kidney function. This will inform guidelines for setting targets 
for monitoring and control of blood sugar levels in people with high blood sugar and kidney 
disease, and ultimately help to prevent the progression of kidney disease.  


C. Technical Summary (Max. 200 words)§ 
§Please note: This information will be published on CPRD’s website as part of its transparency 
policy 


The aim of this study is to understand how glycaemic control, measured by HbA1c predicts 
trajectories of chronic kidney disease (CKD), among patients with non-diabetic hyperglycaemia 
(HbA1c of 42-47mmol/mol) or with type 2 Diabetes Mellitus (T2DM) (HbA1c 48mmol/mol or greater). 
A retrospective cohort study will be used: patients will enter at the first time at which HbA1c is 
measured at or above 42mmol/mol and will leave upon censoring, or death. A continuous time 
multi-state model will estimate the transition rate between CKD stages during follow-up, and 
mortality from cardiovascular diseases (CVD) or other causes from each stage.  Estimating the 
effect of glycaemic control on each transition probability is the primary objective.  


Since the measurement of glycaemic control is known to be affected by CKD, we will first test the 
validity of HbA1c as a measure of glycaemic control at different CKD stages. To do this we will use 
occasions where HbA1c tests are paired with a fasting plasma glucose (FPG) and where CKD 
stage is known. Using a regression analysis of HbA1c on FPG and CKD we will estimate the effect 
of CKD stage measured by glomerular filtration rate (GFR) and associated anaemia on the 
relationship between glucose and HbA1c. 
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D. Objectives, Specific Aims and Rationale 
General objective 1: 


How well does HbA1c reflect glycaemic control at different stages of CKD (measured by GFR) and 
different levels of glycaemia measured by FPG? Does anaemia mediate this relationship? 


General objective 2: 


How does HbA1c in patients with newly diagnosed non-diabetic hyperglycaemia (NDH) or T2DM 
predict the subsequent incidence and progression of CKD, and risk of mortality from CVD or other 
causes, from each CKD stage? 


Specific aims: 


w Estimate using a regression model whether CKD stage defined by estimated GFR (eGFR) 
affects HbA1c conditional on glycaemia measured by FPG.  


w Estimate to what extent anaemia mediates the effect of CKD on HbA1c conditional on FPG.  
w Develop a multi-state model for the progression of CKD conditional on HbA1c to estimate: 


• Transition rate between CKD stages in patients classified in 6 HbA1c groups, 
hence how HbA1c affects progression of CKD. 


• The incidence of CKD (each stage) in patients classified in 6 groups according to 
the HbA1c values over the follow-up period. 


• The rate of CVD related [Myocardial Infarction (MI), heart failure, ischaemic heart 
disease and cerebrovascular disease (stroke)] and non-CVD mortality rates 
conditional on stage of CKD and level of glycaemic control over the follow-up 
period.  


• The average length of time at each CKD stage (time-in state). 
Rationale: 


Objective 2 will inform clinical targets for control of HbA1c at different CKD stages. Developing a 
multi-state model necessarily involves estimating the transition to death and so the effect on 
mortality is naturally estimated. However, since CKD can affect HbA1c levels independently of 
glycaemia, objective 1 will test the validity of HbA1c as a measure of glycaemia in people at 
different stages of CKD and consequent anaemia, compared to fasting plasma glucose (FPG). If 
HbA1c proves not valid at particular CKD stages, this will be important for the interpretation of the 
findings from objective 2. It will also indicate the conditions under which HbA1c can be reliably 
used. If a mediating role of anaemia is discovered, the role of anaemia subtypes and thresholds 
will be explored more fully in a future CPRD study. 


E. Study Background 
Diabetes 


Diabetes Mellitus (DM) is a complex chronic illness and continuous medical care is needed to 
prevent acute macro- and micro- vascular complications. It is recognised by WHO as one of four 
priority non-communicable diseases (NCDs) (WHO, 2016), with 642 million people projected to 
have DM by 2040. Diagnosing and treating DM globally will cost $802 billion annually by 2040 
(IDF, 2015), while in the UK, the NHS’s annual spending on DM will increase from £9.8 billion to 
£16.9 billion over the next 20 years (Diabetes UK, 2012).  


Chronic Kidney Disease in Diabetes  


Chronic kidney disease (CKD) is a common consequence of DM, often underdiagnosed. CKD is 
measured and classified into stages 1-5 by the glomerular filtration rate (GFR), a measure of renal 
function that can be estimated either by using serum-creatinine or CystatinC. The prevalence of 
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stage 3-5 CKD (60ml/min>GFR>15ml/min) in the UK is 8.5% and; 45,000 adults are on renal 
replacement therapy (RRT). CKD often coexists with other medical conditions, like DM, and 
significantly raises the possibility of cardiovascular events and death (Iosson et al, 2016). 


In patients with DM, good glycaemic control can prevent CKD progression (ADVANCE 
Collaborative Group, 2008). CKD patients with poor glycaemic control, but an apparent good renal 
function decline faster, than those with good glycaemic control but worse initial renal function, 
indicating that HbA1c values could predict of CKD in DM (Do et Nguyen, 2013; Lee et al., 2013; 
Hernandez et al., 2013; Rigalleau et al., 2006; Shurraw et al., 2011; Schottker et al., 2013; 
Blakeman et al, 2012). 


Glycated haemoglobin (HbA1c) 


Glycated haemoglobin (HbA1c) levels are used to diagnose and monitor people with DM. HbA1c 


reflects the average plasma glucose concentration over the previous 3 months, with higher values 
typically reflecting worse glycaemic control. NICE recommends HbA1c treatment targets for 
patients with T2DM of 48mmol/mol (6.5%) or for those on a drugs associated with hypoglycaemia, 
53mmol/mol (7.0%), in order to minimise the risk of vascular complications (Lee et al., 2013; WHO, 
2011).  


Glycaemic control and CKD 


The link between glycaemic control and CKD is debated. In particular, how kidney function decline 
depends on HbA1c is not known. Clinically this means that a monitoring threshold at which HbA1c 
predicts decline in CKD has not been set, and so treatment of patients varies. Systematic reviews 
to investigate these question have been undertaken, but evidence is based on limited study 
population size (Kuo et al, 2016).  


Diagnosis of diabetes and non-diabetic hyperglycaemia 


The diagnosis of DM was historically based on plasma glucose criteria [e.g. fasting plasma glucose 
(FPG)] but more recently uses HbA1c criteria (WHO, 2011; ADA, 2016). As opposed to HbA1c, FPG 
measures the level of glucose in the blood at the time of the test. In November 2012, a consensus 
statement was published on behalf of the Department of Health on the use of HbA1c diagnostically 
within the UK (John, 2012). Previous studies comparing HbA1c and FPG have shown correlations 
of 0.7 to 0.8 and a linear relationship (Musenge et al, 2016; Sheikh et al, 2015; Kim et al, 2010).  


HbA1c of 48mmol/mol (6.5%) is designated by WHO as the threshold for diagnosing diabetes, 
subject to confirmation or unless there are existing clinical symptoms or plasma glucose levels 
>11.1mmol/l, in which case there is no need for further testing. HbA1c levels in the range 42-
47mmol/mol (6.0%-6.5%) may signify existing NDH, however different ranges (thresholds) 
between ADA and WHO can be used to define those being at risk (WHO, 2016; Diabetes UK, 
2012). NDH, also known as pre-diabetes, is always present before the onset of T2DM. NDH is 
unlikely to be entirely benign (Bansal, 2015). The Protocol 15_250R approved by ISAC is 
investigating the general consequences and control of NDH.  


Caveats to HbA1c use 


Current guidance states that HbA1c could be inaccurate among people with renal failure or 
anaemia. Patients in advanced stages of CKD often develop anaemia, which can lead to 
decreased HbA1c, due to reduced red cell survival (Hinzmann et al, 2012). However, it is not known 
at what levels of anaemia or renal failure HbA1c is affected. Iron deficiency anaemia, common in 
patients with CKD, may cause an inappropriate rise in HbA1c, due to an elongation of the 
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erythrocyte lifespan, while non-iron deficiency anaemia may falsely decrease HbA1c levels 
(Besarab et Ayyoub, 2007). Thus, within this study it will be considered as a mediator of any effect 
of CKD on HbA1c.  


Clinical management of patients with DM and CKD 


Patients with NDH and DM are typically monitored twice annually in primary care with GFR and 
HbA1c tests, permitting an analysis of their interaction and the trajectory of CKD using routine data. 
Multistate model of the transitions between CKD stages has been performed previously using 
routine primary care data (Luo et al, 2013), and have demonstrated that irregular follow-up does 
not lead to substantial bias in the estimates of transition probabilities. This study will address 
questions related to the interaction between CKD, consequent anaemia and glycaemic control 
measured by HbA1c using CPRD. This study will contribute to an emerging evidence base to 
ensure improved-patient outcomes, and will support decision making of primary care providers, 
nephrologists, cardiologists, and diabetologists.  


F. Study Type 
Hypothesis testing study 


G. Study Design 
Cross-sectional study to establish the validity of HbA1c at different stages of kidney disease: 


A cross-sectional study of the relationship between FPG and HbA1c at different CKD stages will 
establish the validity of HbA1c.The sample will include all patients with HbA1c, FPG, and 
GFR measured simultaneously, from 2006 onwards until the practices last collection 
date.  Analysis will be a regression model with HbA1c as outcome, the main effects and interaction 
of FPG and CKD as exposures.  


Patients in whom HbA1c should not be used according to NICE criteria (apart from anaemia and 
CKD) will be excluded, while other covariates affecting HbA1c will be included in the models. Only 
the first eligible occasion per patient will be used.  


Retrospective cohort study of how HbA1c predicts kidney function decline: 


A retrospective cohort study to estimate how glycaemia measured by HbA1c, predicts the rate of 
transition between CKD stages and rate of death from each CKD stage. Study start date is January 
1st, 2006. Patients without existing DM at the study start date enter the study at the first HbA1c test 
at which they have elevated HbA1c during the study period, and are then followed until censoring 
or death. CKD stage will be determined at each GFR test, while the patient is in the study. The 
effect of most recent HbA1c on transition intensities between CKD stages and from each CKD 
stage to death will be estimated using a continuous time multi-state model.  


H. Feasibility counts 
Feasibility counts were conducted using November 2016 database to (i) demonstrate that enough 
participants had simultaneous GFR, FPG and HbA1c tests for study 1 to be feasible (ii) to describe 
the approximate pattern of GFR and HbA1c testing in patients with NDH or T2DM and (iii) the typical 
pattern of observed transitions between GFR stages, in order to develop the analysis plan.  


There were 151,997 patients diagnosed with T2DM since 1 January 2006. 204,232 patients had 
at least one HbA1c test in the non-diabetic hyperglycaemia range since 2006, once patients with 
DM before 1 January 2006 were excluded. 


For 29,239 T2DM patients there was at least one date with simultaneous HbA1c, GFR and FPG 
tests. At the time of the testing (when HbA1c, FPG and GFR are all present), there are 5,163 
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patients in stage 1 or no CKD (18%), 16,237 in stage 2 (55%), 3,448 in stage 3a (12%), 883 in 
stage 3b (3%), 159 stage 4 (0.5%), and 181 in stage 5 (0.6%) of CKD. 


   95% of patients diagnosed with DM during the study period had at least one HbA1c test. The 
median number of HbA1c test is 7 [interquartile range (IQR) is 3-11].  The median lag between 
HbA1c tests is 182 days (IQR 112 to 270 days) suggesting that HbA1c status will be known for our 
participants and updated six monthly on average in the majority of cases. 


  77 % of patients had at least on GFR test post-diagnosis. The median number of GFR tests 
following T2DM diagnosis is 8 (IQR 1-14) with median number of 165 days between 
measurements with IQR 64 to 297 days. During the time where HbA1c was in the non-diabetic 
hyperglycaemia range, patients had GFR tests on average every 179 days.  


I. Sample size considerations 
The feasibility count indicates that there are enough cases in each CKD stage to test whether 
HbA1c is affected by CKD stage, particular comparing stages 2, 3a and 3b to stage 1, where current 
evidence is lacking. This study would be substantially larger than a similar study of the effect of 
anaemia on the link between HbA1c and GFR using NHANES (Ford, 2011). A sample size 
calculation is difficult for a multi-state model, but given that there are likely to be more that 100,000 
eligible participants with two or more GFR tests, while with NDH or T2DM we will be able to 
estimate transition rates between stages and the effects of HbA1c on these probabilities with good 
precision.  


J. Data Linkage Required (if applicable):§ 
§Please note that the data linkage/s requested in research protocols will be published by the 
CPRD as part of its transparency policy 


Data linkage will be required from ONS from 1 January 2006 onwards to identify date and cause 
of death. 


K. Study population 
Cross-sectional study: 


All UK registered patients in whom HbA1c, FPG and eGFR are recorded with the same test date 
at any time between 1 January 2006 and practice last collection date. The eGFR is calculated 
using either the simplified MDRD study equation or the CKD-EPI.  


The first such test for each patient with “up-to standard” data for at least 6 months prior to the test 
will be included in the analysis, subject to the following exclusions: 


û Indeterminate or unknown patient sex. 
û Pregnancy at time of test or delivery of a baby between 6 months before and 9 months after the 


test (Read codes 6, as documented in the patient clinical and referral record) 
û Acute kidney injury (AKI) within 3 months (Read codes 7), as documented in the patient clinical 


and referral record) or with a decrease in GFR of greater than 50% from the index eGFR plus or 
minus 3 months of the test.  


û Kidney transplantation at any time prior to index test (Read codes 8), as documented in the 
patient clinical, referral and therapy record 


û HIV infection or under medication for HIV infection 6 months prior to index test (e.g. Antiretroviral 
therapy) (Read codes 9), as documented in the patient clinical, referral and therapy record 


û Acute pancreatic damage and no record of raised Amylase one month of the test (Read codes 
10), as documented in the patient clinical, referral and test record 
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û Any prescription of anti-psychotic (Read codes 11), as documented in the patient clinical, referral 
and therapy record; corticosteroid drugs (Read codes 12), as documented in the patient clinical, 
therapy record; Ribavirin (Read codes 13), as documented in the patient therapy referral record; 
or Dapsone (Read Codes 14), as documented in the patient therapy record, in the 3 months 
prior to the test. 


Retrospective cohort study: 


Inclusion criteria 


Patients from English practices with linkage to ONS mortality records. 


Patients will enter the study at the first HbA1c test > 42mmol/mol (or > 6.0%) after 1 January 2006 
at which they are 18 years or older.  


Exclusion criteria 


û Indeterminate or unknown patient sex. 
û Any patients with any prior diagnosis of any DM (type 1 and type 2) before 1 January 2006. (If 


with med file) (Read codes 4 and 5), as documented in the patient clinical and referral record 
Censoring events 
û Patients will be excluded upon pregnancy, and will be eligible to re-enter the analysis 6 months 


after childbirth (Read codes 6, as documented in the patient clinical and referral record 
û Patients will be excluded from the date of acute kidney injury (AKI) (Read codes 7), as 


documented in the patient clinical and referral record or with a decrease in GFR of greater than 
50% from the index eGFR plus or minus 3 months of the test 


û Kidney transplantation (Read codes 8), as documented in the patient clinical and referral record 
û HIV infection or medication for HIV infection 6 months prior to index test (e.g. Antiretroviral 


therapy) (Read codes 9), as documented in the patient clinical, referral and therapy record 
û Acute pancreatic damage and no record of raised Amylase one month of the test (Read codes 


10), as documented in the patient clinical, referral and test record 
û Any prescription of anti-psychotic (Read codes 11), as documented in the patient clinical, referral 


and therapy record; corticosteroid drugs (Read codes 12), as documented in the patient clinical, 
therapy record; Ribavirin (Read codes 13), as documented in the patient therapy referral record; 
or Dapsone (Read Codes 14), as documented in the patient therapy record, in the 3 months 
prior to the test. 


û Bariatric surgery (Read codes 15), as documented in the clinical and referral record 
L. Selection of comparison group(s) or controls 
For the retrospective cohort study we will compare the effect of each HbA1c group to the group 
with HbA1c between 42-44mmol/mol. 


M. Exposures, Health Outcomes§ and Covariates 
§Please note: Summary information on health outcomes (as included on the ISAC application 
form  above )will be published on CPRD’s website as part of its transparency policy 


Cross-sectional study: 


Exposures: 


FPG, conducted in isolation or as part of a glucose tolerance test (Read codes 2), as documented 
in the test record 


CKD stages measured by estimated GFR (Read codes 3), as documented in the test file: 
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stage 0/1(G1): eGFR≥90 mL/min/1.73m2, stage 2(G2): 89≥eGFR≥60mL/min/1.73m2, stage 3a 
(G3a): 59≥eGFR≥45mL/min/1.73m2, stage 3b (G3b): 44≥eGFR≥30mL/min/1.73m2, stage 4(G4): 
29≥eGFR≥15mL/min/1.73m2, stage 5(G5=ESRD): eGFR<15 mL/min/1.73m2. When estimated 
GFR is missing the following equations will be used to calculate: 


MDRD study equation GFR (mL/min/1.73 m2) = 175 × (Scr)-1.154 × (Age)-0.203 × (0.742 if 
female) × (1.212 if black ethnic origin) 


CKD-EPI equation GFR = 141 × min (Scr /κ, 1)α × max(Scr /κ, 1)-1.209 × 0.993Age × 1.018 [if 
female] × 1.159 [if black ethnic origin]. Specifically, Scr is serum creatinine in mg/dL, κ is 0.7 for 
females and 0.9 for males, α is -0.329 for females and -0.411 for males, min indicates the minimum 
of Scr /κ or 1, and max indicates the maximum of Scr /κ or 1 (NIDDK, 2013). 


Age (continuous), as documented in the patient record 


Sex (male/female), as documented in the patient record 


Ethnicity: Classified as White, Black, Asian, Chinese, Mixed/Other or not known, as documented 
in the patient record. 


Outcomes: 


HbA1c, only where value is recorded in the test file. 


Mediator: 


Anaemia measured by haemoglobin (Hb) level (Read codes 16). 


Longitudinal study: 


Exposures: 


Time varying HbA1c: classified into 6 groups at each GFR test based on the most recent value. 
A=<42mmol/mol, B=42-44mmol/mol, C=45-47mmol/mol, D=48-52mmol/mol, E=53-57mmol/mol, 
F=>58mmol/mol). Where more than one HbA1c vale is present between GFR tests, the mean 
average will be taken to reflect HbA1c during the time between GFR tests. 


Primary outcomes: 


CKD stage (1, 2, 3a, 3b, 4, 5) measured by GFR as above or by record of stage in medical file 
where GFR is not stated and cannot be estimated (Read codes 3). CKD stage 1 for the purpose 
of this study also includes those with no evidence of any kidney disease, as these groups are 
indistinguishable based on GFR. 


Secondary outcomes: 


Mortality from non-CVD events based on ONS (any other code; links in the appendix B.) 


Mortality from CVD events as defined based on ONS (any death with an underlying code from 
chapter IX of ICD-10 (codes I*); links in the appendix B.) 


Covariates: 


Age (continuous), as documented in the patient record 


Sex (male/female), as documented in the patient record 
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Ethnicity (classified as mentioned above) 


Socio-economic status (practice level, coded in quintiles) 


Anaemia as defined above (Read codes 16), as documented in the test record 


Blood pressure (BP) BP at each GFR test will be coded as a binary variable. Patient will be 
coded as hypertensive at each time point if their most recent office blood pressure is > 140/90 
mmHg (Read codes 17), as documented in the patient clinical and referral record or patient is 
under anti-hypertensive medications (Read codes 18), as documented in the therapy record 


Overweight and obesity, classified using BMI, or using records of overweight and obesity in 
clinical file where BMI value is not available (Read codes 19) 


Blood cholesterol levels (HDL and LDL) (Read codes 20), as documented in the clinical and test 
record. Data will be extracted as normal and abnormal blood cholesterol levels (normal HDL≥ to 
60 mg/dL, while normal LDL≤190mg/dL or less for healthy adults). 


Triglycerides (Read codes 21), as documented in the clinical and test record. Data will be 
extracted as normal (<150mg/dL) and abnormal (raised) triglyceride levels (≥150 mg/dL).  


Smoking Data will be extracted as non-smoker, ex-smoker, current smoker and not known. 


The last three covariates are associated risk factors of CVD incidences. 


Medication related to DM, CKD or anaemia prescribed 60 days prior to each GFR measurement, 
including insulin and anti-glycaemic oral agents based on Table 1. in the appendices. 


N. Data/ Statistical Analysis 
Cross-sectional study - Is the validity of HbA1c affected by CKD and associated anaemia? 


For all extracted tests, HbA1c values will be plotted against FPG values, stratified by 6 CKD stages 
(1-5). An errors-in-variables linear regression model will then be estimated with HbA1c as 
dependent variable, the main effects and interaction of FPG and CKD as independent variables.  
The reliability of FPG tests will be incorporated to remove residual confounding. Without this 
correction, an apparent effect of CKD may simply reflect residual effect of natural variation FPG. 
The effects of age, sex and ethnicity will be also be included as independent variables as these 
may also affect the accuracy of HbA1c.   


The main effect of CKD (compared to CKD stage 1) will indicate whether HbA1c is affected by 
CKD.  The interaction effect will indicate whether this effect varies with the extent of glycaemia. If 
a significant effect of CKD on HbA1c conditional on FPG is observed, mediation analysis will be 
conducted whereby a model including anaemia will compared to a model not including anaemia. 


Retrospective cohort study - How does HbA1c predict progression between stages of CKD? 


A continuous time multi-state Markov model (MSM) will be used to estimate the effect of HbA1c on 
CKD progression and mortality from each CKD stage. MSM allows estimation of transition rates 
between states and the effect of covariates on transitions when the timing of laboratory tests are 
not fixed, and transitions between stages are not directly observed.  


The model will include six transient states (CKD 1, CKD 2, CKD 3a, CKD 3b, CKD 4, CKD 5) and 
two absorbing states (death from CVD and death from another cause, ICD-10 codes). Exclusions 
will be considered as censoring events. Feasibility data and previous publications suggest that 
forward and backward transitions of CKD stages are common, and so transitions between 
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adjacent CKD stages and between each CKD stage and mortality will be permitted, all other 
transition rates will be fixed at zero. 


Owing to computational complexity a model will be constructed iteratively, with elements of the 
model tested independently before being combined in a final model that will be used to meet the 
study objectives.    The following principles will be used to guide model development: 


• An initial Markov model including only the effect of HbA1c on each transition with no constraints 
will be estimated. 


• The effect of each potential confounder will then be tested.  Covariates will be included in the 
final model for each transition if their inclusion makes a substantial change to effect of HbA1c 
(when HbA1c is estimated as a continuous variable) on that transition.  A substantial change 
would be regarded as a reduction of 10% or more on the linear coefficient. 


• Next, the states for which a semi-Markov model (whereby transition intensity depends on time 
in current state) should be considered will be identified by comparing a null Markov model 
including no covariates to a model relaxing the Markov assumption on each transient state in 
turn, using a likelihood ratio test. 


• Finally, a full model will be estimated incorporating the elements above that are identified as 
important to the model.  If computational complexity prohibits this model estimation we will 
add equality constraints to the effects of confounders where appropriate to reduce the number 
of parameters to be estimated. 


From the final model the analysis objectives will be addressed as follows: 


• Transition rates between CKD stages in patients classified in 6 groups according to the HbA1c 
values are estimated by the transition matrix at different levels of HbA1c, with other covariates 
fixed at their mean values. The HbA1c cut-off point at which CKD declines is determined using 
the effects associated with HbA1c levels compared to the lowest group (A=42-44mmol/mol). 


• The 5-year incidence rate of CKD in patients classified in 6 groups according to the HbA1c 
values, conditional on the CKD stage at diagnosis, is estimated by taking the exponent of the 
transition matrix, at different levels of Hba1c, raised to the power of 5. 


• The rate of CVD related and non-CVD mortality rates conditional on stage of CKD and level 
of glycaemic control over the follow-up period are estimated directly from the corresponding 
elements in the transition matrix.  Cumulative incidence plots for both mortality outcomes 
conditional on initial CKD stage and HbA1c level will be generated, with other covariates fixed 
at mean values. 


• The average length of time at each CKD stage is estimated by the reciprocal of the diagonal 
elements of each of the transition matrix. 


Analyses will be conducted using Stata SE 14.0 (Stata Corp LP, College Station, Texas, USA) 
and R 3.2.3 software (R Foundation for Statistical Computing, Vienna, Austria), using the msm 
package (Jackson, 2016). 


O. Plan for addressing confounding 
The covariates listed above will be included during the analyses in order to minimise confounding. 
Covariates include those with known links to CKD or mortality and to either diabetes or HbA1c 
measurement. Most covariates are time varying and so at each GFR tests, and will assume that 
the most recent known values of each covariate should be included in the model for the transition 
up to that test.  
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P. Plans for addressing missing data  
Smoking status and BMI are more frequently recorded to patients with CVDs or already developed 
DM. BMI if not directly recorded, will be calculated by the files recording the height and weight if 
possible. Missing confounders included smoking status, blood pressure and BMI for patients 
without a record of these data during the time of observation will be replaced with last observation 
carried forward or with a “missing” category, where no information at all is available. Missing 
ethnicity will be coded as “white”.  Based on our feasibility counts HbA1c and GFR test values are 
not recorded in approximately 20% of cases.  In these cases the stage or group may be recorded 
elsewhere in the patient record and we will use this if so.  If no value is available we will use last-
observation-carried-forward for HbA1c, tests. The multistate model method can directly incorporate 
missing or infrequent GFR tests, under the assumption that missing values are missing at random. 


Q. Patient or user group involvement (if applicable) 
Patient groups are not intended to be involved by the applicants at this stage of the research. 


R. Plans for disseminating and communicating study results, including the presence or 
absence of any restrictions on the extent and timing of publication  


This research aims to communicate its results through publications in peer reviewed medical 
journals associated with Diabetes, global Public Health and Policy. Furthermore, the anticipated 
results will be presented in forthcoming conferences and meetings nationally and internationally. 
The findings will also contribute to the update and the development of new national clinical 
guidelines concerning the validity of HbA1c for the diagnosis and management of DM at all CKD 
stages. The progression and the rate of progression of CKD in the sample population will assist 
clinicians to take informed decisions with their patients in order to prevent or delay the 
complications of DM.  


Discussions with NICE for considering updating their guidance and recommendations: 


• [NG28/1.6] Type 2 diabetes in adults: management / Blood glucose management (NICE, 
2016) 


• [PH38] Type 2 diabetes: prevention in people at high risk (NICE, 2012) 
• [CG114/3] Anaemia management in patients with CKD (NICE, 2011) 
• [CG182] Chronic kidney disease in adults: assessment and management (NICE, 2015) 
• Inform NICE pathways for progression of CKD, diagnosis and management of DM. 


S. Limitations of the study design, data sources, and analytic methods 
Study design limitations 


The use of FPG to reflect genuine glycaemia status is not ideal as this measure is not perfectly 
reliable but we will use an errors-in-variables model to remove any bias associated with this 
misclassification. We will only consider anaemia as a single variable, measured by haemoglobin. 
This is an oversimplification, but will address the question of whether CKD related anaemia 
mediates any effect of CKD on HbA1c. This will be further developed in a subsequent analysis.  


CPRD data and linked data limitations 


Possible variations in the management of patients between practices across the country could 
lead to inconsistencies in the frequency of available tests. 20% of patients with at least HbA1c in 
the diabetic or NDH range never received a GFR test and so cannot be included in the study, the 
characteristics of this group will be described. The values of GFR and HbA1c tests are not recorded 
in around 20% of cases in the test file but may be noted in the clinical file. Without complete patient 
history, it is possible that we will not capture all exclusions, but most should be detected. Ethnicity 
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is important for the interpretation of HbA1c, but may not be recorded in a substantial number of 
cases, particularly for older participants. 


Analysis limitations 


Regression modelling will assume a linear relationship between HbA1c and FPG, and an additive 
effect of CKD. Previous studies suggest a linear relationship is reasonable but variance may be 
higher with more severe hyperglycaemia. The multi-state model assumes no misclassification of 
CKD states. Although mathematically it is possible to relax this assumption, in practice it is unlikely 
to be possible to identify a misclassified state from a genuine transition between states. We will 
be able to adjust for many markers of cardiovascular health and metabolic syndrome, but there 
may be residual confounding of the relationship between diabetes, CKD and death.  Next, while 
we will test the Markov assumption it may not be feasible to estimate a model with many semi-
Markov states and many covariates as these are computationally intensive. 
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Selection of codes using the structured data component of the test CPRD table (entity type/enttype) 
combined with the Read terms below for defining the necessary biomarkers. 
 
Fasting Plasma Glucose (FPG) selection of entity types and Read codes 
Entity types                                                    (213, 274, and 288) 


Read Codes Description 
  


Medcode 
44g1.00 Plasma fasting glucose level 10289 
44T2.00 Fasting blood sugar 3668 
44TK.00 Fasting blood glucose level 8793 


 
Haemoglobin (Hb) selection of entity types and Read codes 
Entity types                                      (173, 213, and 288) 
Read Codes Description Medcode 
4231 Haemoglobin not estimated 39601 
4232 Haemoglobin requested 33284 
4233 Haemoglobin - sample sent 13755 
4234 Haemoglobin very low 35749 
4235 Haemoglobin low 3942 
4236 Haemoglobin borderline low 26910 
4237 Haemoglobin normal 26909 
4238 Haemoglobin borderline high 26272 
4239 Haemoglobin high 26913 
423..00 Haemoglobin estimation 4 
423..11 Hb estimation 10404 
423A.00 Haemoglobin very high 41531 
423B.00 Haemoglobin abnormal 26908 
423Z.00 Haemoglobin estimation NOS 26912 
D21z.00 Anaemia unspecified 739 


 
Glycated Haemoglobin (HbA1c) selection of entity types and Read codes 
Entity types                     (213, 274, 275, and 288) 
Read Codes Description Medcode 
42c..00 HbA1 - diabetic control 14050 
42c0.00 HbA1 < 7% - good control 42360 
42c1.00 HbA1 7 - 10% - borderline control 40463 
42c2.00 HbA1 > 10% - bad control 46079 
42c3.00 HbA1 level (DCCT aligned) 19807 
42W..00 Hb. A1C - diabetic control 9958 
42W..11 Glycosylated Hb 5717 
42W..12 Glycated haemoglobin 14052 
42W1.00 Hb. A1C < 7% - good control 13597 
42W2.00 Hb. A1C 7-10% - borderline 29218 
42W3.00 Hb. A1C > 10% - bad control 13604 
42W4.00 HbA1c level (DCCT aligned) 14053 
42W5.00 Haemoglobin A1c level - IFCC standardised 96968 
42WZ.00 Hb. A1C - diabetic control NOS 14049 
44TB.00 Haemoglobin A1c level 14051 
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44TB000 Haemoglobin A1c (diagnostic reference range) 108943 
44TB100 Haemoglobin A1c (monitoring ranges) 108963 
44TC.00 Haemoglobin A1 level 27040 
44TL.00 Total glycosylated haemoglobin level 39205 
66Ae.00 HbA1c target 37035 
66Ae000 HbA1c target level - IFCC standardised 101208 


 
Mean Corpuscular Haemoglobin (MCH) selection of entity types and Read codes  
Entity types                     (180, 288, 346, and 363) 
Read Codes Description Medcode 
4281 MCH - normal 26917 
4282 MCH - borderline low 51616 
4283 MCH - low 26918 
4284 MCH - raised 61951 
4285 MCH - borderline raised 47174 
4286 MCH - abnormal 49225 
428..00 Mean corpusc. haemoglobin(MCH) 20 
428..11 Mean cell haemoglobin 23214 
428Z.00 MCH - NOS 40170 


 
Mean Corpuscular Haemoglobin Concentration (MCHC) selection of entity types and Read 
codes 
Entity types              (181, 288, 346, 363 and 480) 
Read Codes Description Medcode 
4291 MCHC - normal 47345 
4292 MCHC - borderline low 64474 
4293 MCHC - low 55183 
4294 MCHC - raised 26919 
4295 MCHC - borderline raised 72488 
429..00 Mean corpusc. Hb. conc. (MCHC) 30 
429Z.00 MCHC - NOS 39202 


 
Mean Cell Volume (MCV) selection of entity types and Read codes 
Entity types         (182, 346, 363, and 480) 
Read Codes Description Medcode 
42A..00 Mean corpuscular volume (MCV) 10 
42A..11 Mean cell volume 13774 
42A1.00 MCV - normal 26921 
42A2.00 MCV - borderline raised 41160 
42A3.00 MCV - raised 2480 
42A4.00 MCV - low 26922 
42A5.00 MCV - borderline low 52874 
42AZ.00 MCV - NOS 26920 
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Red Blood Cell count (RBC) selection of entity types and Read codes 
Entity types             (194, 288, 346, 363, and 480) 
Read Codes Description Medcode 
4261 RBC count normal 26932 
4262 RBC count borderline low 58853 
4263 RBC count low 26933 
4264 RBC count raised 57136 
4265 RBC count borderline raised 70079 
4267 RBC count abnormal 44213 
426..00 Red blood cell (RBC) count 17 
426Z.00 RBC count NOS 26931 


 
Serum Creatinine (Scr) selection of entity types and Read codes 
Entity types                     (165, 166, 213, and 288) 
Read Codes Description Medcode 
44J3.00 Serum creatinine 5 
44J3000 Serum creatinine abnormal 31277 
44J3100 Serum creatinine low 35545 
44J3200 Serum creatinine normal 26903 
44J3300 Serum creatinine raised 3927 
44J3z00 Serum creatinine NOS 42345 
44JC.00 Corrected plasma creatinine level 62062 
44JD.00 Corrected serum creatinine level 45096 
44JF.00 Plasma creatinine level 13736 


 


Inclusion Criteria 


  


This was a cross-sectional study. All the patients that we assembled had:  
-the HbA1c, FPG, Scr, and Hb biomarkers recorded in the same date (index date) 


-all the tests were done after 1st January 2006 and 


-patients were 18 years old or older at the time of the test 
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Exclusion criteria 
 
Read codes using the structured data component of the clinical CPRD table (medcode) for the 
Exclusion Criteria-Clinical 
 
Acute Kidney Injury (AKI), within 3 months from the index date 
Read Codes Description Medcode 
451L.00 Acute kidney injury warning stage 108986 
K00..00 Acute glomerulonephritis 2088 
K00..11 Acute nephritis 5417 
K001.00 Acute nephritis with lesions of necrotising glomerulitis 67460 
K00y.00 Other acute glomerulonephritis 63599 
K00y000 Acute glomerulonephritis in diseases EC 20027 
K00yz00 Other acute glomerulonephritis NOS 47838 
K00z.00 Acute glomerulonephritis NOS 20129 
K033.00 Rapidly progressive nephritis unspecified 58164 
K04..00 Acute renal failure 2266 
K04..11 ARF - Acute renal failure 105739 
K04..12 Acute kidney injury 105238 
K040.00 Acute renal tubular necrosis 10837 
K041.00 Acute renal cortical necrosis 46242 
K042.00 Acute renal medullary necrosis 31369 
K043000 Acute renal failure due to ACE inhibitor 104857 
K043100 Acute renal failure induced by aminoglycoside 108103 
K043300 Acute renal failure induced by cyclosporin A 109215 
K043400 Acute renal failure induced by non-steroid anti-inflamm drug 107241 
K044.00 Acute renal failure due to urinary obstruction 97198 
K045.00 Acute renal failure due to non-traumatic rhabdomyolysis 105209 
K046.00 Acute renal failure induced by toxin 109518 
K04B.00 Acute renal failure due to traumatic rhabdomyolysis 105267 
K04C.00 Acute kidney injury stage 1 106649 
K04D.00 Acute kidney injury stage 2 107178 
K04E.00 Acute kidney injury stage 3 106728 
K04y.00 Other acute renal failure 35235 
K04z.00 Acute renal failure NOS 25582 
K0A0.00 Acute nephritic syndrome 31581 
K0A0000 Acute nephritic syndrome, minor glomerular abnormality 100558 
K0A0100 Acute nephritic syndrome, focal+segmental glomerular lesions 66136 
K0A0200 Acute nephritic syn, diffuse membranous glomerulonephritis 66503 
K0A0600 Acute nephritic syndrome, dense deposit disease 99685 
K0A0700 Acute nephrotic syndrm diffuse crescentic glomerulonephritis 61814 
K0A1.00 Rapidly progressive nephritic syndrome 71174 
K0A8.00 Rapidly progressive glomerulonephritis 105859 
Kyu2000 [X]Other acute renal failure 53945 
L093100 Acute renal failure following abortive pregnancy 112106 
L393.00 Acute renal failure following labour and delivery 63277 
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L393000 Post-delivery acute renal failure unspecified 72458 
L393100 Post-delivery acute renal failure - delivered with p/n prob 96179 
L393200 Post-delivery acute renal failure with postnatal problem 69433 
SK08.00 Acute renal failure due to rhabdomyolysis 24676 


 
Acute Pancreatic Damage (APD), within 1 month from the index date 
Read Codes Description Medcode 
J670.00 Acute pancreatitis 1113 
14CG.00 History of acute pancreatitis 32954 
A723.00 Mumps pancreatitis 18544 
A785100 Cytomegaloviral pancreatitis 44278 
D201612 Pancytopenia with pancreatitis 61326 
J670000 Acute pancreatitis unspecified 49499 
J670100 Acute recurrent pancreatitis 1506 
J670200 Acute haemorrhagic pancreatitis 31395 
J670300 Acute suppurative pancreatitis 44571 
J670400 Subacute pancreatitis 48685 
J670500 Gallstone acute pancreatitis 12316 
J670600 Idiopathic acute pancreatitis 105194 
J670700 Biliary acute pancreatitis 104385 
J670800 Alcohol-induced acute pancreatitis 104611 
J670900 Drug-induced acute pancreatitis 105910 
J670y00 Other acute pancreatitis 105066 
J670z00 Acute pancreatitis NOS 14905 
J670z11 Pancreatitis 656 


 
Blood disorders (Thalassaemia and Haemoglobinopathies), any time to the index date  
Read Codes Description Medcode 
1JV..00 Suspected sickle cell disease 106871 
42D4.00 RBC's - sickle cells present 14242 
65QF.00 Ant scr shows signifi carrier of sickle cell or thalassaemia 96960 
677C600 Sickle cell gene carrier 106623 
687N.00 Sickle cell screening related finding 110751 
8Hx1.00 Referral to sickle cell specialist nurse 110077 
8T0G.00 Referral to sickle cell and thalassaemia service 108418 
9No9.00 Seen in sickle cell and thalassaemia clinic 103238 
D104.00 Thalassaemia 1171 
D104000 Thalassaemia major NEC 31405 
D104011 Thalassaemia major - Cooley's anaemia 45151 
D104100 Thalassaemia minor NEC 1174 
D104200 Thalassaemia with haemoglobin S disease 54429 
D104211 Sickle-cell thalassaemia 31075 
D104300 Alpha thalassaemia 8866 
D104311 Homozygous alpha thalassaemia 37808 
D104400 Alpha trait thalassaemia 12235 
D104500 Beta trait thalassaemia 9864 
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D104600 Beta intermedia thalassaemia 57144 
D104700 Beta major thalassaemia 46733 
D104800 Beta minor thalassaemia 27761 
D104811 Beta thalassaemia 21643 
D104900 Delta-beta thalassaemia 32943 
D104z00 Thalassaemia NOS 4666 
Dyu1100 [X]Other thalassaemias 73946 
F422100 Proliferative retinopathy due to sickle cell disease 11874 
K0G..00 Sickle cell nephropathy 107027 
D107.00 Other haemoglobinopathies 1529 
65QG.00 Antenatal screening shows non sig haemoglobinopathy carrier 101980 
65QH.00 Ant scr carrier sig haemoglobinopathy inc sickle cel or thal 101677 
D107y00 Other specified other haemoglobinopathy 45935 
D107z00 Other haemoglobinopathy NOS 31462 
Dyu1300 [X]Other haemoglobinopathies 87112 
N334C00 Osteonecrosis due to haemoglobinopathy 69157 


 
Blood disorders (Myelodysplasia and splenectomy), any time prior and 3 months after the 
index date 
Read Codes Description Medcode 
7Q09700 Myelodysplastic syndrome drugs Band 1 102712 
B677.00 Myelodysplastic and myeloproliferative disease 104273 
B937.14 Myelodysplasia 14927 


B937911 
Myelodysplastic syndrome isolated del(5q) chromosomal 
abnorm 105390 


B937W00 Myelodysplastic syndrome, unspecified 45285 
B937W11 Myelodysplasia 4561 
BBv..00 [M]Myelodysplastic syndrome 7799 
ByuHD00 [X]Myelodysplastic syndrome, unspecified 45143 
P25y112 Myelodysplasia of spinal cord 45142 
7840.11 Total splenectomy 2759 
7840100 Total splenectomy 27514 
7840300 Splenectomy NEC 1393 
7840400 Laparoscopic total splenectomy 31041 
7841000 Partial splenectomy 28668 
14N7.00 H/O: splenectomy 16827 
Eu84200 [X]Rett's syndrome 31042 


 
Corticosteroids related codes, 3 months prior to the index date 
Read Codes Description Medcode 
14P8.00 H/O: prolonged corticosteroid therapy 28640 
33K0.00 Negative reversibility test to corticosteroid 37845 
33K1.00 Positive reversibility test to corticosteroids 35435 
8OAP.00 Provision of high dose inhaled corticosteroid safety card 111690 
N330D00 Osteoporosis due to corticosteroids 25650 
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HIV, any time prior to the index date 
Read Codes Description Medcode 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
43j7000 HIV 1 nucleic acid detection assay 112159 
43j7100 HIV 1 provirus deoxyribonucleic acid detection assay 112160 
43j7200 HIV 1 ribonucleic acid detection assay 109087 
4J34.00 HIV viral load 27053 
65QA.00 AIDS carrier 23763 
65VE.00 Notification of AIDS 33943 
7Q05600 Antiretroviral drugs Band 1 97124 
8Hle.00 Referral to community HIV nurse specialist 108631 
9kl..00 HIV pos gen health check serv declind - enhanc service admin 105040 
9kl..11 HIV positive general health check service declined 111971 
9mN0.00 HIV infection monitoring telephone invitation 109327 
9mN0000 HIV infection monitoring first telephone invitation 111972 
9mN0100 HIV infection monitoring second telephone invitation 111973 
9mN0200 HIV infection monitoring third telephone invitation 111974 
9Nt1000 Seen by community HIV (human immunodeficiency virus) nurse 107594 
A788.00 Acquired immune deficiency syndrome 23770 
A788.11 Human immunodeficiency virus infection 9130 
A788000 Acute human immunodeficiency virus infection 58857 
A788100 Asymptomatic human immunodeficiency virus infection 58859 
A788200 HIV infection with persistent generalised lymphadenopathy 69766 
A788300 Human immunodeficiency virus with constitutional disease 70869 
A788400 Human immunodeficiency virus with neurological disease 53636 
A788500 Human immunodeficiency virus with secondary infection 70528 
A788600 Human immunodeficiency virus with secondary cancers 101836 
A788U00 HIV disease result/haematological+immunologic abnorms,NEC 47632 
A788V00 HIV disease resulting in multiple diseases CE 111979 
A788W00 HIV disease resulting in unspecified malignant neoplasm 67575 
A788X00 HIV disease resulting/unspcf infectious+parasitic disease 71450 
A788y00 Human immunodeficiency virus with other clinical findings 62891 


A788z00 
Acquired human immunodeficiency virus infection syndrome 
NOS 36294 


A789000 HIV disease resulting in mycobacterial infection 37006 
A789100 HIV disease resulting in cytomegaloviral disease 66368 
A789200 HIV disease resulting in candidiasis 23951 
A789300 HIV disease resulting in Pneumocystis carinii pneumonia 27641 
A789311 HIV disease resulting in Pneumocystis jirovecii pneumonia 104717 
A789400 HIV disease resulting in multiple infections 50076 
A789500 HIV disease resulting in Kaposi's sarcoma 27853 
A789511 HIV disease resulting in Kaposi sarcoma 108054 
A789600 HIV disease resulting in Burkitt's lymphoma 44617 
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A789611 HIV disease resulting in Burkitt lymphoma 111980 
A789700 HIV dis resulting oth types of non-Hodgkin's lymphoma 66367 
A789711 HIV disease resulting in other types of non-Hodgkin lymphoma 111981 
A789800 HIV disease resulting in multiple malignant neoplasms 105324 
A789900 HIV disease resulting in lymphoid interstitial pneumonitis 65117 
A789A00 HIV disease resulting in wasting syndrome 8281 
A789X00 HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 51708 
AyuC.00 [X]Human immunodeficiency virus disease 62854 
AyuC000 [X]HIV disease resulting in other bacterial infections 112030 
AyuC100 [X]HIV disease resulting in other viral infections 107807 
AyuC200 [X]HIV disease resulting in other mycoses 112031 
AyuC300 [X]HIV disease resulting in multiple infections 102117 
AyuC400 [X]HIV disease resulting/other infectious+parasitic diseases 104134 
AyuC500 [X]HIV disease resulting/unspcf infectious+parasitic disease 112032 
AyuC600 [X]HIV disease resulting in other non-Hodgkin's lymphoma 69767 
AyuC611 [X]HIV disease resulting in other non-Hodgkin lymphoma 112033 
AyuC700 [X]HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 112034 
AyuC800 [X]HIV disease resulting in other malignant neoplasms 112035 
AyuC900 [X]HIV disease resulting in unspecified malignant neoplasm 112036 
AyuCA00 [X]HIV disease resulting in multiple diseases CE 112037 


AyuCB00 
[X]HIV disease result/haematological+immunologic 
abnorms,NEC 96751 


AyuCC00 [X]HIV disease resulting in other specified conditions 102252 
AyuCD00 [X]Unspecified human immunodeficiency virus [HIV] disease 100769 
Eu02400 [X]Dementia in human immunodef virus [HIV] disease 41185 
L179.00 HIV disease complicating pregnancy childbirth puerperium 104466 
R109.00 [D]Laboratory evidence of human immunodeficiency virus [HIV] 44288 


 
Maternity/Baby delivery, 9 months after the index date 
Read Codes Description Medcode 
13S..11 Maternity allowances 23722 
13S1.00 Maternity grant 55385 
13S2.00 Maternity allowance 64256 
13S3.00 Maternity pay 93586 
13WB.00 Maternal concern 6143 
43Z6300 Maternal antibodies present 16962 
4I2A.00 Maternal milk sample 49738 
62...12 Maternity care 13413 
62S..00 Maternal P/N 6 week exam. 11289 
62S..11 Postnatal exam. - maternal 5071 
62S1.00 Maternal P/N exam. not offered 31245 
62S2.00 Maternal P/N exam. offered 22988 
62S3.00 Maternal P/N exam. refused 22987 
62S4.00 Maternal P/N exam. defaulted 31244 
62S5.00 Maternal P/N exam. done 1.54E+04 
62SZ.00 Maternal P/N 6 week exam. NOS 14706.00 
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62Z..00 Maternal care NOS 4.14E+04 
63C5.00 Maternal tobacco abuse 97973 
63C6.00 Maternal drug abuse 8870 
63C6.11 Maternal drug misuse 104223 
63C7.00 Maternal alcohol abuse 17266 
67A8.00 Maternity grant advice 73091 
67A9.00 Maternity benefit advice 97807 
67AA.00 Maternity milk/vits advice 73324 
67It.00 Advice on risk harm to mother from maternl medictn dur preg 110888 
67Iu.00 Advice on risk harm to fetus from maternl medictn dur preg 107892 
7F29.00 Other maternal physiological assessments 91038 
7F29000 Maternal cervical assessment 97234 
8Cx1.00 Discussion about maternal wellbeing 109991 
8HED.00 Discharged from maternity unit 110048 
95...00 Maternity services admin. 16901 
951..00 FP24 maternity claim status 5.21E+04 
952..00 FP24A maternity claim status 69966 
953..00 Maternity services claimed 42764 
953E.00 Other maternity service claim 63921 
953G.00 Total maternity service claim 6.19E+04 
953Z.00 Maternity services claim NOS 63922 
958..00 Maternity leave 15955 
959..00 GMS2 maternity claim status 8135 
95Z..00 Maternity services admin NOS 10143 
9bE3.00 Maternity registration 70367 
C10FS00 Maternally inherited diabetes mellitus 95539 
L161.12 Maternal obesity syndrome 48330 
L170.00 Maternal syphilis in pregnancy/childbirth/puerperium 54761 
L170000 Maternal syphilis, unspec whether in pregnancy or puerperium 96437 
L170100 Maternal syphilis during pregnancy - baby delivered 66537 
L170200 Maternal syphilis in puerperium - baby delivered 110296 
L170300 Maternal syphilis during pregnancy - baby not yet delivered 1.12E+05 
L170400 Maternal syphilis in puerperium - baby previously delivered 112123 
L170z00 Maternal syphilis in pregnancy/childbirth/puerperium NOS 1.07E+05 
L171.00 Maternal gonorrhoea during pregnancy/childbirth/puerperium 41961 
L171000 Maternal gonorrhoea, unspec whether in pregnancy/puerperium 1.12E+05 
L171100 Maternal gonorrhoea during pregnancy - baby delivered 112125 
L171200 Maternal gonorrhoea in puerperium - baby delivered 112126 
L171300 Maternal gonorrhoea in pregnancy - baby not yet delivered 41959 
L171400 Maternal gonorrhoea in puerperium- baby previously delivered 112127 
L171z00 Maternal gonorrhoea in pregnancy/childbirth/puerperium NOS 112128 
L172000 Other maternal venereal disease, unspec pregnancy/puerperium 86991 
L172100 Other maternal venereal disease during pregnancy- baby deliv 112129 
L172200 Other maternal venereal disease in puerperium-baby delivered 1.12E+05 
L172300 Other maternal venereal dis. in pregnancy-baby not delivered 112131 
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L173.00 Maternal tuberculosis in pregnancy/childbirth/puerperium 99188 
L173000 Maternal tuberculosis,unspec whether in pregnancy/puerperium 58140 
L174.00 Maternal malaria in pregnancy, childbirth and the puerperium 49390 
L175.00 Maternal rubella in pregnancy, childbirth and the puerperium 42598 
L175000 Maternal rubella, unspecified whether pregnancy/puerperium 94353 
L175100 Maternal rubella during pregnancy - baby delivered 64649 
L175300 Maternal rubella during pregnancy - baby not yet delivered 55889 
L175z00 Maternal rubella in pregnancy/childbirth/puerperium NOS 73927 
L176.00 Other maternal viral dis. in pregnancy/childbirth/puerperium 72944 
L176100 Other maternal viral disease in pregnancy - baby delivered 106517 
L176300 Other maternal viral dis.in pregnancy-baby not yet delivered 103104 
L17z.00 Maternal infect/parasitic dis NOS in pregnancy/childb/puerp 59910 
L250300 Maternal care for suspected CNS malformation in fetus 105097 
L250400 Maternal care for CNS malformation in fetus 5.47E+04 
L251300 Maternal care for suspected chromosomal abnormality in fetus 101893 
L251400 Maternal care for chromosomal abnormality in fetus 54726 
L253300 Maternal care for damage to fetus from maternal rubella 101599 
L255300 Maternal care for (suspected) damage to fetus from alcohol 27670 
L25z300 Maternal care for suspect fetal abnormal and damage, unspec 98499 
L25z400 Maternal care for fetal abnormality and damage, unspecified 96222 
L260.00 Fetal-maternal haemorrhage 66335 
L260000 Fetal-maternal haemorrhage unspecified 104829 
L260200 Fetal-maternal haemorrhage with antenatal problem 69788 
L260z00 Fetal-maternal haemorrhage NOS 102894 
L263700 Maternal care for fetal hypoxia 46514 
L263800 Maternal care for fetal decelerations during pregnancy 60877 
L263900 Maternal care for fetal tachycardia during pregnancy 12230 
L263A00 Maternal care for fetal bradycardia during pregnancy 26055 
L263A11 Maternal care for reduced fetal heart rate during pregnancy 45413 
L265300 Maternal care for poor fetal growth 36640 
L265311 Maternal care for intrauterine growth retardation 9542 
L292.00 Maternal pyrexia during labour, unspecified 9294 
L292000 Unspecified maternal pyrexia during labour, unspecified 1.07E+05 
L292100 Unspecified maternal pyrexia during labour - delivered 4.33E+04 
L292z00 Unspecified maternal pyrexia during labour NOS 102136 
L390.00 Maternal distress 16348 
L390100 Maternal distress - delivered 106492 
L390300 Maternal distress with antenatal problem 101938 
L390z00 Maternal distress NOS 108743 
L392.00 Maternal hypotension syndrome 34260 
L392000 Maternal hypotension syndrome unspecified 100881 
L392400 Maternal hypotension syndrome with postnatal problem 110878 
L392z00 Maternal hypotension syndrome NOS 63002 
L39y500 Maternal exhaustion 17526 
L5...00 Maternal care for fetus 51177 
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L50..00 Maternal care for compound presentation 99518 
L51..00 Maternal care for other known or suspected fetal problems 62316 
L510.00 Maternal care for hydrops fetalis 21893 
L511.00 Maternal care for viable fetus in abdominal pregnancy 33441 
L512.00 Maternal care for diminished fetal movements 33258 
L514.00 Maternal care for poor fetal growth 67883 
L51X.00 Maternal care/known or suspected fetal problem,unspecifd 54687 
Lyu3300 [X]Maternal care for other abnormalities of cervix 111772 
Lyu3500 [X]Maternal care for other abnormalities of pelvic organs 106065 
Lyu3700 [X]Maternal care/other(suspected)fetal abnormality+damage 111888 
Lyu3900 [X]Maternal care/oth spcf known or suspected fetal problems 4.54E+04 
Lyu3A00 [X]Maternal care/known or suspected fetal problem,unspecifd 63905 
Q0y..00 Maternal problems unrelated preg affecting fetus/neonate OS 60309 
Q0z..00 Maternal problem unrelated preg affecting fetus/neonate NOS 66390 
Q457100 Maternal transfer neutropenia 105812 
Z1R5.12 Maternity care 69126 
Z212.12 Maternity care 12687 
Z245100 Maternal blood loss minimal 36593 
Z245200 Maternal blood loss within normal limits 59191 
Z245300 Maternal blood loss moderate 46864 
Z245400 Maternal blood loss heavy 57194 
Z246B00 Estimated maternal blood loss 41035 
Z246B11 EBL - Estimated maternal blood loss 5.46E+04 
6321 1st stage of labour length 32997 
6322 2nd stage of labour length 54167 
6323 3rd stage of labour length 49953 
632..00 Length of labour 13215 
632Z.00 Length of labour NOS 30782 
63E..00 Labour details 23664 
63E1.00 Spontaneous onset of labour 21626 
63E3.00 Normal labour 29434 
7F1..11 Labour operations 28700 
7F10.00 Surgical induction of labour 22115 
7F10y00 Other specified surgical induction of labour 100568 
7F10z00 Surgical induction of labour NOS 34981 
7F11.00 Other induction of labour 3088 
7F11000 Oxytocic induction of labour 33421 
7F11100 Induction of labour using prostaglandins 40448 
7F11200 Syntocinon induction of labour 33632 
7F11300 Medical induction of labour 88775 
7F11y00 Other specified other induction of labour 40080 
7F11z00 Other induction of labour NOS 3272 
7F1A400 Trial of labour NEC 61611 
7F25.13 Monitoring during labour 24447 
7F25100 Fetal heart monitoring in labour 11589 
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7L16000 Intravenous induction of labour 29071 
7M35000 Gas and air analgesia in labour 41036 
7M35011 Entonox analgesia in labour 65867 
L126600 Eclampsia in labour 44306 
L14..00 Early or threatened labour 20809 
L14..11 Premature labour 3004 
L140.00 Threatened premature labour 28928 
L140.11 False labour 23316 
L140000 Threatened premature labour unspecified 59296 
L140100 Threatened premature labour - not delivered 48830 
L140200 False labour at or after 37 completed weeks of gestation 54596 
L140z00 Threatened premature labour NOS 42101 
L141.00 Other threatened labour 23525 
L141000 Other threatened labour unspecified 65243 
L141100 Other threatened labour - not delivered 64298 
L141z00 Other threatened labour NOS 64692 
L143.00 Premature labour and delivery 104873 
L143000 Premature labour without delivery 105032 
L143100 Premature labour with premature delivery 104872 
L14z.00 Early or threatened labour NOS 59789 
L263300 Labour and delivery complicated by fetal heart rate anomaly 9625 
L263400 Labour and delivery complic by meconium in amniotic fluid 24243 
L263600 Labour+delivery complicatd by biochem evidence/fetal stress 49485 
L281300 Prem rupture of membranes onset of labour within 24 hours 64548 
L281400 Premature rupture of membranes, labour delayed by therapy 62278 
L281500 Prem rupture of membranes onset of labour after 24 hours 63022 
L29..00 Other problems affecting labour 97907 
L290.11 Failed mechanical induction of labour 57002 
L291.11 Failed medical induction of labour 23674 
L292.00 Maternal pyrexia during labour, unspecified 9294 
L292000 Unspecified maternal pyrexia during labour, unspecified 107198 
L292100 Unspecified maternal pyrexia during labour - delivered 43327 
L292z00 Unspecified maternal pyrexia during labour NOS 102136 
L293.00 Septicaemia during labour 103105 
L293100 Septicaemia during labour - delivered 93644 
L29y.00 Other problems affecting labour 108764 
L29y100 Other problems affecting labour - delivered 111572 
L29yz00 Other problems affecting labour NOS 103000 
L29z.00 Problems affecting labour NOS 73308 
L29z000 Problems affecting labour NOS unspecified 104206 
L29zz00 Problems affecting labour NOS 62600 
L3...00 Complications occurring during labour and delivery 29885 
L30..00 Obstructed labour 819 
L300.00 Obstructed labour due to fetal malposition 23590 
L300000 Obstructed labour due to fetal malposition unspecified 104218 
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L300100 Obstructed labour due to fetal malposition - delivered 66834 
L300300 Obstructed labour due to breech presentation 56867 
L300400 Obstructed labour due to face presentation 99660 
L300700 Obstructed labour due to compound presentation 97459 
L301.00 Obstructed labour caused by bony pelvis 23548 
L301400 Obstructed labour due to generally contracted pelvis 37267 
L301500 Obstructed labour due to pelvic inlet contraction 60333 
L302.00 Obstructed labour caused by pelvic soft tissues 73319 
L302000 Obstructed labour caused by pelvic soft tissues unspecified 100563 
L302z00 Obstructed labour caused by pelvic soft tissues NOS 104746 
L307.00 Failed trial of labour unspecified 44337 
L307000 Other failed trial of labour unspecified 109523 
L307200 Other failed trial of labour with antenatal problem 71794 
L307z00 Failed trial of labour NOS 95570 
L30z.00 Obstructed labour NOS 72779 
L30z000 Obstructed labour NOS, unspecified 62622 
L30z100 Obstructed labour NOS - delivered 69365 
L30z200 Obstructed labour NOS with antenatal problem 104766 
L30zz00 Obstructed labour NOS 94396 
L31..00 Abnormal forces of labour 66578 
L313.00 Precipitate labour 30001 
L313000 Precipitate labour unspecified 109569 
L313100 Precipitate labour - delivered 43567 
L313z00 Precipitate labour NOS 64206 
L31z.00 Abnormality of forces of labour NOS 23549 
L32..00 Long labour 48602 
L321.00 Prolonged labour unspecified 35628 
L321000 Unspecified prolonged labour, unspecified 99968 
L321100 Unspecified prolonged labour - delivered 4094 
L321z00 Prolonged labour NOS 103154 
L32z.00 Prolonged labour NOS 55225 
L350.00 Ruptured uterus before labour 32877 
L350000 Rupture of uterus before labour unspecified 71171 
L350200 Rupture of uterus before labour with antenatal problem 90277 
L350z00 Rupture of uterus before labour NOS 71720 
L351.00 Rupture of uterus during and after labour 29529 
L351000 Rupture of uterus during and after labour unspecified 32555 
L351100 Rupture of uterus during and after labour - delivered 20055 
L351300 Rupture of uterus during/after labour with postnatal problem 68319 
L351z00 Rupture of uterus during and after labour NOS 60255 
L38..00 Complications of anaesthesia during labour and delivery 65702 
L386.00 Toxic reaction to local anaesthesia during labour and deliv 36756 
L388.00 Cardiac comps of anaesthesia during labour and delivery 49733 
L389.00 CNS comps of anaesthesia during labour and delivery 69101 
L38A.00 Failed or difficult intubation during labour and delivery 23791 
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L38X.00 Complication of anaesthesia during labour and deliv unsp 108419 
L39..00 Other complications of labour and delivery NEC 67862 
L393.00 Acute renal failure following labour and delivery 63277 
L39y.00 Other complications of labour and delivery 44472 
L39y100 Other complications of labour and delivery - delivered 100597 
L39y400 Other complications of labour and delivery with p/n problem 66074 
L39yz00 Other complications of labour and delivery NOS 55124 
L39z.00 Complications of labour and delivery NOS 69920 
L39z100 Complications of labour and delivery NOS - delivered 93273 
L39z300 Complications of labour and delivery NOS with antenatal prob 108099 
L39z400 Complications of labour and delivery NOS with p/n problem 90497 
L39zz00 Complications of labour and delivery NOS 66501 
L3y..00 Other specified complications of labour or delivery 53572 
L3z..00 Complications of labour and delivery NOS 5522 
Lyu4.00 [X]Complications of labour and delivery 103319 
Lyu4000 [X]Other failed induction of labour 85226 
Lyu4500 [X]Obstructed labour due to other abnormalities of fetus 58187 
Lyu4800 [X]Labour+delivery complicat/oth evidence of fetal distress 52151 
Lyu4900 [X]Labour+delivery complicated by other cord entanglement 90885 
Q21..12 Labour fetal anoxia 46502 
Q210.00 Fetal death due to prelabour anoxia 20320 
Q211.00 Fetal death due to labour anoxia 52308 
Q212.11 Fetal distress before labour - liveborn 34132 
Q213.11 Fetal distress in labour - liveborn 23009 
Z23AG00 Hypertonic lower uterine segment during labour 67423 
Z23B400 Contraction of uterus during labour 98003 
Z23G.00 Uterine observation in labour 49858 
Z24..00 Labour observations 63287 
Z241.00 Labour established 25112 
Z241100 Onset of labour induced 22261 
Z242.00 Labour not established 28830 
Z243.00 Observation of first stage of labour 99170 
Z243100 First stage of labour established 49302 
Z243200 First stage of labour not established 64976 
Z243300 Progress of labour - first stage 65900 
Z243400 Rapid first stage of labour 66242 
Z243411 Rapid progress in first stage of labour 60124 
Z243500 Normal length of first stage of labour 83541 
Z243600 Slow progress in first stage of labour 40702 
Z243800 First stage of labour problem 59445 
Z244.00 Observation of pattern of labour 103056 
Z244100 Observation of duration of labour 87342 
Z244200 Long duration of labour 106135 
Z244300 Short duration of labour 94874 
Z244400 Late onset of labour 71189 
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Z244411 Postmature labour 48708 
Z244500 Relation of onset of labour to due date 48484 
Z245.00 Observation of blood loss in labour 36655 
Z246.00 Observation of measures of labour 90775 
Z246100 Duration of labour 70150 
Z246200 Onset of labour first stage 72736 
Z246211 Start of labour 25428 
Z246311 Onset of labour pains 46297 
Z246700 Onset of second stage of labour 93041 
Z246900 Duration of second stage of labour 73331 
Z246A00 Total duration of labour 93735 
Z247100 Expulsion of IUCD during third stage of labour 98918 
Z248.00 Normal labour 22613 
Z249.00 Labour problem 56915 
Z255.00 Observation of second stage of labour 54127 
Z255300 Progess of second stage of labour 95354 
Z255400 Rapid second stage of labour 62656 
Z255700 Failure to progress in second stage of labour 40724 
Z255800 Second stage of labour problem 99290 
Z255A00 Observation of delivery push in labour 101229 
Z255B11 Wants to push in labour 111897 
Z255D00 Ability to push in labour 64395 
Z255E11 Pushing well in labour 104716 
Z255F00 Not pushing well in labour 93205 
Z255J00 Pushing involuntarily in labour 100252 
Z256.00 Observation of third stage of labour 111784 
Z256100 Normal length of third stage of labour 104405 
Z256200 Prolonged third stage of labour 94809 
ZNA2500 Difficulty performing labouring activities 63272 
1514.12 Estimated date of delivery  8879 
1514000 Estimated date of delivery from last period 103890 
1514100 Estimated date of delivery by antenatal ultrasound scan 103787 
62B..00 Delivery booking place 13163 
62B1.00 Delivery: no place booked 26549 
62B2.00 Home delivery booked 22976 
62B3.00 G.P. unit delivery booking 22975 
62B5.00 Private home delivery booking 32988 
62B6.00 Delivery booking place changed 41414 
62B7.00 Domino delivery 32989 
62B8.00 Midwife unit delivery booking 30775 
62BZ.00 Delivery booking - place NOS 13164 
62C1.00 Short stay delivery booking 32991 
62C2.00 Full stay delivery booking 58176 
62CZ.00 Delivery booking - stay NOS 51065 
62V..00 Delivery place planned 27914 
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62V0.00 Home delivery planned 27993 
633..00 Outcome of delivery 8122 
633D.00 Order of birth at delivery 109479 
633Z.00 Outcome of delivery NOS 43959 
634..11 Delivery - sex of baby 19356 
63D7.00 Complete placenta at delivery 107557 
63H..00 Time of delivery 107531 
7F1..00 Induction and delivery operations 5866 
7F12.00 Elective caesarean delivery 7.40E+02 
7F12000 Elective upper uterine segment caesarean delivery 61259 
7F12100 Elective lower uterine segment caesarean delivery 9668 
7F12y00 Other specified elective caesarean delivery 47546 
7F12z00 Elective caesarean delivery NOS 3085 
7F13.00 Other caesarean delivery 4638 
7F13000 Upper uterine segment caesarean delivery NEC 15514 
7F13100 Lower uterine segment caesarean delivery NEC 17744 
7F13y00 Other specified other caesarean delivery 15073 
7F13z00 Other caesarean delivery NOS 35190 
7F14.00 Breech extraction delivery 11532 
7F14000 Breech extraction delivery with version 105276 
7F14y00 Other specified breech extraction delivery 73048 
7F14z00 Breech extraction delivery NOS 54591 
7F15.00 Other breech delivery 33378 
7F15000 Spontaneous breech delivery 29070 
7F15100 Assisted breech delivery 23994 
7F15y00 Other specified other breech delivery 15926 
7F15z00 Other breech delivery NOS 64464 
7F16.00 Forceps cephalic delivery 1279 
7F16000 High forceps cephalic delivery with rotation 20002 
7F16100 High forceps cephalic delivery NEC 5033 
7F16200 Mid forceps cephalic delivery with rotation 61077 
7F16300 Mid forceps cephalic delivery NEC 23394 
7F16400 Low forceps cephalic delivery 5213 
7F16500 Trial of forceps delivery 65940 
7F16600 Failed forceps delivery 34628 
7F16700 Barton forceps cephalic delivery with rotation 70242 
7F16900 Kielland forceps cephalic delivery with rotation 21554 
7F16y00 Other specified forceps cephalic delivery 33480 
7F16z00 Forceps cephalic delivery NOS 14686 
7F17.00 Vacuum delivery 2458 
7F17.11 Ventouse delivery 688 
7F17000 High vacuum delivery 105419 
7F17100 Low vacuum delivery 51736 
7F17200 Vacuum delivery before full dilation of cervix 57945 
7F17300 Trial of vacuum delivery 62318 
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7F17y00 Other specified vacuum delivery 86399 
7F17z00 Vacuum delivery NOS 14892 
7F19.00 Normal delivery 167 
7F19000 Manually assisted vaginal delivery 20738 
7F19100 Water birth delivery 28726 
7F19y00 Other specified normal delivery 33773 
7F19z00 Normal delivery NOS 8967 
7F1A.00 Other methods of delivery 47508 
7F1A200 Cleidotomy of fetus to facilitate delivery 39866 
7F1A300 Drainage of hydrocephalus of fetus to facilitate delivery 37509 
7F1Ay00 Other specified other method of delivery 57957 
7F1Az00 Other method of delivery NOS 43760 
7F1B000 Episiotomy to facilitate delivery 3108 
7F1B100 Symphysiotomy to facilitate delivery 2.39E+04 
7F1B400 Incision of cervix to facilitate delivery 98749 
7F1By00 Other specified other operation to facilitate delivery 109452 
7F1y.00 Other specified induction or delivery operations 50236 
7F1z.00 Induction and delivery operations NOS 50293 
7F22500 Normal delivery of placenta 18287 
8HE7.00 Discharged from hospital within 6 hours of delivery 39319 
L030000 Delivery of viable fetus in abdominal pregnancy 65783 
L142.00 Early onset of delivery 15167 
L142.11 Premature delivery 3365 
L142100 Early onset of delivery - delivered 25157 
L142z00 Early onset of delivery NOS 36137 
L143.00 Premature labour and delivery 104873 
L143000 Premature labour without delivery 105032 
L143100 Premature labour with premature delivery 104872 
L166600 Urinary tract infection following delivery 5721 
L20..00 Normal delivery in a completely normal case 4780 
L20..11 Spontaneous vaginal delivery 239 
L200.00 Normal delivery but ante- or post- natal conditions present 3.17E+04 
L20z.00 Normal delivery in completely normal case NOS 58721 
L213.00 Multiple delivery 33915 
L213000 Multiple delivery, all spontaneous 3.39E+04 
L213100 Multiple delivery, all by forceps and vacuum extractor 60538 
L213200 Multiple delivery, all by caesarean section 4.79E+03 
L222.11 Assisted breech delivery 2943 
L222.12 Breech delivery 463 
L222.13 Spontaneous breech delivery 31780 
L263300 Labour and delivery complicated by fetal heart rate anomaly 9625 
L263400 Labour and delivery complic by meconium in amniotic fluid 24243 
L263600 Labour+delivery complicatd by biochem evidence/fetal stress 49485 
L296.00 Vaginal delivery following previous caesarean section 44235 
L3...00 Complications occurring during labour and delivery 29885 
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L323.00 Delayed delivery of second twin, triplet etc 27963 
L323000 Delayed delivery second twin unspecified 62406 
L323100 Delayed delivery second twin - delivered 42572 
L323200 Delayed delivery second twin with antenatal problem 71862 
L34..00 Trauma to perineum and vulva during delivery 13352 
L34..12 Vulval delivery trauma 3.24E+04 
L340.00 First degree perineal tear during delivery 19599 
L340000 First degree perineal tear during delivery, unspecified 19603 
L340100 First degree perineal tear during delivery - delivered 31254 
L340200 First degree perineal tear during delivery with p/n problem 50924 
L340300 Labial tear during delivery 26712 
L340500 Vulval tear during delivery 31280 
L340600 Vaginal tear during delivery 19609 
L340z00 First degree perineal tear during delivery NOS 19608 
L341.00 Second degree perineal tear during delivery 19600.00 
L341000 Second degree perineal tear during delivery, unspecified 19602 
L341100 Second degree perineal tear during delivery - delivered 37054 
L341200 Second degree perineal tear during delivery with p/n prob 40875 
L341z00 Second degree perineal tear during delivery NOS 19605 
L342.00 Third degree perineal tear during delivery 11650 
L342000 Third degree perineal tear during delivery, unspecified 19604 
L342100 Third degree perineal tear during delivery - delivered 39168 
L342200 Third degree perineal tear during delivery with p/n problem 62862 
L342z00 Third degree perineal tear during delivery NOS 40876 
L343.00 Fourth degree perineal tear during delivery 39576 
L343000 Fourth degree perineal tear during delivery, unspecified 7.20E+04 
L343100 Fourth degree perineal tear during delivery - delivered 72021 
L343200 Fourth degree perineal tear during delivery with p/n problem 61597 
L343z00 Fourth degree perineal tear during delivery NOS 57652 
L344.00 Unspecified perineal laceration during delivery 15256 
L344000 Unspecified perineal laceration during delivery, unspecified 19607 
L344100 Unspecified perineal laceration during delivery - delivered 67052 
L344200 Unspecified perineal laceration during delivery + p/n prob 66843 
L344z00 Unspecified perineal laceration during delivery NOS 40706 
L345.00 Vulval and perineal haematoma during delivery 36703 
L345.12 Vulval and perineal haematoma during delivery 27731 
L345000 Vulval and perineal haematoma during delivery, unspecified 37245 
L345100 Vulval and perineal haematoma during delivery - delivered 71057 
L345200 Vulval and perineal haematoma during delivery + p/n problem 99361 
L345z00 Vulval and perineal haematoma during delivery NOS 70615 
L34y.00 Other vulval and perineal trauma during delivery 61212 
L34y000 Other vulval/perineal trauma during delivery, unspecified 30805 
L34y100 Other vulval/perineal trauma during delivery- delivered 95858 
L34y200 Other vulval/perineal trauma during delivery + p/n problem 65331 
L34yz00 Other vulval/perineal trauma during delivery NOS 30806 
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L34z.00 Vulval/perineal trauma during delivery NOS 42324 
L34z000 Vulval/perineal trauma during delivery NOS unspec 67489 
L34z100 Vulval/perineal trauma during delivery NOS - delivered 57488 
L34z200 Vulval/perineal trauma during delivery NOS with p/n problem 106808 
L34zz00 Vulval/perineal trauma during delivery NOS 47157 
L38..00 Complications of anaesthesia during labour and delivery 65702 
L387.00 Spinal/epidural anesth-induced headache dur labour/delivery 42755 
L388.00 Cardiac comps of anaesthesia during labour and delivery 49733 
L389.00 CNS comps of anaesthesia during labour and delivery 69101 
L38A.00 Failed or difficult intubation during labour and delivery 23791 
L39..00 Other complications of labour and delivery NEC 67862 
L393.00 Acute renal failure following labour and delivery 63277 
L393000 Post-delivery acute renal failure unspecified 72458 
L393100 Post-delivery acute renal failure - delivered with p/n prob 96179 
L393200 Post-delivery acute renal failure with postnatal problem 69433 
L395.00 Forceps delivery 6452 
L395.11 Keilland's forceps delivery 17684 
L395.12 Neville - Barnes forceps delivery 2.04E+04 
L395.13 Simpson's forceps delivery 17704 
L395000 Forceps delivery unspecified 53937 
L395100 Forceps delivery - delivered 50675 
L395200 Low forceps delivery 30274 
L395300 Mid-cavity forceps delivery 42275 
L395400 Delivery by combination of forceps and vacuum extractor 57789 
L395z00 Forceps delivery NOS 40710 
L396.00 Vacuum extractor delivery 25223 
L396.11 Ventouse delivery 6141 
L396000 Vacuum extractor delivery unspecified 58844 
L396100 Vacuum extractor delivery - delivered 49446 
L396z00 Vacuum extractor delivery NOS 37699 
L398.00 Caesarean delivery 720 
L398000 Caesarean delivery unspecified 52875 
L398100 Caesarean delivery - delivered 33477 
L398300 Delivery by elective caesarean section 9800 
L398400 Delivery by emergency caesarean section 618 
L398500 Delivery by caesarean hysterectomy 2.89E+04 
L398600 Caesarean delivery following previous Caesarean delivery 50847 
L398z00 Caesarean delivery NOS 7670 
L399.00 Destructive operation for delivery 106001 
L39y.00 Other complications of labour and delivery 44472 
L39y100 Other complications of labour and delivery - delivered 100597 
L39y400 Other complications of labour and delivery with p/n problem 66074 
L39yz00 Other complications of labour and delivery NOS 55124 
L39z.00 Complications of labour and delivery NOS 69920 
L39z100 Complications of labour and delivery NOS - delivered 93273 
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L39z300 Complications of labour and delivery NOS with antenatal prob 108099 
L39z400 Complications of labour and delivery NOS with p/n problem 90497 
L39zz00 Complications of labour and delivery NOS 66501 
L3y..00 Other specified complications of labour or delivery 53572 
L3z..00 Complications of labour and delivery NOS 5522 
Ly0..00 Spontaneous vertex delivery 5868 
Ly1..00 Spontaneous breech delivery 22491 
Lyu4.00 [X]Complications of labour and delivery 103319 
Lyu4800 [X]Labour+delivery complicat/oth evidence of fetal distress 52151 
Lyu4900 [X]Labour+delivery complicated by other cord entanglement 90885 
Lyu5.00 [X]Delivery 43563 
Lyu5000 [X]Other single spontaneous delivery 83535 
Lyu5100 [X]Other and unspecified forceps delivery 69780 
Lyu5200 [X]Other single delivery by caesarean section 47863 
Lyu5400 [X]Other manipulation-assisted delivery 98059 
Lyu5500 [X]Other specified assisted single delivery 66315 
Lyu5700 [X]Assisted single delivery, unspecified 100675 
Lyu5800 [X]Multiple delivery, unspecified 106113 
Lyu6000 [X]Other infection of genital tract following delivery 66219 
Lyu6100 [X]Other genitourinary tract infections following delivery 67410 
Lyu6A00 [X]Infection of caesarean section wound following delivery 7377 
Lyu6B00 [X]Vaginitis following delivery 36037 
Q032.00 Fetus or neonate affected by forceps delivery 3078 
Q432.00 Preterm delivery associated jaundice 7.83E+03 
Z212100 Delivery place planned 61540 
Z212200 Home delivery planned 32283 
Z212300 Delivery place booked 25545 
Z22C100 Estimated date of delivery from last period 30373 
Z22C200 Estimated date of delivery from last normal period 47625 
Z25..00 Delivery observations 56310 
Z253211 Precipitate delivery 6.10E+04 
Z254.00 Observation of pattern of delivery 42885 
Z254200 Delivered by low forceps delivery 2.89E+04 
Z254300 Delivered by mid-cavity forceps delivery 34411 
Z254800 Deliveries by spontaneous breech delivery 48230 
Z254900 Vaginal delivery 1.15E+04 
Z254A00 Abnormal delivery 40744 
Z254B00 Brow delivery 60256 
Z254C00 Face delivery 48742 
Z254E11 Multiple birth delivery 37878 
Z255711 No progress with delivery 60924 
Z255A00 Observation of delivery push in labour 101229 
Z257.00 Delivery normal 12052 
Z257.11 Normal delivery 9383 
Z257.12 Spontaneous vaginal delivery 11194 
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Z257.13 SVD - Spontaneous vaginal delivery 25681 
Z257.14 FTND - Full term normal delivery 17492 
Z257.15 ND - Normal delivery 9791 
Z257100 Spontaneous vertex delivery 9160 
Z258.00 Delivery problem 32590 
Z262600 Complete placenta at delivery 95780 
Z262700 Incomplete placenta at delivery 34102 
Z262711 Incomplete delivery of placenta 34333 
Z263300 Condition of membranes at delivery 111579 
Z265900 Umbilical cord not around baby's neck at delivery 39573 
Z288.00 Problem of pelvis for delivery 47036 
ZV24000 [V]Examination immediately after delivery 62508 
ZV27.00 [V]Outcome of delivery 12014 
ZV27y00 [V]Other specified outcome of delivery 61226 
ZV27z00 [V]Unspecified delivery outcome 67333 


 
Pregnancy, 6 months prior to the index date 
Read Codes Description Medcode 
4453 Serum pregnancy test positive 29205 
4654 Urine pregnancy test positive 3030 
6166 Pregnant, diaphragm failure 32975 
6174 Pregnant, sheath failure 14994 
6211 Pregnant - urine test confirms 16215 
6212 Pregnant - blood test confirms 30817 
6213 Pregnant - V.E. confirms 35592 
6215 Pregnant - on abdom. palpation 51298 
6216 Pregnant - planned 20240 
6217 Pregnant - unplanned - wanted 14842 
6218 Pregnant -unplanned-not wanted 15567 
6222 Antenatal care: 2nd pregnancy 29631 
6223 Antenatal care: 3rd pregnancy 29593 
6556 Pertussis vaccination in pregnancy 109697 
6556000 Pertussis vacc in pregnancy given by other healthcre providr 110129 
13H7.00 Unwanted pregnancy 5044 
13H8.00 Illegitimate pregnancy 14651 
13Hd.00 Teenage pregnancy 37693 
13S..00 Pregnancy benefits 24038 
13SZ.00 Pregnancy benefit NOS 50058 
389B.00 Assessment for termination of pregnancy 102362 


44Cy.00 
Serum pregnancy associated plasma protein-A MoM 
measurement 85961 


4Q3N.00 Pregnancy associated plasma protein A level 104440 
584D.00 Antenatal ultrasound confirms intra-uterine pregnancy 13968 
584E.00 Antenatal ultrasound confirms ectopic pregnancy 13984 
615C.00 IUD failure - pregnant 23421 
615C.11 Pregnant, IUD failure 29692 
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62...00 Patient pregnant 127 
62...13 Pregnancy care 5709 
621..00 Patient currently pregnant 13165 
621..11 Pregnancy confirmed 4536 
621A.00 Pregnancy unplanned ? wanted 15338 
621B.00 Pregnant - ? planned 14877 
621C.00 Unplanned pregnancy 7517 
621D.00 Concealed pregnancy 108236 
621Z.00 Patient pregnant NOS 14899 
624..00 A/N care: precious pregnancy 35509 
62a..00 Pregnancy review 17947 
62a..11 Review of pregnancy 90776 
62O..12 Static weight gain pregnancy 20118 
62O7.00 Pregnancy prolonged - 41 weeks 24063 
62O8.00 Pregnancy prolonged - 42 weeks 44734 
66AX.00 Diabetes: shared care in pregnancy - diabetol and obstet 46577 
67AE.00 Folic acid advice in first trimester of pregnancy 97034 
67AF.00 Pregnancy advice for patients with epilepsy 102359 
7E06600 Hysterotomy and termination of pregnancy 2924 
7E07011 Dilation cervix uteri & curettage for termination pregnancy 18944 
7E07111 Curettage of term pregnancy NEC 103059 
7E07113 Curettage of uterus for termination of pregnancy NEC 16384 
7E07114 Curettage of uterus for termination of pregnancy NEC 45862 
7E08400 Suction termination of pregnancy 1748 
7E08411 Vacuum termination of pregnancy 21438 
7E08500 Dilation of cervix and extraction termination of pregnancy 5357 
7E08600 Termination of pregnancy NEC 1686 
7E13100 Excision of ectopic ovarian pregnancy 27672 
7E13300 Excision of ruptured ectopic tubal pregnancy 11986 
7E19011 Removal of ectopic pregnancy from fallopian tube 29122 
7E19012 Fimbrial extraction of tubal pregnancy 40279 
7F...12 Pregnancy operations 30302 
7F06012 Shirodkar suture in pregnancy 1850 
7F2B100 Ultrasound monitoring of early pregnancy 12837 
8B68.00 Pregnancy prophylactic therapy 37386 
8B7..11 Pregnancy vitamin/iron prophyl 15065 
8B74.00 Iron supplement in pregnancy 10775 
8B75.00 Vitamin supplement - pregnancy 29746 
8Cg..00 Pregnancy termination care 102635 
8Hh3.00 Self referral to termination of pregnancy service 102494 
8HHf.00 Refer to early pregnancy unit 13672 
8HHV.00 Referral for termination of pregnancy 11989 
8Hki.00 Referral to teenage pregnancy and parenting support service 103683 
8IEc.00 Pertussis vaccination in pregnancy declined 106268 
8M6..00 Requests pregnancy termination 2278 
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95B..00 Health in Pregnancy grant claim form issued 100104 
9Ea..00 Reason for termination of pregnancy 24303 
9Ea0.00 Risk life pregnant woman greater than if pregnancy terminatd 98133 


9kv..00 
Pertussis vaccinatn progrme pregnant women enhan srvce 
admin 106618 


9mK..00 Pertussis vaccination in pregnancy invitation 106378 
9mK0.00 Pertussis vaccination in pregnancy invitation first letter 106735 
9mK1.00 Pertussis vaccination in pregnancy invitation second letter 106736 
9mK2.00 Pertussis vaccination in pregnancy invitation third letter 106737 
9Nif.00 Did not attend pertussis vaccination in pregnancy 106957 
9NkN.00 Seen in early pregnancy unit 103610 
L....00 Complications of pregnancy, childbirth and the puerperium 11152 
L010.11 Anembryonic pregnancy 48552 
L03..00 Ectopic pregnancy 1744 
L030.00 Abdominal pregnancy 54866 
L030000 Delivery of viable fetus in abdominal pregnancy 65783 
L031.00 Tubal pregnancy 21849 
L031000 Fallopian tube pregnancy 44729 
L031z00 Tubal pregnancy NOS 50512 
L032.00 Ovarian pregnancy 59276 
L03y.00 Other ectopic pregnancy 58156 
L03y000 Cervical pregnancy 52221 
L03y100 Cornual pregnancy 32950 
L03y200 Membranous pregnancy 21467 
L03y300 Combined or heterotopic pregnancy 106267 
L03yz00 Other ectopic pregnancy NOS 61995 
L03z.00 Ectopic pregnancy NOS 33724 
L05..12 Termination of pregnancy 255 
L051711 Incomplete termination of pregnancy 102576 
L09..00 Complications following abortion/ectopic/molar pregnancies 9585 
L090.00 Genital or pelvic infection following abortive pregnancy 32007 
L090000 Endometritis following abortive pregnancy 30326 
L090100 Parametritis following abortive pregnancy 50571 
L090200 Pelvic peritonitis following abortive pregnancy 51359 
L090300 Salpingitis following abortive pregnancy 47918 
L090400 Salpingo-oophoritis following abortive pregnancy 59493 
L090y00 Sepsis NOS following abortion/ectopic/molar pregnancy 20152 
L090z00 Septicaemia NOS following abortive pregnancy 23840 
L091.00 Delayed/excessive haemorrhage following abortive pregnancy 20307 
L091000 Afibrinogenaemia following abortive pregnancy 112099 
L091100 Defibrination syndrome following abortive pregnancy 63362 
L091200 Intravascular haemolysis following abortive pregnancy 112100 
L091z00 Delayed/excess haemorrhage NOS following abortive pregnancy 64523 
L092.00 Pelvic organ or tissue damage following abortive pregnancy 112101 
L092000 Bladder damage following abortive pregnancy 65085 
L092100 Bowel damage following abortive pregnancy 99933 
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L092200 Broad ligament damage following abortive pregnancy 112102 
L092300 Cervix damage following abortive pregnancy 89557 
L092400 Periurethral tissue damage following abortive pregnancy 112103 
L092500 Uterus damage following abortive pregnancy 62052 
L092600 Vaginal damage following abortive pregnancy 112104 
L092z00 Pelvic organ or tissue damage NOS follow abortive pregnancy 112105 
L093.00 Renal failure following abortive pregnancy 71314 
L093000 Oliguria following abortive pregnancy 50093 
L093100 Acute renal failure following abortive pregnancy 112106 
L093200 Renal shutdown following abortive pregnancy 112107 
L093300 Renal tubular necrosis following abortive pregnancy 112108 
L093400 Uraemia following abortive pregnancy 70422 
L093z00 Renal failure NOS following abortive pregnancy 112109 
L094.00 Metabolic disorder following abortive pregnancy 112110 
L095.00 Shock following abortive pregnancy 92415 
L096.00 Embolism following abortive pregnancy 93583 
L096.11 Embolus following abortive pregnancy 63319 
L096000 Air embolism following abortive pregnancy 112111 
L096100 Amniotic fluid embolism following abortive pregnancy 112112 
L096200 Blood-clot embolism following abortive pregnancy 112113 
L096300 Fat embolism following abortive pregnancy 112114 
L096400 Pulmonary embolism following abortive pregnancy 67006 
L096500 Pyaemic embolism following abortive pregnancy 112115 
L096600 Septic embolism following abortive pregnancy 94736 
L096700 Soap embolism following abortive pregnancy 112116 
L096z00 Embolism NOS following abortive pregnancy 112117 
L097.00 Readmission for abortive pregnancy (NHS codes) 35273 
L09y.00 Other specified complication following abortive pregnancy 106097 
L09y000 Acute liver necrosis following abortive pregnancy 112118 
L09y100 Cardiac arrest following abortive pregnancy 112119 
L09y200 Cardiac failure following abortive pregnancy 112120 
L09y300 Cerebral anoxia following abortive pregnancy 112121 
L09y400 Urinary tract infection following abortive pregnancy 105918 
L09yz00 Other specified complication NOS follow abortive pregnancy 64125 
L09z.00 Complication NOS following abortion/ectopic/molar pregnancy 25028 
L0y..00 Other specified pregnancy with abortive outcome 44650 
L0z..00 Pregnancy with abortive outcome NOS 44733 
L1...00 Pregnancy complications 2638 
L10..00 Haemorrhage in early pregnancy 3766 
L10y.00 Other haemorrhage in early pregnancy 24603 
L10y.11 Bleeding in early pregnancy 9408 
L10y000 Other haemorrhage in early pregnancy unspecified 61301 
L10y100 Other haemorrhage in early pregnancy - delivered 105654 
L10y200 Other haemorrhage in early pregnancy - not delivered 73917 
L10yz00 Other haemorrhage in early pregnancy NOS 69327 
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L10z.00 Early pregnancy haemorrhage NOS 14925 
L10z000 Early pregnancy haemorrhage NOS unspecified 54107 
L10z100 Early pregnancy haemorrhage NOS - delivered 101260 
L10z200 Early pregnancy haemorrhage NOS - not delivered 48304 
L10zz00 Early pregnancy haemorrhage NOS 41122 
L12..00 Hypertension complicating pregnancy/childbirth/puerperium 9170 
L120.00 Benign essential hypertension in pregnancy/childbirth/puerp 12604 
L121.00 Renal hypertension in pregnancy/childbirth/puerperium 93143 
L121000 Renal hypertension in pregnancy/childbirth/puerp unspecified 64127 
L121100 Renal hypertension in pregnancy/childbirth/puerp - delivered 71717 
L121z00 Renal hypertension in pregnancy/childbirth/puerperium NOS 94718 
L123.00 Transient hypertension of pregnancy 20439 
L123000 Transient hypertension of pregnancy unspecified 55338 
L123100 Transient hypertension of pregnancy - delivered 54942 
L123200 Transient hypertension of pregnancy - deliv with p/n comp 67035 
L123300 Transient hypertension of pregnancy - not delivered 71730 
L123400 Transient hypertension of pregnancy + postnatal complication 70342 
L123600 Transient hypertension of pregnancy 38882 
L123z00 Transient hypertension of pregnancy NOS 35646 
L126500 Eclampsia in pregnancy 39117 
L12B.00 Proteinuric hypertension of pregnancy 34173 
L12z.00 Unspecified hypertension in pregnancy/childbirth/puerperium 40723 
L13..00 Excessive pregnancy vomiting 10185 
L13..12 Hyperemesis of pregnancy 15061 
L132.00 Late vomiting of pregnancy 65555 
L132000 Late pregnancy vomiting unspecified 69011 
L132100 Late pregnancy vomiting - delivered 70476 
L132200 Late pregnancy vomiting - not delivered 72019 
L132z00 Late pregnancy vomiting NOS 101518 
L13y.00 Other pregnancy vomiting 27833 
L13y000 Other pregnancy vomiting unspecified 41504 
L13y200 Other pregnancy vomiting - not delivered 99247 
L13yz00 Other pregnancy vomiting NOS 41625 
L13z.00 Unspecified pregnancy vomiting 11760 
L13z000 Unspecified pregnancy vomiting unspecified 73559 
L13z100 Unspecified pregnancy vomiting - delivered 73535 
L13z200 Unspecified pregnancy vomiting - not delivered 53661 
L13zz00 Unspecified pregnancy vomiting NOS 56451 
L15..00 Prolonged or post-term pregnancy 24170 
L15..11 Post-term pregnancy 23995 
L150.00 Post-term pregnancy 23373 
L150000 Post-term pregnancy unspecified 67698 
L150100 Post-term pregnancy - delivered 30948 
L150200 Post-term pregnancy - not delivered 67728 
L150z00 Post-term pregnancy NOS 37163 







 


52 
 


L15z.00 Prolonged pregnancy NOS 35855 
L16..00 Other pregnancy complication NEC 27740 
L161.00 Oedema or excessive weight gain in pregnancy no hypertension 28107 
L161.11 Excessive weight gain in pregnancy 12521 
L161000 Oedema or excessive weight gain in pregnancy, unspecified 53921 
L161300 Oedema or excessive weight gain in pregnancy - not delivered 61563 
L161z00 Oedema or excessive weight gain in pregnancy NOS 61835 
L162.00 Unspecified renal disease in pregnancy 47080 
L162.11 Albuminuria in pregnancy without hypertension 23334 
L162.12 Nephropathy NOS in pregnancy without hypertension 38312 
L162.13 Uraemia in pregnancy without hypertension 92579 
L162000 Unspecified renal disease in pregnancy unspecified 54938 
L162100 Unspecified renal disease in pregnancy - delivered 96724 
L163300 Pregnancy care of habitual aborter 24944 
L164.00 Peripheral neuritis in pregnancy 65256 
L165.00 Asymptomatic bacteriuria in pregnancy 31162 
L165200 Asymptomatic bacteriuria in pregnancy - del with p/n comp 98264 
L165300 Asymptomatic bacteriuria in pregnancy - not delivered 105943 
L165z00 Asymptomatic bacteriuria in pregnancy NOS 107225 
L166.00 Genitourinary tract infections in pregnancy 67975 
L166.11 Cystitis of pregnancy 2602 
L166000 Genitourinary tract infection in pregnancy unspecified 27451 
L166100 Genitourinary tract infection in pregnancy - delivered 16017 
L166300 Genitourinary tract infection in pregnancy - not delivered 15418 
L166400 Genitourinary tract infection in pregnancy with p/n comp 98981 
L166500 Infections of kidney in pregnancy 3029 
L166700 Infections of the genital tract in pregnancy 27980 
L166800 Urinary tract infection complicating pregnancy 6649 
L166z00 Genitourinary tract infection in pregnancy NOS 15634 
L166z11 UTI - urinary tract infection in pregnancy 14644 
L167.00 Liver disorder in pregnancy 18258 
L167000 Liver disorder in pregnancy unspecified 62358 
L167100 Liver disorder in pregnancy - delivered 57419 
L167200 Liver disorder in pregnancy - not delivered 54677 
L167z00 Liver disorder in pregnancy NOS 36421 
L168.00 Fatigue during pregnancy 52583 
L168000 Fatigue during pregnancy unspecified 64099 
L168100 Fatigue during pregnancy - delivered 68930 
L168300 Fatigue during pregnancy - not delivered 99980 
L168400 Fatigue during pregnancy with postnatal complication 99956 
L168z00 Fatigue during pregnancy NOS 73727 
L16A.00 Glycosuria during pregnancy 5693 
L16A000 Glycosuria during pregnancy unspecified 58142 
L16A100 Glycosuria during pregnancy - delivered 70149 
L16A200 Glycosuria during pregnancy - delivered with p/n comp 99889 
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L16A300 Glycosuria during pregnancy - not delivered 63751 
L16Az00 Glycosuria during pregnancy NOS 70993 
L16C.00 Pregnancy induced oedema+proteinuria without hypertension 36394 
L16D.00 Excessive weight gain in pregnancy 43000 
L16E.00 Pregnancy pruritus 16775 
L16y.00 Other pregnancy complications 42015 
L16y000 Other pregnancy complication unspecified 53849 
L16y100 Other pregnancy complication - delivered 71162 
L16y200 Other pregnancy complication - delivered with postnatal comp 55757 
L16y300 Other pregnancy complication - not delivered 64292 
L16y400 Other pregnancy complication with postnatal complication 94527 
L16y500 Abdominal pain in pregnancy 3191 
L16yz00 Other pregnancy complication NOS 25872 
L16z.00 Pregnancy complication NOS 36006 
L170.00 Maternal syphilis in pregnancy/childbirth/puerperium 54761 
L170100 Maternal syphilis during pregnancy - baby delivered 66537 
L170300 Maternal syphilis during pregnancy - baby not yet delivered 112122 
L170z00 Maternal syphilis in pregnancy/childbirth/puerperium NOS 107197 
L171.00 Maternal gonorrhoea during pregnancy/childbirth/puerperium 41961 
L171100 Maternal gonorrhoea during pregnancy - baby delivered 112125 
L171z00 Maternal gonorrhoea in pregnancy/childbirth/puerperium NOS 112128 
L172.00 Other venereal diseases in pregnancy/childbirth/puerperium 23691 
L172000 Other maternal venereal disease, unspec pregnancy/puerperium 86991 
L172100 Other maternal venereal disease during pregnancy- baby deliv 112129 
L172300 Other maternal venereal dis. in pregnancy-baby not delivered 112131 
L172z00 Other mat. venereal dis. in pregnancy/childbirth/puerp. NOS 112133 
L173.00 Maternal tuberculosis in pregnancy/childbirth/puerperium 99188 
L173000 Maternal tuberculosis,unspec whether in pregnancy/puerperium 58140 
L175.00 Maternal rubella in pregnancy, childbirth and the puerperium 42598 
L175.11 Rubella contact in pregnancy 2937 
L175100 Maternal rubella during pregnancy - baby delivered 64649 
L175300 Maternal rubella during pregnancy - baby not yet delivered 55889 
L176.00 Other maternal viral dis. in pregnancy/childbirth/puerperium 72944 
L176100 Other maternal viral disease in pregnancy - baby delivered 106517 
L176300 Other maternal viral dis.in pregnancy-baby not yet delivered 103104 
L176500 Viral hepatitis comp pregnancy, childbirth & the puerperium 59573 
L177.00 Infections of bladder in pregnancy 47608 
L178.00 Infections of urethra in pregnancy 53490 
L179.00 HIV disease complicating pregnancy childbirth puerperium 104466 
L17z.00 Maternal infect/parasitic dis NOS in pregnancy/childb/puerp 59910 
L18..00 Other medical condition in pregnancy/childbirth/puerperium 44069 
L180.00 Diabetes mellitus during pregnancy/childbirth/puerperium 11359 
L180100 Diabetes mellitus during pregnancy - baby delivered 34639 
L180300 Diabetes mellitus during pregnancy - baby not yet delivered 49559 
L180800 Diabetes mellitus arising in pregnancy 10278 







 


54 
 


L180z00 Diabetes mellitus in pregnancy/childbirth/puerperium NOS 64384 
L181.00 Thyroid dysfunction in pregnancy/childbirth/puerperium 47686 
L181000 Thyroid dysfunction - unspec whether in pregnancy/puerperium 110868 
L181100 Thyroid dysfunction during pregnancy - baby delivered 100670 
L181300 Thyroid dysfunction in pregnancy - baby not yet delivered 91888 
L182.00 Anaemia during pregnancy, childbirth and the puerperium 1771 
L182000 Anaemia - unspecified whether in pregnancy or the puerperium 15633 
L182100 Anaemia during pregnancy - baby delivered 33708 
L182300 Anaemia during pregnancy - baby not yet delivered 21119 
L182500 Iron deficiency anaemia of pregnancy 1668 
L182z00 Anaemia during pregnancy/childbirth/puerperium NOS 33634 
L183.00 Drug dependence in pregnancy, childbirth and the puerperium 41473 
L183.11 Pregnancy and drug dependence 64500 
L183100 Drug dependence during pregnancy - baby delivered 63379 
L183300 Drug dependence during pregnancy - baby not yet delivered 67098 
L183z00 Drug dependence during pregnancy/childbirth/puerperium NOS 96004 
L184.00 Mental disorders in pregnancy, childbirth and the puerperium 46756 
L184300 Mental disorder during pregnancy - baby not yet delivered 109465 
L185.11 Congenital heart disease in pregnancy 61935 
L185100 Congenital cardiovasc dis in pregnancy - baby delivered 69703 
L186.00 Other cardiovascular diseases in pregnancy/childbirth/puerp 58982 
L186.11 Heart disease during pregnancy 66594 
L187.00 Orthopaedic disorders in pregnancy/childbirth/puerperium 41283 
L187000 Orthopaedic disorder - unsp whether in pregnancy/puerperium 99422 
L187300 Orthopaedic disorder in pregnancy - baby not yet delivered 57059 
L188.00 Abnormal glucose tolerance test in pregnancy/childb/puerp 6478 
L188100 Abnormal GTT during pregnancy - baby delivered 68215 
L188300 Abnormal GTT during pregnancy - baby not yet delivered 53167 
L188z00 Abnormal GTT in pregnancy/childbirth/puerperium NOS 73557 
L189.00 Dis resp syst comp pregnancy, childbirth & puerperium 54681 
L18A000 Cholestasis of pregnancy 26286 
L18C.00 Endocrine nutrition+metab dis complic pregn,childbirth+puerp 24951 
L18D.00 Dis nervous syst complic pregnancy,childbirth and puerperium 64260 
L18z.00 Medical condition NOS in pregnancy/childbirth/puerperium 43754 
L18z100 Medical condition NOS during pregnancy - baby delivered 73432 
L18z300 Medical condition NOS in pregnancy - baby not yet delivered 67164 
L18zz00 Medical condition NOS in pregnancy/childb/puerp NOS 69911 
L191.00 Continuing pregnancy after abortion of one fetus or more 44770 
L1y..00 Complications of pregnancy/childbirth/puerperium OS 41718 
L1z..00 Complications of pregnancy/childbirth/puerperium NOS 53310 
L2...00 Risk factors in pregnancy 10261 
L21..00 Multiple pregnancy 15433 
L210.00 Twin pregnancy 1130 
L210000 Twin pregnancy unspecified 54577 
L210100 Twin pregnancy - delivered 1357 
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L210200 Twin pregnancy with antenatal problem 61284 
L210z00 Twin pregnancy NOS 41587 
L211.00 Triplet pregnancy 20197 
L211000 Triplet pregnancy unspecified 61576 
L211100 Triplet pregnancy - delivered 61182 
L211z00 Triplet pregnancy NOS 94473 
L212.00 Quadruplet pregnancy 34938 
L212200 Quadruplet pregnancy with antenatal problem 51956 
L212z00 Quadruplet pregnancy NOS 72014 
L21y.00 Other multiple pregnancy 69599 
L21y200 Other multiple pregnancy with antenatal problem 107713 
L21z.00 Multiple pregnancy NOS 105511 
L21zz00 Multiple pregnancy NOS 106170 
L228.00 Multiple pregnancy with malpresentation 49502 
L24..00 Pelvic soft tissue abnormality in pregnancy/childbirth/puerp 60154 
L240.11 Bicornuate uterus in pregnancy, childbirth and puerperium 28225 
L240.12 Double uterus in pregnancy, childbirth and the puerperium 49789 
L240z00 Congenital abnormality uterus in pregnancy/childb/puerp NOS 92362 
L240z11 Bicornuate uterus in pregnancy, childbirth or puerperium NOS 56542 
L241.00 Tumour of uterine body in pregnancy/childbirth/puerperium 53141 
L241.11 Uterine fibroids in pregnancy, childbirth and the puerperium 45242 
L241z00 Uterine body tumour in pregnancy/childbirth/puerperium NOS 72215 
L241z11 Uterine fibroid in pregnancy/childbirth/puerperium NOS 51639 
L242.00 Uterine scar from previous surgery in pregnancy/childb/puerp 50908 
L242100 Uterine operation scar in pregnancy/childbirth/puerp - deliv 97836 
L242z00 Uterine operation scar in pregnancy/childbirth/puerp NOS 57640 
L244.11 Cystocele in pregnancy, childbirth and the puerperium 20850 
L244.12 Pendulous abdomen in pregnancy,childbirth and the puerperium 35903 
L244.13 Rectocele in pregnancy, childbirth and the puerperium 39492 
L244z11 Cystocele in pregnancy, childbirth or the puerperium NOS 39550 
L244z12 Rectocele in pregnancy, childbirth or the puerperium NOS 64147 
L246.00 Other cervical abnormality in pregnancy/childbirth/puerp 38871 
L246.11 Polyp of cervix in pregnancy, childbirth and the puerperium 53056 
L246z00 Other cervical abnormality in pregnancy/childbirth/puerp NOS 97629 
L246z11 Polyp of cervix in pregnancy/childbirth/puerperium NOS 33255 
L246z12 Stenosis of cervix in pregnancy/childbirth/puerperium NOS 101499 
L247.11 Septate vagina in pregnancy, childbirth and the puerperium 41016 
L247.13 Vaginal abnormality in pregnancy/childbirth/puerperium 40262 
L247z00 Vaginal abnormality in pregnancy/childbirth/puerperium NOS 73757 
L247z11 Septate vagina in pregnancy/childbirth/puerperium NOS 63835 
L248.11 Persistent hymen in pregnancy, childbirth and the puerperium 88361 
L248.13 Vulval abnormality in pregnancy/childbirth/puerperium 31610 
L248z00 Vulval abnormality in pregnancy/childbirth/puerperium NOS 72437 
L248z11 Persistent hymen in pregnancy/childbirth/puerperium NOS 103222 
L263800 Maternal care for fetal decelerations during pregnancy 60877 
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L263900 Maternal care for fetal tachycardia during pregnancy 12230 
L263A00 Maternal care for fetal bradycardia during pregnancy 26055 
L263A11 Maternal care for reduced fetal heart rate during pregnancy 45413 
L265.00 Small-for-dates fetus in pregnancy 23495 
L266.00 Large-for-dates fetus in pregnancy 23751 
L2B..00 Low weight gain in pregnancy 49407 
L2C..00 Malnutrition in pregnancy 67893 
L2D..00 Retained intrauterine contraceptive device in pregnancy 40357 
L2y..00 Other specified risk factors in pregnancy 26866 
L2z..00 Risk factors in pregnancy NOS 23438 
L385.00 Failed or difficult intubation during pregnancy 39359 
L398200 Caesarean section - pregnancy at term 863 
L41..00 Venous complications of pregnancy and the puerperium 46744 
L410.00 Varicose veins of legs in pregnancy and the puerperium 16046 
L410000 Varicose veins of legs in pregnancy/puerperium unspecified 99154 
L410400 Varicose veins of legs in pregnancy/puerperium + p/n comp 47197 
L410500 Varicose veins of legs in pregnancy 53685 
L410z00 Varicose veins of legs in pregnancy and puerperium NOS 63781 
L411.00 VV's of perineum/vulva in pregnancy/puerperium 25759 
L411000 VV's of perineum/vulva in pregnancy/puerperium unspecified 71943 
L411300 VV's of perineum/vulva in pregnancy/puerperium + a/n comp 26023 
L411500 Genital varices in pregnancy 59588 
L411511 Perineal varices in pregnancy 99237 
L411512 Vaginal varices in pregnancy 59634 
L411513 Vulval varices in pregnancy 96757 
L411z00 Varicose veins of perineum/vulva in pregnancy/puerperium NOS 42091 
L412.00 Superficial thrombophlebitis in pregnancy and the puerperium 23456 
L412000 Superficial thrombophlebitis in pregnancy/puerperium unsp 35652 
L412500 Superficial thrombophlebitis in pregnancy 64366 
L412511 Thrombophlebitis of legs in pregnancy 73914 
L412z00 Superficial thrombophlebitis in pregnancy and puerperium NOS 52106 
L415.00 Other phlebitis and thrombosis in pregnancy and puerperium 65579 
L415000 Other phlebitis/thrombosis in pregnancy/puerperium unsp 99594 
L415100 Other phlebitis/thrombosis in pregnancy/puerperium - deliv 107708 
L415500 Other phlebitis in pregnancy 111540 
L416.00 Haemorrhoids in pregnancy and the puerperium 6560 
L416000 Haemorrhoids in pregnancy and the puerperium unspecified 56217 
L416100 Haemorrhoids in pregnancy and the puerperium - delivered 63773 
L416200 Haemorrhoids in pregnancy and puerperium - deliv + p/n comp 68840 
L416300 Haemorrhoids in pregnancy and puerperium with a/n comp 103144 
L416400 Haemorrhoids in pregnancy and puerperium with p/n comp 109550 
L416600 Haemorrhoids in pregnancy 29786 
L416z00 Haemorrhoids in pregnancy and the puerperium NOS 90329 
L417000 Cerebral venous thrombosis in pregnancy 69686 
L41yz00 Other venous complication of pregnancy and puerperium NOS 105500 
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L41z.00 Venous complications of pregnancy and puerperium NOS 73311 
L41z500 Venous complication of pregnancy, unspecified 66649 
L460.00 Retracted nipple in pregnancy, the puerperium or lactation 70092 
L460000 Retracted nipple in pregnancy/puerperium/lactation unspec 73089 
L460300 Retracted nipple in pregnancy/puerperium/lact with a/n comp 99389 
L460z00 Retracted nipple in pregnancy/puerperium/lactation NOS 99365 
L461.00 Cracked nipple in pregnancy, the puerperium or lactation 28611 
L461000 Cracked nipple in pregnancy/puerperium/lactation unspecified 97741 
L461100 Cracked nipple in pregnancy/puerperium/lactation - delivered 50009 
L461200 Cracked nipple in pregnancy/puerp/lact - deliv + p/n comp 97296 
L461400 Cracked nipple in pregnancy/puerperium/lactation + p/n comp 15297 
L461z00 Cracked nipple in pregnancy, the puerperium or lactation NOS 62886 
L462.00 Breast engorgement in pregnancy, the puerperium or lactation 16995 
L462000 Breast engorgement in pregnancy/puerperium/lactation unspec 58686 
L462100 Breast engorgement in pregnancy/puerperium/lactation - deliv 57131 
L462200 Breast engorgement in pregnancy/puerp/lact - del + p/n comp 59601 
L462300 Breast engorgement in pregnancy/puerperium/lact + a/n comp 101272 
L462400 Breast engorgement in pregnancy/puerperium/lact + p/n comp 14765 
L462z00 Breast engorgement in pregnancy/puerperium/lactation NOS 38440 
L463.00 Other breast disorder in pregnancy/puerperium/lactation 61144 
L463000 Other breast disorder in pregnancy/puerperium/lact unspec 35928 
L463100 Other breast disorder in pregnancy/puerperium/lact - deliv 104806 
L463300 Other breast disorder in pregnancy/puerperium/lact +a/n comp 73717 
L463400 Other breast disorder in pregnancy/puerperium/lact +p/n comp 59269 
L463z00 Other breast disorder in pregnancy/puerperium/lactation NOS 67377 
L466.00 Galactorrhoea in pregnancy and the puerperium 4243 
L466000 Galactorrhoea in pregnancy and the puerperium unspecified 54089 
L466100 Galactorrhoea in pregnancy and the puerperium - delivered 24006 
L466300 Galactorrhoea in pregnancy/puerperium with a/n complication 69012 
L466400 Galactorrhoea in pregnancy/puerperium with p/n complication 111536 
L466z00 Galactorrhoea in pregnancy and the puerperium NOS 28312 
L511.00 Maternal care for viable fetus in abdominal pregnancy 33441 
Ly...00 Complications of pregnancy,childbirth or the puerperium OS 45870 
Ly2..00 Sequelae of complication pregnancy childbirth and puerperium 104656 
Lyu0.00 [X]Pregnancy with abortive outcome 110448 
Lyu0000 [X]Other ectopic pregnancy 53908 
Lyu0900 [X]Oth venous complicatns follow abortn+ectopic+molr pregncy 112140 
Lyu0A00 [X]Other complications follow abortn+ectopic+molar pregnancy 112141 
Lyu1.00 [X]Oedema,proteinuria+hypertens in pregnancy,childbrth,puerp 92998 
Lyu2000 [X]Other haemorrhage in early pregnancy 111849 
Lyu2100 [X]Other vomiting complicating pregnancy 72883 
Lyu2200 [X]Other venous complications in pregnancy 38771 
Lyu2400 [X]Other+unspcf genitourinary tract infection in pregnancy 100892 
Lyu2500 [X]Other specified pregnancy-related conditions 37348 
Lz...00 Complications of pregnancy,childbirth and the puerperium NOS 28446 
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M240500 Alopecia of pregnancy 60345 
Q486.00 Fetal death due to termination of pregnancy 46448 
Q48G.00 Complication termination pregnancy affecting fetus newborn 105006 
Z2...00 Pregnancy, childbirth and puerperium observations 41050 
Z21..00 Care relating to reproduction and pregnancy 25254 
Z212.11 Pregnancy care 9986 
Z22..00 Pregnancy observations 42614 
Z225.00 Normal pregnancy 35158 
Z226.00 Pregnancy problem 11422 
Z227.00 Confirmation of pregnancy 12890 
Z229.00 Observation of position of pregnancy 49519 
Z229100 Intrauterine pregnancy 22193 
Z22A.00 Observation of pattern of pregnancy 37701 
Z22A100 Low risk pregnancy 25501 
Z22A200 High risk pregnancy 22215 
Z22A211 HRP - High risk pregnancy 61466 
Z22A300 Concealed pregnancy 28103 
Z22A400 Early stage of pregnancy 9754 
Z22A500 Biochemical pregnancy 50440 
Z22A600 Teenage pregnancy 40633 
Z22A700 Surrogate pregnancy 40978 
Z22A800 Undiagnosed pregnancy 47489 
Z22A900 Unwanted pregnancy 50421 
Z22AA00 Wanted pregnancy 30365 
Z22AB00 Unplanned pregnancy 30618 
Z22AB11 Accidental pregnancy 52048 
Z22AC00 Pregnancy with uncertain dates 26201 
Z22AD00 Presentation of pregnancy 32493 
Z22AD11 Reported conception - pregnancy 25131 
Z22B.00 Observation of quantity of pregnancy 67863 
Z22B100 Single pregnancy 22557 
Z22B500 Quintuplet pregnancy 93895 
Z22B800 Undiagnosed multiple pregnancy 40825 
Z22B900 Continuing pregnancy after abortion of sibling fetus 37573 
Z22BA00 Contin pregnancy after intrauterine death of sibling fetus 59313 
Z22C.00 Observation of measures of pregnancy 68694 
Z22C311 Pregnancy duration 45965 
Z22C313 Duration of pregnancy 53097 
Z22C314 Weeks pregnant 10306 
Z22CF00 Date symptom of pregnancy first noted 38022 
Z22D.00 Observation of viability of pregnancy 45729 
Z22D100 Viable pregnancy 18500 
Z22D300 Uncertain viability of pregnancy 53514 
Z22D311 Query viability of pregnancy 54288 
Z235.00 Observation of shape of pregnant abdomen 64247 
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Z235100 Ovoid pregnant abdomen 93800 
Z235200 Rounded pregnant abdomen 91254 
Z235211 Globular pregnant abdomen 109932 
Z235300 Transversely enlarged pregnant abdomen 59650 
Z235400 Pendulous pregnant abdomen 56953 
Z236300 Pregnant uterus displaced laterally 107698 
Z23D100 Girth of pregnant abdomen 37038 
Z23D200 Pregnant abdomen observation 10173 
Z254500 Delivered by caesarean section - pregnancy at term 7916 
ZV13900 [V]PH comp of pregnancy, childbirth and the puerperium 27952 
ZV22.00 [V]Normal pregnancy 6184 
ZV22.11 [V]Supervision of normal pregnancy 55730 
ZV22000 [V]First normal pregnancy supervision 38346 
ZV22100 [V]Other normal pregnancy supervision 56252 
ZV22200 [V]Pregnancy confirmed 35912 
ZV22300 [V]Pregnant state, incidental 16611 
ZV22400 [V]Supervision of other normal pregnancy 93303 
ZV22y00 [V]Other specified pregnant state 23831 
ZV22z00 [V]Unspecified pregnant state 46270 
ZV23.00 [V]High-risk pregnancy supervision 21196 
ZV23000 [V]Pregnancy with history of infertility 52685 
ZV23100 [V]Pregnancy with history of trophoblastic disease 48534 
ZV23111 [V]Pregnancy with history of hydatidiform mole 44057 
ZV23200 [V]Pregnancy with history of abortion 65834 
ZV23400 [V]Pregnancy with other poor obstetric history 26852 
ZV23600 [V]Supervisn/pregnancy wth history insufficnt antenatal care 55618 
ZV23800 [V]Supervision of high-risk pregnancy due to social problems 6580 
ZV23y00 [V]Other specified high-risk pregnancy 54701 
ZV23z00 [V]Unspecified high-risk pregnancy 69722 
ZV25311 [V]Admission for termination of pregnancy (TOP) 20910 
ZV25313 [V]Admission for termination of pregnancy 20621 
ZV4J000 [V]Problems related to unwanted pregnancy 20623 
ZV61800 [V]Illegitimate pregnancy 43344 
ZV61900 [V]Other unwanted pregnancy 15033 
ZV72900 [V]Pregnancy examination and test 16752 
ZVu2300 [X]Supervision of other normal pregnancy 105694 
L124.00 Mild or unspecified pre-eclampsia 9429 
L124.11 Mild pre-eclampsia 14867 
L124000 Mild or unspecified pre-eclampsia unspecified 57233 
L124100 Mild or unspecified pre-eclampsia - delivered 49893 
L124200 Mild or unspecified pre-eclampsia - delivered with p/n comp 66860 
L124300 Mild or unspecified pre-eclampsia - not delivered 27800 
L124400 Mild or unspecified pre-eclampsia with p/n complication 48347 
L124500 Mild pre-eclampsia 16879 
L124600 Pre-eclampsia, unspecified 8744 
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L124z00 Mild or unspecified pre-eclampsia NOS 59124 
L125.00 Severe pre-eclampsia 9067 
L125000 Severe pre-eclampsia unspecified 40686 
L125100 Severe pre-eclampsia - delivered 42088 
L125200 Severe pre-eclampsia - delivered with postnatal complication 62919 
L125300 Severe pre-eclampsia - not delivered 67447 
L125400 Severe pre-eclampsia with postnatal complication 62916 
L125z00 Severe pre-eclampsia NOS 40730 
L126.00 Eclampsia 12090 
L126000 Eclampsia unspecified 55986 
L126100 Eclampsia - delivered 16421 
L126200 Eclampsia - delivered with postnatal complication 70487 
L126300 Eclampsia - not delivered 3364 
L126400 Eclampsia with postnatal complication 70891 
L126500 Eclampsia in pregnancy 39117 
L126600 Eclampsia in labour 44306 
L126z00 Eclampsia NOS 67287 
L127.00 Pre-eclampsia or eclampsia with pre-existing hypertension 43664 
L127000 Pre-eclampsia or eclampsia with hypertension unspecified 47741 
L127100 Pre-eclampsia or eclampsia with hypertension - delivered 42947 
L127200 Pre-eclampsia or eclampsia with hypertension - del+p/n comp 90577 
L127300 Pre-eclampsia or eclampsia with hypertension - not delivered 53160 
L127400 Pre-eclampsia or eclampsia with hypertension + p/n comp 105933 
L127z00 Pre-eclampsia or eclampsia + pre-existing hypertension NOS 93055 
L129.00 Moderate pre-eclampsia 17805 
62X..00 Length of gestation 18810 
62X0.00 Gestation <24 weeks 26555 
62X1.00 Gestation = 24 weeks 34484 
62X2.00 Gestation >24 weeks 26556 
62X3.00 Full term gestation - 40 weeks 34505 
62X4.00 Length of gestation at birth 40859 
62X5.00 Length of gestation at time of test 103954 
62X6.00 Gestation less than 28 weeks 111755 
66Ay.00 Gestational diabetes mellitus annual review 104588 
7M0f.00 Gestational age 55352 
7M0f000 Over 20 weeks gestational age 86327 
7M0f100 14 - 20 weeks gestational age 95703 
7M0f200 9 - 13 weeks gestational age 90884 
7M0f300 Under 9 weeks gestational age 95702 
7M0f400 From 9 weeks to <14 weeks gestational age 91915 
7M0fy00 Other specified gestational age 97682 
7M0fz00 Gestational age NOS 91101 
8CE0000 Gestational diabetes information leaflet given 102435 
L123500 Gestational hypertension 21526 
L140200 False labour at or after 37 completed weeks of gestation 54596 
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L161.13 Gestational oedema 29565 
L169.00 Herpes gestationis 7515 
L169000 Herpes gestationis unspecified 69250 
L169100 Herpes gestationis - delivered 103173 
L169200 Herpes gestationis - delivered with postnatal complication 71876 
L169300 Herpes gestationis - not delivered 54082 
L169400 Herpes gestationis with postnatal complication 100157 
L169z00 Herpes gestationis NOS 40703 
L16C000 Gestational proteinuria 34265 
L16C100 Gestational oedema with proteinuria 37201 
L180811 Gestational diabetes mellitus 8446 
L180900 Gestational diabetes mellitus 2664 
L19..00 Complications specific to multiple gestation 60330 
L21..11 Gestation - multiple 16975 
L41z511 Gestational phlebitis NOS 59681 
L41z512 Gestational phlebopathy NOS 50081 
L41z513 Gestational thrombosis NOS 58971 
Lyu3000 [X]Other multiple gestation 103090 
Q11..00 Short gestation and unspecified low birthweight problems 15563 
Q113.00 Light for gestational age 50704 
Q12..00 Disorders relating to long gestation and high birthweight 47155 
Q13..00 Light for gestational age 43004 
Z22C300 Length of gestation 22385 
Z22C312 Duration of gestation 43805 
Z261.00 Observation of gestational sac 48311 
Z261100 Gestational sac present 49663 
Z261200 Gestational sac absent 60434 
ZC2CB00 Dietary advice for gestational diabetes 108013 


 
Ribavirin/Dapsone related codes, 3 months prior to the index date 
Read Codes Description Medcode 
TJ18400 Adverse reaction to dapsone 40854 
TJ17200 Adverse reaction to tribavirin 93940 
U60111C [X] Adverse reaction to dapsone 68020.00 
U601514 [X] Adverse reaction to ribavirin 91722 
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Product codes using the structured data component of the therapy CPRD table (prodcode) for 
Exclusion Criteria-Therapy 
 
Anti-psychotic medication, 3 months prior to the index date 
Product Code Drug substance name  BNF Code 
85 Prochlorperazine maleate 04020101/04065400 
227 Prochlorperazine maleate 04020101/04065400 
302 Risperidone 4020102 
329 Haloperidol 4020101 
475 Haloperidol 4020101 
588 Chlorpromazine hydrochloride 4020101 
609 Perphenazine 04020101/04060000 
631 Risperidone 4020102 
667 Risperidone 4020102 
840 Perphenazine 4020101 
1234 Prochlorperazine maleate 04020101/04065400 
1245 Trifluoperazine hydrochloride 04020101/04065400 
1249 Olanzapine 04020102/04020300 
1316 Trifluoperazine hydrochloride 04020101/04065400 
1318 Trifluoperazine hydrochloride 04020101/04065400 
1319 Zuclopenthixol dihydrochloride 4020101 
1320 Risperidone 4020102 
1321 Risperidone 4020102 
1434 Prochlorperazine maleate 04020101/04065400 
1857 Trifluoperazine hydrochloride 04020101/04065400 
1990 Prochlorperazine maleate 04020101/04065400 
2135 Sulpiride 4020101 
2154 Chlorpromazine hydrochloride 4020101 
2157 Perphenazine 04020101/04060000 
2419 Haloperidol 4020101 
2474 Chlorpromazine hydrochloride 4020101 
2540 Benperidol 4020101 
2621 Haloperidol 4020101 
2656 Olanzapine 04020102/04020300 
2786 Risperidone 4020102 
2787 Risperidone 4020102 
2972 Promazine hydrochloride 4020101 
3228 Promazine hydrochloride 4020101 
3281 Olanzapine 04020102/04020300 
3348 Chlorpromazine hydrochloride 4020101 
3671 Haloperidol 4020101 
3952 Chlorpromazine hydrochloride 4020101 
4232 Levomepromazine maleate 4020101 
4434 Chlorpromazine hydrochloride 4020101 
4820 Risperidone 4020102 
4876 Amisulpride 4020102 
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4992 Amisulpride 4020102 
5014 Levomepromazine maleate 4020101 
5039 Quetiapine fumarate 4020102 
5040 Quetiapine fumarate 4020102 
5071 Amisulpride 4020102 
5219 Risperidone 4020102 
5262 Risperidone 4020102 
5283 Quetiapine fumarate 4020102 
5545 Haloperidol 4020101 
5653 Olanzapine 04020102/04020300 
5707 Flupentixol dihydrochloride 4020101 
5712 Flupentixol dihydrochloride 4020101 
5821 Pimozide 4020101 
5927 Amisulpride 4020102 
6036 Prochlorperazine mesilate 04020101/04065400 
6109 Amisulpride 4020102 
6134 Haloperidol 4020101 
6373 Risperidone 4020102 
6443 Promazine hydrochloride 4020101 
6482 Amisulpride 4020102 
6524 Amisulpride 4020102 
6561 Aripiprazole 4020102 
6573 Aripiprazole 4020102 
6850 Olanzapine 04020102/04020300 
6864 Quetiapine fumarate 4020102 
7039 Quetiapine fumarate 4020102 
7382 Risperidone 4020102 
7390 Levomepromazine maleate 4020101 
7834 Pericyazine 4020101 
7919 Perphenazine 4020101 
8032 Pericyazine 4020101 
8046 Clozapine 4020102 
8047 Clozapine 4020102 
8153 Haloperidol 4020101 
8519 Chlorpromazine hydrochloride 4020101 
8903 Sulpiride 4020101 
8979 Haloperidol 4020101 
8985 Trifluoperazine hydrochloride 04020101/04065400 
9190 Chlorpromazine hydrochloride 4020101 
9247 Sulpiride 4020101 
9340 Risperidone 4020102 
9347 Zuclopenthixol dihydrochloride 4020101 
9475 Risperidone 4020102 
9659 Risperidone 4020102 
9686 Zuclopenthixol dihydrochloride 4020101 
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9794 Quetiapine fumarate 4020102 
10666 Sulpiride 4020101 
11531 Trifluoperazine hydrochloride 04020101/04065400 
11799 Risperidone 4020102 
11821 Risperidone 4020102 
11828 Risperidone 4020102 
11938 Amisulpride 4020102 
12195 Pericyazine 4020101 
12387 Haloperidol 4020101 
12707 Zuclopenthixol dihydrochloride 4020101 
12921 Haloperidol 4020101 
13145 Trifluoperazine hydrochloride 04020101/04065400 
13338 Haloperidol 4020101 
13368 Zuclopenthixol dihydrochloride 4020101 
13483 Haloperidol 4020101 
13484 Haloperidol 4020101 
13600 Zuclopenthixol dihydrochloride 4020101 
13607 Prochlorperazine maleate 04020101/04065400 
13820 Olanzapine 04020102/04020300 
13888 Olanzapine 04020102/04020300 
13902 Pericyazine 4020101 
14112 Clozapine 4020102 
14344 Aripiprazole 4020102 
14717 Olanzapine 04020102/04020300 
14767 Risperidone 4020102 
14789 Risperidone 4020102 
14813 Quetiapine fumarate 4020102 
14858 Aripiprazole 4020102 
14859 Quetiapine fumarate 4020102 
15047 Pimozide 4020101 
16006 Risperidone 4020102 
16407 Olanzapine 04020102/04020300 
16425 Risperidone 4020102 
16434 Risperidone 4020102 
16489 Risperidone 4020102 
16561 Aripiprazole 4020102 
16575 Aripiprazole 4020102 
16768 Amisulpride 4020102 
16908 Risperidone 4020102 
16986 Risperidone 4020102 
17634 Promazine hydrochloride 4020101 
17958 Clozapine 4020102 
18013 Quetiapine fumarate 4020102 
18024 Olanzapine 04020102/04020300 
18132 Aripiprazole 4020102 
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18181 Sulpiride 4020101 
18352 Sulpiride 4020101 
18453 Olanzapine 04020102/04020300 
19976 Olanzapine 04020102/04020300 
21199 Clozapine 4020102 
21709 Quetiapine fumarate 4020102 
21964 Olanzapine 04020102/04020300 
22660 Haloperidol 4020101 
23678 Haloperidol 4020101 
24069 Sulpiride 4020101 
24358 Aripiprazole 4020102 
26544 Amisulpride 4020102 
29540 Olanzapine 04020102/04020300 
29879 Aripiprazole 4020102 
30487 Clozapine 4020102 
31098 Aripiprazole 4020102 
31576 Amisulpride 4020102 
32064 Prochlorperazine maleate 04020101/04065400 
32076 Aripiprazole 4020102 
32551 Prochlorperazine maleate 04020101/04065400 
32772 Prochlorperazine maleate 04020101/04065400 
32876 Prochlorperazine maleate 04020101/04065400 
33883 Olanzapine 04020102/04020300 
34344 Prochlorperazine maleate 04020101/04065400 
34668 Chlorpromazine hydrochloride 4020101 
34736 Chlorpromazine hydrochloride 4020101 
34810 Sulpiride 4020101 
35141 Risperidone 4020102 
35548 Risperidone 4020102 
35589 Risperidone 4020102 
35953 Risperidone 4020102 
36116 Paliperidone 4020102 
36163 Olanzapine 04020102/04020300 
36771 Haloperidol 4020101 
37501 Paliperidone 4020102 
37606 Aripiprazole 4020102 
37717 Paliperidone 4020102 
38080 Aripiprazole 4020102 
38089 Promazine hydrochloride 4020101 
38840 Quetiapine fumarate 4020102 
38885 Quetiapine Fumarate 4020102 
38906 Quetiapine fumarate 4020102 
38912 Quetiapine fumarate 4020102 
38913 Quetiapine Fumarate 4020102 
38914 Quetiapine fumarate 4020102 
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38937 Quetiapine fumarate 4020102 
39237 Quetiapine fumarate 4020102 
39830 Pericyazine 4020101 
39887 Prochlorperazine maleate 04020101/04065400 
40001 Prochlorperazine mesilate 04020101/04065400 
40390 Promazine hydrochloride 4020101 
40586 Clozapine 4020102 
40587 Clozapine 4020102 
40779 Quetiapine fumarate 4020102 
40932 Quetiapine fumarate 4020102 
41663 Trifluoperazine hydrochloride 04020101/04065400 
41714 Amisulpride 4020102 
42242 Clozapine 4020102 
43423 Sulpiride 4020101 
43431 Haloperidol 4020101 
44024 Quetiapine Fumarate 4020102 
44326 Quetiapine fumarate 4020102 
45810 Haloperidol 4020101 
45839 Quetiapine fumarate 4020102 
45880 Haloperidol 4020101 
46422 Olanzapine embonate monohydrate 04020102/04020200 
46764 Quetiapine Fumarate 4020102 
46871 Quetiapine fumarate 4020102 
46889 Amisulpride 4020102 
47013 Haloperidol 4020101 
47063 Olanzapine 04020102/04020300 
47093 Olanzapine 04020102/04020300 
47098 Olanzapine 04020102/04020300 
47103 Olanzapine 04020102/04020300 
47149 Haloperidol 4020101 
47808 Haloperidol 4020101 
49606 Levomepromazine maleate 4020101 
49696 Quetiapine fumarate 4020102 
50214  04020102/04020300 
52940  4020102 
53556 Olanzapine 04020102/04020300 
54483 Quetiapine fumarate 4020102 
55011 Chlorpromazine hydrochloride 4020101 
55622  04020102/04020300 
56072 Olanzapine 04020102/04020300 
56143  04020102/04020300 
56265 Olanzapine 04020102/04020300 
57160 Olanzapine 04020102/04020300 
57412 Quetiapine fumarate 4020102 
57550 Chlorpromazine hydrochloride 4020101 
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58702 Chlorpromazine hydrochloride 4020101 
60908  04020101/04065400 
61075  4020102 
61103 Olanzapine 04020102/04020300 
61575 Quetiapine fumarate 4020102 
61650  4020102 
61746 Quetiapine fumarate 4020102 
61747 Quetiapine fumarate 4020102 
61748 Quetiapine fumarate 4020102 
62387 Lurasidone hydrochloride 4020102 
62463 Lurasidone hydrochloride 4020102 
62517 Lurasidone hydrochloride 4020102 
62924  4020102 
62943 Quetiapine fumarate 4020102 
63049  4020102 
63087 Quetiapine fumarate 4020102 
63133 Quetiapine fumarate 4020102 
63351 Quetiapine fumarate 4020102 
63359 Quetiapine fumarate 4020102 
63363 Quetiapine fumarate 4020102 
63364 Quetiapine fumarate 4020102 
63389  4020102 
63797  4020102 
64216 Trifluoperazine hydrochloride 04020101/04065400 
65671 Aripiprazole 4020102 
67247 Chlorpromazine hydrochloride 4020101 
67717 Lurasidone hydrochloride 4020102 
67799 Promazine hydrochloride 4020101 
67805 Trifluoperazine hydrochloride 04020101/04065400 
67820  4020101 


 
HIV medication, any time prior to the index date 
Product Code Drug substance name  BNF Code 
7232 Indinavir sulfate 05030100/05030151 
7233 Zidovudine/Lamivudine 05030150 
7353 Ritonavir 00000000 
7354 Saquinavir mesilate 05030151 
12957 Zidovudine 05030150 
13577 Zidovudine 05030150 
14609 Lamivudine 05030150 
15018 Didanosine 05030150 
15113 Lamivudine 05030150 
15858 Stavudine 05030150 
15859 Efavirenz 05030152 
16005 Abacavir sulfate 05030150 
16065 Atazanavir sulfate 05030151 
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16066 Didanosine 05030150 
16077 Efavirenz 05030152 
16078 Tenofovir disoproxil 05030150 
16079 Emtricitabine 05030150 
16518 Nelfinavir mesilate 05030151 
18514 Lamivudine/Zidovudine 05030150 
19234 Nevirapine 05030100 
21334 Efavirenz 05030152 
22218  00000000 
23098 Atazanavir sulfate 05030151 
23100 Lamivudine 05030150 
23101 Didanosine 05030150 
24547 Lamivudine/Zidovudine/Abacavir Sulphate 05030150 
26173 Zidovudine 05030150 
26509 Stavudine 05030150 
26935 Nevirapine 05030100 
27705 Didanosine 05030150 
27707 Stavudine 05030150 
28507 Saquinavir mesilate 05030151 
29485 Lamivudine 113110800 
29487 Lamivudine 05030100 
30943 Stavudine 05030150 
30998 Abacavir sulfate 05030150 
31058 Didanosine 05030150 
31111 Nevirapine hemihydrate 05030100 
31451 Nelfinavir mesilate 00000000 
31678 Zidovudine 05030150 
31907 Indinavir sulfate 05030150/05030151 
32275 Ritonavir/Lopinavir 00000000 
32281 Ritonavir/Lopinavir 05030151 
32721 Didanosine 00000000 
33277 Efavirenz 05030152 
33607 Lamivudine 00000000 
33797 Tenofovir Disoproxil Fumarate/emtricitabine 05030150 
33889 Stavudine 00000000 
33943 Zalcitabine 00000000 
35483 Enfuvirtide 05030153 
35801 Abacavir/Lamivudine 05030150 
36717 Fosamprenavir calcium 05030151 


37929 
Tenofovir Disoproxil 
Fumarate/Efavirenz/Emtricitabine 05030150/05030152 


38372 Darunavir ethanolate 00000000 
38541 Atazanavir sulfate 05030151 
40455 Darunavir ethanolate 05030151 
40456 Raltegravir 75130100 
40757 Darunavir ethanolate 05030151 
41160 Atazanavir sulfate 05030151 
41352 Lamivudine/Abacavir Sulphate 05030150 
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41469 Maraviroc 05030153 
42352 Zidovudine 05030150 
42361 Didanosine 05030150 
43370 Lopinavir/Ritonavir 05030151 
44244 Enfuvirtide 05030153 
44383 Ritonavir 05030151 
45630 Ritonavir 05030151 
45755 Zalcitabine 00000000 
47283 Darunavir Ethanolate 05030151 
47338 Maraviroc 05030153 
55053 Indinavir sulfate 05030100/05030151 
56125  05030151 
56555  00000000 
56920 Raltegravir 05030153 
57149  05030150 
57184 Darunavir ethanolate 05030151 


57785 
Emtricitabine/Tenofovir disoproxil fumarate/Rilpivirine 
hydrochloride 05030100 


57893 Raltegravir 05030153 
58805 Nevirapine 05030100 
59022  05030100 
59227  05030100 
59532 Tenofovir Disoproxil Fumarate/Emtricitabine 05030150/05030300 
60407 Raltegravir 05030153 
60431  05030152 
62218  05030153 
62732 Tenofovir disoproxil fumarate 05030150 
63921  05030153 
64640  05030153 
64992 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030152 
68537  05030000 
68543 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030153 


68659 
Rilpivirine hydrochloride/Tenofovir alafenamide 
fumarate/Emtricitabine 05030100 


68997  05030100 
69022  05030151 


 
Glucocorticoid medication, 3 months prior to the index date3 
Product Code Drug substance name  BNF Code 


44 Prednisolone 
01050200/03020000/05011000/05040800/0603020/ 


08020200/10010201 


95 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 
229 Cortisone acetate 6030200 


557 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


578 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


955 
Prednisolone sodium 
phosphate 


01050200/03020000/05011000/05040800/06030200 
/08020200/10010201 
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1063 
Prednisolone sodium 
phosphate 6030200 


1280 Dexamethasone 06030200/64090000 


1971 
Betamethasone 
sodium phosphate 6030200 


2130 Methylprednisolone 6030200 
2368 Prednisolone 6030200 
2704 Prednisolone 01050200/03020000/06030200/08020200/10010201 
2949 Prednisone 6030200 
3418 Hydrocortisone 6030200 
3557 Prednisone 6030200 
3992 Deflazacort 6030200 
4535 Hydrocortisone 6030200 
4779 Dexamethasone 06030200/64090000 
5157 Dexamethasone 6030200 
6098 Hydrocortisone 6030200 


7286 
Betamethasone 
sodium phosphate 6030200 


7548 Cortisone acetate 6030200 
8261 Methylprednisolone 6030200 
9375 Deflazacort 6030200 
9727 Prednisolone 0 
9994 Dexamethasone 06030200/64090000 
10552 Methylprednisolone 6030200 
10683 Methylprednisolone 6030200 
10684 Methylprednisolone 6030200 
10864 Betamethasone 6030200 
11149 Betamethasone 6030200 
13043 Hydrocortisone 6030200 
14172 Methylprednisolone 6030200 
15555 Methylprednisolone 6030200 


15617 
Triamcinolone 
Acetonide 6030200 


18042 Methylprednisolone 6030200 


19141 
Prednisolone sodium 
phosphate 


01050200/03020000/05011000/05040800/06030200 
/08020200/10010201 


19908 
Triamcinolone 
Acetonide 6030200 


20095 Prednisolone 6030200 
20577 Deflazacort   06030200/08020200 


21417 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 
21903 Dexamethasone 6030200 
22555 Deflazacort 6030200 


23111 
Triamcinolone 
Acetonide 6030200 


23512 Prednisolone 6030200 


24014 
Triamcinolone 
Acetonide 6030200 


25272 Prednisolone 6030200 
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27962 Prednisolone 6030200 


28375 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


29333 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


31532 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


32803 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 
33691 Prednisolone 6030200 
33990 Prednisolone 6030200 
34109 Prednisolone 6030200 


34393 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


34404 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


34452 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


34461 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


34748 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 
34880 Dexamethasone 06030200/64090000 
38022 Hydrocortisone 6030200 
41335 Deflazacort 6030200 


41515 Prednisolone 
01050200/03020000/05011000/05040800/06030200


/08020200/10010201 
44380 Prednisone 6030200 
44723 Prednisone 6030200 
46711 Prednisone 6030200 
51722 Hydrocortisone 6030200 
51824 Hydrocortisone 6030200 


58000 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


58384 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


63066 Prednisolone 
01050200/03020000/05011000/05040800/06030200 


/08020200/10010201 


66524 
Dexamethasone 
sodium phosphate 06030200/64090000 


68489 Dexamethasone 6030200 
 
Ribavirin/Dapsone medication, 3 months prior to the index date 
Product 
Code Description BNF Code 
3079 Dapsone 05011000/05040100 
6994 Dapsone 05011000/05040100 
17097  00000000 
10620  00000000 
25709 Ribavirin 05030302 
10388 Pyrimethamine/Dapsone 00000000 
15508  00000000 
36012 Ribavirin 05030302 
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15780 Ribavirin 05030300 
25724 Ribavirin 05030302 
26505  00000000 
26317 Pyrimethamine/Dapsone 05040100 
23857  00000000 
54688 Ribavirin 05030302/05030500 
62646 Dapsone 05011000/05040100 
34032 Dapsone 05011000/05040100 
65436 Ribavirin 05030302 
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Selection of codes using the structured data component of the test CPRD table (entity type/enttype) 
combined with the Read terms below for Exclusion Criteria-Test 
 
AKI/Scr entity types, >26μmol/l within 48h, or ≥50% rise of Scr in 7 days within 3 months from 
the index date 
Entity types                     (165, 166, 213, and 288) 
Read Codes Description Medcode 
44J3.00 Serum creatinine 5 
44J3000 Serum creatinine abnormal 31277 
44J3100 Serum creatinine low 35545 
44J3200 Serum creatinine normal 26903 
44J3300 Serum creatinine raised 3927 
44J3z00 Serum creatinine NOS 42345 
44JC.00 Corrected plasma creatinine level 62062 
44JD.00 Corrected serum creatinine level 45096 
44JF.00 Plasma creatinine level 13736 


 
APD/Amylase-Lipase entity types, ≥200U/L within 1 month from the index date 
Entity types                             (272. 288, and 437) 
Read Codes Description Medcode 
44C3.00 Serum lipase 44012 
44C4.00 Serum amylase (pancreatic) 14047 
44C4000 Serum amylase (pancreatic) normal 29605 
44C4100 Serum amylase (pancreatic) abnormal 45170 
44CN.00 Serum amylase level 14048 
44CT.00 Plasma amylase level 33300 
R104300 [D]Amylase, serum level raised 16138 
46T7.00 Urine amylase 14401 
4I3E.11 Amylase in sample 45619 
4Q9C.00 Amylase level 101123 


 
Blood disorders entity types, any time prior to the index date 
Entity types              (288, and 381) 
Read Codes Description Medcode 
42D4.00 RBC’s – sickle cells present 14242 
D104.00 Thalassaemia 1171 
D104100 Thalassaimia minor NEC 1174 
D104211 Sickle-cell thalassaemia 31075 
D104400 Alha trait thalassaemia 12235 
D107.00 Other haemoglobinoathies 1529 


 
HIV entity types, any time prior to the index date 
Entity types                             (288. 326, and 327) 
Read Codes Description Medcode 
43C3.00 HTLV-3 antibody positive 540 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
A788.00 Acquired immune deficiency syndrome 23770 
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Maternity/Baby Delivery entity types, 9 months after the index date 
Entity types                (487) 
Read Codes Description Medcode 
1514100 Estimated date of delivery by antenatal ultrasound scan 103787 
43Z6300 Maternal antibodies present 16962 
62S..11 Post exam. - maternal 5071 


 
Pregnancy entity types, 6 months prior to the index date 
Entity types                (174, 209, 229, 284, 320, and 487) 
Read Codes Description Medcode 
4453.00 Serum pregnancy test positive 29205 


44Cy.00 
Serum pregnancy associated plasma protein-A MoM 
measurement 85961 


4654.00 Urine pregnancy test positive 3030 
584D.00 Antenatal ultrasound confirms intra-uterine pregnancy 13968 
62…00 Patient pregnant 127 
L05..12 Termination of pregnancy 255 
L182.00 Anaemia during pregnancy, childbirth and the puerperium 1771 
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Classification of diseases necessary for the analysis: 
 
Read codes using the structured data component of the clinical CPRD table (medcode) for Kidney 
transplantation, any time prior to the index date 
 
Kidney Transplantation 
Read Codes Description Medcode 
14S2.00 H/O: kidney recipient 49028 
7B00.00 Transplantation of kidney 2997 
7B00000 Autotransplant of kidney 55151 
7B00100 Transplantation of kidney from live donor 11745 
7B00111 Allotransplantation of kidney from live donor 66705 
7B00200 Transplantation of kidney from cadaver 24361 
7B00211 Allotransplantation of kidney from cadaver 98364 
7B00212 Cadaveric renal transplant 105328 
7B00300 Allotransplantation of kidney from cadaver, heart-beating 89924 
7B00400 Allotransplantation kidney from cadaver, heart non-beating 96133 
7B00500 Allotransplantation of kidney from cadaver NEC 109455 
7B00600 Xenograft renal transplant 105787 
7B00y00 Other specified transplantation of kidney 70874 
7B00z00 Transplantation of kidney NOS 5504 
7B01500 Transplant nephrectomy 48121 
7B01511 Excision of rejected transplanted kidney 72004 
7B06300 Exploration of renal transplant 6862 
7B0F.00 Interventions associated with transplantation of kidney 93366 
7B0F100 Pre-transplantation of kidney work-up, recipient 90952 
7B0F200 Pre-transplantation of kidney work-up, live donor 96095 
7B0F300 Post-transplantation of kidney examination, recipient 103429 
7B0F400 Post-transplantation of kidney examination, live donor 94964 
7B0Fy00 OS interventions associated with transplantation of kidney 104050 
7B0Fz00 Interventions associated with transplantation of kidney NOS 104049 
K0B5.00 Renal tubulo-interstitial disordrs in transplant rejectn 48057 
Kyu1C00 [X]Renal tubulo-interstitial disorders/transplant rejection 100693 
SP08300 Kidney transplant failure and rejection 11553 
SP08D00 Acute-on-chronic rejection of renal transplant 104905 
SP08E00 Acute rejection of renal transplant - grade I 104960 
SP08F00 Acute rejection of renal transplant - grade II 107000 
SP08G00 Acute rejection of renal transplant - grade III 104630 
SP08H00 Acute rejection of renal transplant 104201 
SP08J00 Chronic rejection of renal transplant 106620 
SP08N00 Unexplained episode of renal transplant dysfunction 105724 
SP08P00 Stenosis of vein of transplanted kidney 106301 
SP08R00 Renal transplant rejection 105811 
SP08T00 Urological complication of renal transplant 107752 
SP08V00 Very mild acute rejection of renal transplant 108437 
SP08W00 Vascular complication of renal transplant 106866 
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TB00100 Kidney transplant with complication, without blame 54990 
TB00111 Renal transplant with complication, without blame 18774 
ZV42000 [V]Kidney transplanted 5911 


 
Read codes using the structured data component of the clinical CPRD table (medcode) for Dialysis 
groups, any time prior the index date 
 
Haemodialysis 
Read Codes Description Medcode 
7A60600 Creation of graft fistula for dialysis 60302 
7A61900 Ligation of arteriovenous dialysis fistula 96347 
7A61A00 Ligation of arteriovenous dialysis graft 107719 
7L1A200 Haemodialysis NEC 2996 
7L1A300 Haemofiltration 71124 
7L1f000 Extracorporeal albumin haemodialysis 102210 
G72C.00 Ruptured aneurysm of dialysis vascular access 105760 
G72D.00 Aneurysm of dialysis arteriovenous fistula 107188 
G72D100 Aneurysm of needle site of dialysis arteriovenous fistula 107220 
G72D200 Aneurysm of anastomotic site of dialysis AV fistula 105742 
Gy10.00 Stenosis of dialysis arteriovenous graft 108699 
Gy21.00 Thrombosis of dialysis arteriovenous fistula 106720 
Gy3..00 Occlusion of dialysis vascular access 108116 
Gy30.00 Occlusion of dialysis arteriovenous graft 109135 
Gy31.00 Occlusion of dialysis arteriovenous fistula 107082 
Gy40.00 Infection of dialysis arteriovenous graft 108213 
Gy41.00 Infection of dialysis arteriovenous fistula 107260 
Gy5..00 Haemorrhage of dialysis vascular access 108759 
Gy51.00 Haemorrhage of dialysis arteriovenous fistula 106975 
Gy51.00 Haemorrhage of dialysis arteriovenous fistula 106975 
Gy60.00 Rupture of dialysis arteriovenous graft 108423 
SP07G00 Stenosis of arteriovenous dialysis fistula 59315 
SP0F.00 Haemodialysis first use syndrome 108785 
SP0G.00 Anaphylactoid reaction due to haemodialysis 105436 
Z1A2.00 Haemodialysis training 74905 
Z919.00 Care of haemodialysis equipment 60446 
Z919100 Priming haemodialysis lines 72336 
Z919200 Washing back through haemodialysis lines 110072 
Z919300 Reversing haemodialysis lines 60498 


 
Peritoneal dialysis 
Read Codes Description Medcode 
4I29.00 Peritoneal dialysis sample 98888 
7L1A100 Peritoneal dialysis 2994 
7L1A400 Automated peritoneal dialysis 88597 
7L1A500 Continuous ambulatory peritoneal dialysis 30756 
7L1A600 Peritoneal dialysis NEC 64828 
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7L1B000 Insertion of ambulatory peritoneal dialysis catheter 8037 
7L1B100 Removal of ambulatory peritoneal dialysis catheter 23773 
7L1B200 Flushing of peritoneal dialysis catheter 104586 
7L1C000 Insertion of temporary peritoneal dialysis catheter 30709 
SP05613 [X] Peritoneal dialysis associated peritonitis 46438 
SP06B00 Continuous ambulatory peritoneal dialysis associated perit 101124 
SP0E.00 Disorders associated with peritoneal dialysis 107900 
SP0E100 Thrombus in peritoneal dialysis catheter 111103 
Z1A1.00 Peritoneal dialysis training 104719 
Z1A1.11 PD - Peritoneal dialysis training 110976 
Z91A.00 Peritoneal dialysis bag procedure 63502 
ZV56y11 [V]Aftercare involving peritoneal dialysis 45160 


 
Renal dialysis 
Read Codes Description Medcode 
14V2.00 H/O: renal dialysis 20196 
14V2.11 H/O: kidney dialysis 44422 
4N0..00 Dialysis fluid urea level 101736 
4N2..00 Dialysis fluid glucose level 86419 
7L1A.11 Dialysis for renal failure 11773 
7L1A000 Renal dialysis 20073 
7L1A011 Thomas intravascular shunt for dialysis 101756 
7L1B.11 Placement ambulatory dialysis apparatus - compens renal fail 36442 
Gy1..00 Stenosis of dialysis vascular access 107746 
SP01500 Mechanical complication of dialysis catheter 48639 
TA02000 Accid cut,puncture,perf,h'ge - kidney dialysis 96184 
TA22000 Failure of sterile precautions during kidney dialysis 69266 
TA22000 Failure of sterile precautions during kidney dialysis 69266 
TA42000 Mechanical failure of apparatus during kidney dialysis 111637 
TB11.00 Kidney dialysis with complication, without blame 28158 
TB11.11 Renal dialysis with complication, without blame 66714 
Z1A..00 Dialysis training 101912 
ZV45100 [V]Renal dialysis status 22252 
ZV56.00 [V]Aftercare involving intermittent dialysis 60743 
ZV56000 [V]Aftercare involving extracorporeal dialysis 99692 
ZV56011 [V]Aftercare involving renal dialysis NOS 46145 
ZV56011      [v]aftercare involving renal dialysis nos 46145 
ZV56100 [V]Preparatory care for dialysis 52088 
ZV56y00 [V]Other specified aftercare involving intermittent dialysis 63488 
ZV56z00 [V]Unspecified aftercare involving intermittent dialysis 63038 
ZVu3G00 [X]Other dialysis 69760 
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Read codes codes using the structured data component of the clinical CPRD table (medcode) for 
types of Diabetes, any time prior to the index date or 6 months after 
 
Non-diabetic hyperglycaemia/pre-Diabetes 
Read Codes Description Medcode 
C11y300  Impaired fasting glycaemia 10983 
R10D000  [D]Impaired fasting glycaemia 10791 
R10D011 [D]Impaired fasting glucose 31161 
C11y200 Impaired glucose tolerance 10921 
C11y400 Impaired glucose regulation 105434 
C313000 Glucose - galactose intolerance 9905 
C313500 Glucose intolerance 3505 
R102.00 [D]Glucose tolerance test abnormal 11818 
R10E.00 [D]Impaired glucose tolerance 10042 
C11y500 Pre-diabetes 106604 
R102.11 [D]Prediabetes 11149 


 
Type 1 Diabetes Mellitus 
Read Codes Description Medcode 
C100011 Insulin dependent diabetes mellitus 1038 
C108.00 Insulin dependent diabetes mellitus 1647 
C108.11 IDDM-Insulin dependent diabetes mellitus 18505 
C108.12 Type 1 diabetes mellitus 17858 
C108.13 Type I diabetes mellitus 24423 
C108000 Insulin-dependent diabetes mellitus with renal complications 46963 
C108011 Type I diabetes mellitus with renal complications 61344 
C108012 Type 1 diabetes mellitus with renal complications 21983 
C108100 Insulin-dependent diabetes mellitus with ophthalmic comps 49276 
C108112 Type 1 diabetes mellitus with ophthalmic complications 102740 
C108200 Insulin-dependent diabetes mellitus with neurological comps 52283 
C108211 Type I diabetes mellitus with neurological complications 49146 
C108212 Type 1 diabetes mellitus with neurological complications 61829 
C108300 Insulin dependent diabetes mellitus with multiple complicatn 52104 
C108311 Type I diabetes mellitus with multiple complications 108007 
C108400 Unstable insulin dependent diabetes mellitus 26855 
C108411 Unstable type I diabetes mellitus 60107 
C108412 Unstable type 1 diabetes mellitus 97474 
C108500 Insulin dependent diabetes mellitus with ulcer 44443 
C108511 Type I diabetes mellitus with ulcer 51957 
C108512 Type 1 diabetes mellitus with ulcer 68390 
C108600 Insulin dependent diabetes mellitus with gangrene 60499 
C108700 Insulin dependent diabetes mellitus with retinopathy 6509 
C108711 Type I diabetes mellitus with retinopathy 38161 
C108712 Type 1 diabetes mellitus with retinopathy 41049 
C108800 Insulin dependent diabetes mellitus - poor control 6791 
C108811 Type I diabetes mellitus - poor control 46850 
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C108812 Type 1 diabetes mellitus - poor control 45914 
C108900 Insulin dependent diabetes maturity onset 31310 
C108911 Type I diabetes mellitus maturity onset 63017 
C108912 Type 1 diabetes mellitus maturity onset 97446 
C108A00 Insulin-dependent diabetes without complication 56448 
C108A11 Type I diabetes mellitus without complication 95992 
C108A12 Type 1 diabetes mellitus without complication 111106 
C108B00 Insulin dependent diabetes mellitus with mononeuropathy 24694 
C108B11 Type I diabetes mellitus with mononeuropathy 99231 
C108C00 Insulin dependent diabetes mellitus with polyneuropathy 41716 
C108D00 Insulin dependent diabetes mellitus with nephropathy 57621 
C108D11 Type I diabetes mellitus with nephropathy 66872 
C108E00 Insulin dependent diabetes mellitus with hypoglycaemic coma 44440 
C108E11 Type I diabetes mellitus with hypoglycaemic coma 42729 
C108E12 Type 1 diabetes mellitus with hypoglycaemic coma 70766 
C108F00 Insulin dependent diabetes mellitus with diabetic cataract 44260 
C108F11 Type I diabetes mellitus with diabetic cataract 17545 
C108F12 Type 1 diabetes mellitus with diabetic cataract 110400 
C108H00 Insulin dependent diabetes mellitus with arthropathy 65616 
C108H11 Type I diabetes mellitus with arthropathy 62352 
C108J11 Type I diabetes mellitus with neuropathic arthropathy 60208 
C108J12 Type 1 diabetes mellitus with neuropathic arthropathy 18230 
C10C.12 Maturity onset diabetes in youth type 1 98392 
C10E.00 Type 1 diabetes mellitus 1549 
C10E.11 Type I diabetes mellitus 12455 
C10E.12 Insulin dependent diabetes mellitus 51261 
C10E000 Type 1 diabetes mellitus with renal complications 47582 
C10E011 Type I diabetes mellitus with renal complications 109837 
C10E012 Insulin-dependent diabetes mellitus with renal complications 102946 
C10E100 Type 1 diabetes mellitus with ophthalmic complications 47649 
C10E111 Type I diabetes mellitus with ophthalmic complications 99311 
C10E112 Insulin-dependent diabetes mellitus with ophthalmic comps 98071 
C10E200 Type 1 diabetes mellitus with neurological complications 42831 
C10E212 Insulin-dependent diabetes mellitus with neurological comps 101735 
C10E300 Type 1 diabetes mellitus with multiple complications 47650 
C10E311 Type I diabetes mellitus with multiple complications 91942 
C10E312 Insulin dependent diabetes mellitus with multiple complicat 45276 
C10E400 Unstable type 1 diabetes mellitus 43921 
C10E411 Unstable type I diabetes mellitus 49949 
C10E412 Unstable insulin dependent diabetes mellitus 54600 
C10E500 Type 1 diabetes mellitus with ulcer 18683 
C10E511 Type I diabetes mellitus with ulcer 93878 
C10E512 Insulin dependent diabetes mellitus with ulcer 98704 
C10E600 Type 1 diabetes mellitus with gangrene 69993 
C10E611 Type I diabetes mellitus with gangrene 102112 
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C10E612 Insulin dependent diabetes mellitus with gangrene 109051 
C10E700 Type 1 diabetes mellitus with retinopathy 18387 
C10E711 Type I diabetes mellitus with retinopathy 95343 
C10E712 Insulin dependent diabetes mellitus with retinopathy 93875 
C10E800 Type 1 diabetes mellitus - poor control 35288 
C10E811 Type I diabetes mellitus - poor control 105337 
C10E812 Insulin dependent diabetes mellitus - poor control 72702 
C10E900 Type 1 diabetes mellitus maturity onset 40682 
C10E911 Type I diabetes mellitus maturity onset 96235 
C10E912 Insulin dependent diabetes maturity onset 97849 
C10EA00 Type 1 diabetes mellitus without complication 69676 
C10EA11 Type I diabetes mellitus without complication 62613 
C10EA12 Insulin-dependent diabetes without complication 99719 
C10EB00 Type 1 diabetes mellitus with mononeuropathy 68105 
C10EC00 Type 1 diabetes mellitus with polyneuropathy 46301 
C10EC11 Type I diabetes mellitus with polyneuropathy 91943 
C10EC12 Insulin dependent diabetes mellitus with polyneuropathy 101311 
C10ED00 Type 1 diabetes mellitus with nephropathy 10418 
C10ED12 Insulin dependent diabetes mellitus with nephropathy 102163 
C10EE00 Type 1 diabetes mellitus with hypoglycaemic coma 39070 
C10EE12 Insulin dependent diabetes mellitus with hypoglycaemic coma 99716 
C10EF00 Type 1 diabetes mellitus with diabetic cataract 49554 
C10EF12 Insulin dependent diabetes mellitus with diabetic cataract 100770 
C10EG00 Type 1 diabetes mellitus with peripheral angiopathy 93468 
C10EH00 Type 1 diabetes mellitus with arthropathy 18642 
C10EJ00 Type 1 diabetes mellitus with neuropathic arthropathy 54008 
C10EK00 Type 1 diabetes mellitus with persistent proteinuria 30323 
C10EL00 Type 1 diabetes mellitus with persistent microalbuminuria 30294 
C10EL11 Type I diabetes mellitus with persistent microalbuminuria 102620 
C10EM00 Type 1 diabetes mellitus with ketoacidosis 10692 
C10EM11 Type I diabetes mellitus with ketoacidosis 62209 
C10EN00 Type 1 diabetes mellitus with ketoacidotic coma 40837 
C10EN11 Type I diabetes mellitus with ketoacidotic coma 66145 
C10EP00 Type 1 diabetes mellitus with exudative maculopathy 22871 
C10EP11 Type I diabetes mellitus with exudative maculopathy 97894 
C10EQ00 Type 1 diabetes mellitus with gastroparesis 55239 
C10EQ11 Type I diabetes mellitus with gastroparesis 108724 
C10P000 Type I diabetes mellitus in remission 108360 
C10P011 Type 1 diabetes mellitus in remission 109628 
L180500 Pre-existing diabetes mellitus, insulin-dependent 50960 
ZC2C900 Dietary advice for type I diabetes 69043 
ZRbH.00 Perceived control of insulin-dependent diabetes 32359 
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Type 2 Diabetes Mellitus 
Read Codes Description Medcode 
C100100 Diabetes mellitus, adult onset, no mention of complication 14803 
C100112 Non-insulin dependent diabetes mellitus 506 
C101100 Diabetes mellitus, adult onset, with ketoacidosis 54856 
C102100 Diabetes mellitus, adult onset, with hyperosmolar coma 43139 
C103100 Diabetes mellitus, adult onset, with ketoacidotic coma 68843 
C104100 Diabetes mellitus, adult onset, with renal manifestation 35105 
C105100 Diabetes mellitus, adult onset, + ophthalmic manifestation 41389 
C106100 Diabetes mellitus, adult onset, + neurological manifestation 39317 
C107100 Diabetes mellitus, adult, + peripheral circulatory disorder 63357 
C107200 Diabetes mellitus, adult with gangrene 33807 
C109.00 Non-insulin dependent diabetes mellitus 4513 
C109.11 NIDDM - Non-insulin dependent diabetes mellitus 5884 
C109.12 Type 2 diabetes mellitus 17859 
C109.13 Type II diabetes mellitus 18219 
C109000 Non-insulin-dependent diabetes mellitus with renal comps 52303 
C109011 Type II diabetes mellitus with renal complications 50225 
C109012 Type 2 diabetes mellitus with renal complications 18209 
C109100 Non-insulin-dependent diabetes mellitus with ophthalm comps 50429 
C109111 Type II diabetes mellitus with ophthalmic complications 59725 
C109112 Type 2 diabetes mellitus with ophthalmic complications 70316 
C109200 Non-insulin-dependent diabetes mellitus with neuro comps 55842 
C109211 Type II diabetes mellitus with neurological complications 67905 
C109212 Type 2 diabetes mellitus with neurological complications 45919 
C109300 Non-insulin-dependent diabetes mellitus with multiple comps 62146 
C109312 Type 2 diabetes mellitus with multiple complications 108005 
C109400 Non-insulin dependent diabetes mellitus with ulcer 34912 
C109411 Type II diabetes mellitus with ulcer 55075 
C109412 Type 2 diabetes mellitus with ulcer 65704 
C109500 Non-insulin dependent diabetes mellitus with gangrene 40401 
C109511 Type II diabetes mellitus with gangrene 62107 
C109512 Type 2 diabetes mellitus with gangrene 46150 
C109600 Non-insulin-dependent diabetes mellitus with retinopathy 17262 
C109611 Type II diabetes mellitus with retinopathy 58604 
C109612 Type 2 diabetes mellitus with retinopathy 42762 
C109700 Non-insulin dependent diabetes mellitus - poor control 8403 
C109711 Type II diabetes mellitus - poor control 24458 
C109712 Type 2 diabetes mellitus - poor control 45913 
C109900 Non-insulin-dependent diabetes mellitus without complication 29979 
C109911 Type II diabetes mellitus without complication 109103 
C109912 Type 2 diabetes mellitus without complication 105784 
C109A00 Non-insulin dependent diabetes mellitus with mononeuropathy 72320 
C109A11 Type II diabetes mellitus with mononeuropathy 50813 
C109B00 Non-insulin dependent diabetes mellitus with polyneuropathy 45467 
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C109B11 Type II diabetes mellitus with polyneuropathy 47409 
C109B12 Type 2 diabetes mellitus with polyneuropathy 109865 
C109C00 Non-insulin dependent diabetes mellitus with nephropathy 59365 
C109C11 Type II diabetes mellitus with nephropathy 64571 
C109C12 Type 2 diabetes mellitus with nephropathy 24836 
C109D00 Non-insulin dependent diabetes mellitus with hypoglyca coma 43785 
C109D11 Type II diabetes mellitus with hypoglycaemic coma 56268 
C109D12 Type 2 diabetes mellitus with hypoglycaemic coma 61071 
C109E00 Non-insulin depend diabetes mellitus with diabetic cataract 69278 
C109E11 Type II diabetes mellitus with diabetic cataract 48192 
C109E12 Type 2 diabetes mellitus with diabetic cataract 44779 
C109F11 Type II diabetes mellitus with peripheral angiopathy 54899 
C109F12 Type 2 diabetes mellitus with peripheral angiopathy 60699 
C109G00 Non-insulin dependent diabetes mellitus with arthropathy 24693 
C109G11 Type II diabetes mellitus with arthropathy 18143 
C109G12 Type 2 diabetes mellitus with arthropathy 49869 
C109H11 Type II diabetes mellitus with neuropathic arthropathy 47816 
C109H12 Type 2 diabetes mellitus with neuropathic arthropathy 66965 
C109J00 Insulin treated Type 2 diabetes mellitus 18278 
C109J11 Insulin treated non-insulin dependent diabetes mellitus 37648 
C109J12 Insulin treated Type II diabetes mellitus 18264 
C109K00 Hyperosmolar non-ketotic state in type 2 diabetes mellitus 36633 
C10D.00 Diabetes mellitus autosomal dominant type 2 36695 
C10D.11 Maturity onset diabetes in youth type 2 59991 
C10F.00 Type 2 diabetes mellitus 758 
C10F.11 Type II diabetes mellitus 22884 
C10F000 Type 2 diabetes mellitus with renal complications 18777 
C10F011 Type II diabetes mellitus with renal complications 57278 
C10F100 Type 2 diabetes mellitus with ophthalmic complications 47321 
C10F111 Type II diabetes mellitus with ophthalmic complications 100964 
C10F200 Type 2 diabetes mellitus with neurological complications 34268 
C10F211 Type II diabetes mellitus with neurological complications 98616 
C10F300 Type 2 diabetes mellitus with multiple complications 65267 
C10F311 Type II diabetes mellitus with multiple complications 43227 
C10F400 Type 2 diabetes mellitus with ulcer 49074 
C10F411 Type II diabetes mellitus with ulcer 91646 
C10F500 Type 2 diabetes mellitus with gangrene 12736 
C10F511 Type II diabetes mellitus with gangrene 104323 
C10F600 Type 2 diabetes mellitus with retinopathy 18496 
C10F611 Type II diabetes mellitus with retinopathy 49655 
C10F700 Type 2 diabetes mellitus - poor control 25627 
C10F711 Type II diabetes mellitus - poor control 47315 
C10F900 Type 2 diabetes mellitus without complication 47954 
C10F911 Type II diabetes mellitus without complication 53392 
C10FA00 Type 2 diabetes mellitus with mononeuropathy 62674 
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C10FA11 Type II diabetes mellitus with mononeuropathy 95351 
C10FB00 Type 2 diabetes mellitus with polyneuropathy 18425 
C10FB11 Type II diabetes mellitus with polyneuropathy 50527 
C10FC00 Type 2 diabetes mellitus with nephropathy 12640 
C10FC11 Type II diabetes mellitus with nephropathy 102201 
C10FD00 Type 2 diabetes mellitus with hypoglycaemic coma 46917 
C10FD11 Type II diabetes mellitus with hypoglycaemic coma 98723 
C10FE00 Type 2 diabetes mellitus with diabetic cataract 44982 
C10FE11 Type II diabetes mellitus with diabetic cataract 93727 
C10FF00 Type 2 diabetes mellitus with peripheral angiopathy 37806 
C10FF11 Type II diabetes mellitus with peripheral angiopathy 104639 
C10FG00 Type 2 diabetes mellitus with arthropathy 59253 
C10FG11 Type II diabetes mellitus with arthropathy 103902 
C10FH00 Type 2 diabetes mellitus with neuropathic arthropathy 35385 
C10FH11 Type II diabetes mellitus with neuropathic arthropathy 109197 
C10FJ00 Insulin treated Type 2 diabetes mellitus 1407 
C10FJ11 Insulin treated Type II diabetes mellitus 64668 
C10FK00 Hyperosmolar non-ketotic state in type 2 diabetes mellitus 34450 
C10FK11 Hyperosmolar non-ketotic state in type II diabetes mellitus 107701 
C10FL00 Type 2 diabetes mellitus with persistent proteinuria 26054 
C10FL11 Type II diabetes mellitus with persistent proteinuria 60796 
C10FM00 Type 2 diabetes mellitus with persistent microalbuminuria 18390 
C10FM11 Type II diabetes mellitus with persistent microalbuminuria 85991 
C10FN00 Type 2 diabetes mellitus with ketoacidosis 32627 
C10FN11 Type II diabetes mellitus with ketoacidosis 106528 
C10FP00 Type 2 diabetes mellitus with ketoacidotic coma 51756 
C10FP11 Type II diabetes mellitus with ketoacidotic coma 106061 
C10FQ00 Type 2 diabetes mellitus with exudative maculopathy 25591 
C10FQ11 Type II diabetes mellitus with exudative maculopathy 111798 
C10FR00 Type 2 diabetes mellitus with gastroparesis 63690 
C10P100 Type II diabetes mellitus in remission 107824 
C10P111 Type 2 diabetes mellitus in remission 110611 
C10y100 Diabetes mellitus, adult, + other specified manifestation 63371 
C10z100 Diabetes mellitus, adult onset, + unspecified complication 63762 
L180600 Pre-existing diabetes mellitus, non-insulin-dependent 50609 
ZC2CA00 Dietary advice for type II diabetes 25041 


 
Other Diabetes 
Read Codes Description Medcode 
C101.00 Diabetes mellitus with ketoacidosis 1682 
C101y00 Other specified diabetes mellitus with ketoacidosis 38617 
C101z00 Diabetes mellitus NOS with ketoacidosis 42505 
C103.00 Diabetes mellitus with ketoacidotic coma 15690 
C103z00 Diabetes mellitus NOS with ketoacidotic coma 65062 
C10A100 Malnutrition-related diabetes mellitus with ketoacidosis 33969 
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1M8..00 Diabetic peripheral neuropathic pain 109760 
66Ac.00 Diabetic peripheral neuropathy screening 10977 
C106.00 Diabetes mellitus with neurological manifestation 16230 
C106.12 Diabetes mellitus with neuropathy 7795 
C106.13 Diabetes mellitus with polyneuropathy 16491 
C106y00 Other specified diabetes mellitus with neurological comps 61523 
C106z00 Diabetes mellitus NOS with neurological manifestation 22573 
F171100 Autonomic neuropathy due to diabetes 17067 
F372.00 Polyneuropathy in diabetes 31790 
F372.11 Diabetic polyneuropathy 5002 
F372.12 Diabetic neuropathy 2342 
F372000 Acute painful diabetic neuropathy 48078 
F372100 Chronic painful diabetic neuropathy 35785 
F372200 Asymptomatic diabetic neuropathy 24571 
F3y0.00 Diabetic mononeuropathy 37315 
M271100 Neuropathic diabetic ulcer - foot 11663 
7276.00 Pan retinal photocoagulation for diabetes 11599 
2BBF.00 Retinal abnormality - diabetes related 22967 
2BBk.00 O/E - right eye stable treated prolif diabetic retinopathy 47328 
2BBl.00 O/E - left eye stable treated prolif diabetic retinopathy 52041 
2BBL.00 O/E - diabetic maculopathy present both eyes 9835 
2BBM.00 O/E - diabetic maculopathy absent both eyes 47144 
2BBo.00 O/E - sight threatening diabetic retinopathy 52630 
2BBP.00 O/E - right eye background diabetic retinopathy 11433 
2BBQ.00 O/E - left eye background diabetic retinopathy 11129 
2BBR.00 O/E - right eye preproliferative diabetic retinopathy 13099 
2BBr.00 Impaired vision due to diabetic retinopathy 101881 
2BBS.00 O/E - left eye preproliferative diabetic retinopathy 13103 
2BBT.00 O/E - right eye proliferative diabetic retinopathy 13097 
2BBV.00 O/E - left eye proliferative diabetic retinopathy 13101 
2BBW.00 O/E - right eye diabetic maculopathy 13102 
2BBX.00 O/E - left eye diabetic maculopathy 13108 
68A7.00 Diabetic retinopathy screening 18311 
68A9.00 Diabetic retinopathy screening offered 19739 
68AB.00 Diabetic digital retinopathy screening offered 61021 
8HBG.00 Diabetic retinopathy 12 month review 11018 
8HBH.00 Diabetic retinopathy 6 month review 18662 
8Hl1.00 Referral for diabetic retinopathy screening 64142 
8I3X.00 Diabetic retinopathy screening refused 12262 
8I6F.00 Diabetic retinopathy screening not indicated 18747 
9m0..00 Diabetic retinopathy screening administrative status 106269 
9m00.00 Eligible for diabetic retinopathy screening 106332 
9m04.00 Excluded from diabetic retinopathy screening 106327 
9m05.00 Excluded from diabetic retinopathy screening as moved away 106350 
9m06.00 Excluded from diabetic retinopathy screening as deceased 106352 
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9m07.00 Excluded diabetc retinop screen as under care ophthalmolgist 106328 
9m08.00 Excluded from diabetic retinopathy screening as blind 106329 
9m0A.00 Declined diabetic retinopathy screening 106218 
9m0C.00 Excluded frm diabetic retinopathy screen as terminal illness 106778 
9m0D.00 Excluded from diabetic retinopthy screen as learn disability 107597 
9m0E.00 Excluded from diabetic retinopathy screen physical disorder 106445 
9OLD.00 Diabetic patient unsuitable for digital retinal photography 35383 
C105.00 Diabetes mellitus with ophthalmic manifestation 33254 
C105y00 Other specified diabetes mellitus with ophthalmic complicatn 47377 
C105z00 Diabetes mellitus NOS with ophthalmic manifestation 34283 
F420.00 Diabetic retinopathy 1323 
F420000 Background diabetic retinopathy 7069 
F420100 Proliferative diabetic retinopathy 3286 
F420200 Preproliferative diabetic retinopathy 2986 
F420300 Advanced diabetic maculopathy 10099 
F420400 Diabetic maculopathy 3837 
F420500 Advanced diabetic retinal disease 47584 
F420600 Non proliferative diabetic retinopathy 10755 
F420700 High risk proliferative diabetic retinopathy 30477 
F420800 High risk non proliferative diabetic retinopathy 65463 
F420z00 Diabetic retinopathy NOS 11626 
C104.00 Diabetes mellitus with renal manifestation 16502 
C104.11 Diabetic nephropathy 2475 
C104y00 Other specified diabetes mellitus with renal complications 13279 
C104z00 Diabetes mellitus with nephropathy NOS 35107 
C314.11 Renal diabetes 11848 
Cyu2300 [X]Unspecified diabetes mellitus with renal complications 100292 
K01x100 Nephrotic syndrome in diabetes mellitus 2471 
K081.00 Nephrogenic diabetes insipidus 30310 
K081000 Acquired nephrogenic diabetes insipidus 110481 
K08yA00 Proteinuric diabetic nephropathy 105302 
K08yA11 Clinical diabetic nephropathy 107881 
14F4.00 H/O: Admission in last year for diabetes foot problem 7045 
2G51000 Foot abnormality - diabetes related 27921 
2G5A.00 O/E - Right diabetic foot at risk 17095 
2G5B.00 O/E - Left diabetic foot at risk 26664 
2G5C.00 Foot abnormality - diabetes related 18056 
2G5d.00 O/E - Left diabetic foot at increased risk 105740 
2G5E.00 O/E - Right diabetic foot at low risk 26666 
2G5e.00 O/E - Right diabetic foot at increased risk 105741 
2G5F.00 O/E - Right diabetic foot at moderate risk 31157 
2G5G.00 O/E - Right diabetic foot at high risk 31171 
2G5H.00 O/E - Right diabetic foot - ulcerated 35316 
2G5I.00 O/E - Left diabetic foot at low risk 26667 
2G5J.00 O/E - Left diabetic foot at moderate risk 31156 
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2G5K.00 O/E - Left diabetic foot at high risk 31172 
2G5L.00 O/E - Left diabetic foot - ulcerated 35116 
2G5V.00 O/E - right chronic diabetic foot ulcer 62384 
2G5W.00 O/E - left chronic diabetic foot ulcer 49640 
66Ab.00 Diabetic foot examination 22823 
66Aq.00 Diabetic foot screen 95994 
66AW.00 Diabetic foot risk assessment 50175 
679L300 Diabetic foot care education 108890 
8H7r.00 Refer to diabetic foot screener 11677 
8I3W.00 Diabetic foot examination declined 18824 
8I6G.00 Diabetic foot examination not indicated 12247 
9N1i.00 Seen in diabetic foot clinic 10824 
9NiZ.00 Did not attend diabetes foot screening 102768 
9NJy.00 In-house diabetic foot screening 108634 
9NND.00 Under care of diabetic foot screener 11094 
9Oy0000 Diabetic foot screening invitation 106738 
9Oy0200 Diabetic foot screening invitation first letter 106723 
9Oy0300 Diabetic foot screening invitation second letter 106722 
9Oy0400 Diabetic foot screening invitation third letter 107793 
C107.11 Diabetes mellitus with gangrene 32403 
C107.12 Diabetes with gangrene 32556 
M037200 Cellulitis in diabetic foot 7328 
M271000 Ischaemic ulcer diabetic foot 24327 
M271200 Mixed diabetic ulcer - foot 9881 
R054200 [D]Gangrene of toe in diabetic 53634 
R054300 [D]Widespread diabetic foot gangrene 31053 
C10..00 Diabetes mellitus 711 
C100.00 Diabetes mellitus with no mention of complication 38986 
C100z00 Diabetes mellitus NOS with no mention of complication 50972 
C102.00 Diabetes mellitus with hyperosmolar coma 21482 
C102z00 Diabetes mellitus NOS with hyperosmolar coma 72345 
C103y00 Other specified diabetes mellitus with coma 59288 
C106.11 Diabetic amyotrophy 59903 
C107.00 Diabetes mellitus with peripheral circulatory disorder 35399 
C107z00 Diabetes mellitus NOS with peripheral circulatory disorder 65025 
C108y00 Other specified diabetes mellitus with multiple comps 46290 
C108z00 Unspecified diabetes mellitus with multiple complications 64449 
C10A.00 Malnutrition-related diabetes mellitus 52236 
C10A000 Malnutrition-related diabetes mellitus with coma 66675 
C10A500 Malnutritn-relat diabetes melitus wth periph circul complctn 100347 
C10B.00 Diabetes mellitus induced by steroids 11551 
C10B000 Steroid induced diabetes mellitus without complication 26108 
C10C.00 Diabetes mellitus autosomal dominant 43453 
C10ER00 Latent autoimmune diabetes mellitus in adult 95636 
C10FS00 Maternally inherited diabetes mellitus 95539 
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C10G.00 Secondary pancreatic diabetes mellitus 51697 
C10G000 Secondary pancreatic diabetes mellitus without complication 96506 
C10M.00 Lipoatrophic diabetes mellitus 43857 
C10N.00 Secondary diabetes mellitus 22487 
C10N000 Secondary diabetes mellitus without complication 94383 
C10N100 Cystic fibrosis related diabetes mellitus 93380 
C10P.00 Diabetes mellitus in remission 107603 
C10y.00 Diabetes mellitus with other specified manifestation 33343 
C10yy00 Other specified diabetes mellitus with other spec comps 10098 
C10yz00 Diabetes mellitus NOS with other specified manifestation 70821 
C10z.00 Diabetes mellitus with unspecified complication 45491 
C10zy00 Other specified diabetes mellitus with unspecified comps 64283 
C10zz00 Diabetes mellitus NOS with unspecified complication 64357 
C11y000 Steroid induced diabetes 32193 
C135.00 Diabetes insipidus 1045 
C135.12 Diabetes insipidus - pituitary 60046 
C135000 Cranial diabetes insipidus 101172 
C350011 Bronzed diabetes 23479 
Cyu2.00 [X]Diabetes mellitus 52212 
Cyu2000 [X]Other specified diabetes mellitus 41686 
F345000 Diabetic mononeuritis multiplex 44033 
F35z000 Diabetic mononeuritis NOS 17247 
F381300 Myasthenic syndrome due to diabetic amyotrophy 39420 
F381311 Diabetic amyotrophy 2340 
F440700 Diabetic iritis 17313 
F464000 Diabetic cataract 10659 
G73y000 Diabetic peripheral angiopathy 34152 
K27y700 Erectile dysfunction due to diabetes mellitus 106360 
Kyu0300 [X]Glomerular disorders in diabetes mellitus 99628 
L180700 Pre-existing malnutrition-related diabetes mellitus 109133 
L180X00 Pre-existing diabetes mellitus, unspecified 55431 
N030000 Diabetic cheiroarthropathy 18142 
N030011 Diabetic cheiropathy 57333 
N030100 Diabetic Charcot arthropathy 27891 
Q440.00 'Infant of a diabetic mother' syndrome 32999 
Q44y100 Transitory metabolic disturbance-infant pre-diabetic mother 50064 
42c..00 HbA1 - diabetic control 14050 
42W..00 Hb. A1C - diabetic control 9958 
42WZ.00 Hb. A1C - diabetic control NOS 14049 
661M400 Diabetes self-management plan agreed 108993 
661N400 Diabetes self-management plan review 107423 
66A..00 Diabetic monitoring 3550 
66AI.00 Diabetic - good control 13071 
66AJ.00 Diabetic - poor control 2378 
66AJz00 Diabetic - poor control NOS 22023 
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66Ak.00 Diabetic monitoring - lower risk albumin excretion 66475 
66Al.00 Diabetic monitoring - higher risk albumin excretion 61470 
66AR.00 Diabetes management plan given 8836 
66AZ.00 Diabetic monitoring NOS 13067 
66o..00 Further diabetic monitoring 107452 
8A12.00 Diabetic crisis monitoring 47341 
8B3l.00 Diabetes medication review 11471 
9OL..00 Diabetes monitoring admin. 9897 
9OL1.00 Attends diabetes monitoring 13197 
9OL2.00 Refuses diabetes monitoring 26603 
9OL3.00 Diabetes monitoring default 22130 
9OL4.00 Diabetes monitoring 1st letter 13194 
9OL5.00 Diabetes monitoring 2nd letter 13195 
9OL6.00 Diabetes monitoring 3rd letter 12030 
9OL7.00 Diabetes monitor.verbal invite 31240 
9OL8.00 Diabetes monitor.phone invite 31141 
9OLA.11 Diabetes monitored 20900 
9OLN.00 Diabetes monitor invitation by SMS (short message service) 101455 
9OLZ.00 Diabetes monitoring admin.NOS 31241 
66AH200 Conversion to insulin by diabetes specialist nurse 107508 
8H7C.00 Refer, diabetic liaison nurse 12225 
8H7f.00 Referral to diabetes nurse 8306 
8Hl4.00 Referral to community diabetes specialist nurse 82474 
9Na5100 Joint consultn pracse nurse & comm diabetes specialist nurse 111347 
9NN9.00 Under care of diabetes specialist nurse 11930 
ZL22500 Under care of diabetic liaison nurse 45250 
ZL62500 Referral to diabetes nurse 11977 
ZL62600 Referral to diabetic liaison nurse 13678 
9N0n.00 Seen in community diabetes specialist clinic 32739 
9N1o.00 Seen in multidisciplinary diabetic clinic 95813 
9N1Q.00 Seen in diabetic clinic 2379 
9N1v.00 Seen in diabetic eye clinic 9974 
9NM0.00 Attending diabetes clinic 6430 
8Hj3.00  Referral to DAFNE diabetes structured education programme 93704 
9OLJ.00 DAFNE diabetes structured education programme completed 93491 
66A5.00 Diabetic on insulin 8842 
66AG.00 Diabetic drug side effects 53238 
66AV.00 Diabetic on insulin and oral treatment 28769 
66o2.00 Diabetic on non-insulin injectable medication 110344 
66o5.00 Diabetic on oral treatment and glucagon-like peptide 1 110379 
66o6.00 Diabetic on insulin and glucagon-like peptide 1 111483 
8BL2.00 Patient on maximal tolerated therapy for diabetes 12213 
9b92000 Diabetic medicine 103798 
C10H.00 Diabetes mellitus induced by non-steroid drugs 61122 
SL23.00 Insulins and antidiabetic poisoning 68714 
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TJ23.00 Adverse reaction to insulins and antidiabetic agents 68928 
TJ23z00 Adverse reaction to insulins and antidiabetic agents NOS 61210 
U602311 [X] Adverse reaction to insulins and antidiabetic agents 65684 
U60231E [X] Adverse reaction to insulins and antidiabetic agents NOS 100033 
1434.00 H/O: diabetes mellitus 6813 
9360.00 Patient held diabetic record issued 52237 
13Y1.00 Diabetic association member 46533 
66A4.00 Diabetic on oral treatment 1684 
66AA.11 Injection sites - diabetic 20696 
66AD.00 Fundoscopy - diabetic check 13196 
66AH.00 Diabetic treatment changed 16490 
66AJ.11 Unstable diabetes 9013 
66AK.00 Diabetic - cooperative patient 43951 
66AL.00 Diabetic-uncooperative patient 17869 
66AM.00 Diabetic - follow-up default 17886 
66AN.00 Date diabetic treatment start 29041 
66AO.00 Date diabetic treatment stopp. 55123 
66AP.00 Diabetes: practice programme 12506 
66AQ.00 Diabetes: shared care programme 12675 
66As.00 Diabetic on subcutaneous treatment 101728 
66AU.00 Diabetes care by hospital only 12307 
8A13.00 Diabetic stabilisation 24363 
8CP2.00 Transition of diabetes care options discussed 28856 
8CS0.00 Diabetes care plan agreed 47032 
8H2J.00 Admit diabetic emergency 7059 
8H3O.00 Non-urgent diabetic admission 35321 
8H4e.00 Referral to diabetes special interest general practitioner 94330 
8H4F.00 Referral to diabetologist 7777 
8HgC.00 Discharged from diabetes shared care programme 100422 
8Hgd.00 Discharge from secondary care diabetes service 109806 
8HHy.00 Referral to diabetic register 57723 
8Hlc.00 Referral to community diabetes service 104287 
8HLE.00 Diabetology D.V. done 47370 
8HME.00 Listed for Diabetology admissn 72333 
8HVU.00 Private referral to diabetologist 34541 
8I57.00 Patient held diabetic record declined 58639 
8IE2.00 Diabetes care plan declined 103743 
93C4.00 Patient consent given for addition to diabetic register 57389 
9M00.00 Informed consent for diabetes national audit 61461 
9M10.00 Informed dissent for diabetes national audit 44312 
9N2d.00 Seen by diabetologist 46521 
9Nl4.00 Seen by general practitioner special interest in diabetes 97281 
9NN8.00 Under care of diabetologist 54601 
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Read codes using the structured data component of the clinical CPRD table (medcode) for Anaemia 
groups, within 1 year from the index date 
 
Iron deficiency anaemia (IDA) 
Read Codes Description Medcode 
D00..00 Iron deficiency anaemias 795 
D000.00 Iron deficiency anaemia due to chronic blood loss 27726 
D000.12 Iron deficiency anaemia due to blood loss 48338 
D001.00 Iron deficiency anaemia due to dietary causes 21127 
D00y.00 Other specified iron deficiency anaemia 33420 
D00yz00 Other specified iron deficiency anaemia NOS 9537 
D00z.00 Unspecified iron deficiency anaemia 18137 
D00zz00 Iron deficiency anaemia NOS 15439 
Dyu0000 [X]Other iron deficiency anaemias 4858 


 
Non-iron deficiency anaemia (non-IDA) (aplastic, B12 deficiency, folate deficiency, 
haemolytic, macrocytic, megaloblastic, normocytic, sideroblastic anaemia) 
Read Codes Description Medcode 
D215.00  Anaemia secondary to renal failure 16929 
4C34.00  Bone marrow eryth. hypoplasia 95490 
4C43.00  Bone marrow:myeloid hypoplasia 53116 
D2...00 Aplastic and other anaemias 37539 
D20..00 Aplastic anaemia 15422 
D200.00 Constitutional aplastic anaemia 69027 
D200.15 Hypoplastic anaemia - familial 44913 
D200000 Congenital hypoplastic anaemia 37320 
D200011 Constitutional aplastic anaemia without malformation 69061 
D200111 Fanconi's hypoplastic anaemia 64625 
D200200 Constitutional aplastic anaemia with malformation 102848 
D200300 Constitutional red cell aplasia and hypoplasia 72252 
D200312 Congenital pure red cell aplasia 7225 
D200313 Constitutional red cell hypoplasia 47438 
D200314 Congenital red cell hypoplasia 61462 
D200y00 Other specified constitutional aplastic anaemia 69379 
D201.00 Acquired aplastic anaemia 15658 
D201.11 Normocytic anaemia due to aplasia 43825 
D201000 Aplastic anaemia due to chronic disease 16108 
D201100 Aplastic anaemia due to drugs 43166 
D201111 Hypoplastic anaemia due to drug or chemical substance 32715 
D201200 Aplastic anaemia due to infection 57859 
D201211 Hypoplastic anaemia due to infection 65351 
D201311 Radiation aplastic anaemia 70128 
D201400 Aplastic anaemia due to toxic cause 66239 
D201412 Hypoplastic anaemia due to toxic cause 57114 
D201700 Transient hypoplastic anaemia 34953 
D201800 [X]Pure red cell aplasia 30994 
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D201z00 Acquired aplastic anaemia NOS 21723 
D201z12 Red cell hypoplasia 72104 
D201z13 Secondary red cell hypoplasia NEC 31774 
D201z14 Secondary red cell aplasia NEC 65502 
D202.00 Chronic acquired pure red cell aplasia 71965 
D203.00 Transient acquired pure red cell aplasia 40244 
D204.00 Idiopathic aplastic anaemia 41142 
D20X.00 Acquired pure red cell aplasia, unspecified 69269 
D20z.00 Aplastic anaemia NOS 68087 
D21y011  Congenital dyserythropoirtic anaemia 31040 
Dyu2.00 [X]Aplastic and other anaemias 111962 
42T2.00 Serum vitamin B12 low 4647 
42T3.00 Serum vit B12 borderline 18873 
66E..00 B12 deficiency monitoring 7403 
66E1.00 B12 defic. initial assessment 11126 
66E2.00 B12 defic.follow-up assessment 8013 
66E3.00 B12 injections started 31126 
66E4.00 B12 injections - at home 42928 
66E5.00 B12 injections - at surgery 12329 
66E7.00 B12 def.-dubious diag.criteria 48714 
66EZ.00 B12 defic. monitoring NOS 36840 
7L18500 Intramuscular injection of vitamin B12 6076 
C262100 Vitamin B12 deficiency 2515 
D010.00 Pernicious anaemia 2464 
D011.00 Other vitamin B12 deficiency anaemias 29486 
D011.11 Vitamin B12 deficiency anaemia 5271 
D011000 Vitamin B12 deficiency anaemia due to dietary causes 32953 
D011100 Vit B12 defic anaemia due to malabsorption with proteinuria 2482 
D011X00 Vitamin B12 deficiency anaemia, unspecified 6028 
D011z00 Other vitamin B12 deficiency anaemia NOS 31270 
D013000 Combined B12 and folate deficiency anaemia 22715 
Dyu0100 [X]Other dietary vitamin B12 deficiency anaemia 47952 
Dyu0200 [X]Other vitamin B12 deficiency anaemias 35092 
Dyu0600 [X]Vitamin B12 deficiency anaemia, unspecified 53846 
F11x600 Cerebral degeneration due to vitamin B12 deficiency 24581 
U604100 [X]Vit B12/folic/oth ant-megalobl-anaem caus adv ef ther use 47470 
42U2.00 Serum folate low 15898 
42U3.00 Serum folate borderline 54061 
42U8.00 RBC folate low 54470 
42U9.00 RBC folate borderline 57152 
42UB.00 Whole blood folate low 44125 
42UC.00 Whole blood folate borderline 102747 
D012.00 Folate-deficiency anaemia 4080 
D012100 Folate-deficiency anaemia due to dietary causes 36634 
D012200 Folate-deficiency anaemia, drug induced 37082 
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D012300 Folate-deficiency anaemia due to malabsorption 55481 
D012400 Folate-deficiency anaemia due to liver disorders 56114 
D012z00 Folate-deficiency anaemia NOS 42117 
D013000 Combined B12 and folate deficiency anaemia 22715 
Dyu0300 [X]Other folate deficiency anaemias 53783 
8A15.00 Haemolysis monitoring 99708 
A044.00 Vibrio parahaemolyticus food poisoning 55616 
BBU7.00 [M]Haemolymphangioma 43845 
D1...00 Haemolytic anaemias 3326 
D10..00 Hereditary haemolytic anaemias 39456 
D102.00 Haemolytic anaemia due to glutathione metabolism disorder 71808 
D103000 Haemolytic anaemia due to hexokinase deficiency 107820 
D103100 Haemolytic anaemia due to pyruvate kinase deficiency 55561 
D103z00 Enzyme deficiency haemolytic anaemia NOS 110176 
D10y.00 Other specified hereditary haemolytic anaemias 72721 
D10yz00 Other specified hereditary haemolytic anaemia NOS 103151 
D10z.00 Hereditary haemolytic anaemia NOS 14698 
D11..00 Acquired haemolytic anaemias 27771 
D110.00 Autoimmune haemolytic anaemias 3818 
D110.11 Coombs positive haemolysis 21369 
D110000 Primary cold-type haemolytic anaemia 39944 
D110100 Primary warm-type haemolytic anaemia 49182 
D110200 Secondary cold-type haemolytic anaemia 57575 
D110400 Drug-induced autoimmune haemolytic anaemia 31734 
D110z00 Autoimmune haemolytic anaemia NOS 39876 
D111.00 Non-autoimmune haemolytic anaemia 57897 
D111000 Mechanical haemolytic anaemia 43367 
D111100 Microangiopathic haemolytic anaemia 38327 
D111300 Haemolytic-uraemic syndrome 29323 
D111400 Drug-induced haemolytic anaemia 67088 
D111500 Infective haemolytic anaemia 63936 
D111y00 Other specified non-autoimmune haemolytic anaemia 99308 
D111z00 Non-autoimmune haemolytic anaemia NOS 94214 
D112.00 Haemoglobinuria due to haemolysis from external causes 26437 
D112z00 Haemoglobinuria due to haemolysis from external cause NOS 52522 
D112z12 Acquired haemolytic anaemia with haemoglobinuria NEC 50495 
D11z.00 Acquired haemolytic anaemia NOS 15314 
D1y..00 Other specified haemolytic anaemias 39967 
D1z..00 Haemolytic anaemias NOS 18631 
Dyu1.00 [X]Haemolytic anaemias 99917 
Dyu1500 [X]Other autoimmune haemolytic anaemias 100388 
L091200 Intravascular haemolysis following abortive pregnancy 112100 
L12A.00 HELLP - Syndrome haemolysis, elev liver enzyme low platelets 33715 
Q310100 Congenital pneumonia due to group A haemolytic streptococcus 54530 
Q310200 Congenital pneumonia due to group B haemolytic streptococcus 48982 
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Q408400 Group A haemolytic streptococcal intra-amniotic infect. NEC 39324 
Q408500 Group B haemolytic streptococcal intra-amniotic infect. NEC 13303 
Q420.00 Haemolytic disease due to rhesus isoimmunisation 683 
Q421.00 Haemolytic disease due to ABO isoimmunisation 40094 
Q422.00 Haemolytic disease due to isoimmunisation NOS 27939 
Q42X.00 Hydrops fetalis due to other+unspcfd haemolytic disease 13299 
Q430.00 Perinatal jaundice from hereditary haemolytic anaemias 70762 
Q430z00 Perinatal jaundice from hereditary haemolytic anaemia NOS 103252 
Q431.00 Perinatal jaundice from other excessive haemolysis 65651 
Q431z00 Perinatal jaundice from haemolysis NOS 57133 
42C3.00 RBC's - macrocytic 1962 
D012500 Macrocytic anaemia unspecified cause 3981 
D21z.13 Macrocytic anaemia of unspecified cause 797 
4C32.00 Bone marrow megaloblastic 53005 
D01..11 Megaloblastic anaemia 4475 
D012112 Megaloblastic anaemia due to dietary causes 59103 
D013.00 Other specified megaloblastic anaemia NEC 51489 
D013z00 Other specified megaloblastic anaemia NEC NOS 56348 
D01z.11 Megaloblastic anaemia NOS 53799 
D01z000 [X]Megaloblastic anaemia NOS 10506 
D000.11 Normocytic anaemia due to chronic blood loss 6816 
D201.11 Normocytic anaemia due to aplasia 43825 
D211.11 Normocytic anaemia following acute bleed 45929 
D21z.12 Normocytic anaemia due to unspecified cause 1702 
D210.00 Sideroblastic anaemia 15936 
D210000 Congenital sideroblastic anaemia 43330 
D210100 Acquired sideroblastic anaemia 41699 
D210200 Pyridoxine-responsive sideroblastic anaemia 72276 
D210300 Secondary sideroblastic anaemia due to disease 31550 
D210400 Secondary sideroblastic anaemia due to drugs and toxins 47225 
D210z00 Sideroblastic anaemia NOS 94387 
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Product codes using the structured data component of the therapy CPRD table (prodcode), within 6 
months from the index date 
 
Erythropoietins 
Product 
Code Description BNF Code 
12895 Darbepoetin alfa 9010350 
12951 Darbepoetin alfa 9010350 
12962 Darbepoetin alfa 9010350 
13064 Darbepoetin alfa 9010350 
14106 Darbepoetin alfa 9010350 
15909 Darbepoetin alfa 9010350 
15914 Darbepoetin alfa 9010350 
15942 Darbepoetin alfa 9010350 
15944 Darbepoetin alfa 9010350 
15967 Darbepoetin alfa 9010350 
15976 Darbepoetin alfa 9010350 
16878 Darbepoetin alfa 9010350 
18496 Darbepoetin alfa 9010350 
18522 Darbepoetin alfa 9010350 
18597 Darbepoetin alfa 9010350 
19251 Darbepoetin alfa 9010350 
26769 Darbepoetin alfa 9010350 
32523 Darbepoetin alfa 9010350 
33272 Darbepoetin alfa 9010350 
37112 Darbepoetin alfa 9010350 
38165 Darbepoetin alfa 9010350 
38298 Methoxy polyethylene glycol-epoetin beta 9010350 
38352 Methoxy polyethylene glycol-epoetin beta 9010350 
39024 Methoxy polyethylene glycol-epoetin beta 9010350 
39299 Darbepoetin alfa 9010350 
39301 Methoxy polyethylene glycol-epoetin beta 9010350 
39361 Darbepoetin alfa 9010350 
39764 Methoxy polyethylene glycol-epoetin beta 9010350 
40213 Methoxy polyethylene glycol-epoetin beta 9010350 
42570 Methoxy polyethylene glycol-epoetin beta 9010350 
42938 Methoxy Polyethylene Glycol-epoetin Beta 9010350 
44155 Methoxy polyethylene glycol-epoetin beta 9010350 
45125 Methoxy polyethylene glycol-epoetin beta 9010350 
46522 Methoxy polyethylene glycol-epoetin beta 9010350 
49046 Darbepoetin alfa 9010350 
49183  9010350 
49189 Darbepoetin alfa 9010350 
49246 Darbepoetin alfa 9010350 
49384 Darbepoetin alfa 9010350 
49937  9010350 
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50429 Darbepoetin alfa 9010350 
51429 Darbepoetin alfa 9010350 
51809 Darbepoetin alfa 9010350 
51958 Darbepoetin alfa 9010350 
52040 Darbepoetin alfa 9010350 
56249 Darbepoetin alfa 9010350 
61101 Darbepoetin alfa 9010350 
62224 Darbepoetin alfa 9010350 


 
Hypo-plastic, haemolytic & renal anaemia 
Product Code Description BNF Code 
1615 Pyridoxine Hydrochloride 09010300/09060200 
2297 Ascorbic Acid 09010300/09060300 
2702 Epoetin Beta 9010300 
2703 Epoetin Beta 9010300 
4224 Epoetin Alfa 9010300 
6597 Epoetin beta 9010300 
8419 Ascorbic Acid 09010300/09060300 
9198 Epoetin beta 9010300 
9743 Epoetin Alfa 9010300 
9857 Epoetin Alfa 9010300 
10063 Epoetin beta 9010300 
11253 Epoetin Alfa 9010300 
11881 Epoetin beta 9010300 
12689 Ascorbic Acid 09010300/09060300 
12690 Epoetin Alfa 9010300 
12737 Epoetin beta 9010300 
12789 Epoetin Alfa 9010300 
12806 Epoetin Alfa 9010300 
12903 Epoetin beta 9010300 
12972 Darbepoetin Alfa 9010300 
12977 Epoetin beta 9010300 
12983 Epoetin beta 9010300 
12984 Epoetin beta 9010300 
13061 Epoetin beta 9010300 
13116 Epoetin beta 9010300 
13177 Epoetin beta 9010300 
13198 Epoetin beta 9010300 
14136 Epoetin beta 9010300 
14281 Epoetin beta 9010300 
14832 Epoetin alfa 9010300 
15189 Epoetin beta 9010300 
15197 Desferrioxamine mesilate 9010300 
15270 Darbepoetin Alfa 9010300 
15274 Desferrioxamine mesilate 9010300 
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15519 Ascorbic Acid 09010300/09060300 
15623 Desferrioxamine mesilate 9010300 
15677 Epoetin Beta 9010300 
15707 Epoetin Beta 9010300 
15790 Epoetin beta 9010300 
15810 Epoetin Alfa 9010300 
15896 Darbepoetin Alfa 9010300 
15897 Darbepoetin Alfa 9010300 
15906 Darbepoetin Alfa 9010300 
15907 Darbepoetin Alfa 9010300 
15923 Darbepoetin Alfa 9010300 
15932 Darbepoetin Alfa 9010300 
15974 Darbepoetin Alfa 9010300 
16025 Epoetin beta 9010300 
16062 Epoetin beta 9010300 
16084 Epoetin beta 9010300 
16363 Darbepoetin Alfa 9010300 
16472 Darbepoetin Alfa 9010300 
18485 Epoetin beta 9010300 
18521 Epoetin alfa 9010300 
19132 Darbepoetin Alfa 9010300 
19169 Ascorbic Acid 09010300/09060300 
19400 Epoetin beta 9010300 
20254 Ascorbic Acid 09010300/09060300 
20399 Epoetin Beta 9010300 
20400 Epoetin Beta 9010300 
20408 Epoetin beta 9010300 
21070 Epoetin Beta 9010300 
21178 Epoetin alfa 9010300 
21179 Epoetin alfa 9010300 
21192 Epoetin alfa 9010300 
21476 Epoetin Beta 9010300 
22177 Epoetin Beta 9010300 
22316 Epoetin beta 9010300 
22332 Epoetin Beta 9010300 
22334 Epoetin Beta 9010300 
22346 Epoetin beta 9010300 
22355 Epoetin alfa 9010300 
22505 Epoetin Beta 9010300 
22698 Epoetin Beta 9010300 
23122 Epoetin Beta 9010300 
24030 Oxymetholone 9010300 
24036 Pyridoxine hydrochloride 09010300/09060200 
24342 Pyridoxine hydrochloride 09010300/09060200 
24499 Epoetin Beta 9010300 
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24579 Epoetin alfa 9010300 
24580 Epoetin alfa 9010300 
24926 Epoetin Beta 9010300 
25118 Epoetin alfa 9010300 
25772 Ascorbic acid 09010300/09060300 
26314 Epoetin Beta 9010300 
26385 Epoetin alfa 9010300 
26851 Epoetin beta 9010300 
26933 Epoetin Beta 9010300 
27494 Ascorbic acid 09010300/09060300 
28296 Epoetin Beta 9010300 
28341 Epoetin beta 9010300 
28419 Epoetin Beta 9010300 
28797 Epoetin beta 9010300 
28942 Deferiprone 9010300 
29100 Pyridoxine Hydrochloride 09010300/09060200 
29782 Deferiprone 9010300 
30144 Ascorbic Acid 09010300/09060300 
30407 Epoetin Beta 9010300 
30534 Desferrioxamine mesilate 9010300 
32276 Darbepoetin Alfa 9010300 
32359 Ascorbic acid 09010300/09060300 
33456 Ascorbic acid 09010300/09060300 
33640 Ascorbic acid 09010300/09060300 
33813 Epoetin beta 9010300 
33956 Epoetin beta 9010300 
34213 Ascorbic Acid 09010300/09060300 
34604 Pyridoxine hydrochloride 09010300/09060200 
34901 Ascorbic acid 09010300/09060300 
35364 Epoetin Alfa 9010300 
35629 Epoetin alfa 9010300 
35963 Epoetin alfa 9010300 
36127 Epoetin alfa 9010300 
36287 Epoetin alfa 9010300 
36334 Epoetin alfa 9010300 
36383 Deferasirox 9010300 
36731 Darbepoetin Alfa 9010300 
36844 Deferasirox 9010300 
37273 Epoetin alfa 9010300 
37383 Ascorbic acid 09010300/09060300 
37608 Ascorbic Acid 09010300/09060300 
37660 Deferasirox 9010300 
37661 Deferasirox 9010300 
37685 Epoetin alfa 9010300 
37849 Deferasirox 9010300 
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38435 Epoetin Beta 9010300 
39548 Hydroxycarbamide 9010300 
39569 Deferasirox 9010300 
40214 Darbepoetin Alfa 9010300 
40566 Epoetin alfa 9010300 
41418 Ascorbic acid 09010300/09060300 
41554 Ascorbic acid 09010300/09060300 
41610 Pyridoxine hydrochloride 09010300/09060200 
41626 Pyridoxine hydrochloride 09010300/09060200 
41641 Pyridoxine hydrochloride 09010300/09060200 
41695 Pyridoxine hydrochloride 09010300/09060200 
41725 Ascorbic acid 09010300/09060300 
42464 Ascorbic Acid 09010300/09060300 
42542 Epoetin zeta 9010300 
42806 Pyridoxine hydrochloride 09010300/09060200 
43319 Epoetin zeta 9010300 
44057 Deferiprone 9010300 
44204 Epoetin alfa 9010300 
46528 Epoetin zeta 9010300 
46767 Epoetin theta 9010300 
47127 Hydroxycarbamide 9010300 
47376 Eculizumab 9010300 
47865 Epoetin alfa 9010300 
47891 Epoetin alfa 9010300 
47928 Pyridoxine hydrochloride 09010300/09060200 
54545 Epoetin alfa 9010300 
54998 Epoetin alfa 9010300 
57013  9010300 
57591 Epoetin alfa 9010300 
58052  9010300 
58612 Epoetin alfa 9010300 
60832 Deferiprone 9010300 
62644 Pyridoxine hydrochloride 09010300/09060200 
63136 Epoetin alfa 9010300 
63727 Epoetin alfa 9010300 
63923  9010300 
65463 Hydroxycarbamide 9010300 
66960  9010300 
67273 Epoetin beta 9010300 
68501 Ascorbic Acid 09010300/09060300 
69594  9010300 
69660  9010300 
70317  9010300 
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Parental oral iron anaemias 
Product Code Description BNF Code 
33 Ferrous sulfate dried 9010101 
712 Ferrous gluconate 9010101 
969 Ferrous fumarate/Folic acid 9010101 
1102 Ferrous sulfate dried/Folic acid 9010101 
1534 Sodium feredetate 9010101 
1623 Sodium feredetate 9010101 
1718 Folic Acid/Ferrous Fumarate 9010101 
1745 Ferrous sulfate dried 9010101 
1802 Ferrous fumarate/Folic acid 9010101 
1863 Ferrous fumarate 9010101 
2064 Ferrous fumarate 9010101 
2574 Folic Acid/Ferrous Glycine Sulphate 9010101 
2650 Ferrous sulfate dried 9010101 
2843 Ferrous fumarate 9010101 
2915 Ferrous fumarate 9010101 
3035 Ferrous fumarate 9010101 
3151 Ferrous fumarate 9010101 
3186 Ferrous sulfate dried 9010101 
3219 Ferrous fumarate 9010101 
3466 Ferrous Fumarate 9010101 
3790 Iron Succinate 9010101 
3942 Ferrous sulfate heptahydrate 9010101 
4260 Ferrous sulfate dried 9010101 
4807 Ferrous sulfate dried/Folic acid 9010101 
4827 Ferrous fumarate/Folic acid 9010101 
5045 Ferrous fumarate 9010101 
5051 Ferrous fumarate 9010101 
5582 Ferrous sulfate dried 9010101 
6052 Ferrous fumarate 9010101 
6390 Polysaccharide-iron complex 9010101 
6449 Ferrous sulfate 9010101 
6537 Ferrous sulfate dried/Folic acid 9010101 
7263 Ferrous sulfate dried/Folic acid 9010101 
7383 Ferrous sulfate dried/Folic acid 9010101 
7651 Ferrous Sulphate 9010101 
7839 Ferrous Glycine Sulphate 9010101 
7869 Ferrous fumarate 9010101 
8177 Ferrous Glycine Sulphate 9010101 
8190 Ferrous fumarate/Folic acid 9010101 
8194 Ferrous Fumarate 9010101 
8439 Iron Succinate 9010101 
8666 Iron Dextran 9010102 
8984 Ferrous Glycine Sulphate 9010101 
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9372 Ferrous sulfate dried 9010101 
10340 Ferrous fumarate/Folic acid 9010101 
10531 Ferrous Fumarate 9010101 
10575 Polysaccharide-iron complex 9010101 
10681 Ferrous gluconate 9010101 
11835 Iron dextran 9010102 
11947 Iron Dextran 9010102 


12164 
Manganese Sulphate/Folic Acid/Copper 
Sulphate/Ferrous Sulphate 9010101 


12887 Iron Sucrose 9010102 
13283 Iron dextran 9010102 
13835 Polysaccharide-iron Complex 9010101 
14492 Zinc Sulphate/Ferrous Sulphate 9010101 
15150 Ferrous Glycine Sulphate 9010101 
15516 Polysaccharide-iron Complex 9010101 
15783 Polysaccharide-iron Complex 9010101 
17051 Iron 9010101 
17083 Ferrous sulfate 9010101 
17787 Folic Acid/Ferrous Glycine Sulphate 9010101 
18292 Folic Acid/Ferrous Fumarate 9010101 
20729 Iron Succinate 9010101 
20777 Folic Acid/Zinc Sulphate/Ferrous Sulphate 9010101 
20954 Iron 9010101 
22097 Folic Acid/Ferrous Fumarate 9010101 


22269 
Copper Sulphate/Ferrous Sulphate/Magnesium 
Sulphate Heptahydrate 9010101 


25955 Polysaccharide-iron Complex 9010101 
26164 Ferrous sulfate dried 9010101 
26757 Iron Sucrose 9010102 
28080 Folic Acid/Ferrous Gluconate 9010101 
29027 Folic Acid/Ferrous Fumarate 9010101 
29296 Ferric ammonium citrate/Folic acid 9010101 
30232 Iron Succinate 9010101 
30345 Ferrous sulfate dried 9010101 
30424 Ferric Ammonium Citrate 9010101 
32159 Ferrous gluconate 9010101 
32912 Ferrous sulfate dried 9010101 
32925 Ferrous sulfate dried 9010101 
33121 Polysaccharide-iron Complex 9010101 
34025 Ferrous gluconate 9010101 
34142 Ferrous Fumarate 9010101 
34343 Ferrous gluconate 9010101 
34439 Ferrous sulfate dried 9010101 
34591 Ferrous sulfate dried 9010101 
38518 Ferric ammonium citrate/Folic acid 9010101 
39188 Polysaccharide-iron Complex 9010101 
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39724 Ferrous fumarate 9010101 
39726 Ferrous fumarate 9010101 
39897 Ferric Carboxymaltose 9010102 
40443 Ferrous sulfate dried 9010101 
40518 Ferric carboxymaltose 9010102 
41650 Ferrous gluconate 9010101 
41656 Ferrous gluconate 9010101 
41715 Ferrous gluconate 9010101 
41874 Iron dextran 9010102 
42080 Ferrous Fumarate 9010101 
43553 Ferrous sulfate dried 9010101 
44938 Ferrous sulfate/Silica 9010101 
45552 Ferrous sulfate/Silica 9010101 
45669 Iron isomaltoside 1000 9010102 
46212 Iron isomaltoside 1000 9010102 
46439 Ferric carboxymaltose 9010102 
46685 Iron Isomaltoside 9010102 
47044 Ferrous sulfate dried 9010101 
47097 Ferrous sulfate dried 9010101 
47712 Ferrous sulfate dried 9010101 
47791 Iron dextran 9010102 
47962 Iron isomaltoside 1000 9010102 
49490  9010101 
49961  9010102 
50063  9010102 
51119 Ferrous sulfate dried 9010101 
52692 Ferrous sulfate/Silica 9010101 
53130 Iron bisglycinate 9010101 
54000 Ferrous calcium citrate 9010100 
54074 Ferrous citrate 9010101 
54295 Ferrous fumarate 9010101 
54786 Ferrous fumarate 9010101 
56207 Ferrous sulfate dried 9010101 
56778 Ferrous sulfate dried 9010101 
57123 Ferrous sulfate dried 9010101 
57286 Ferrous sulfate dried 9010101 
60539 Ferric carboxymaltose 9010102 
60894 Ferrous fumarate 9010101 
60981 Ferric carboxymaltose 9010102 
60982  9010102 
61194 Ferrous fumarate 9010101 
61196 Ferrous sulfate dried 9010101 
62142 Ferrous fumarate 9010101 
62828 Ferrous sulfate dried 9010101 
63462 Ferrous sulfate dried 9010101 
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63666 Ferrous Sulphate 9010101 
64322 Ferrous citrate 9010101 
64519  9010101 
64663 Ferrous fumarate 9010101 
65380 Ferrous fumarate 9010101 
66451 Ferrous sulfate dried 9010101 
67142 Ferric maltol 9010101 
67360 Iron isomaltoside 1000 9010102 
67953 Ferrous sulfate dried 9010101 
69335 Ferrous Glycine Sulphate 9010101 
69388 Ferric maltol 9010101 
69417  9010101 
69448  9010102 
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Product codes using the structured data component of the therapy CPRD table (prodcode) any time 
prior or within 1 month after the index date 
 


Diabetes related medication 
 
Biguanides 


Product Code Drug substance name  BNF Code 
23 Metformin hydrochloride 6010202 
93 Metformin hydrochloride 6010202 
735 Metformin Hydrochloride 6010202 
7048 Metformin hydrochloride 6010202 
7166 Metformin hydrochloride 6010202 
7610 Metformin hydrochloride 6010202 
11609 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11610 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11737 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11760 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11990 Metformin hydrochloride 6010202 
16044 Metformin hydrochloride 6010202 
25678 Metformin hydrochloride 6010202 
26258 Metformin hydrochloride 6010202 
27501 Metformin hydrochloride 6010202 
30316 Metformin/Pioglitazone 06010202/06010203 
31146 Metformin hydrochloride 6010202 
33087 Metformin hydrochloride 6010202 
33674 Metformin hydrochloride 6010202 
34004 Metformin hydrochloride 6010202 
34020 Metformin hydrochloride 6010202 
34135 Metformin hydrochloride 6010202 
34323 Metformin hydrochloride 6010202 
34504 Metformin hydrochloride 6010202 
34598 Metformin hydrochloride 6010202 
34697 Metformin hydrochloride 6010202 
34742 Metformin hydrochloride 6010202 
34836 Metformin hydrochloride 6010202 
34917 Metformin hydrochloride 6010202 
38355 Metformin hydrochloride 6010202 
38400 Metformin hydrochloride 6010202 
39560 Metformin hydrochloride 6010202 
39598 Metformin hydrochloride 6010202 
39729 Metformin hydrochloride 6010202 
39988 Metformin Hydrochloride 6010202 
40007 Metformin hydrochloride 6010202 
40110 Metformin hydrochloride 6010202 
40233 Metformin hydrochloride 6010202 
42161 Metformin hydrochloride 6010202 
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43270 Metformin hydrochloride 6010202 
44250 Metformin hydrochloride 6010202 
45581 Metformin hydrochloride 6010202 
46989 Metformin hydrochloride 6010202 
47939 Metformin hydrochloride 6010202 
48149 Metformin hydrochloride 6010202 
49502 Metformin hydrochloride 6010202 
49738 Metformin hydrochloride 6010202 
50570 Metformin hydrochloride 6010202 
50682 Linagliptin with Metformin  06010202/06010203 
50821 Metformin hydrochloride 6010202 
50970 Metformin hydrochloride 6010202 
51080 Metformin hydrochloride 6010202 
51135 Metformin hydrochloride 6010202 
51527 Metformin hydrochloride 6010202 
52221 Metformin hydrochloride 6010202 
52442 Metformin hydrochloride 6010202 
52445 Linagliptin with Metformin 06010202/06010203 
52449 Linagliptin with Metformin 06010202/06010203 
52634 Metformin hydrochloride 6010202 
53478 Metformin hydrochloride 6010202 
53774 Metformin hydrochloride 6010202 
53867 Metformin hydrochloride 6010202 
54150 Metformin hydrochloride/Linagliptin 06010202/06010203 
54442 Metformin Hydrochloride 6010202 
54898 Metformin hydrochloride 6010202 
55270 Metformin hydrochloride 6010202 
55711 Metformin hydrochloride 6010202 
55739 Metformin hydrochloride 6010202 
57147 Metformin hydrochloride 6010202 
57457 Metformin hydrochloride 6010202 
58051 Metformin hydrochloride 6010202 
58607 Metformin hydrochloride 6010202 
59620 Metformin hydrochloride 6010202 
60012 Metformin hydrochloride/Dapagliflozin 06010202/06010203 
60074 Metformin hydrochloride 6010202 
60286 Metformin hydrochloride 6010202 
60643 Metformin hydrochloride/Dapagliflozin 06010202/06010203 
60968 Metformin hydrochloride 6010202 
61043 Metformin hydrochloride 6010202 
61559 Metformin hydrochloride 6010202 
62144 Metformin hydrochloride 6010202 
62265 Metformin hydrochloride 6010202 
62605 Metformin hydrochloride 6010202 
62824 Metformin hydrochloride 6010202 
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63031 Dapagliflozin with Metformin 06010202/06010203 
63045 Metformin hydrochloride 6010202 
63307 Metformin hydrochloride 6010202 
64939 Metformin hydrochloride 6010202 
65057 Empagliflozin with Metformin 06010202/06010203 
65059  06010202/06010203 
65066 Empagliflozin with Metformin 06010202/06010203 
65083 Empagliflozin/Metformin hydrochloride 06010202/06010203 
65344 Empagliflozin/Metformin hydrochloride 06010202/06010203 
65694 Metformin hydrochloride 6010202 
65923 Metformin hydrochloride 6010202 
66008 Metformin hydrochloride/Empagliflozin 06010202/06010203 
66136 Metformin hydrochloride 6010202 
66855 Empagliflozin with Metformin 06010202/06010203 
68203 Metformin hydrochloride 6010202 
68214 Metformin hydrochloride 6010202 
68389 Metformin hydrochloride 6010202 
68589 Metformin hydrochloride 6010202 
68636 Metformin hydrochloride 6010202 
69221 Metformin hydrochloride 6010202 
69370 Empagliflozin/Metformin hydrochloride 06010202/06010203 


 
Biphasic Insulins 


Product Code Drug substance name  BNF Code 
5845 Insulin soluble human/Insulin isophane human 6010151 
7228 Insulin aspart/Insulin aspart protamine 6010151 
7231 Insulin soluble human/Insulin isophane human 6010151 
7267 Insulin aspart/Insulin aspart protamine 6010151 
7300 Insulin soluble human/Insulin isophane human 6010151 
10277 Insulin soluble human/Insulin isophane human 6010151 
16152 Insulin soluble human/Insulin isophane human 6010151 
19513 Insulin soluble human/Insulin isophane human 6010151 
19878 Insulin soluble human/Insulin isophane human 6010151 
20995 Insulin isophane porcine/Insulin soluble porcine 6010151 
21232 Insulin soluble human/Insulin isophane human 6010151 
23099 Insulin aspart/Insulin aspart protamine 6010151 
24002 Insulin soluble human/Insulin isophane human 6010151 
24795 Insulin aspart/Insulin aspart protamine 6010151 
24800 Insulin soluble porcine/Insulin isophane porcine 6010151 
24993 Insulin soluble human/Insulin isophane human 6010151 
25133 Insulin soluble human/Insulin isophane human 6010151 
27280 Insulin soluble porcine/Insulin isophane porcine 6010151 
28096 Insulin soluble human/Insulin isophane human 6010151 
30819 Insulin soluble human/Insulin isophane human 6010151 
31205 Insulin soluble human/Insulin isophane human 6010151 
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35253 Insulin soluble human/Insulin isophane human 6010151 
36031 Insulin isophane porcine/Insulin soluble porcine 6010151 
36194 Insulin soluble human/Insulin isophane human 6010151 
41120 Insulin soluble human/Insulin isophane human 6010151 
42954 Insulin soluble human/Insulin isophane human 6010151 
43991 Insulin soluble human/Insulin isophane human 6010151 
44378 Insulin soluble human/Insulin isophane human 6010151 
44480 Insulin soluble human/Insulin isophane human 6010151 
45158 Insulin soluble human/Insulin isophane human 6010151 
56489 Insulin aspart/Insulin aspart protamine 6010151 
56857 Insulin soluble human/Insulin isophane human 6010151 
60933 Insulin soluble human/Insulin isophane human 6010151 
67324 Insulin soluble human/Insulin isophane human 6010151 


 
Insulin Needle 


Product Code Drug substance name  BNF Code 
322 Insulin lispro 0000000 
1587 Insulin zinc suspension mixed human 0000000 
1594 Insulin soluble human 0000000 
1843 Insulin isophane porcine 0000000 
1844 Insulin zinc suspension crystalline human 0000000 
2221 Insulin soluble human/Insulin isophane human 0000000 
2455 Insulin soluble human/Insulin isophane human 0000000 
2456 Insulin soluble human/Insulin isophane human 0000000 
2459 Insulin soluble porcine/Insulin isophane porcine 0000000 
2812 Insulin soluble human/Insulin isophane human 0000000 
4093 Insulin soluble human/Insulin isophane human 0000000 
4129 Insulin soluble porcine 0000000 
4247 Insulin isophane porcine 0000000 
4706 Insulin soluble human 0000000 
4896 Hypodermic insulin injection syringes 71190300 
5214 Insulin lispro 0000000 
5267 Hypodermic insulin injection syringes 71190300 
5345 Hypodermic insulin injection syringes 71190300 
5634 Hypodermic insulin injection syringes 71190300 
5769 Hypodermic insulin injection syringes 71190300 
5789 Hypodermic insulin injection syringes 71190300 
5933 Insulin soluble human/Insulin isophane human 0000000 
5967 Hypodermic insulin injection syringes 71190300 
6009 Hypodermic insulin injection syringes 71190300 
6228 Hypodermic insulin injection syringes 71190300 
6378 Hypodermic insulin injection syringes 71190300 
6730 Hypodermic insulin injection syringes 71190300 
6991 Hypodermic insulin injection syringes 71190300 
7062 Hypodermic insulin injection syringes 71190300 
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7127 Hypodermic insulin injection syringes 71190300 
7319 Insulin soluble human/Insulin isophane human 0000000 
7537 Insulin zinc suspension crystalline human 0000000 
7793 Insulin soluble human/Insulin isophane human 0000000 
8841 Insulin soluble human/Insulin isophane human 0000000 
9565 Insulin soluble human 0000000 
9618 Insulin isophane porcine/Insulin soluble porcine 0000000 
9702 Hypodermic insulin injection syringes 71190300 
10175 Insulin isophane human 0000000 
10244 Insulin soluble human/Insulin isophane human 0000000 
10245 Insulin soluble human/Insulin isophane human 0000000 
10547 Insulin zinc suspension mixed human 0000000 
11337 Insulin aspart 0000000 
11521 Hypodermic insulin injection syringes 71190300 
11878 Hypodermic insulin injection syringes 71190300 
12818 Insulin soluble human/Insulin isophane human 0000000 
13009 Hypodermic insulin injection syringes 71190300 
13036 Hypodermic insulin injection syringes 71190300 
13277 Insulin soluble human/Insulin isophane human 0000000 
13819 Insulin isophane porcine 0000000 
14619 Insulin isophane porcine/Insulin soluble porcine 0000000 
14646 Hypodermic insulin injection syringes 71190300 
15484 Insulin isophane bovine 0000000 
16160 Insulin soluble human/Insulin isophane human 0000000 
16389 Hypodermic insulin injection syringes 71190300 
16866 Hypodermic insulin injection syringes 71190300 
16959 Hypodermic insulin injection syringes 71190300 
17076 Hypodermic insulin injection syringes 71190300 
18446 Hypodermic insulin injection syringes 71190300 
18461 Insulin zinc suspension mixed human 0000000 
18931 Insulin zinc suspension crystalline human 0000000 
19977 Hypodermic insulin injection syringes 71190300 
21422 Insulin soluble human/Insulin isophane human 0000000 
22697 Insulin soluble human/Insulin isophane human 0000000 
22946 Hypodermic insulin injection syringes 71190300 
25735 Insulin soluble human/Insulin isophane human 0000000 
25736 Insulin soluble human/Insulin isophane human 0000000 
26338 Needle free insulin injectors 71190100 
28666 Hypodermic insulin injection syringes 71190300 
30305 Hypodermic insulin injection syringes 71190300 
31465 Insulin Human 0000000 
31467 Insulin human 0000000 
33232 Insulin soluble human/Insulin isophane human 0000000 
36355 Insulin Human 0000000 
36356 Insulin human 0000000 
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37055 Hypodermic insulin injection syringes 71190300 
38236 Hypodermic insulin injection syringes 71190300 
39150 Hypodermic insulin injection syringes 71190300 
42305 Needle free insulin injectors 71190100 
42797 Needle free insulin injectors 71190100 
44601 Needle free insulin injectors 71190100 
47751 Hypodermic insulin injection syringes 71190300 
49507 Needle free insulin injectors 71190100 
49508 Needle free insulin injectors 71190100 
49509 Needle free insulin injectors 71190100 
51182 Needle free insulin injectors 71190100 
51836 Needle free insulin injectors 71190100 
52722 Insulin soluble human/Insulin isophane human 0000000 
56115 Insulin soluble human 0000000 
56495 Insulin glargine 0000000 
56502 Insulin soluble human 0000000 
56624 Hypodermic insulin injection syringes 71190300 
56656 Hypodermic insulin injection syringes 71190300 
57153 Hypodermic insulin injection syringes 71190300 
57387 Hypodermic insulin injection syringes 71190300 
57388 Hypodermic insulin injection syringes 71190300 
57620 Insulin soluble human/Insulin isophane human 0000000 
58578 Hypodermic insulin injection syringes 71190300 
58754 Hypodermic insulin injection syringes 71190300 
58995 Hypodermic insulin injection syringes 71190300 
59133 Hypodermic insulin injection syringes 71190300 
59243 Hypodermic insulin injection syringes 71190300 
59311 Hypodermic insulin injection syringes 71190300 
60626 Needle free insulin injectors 71190100 
60938 Insulin soluble human/Insulin isophane human 0000000 
67231 Insulin aspart 0000000 
67266 Insulin soluble human/Insulin isophane human 0000000 
67267 Insulin soluble human/Insulin isophane human 0000000 
67279 Insulin isophane porcine 0000000 
69848 Needle free insulin injectors 71190100 
69849 Needle free insulin injectors 71190100 


 
Insulin 


Product Code Drug substance name  BNF Code 
53710 Insulin human 6010100 
60951 Insulin human 6010100 
62276 Insulin human 6010100 
67429 Insulin human 6010100 
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Short Insulins 
Product Code Drug substance name  BNF Code 
1588 Insulin Soluble Human 06010101/06010300 
1592 Insulin Soluble Human 06010101/06010300 
1840 Insulin Soluble Human 06010101/06010300 
1842 Insulin soluble porcine 06010101/06010300 
5021 Insulin aspart 6010101 
5892 Insulin aspart 6010101 
6209 Insulin aspart 6010101 
6447 Insulin Aspart 6010101 
7318 Insulin lispro 6010101 
7349 Insulin soluble human 6010101 
9521 Insulin soluble porcine 6010101 
10264 Insulin lispro 6010101 
10572 Insulin Soluble Bovine 06010101/06010300 
12297 Insulin Soluble Bovine 06010101/06010300 
12638 Insulin Soluble Human 06010101/06010300 
12654 Insulin Soluble Human 06010101/06010300 
13622 Insulin soluble porcine 06010101/06010300 
14299 Insulin glulisine 6010101 
14313 Insulin lispro 6010101 
14339 Insulin soluble bovine 06010101/06010300 
14345 Insulin glulisine 6010101 
14362 Insulin lispro 6010101 
14930 Insulin soluble porcine 06010101/06010300 
14938 Insulin Soluble Bovine 06010101/06010300 
14944 Insulin soluble human 6010101 
15710 Insulin Soluble Human 06010101/06010300 
16129 Insulin soluble human 6010101 
16142 Insulin aspart 6010101 
17336 Insulin Soluble Human 06010101/06010300 
18224 Insulin lispro 6010101 
18592 Insulin soluble bovine 06010101/06010300 
19491 Insulin glulisine 6010101 
19877 Insulin aspart 6010101 
21235 Insulin soluble human 6010101 
21583 Insulin glulisine 6010101 
21590 Insulin glulisine 6010101 
22945 Insulin Soluble Human 06010101/06010300 
22983 Insulin soluble human 6010101 
23231 Insulin soluble bovine 06010101/06010300 
23993 Insulin soluble human 6010101 
24593 Insulin Soluble Bovine 06010101/06010300 
24846 Insulin Soluble Human 06010101/06010300 
25479 Insulin soluble porcine 06010101/06010300 







 


110 
 


26060 Insulin lispro 6010101 
26098 Insulin soluble porcine 06010101/06010300 
26621 Insulin Soluble Human 06010101/06010300 
27396 Insulin soluble porcine 06010101/06010300 
27402 Insulin soluble human 6010101 
28101 Insulin glulisine 6010101 
28442 Insulin Glulisine 6010101 
29567 Insulin aspart 6010101 
29953 Insulin glulisine 6010101 
30209 Insulin soluble porcine 06010101/06010300 
36430 Insulin soluble human 6010101 
36513 Insulin soluble porcine 06010101/06010300 
36920 Insulin glulisine 6010101 
38986 Insulin lispro 6010101 
41959 Insulin Soluble Human 06010101/06010300 
46666 Insulin aspart 6010101 
47360 Insulin Soluble Bovine 06010101/06010300 
49108 Insulin aspart 6010101 
51743 Insulin aspart 6010101 
53118 Insulin aspart 6010101 
53251 Insulin aspart 6010101 
55603 Insulin lispro 6010101 
57529 Insulin lispro 6010101 
57564 Insulin lispro 6010101 
59533 Insulin aspart 6010101 
61845 Insulin aspart 6010101 
62180 Insulin aspart 6010101 
63464 Insulin lispro 6010101 
63679 Insulin Soluble Bovine 06010101/06010300 
67313 Insulin aspart 6010101 
69715 Insulin aspart 6010101 
69823 Insulin aspart 6010101 
70055 Insulin aspart 6010101 


 
Intermediate & Long term Insulins 


Product Code Drug substance name  BNF Code 
1593 Insulin isophane human 6010102 
1595 Insulin isophane human 6010102 
1649 Insulin Soluble Human/Insulin Isophane Human 6010102 
1805 Insulin Soluble Human/Insulin Isophane Human 6010102 
1806 Insulin Soluble Human/Insulin Isophane Human 6010102 
1886 Insulin isophane human 6010102 
2220 Insulin Soluble Human/Insulin Isophane Human 6010102 
2454 Insulin Soluble Human/Insulin Isophane Human 6010102 
2929 Insulin Soluble Human/Insulin Isophane Human 6010102 
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3396 Insulin Soluble Human/Insulin Isophane Human 6010102 
3439 Insulin Soluble Human/Insulin Isophane Human 6010102 
3550 Insulin Soluble Human/Insulin Isophane Human 6010102 
3551 Insulin Soluble Human/Insulin Isophane Human 6010102 
4163 Insulin/Insulin Soluble Porcine 6010102 
4198 Insulin Soluble Human/Insulin Isophane Human 6010102 
4199 Insulin Soluble Human/Insulin Isophane Human 6010102 
4715 Insulin Lispro/Insulin Lispro Protamine 6010102 
4760 Insulin Isophane Human 6010102 
4784 Pork Insulin/Insulin Zinc Suspension Mixed Bovine 6010102 
4790 Insulin soluble human/Insulin isophane human 6010102 
5250 Insulin Lispro/Insulin Lispro Protamine 6010102 
5255 Insulin Soluble Human/Insulin Isophane Human 6010102 
5501 Insulin Isophane Human 6010102 
5891 Insulin isophane human 6010102 
5953 Insulin Glargine 6010102 
6057 Insulin Glargine 6010102 
6061 Insulin Aspart/Insulin Aspart Protamine 6010102 
6958 Insulin detemir 6010102 
6965 Insulin detemir 6010102 
7237 Insulin glargine 6010102 
7266 Insulin glargine 6010102 
7350 Insulin isophane porcine 6010102 
7393 Insulin glargine 6010102 
7400 Insulin glargine 6010102 
7402 Insulin glargine 6010102 
7771 Insulin isophane human 6010102 
7772 Insulin isophane human 6010102 
8118 Insulin Isophane Human 6010102 
8203 Insulin soluble human/Insulin isophane human 6010102 


8322 Insulin Zinc Suspension Crystalline Human/Insulin 
Zinc Suspension Mixed Human 6010102 


8895 Insulin Isophane Porcine/Insulin Soluble Porcine 6010102 
9341 Insulin Soluble Human/Insulin Isophane Human 6010102 
9376 Insulin Zinc Suspension Crystalline Human 6010102 
9503 Insulin protamine zinc bovine 6010102 
9737 Insulin isophane human 6010102 
10001 Insulin lispro/Insulin lispro protamine 6010102 
10067 Insulin Aspart/Insulin Aspart Protamine 6010102 
10184 Insulin Detemir 6010102 
10207 Insulin isophane human 6010102 
10208 Insulin isophane human 6010102 
10225 Insulin glargine 6010102 
10229 Insulin isophane human 6010102 
10243 Insulin lispro/Insulin lispro protamine 6010102 
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10259 Insulin glargine 6010102 
10484 Insulin Soluble Human/Insulin Isophane Human 6010102 
10887 Insulin Soluble Human/Insulin Isophane Human 6010102 
10910 Insulin Soluble Human/Insulin Isophane Human 6010102 
10915 Insulin Soluble Human/Insulin Isophane Human 6010102 
11055 Insulin Soluble Human/Insulin Isophane Human 6010102 
11056 Insulin Soluble Human/Insulin Isophane Human 6010102 
11080 Insulin Isophane Human 6010102 
11107 Insulin Soluble Human/Insulin Isophane Human 6010102 
12035 Insulin zinc suspension mixed bovine 6010102 
12299 Pork Insulin 6010102 
13416 Insulin/Insulin Soluble Porcine 6010102 
13516 Insulin isophane bovine 6010102 
13729 Insulin Isophane Human 6010102 
13837 Insulin Soluble Human/Insulin Isophane Human 6010102 
14270 Insulin lispro/Insulin lispro protamine 6010102 
14290 Insulin isophane human 6010102 
14301 Insulin detemir 6010102 
14330 Insulin detemir 6010102 
14340 Insulin isophane bovine 6010102 
14357 Insulin isophane human 6010102 
14505 Insulin protamine zinc bovine 6010102 
14644 Insulin Soluble Human/Insulin Isophane Human 6010102 
14649 Insulin Soluble Human/Insulin Isophane Human 6010102 
14918 Insulin isophane human 6010102 
14925 Insulin Isophane Human 6010102 
14928 Insulin isophane human 6010102 
14933 Insulin isophane porcine 6010102 
15199 Insulin Soluble Human/Insulin Isophane Human 6010102 
15961 Insulin Isophane Human 6010102 
16682 Insulin zinc suspension mixed bovine 6010102 
16700 Insulin Zinc Suspension Mixed Bovine 6010102 
17712 Insulin zinc suspension mixed bovine 6010102 
17731 Insulin soluble human/Insulin isophane human 6010102 
17809 Insulin Soluble Human/Insulin Isophane Human 6010102 
18590 Insulin isophane bovine 6010102 
18593 Insulin lispro/Insulin lispro protamine 6010102 
20422 Insulin isophane human/Insulin soluble human 6010102 
21110 Insulin Soluble Human/Insulin Isophane Human 6010102 
21347 Insulin Soluble Human/Insulin Isophane Human 6010102 
21374 Insulin Soluble Human/Insulin Isophane Human 6010102 
21395 Insulin Soluble Human/Insulin Isophane Human 6010102 
21554 Insulin soluble human/Insulin isophane human 6010102 
22058 Insulin Soluble Human/Insulin Isophane Human 6010102 
22155 Insulin Soluble Human/Insulin Isophane Human 6010102 







 


113 
 


23992 Insulin isophane human 6010102 
25812 Insulin isophane human 6010102 
26403 Insulin Soluble Human/Insulin Isophane Human 6010102 
26498 Pork Insulin/Insulin Zinc Suspension Mixed Bovine 6010102 
27177 Insulin Lispro/Insulin Lispro Protamine 6010102 
27461 Insulin isophane human 6010102 
27614 Insulin Soluble Human/Insulin Isophane Human 6010102 
28183 Insulin isophane porcine 6010102 
28185 Insulin lispro/Insulin lispro protamine 6010102 
28588 Insulin isophane bovine 6010102 
29837 Insulin Soluble Human/Insulin Isophane Human 6010102 
30236 Insulin Isophane Bovine 6010102 
30686 Insulin isophane porcine 6010102 
31258 Insulin lispro/Insulin lispro protamine 6010102 
33167 Insulin Soluble Human/Insulin Isophane Human 6010102 
33966 Insulin Isophane Human 6010102 
34031 Pork Insulin 6010102 
34097 Insulin Soluble Human/Insulin Isophane Human 6010102 
35260 Insulin detemir 6010102 
35468 Insulin isophane human 6010102 
35701 Insulin lispro/Insulin lispro protamine 6010102 
36066 Insulin isophane bovine 6010102 
36146 Insulin lispro/Insulin lispro protamine 6010102 
36853 Insulin glargine 6010102 
38422 Insulin isophane bovine 6010102 
39006 Insulin lispro/Insulin lispro protamine 6010102 
39086 Insulin lispro/Insulin lispro protamine 6010102 
41834 Insulin zinc suspension mixed bovine 6010102 
42395 Insulin lispro/Insulin lispro protamine 6010102 
43950 Insulin isophane human 6010102 
43953 Insulin lispro/Insulin lispro protamine 6010102 
44251 Pork Insulin 6010102 
46001 Insulin isophane human 6010102 
47856 Insulin isophane bovine 6010102 
49831 Insulin glargine 6010102 
50633 Insulin glargine 6010102 
52522 Insulin lispro/Insulin lispro protamine 6010102 
52748 Insulin isophane human 6010102 
54462 Insulin Soluble Human/Insulin Isophane Human 6010102 
55234 Insulin degludec 6010102 
55462 Insulin degludec 6010102 
55517 Insulin isophane human 6010102 
55618 Insulin detemir 6010102 
55687 Insulin degludec 6010102 
55907 Insulin degludec 6010102 
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55910 Insulin degludec 6010102 
56691 Insulin degludec 6010102 
57622 Insulin lispro/Insulin lispro protamine 6010102 
59500 Insulin isophane human 6010102 
62899 Insulin degludec/Liraglutide 06010102/06010203 
63562 Insulin degludec/Liraglutide 06010102/06010203 
64354 Insulin glargine 6010102 
64460 Insulin glargine 6010102 
64723 Insulin glargine 6010102 
64987 Insulin glargine 6010102 
66316 Insulin glargine 6010102 
66335 Insulin Isophane Porcine/Insulin Soluble Porcine 6010102 
67230 Insulin glargine 6010102 
68031 Insulin lispro/Insulin lispro protamine 6010102 
69583 Insulin lispro/Insulin lispro protamine 6010102 


 
Sulphonylureas 


Product Code Drug substance name  BNF Code 
32 Gliclazide 6010201 
1253 Chlorpropamide 6010201 
1254 Glibenclamide 6010201 
1847 Chlorpropamide 6010201 
1964 Gliclazide 6010201 
1965 Tolbutamide 6010201 
2219 Glibenclamide 6010201 
4862 Glibenclamide 6010201 
5276 Glimepiride 6010201 
5316 Glimepiride 6010201 
5353 Glimepiride 6010201 
5627 Gliclazide 6010201 
5636 Glipizide 6010201 
6337 Glimepiride 6010201 
7284 Glimepiride 6010201 
7332 Glimepiride 6010201 
7409 Glimepiride 6010201 
7744 Glibenclamide 6010201 
7912 Glibenclamide 6010201 
8034 Chlorpropamide 6010201 
8168 Chlorpropamide 6010201 
8976 Glibenclamide 6010201 
10427 Tolazamide 6010201 
11284 Glimepiride 6010201 
11695 Gliclazide 6010201 
11946 Tolbutamide 6010201 
12245 Glibornuride 6010201 
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12259 Glibornuride 6010201 
12455 Tolbutamide 6010201 
12513 Glipizide 6010201 
13331 Glibenclamide 6010201 
15374 Gliclazide 6010201 
16602 Glibenclamide 6010201 
17343 Gliclazide 6010201 
17698 Glipizide 6010201 
19336 Tolazamide 6010201 
21424 Glibenclamide 6010201 
21489 Tolazamide 6010201 
21564 Gliclazide 6010201 
21832 Glibenclamide 6010201 
21892 Gliclazide 6010201 
22145 Tolazamide 6010201 
22858 Acetohexamide 6010201 
24848 Glymidine Sodium 6010201 
25636 Glibenclamide 6010201 
26118 Acetohexamide 6010201 
26218 Glibenclamide 6010201 
27969 Chlorpropamide 6010201 
28708 Glibenclamide 6010201 
29326 Glipizide 6010201 
29939 Gliclazide 6010201 
30460 Glibenclamide 6010201 
31212 Gliclazide 6010201 
31474 Glibenclamide 6010201 
33562 Gliclazide 6010201 
33673 Tolbutamide 6010201 
34399 Gliclazide 6010201 
34507 Glibenclamide 6010201 
34563 Glibenclamide 6010201 
34676 Glibenclamide 6010201 
34706 Glibenclamide 6010201 
34802 Glipizide 6010201 
34932 Gliclazide 6010201 
34957 Tolbutamide 6010201 
36856 Gliclazide 6010201 
40365 Glimepiride 6010201 
40425 Gliclazide 6010201 
41558 Glibenclamide 6010201 
41559 Glibenclamide 6010201 
41593 Glibenclamide 6010201 
42790 Gliclazide 6010201 
43065 Gliclazide 6010201 
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43465 Gliclazide 6010201 
44304 Tolbutamide 6010201 
44473 Gliclazide 6010201 
44738 Glimepiride 6010201 
45215 Gliclazide 6010201 
45831 Gliclazide 6010201 
46927 Tolbutamide 6010201 
47074 Gliclazide 6010201 
47894 Gliclazide 6010201 
48056 Gliclazide 6010201 
51955 Gliclazide 6010201 
53288 Gliclazide 6010201 
54764 Gliclazide 6010201 
55862 Gliclazide 6010201 
56008 Gliclazide 6010201 
56376 Rosiglitazone Maleate/Glimepiride 06010201/06010203 
56437 Gliclazide 6010201 
57601 Glibenclamide 6010201 
57830 Gliclazide 6010201 
58882 Gliclazide 6010201 
60495 Gliclazide 6010201 
61311 Glimepiride 6010201 
61957 Gliclazide 6010201 
62014 Glimepiride 6010201 
62034 Gliclazide 6010201 
63048 Gliclazide 6010201 
63131 Gliclazide 6010201 
66399 Glimepiride 6010201 
67056 Glimepiride 6010201 
67781 Gliclazide 6010201 
68289 Glimepiride 6010201 
68415 Gliclazide 6010201 
68675 Glimepiride 6010201 
68819 Gliclazide 6010201 
69669 Gliclazide 6010201 


 
Thiazolidinediones 


Product Code Drug substance name  BNF Code 
469 Rosiglitazone maleate 000000000 
5227 Rosiglitazone maleate 000000000 
9662 Rosiglitazone maleate 000000000 
15232 Rosiglitazone maleate 000000000 
7375 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11717 Rosiglitazone maleate/Metformin hydrochloride 000000000 
7325 Rosiglitazone maleate/Metformin hydrochloride 000000000 
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14164 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11601 Metformin hydrochloride/Rosiglitazone maleate 000000000 
6855 Metformin hydrochloride/Rosiglitazone maleate 000000000 
17580 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11604 Rosiglitazone maleate/Metformin hydrochloride 000000000 


 
Other Anti-diabetic medication 


Product Code Drug substance name  BNF Code 
479 Acarbose 6010203 
548 Pioglitazone hydrochloride 6010203 
3740 Guar Gum 6010203 
4307 Guar gum 6010203 
5174 Acarbose 6010203 
5621 Acarbose 6010203 
5678 Nateglinide 6010203 
5989 Nateglinide 6010203 
7695 Guar gum 6010203 
9105 Acarbose 6010203 
9699 Pioglitazone hydrochloride 6010203 
9707 Repaglinide 6010203 
9748 Repaglinide 6010203 
9865 Repaglinide 6010203 
10051 Pioglitazone hydrochloride 6010203 
11316 Repaglinide 6010203 
11321 Repaglinide 6010203 
11366 Repaglinide 6010203 
11483 Nateglinide 6010203 
13628 Troglitazone 6010203 
15955 Nateglinide 6010203 
18220 Pioglitazone hydrochloride/Metformin hydrochloride 6010203 
19472 Pioglitazone hydrochloride 6010203 
20287 Pioglitazone hydrochloride 6010203 
20889 Pioglitazone hydrochloride 6010203 
23945 Nateglinide 6010203 
27125 Nateglinide 6010203 
31077 Pioglitazone hydrochloride/Metformin hydrochloride 6010203 
35022 Sitagliptin phosphate 6010203 
35144 Exenatide 6010203 
35149 Exenatide 6010203 
35150 Exenatide 6010203 
35251 Exenatide 6010203 
35462 Sitagliptin phosphate 6010203 
35561 Repaglinide 6010203 
36774 Repaglinide 6010203 
36948 Repaglinide 6010203 
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37617 Rosiglitazone Maleate 6010203 
37874 Metformin Hydrochloride/vildagliptin 6010203 
37875 Vildagliptin 6010203 
37902 Vildagliptin/Metformin hydrochloride 6010203 
38551 Vildagliptin/Metformin hydrochloride 6010203 
39149 Vildagliptin 6010203 
39203 Metformin hydrochloride/Vildagliptin 6010203 
40642 Liraglutide 6010203 
40693 Liraglutide 04050000/06010203 
41204 Saxagliptin hydrochloride 6010203 
41431 Saxagliptin hydrochloride 6010203 
43619 Sitagliptin phosphate/Metformin hydrochloride 6010203 
43684 Sitagliptin phosphate/Metformin hydrochloride 6010203 
45775 Saxagliptin hydrochloride 6010203 
45821 Saxagliptin hydrochloride 6010203 
46458 Exenatide 6010203 
46469 Exenatide 6010203 
46665 Linagliptin 6010203 
46716 Linagliptin 6010203 
48120 Rosiglitazone Maleate 6010203 
48139 Pioglitazone hydrochloride 6010203 
48401 Sitagliptin phosphate 6010203 
48533 Sitagliptin phosphate 6010203 
50087 Sitagliptin phosphate 6010203 
50124 Sitagliptin phosphate 6010203 
52203 Repaglinide 6010203 
54182 Dapagliflozin 6010203 
54203 Dapagliflozin 6010203 
54265 Dapagliflozin 6010203 
54480 Dapagliflozin 6010203 
54891 Metformin hydrochloride/Saxagliptin hydrochloride 6010203 
54973 Saxagliptin hydrochloride/Metformin hydrochloride 6010203 
55413 Lixisenatide 6010203 
55459 Lixisenatide 6010203 
55723 Lixisenatide 6010203 
55728 Lixisenatide 6010203 
55729 Lixisenatide 6010203 
55767 Lixisenatide 6010203 
56208 Pioglitazone hydrochloride 6010203 
56831 Troglitazone 6010203 
56965 Metformin hydrochloride/Saxagliptin hydrochloride 6010203 
57659 Pioglitazone hydrochloride 6010203 
58865 Saxagliptin hydrochloride/Metformin hydrochloride 6010203 
59177 Alogliptin benzoate 6010203 
59385 Alogliptin benzoate/Metformin hydrochloride 6010203 
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59809 Alogliptin benzoate 6010203 
60073 Canagliflozin hemihydrate 6010203 
60211 Canagliflozin hemihydrate 6010203 
60328 Alogliptin benzoate 6010203 
60379 Canagliflozin hemihydrate 6010203 
60386 Canagliflozin hemihydrate 6010203 
60430 Canagliflozin hemihydrate 6010203 
60497 Alogliptin benzoate 6010203 
60681 Alogliptin benzoate 6010203 
60682 Alogliptin benzoate 6010203 
61756 Empagliflozin 6010203 
61925 Repaglinide 6010203 
62172 Empagliflozin 6010203 
62326 Alogliptin benzoate 6010203 
62426 Pioglitazone hydrochloride 6010203 
62661 Exenatide 6010203 
62760 Empagliflozin 6010203 
62904 Exenatide 6010203 
63046 Pioglitazone hydrochloride 6010203 
63107 Pioglitazone hydrochloride 6010203 
63336 Dulaglutide 6010203 
63401 Dulaglutide 6010203 
63421 Pioglitazone hydrochloride 6010203 
63516 Dapagliflozin 6010203 
63785 Dulaglutide 6010203 
63823 Dulaglutide 6010203 
63929 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
64217 Empagliflozin 6010203 
64622 Exenatide 6010203 
64743 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
64900 Pioglitazone hydrochloride 6010203 
65562 Pioglitazone hydrochloride 6010203 
65563 Pioglitazone hydrochloride 6010203 
66854 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
68258 Alogliptin benzoate 6010203 
68934 Pioglitazone hydrochloride 6010203 
69459 Alogliptin benzoate 6010203 
69540 Saxagliptin/Dapagliflozin 6010203 
69548 Liraglutide 4050000 
69654 Saxagliptin/Dapagliflozin 6010203 
69885 Pioglitazone hydrochloride 6010203 
69947 Albiglutide 6010203 


  







 


120 
 


Recoding of ethnic group categories for the study’s purpose 
Category General definition Analysis definition eGFR definition 
1 White NOS White White 
2 White British Black Unknown/White 
3 Mixed NOS Mixed Unknown/Mixed 
4 Mixed British Chinese Black 
5 Black NOS Asian Unknown/Black 


6 Black British Other ethnic group Ethnic group not specified 


7 Asian NOS Ethnic group not 
specified   -  


8 Asian British - -  
9 Mixed White and Black - -  
10 Mixed White and Asian - -  
11 Mixed Black and Asian - -  
12 Middle East - -  
13 Indian - -  
14 Pakistani - -  
15 Bangladeshi - -  
16 Black Caribbean - -  
17 Black African - -  
18 Chinese - -  
19 Other ethnic group - -  
20 Ethnic group not specified - -  


 
Read codes using the structured data component of the clinical CPRD table (medcode) for 
Ethnicity classification 
Read Codes Description Medcode General Analysis eGFR 


1341 European origin 25656 1 1 2 
1342 African origin 45125 19 6 5 
1343 Asian origin 25801 7 5 3 
1344 North American origin 41150 1 1 2 
1345 South American origin 32101 19 6 3 
1346 Australian origin 47975 1 1 2 
1347 Indian origin 45144 13 5 3 
1348 Middle Eastern origin 47951 12 5 2 
1349 Far Eastern origin 47960 7 5 2 
2263.11 O/E - Asian origin 32132 7 5 3 
134..00 Country of origin 7843 20 7 6 
134..11 Born in - country 8892 20 7 6 
134A.00 West Indian origin 45131 16 2 5 
134B.00 RACE: Caucasian 12191 1 1 1 
134C.00 RACE: Arab 12875 19 6 3 
134D.00 RACE: Chinese 32224 18 4 2 
134E.00 RACE: Japanese 45163 7 5 2 
134F.00 RACE: Korean 41394 7 5 2 
134G.00 RACE: Oriental 41200 12 5 2 
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134H.00 RACE: Afro-caribbean 25894 3 3 5 
134I.00 RACE: Bangladeshi 26348 15 5 3 
134J.00 RACE: Mixed 30408 3 3 3 
134K.00 RACE: West indian 32095 16 2 5 
134L.00 RACE: Afro-caucasian 45167 9 3 3 
134M.00 RACE: Pakistani 26062 14 5 3 
134N.00 RACE: White 25550 1 1 1 
134O.00 RACE: Unknown 22953 20 7 6 
134P.00 RACE: Not stated 46137 20 7 6 
134P.11 RACE: Other 32391 20 7 6 
134Z.00 Country of origin NOS 41202 20 7 6 
13d..00 Country of birth (European) 30800 1 1 2 
13d0.00 Born in Albania 32055 19 6 2 
13d1.00 Born in Andorra 93935 19 6 2 
13d2.00 Born in Austria 32313 19 6 2 
13d3.00 Born in Azerbaijan 41337 19 6 2 
13d4.00 Born in Belgium 32352 19 6 2 
13d5.00 Born in Belorussia 41233 19 6 2 
13d6.00 Born in Bosnia - Herzegovnia 32397 19 6 2 
13d7.00 Born in Bulgaria 32169 19 6 2 
13d8.00 Born in Croatia 41210 19 6 2 
13d9.00 Born in Cyprus 32190 19 6 2 
13dA.00 Born in Czech Republic 26463 19 6 2 
13da.00 Born in San Marino 98530 19 6 2 
13db.00 Born in Scotland 32065 19 6 2 
13dB.00 Born in Denmark 32186 19 6 2 
13dC.00 Born in England 25752 19 6 2 
13dc.00 Born in Slovakia 32119 19 6 2 
13dD.00 Born in Estonia 32139 19 6 2 
13dd.00 Born in Slovenia 41304 19 6 2 
13dE.00 Born in Finland 32173 19 6 2 
13dF.00 Born in France 32081 19 6 2 
13df.00 Born in Sweden 32098 19 6 2 
13dg.00 Born in Switzerland 32807 19 6 2 
13dH.00 Born in Greece 32080 19 6 2 
13dh.00 Born in The Netherlands 32150 19 6 2 
13di.00 Born in Ukraine 32103 19 6 2 
13dI.00 Born in Hungary 32688 19 6 2 
13dJ.00 Born in Iceland 41312 19 6 2 
13dj.00 Born in Vatican City 99119 19 6 2 
13dk.00 Born in Wales 32105 19 6 2 
13dK.00 Born in Ireland 32113 19 6 2 
13dl.00 Born in Yugoslavia 25256 19 6 2 
13dL.00 Born in Italy 32116 19 6 2 
13dM.00 Born in Kosovo 25730 19 6 2 
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13dm.00 
Born in former Yugoslav Republic 
of Macedonia 96824 19 6 2 


13dN.00 Born in Latvia 32242 19 6 2 
13dn.00 Born in Serbia 100517 19 6 2 
13dO.00 Born in Liechtenstein 95708 19 6 2 
13do.00 Born in Montenegro 109457 19 6 2 
13dP.00 Born in Lithuania 28301 19 6 2 
13dp.00 Born in Belarus 109898 19 6 2 
13dQ.00 Born in Luxembourg 69131 19 6 2 
13dq.00 Born in Republic of Moldova 109260 19 6 2 
13dR.00 Born in Malta 41364 19 6 2 
13dr.00 Born in Guernsey 109093 19 6 2 
13dS.00 Born in Moldavia 39974 19 6 2 
13ds.00 Born in Jersey 109092 19 6 2 
13dT.00 Born in Monaco 71190 19 6 2 
13dU.00 Born in Northern Ireland 32117 19 6 2 
13dV.00 Born in Norway 41213 19 6 2 
13dW.00 Born in Poland 32094 19 6 2 
13dX.00 Born in Portugal 32160 19 6 2 
13dx.00 Born in Aland Islands 111774 19 6 2 
13dY.00 Born in Republic of Ireland 41357 19 6 2 
13dZ.00 Born in Romania 32345 19 6 2 
13e..00 Country of birth (Asian) 11552 7 5 3 
13e0.00 Born in Afghanistan 32060 19 6 2 
13e1.00 Born in Armenia 32361 19 6 2 
13e2.00 Born in Bahrain 32273 19 6 2 
13e3.00 Born in Bangladesh 32125 19 6 2 
13e4.00 Born in Bhutan 97390 19 6 2 
13e5.00 Born in Brunei 62298 19 6 2 
13e6.00 Born in Burma 32254 19 6 2 
13e7.00 Born in Chechnya 32202 19 6 2 
13e8.00 Born in China 32058 19 6 2 


13e9.00 
Born in Democratic People's 
Republic of Korea 41354 19 6 2 


13ea.00 Born in Republic of Korea 41356 19 6 2 
13eA.00 Born in East Timor 57186 19 6 2 
13eb.00 Born in Russia 32127 19 6 2 
13eB.00 Born in Georgia 49402 19 6 2 
13ec.00 Born in Saudi Arabia 32144 19 6 2 
13eC.00 Born in Hong Kong 32220 19 6 2 
13ed.00 Born in Singapore 32157 19 6 2 
13eD.00 Born in India 32082 19 6 3 
13ee.00 Born in South Korea 41228 19 6 2 
13eE.00 Born in Indonesia 41289 19 6 2 
13eF.00 Born in Iran 26426 19 6 2 
13ef.00 Born in Sri Lanka 32245 19 6 2 
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13eg.00 Born in Syria 28529 19 6 2 
13eG.00 Born in Iraq 12713 19 6 3 
13eH.00 Born in Israel 25007 19 6 2 
13eh.00 Born in Taiwan 32390 19 6 2 
13eI.00 Born in Japan 32070 19 6 2 
13ei.00 Born in Tajikistan 100007 19 6 2 
13ej.00 Born in Thailand 32135 19 6 2 
13eJ.00 Born in Jordan 41311 19 6 2 
13ek.00 Born in Turkey 32114 19 6 2 
13eK.00 Born in Kazakhstan 41292 19 6 2 
13eL.00 Born in Kuwait 41217 19 6 2 
13el.00 Born in Turkmenistan 41302 19 6 2 
13eM.00 Born in Kyrgyzstan 32128 19 6 2 
13em.00 Born in United Arab Emirates 41372 19 6 2 
13en.00 Born in Uzbekistan 41402 19 6 2 
13eN.00 Born in Laos 69431 19 6 2 
13eo.00 Born in Vietnam 26334 19 6 2 
13eO.00 Born in Lebanon 41211 19 6 2 
13eP.00 Born in Malaysia 32171 19 6 2 
13ep.00 Born in Yemen 41344 19 6 2 
13eQ.00 Born in Maldives 91328 19 6 2 
13eq.00 Born in Christmas Island 109226 19 6 2 
13eR.00 Born in Mali 65310 19 6 5 
13eS.00 Born in Mongolia 41351 19 6 5 
13eT.00 Born in Nepal 32217 19 6 2 
13eU.00 Born in North Korea 66560 19 6 2 
13eV.00 Born in Oman 51778 19 6 2 
13eW.00 Born in Pakistan 25995 19 6 3 
13eX.00 Born in Palestine 41297 19 6 2 
13eY.00 Born in Philippines 25092 19 6 2 
13eZ.00 Born in Qatar 42639 19 6 2 
13f..00 Country of birth (American) 32053 1 1 2 
13f0.00 Born in Argentina 32325 19 6 3 
13f1.00 Born in Belize 94050 19 6 3 
13f2.00 Born in Bolivia 41230 19 6 3 
13f3.00 Born in Brazil 32075 19 6 3 
13f4.00 Born in British Guyana 32342 19 6 3 
13f5.00 Born in Canada 30606 19 6 2 
13f6.00 Born in Chile 41291 19 6 3 
13f7.00 Born in Columbia 32303 19 6 3 
13f8.00 Born in Costa Rica 64984 19 6 3 
13f9.00 Born in Ecuador 32311 19 6 3 
13fA.00 Born in El Salvador 63943 19 6 3 
13fB.00 Born in Grenada 32120 19 6 2 
13fC.00 Born in Guatemala 69806 19 6 3 
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13fD.00 Born in Guyana 38075 19 6 3 
13fE.00 Born in Honduras 41280 19 6 3 
13fF.00 Born in Mexico 32201 19 6 2 
13fG.00 Born in Nicaragua 74892 19 6 3 
13fH.00 Born in Panama 63923 19 6 3 
13fI.00 Born in Paraguay 41399 19 6 3 
13fJ.00 Born in Peru 32166 19 6 3 
13fK.00 Born in Suriname 69426 19 6 3 
13fL.00 Born in USA 32072 19 6 2 
13fM.00 Born in Uruguay 41367 19 6 3 
13g..00 Country of birth (African) 32102 19 6 3 
13g0.00 Born in Algeria 32079 19 6 3 
13g1.00 Born in Angola 32260 19 6 5 
13g2.00 Born in Benin 41318 19 6 5 
13g3.00 Born in Botswana 41316 19 6 5 
13g4.00 Born in Burkina Faso 58527 19 6 5 
13g5.00 Born in Burundi 32167 19 6 5 
13g6.00 Born in Cambodia 96636 19 6 2 
13g7.00 Born in Cameroon 32255 19 6 5 
13g8.00 Born in Cape Verde Islands 69560 19 6 3 
13g9.00 Born in Central African Republic 99258 19 6 5 
13ga.00 Born in Rwanda 32331 19 6 5 
13gA.00 Born in Chad 38117 19 6 5 
13gB.00 Born in Comoros Islands 101158 19 6 5 
13gb.00 Born in Sao Tome and Principe 101591 19 6 5 
13gC.00 Born in Congo 25664 19 6 5 
13gc.00 Born in Senegal 32309 19 6 5 
13gd.00 Born in Sierra Leone 32197 19 6 5 
13gE.00 Born in Egypt 32333 19 6 3 
13ge.00 Born in Somalia 32189 19 6 5 
13gf.00 Born in South Africa 12458 19 6 3 
13gF.00 Born in Equatorial Guinea 93923 19 6 5 
13gG.00 Born in Ethiopia 32158 19 6 5 
13gg.00 Born in Sudan 36794 19 6 5 
13gh.00 Born in Swaziland 41350 19 6 5 
13gH.00 Born in Gabon 59657 19 6 5 
13gi.00 Born in Tanzania 25133 19 6 5 
13gI.00 Born in Gambia 32207 19 6 5 
13gJ.00 Born in Ghana 32067 19 6 5 
13gj.00 Born in The Gambia 63927 19 6 5 
13gk.00 Born in Tunisia 32741 19 6 3 
13gK.00 Born in Guinea Bissau 41365 19 6 5 
13gL.00 Born in Guinea Republic 32347 19 6 3 
13gl.00 Born in Uganda 32068 19 6 5 
13gM.00 Born in Ivory Coast 32099 19 6 5 
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13gm.00 Born in Zaire 41209 19 6 5 
13gN.00 Born in Kenya 32112 19 6 5 
13gn.00 Born in Zambia 32168 19 6 5 
13go.00 Born in Zimbabwe 25008 19 6 5 
13gO.00 Born in Lesotho 93697 19 6 5 
13gp.00 Born in Eritrea 64949 19 6 3 
13gP.00 Born in Liberia 32237 19 6 5 
13gQ.00 Born in Libya 41341 19 6 3 


13gq.00 
Born in Democratic Republic of 
Congo 109992 19 6 5 


13gR.00 Born in Madagascar 37197 19 6 5 
13gS.00 Born in Malawi 32115 19 6 5 
13gT.00 Born in Mauritania 69143 19 6 5 
13gU.00 Born in Mauritius 32140 19 6 3 
13gV.00 Born in Morocco 32108 19 6 3 
13gW.00 Born in Mozambique 32162 19 6 5 
13gX.00 Born in Namibia 32233 19 6 5 
13gY.00 Born in Niger 30224 19 6 5 
13gZ.00 Born in Nigeria 32111 19 6 5 
13h..00 Country of birth (Australasian) 41327 1 1 2 
13h0.00 Born in Australia 32061 19 6 2 
13h1.00 Born in New Zealand 32074 19 6 2 
13j..00 Country of birth (Atlantic) 49907 1 1 2 
13j0.00 Born in Antigua and Barbuda 32301 19 6 5 
13j1.00 Born in Bahamas 58533 19 6 3 
13j2.00 Born in Barbados 32089 19 6 5 
13j3.00 Born in Cuba 41290 19 6 3 
13j4.00 Born in Dominican Republic 32369 19 6 5 
13j5.00 Born in Haiti 58192 19 6 5 
13j6.00 Born in Jamaica 32076 19 6 5 
13j7.00 Born in Puerto Rico 69135 19 6 3 
13j8.00 Born in St. Kitts and Nevis 66553 19 6 5 
13j9.00 Born in St. Lucia 32131 19 6 5 
13jA.00 Born in St. Vincent 66551 19 6 5 
13jB.00 Born in Togo 32304 19 6 5 
13jC.00 Born in Trinidad and Tobago 32062 19 6 5 
13jD.00 Born in Dominica 99431 19 6 3 
13jE.00 Born in Aruba 108271 19 6 3 


13jG.00 
Born in Saint Vincent and the 
Grenadines 109458 19 6 3 


13jH.00 Born in Sint Maarten 111700 19 6 3 
13k..00 Country of birth (Pacific) 32417 19 6 3 
13k0.00 Born in Fiji 42635 19 6 3 
13k3.00 Born in Papua New Guinea 64120 19 6 3 
13k4.00 Born in Seychelles 32293 19 6 3 
13k5.00 Born in Solomon Islands 48297 19 6 3 
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13k6.00 Born in Tonga 47559 19 6 5 
13k7.00 Born in Tuvalu 57189 19 6 3 
13k8.00 Born in Vanuatu 111392 19 6 5 
13k9.00 Born in Western Samoa 103965 19 6 3 
13kB.00 Born in American Samoa 109791 19 6 3 
13t0.00 Born in Montserrat 105923 19 6 3 
13t1.00 Born in Bermuda 98038 19 6 3 
13t2.00 Born in Anguilla 104983 19 6 3 
13t3.00 Born in British Virgin Islands 109727 19 6 3 


13t5.00 
Born in Saint Helena, Ascension 
and Tristan da Cunha 109276 19 6 3 


13v0.00 Born in Martinique 103364 19 6 3 
13v4.00 Born in French Guiana 111051 19 6 3 
13v7.00 Born in Guadeloupe 108936 19 6 3 
13z1.00 Bulgarian Orthodox 104111 1 1 2 
13z6.00 Scottish Episcopalian 100536 2 1 2 
13Zq.00 Country of birth unknown 101846 20 7 6 
226..00 O/E - ethnic group 25969 20 7 6 
226..11 O/E - ethnic origin 12332 20 7 6 
226Z.00 O/E - ethnic group NOS 60284 20 7 6 
631..00 Place of birth 34501 20 7 6 
916E.00 Patient ethnicity unknown 93749 20 7 6 
9i...00 Ethnic category - 2001 census 12435 20 7 6 


9i0..00 
British or mixed British - ethnic 
category 2001 census 12351 4 3 2 


9i00.00 
White British - ethnic category 
2001 census 98111 2 1 1 


9i1..00 Irish - ethnic category 2001 census 12532 2 1 2 


9i10.00 
White Irish - ethnic category 2001 
census 98213 2 1 1 


9i2..00 
Other White background - ethnic 
category 2001 census 12421 1 1 1 


9i20.00 
English - ethnic category 2001 
census 12352 2 1 2 


9i21.00 
Scottish - ethnic category 2001 
census 12436 2 1 2 


9i22.00 
Welsh - ethnic category 2001 
census 12681 2 1 2 


9i23.00 
Cornish - ethnic category 2001 
census 28887 2 1 2 


9i24.00 
Northern Irish - ethnic category 
2001 census 42294 2 1 1 


9i25.00 
Ulster Scots - ethnic category 2001 
census 40102 2 1 2 


9i26.00 
Cypriot (part not stated) - ethnic 
category 2001 census 32778 1 1 2 


9i27.00 
Greek - ethnic category 2001 
census 12355 1 1 2 


9i28.00 
Greek Cypriot - ethnic category 
2001 census 12769 1 1 2 


9i29.00 
Turkish - ethnic category 2001 
census 12746 1 1 2 
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9i2A.00 
Turkish Cypriot - ethnic category 
2001 census 32413 1 1 2 


9i2B.00 
Italian - ethnic category 2001 
census 12412 1 1 2 


9i2C.00 
Irish Traveller - ethnic category 
2001 census 55223 2 1 2 


9i2D.00 
Traveller - ethnic category 2001 
census 55113 20 7 6 


9i2E.00 
Gypsy/Romany - ethnic category 
2001 census 42290 19 6 3 


9i2F.00 
Polish - ethnic category 2001 
census 12467 1 1 2 


9i2G.00 
Baltic Estonian/Latvian/Lithuanian 
- ethn categ 2001 census 12433 1 1 2 


9i2H.00 
Commonwealth (Russian) Indep 
States - ethn categ 2001 census 28973 1 1 2 


9i2J.00 
Kosovan - ethnic category 2001 
census 26341 1 1 2 


9i2K.00 
Albanian - ethnic category 2001 
census 25422 1 1 2 


9i2L.00 
Bosnian - ethnic category 2001 
census 46956 1 1 2 


9i2M.00 
Croatian - ethnic category 2001 
census 28866 1 1 2 


9i2N.00 
Serbian - ethnic category 2001 
census 47074 1 1 2 


9i2P.00 
Other republics former Yugoslavia 
- ethnic categ 2001 census 28936 1 1 2 


9i2Q.00 
Mixed Irish and other White - 
ethnic category 2001 census 26391 4 3 1 


9i2R.00 


Oth White European/European 
unsp/Mixed European 2001 
census 12402 3 3 1 


9i2S.00 
Other mixed White - ethnic 
category 2001 census 28900 3 3 1 


9i2T.00 
Other White or White unspecified 
ethnic category 2001 census 12591 1 1 1 


9i3..00 
White and Black Caribbean - 
ethnic category 2001 census 12742 9 3 3 


9i4..00 
White and Black African - ethnic 
category 2001 census 12437 9 3 3 


9i5..00 
White and Asian - ethnic category 
2001 census 12638 10 3 1 


9i6..00 
Other Mixed background - ethnic 
category 2001 census 12873 3 3 3 


9i60.00 
Black and Asian - ethnic category 
2001 census 12795 11 3 4 


9i61.00 
Black and Chinese - ethnic 
category 2001 census 49940 11 3 4 


9i62.00 
Black and White - ethnic category 
2001 census 40110 9 3 3 


9i63.00 
Chinese and White - ethnic 
category 2001 census 12706 18 4 1 


9i64.00 
Asian and Chinese - ethnic 
category 2001 census 47005 7 5 3 


9i65.00 
Other Mixed or Mixed unspecified 
ethnic category 2001 census 32408 3 3 3 


9i7..00 
Indian or British Indian - ethnic 
category 2001 census 12414 8 5 3 
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9i8..00 
Pakistani or British Pakistani - 
ethnic category 2001 census 12460 8 5 3 


9i9..00 
Bangladeshi or British Bangladeshi 
- ethn categ 2001 census 28888 8 5 3 


9iA..00 
Other Asian background - ethnic 
category 2001 census 12513 7 5 3 


9iA1.00 
Punjabi - ethnic category 2001 
census 26392 7 5 3 


9iA2.00 
Kashmiri - ethnic category 2001 
census 64133 7 5 2 


9iA3.00 
East African Asian - ethnic 
category 2001 census 47077 3 3 3 


9iA4.00 
Sri Lankan - ethnic category 2001 
census 12608 7 5 3 


9iA5.00 
Tamil - ethnic category 2001 
census 12760 7 5 2 


9iA6.00 
Sinhalese - ethnic category 2001 
census 12887 7 5 2 


9iA7.00 
Caribbean Asian - ethnic category 
2001 census 32399 11 3 3 


9iA8.00 
British Asian - ethnic category 
2001 census 12653 8 5 3 


9iA9.00 
Mixed Asian - ethnic category 
2001 census 46056 3 3 3 


9iAA.00 
Other Asian or Asian unspecified 
ethnic category 2001 census 28935 7 5 3 


9iB..00 
Caribbean - ethnic category 2001 
census 12432 16 2 4 


9iC..00 
African - ethnic category 2001 
census 12350 17 2 5 


9iD..00 
Other Black background - ethnic 
category 2001 census 32389 5 2 4 


9iD0.00 
Somali - ethnic category 2001 
census 12443 17 2 5 


9iD1.00 
Nigerian - ethnic category 2001 
census 32886 17 2 5 


9iD2.00 
Black British - ethnic category 
2001 census 40097 6 2 4 


9iD3.00 
Mixed Black - ethnic category 2001 
census 40096 3 3 4 


9iD4.00 
Other Black or Black unspecified 
ethnic category 2001 census 46047 5 2 4 


9iE..00 
Chinese - ethnic category 2001 
census 12468 18 4 2 


9iF..00 
Other - ethnic category 2001 
census 12434 20 7 6 


9iF0.00 
Vietnamese - ethnic category 2001 
census 12719 7 5 2 


9iF1.00 
Japanese - ethnic category 2001 
census 12473 7 5 2 


9iF2.00 
Filipino - ethnic category 2001 
census 12420 7 5 3 


9iF3.00 
Malaysian - ethnic category 2001 
census 12730 7 5 2 


9iF4.00 
Buddhist - ethnic category 2001 
census 63872 20 7 6 


9iF5.00 
Hindu - ethnic category 2001 
census 56127 20 7 6 


9iF6.00 
Jewish - ethnic category 2001 
census 46063 20 7 6 
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9iF7.00 
Muslim - ethnic category 2001 
census 47091 20 7 6 


9iF8.00 Sikh - ethnic category 2001 census 49658 20 7 6 


9iF9.00 
Arab - ethnic category 2001 
census 46059 19 6 3 


9iFA.00 
North African - ethnic category 
2001 census 47028 19 6 5 


9iFB.00 
Mid East (excl Israeli, Iranian & 
Arab) - eth cat 2001 cens 28909 12 5 2 


9iFC.00 
Israeli - ethnic category 2001 
census 46964 12 5 2 


9iFD.00 
Iranian - ethnic category 2001 
census 25937 12 5 2 


9iFE.00 
Kurdish - ethnic category 2001 
census 45964 1 1 2 


9iFF.00 
Moroccan - ethnic category 2001 
census 25451 19 6 3 


9iFG.00 
Latin American - ethnic category 
2001 census 26246 19 6 3 


9iFH.00 
South and Central American - 
ethnic category 2001 census 12756 19 6 3 


9iFJ.00 
Mauritian/Seychellois/Maldivian/St 
Helena eth cat 2001census 32382 19 6 3 


9iFK.00 
Any other group - ethnic category 
2001 census 26455 20 7 6 


9iG..00 
Ethnic category not stated - 2001 
census 12459 20 7 6 


9S...00 Ethnic groups (census) 10196 20 7 6 
9S1..00 White 22467 1 1 1 
9S10.00 White British 12446 2 1 1 
9S11.00 White Irish 24837 2 1 1 
9S12.00 Other white ethnic group 12444 1 1 1 
9S13.00 White Scottish 26467 2 1 1 
9S14.00 Other white British ethnic group 26310 2 1 1 
9S2..00 Black Caribbean 12632 16 2 4 
9S3..00 Black African 12778 17 2 4 
9S4..00 Black, other, non-mixed origin 24339 5 2 4 
9S41.00 Black British 12452 6 2 4 
9S42.00 Black Caribbean/W.I./Guyana 57435 16 2 4 
9S42.11 Black Caribbean 47950 16 2 4 
9S42.12 Black West Indian 47997 16 2 4 
9S42.13 Black Guyana 32100 16 2 4 
9S43.00 Black N African/Arab/Iranian 41329 5 2 4 
9S43.11 Black North African 46812 17 2 4 
9S43.12 Black Arab 57752 5 2 4 
9S43.13 Black Iranian 50286 5 2 4 
9S44.00 Black - other African country 35412 17 2 4 
9S45.00 Black E Afric Asia/Indo-Caribb 47965 11 3 4 
9S45.11 Black East African Asian 57753 11 3 4 
9S45.12 Black Indo-Caribbean 57763 11 3 4 
9S46.00 Black Indian sub-continent 48005 11 3 4 
9S47.00 Black - other Asian 35350 11 3 4 







 


130 
 


9S48.00 Black Black - other 26312 5 2 4 
9S5..00 Black - other, mixed 25676 3 3 4 
9S51.00 Other Black - Black/White orig 25623 9 3 3 
9S52.00 Other Black - Black/Asian orig 32165 11 3 4 
9S6..00 Indian 12482 13 5 3 
9S7..00 Pakistani 24690 14 5 3 
9S8..00 Bangladeshi 24740 15 5 3 
9S9..00 Chinese 24272 18 4 2 
9SA..00 Other ethnic non-mixed (NMO) 30280 20 7 6 
9SA1.00 Brit. ethnic minor. spec.(NMO) 32110 4 3 3 
9SA2.00 Brit. ethnic minor. unsp (NMO) 57764 4 3 3 
9SA3.00 Caribbean I./W.I./Guyana (NMO) 54593 16 2 5 
9SA3.11 Caribbean Island (NMO) 57094 16 2 4 
9SA3.12 West Indian (NMO) 57075 16 2 5 
9SA3.13 Guyana (NMO) 93144 16 2 5 
9SA4.00 N African Arab/Iranian (NMO) 24962 19 6 3 
9SA4.11 North African Arab (NMO) 47285 19 6 5 
9SA4.12 Iranian (NMO) 25082 12 5 2 
9SA5.00 Other African countries (NMO) 47969 17 2 5 
9SA6.00 E Afric Asian/Indo-Carib (NMO) 38097 11 3 5 
9SA6.11 East African Asian (NMO) 46818 3 3 5 
9SA6.12 Indo-Caribbean (NMO) 99316 3 3 5 
9SA7.00 Indian sub-continent (NMO) 39696 13 5 3 
9SA8.00 Other Asian (NMO) 26379 7 5 3 
9SA9.00 Irish (NMO) 24270 2 1 2 
9SAA.00 Greek/Greek Cypriot (NMO) 45947 1 1 2 
9SAA.11 Greek (NMO) 45955 1 1 2 
9SAA.12 Greek Cypriot (NMO) 47949 1 1 2 
9SAB.00 Turkish/Turkish Cypriot (NMO) 32066 1 1 2 
9SAB.11 Turkish (NMO) 32126 1 1 2 
9SAB.12 Turkish Cypriot (NMO) 32069 1 1 2 
9SAC.00 Other European (NMO) 12633 1 1 2 
9SAD.00 Other ethnic NEC (NMO) 41214 20 7 6 
9SB..00 Other ethnic, mixed origin 12696 3 3 3 
9SB1.00 Other ethnic, Black/White orig 47401 9 3 3 
9SB2.00 Other ethnic, Asian/White orig 32401 10 3 1 
9SB3.00 Other ethnic, mixed white orig 35459 3 3 1 
9SB4.00 Other ethnic, other mixed orig 32420 3 3 3 
9SB5.00 Black Caribbean and White 32425 9 3 3 
9SB6.00 Black African and White 32443 9 3 3 
9SC..00 Vietnamese 25411 7 5 2 


9SD..00 
Ethnic group not given - patient 
refused 12429 20 7 6 


9SE..00 Ethnic group not recorded 24340 20 7 6 
9SG..00 Other black ethnic group 32136 5 2 4 
9SH..00 Other Asian ethnic group 12668 7 5 3 
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9SI..00 Irish Traveller 47601 2 1 2 
9SJ..00 Other ethnic group 12757 20 7 6 
9SZ..00 Ethnic groups (census) NOS 45199 20 7 6 


9T...00 
Ethnicity and other related 
nationality data 23955 20 7 6 


9t...00 Ethnic category - 2011 census 110472 20 7 6 


9t0..00 
Ethnic category - 2011 census 
England and Wales 110417 20 7 6 


9t00.00 
White:Eng/Welsh/Scot/NI/Brit - 
England and Wales 2011 census 110420 2 1 1 


9t01.00 
White: Irish - England and Wales 
ethnic category 2011 census 110556 2 1 1 


9t02.00 
White: Gypsy/Irish Traveller - 
Eng+Wales eth cat 2011 census 111386 2 1 1 


9t03.00 


White: other White backgrd- 
Eng+Wales ethnic cat 2011 
census 110407 1 1 1 


9t04.00 
Mixed: White+Black Caribbean - 
Eng+Wales eth cat 2011 census 110445 9 3 3 


9t05.00 
Mixed: White+Black African - 
Eng+Wales eth cat 2011 census 110421 9 3 3 


9t06.00 
Mixed: White+Asian - Eng+Wales 
ethnic category 2011 census 110652 10 3 1 


9t07.00 
Mixed: other Mixed/multiple 
backgrd - Eng+Wales 2011 census 110654 3 3 3 


9t08.00 


Asian/Asian Brit: Indian - 
Eng+Wales ethnic cat 2011 
census 110477 8 5 3 


9t09.00 
Asian/Asian British:Pakistani- 
Eng+Wales eth cat 2011 census 110464 8 5 3 


9t0A.00 
Asian/Asian Brit: Bangladeshi- 
Eng+Wales eth cat 2011 census 110590 8 5 3 


9t0B.00 


Asian/Asian Brit: Chinese - 
Eng+Wales ethnic cat 2011 
census 110922 8 5 3 


9t0C.00 
Asian/Asian Brit: other Asian- 
Eng+Wales eth cat 2011 census 111743 8 5 3 


9t0E.00 
Black/African/Caribbn/Black Brit: 
Caribbean - Eng+Wales 2011 110436 6 2 4 


9t0F.00 
Black/Afr/Carib/Black Brit: other 
Black- Eng+Wales 2011 cens 110540 6 2 4 


9t0G.00 


Other ethnic group: Arab - 
Eng+Wales ethnic cat 2011 
census 110555 19 6 3 


9t0H.00 
Other ethnic: any other grp - 
Eng+Wales eth cat 2011 census 110742 20 7 6 


9T1..00 New Zealand ethnic groups 45008 1 1 1 
9T11.00 New Zealand European 57286 1 1 2 
9T11.11 Pakeha 85509 1 1 1 
9T12.00 Other European in New Zealand 85505 1 1 2 


9t12.00 
Mixed: White and Black Caribbean 
- NI ethnic cat 2011 census 110661 9 3 3 


9T13.00 New Zealand Maori 32479 19 6 3 


9t13.00 
Mixed: White and Black African - 
NI ethnic cat 2011 census 110651 9 3 3 


9t14.00 
Mixed: White and Asian - NI ethnic 
category 2011 census 110471 10 3 1 
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9T14.00 Samoan 64610 19 6 3 
9T15.00 Cook Island Maori 89910 19 6 3 


9t15.00 
Mixed: other Mixed/multiple ethnic 
backgrd - NI 2011 census 110536 3 3 3 


9T16.00 Tongan 60837 19 6 3 


9t16.00 
Asian or Asian British: Indian - NI 
ethnic cat 2011 census 110422 8 5 3 


9T17.00 Niuean 55584 19 6 3 


9t17.00 
Asian/Asian British: Pakistani - NI 
ethnic cat 2011 census 110538 8 5 3 


9T18.00 Tokelauan 25434 19 6 3 


9t18.00 
Asian/Asian British: Bangladeshi - 
NI ethnic cat 2011 census 110720 8 5 3 


9T19.00 Fijian 64609 19 6 3 
9T1A.00 Other Pacific ethnic group 46752 19 6 3 


9t1A.00 
Asian/Asian British: other Asian - 
NI ethnic cat 2011 census 110425 8 5 3 


9T1B.00 South East Asian 46649 7 5 3 


9t1B.00 
Black/Afri/Carib/Black Brit: African- 
NI eth cat 2011 census 110630 6 2 4 


9T1C.00 Chinese 12718 18 4 2 
9T1D.00 Indian 25920 13 5 3 


9t1D.00 
Black/Afri/Carib/Black Brit: other - 
NI eth cat 2011 census 111880 6 2 4 


9t1E.00 
Other ethnic group: Arab - NI 
ethnic category 2011 census 110780 19 6 3 


9T1E.00 Other Asian 32396 7 5 3 


9t1F.00 
Other ethnic group: any other grp- 
NI ethnic cat 2011 census 110646 20 7 6 


9T1Y.00 Other New Zealand ethnic group 96789 1 1 2 
9T1Z.00 New Zealand ethnic group NOS 71425 1 1 1 
9T2..00 Traveller - gypsy 32781 19 6 3 


9t2..00 
Ethnic category - 2011 census 
Scotland 110962 20 7 6 


9t20.00 
White: Scottish - Scotland ethnic 
category 2011 census 110432 2 1 1 


9t21.00 
White: other British - Scotland 
ethnic category 2011 census 110694 2 1 1 


9t22.00 
White: Irish - Scotland ethnic 
category 2011 census 110687 2 1 1 


9t24.00 
White: Polish - Scotland ethnic 
category 2011 census 110465 1 1 1 


9t25.00 
White: other White ethnic grp- 
Scotland ethnic cat 2011 cens 110695 1 1 1 


9t26.00 
Mixed/multiple ethnic grps: any- 
Scot ethnic cat 2011 census 110696 3 3 3 


9t27.00 
Asian: Pakistani/Pakistani 
Scot/Pakistani Brit- Scot 2011 110460 8 5 3 


9t28.00 
Asian: Indian, Indian Scot/Indian 
Brit- Scotland 2011 census 111368 8 5 3 


9t2A.00 
Asian: Chinese - Scotland ethnic 
category 2011 census 111064 18 4 2 


9t2B.00 
Asian: other Asian group - 
Scotland ethnic cat 2011 census 110855 7 5 3 


9t2C.00 
African: African/African 
Scot/African Brit - Scotland 2011 111059 4 3 3 
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9t2D.00 
African: any other African - 
Scotland ethnic cat 2011 census 110655 17 2 5 


9t2G.00 


Carib/Black: any other 
Black/Caribbean grp - Scotland 
2011 112216 16 2 4 


9t2J.00 
Other ethnic grp: any other ethnic 
grp- Scotland 2011 census 111806 20 7 6 


9T3..00 Yemeni 94487 12 5 2 
9T4..00 Romanian 99808 1 1 2 
9T5..00 Bulgarian 99788 1 1 2 
9T6..00 Czech 100143 1 1 2 
9T7..00 Slovak 101787 1 1 2 
9T8..00 Portuguese 101219 1 1 2 
9T9..00 Nepali 101162 7 5 2 
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Measurements and Units Conversions 


Test From To Equation 
FPG mg/dL mmol/L FPG = FPG/18 
Hb g/dL g/L Hb = Hb × 10 


HbA1c % mmol/mol 
IFCC = (10·93×NGSP), HbA1c <3% 


IFCC = (10·93×NGSP) – 23·50, HbA1c ≥3% (1, 2) 
MCHC g/dL- g/L MCH =  MCH × 10 


Scr mg/dL μmol//L Scr = Scr × 88·42 
Table 1 Formulae for the conversion of measurements in international units (SI)  
HbA1c values should be reported in both National Glucohemoglobin Standardization Program (NGSP, 
%) and of the International Federation of Clinical Chemistry (IFCC, mmol/mol) units. According to the 
EU directive 98/79/EC the IFCC reference method is required for all the values reported in Europe. 
Abbreviations: CI, conventional units; SI, international system units 


 


Formulae used for the estimation of the Glomerular Filtration Rate (eGFR) 


MDRD (Modification of Diet in Renal Disease) formula (3) 
eGFR = 175 × (Scr/88·4)-1·154 × (age)-0·203 × 0·742 [if female] × 1·212[if black] 
CKD-EPI formula (Chronic Kidney disease Epidemiology Collaboration) formula (4) 
eGFR = 141 × (Scr/61·88)-0·329 × 0·993Age × 1·018 [if female] × 1·159[if black], if Scr<61·9 μmol/L 
eGFR = 141 × (Scr/61·88)-1·209 × 0.993Age × 1·018 [if female] × 1·159[if black], if Scr≥61·9 μmol/L 


eGFR = 141 × (Scr/79·56)-0·411 × 0·993Age × 1·159 [if black], if Scr<79·6 μmol/L 


eGFR = 141 × (Scr/79·56)-1·209 × 0.993Age × 1·159 [if black], if Scr≥79·6 μmol/L  
Table 2 Formulae for the calculation of the Scr based eGFR 
These equations have been used for the calculation of the eGFR from the serum creatinine 
measurements (µmol/L), and are appropriate only for adults. Retrieved from: 
https://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-
evaluation/glomerular-filtration-rate-calculators/mdrd-adults-si-units. 


Stages of Chronic Kidney Disease  


Stage Description 
Classification by Severity 


GFR (mL/min/1·73m2) 
Hyper-filtration Kidney damage with ↑GFR ≥130 
G1 Kidney damage with normal GFR 90≤GFR<130 
G2 Kidney damage with mild ↓GFR 60≤GFR<90 
G3a Kidney damage with moderate ↓GFR 45≤GFR<60 
G3b Kidney damage with moderate ↓GFR 30≤GFR<45 
G4 Kidney damage with severe ↓GFR 15≤GFR<30 
G5/ESRD Kidney failure not known dialysis <15 
G5a Dialysis-dependent CKD 4/5 <30 
G5b Haemodialysis-dependent CKD 4/5 <30 
G5c Peritoneal dialysis-dependent CKD 4/5 <30 
Table 3 Own illustration. Classification of chronic kidney disease stages 
This table has been adapted for the purposes of the study based on the Kidney Disease Improving 
Global Outcomes (KDIGO) criteria (5). CKD stage 5 has been disaggregated on 4 categories in order to 
assess the effect of each of these categories on HbA1c test. Dialysis diagnosis have been captured from 
CPRD’s clinical file. Due to limited information between the diagnosis date and the tests’ date, only 
patients with eGFR < 30 mL/min/1·73m2have been classified as being on dialysis. The rest of the patients 
classified based on their GFR estimation. Retrieved from: https://kdigo.org/wp-
content/uploads/2016/10/KDIGO-2012-Anemia-Guideline-English.pdf 
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Classification of anaemia by severity 


Description Hb (g/L) 
 Females Males 


Normal ≥120 ≥130 


Mild 110≤Hb<120 110≤Hb<130 


Moderate   80≤Hb<110   80≤Hb<110 
Severe <80 <80 


Table 4 Classification of anaemia by severity 
Haemoglobin levels to diagnose anaemia in adults (15 years old or older) and non-pregnant women. 
This is the definition used by the World Health Organisation (WHO) (6) 
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Figure 1. Population’s flow diagram (Main cohort) 
 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


General criteria - exclusions (2 603): 
• Duplicate observations 
• CPRD’s quality criteria 
• Missing or indeterminate gender 
Inclusion criteria (39 119): 
• UTS quality criteria of the requested tests  
• Missing values  
• Tests before 2006  
• Paired tests in the same date 
• Patients at the time of the test 18 years or older  
Clinical exclusion (2 024): 
• Acute pancreatic damage  
• Acute Kidney Injury  
• Corticosteroid related clinical codes  
• HIV  
• Ribavirin/Dapsone related clinical codes  
• Blood disorders (thalassaemia, haemoglobinopathies, myelodysplasia, 


and splenectomy)  
• Pregnancy  
• Maternity/Baby delivery  
Medication exclusion (9 421): 
• Glucocorticoid medication  
• HIV medication  
• Ribavirin/Dapsone medication  
• Anti-psycotic medication  
Test exclusion (86): 
• Amylase/lipase abnormalities (APD)  
• Scr abnormalities (AKI)  
• HIV positive tests  
• Blood disorders positive tests  
• Pregnancy positive tests  
• Maternity/Baby delivery  
HbA1c < 2·5 & HbA1c > 240 mmol/mol (6) 
Inconsistency of ethnicity codes (38) = 146 127 subjects (259 266) 
 Dropped 3·8 < FPG ≥ 30mmol/L (1 070) = 145 138 subjects (256 932) 
   Kidney transplantation (81) 


Kidney transplantation 
87 subjects/111 events 


Extra FBC test requisitions 
83 506 subjects/138 515 events of all the 8 


tests within the same date. 


Healthy 
85 070 observations 


Pre-diabetic/NDH 
14 831 observations 


HbA1c<42 mmol/mol 
16 285 observations 


42≤HbA1c<48 mmol/mol 
31 763 observations 


HbA1c ≥ 48 mmol/mol 
108 868 observations 


199 424 subjects and 590 497 observations 
of all the 4 tests within the same date 


146 127 subjects/259 266 events of all the 4 
tests within the same date. 


Non-kidney transplantation 
145 057 subjects/256 817 events 


Diabetic 
156 916 observations 


Figure 1 Populations’ flow diagram 
This diagram depicts the initial number of patients that fulfilled the inclusion criteria and the final 
number of patients that were analysed after applying the exclusion criteria. 
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Figure 2. Aetiologies of anaemia – Definition 1 (7, 8) 
 


 
 
 
 


Figure 3. Aetiologies of anaemia - Definition 2 (7, 8) 
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Other abnormality 


Other abnormality 


Other abnormality 


Other abnormality 


Other abnormality 


Non-IDA 


Healthy 


Non-IDA 


IDA 


IDA 


IDA 


IDA 


Hb≥165 or 185g/L for females or 
males 


Hb<120 or 130g/L for females or 
males 


Yes 


No 


Yes 


No 


Yes  


No  


Yes  


No  


Yes  


No  


Yes 


No 


Healthy biochemical profile at the time 
of the test  


Hb≥120 or 130g/L, for females or males 


Anaemic biochemical profile at the time 
of the test  


Hb<120 or 130g/L, for females or males 


Healthy 


Non-IDA 


IDA 


Healthy 


Non-IDA 


IDA 


Erythrocytosis Healthy Other abnormality Non-IDA IDA 


4·2 or 4·7≤RBC<5·4 or 6·1 1012/L  
& 80≤MCV<100 fl & 


              27≤MCH<32 pg & 
            320≤MCHC<360 g/L 


Any other combination 
of abnormal RBC, MCV, 


MCH, MCHC 


Any other combination 
of abnormal RBC, 


MCV, MCH, MCHC 


RBC<5·4 or 6·1 1012/L 
& MCV<100 fl & 
MCH<27 pg & 


MCHC<320 g/L 


Biochemical profile at the time of the test 


120 or 130g/L≤Hb<165 or 185g/L for 
females or males 


Figure 2 & Figure 3 Own illustration. Definitions of anaemia for the study’s purposes. 
This algorithm has been adapted for the purposes of the study based on the WHO diagnosis guidance. 
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Variables/CKD 


stages 
Total 


(n = 256 817) 
Hyper-filtration 


(n = 2 828) 
G1 


(n = 59 726) 
G2 


(n = 142 568) 
G3a 


(n = 35 527) 
G3b 


(n = 12 864) 
G4 


(n = 2 946) 
G5 


(n = 358) 
Age at test (years) 


median(iqr), mean(sd) 


64·00 (21·00) 


62·78 (14·62) 


47·00 (22·00) 


47·36 (15·32) 


54·00 (20·00) 


53·51 (14·48) 


64·00 (18·00) 


62·89 (12·95) 


74·00 (14·00) 


72·63 (10·32) 


78·00 (12·00) 


77·24 (9·14) 


79·00 (13·00) 


77·45 (10·19) 


72·00 (15·50) 


71·15 (11·80) 


Gender (n, % male) 138 311 (53·85) 1 614 (0·63) 36 055 (14·04) 76 497 (29·79) 16 871 (6 57) 5 797 (2·26) 1 279 (0·50) 198 (0·08) 
Biomarkers  


HbA1c (%) 6·75 (1·52) 7·28 (2·33) 6·79 (1·74) 6·68 (1·45) 6·81 (1·34) 7·02 (1·44) 7·20 (1·65) 6·92 (1·61) 


HbA1c (mmol/mol) 50·29 (16·67) 56·09 (25·52) 50·75 (19·01) 49·48 (15·82) 50·87 (14·62) 53·18 (15·74) 55·22 (18·03) 52·09 (17·57) 


Ethnic groups  
White 


(n %, mmol/mol) 
69 909 (51·11) 
49·04 (16·26) 


692 (0·51) 
55·75 (25·59) 


15 313 (11·20) 
49·50 (18·77) 


39 114 (28·60) 
48·11 (15·36) 


10 221 (7·47) 
49·82 (14·28) 


3 651 (2·67) 
52·40 (16·03) 


823 (0·60) 
53·51 (16·61) 


95 (0·07) 
51·69 (17·95) 


Mixed 
(n %, mmol/mol) 


36 415 (26·62) 
49·82 (16·73) 


419 (0·31) 
56·04 (25·72) 


7 909 (5·78) 
49·82 (19·22) 


20 282 (14·83) 
49·13 (16·04) 


5 323 (3·89) 
50·53 (14·64) 


1 965 (1·44) 
52·32 (14·62) 


470 (0·34) 
55·02 (17·43) 


47 (0·03) 
55·30 (20·93) 


Asian 
(n %, mmol/mol) 


14 021 (10·25) 
51·20 (17·29) 


310 (0·23) 
52·82 (23·06) 


5 130 (3·75) 
50·17 (18·23) 


7 107 (5·20) 
50·92 (16·22) 


1 024 (0·75) 
54·56 (15·39) 


319 (0·23) 
58·19 (18·78) 


108 (0·08) 
60·07 (22·06) 


23 (0·02) 
54·44 (17·39) 


Black 
(n %, mmol/mol) 


4 811 (3·52) 
49·82 (19·61) 


232 (0·17) 
50·28 (23·86) 


2 038 (1·49) 
49·42 (19·75) 


2 187 (1·60) 
49·50 (18·89) 


246 (0·18) 
52·22 (19·61) 


82 (0·06) 
56·38 (17·98) 


15 (0·01) 
60·85 (27·60) 


11 (0·01) 
57·60(21·33) 


Chinese 
(n %, mmol/mol) 


602 (0·44) 
48·30 (15·28) 


15 (0·01) 
61·90 (26·06) 


236 (0·17) 
47·10 (16·31) 


306 (0·22) 
48·11 (13·35) 


34 (0·02) 
52·92 (16·28) 


7 (0·01) 
47·95 (12·21) 


1 (0·00) 
54·10 (-) 


3 (0·00) 
39·85 (8·69) 


Diabetes status  
Healthy 


(n %, mmol/mol) 


85 070 (33·12) 


38·13 (5·50) 


998 (0·39) 


36·29 (6·79) 


23 446 (9·14) 


37·24 (5·83) 


50 129 (19·52) 


38·25 (5·26) 


8 088 (3·15) 


39.55 (5.12) 


1 980 (0·77) 


40·46 (5·91) 


353 (0·14) 


40·67 (5·31) 


56 (0·02) 


37·75 (6·58) 


NDH-pre-diabetes 


(n %, mmol/mol) 


14 831 (5·77) 


43·37 (6·73) 


93 (0·04) 


44·99 (12·82) 


2 943 (1·15) 


43·45 (8·05) 


8 993 (3·50) 


43·27 (6·32) 


2 139 (0·83) 


43.38 (6.14) 


572 (0·22) 


43·94 (5·93) 


85 (0·03) 


45·85 (7·16) 


6 (0·00) 


37·70 (5·26) 


Diabetes mellitus 


(n %, mmol/mol) 


156 916 (61·10) 


57·54 (17·23) 


1 737 (0·68) 


68·05 (25·51) 


33 317 (12·97) 


60·90 (19·54) 


83 446 (32·49) 


56·89 (16·49) 


25 300 (9·85) 


55.13 (14·99) 


10 312 (4·02) 


56·13 (16·00) 


2 508 (0·98) 


57·58 (18·38) 


296 (0·12) 


55·10 (17·68) 
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Variables/CKD 


stages 


Total 


(n = 256 817) 


Hyper-filtration 


(n = 2 828) 


G1 


(n = 59 726) 


G2 


(n = 142 568) 


G3a 


(n = 35 527) 


G3b 


(n = 12 864) 


G4 


(n = 2 946) 


G5 


(n = 358) 


Anaemia status Definition 1 (Combination of biochemical and clinical profile) 
Healthy 


(n %, mmol/mol) 


206 658 (80·47) 


50·02 (17·00) 


2 208 (0·86) 


57·70 (26·75) 


50 889 (19·82) 


50·92 (19·45) 


120 542 (46·94) 


49·24 (16·03) 


25 522 (9·94) 


50·32 (14·74) 


6 468 (2·52) 


52·80 (15·95) 


954 (0·37) 


55·45 (19·17) 


75 (0·03) 


53·38 (20·01) 


non-IDA 


(n %, mmol/mol) 


23 567 (9·18) 
52·12 (15·03) 


256 (0·10) 
49·68 (19·31) 


3 421 (1·33) 
50·41 (15·83) 


9 472 (3·69) 
51·78 (14·53) 


5 396 (2·10) 
52·55 (14·14) 


3 620 (1·41) 
53·37 (15·48) 


1 228 (0·48) 
54·61 (16·79) 


174 (0·07) 
51·49 (17·55) 


IDA 


(n %, mmol/mol) 


11 755 (4·58) 


51·61 (14·71) 


187 (0·07) 


51·21 (19·03) 


1 989 (0·77) 


49·69 (15·36) 


4 744 (1·85) 


51·09 (14·04) 


2 395 (0·93) 


52·31 (13·86) 


1 782 (0·69) 


53·20 (14·84) 


573 (0·22) 


54·87 (17·67) 


85 (0·03) 


51·75 (15·77) 


Anaemia status Definition 2 (Biochemical profile at the time of the test) Total participants = 83 506, Occasions n = 138 515 
Healthy 


(n %, mmol/mol) 


67 667 (48·85) 


50·53 (17·74) 


746 (0·54) 


58·02 (26·49) 


16 771 (12·11) 


51·46 (20·15) 


40 070 (28·93) 


49·71 (16·80) 


8 024 (5·79) 


51·03 (15·54) 


1 821 (1·31) 


54·22 (17·13) 


224 (0·16) 


54·54 (18·29) 


11 (0·01) 


58·40 (21·00) 


non-IDA 


(n %, mmol/mol) 


16 529 (11·93) 


51·77 (14·77) 


189 (0·14) 


49·98 (1931) 


2 361 (1·70) 


49·80 (15·18) 


6 403 (4·62) 


51·33 (14·26) 


3 811 (2·75) 


52·28 (13·93) 


2 708 (1·96) 


53·22 (15·42) 


929 (0·67) 


53·97 (16·46) 


128 (0·09) 


51·27 (16·07) 


IDA 


(n %, mmol/mol) 


3 807 (2·75) 


53·47 (16·41) 


92 (0·07) 


54·23 (20·24) 


854 (0·62) 


51·43 (16·70) 


1 722 (1·24) 


53·10 (16·12) 


690 (0·50) 


54·96 (15·45) 


360 (0·26) 


56·09 (15·74) 


82 (0·06) 


58·44 (21·51) 


7 (0·01) 


44·00 (15·42) 
FPG (mmol/L) 7·08 (2·85) 7·95 (3·99) 7·15 (3·10) 6·99 (2·73) 7·14 (2·66) 7·36 (2·98) 7·60 (3·45) 7·39 (3·39) 


Hb (g/L) 139·25 (15·19) 138·99 (16·84) 141·77 (14·48) 140·80 (14·21) 135·09 (15·44) 127·12 (16·12) 119·95 (15·20) 114·38 (16·73) 


Scr μmol/L 84·36 (29·77) 49·18 (8·63) 65·22 (9·36) 80·58 (12·54) 102·87 (15·12) 134·34 (22·34) 192·32 (42·53) 478·34 (195·26) 


eGFR (CKD-EPI) 79·22 (21·02) 120·30 (12·27) 102·25 (9·40) 79·96 (10·43) 54·41 (5·35) 38·11 (4·65) 23·90 (3·95) 10·07 (3·57) 


eGFR (MDRD) 76·70 (21·32) 147·34 (29·84) 101·67 (9·32) 75·23 (8·22) 53·63 (4·22) 38·85 (4·19) 24·90 (3·84) 10·71 (3·68) 
Table 5 Sample characteristics by CKD stage using the MDRD equation                       
Counts refer to number of occasions and not number of participants. For all the counts, percentages are provided. Data for age at test are presented as median (IQR) and mean 
(SD). Data for all biomarkers are presented as mean (SD). MDRD Modification of Diet in Renal Disease, CKD chronic kidney disease, NDH non-diabetic hyperglycaemia, non-IDA 
non-iron deficiency anaemia, IDA iron deficiency anaemia, HbA1c glycated haemoglobin, FPG fasting plasma glucose, Hb haemoglobin, Scr serum creatinine, eGFR estimated 
glomerular filtration rate measured in mL/min/1·73m2 
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Impact of CKD on HbA1c 
Splines – HbA1c/FPG relationship for each CKD stage  


Figure 4 Relationship between HbA1c and FPG in different CKD stages using the MDRD formula. 
Stage 5 CKD represents observations not in dialysis, while stage 5* CKD includes all dialysis 
observations (unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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Splines – HbA1c/FPG relationship for each CKD stage by diabetic status 


  


Figure 5 Relationship between HbA1c and FPG in different CKD stages using the MDRD formula and 
stratified by diabetic status. Stage 5 CKD represents observations in all type of dialysis and not on 
dialysis together. 
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Linear plot – HbA1c/FPG relationship for each CKD stage in participants with FPG ≤ 7·5 
mmol/L 


  


Figure 6 Relationship between HbA1c and FPG in participants with FPG ≤ 7·5 mmol/L in different CKD 
stages using the MDRD formula 
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Linear plot – HbA1c/FPG relationship for each CKD stage in participants with FPG ≤ 7·5 
mmol/L 


 


  


Figure 7 Relationship between HbA1c and FPG in participants with not known DM with FPG ≤ 7·5 mmol/L 
in different CKD stages using the MDRD formula and a linear plot. CKD stage 5 observations have not 
been included 
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Mixed effects model – FPG ≤ 7·5 mmol/L 
A linear mixed model was estimated, in order to account for potential bias from repeated 


measures [mixed HbA1c c.FPG##(i.MDRDstage i.Gender i.Agegroups i.ethnic_group) 


i.Diabetes if gFPG <= 7.5 || patid:]. Results were exactly similar with the ones in the main 


analysis and showed that conditional on the fixed-effects covariates, repeated observations 


are moderately correlated within the same subject. The participants; random effects 


compose approximately 62·36% of the total residual variance. The variation between 


patients conditional on FPG has a standard deviation of 5·22, while the variation between 


observation within the same patient has a standard deviation of 4·06 (See Table 6). 


Overall, the regression showed that CKD stages 3a, 3b, 4, and 5 (non-dialysis) in subjects 


with not known DM are associated with higher estimates of HbA1c, which are gradually 


decreasing with increasing FPG (p = 0·00), while hyper-filtration status and CKD stage 2 


are associated with lower and higher estimates of HbA1c, which are gradually increasing 


with increasing FPG (p = 0·11, p = 0·00), respectively. On the contrary, the effect of ESRD 


(dialysis) on HbA1c was not significant. 


Females are associated with lower HbA1c compared to males for the same level of FPG, 


but this difference is narrowing with increasing FPG (β = 0·34, p = 0·65). However, the effect 


was not significant. 


Higher age groups (70 years or over) are associated with higher estimates of HbA1c, which 


are gradually decreasing with increasing FPG (p = 0·00). For example, subjects between 


70-79 years have a marginal effect of 0·77 mmol/mol (0·07%) higher than those between 


18-49 years with the same levels of glycaemia. However, for the age groups between 50-


69 years estimates of HbA1c are higher and appear to continue to increase with increasing 


FPG (p < 0·02). 


Individuals of black or mixed ethnic background are associated with higher estimates of 


HbA1c compared to whites. For the black the higher estimates are decreasing by 1·40 


mmol/mol (0·13%) for every 1 mmol/L increase of FPG, while for mixed, HbA1c is gradually 


decreasing by 1·46 mmol/mol (0·13%) for every 1 mmol/L increase of FPG. Finally, the 


effect of Chinese (p = 0·29) and Asian (p = 0·23) ethnicity on HbA1c was not significant 


conditional on glycaemia.  
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Variables Coef. Std. Err. t 95% Conf. Interval p-
value 


FPG (mmol/L) 3.868 0.059** 65.68 3.752 - 3.983 0.00 
Hyper-filtration -3.448 0.880** -3.92 -5.172 - -1.724 0.00 
G2 1.470 0.230** 6.38 1.019 - 1.922 0.00 
G3a 2.208 0.340** 6.49 1.541 - 2.875 0.00 
G3b 3.458 0.483** 7.17 2.512 - 4.403 0.00 
G4 4.502 0.870** 5.18 2.798 - 6.207 0.00 
G5 (non-dialysis) -0.147 2.520 -0.06 -5.086 - 4.792 0.95 
G5 (all-dialysis) -2.347 4.255 -0.55 -10.685 - 5.992 0.58 
Female -3.448 0.880** -3.92 -5.172 - -1.724 0.00 
50-59 years -0.548 0.197** -2.79 -0.933 - -0.163 0.01 
60-69 years 5.057 0.311** 16.24 4.447 - 5.668 0.00 
70-79 years 7.483 0.306** 24.43 6.883 - 8.083 0.00 
Over 80 years 8.991 0.324** 27.79 8.357 - 9.625 0.00 
Black 9.331 0.386** 24.20 8.575 - 10.087 0.00 
Mixed 2.744 0.707** 3.88 1.358 - 4.130 0.00 
Chinese 0.516 0.315 1.64 -0.101 - 1.134 0.10 
Asian 5.993 1.820** 3.29 2.425 - 9.560 0.00 
Other -0.785 0.456 -1.72 -1.679 - 0.110 0.09 
Unknown/missing -1.030 1.901 -0.54 -4.755 - 2.696 0.59 
Hyper-filtration*FPG 0.366 0.232 1.58 -0.088 - 0.819 0.11 
G2*FPG 0.564 0.158** 3.56 0.253 - 0.874 0.00 
G3a*FPG -0.257 0.040** -6.40 -0.336 - -0.179 0.00 
G3b*FPG -0.331 0.058** -5.72 -0.444 - -0.217 0.00 
G4*FPG -0.385 0.082** -4.72 -0.545 - -0.225 0.00 
G5 (non-dialysis) *FPG -0.488 0.148** -3.30 -0.778 - -0.198 0.00 
G5 (all-dialysis) *FPG -0.040 0.440 -0.09 -0.903 - 0.823 0.93 
Female*FPG 0.343 0.761 0.45 -1.148 - 1.834 0.65 
50-59 years*FPG 0.564 0.158** 3.56 0.253 - 0.874 0.00 
60-69years*FPG 0.083 0.035* 2.40 0.015 - 0.151 0.02 
70-79years*FPG -0.773 0.056** -13.69 -0.883 - -0.662 0.00 
Over 80 years*FPG -1.151 0.055** -20.85 -1.259 - -1.043 0.00 
Black*FPG -1.401 0.058** -24.25 -1.514 - -1.288 0.00 
Mixed*FPG -1.468 0.068** -21.60 -1.601 - -1.334 0.00 
Chinese*FPG -0.137 0.129 -1.06 -0.390 - 0.116 0.29 
Asian*FPG -0.067 0.056 -1.20 -0.176 - 0.042 0.23 
Other*FPG -0.783 0.327* -2.40 -1.423 - -0.143 0.02 
Unknown/missing*FPG 0.588 0.081** 7.29 0.430 - 0.746 0.00 
NDH 0.368 0.342 1.07 -0.303 - 1.038 0.28 
Diabetes mellitus 0.018 0.041 0.44 -0.062 - 0.098 0.66 
_cons 2.182 0.066** 32.87 2.052 - 2.312 0.00 
Var(_cons) 27.282 0.174  26.943 - 27.625  
Var(residual) 16.470 0.089  16.295 - 16.647  


* p<0.05; ** p<0.01 
Table 6 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model with the interaction of FPG with CKD stage (MDRD equation), gender, age 
and ethnicity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non diabetic hyperglycaemia MDRD Modification of Diet at Renal Disease 
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Linear plot – HbA1c/FPG relationship for each CKD stage in participants with 5≤FPG≤14 
mmol/L 


  


Figure 8 Relationship between HbA1c and FPG in patients with 5≤FPG≤14 mmol/L in different CKD 
stages using the MDRD formula. 
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Mixed effects model – 5≤FPG≤14 mmol/L 


Finally, a linear mixed model was estimated, in order to account for potential bias from 


repeated measures [mixed HbA1c c.FPG##(i.MDRDstage i.Gender i.Agegroups 


i.ethnic_group) ib3.Diabetes if (FPG >= 5 & FPG <= 14) || patid:]. Results showed that 


conditional on the fixed-effects covariates, repeated observations are poorly correlated 


within the same subject. The participants; random effects compose approximately 49·81% 


of the total residual variance. The variation between patients conditional on FPG has a 


standard deviation of 6·06, while the variation between observation within the same patient 


has a standard deviation of 6·02 (See Table 7). 


Overall, the regression showed that CKD stages 2 and higher in subjects with known DM 


are associated with lower estimates of HbA1c when FPG is close to 8 mmol/L or higher. 


The difference of predicted HbA1c measurements compared to stage 1 becomes more 


apparent with increasing FPG (p < 0·02). Hyper-filtration status is associated with higher 


estimates of HbA1c, which are increasing with increasing FPG (β = 0·75, p = 0·000). 


Females are also associated with slightly lower HbA1c compared to males when FPG is 


close to 8 mmol/L or higher, and this difference is spreading with increasing FPG (β = -0·05, 


p = 0·02). 


The age effect on HbA1c is also more apparent with increasing FPG (p = 0·00). For example 


when FPG > 8 mmol/L, subjects between 70-79 years have an HbA1c of 0·85 mmol/mol 


(0·08%) lower than those between 18-49 years with the same levels of glycaemia. 


Individuals of black, mixed or Asian ethnic background are associated with higher estimates 


of HbA1c compared to whites. For the black individuals, the HbA1c estimates are increasing 


by 0·51 mmol/mol (0·05%) for every 1 mmol/L increase of FPG, while for Asian HbA1c is 


increasing by 0·14 mmol/mol (0·01%) for every 1 mmol/L increase of FPG.  
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Variables Coef. Std. Err. t 95% Conf. Interval p-
value 


FPG (mmol/L) 4.946 0.032** 156.02 4.884 - 5.008 0.00 
Hyper-filtration -4.403 0.609** -7.23 -5.596 - -3.210 0.00 
G2 1.910 0.171** 11.16 1.575 - 2.246 0.00 
G3a 3.088 0.252** 12.24 2.594 - 3.583 0.00 
G3b 4.356 0.352** 12.39 3.667 - 5.045 0.00 
G4 6.570 0.628** 10.46 5.339 - 7.802 0.00 
G5 (non-dialysis) 6.227 2.324** 2.68 1.673 - 10.781 0.01 
G5 (all-dialysis) 6.445 3.707 1.74 -0.821 - 13.710 0.08 
Female 0.388 0.147** 2.63 0.099 - 0.677 0.01 
50-59 years 1.056 0.222** 4.76 0.621 - 1.490 0.00 
60-69 years 3.504 0.221** 15.82 3.070 - 3.938 0.00 
70-79 years 5.412 0.241** 22.48 4.940 - 5.884 0.00 
Over 80 years 5.824 0.298** 19.57 5.241 - 6.407 0.00 
Black -0.961 0.569 -1.69 -2.076 - 0.155 0.09 
Mixed -0.415 0.238 -1.74 -0.882 - 0.051 0.08 
Chinese 0.135 1.575 0.09 -2.952 - 3.223 0.93 
Asian 1.948 0.347** 5.62 1.268 - 2.628 0.00 
Other 3.294 1.566* 2.10 0.225 - 6.364 0.04 
Unknown/missing 0.458 0.172** 2.66 0.121 - 0.795 0.01 
Hyper-filtration*FPG 0.747 0.075** 10.00 0.601 - 0.893 0.00 
G2*FPG -0.345 0.023** -15.15 -0.390 - -0.300 0.00 
G3a*FPG -0.500 0.034** -14.75 -0.566 - -0.433 0.00 
G3b*FPG -0.565 0.047** -12.16 -0.657 - -0.474 0.00 
G4*FPG -0.806 0.082** -9.89 -0.966 - -0.646 0.00 
G5 (non-dialysis) *FPG -1.060 0.307** -3.46 -1.661 - -0.459 0.00 
G5 (all-dialysis) *FPG -1.134 0.474* -2.39 -2.064 - -0.204 0.02 
Female*FPG -0.047 0.020* -2.30 -0.086 - -0.007 0.02 
50-59 years*FPG -0.134 0.030** -4.52 -0.192 - -0.076 0.00 
60-69years*FPG -0.542 0.030** -18.08 -0.601 - -0.483 0.00 
70-79years*FPG -0.846 0.033** -25.77 -0.911 - -0.782 0.00 
Over 80 years*FPG -0.925 0.041** -22.53 -1.006 - -0.845 0.00 
Black*FPG 0.508 0.081** 6.30 0.350 - 0.666 0.00 
Mixed*FPG 0.076 0.033* 2.34 0.012 - 0.141 0.02 
Chinese*FPG 0.269 0.230 1.17 -0.182 - 0.720 0.24 
Asian*FPG 0.139 0.048** 2.89 0.045 - 0.233 0.00 
Other*FPG -0.381 0.217 -1.76 -0.806 - 0.043 0.08 
Unknown/missing*FPG -0.011 0.024 -0.48 -0.058 - 0.035 0.63 
NDH -7.024 0.057** -122.66 -7.136 - -6.912 0.00 
Diabetes mellitus -5.584 0.085** -65.49 -5.751 - -5.416 0.00 
_cons 17.906 0.241** 74.28 17.433 - 18.378 0.00 
Var(_cons) 36.755 0.279  36.212 - 37.300  
Var(residual) 37.032 0.164  36.714 - 37.355  


* p<0.05; ** p<0.01 


Table 7 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model with the interaction of FPG with CKD stage (MDRD equation), gender, age 
and ethnicity, and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non diabetic hyperglycaemia  
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Splines - HbA1c/FPG relationship by anaemia severity for each CKD stage 


  


Figure 9 Relationship between HbA1c and FPG in different CKD stages using the MDRD formula and 
stratified by anaemia severity. Stage 5 CKD (Dialysis) includes all dialysis observations (unknown type 
of dialysis, haemodialysis, and peritoneal dialysis). 
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Splines - HbA1c/FPG relationship by anaemia aetiology (definition 1) for each CKD stage 


  


Figure 10 Relationship between HbA1c and FPG in different CKD stages using the MDRD formula and 
stratified by anaemia aetiology (definition 1). Stage 5 CKD (Dialysis) includes all dialysis observations 
(unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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Splines - HbA1c/FPG relationship by anaemia aetiology (defirnition 2) for each CKD stage 


  


Figure 11 Relationship between HbA1c and FPG in different CKD stages using the MDRD formula and 
stratified by anaemia aetiology (definition 2). Stage 5 CKD (Dialysis) includes all dialysis observations 
(unknown type of dialysis, haemodialysis, and peritoneal dialysis). 
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Mixed effects regression model in participants with FPG ≤ 7·5 mmol/L including anaemia severity as 
a covariate 


Figure 12 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
participants with FPG ≤ 7·5 mmol/L in different anaemia severity status. 
The CKD stage (MDRD equation) and the covariates gender, age, and ethnicity are fixed at their means 
for each FPG and anaemia stage. 
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Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 3.872 0.059** 65.67 3.757 - 3.988 0.00 
Hyper-filtration 1.494 0.230** 6.49 1.042 - 1.945 0.00 
G2 2.258 0.341** 6.63 1.590 - 2.925 0.00 
G3a 3.544 0.487** 7.27 2.589 - 4.499 0.00 
G3b 4.621 0.879** 5.26 2.898 - 6.343 0.00 
G4 -0.717 2.531 -0.28 -5.677 - 4.243 0.78 
G5 (non-dialysis) -2.450 4.255 -0.58 -10.789 - 5.888 0.56 
G5 (all-dialysis) -3.498 0.880** -3.98 -5.222 - -1.774 0.00 
Female -0.558 0.197** -2.83 -0.944 - -0.172 0.00 
50-59 years 5.061 0.311** 16.26 4.451 - 5.671 0.00 
60-69 years 7.475 0.306** 24.40 6.874 - 8.075 0.00 
70-79 years 9.006 0.325** 27.74 8.370 - 9.643 0.00 
Over 80 years 9.310 0.389** 23.94 8.548 - 10.072 0.00 
Black 2.731 0.708** 3.86 1.344 - 4.117 0.00 
Mixed 0.499 0.315 1.58 -0.118 - 1.117 0.11 
Chinese 5.943 1.819** 3.27 2.377 - 9.509 0.00 
Asian -0.746 0.457 -1.63 -1.642 - 0.150 0.10 
Other -0.965 1.900 -0.51 -4.689 - 2.759 0.61 
Unknown/missing 0.360 0.231 1.56 -0.093 - 0.814 0.12 
Mild anaemia -0.005 0.295 -0.02 -0.583 - 0.572 0.99 
Moderate anaemia -0.427 0.496 -0.86 -1.399 - 0.544 0.39 
Severe anaemia 7.629 2.534** 3.01 2.662 - 12.597 0.00 
Hyper-filtration*FPG -0.261 0.040** -6.50 -0.340 - -0.182 0.00 
G2*FPG -0.344 0.058** -5.93 -0.457 - -0.230 0.00 
G3a*FPG -0.413 0.082** -5.02 -0.575 - -0.252 0.00 
G3b*FPG -0.532 0.149** -3.56 -0.825 - -0.239 0.00 
G4*FPG 0.067 0.442 0.15 -0.800 - 0.934 0.88 
G5 (non-dialysis) *FPG 0.341 0.761 0.45 -1.150 - 1.832 0.65 
G5 (all-dialysis) *FPG 0.568 0.158** 3.59 0.258 - 0.879 0.00 
Female*FPG 0.086 0.035* 2.47 0.018 - 0.154 0.01 
50-59 years*FPG -0.773 0.056** -13.70 -0.884 - -0.663 0.00 
60-69years*FPG -1.152 0.055** -20.86 -1.260 - -1.043 0.00 
70-79years*FPG -1.411 0.058** -24.34 -1.524 - -1.297 0.00 
Over 80 years*FPG -1.477 0.068** -21.58 -1.611 - -1.343 0.00 
Black*FPG -0.144 0.129 -1.11 -0.397 - 0.109 0.27 
Mixed*FPG -0.064 0.056 -1.14 -0.173 - 0.046 0.25 
Chinese*FPG -0.774 0.327* -2.37 -1.414 - -0.134 0.02 
Asian*FPG 0.573 0.081** 7.08 0.414 - 0.731 0.00 
Other*FPG 0.351 0.342 1.03 -0.320 - 1.021 0.31 
Unknown/missing*FPG 0.019 0.041 0.47 -0.061 - 0.099 0.64 
Mild*FPG 0.104 0.050* 2.07 0.006 - 0.201 0.04 
Moderate*FPG 0.110 0.085 1.29 -0.056 - 0.276 0.20 
Severe*FPG -1.810 0.442** -4.09 -2.677 - -0.943 0.00 
NDH 2.177 0.066** 32.80 2.047 - 2.307 0.00 
Diabetes mellitus 7.673 0.045** 170.43 7.585 - 7.762 0.00 
_cons 16.553 0.322** 51.41 15.922 - 17.184 0.00 
Var(_cons) 27.175 0.174  26.834 - 27.514  
Var(residual) 16.49 0.090  16.311 - 16.664  


Table 8 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model with the interaction of FPG with CKD stage using the MDRD formula, 
anaemia severity, gender, age and ethnicity, and the diabetic status as a covariate.  
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Mixed effects regression model in participants with FPG ≤ 7·5 mmol/L including anaemia aetiology 
(defintion 1) as a covariate 
Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 3.868 0.059** 65.49 3.752 - 3.984 0.00 
Hyper-filtration 1.487 0.230** 6.45 1.035 - 1.938 0.00 
G2 2.237 0.341** 6.57 1.570 - 2.905 0.00 
G3a 3.503 0.487** 7.20 2.549 - 4.457 0.00 
G3b 4.543 0.877** 5.18 2.823 - 6.262 0.00 
G4 -0.282 2.525 -0.11 -5.232 - 4.667 0.91 
G5 (non-dialysis) -2.212 4.256 -0.52 -10.553 - 6.130 0.60 
G5 (all-dialysis) -3.444 0.880** -3.91 -5.168 - -1.720 0.00 
Female -0.581 0.197** -2.95 -0.968 - -0.195 0.00 
50-59 years 5.068 0.311** 16.28 4.458 - 5.679 0.00 
60-69 years 7.494 0.306** 24.46 6.894 - 8.095 0.00 
70-79 years 9.015 0.325** 27.75 8.378 - 9.652 0.00 
Over 80 years 9.314 0.389** 23.92 8.551 - 10.077 0.00 
Black 2.740 0.708** 3.87 1.353 - 4.127 0.00 
Mixed 0.504 0.315 1.60 -0.114 - 1.122 0.11 
Chinese 5.939 1.820** 3.26 2.372 - 9.505 0.00 
Asian -0.763 0.458 -1.66 -1.662 - 0.135 0.10 
Other -0.983 1.900 -0.52 -4.708 - 2.742 0.61 
Unknown/missing 0.360 0.231 1.55 -0.094 - 0.813 0.12 
Non-IDA  -0.484 0.316 -1.53 -1.104 - 0.137 0.13 
IDA 0.719 0.423 1.70 -0.111 - 1.548 0.09 
Other abnormality -0.097 0.376 -0.26 -0.834 - 0.640 0.80 
Hyper-filtration*FPG -0.260 0.040** -6.46 -0.338 - -0.181 0.00 
G2*FPG -0.340 0.058** -5.87 -0.454 - -0.227 0.00 
G3a*FPG -0.410 0.082** -4.98 -0.571 - -0.248 0.00 
G3b*FPG -0.527 0.149** -3.53 -0.819 - -0.234 0.00 
G4*FPG -0.061 0.441 -0.14 -0.926 - 0.804 0.89 
G5 (non-dialysis) *FPG 0.276 0.761 0.36 -1.215 - 1.768 0.72 
G5 (all-dialysis) *FPG 0.557 0.158** 3.52 0.247 - 0.868 0.00 
Female*FPG 0.088 0.035* 2.54 0.020 - 0.156 0.01 
50-59 years*FPG -0.774 0.056** -13.72 -0.885 - -0.664 0.00 
60-69years*FPG -1.154 0.055** -20.91 -1.263 - -1.046 0.00 
70-79years*FPG -1.412 0.058** -24.34 -1.525 - -1.298 0.00 
Over 80 years*FPG -1.479 0.069** -21.57 -1.613 - -1.344 0.00 
Black*FPG -0.147 0.129 -1.14 -0.400 - 0.106 0.26 
Mixed*FPG -0.065 0.056 -1.16 -0.174 - 0.045 0.25 
Chinese*FPG -0.773 0.327* -2.37 -1.413 - -0.133 0.02 
Asian*FPG 0.575 0.081** 7.10 0.416 - 0.734 0.00 
Other*FPG 0.355 0.342 1.04 -0.315 - 1.026 0.30 
Unknown/missing*FPG 0.019 0.041 0.46 -0.061 - 0.099 0.65 
Non-IDA*FPG 0.182 0.054** 3.39 0.077 - 0.287 0.00 
IDA*FPG -0.063 0.072 -0.87 -0.205 - 0.079 0.38 
Other abnormal*FPG 0.027 0.065 0.41 -0.100 - 0.154 0.68 
NDH 2.179 0.066** 32.82 2.049 - 2.309 0.00 
Diabetes mellitus 7.674 0.045** 170.18 7.585 - 7.762 0.00 
_cons 16.576 0.323** 51.39 15.944 - 17.208 0.00 
Var(_cons) 27.194 0.174  26.858 - 27.535  
Var(residual) 16.490 0.090  16.313 - 16.666  


Table 9 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-value 
from a mixed effects model with the interaction of FPG with CKD stage using MDRD formula, gender, 
age and ethnicity, aetiology of anaemia (definition 1), and the diabetic status as a covariate.  
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Mixed effects regression model in participants with FPG ≤ 7·5 mmol/L including anaemia aetiology 
(defintion 2) as a covariate 
Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 3.762 0.083** 45.47 3.600 - 3.924 0.00 
Hyper-filtration 1.324 0.322** 4.10 0.692 - 1.956 0.00 
G2 2.628 0.475** 5.54 1.698 - 3.559 0.00 
G3a 2.775 0.683** 4.06 1.437 - 4.113 0.00 
G3b 3.169 1.210** 2.62 0.797 - 5.541 0.01 
G4 -3.484 3.671 -0.95 -10.680 - 3.711 0.34 
G5 (non-dialysis) -8.996 5.483 -1.64 -19.742 - 1.750 0.10 
G5 (all-dialysis) -3.130 1.146** -2.73 -5.376 - -0.884 0.01 
Female -1.209 0.276** -4.39 -1.749 - -0.669 0.00 
50-59 years 4.899 0.432** 11.35 4.053 - 5.745 0.00 
60-69 years 7.330 0.424** 17.27 6.498 - 8.162 0.00 
70-79 years 8.570 0.455** 18.83 7.678 - 9.462 0.00 
Over 80 years 8.799 0.548** 16.07 7.726 - 9.872 0.00 
Black 0.795 0.938 0.85 -1.043 - 2.632 0.40 
Mixed 0.197 0.408 0.48 -0.602 - 0.996 0.63 
Chinese 5.823 2.350* 2.48 1.217 - 10.428 0.01 
Asian -1.379 0.583* -2.37 -2.522 - -0.237 0.02 
Other -1.137 2.318 -0.49 -5.681 - 3.406 0.62 
Unknown/missing 0.325 0.322 1.01 -0.307 - 0.956 0.31 
Non-IDA  -0.474 0.425 -1.12 -1.306 - 0.359 0.26 
IDA 3.009 0.783** 3.84 1.475 - 4.544 0.00 
Other abnormality 0.498 0.280 1.78 -0.052 - 1.047 0.08 
Erythrocytosis -2.630 2.741 -0.96 -8.002 - 2.743 0.34 
Hyper-filtration*FPG -0.225 0.056** -3.99 -0.336 - -0.115 0.00 
G2*FPG -0.404 0.081** -5.00 -0.562 - -0.245 0.00 
G3a*FPG -0.265 0.115* -2.30 -0.491 - -0.040 0.02 
G3b*FPG -0.320 0.206 -1.55 -0.725 - 0.084 0.12 
G4*FPG 0.623 0.646 0.96 -0.642 - 1.888 0.33 
G5 (non-dialysis) *FPG 1.255 0.985 1.27 -0.676 - 3.186 0.20 
G5 (all-dialysis) *FPG 0.503 0.205* 2.46 0.102 - 0.904 0.01 
Female*FPG 0.194 0.048** 4.02 0.099 - 0.289 0.00 
50-59 years*FPG -0.750 0.078** -9.59 -0.903 - -0.597 0.00 
60-69years*FPG -1.124 0.076** -14.74 -1.274 - -0.975 0.00 
70-79years*FPG -1.332 0.081** -16.47 -1.491 - -1.174 0.00 
Over 80 years*FPG -1.403 0.096** -14.63 -1.591 - -1.215 0.00 
Black*FPG 0.310 0.169 1.83 -0.021 - 0.642 0.07 
Mixed*FPG -0.058 0.072 -0.81 -0.198 - 0.083 0.42 
Chinese*FPG -0.701 0.415 -1.69 -1.514 - 0.112 0.09 
Asian*FPG 0.770 0.102** 7.56 0.571 - 0.970 0.00 
Other*FPG 0.411 0.411 1.00 -0.395 - 1.216 0.32 
Unknown/missing*FPG 0.020 0.056 0.35 -0.091 - 0.130 0.73 
Non-IDA*FPG 0.095 0.072 1.32 -0.046 - 0.237 0.19 
IDA*FPG -0.303 0.133* -2.27 -0.565 - -0.042 0.02 
Other abnormal*FPG -0.144 0.048** -2.98 -0.238 - -0.049 0.00 
Erythrocytosis*FPG 0.319 0.468 0.68 -0.599 - 1.237 0.50 
NDH 2.188 0.095** 23.10 2.002 - 2.374 0.00 
Diabetes mellitus 7.770 0.062** 126.23 7.649 - 7.890 0.00 
_cons 17.398 0.454** 38.30 16.508 - 18.289 0.00 
Var(_cons) 28.870 0.249  28.387 - 29.363  
Var(residual) 17.233 0.135  16.971 - 17.499  


Table 10 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage using the MDRD formula, 
gender, age and ethnicity, aetiology of anaemia (definition 2), and the diabetic status as a covariate.  
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Figure 13 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
participants with FPG ≤ 7·5 mmol/L in different anaemia aetiology types. 
The CKD stage (MDRD equation) and the covariates gender, age, and ethnicity are fixed at their means 
for each FPG and anaemia type. 
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Mixed effects regression model in participants with 5≤FPG≤14 mmol/L including anaemia severity as 
a covariate 


  


Figure 14 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
participants with 5≤FPG≤14 mmol/L) in different anaemia severity status. 
The CKD stage (MDRD equation and the covariates gender, age, and ethnicity are fixed at their means 
for each FPG, CKD stage and anaemia stage combination 
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Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 4.971 0.032** 156.72 4.909 - 5.033 0.00 
Hyper-filtration 1.908 0.171** 11.16 1.573 - 2.243 0.00 
G2 2.831 0.253** 11.20 2.336 - 3.327 0.00 
G3a 3.493 0.356** 9.83 2.796 - 4.190 0.00 
G3b 5.098 0.635** 8.02 3.852 - 6.343 0.00 
G4 4.148 2.328 1.78 -0.415 - 8.711 0.07 
G5 (non-dialysis) 4.713 3.706 1.27 -2.550 - 11.977 0.20 
G5 (all-dialysis) -4.592 0.608** -7.55 -5.785 - -3.400 0.00 
Female 0.324 0.148* 2.19 0.035 - 0.614 0.03 
50-59 years 1.056 0.222** 4.77 0.622 - 1.491 0.00 
60-69 years 3.406 0.221** 15.38 2.972 - 3.840 0.00 
70-79 years 5.092 0.241** 21.10 4.619 - 5.565 0.00 
Over 80 years 5.252 0.299** 17.55 4.665 - 5.838 0.00 
Black -1.431 0.569* -2.51 -2.547 - -0.315 0.01 
Mixed -0.408 0.238 -1.71 -0.874 - 0.059 0.09 
Chinese 0.063 1.574 0.04 -3.022 - 3.148 0.97 
Asian 1.590 0.347** 4.58 0.909 - 2.271 0.00 
Other 3.337 1.565* 2.13 0.270 - 6.404 0.03 
Unknown/missing 0.467 0.172** 2.72 0.130 - 0.804 0.01 
Mild anaemia 3.134 0.225** 13.93 2.693 - 3.575 0.00 
Moderate anaemia 4.178 0.388** 10.78 3.418 - 4.938 0.00 
Severe anaemia 0.086 1.984 0.04 -3.803 - 3.974 0.97 
Hyper-filtration*FPG -0.344 0.023** -15.12 -0.389 - -0.300 0.00 
G2*FPG -0.464 0.034** -13.68 -0.531 - -0.398 0.00 
G3a*FPG -0.447 0.047** -9.49 -0.539 - -0.354 0.00 
G3b*FPG -0.602 0.082** -7.30 -0.764 - -0.441 0.00 
G4*FPG -0.747 0.307* -2.43 -1.349 - -0.145 0.02 
G5 (non-dialysis) *FPG -0.894 0.474 -1.88 -1.823 - 0.036 0.06 
G5 (all-dialysis) *FPG 0.773 0.075** 10.35 0.626 - 0.919 0.00 
Female*FPG -0.035 0.020 -1.73 -0.075 - 0.005 0.08 
50-59 years*FPG -0.133 0.030** -4.50 -0.191 - -0.075 0.00 
60-69years*FPG -0.528 0.030** -17.60 -0.587 - -0.469 0.00 
70-79years*FPG -0.801 0.033** -24.32 -0.866 - -0.737 0.00 
Over 80 years*FPG -0.847 0.041** -20.51 -0.928 - -0.766 0.00 
Black*FPG 0.572 0.081** 7.09 0.413 - 0.730 0.00 
Mixed*FPG 0.075 0.033* 2.31 0.011 - 0.139 0.02 
Chinese*FPG 0.280 0.230 1.22 -0.170 - 0.731 0.22 
Asian*FPG 0.187 0.048** 3.89 0.093 - 0.282 0.00 
Other*FPG -0.391 0.216 -1.81 -0.815 - 0.033 0.07 
Unknown/missing*FPG -0.012 0.024 -0.52 -0.059 - 0.034 0.60 
Mild*FPG -0.391 0.030** -13.01 -0.450 - -0.332 0.00 
Moderate*FPG -0.613 0.052** -11.76 -0.716 - -0.511 0.00 
Severe*FPG -0.520 0.266 -1.96 -1.042 - 0.001 0.05 
Not known DM -6.954 0.057** -120.96 -7.067 - -6.841 0.00 
NDH -5.530 0.085** -64.81 -5.697 - -5.363 0.00 
_cons 17.677 0.241** 73.23 17.204 - 18.150 0.00 
Var(_cons) 36.689 0.279  36.147 - 37.239  
Var(residual) 36.970 0.163  36.650 - 37.291  


Table 11 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage using the MDRD formula, 
gender, age and ethnicity, anaemia severity, and the diabetic status as a covariate.  
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Mixed effects regression model in participants with 5≤FPG≤14 mmol/L including anaemia aetiology 
(defintion 1) as a covariate 
Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 4.982 0.032** 156.83 4.920 - 5.044 0.00 
Hyper-filtration 1.922 0.171** 11.24 1.586 - 2.257 0.00 
G2 2.797 0.253** 11.07 2.302 - 3.293 0.00 
G3a 3.454 0.355** 9.72 2.758 - 4.151 0.00 
G3b 5.082 0.634** 8.02 3.840 - 6.325 0.00 
G4 4.057 2.326 1.74 -0.501 - 8.615 0.08 
G5 (non-dialysis) 4.509 3.706 1.22 -2.754 - 11.773 0.22 
G5 (all-dialysis) -4.606 0.608** -7.57 -5.799 - -3.414 0.00 
Female 0.262 0.148 1.77 -0.029 - 0.552 0.08 
50-59 years 1.057 0.222** 4.77 0.623 - 1.492 0.00 
60-69 years 3.387 0.221** 15.29 2.953 - 3.821 0.00 
70-79 years 5.034 0.242** 20.84 4.560 - 5.507 0.00 
Over 80 years 5.169 0.300** 17.24 4.582 - 5.757 0.00 
Black -1.403 0.569* -2.46 -2.519 - -0.287 0.01 
Mixed -0.407 0.238 -1.71 -0.874 - 0.059 0.09 
Chinese 0.135 1.574 0.09 -2.950 - 3.221 0.93 
Asian 1.452 0.348** 4.17 0.770 - 2.134 0.00 
Other 3.262 1.565* 2.08 0.195 - 6.329 0.04 
Unknown/missing 0.465 0.172** 2.70 0.128 - 0.801 0.01 
Non-IDA  3.225 0.242** 13.35 2.751 - 3.698 0.00 
IDA 4.108 0.328** 12.54 3.466 - 4.750 0.00 
Other abnormality 1.823 0.290** 6.30 1.256 - 2.391 0.00 
Hyper-filtration*FPG -0.346 0.023** -15.19 -0.390 - -0.301 0.00 
G2*FPG -0.459 0.034** -13.51 -0.525 - -0.392 0.00 
G3a*FPG -0.443 0.047** -9.41 -0.535 - -0.351 0.00 
G3b*FPG -0.606 0.082** -7.36 -0.767 - -0.444 0.00 
G4*FPG -0.765 0.307* -2.49 -1.366 - -0.163 0.01 
G5 (non-dialysis) *FPG -0.877 0.474 -1.85 -1.806 - 0.053 0.06 
G5 (all-dialysis) *FPG 0.772 0.075** 10.35 0.626 - 0.918 0.00 
Female*FPG -0.028 0.020 -1.35 -0.067 - 0.012 0.18 
50-59 years*FPG -0.133 0.030** -4.49 -0.191 - -0.075 0.00 
60-69years*FPG -0.524 0.030** -17.47 -0.583 - -0.465 0.00 
70-79years*FPG -0.792 0.033** -24.00 -0.856 - -0.727 0.00 
Over 80 years*FPG -0.834 0.041** -20.16 -0.915 - -0.753 0.00 
Black*FPG 0.566 0.081** 7.02 0.408 - 0.724 0.00 
Mixed*FPG 0.075 0.033* 2.31 0.011 - 0.139 0.02 
Chinese*FPG 0.270 0.230 1.17 -0.180 - 0.720 0.24 
Asian*FPG 0.208 0.048** 4.31 0.113 - 0.302 0.00 
Other*FPG -0.378 0.216 -1.75 -0.803 - 0.046 0.08 
Unknown/missing*FPG -0.012 0.024 -0.52 -0.058 - 0.034 0.61 
Non-IDA*FPG -0.409 0.032** -12.65 -0.472 - -0.345 0.00 
IDA*FPG -0.582 0.044** -13.28 -0.668 - -0.496 0.00 
Other abnormal*FPG -0.264 0.039** -6.84 -0.340 - -0.189 0.00 
Not known DM -6.949 0.058** -120.75 -7.062 - -6.837 0.00 
NDH -5.527 0.085** -64.74 -5.695 - -5.360 0.00 
_cons 17.598 0.242** 72.77 17.124 - 18.072 0.00 
Var(_cons) 36.708 0.279  36.166 - 37.258  
Var(residual) 36.967 0.163  36.650 - 37.290  


Table 12 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage using the MDRD formula, 
gender, age and ethnicity, aetiology of anaemia (definition1), and the diabetic status as a covariate. 
CKD chronic kidney disease, FPG fasting plasma glucose, x*FPG interaction between x variable and 
FPG, NDH non diabetic hyperglycaemia  
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Mixed effects regression model in participants with 5≤FPG≤14 mmol/L including anaemia aetiology 
(defintion 2) as a covariate 
Variables Coef. Std. Err. t 95% Conf. Interval p-value 
FPG (mmol/L) 5.097 0.044** 114.83 5.010 - 5.184 0.00 
Hyper-filtration 2.137 0.239** 8.95 1.668 - 2.605 0.00 
G2 2.579 0.351** 7.36 1.892 - 3.266 0.00 
G3a 3.267 0.493** 6.63 2.301 - 4.233 0.00 
G3b 4.388 0.879** 4.99 2.665 - 6.110 0.00 
G4 0.278 3.459 0.08 -6.501 - 7.056 0.94 
G5 (non-dialysis) -1.736 5.202 -0.33 -11.931 - 8.459 0.74 
G5 (all-dialysis) -4.004 0.801** -5.00 -5.574 - -2.434 0.00 
Female 0.424 0.206* 2.06 0.021 - 0.828 0.04 
50-59 years 1.146 0.306** 3.74 0.546 - 1.746 0.00 
60-69 years 3.419 0.306** 11.16 2.819 - 4.020 0.00 
70-79 years 5.205 0.337** 15.45 4.545 - 5.865 0.00 
Over 80 years 5.329 0.420** 12.68 4.506 - 6.153 0.00 
Black -1.119 0.725 -1.54 -2.539 - 0.302 0.12 
Mixed -0.641 0.309* -2.07 -1.247 - -0.035 0.04 
Chinese -1.322 1.942 -0.68 -5.129 - 2.484 0.50 
Asian 3.231 0.435** 7.42 2.377 - 4.084 0.00 
Other 5.497 1.908** 2.88 1.759 - 9.236 0.00 
Unknown/missing -0.095 0.237 -0.40 -0.560 - 0.370 0.69 
Non-IDA  4.028 0.327** 12.33 3.388 - 4.669 0.00 
IDA 3.195 0.577** 5.54 2.064 - 4.326 0.00 
Other abnormality 1.398 0.209** 6.70 0.989 - 1.807 0.00 
Erythrocytosis -6.585 1.825** -3.61 -10.162 - -3.009 0.00 
Hyper-filtration*FPG -0.370 0.032** -11.59 -0.433 - -0.307 0.00 
G2*FPG -0.413 0.047** -8.76 -0.506 - -0.321 0.00 
G3a*FPG -0.401 0.065** -6.14 -0.529 - -0.273 0.00 
G3b*FPG -0.515 0.115** -4.49 -0.740 - -0.290 0.00 
G4*FPG -0.139 0.467 -0.30 -1.055 - 0.777 0.77 
G5 (non-dialysis) *FPG -0.086 0.661 -0.13 -1.381 - 1.209 0.90 
G5 (all-dialysis) *FPG 0.672 0.099** 6.80 0.478 - 0.866 0.00 
Female*FPG -0.059 0.028* -2.09 -0.114 - -0.004 0.04 
50-59 years*FPG -0.146 0.041** -3.55 -0.226 - -0.065 0.00 
60-69years*FPG -0.530 0.042** -12.75 -0.611 - -0.448 0.00 
70-79years*FPG -0.825 0.046** -17.95 -0.915 - -0.735 0.00 
Over 80 years*FPG -0.888 0.058** -15.35 -1.002 - -0.775 0.00 
Black*FPG 0.618 0.100** 6.16 0.421 - 0.814 0.00 
Mixed*FPG 0.073 0.042 1.73 -0.010 - 0.156 0.08 
Chinese*FPG 0.485 0.274 1.77 -0.052 - 1.022 0.08 
Asian*FPG 0.005 0.059 0.08 -0.111 - 0.121 0.94 
Other*FPG -0.664 0.259* -2.57 -1.171 - -0.157 0.01 
Unknown/missing*FPG 0.070 0.032* 2.16 0.006 - 0.134 0.03 
Non-IDA*FPG -0.626 0.044** -14.25 -0.712 - -0.540 0.00 
IDA*FPG -0.321 0.077** -4.15 -0.473 - -0.170 0.00 
Other abnormal*FPG -0.291 0.028** -10.34 -0.346 - -0.236 0.00 
Erythrocytosis*FPG 0.962 0.231** 4.16 0.509 - 1.415 0.00 
Not known DM -6.959 0.078** -88.79 -7.113 - -6.805 0.00 
NDH -5.586 0.121** -46.23 -5.823 - -5.350 0.00 
_cons 17.142 0.339** 50.61 16.478 - 17.806 0.00 
Var(_cons) 36.867 0.388  37.114 - 38.636  
Var(residual) 38.595 0.243  38.122 - 39.074  


Table 13 Data represents β-coefficients, standard errors, t statistics, 95% confidence interval, and p-
value from a mixed effects model with the interaction of FPG with CKD stage using the MDRD formula, 
gender, age and ethnicity, aetiology of anaemia (definition2), and the diabetic status as a covariate. 
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Figure 15 Plots of linear HbA1c predicted values (from fixed portion of mixed effects model) in 
participants with 5≤FPG≤14 mmol/L in different anaemia aetiology types. 
The CKD stage (MDRD equation) and the covariates gender, age, and ethnicity are fixed at their means 
for each FPG and anaemia type. 
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Linear and Inverse Regression 


  


Figure 16 Relationship between FPG (mmol/L) and HbA1c (mmol/mol) in participants with not known 
anaemia in different CKD stages using the MDRD equation. 
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Selection of codes using the structured data component of the test CPRD table (entity 
type/enttype) combined with the Read terms below for defining the necessary biomarkers. 
 
Glycated Haemoglobin (HbA1c) selection of entity types and Read codes 
Entity types                     (213, 274, 275, and 288) 
Read Codes Description Medcode 
42c..00 HbA1 - diabetic control 14050 
42c0.00 HbA1 < 7% - good control 42360 
42c1.00 HbA1 7 - 10% - borderline control 40463 
42c2.00 HbA1 > 10% - bad control 46079 
42c3.00 HbA1 level (DCCT aligned) 19807 
42W..00 Hb. A1C - diabetic control 9958 
42W..11 Glycosylated Hb 5717 
42W..12 Glycated haemoglobin 14052 
42W1.00 Hb. A1C < 7% - good control 13597 
42W2.00 Hb. A1C 7-10% - borderline 29218 
42W3.00 Hb. A1C > 10% - bad control 13604 
42W4.00 HbA1c level (DCCT aligned) 14053 
42W5.00 Haemoglobin A1c level - IFCC standardised 96968 
42WZ.00 Hb. A1C - diabetic control NOS 14049 
44TB.00 Haemoglobin A1c level 14051 
44TB000 Haemoglobin A1c (diagnostic reference range) 108943 
44TB100 Haemoglobin A1c (monitoring ranges) 108963 
44TC.00 Haemoglobin A1 level 27040 
44TL.00 Total glycosylated haemoglobin level 39205 
66Ae.00 HbA1c target 37035 
66Ae000 HbA1c target level - IFCC standardised 101208 


 
Serum Creatinine (Scr) selection of entity types and Read codes 
Entity types                     (165, 166, 213, and 288) 
Read Codes Description Medcode 
44J3.00 Serum creatinine 5 
44J3000 Serum creatinine abnormal 31277 
44J3100 Serum creatinine low 35545 
44J3200 Serum creatinine normal 26903 
44J3300 Serum creatinine raised 3927 
44J3z00 Serum creatinine NOS 42345 
44JC.00 Corrected plasma creatinine level 62062 
44JD.00 Corrected serum creatinine level 45096 
44JF.00 Plasma creatinine level 13736 
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Exclusion criteria – Clinical/Referral/Therapy/Test 
 
Read codes using the structured data component of the clinical/referral table (medcode) for 
the Exclusion Criteria, any diagnosis prior to 1st January 2006 & before entering the study 
 


Bariatric surgery 
Read Codes Description Medcode 
7613.00 Platic operations on stomach 22741 
7633.00 Bypass of jejunum 39123 
7611400 Sleeve gastrectomy and duodenal switch 93378 
7611500 Sleeve gastrectomy NEC 89259 
7611600 Laparoscopic sleeve gastrectomy 89148 
7613000 Gastroplasty NEC 14910 
7613100 Partitioning of stomach 34119 
7613111 Mson vertical banded gastroplasty 59622 
7613200 Laparoscopic adjustable gastric banding 18863 
7613300 Partitioning of stomach using band 88474 
7613400 Partitioning of stomach using staples 56926 
7613500 Partitioning of stomach NEC 90600 
7613600 Maintenance of gastric band 97691 
7614100 Bypass of stomach by anastomosis of stomach to duodenum 40977 
7615000 Bypass stomach by anastomosis stomach to transposed jejunum 39797 
7616000 Bypass of stomach by anastomosis of stomach to jejunum NEC 7082 
7616013 Mason high gastric bypass 92957 
7616015 Printer high gastric bypass 48417 
7616015 Printer high gastric bypass 48417 
7616600 Laparoscopic gastric bypass 95929 
7616600 Laparoscopic gastric bypass 95929 
7633000 Bypass of jejunum by anastomosis of jejunum to jejunum 56107 
7633100 Bypass of jejunum by anastomosis of jejunum to ileum 19929 
7633200 Bypass of jejunum by anastomosis of jejunum to colon 62848 
7642500 Duodenal switch 90517 
14NE.00 H/O: bariatric operative procedure 102486 
14NE.11 History of bariatric operative procedure 107267 
7613y00 Other specified plastic operation 62471 
7613z00 Plastic operation on stomach NOS 32581 
761A.00 Other open operations on stomach 54923 
761A500 Removal of gastric band 90454 
761H011 Insertion of gastric balloon 99860 
761H400 Removal of gastric balloon 100385 
761H500 Insertion of gastric balloon 102551 
761H600 Attention to gastric balloon 103346 
7633y00 Other specified bypass of jejunum 64123 
7633z00 Bypass of jejunum NOS 60421 
ZV45P00 [V]Presence of gastric bypass 97014 
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Blood disorders (Thalassaemia, Haemoglobinopathies, Myelodysplasia, and Splenectomy) 
Read Codes Description Type of blood disorder Medcode 


1JV..00 Suspected sickle cell disease Sickle cell disease 106871 
42D4.00 RBC's - sickle cells present Sickle cell disease 14242 


65QF.00 
Ant scr shows signifi carrier of sickle 
cell or thalassaemia 


Sickle cell disease 
96960 


677C600 Sickle cell gene carrier Sickle cell disease 106623 
687N.00 Sickle cell screening related finding Sickle cell disease 110751 


8Hx1.00 
Referral to sickle cell specialist 
nurse 


Sickle cell disease 
110077 


8T0G.00 
Referral to sickle cell and 
thalassaemia service 


Sickle cell disease/ 
Thalassaemia 108418 


9No9.00 
Seen in sickle cell and thalassaemia 
clinic 


Sickle cell disease/ 
Thalassaemia 103238 


F422100 
Proliferative retinopathy due to sickle 
cell disease 


Sickle cell disease 
11874 


K0G..00 Sickle cell nephropathy Sickle cell disease 107027 
D104.00 Thalassaemia Thalassaemia 1171 
D104000 Thalassaemia major NEC Thalassaemia 31405 


D104011 
Thalassaemia major - Cooley's 
anaemia 


Thalassaemia 
45151 


D104100 Thalassaemia minor NEC Thalassaemia 1174 


D104200 
Thalassaemia with haemoglobin S 
disease 


Thalassaemia 
54429 


D104211 Sickle-cell thalassaemia Thalassaemia 31075 
D104300 Alpha thalassaemia Thalassaemia 8866 
D104311 Homozygous alpha thalassaemia Thalassaemia 37808 
D104400 Alpha trait thalassaemia Thalassaemia 12235 
D104500 Beta trait thalassaemia Thalassaemia 9864 
D104600 Beta intermedia thalassaemia Thalassaemia 57144 
D104700 Beta major thalassaemia Thalassaemia 46733 
D104800 Beta minor thalassaemia Thalassaemia 27761 
D104811 Beta thalassaemia Thalassaemia 21643 
D104900 Delta-beta thalassaemia Thalassaemia 32943 
D104z00 Thalassaemia NOS Thalassaemia 4666 
Dyu1100 [X]Other thalassaemias Thalassaemia 73946 
D107.00 Other haemoglobinopathies Haemoglobinopathies 1529 


65QG.00 
Antenatal screening shows non sig 
haemoglobinopathy carrier 


Haemoglobinopathies 
101980 


65QH.00 


Ant scr carrier sig 
haemoglobinopathy inc sickle cel or 
thal 


Haemoglobinopathies 


101677 


D107y00 
Other specified other 
haemoglobinopathy 


Haemoglobinopathies 
45935 


D107z00 Other haemoglobinopathy NOS Haemoglobinopathies 31462 
Dyu1300 [X]Other haemoglobinopathies Haemoglobinopathies 87112 


N334C00 
Osteonecrosis due to 
haemoglobinopathy 


Haemoglobinopathies 
69157 


7Q09700 
Myelodysplastic syndrome drugs 
Band 1 


Myelodysplasia 
102712 


B677.00 
Myelodysplastic and 
myeloproliferative disease 


Myelodysplasia 
104273 
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B937.14 Myelodysplasia Myelodysplasia 14927 


B937911 
Myelodysplastic syndrome isolated 
del(5q) chromosomal abnorm 


Myelodysplasia 
105390 


B937W00 
Myelodysplastic syndrome, 
unspecified 


Myelodysplasia 
45285 


B937W11 Myelodysplasia Myelodysplasia 4561 
BBv..00 [M]Myelodysplastic syndrome Myelodysplasia 7799 


ByuHD00 
[X]Myelodysplastic syndrome, 
unspecified 


Myelodysplasia 
45143 


P25y112 Myelodysplasia of spinal cord Myelodysplasia 45142 
7840.11 Total splenectomy Splenectomy 2759 
7840100 Total splenectomy Splenectomy 27514 
7840300 Splenectomy NEC Splenectomy 1393 
7840400 Laparoscopic total splenectomy Splenectomy 31041 
7841000 Partial splenectomy Splenectomy 28668 
14N7.00 H/O: splenectomy Splenectomy 16827 
Eu84200 [X]Rett's syndrome Splenectomy 31042 


 
HIV 
Read Codes Description Medcode 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
43j7000 HIV 1 nucleic acid detection assay 112159 
43j7100 HIV 1 provirus deoxyribonucleic acid detection assay 112160 
43j7200 HIV 1 ribonucleic acid detection assay 109087 
4J34.00 HIV viral load 27053 
65QA.00 AIDS carrier 23763 
65VE.00 Notification of AIDS 33943 
7Q05600 Antiretroviral drugs Band 1 97124 
8Hle.00 Referral to community HIV nurse specialist 108631 
9kl..00 HIV pos gen health check serv declind - enhanc service admin 105040 
9kl..11 HIV positive general health check service declined 111971 
9mN0.00 HIV infection monitoring telephone invitation 109327 
9mN0000 HIV infection monitoring first telephone invitation 111972 
9mN0100 HIV infection monitoring second telephone invitation 111973 
9mN0200 HIV infection monitoring third telephone invitation 111974 
9Nt1000 Seen by community HIV (human immunodeficiency virus) nurse 107594 
A788.00 Acquired immune deficiency syndrome 23770 
A788.11 Human immunodeficiency virus infection 9130 
A788000 Acute human immunodeficiency virus infection 58857 
A788100 Asymptomatic human immunodeficiency virus infection 58859 
A788200 HIV infection with persistent generalised lymphadenopathy 69766 
A788300 Human immunodeficiency virus with constitutional disease 70869 
A788400 Human immunodeficiency virus with neurological disease 53636 
A788500 Human immunodeficiency virus with secondary infection 70528 
A788600 Human immunodeficiency virus with secondary cancers 101836 
A788U00 HIV disease result/haematological+immunologic abnorms,NEC 47632 
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A788V00 HIV disease resulting in multiple diseases CE 111979 
A788W00 HIV disease resulting in unspecified malignant neoplasm 67575 
A788X00 HIV disease resulting/unspcf infectious+parasitic disease 71450 
A788y00 Human immunodeficiency virus with other clinical findings 62891 


A788z00 
Acquired human immunodeficiency virus infection syndrome 
NOS 36294 


A789000 HIV disease resulting in mycobacterial infection 37006 
A789100 HIV disease resulting in cytomegaloviral disease 66368 
A789200 HIV disease resulting in candidiasis 23951 
A789300 HIV disease resulting in Pneumocystis carinii pneumonia 27641 
A789311 HIV disease resulting in Pneumocystis jirovecii pneumonia 104717 
A789400 HIV disease resulting in multiple infections 50076 
A789500 HIV disease resulting in Kaposi's sarcoma 27853 
A789511 HIV disease resulting in Kaposi sarcoma 108054 
A789600 HIV disease resulting in Burkitt's lymphoma 44617 
A789611 HIV disease resulting in Burkitt lymphoma 111980 
A789700 HIV dis resulting oth types of non-Hodgkin's lymphoma 66367 
A789711 HIV disease resulting in other types of non-Hodgkin lymphoma 111981 
A789800 HIV disease resulting in multiple malignant neoplasms 105324 
A789900 HIV disease resulting in lymphoid interstitial pneumonitis 65117 
A789A00 HIV disease resulting in wasting syndrome 8281 
A789X00 HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 51708 
AyuC.00 [X]Human immunodeficiency virus disease 62854 
AyuC000 [X]HIV disease resulting in other bacterial infections 112030 
AyuC100 [X]HIV disease resulting in other viral infections 107807 
AyuC200 [X]HIV disease resulting in other mycoses 112031 
AyuC300 [X]HIV disease resulting in multiple infections 102117 
AyuC400 [X]HIV disease resulting/other infectious+parasitic diseases 104134 
AyuC500 [X]HIV disease resulting/unspcf infectious+parasitic disease 112032 
AyuC600 [X]HIV disease resulting in other non-Hodgkin's lymphoma 69767 
AyuC611 [X]HIV disease resulting in other non-Hodgkin lymphoma 112033 
AyuC700 [X]HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 112034 
AyuC800 [X]HIV disease resulting in other malignant neoplasms 112035 
AyuC900 [X]HIV disease resulting in unspecified malignant neoplasm 112036 
AyuCA00 [X]HIV disease resulting in multiple diseases CE 112037 


AyuCB00 
[X]HIV disease result/haematological+immunologic 
abnorms,NEC 96751 


AyuCC00 [X]HIV disease resulting in other specified conditions 102252 
AyuCD00 [X]Unspecified human immunodeficiency virus [HIV] disease 100769 
Eu02400 [X]Dementia in human immunodef virus [HIV] disease 41185 
L179.00 HIV disease complicating pregnancy childbirth puerperium 104466 
R109.00 [D]Laboratory evidence of human immunodeficiency virus [HIV] 44288 
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Pre-diabetes and Diabetes related codes 
 
Non-diabetic hyperglycaemia/pre-Diabetes 


Read Codes Description Medcode 
C11y300  Impaired fasting glycaemia 10983 
R10D000  [D]Impaired fasting glycaemia 10791 
R10D011 [D]Impaired fasting glucose 31161 
C11y200 Impaired glucose tolerance 10921 
C11y400 Impaired glucose regulation 105434 
C313000 Glucose - galactose intolerance 9905 
C313500 Glucose intolerance 3505 
R102.00 [D]Glucose tolerance test abnormal 11818 
R10E.00 [D]Impaired glucose tolerance 10042 
C11y500 Pre-diabetes 106604 
R102.11 [D]Prediabetes 11149 


 
Type 1 Diabetes Mellitus 


Read Codes Description Medcode 
C100011 Insulin dependent diabetes mellitus 1038 
C108.00 Insulin dependent diabetes mellitus 1647 
C108.11 IDDM-Insulin dependent diabetes mellitus 18505 
C108.12 Type 1 diabetes mellitus 17858 
C108.13 Type I diabetes mellitus 24423 
C108000 Insulin-dependent diabetes mellitus with renal complications 46963 
C108011 Type I diabetes mellitus with renal complications 61344 
C108012 Type 1 diabetes mellitus with renal complications 21983 
C108100 Insulin-dependent diabetes mellitus with ophthalmic comps 49276 
C108112 Type 1 diabetes mellitus with ophthalmic complications 102740 
C108200 Insulin-dependent diabetes mellitus with neurological comps 52283 
C108211 Type I diabetes mellitus with neurological complications 49146 
C108212 Type 1 diabetes mellitus with neurological complications 61829 
C108300 Insulin dependent diabetes mellitus with multiple complicatn 52104 
C108311 Type I diabetes mellitus with multiple complications 108007 
C108400 Unstable insulin dependent diabetes mellitus 26855 
C108411 Unstable type I diabetes mellitus 60107 
C108412 Unstable type 1 diabetes mellitus 97474 
C108500 Insulin dependent diabetes mellitus with ulcer 44443 
C108511 Type I diabetes mellitus with ulcer 51957 
C108512 Type 1 diabetes mellitus with ulcer 68390 
C108600 Insulin dependent diabetes mellitus with gangrene 60499 
C108700 Insulin dependent diabetes mellitus with retinopathy 6509 
C108711 Type I diabetes mellitus with retinopathy 38161 
C108712 Type 1 diabetes mellitus with retinopathy 41049 
C108800 Insulin dependent diabetes mellitus - poor control 6791 
C108811 Type I diabetes mellitus - poor control 46850 
C108812 Type 1 diabetes mellitus - poor control 45914 
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C108900 Insulin dependent diabetes maturity onset 31310 
C108911 Type I diabetes mellitus maturity onset 63017 
C108912 Type 1 diabetes mellitus maturity onset 97446 
C108A00 Insulin-dependent diabetes without complication 56448 
C108A11 Type I diabetes mellitus without complication 95992 
C108A12 Type 1 diabetes mellitus without complication 111106 
C108B00 Insulin dependent diabetes mellitus with mononeuropathy 24694 
C108B11 Type I diabetes mellitus with mononeuropathy 99231 
C108C00 Insulin dependent diabetes mellitus with polyneuropathy 41716 
C108D00 Insulin dependent diabetes mellitus with nephropathy 57621 
C108D11 Type I diabetes mellitus with nephropathy 66872 
C108E00 Insulin dependent diabetes mellitus with hypoglycaemic coma 44440 
C108E11 Type I diabetes mellitus with hypoglycaemic coma 42729 
C108E12 Type 1 diabetes mellitus with hypoglycaemic coma 70766 
C108F00 Insulin dependent diabetes mellitus with diabetic cataract 44260 
C108F11 Type I diabetes mellitus with diabetic cataract 17545 
C108F12 Type 1 diabetes mellitus with diabetic cataract 110400 
C108H00 Insulin dependent diabetes mellitus with arthropathy 65616 
C108H11 Type I diabetes mellitus with arthropathy 62352 
C108J11 Type I diabetes mellitus with neuropathic arthropathy 60208 
C108J12 Type 1 diabetes mellitus with neuropathic arthropathy 18230 
C10C.12 Maturity onset diabetes in youth type 1 98392 
C10E.00 Type 1 diabetes mellitus 1549 
C10E.11 Type I diabetes mellitus 12455 
C10E.12 Insulin dependent diabetes mellitus 51261 
C10E000 Type 1 diabetes mellitus with renal complications 47582 
C10E011 Type I diabetes mellitus with renal complications 109837 
C10E012 Insulin-dependent diabetes mellitus with renal complications 102946 
C10E100 Type 1 diabetes mellitus with ophthalmic complications 47649 
C10E111 Type I diabetes mellitus with ophthalmic complications 99311 
C10E112 Insulin-dependent diabetes mellitus with ophthalmic comps 98071 
C10E200 Type 1 diabetes mellitus with neurological complications 42831 
C10E212 Insulin-dependent diabetes mellitus with neurological comps 101735 
C10E300 Type 1 diabetes mellitus with multiple complications 47650 
C10E311 Type I diabetes mellitus with multiple complications 91942 
C10E312 Insulin dependent diabetes mellitus with multiple complicat 45276 
C10E400 Unstable type 1 diabetes mellitus 43921 
C10E411 Unstable type I diabetes mellitus 49949 
C10E412 Unstable insulin dependent diabetes mellitus 54600 
C10E500 Type 1 diabetes mellitus with ulcer 18683 
C10E511 Type I diabetes mellitus with ulcer 93878 
C10E512 Insulin dependent diabetes mellitus with ulcer 98704 
C10E600 Type 1 diabetes mellitus with gangrene 69993 
C10E611 Type I diabetes mellitus with gangrene 102112 
C10E612 Insulin dependent diabetes mellitus with gangrene 109051 
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C10E700 Type 1 diabetes mellitus with retinopathy 18387 
C10E711 Type I diabetes mellitus with retinopathy 95343 
C10E712 Insulin dependent diabetes mellitus with retinopathy 93875 
C10E800 Type 1 diabetes mellitus - poor control 35288 
C10E811 Type I diabetes mellitus - poor control 105337 
C10E812 Insulin dependent diabetes mellitus - poor control 72702 
C10E900 Type 1 diabetes mellitus maturity onset 40682 
C10E911 Type I diabetes mellitus maturity onset 96235 
C10E912 Insulin dependent diabetes maturity onset 97849 
C10EA00 Type 1 diabetes mellitus without complication 69676 
C10EA11 Type I diabetes mellitus without complication 62613 
C10EA12 Insulin-dependent diabetes without complication 99719 
C10EB00 Type 1 diabetes mellitus with mononeuropathy 68105 
C10EC00 Type 1 diabetes mellitus with polyneuropathy 46301 
C10EC11 Type I diabetes mellitus with polyneuropathy 91943 
C10EC12 Insulin dependent diabetes mellitus with polyneuropathy 101311 
C10ED00 Type 1 diabetes mellitus with nephropathy 10418 
C10ED12 Insulin dependent diabetes mellitus with nephropathy 102163 
C10EE00 Type 1 diabetes mellitus with hypoglycaemic coma 39070 
C10EE12 Insulin dependent diabetes mellitus with hypoglycaemic coma 99716 
C10EF00 Type 1 diabetes mellitus with diabetic cataract 49554 
C10EF12 Insulin dependent diabetes mellitus with diabetic cataract 100770 
C10EG00 Type 1 diabetes mellitus with peripheral angiopathy 93468 
C10EH00 Type 1 diabetes mellitus with arthropathy 18642 
C10EJ00 Type 1 diabetes mellitus with neuropathic arthropathy 54008 
C10EK00 Type 1 diabetes mellitus with persistent proteinuria 30323 
C10EL00 Type 1 diabetes mellitus with persistent microalbuminuria 30294 
C10EL11 Type I diabetes mellitus with persistent microalbuminuria 102620 
C10EM00 Type 1 diabetes mellitus with ketoacidosis 10692 
C10EM11 Type I diabetes mellitus with ketoacidosis 62209 
C10EN00 Type 1 diabetes mellitus with ketoacidotic coma 40837 
C10EN11 Type I diabetes mellitus with ketoacidotic coma 66145 
C10EP00 Type 1 diabetes mellitus with exudative maculopathy 22871 
C10EP11 Type I diabetes mellitus with exudative maculopathy 97894 
C10EQ00 Type 1 diabetes mellitus with gastroparesis 55239 
C10EQ11 Type I diabetes mellitus with gastroparesis 108724 
C10P000 Type I diabetes mellitus in remission 108360 
C10P011 Type 1 diabetes mellitus in remission 109628 
L180500 Pre-existing diabetes mellitus, insulin-dependent 50960 
ZC2C900 Dietary advice for type I diabetes 69043 
ZRbH.00 Perceived control of insulin-dependent diabetes 32359 


 
Type 2 Diabetes Mellitus 


Read Codes Description Medcode 
C100100 Diabetes mellitus, adult onset, no mention of complication 14803 
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C100112 Non-insulin dependent diabetes mellitus 506 
C101100 Diabetes mellitus, adult onset, with ketoacidosis 54856 
C102100 Diabetes mellitus, adult onset, with hyperosmolar coma 43139 
C103100 Diabetes mellitus, adult onset, with ketoacidotic coma 68843 
C104100 Diabetes mellitus, adult onset, with renal manifestation 35105 
C105100 Diabetes mellitus, adult onset, + ophthalmic manifestation 41389 
C106100 Diabetes mellitus, adult onset, + neurological manifestation 39317 
C107100 Diabetes mellitus, adult, + peripheral circulatory disorder 63357 
C107200 Diabetes mellitus, adult with gangrene 33807 
C109.00 Non-insulin dependent diabetes mellitus 4513 
C109.11 NIDDM - Non-insulin dependent diabetes mellitus 5884 
C109.12 Type 2 diabetes mellitus 17859 
C109.13 Type II diabetes mellitus 18219 
C109000 Non-insulin-dependent diabetes mellitus with renal comps 52303 
C109011 Type II diabetes mellitus with renal complications 50225 
C109012 Type 2 diabetes mellitus with renal complications 18209 
C109100 Non-insulin-dependent diabetes mellitus with ophthalm comps 50429 
C109111 Type II diabetes mellitus with ophthalmic complications 59725 
C109112 Type 2 diabetes mellitus with ophthalmic complications 70316 
C109200 Non-insulin-dependent diabetes mellitus with neuro comps 55842 
C109211 Type II diabetes mellitus with neurological complications 67905 
C109212 Type 2 diabetes mellitus with neurological complications 45919 
C109300 Non-insulin-dependent diabetes mellitus with multiple comps 62146 
C109312 Type 2 diabetes mellitus with multiple complications 108005 
C109400 Non-insulin dependent diabetes mellitus with ulcer 34912 
C109411 Type II diabetes mellitus with ulcer 55075 
C109412 Type 2 diabetes mellitus with ulcer 65704 
C109500 Non-insulin dependent diabetes mellitus with gangrene 40401 
C109511 Type II diabetes mellitus with gangrene 62107 
C109512 Type 2 diabetes mellitus with gangrene 46150 
C109600 Non-insulin-dependent diabetes mellitus with retinopathy 17262 
C109611 Type II diabetes mellitus with retinopathy 58604 
C109612 Type 2 diabetes mellitus with retinopathy 42762 
C109700 Non-insulin dependent diabetes mellitus - poor control 8403 
C109711 Type II diabetes mellitus - poor control 24458 
C109712 Type 2 diabetes mellitus - poor control 45913 
C109900 Non-insulin-dependent diabetes mellitus without complication 29979 
C109911 Type II diabetes mellitus without complication 109103 
C109912 Type 2 diabetes mellitus without complication 105784 
C109A00 Non-insulin dependent diabetes mellitus with mononeuropathy 72320 
C109A11 Type II diabetes mellitus with mononeuropathy 50813 
C109B00 Non-insulin dependent diabetes mellitus with polyneuropathy 45467 
C109B11 Type II diabetes mellitus with polyneuropathy 47409 
C109B12 Type 2 diabetes mellitus with polyneuropathy 109865 
C109C00 Non-insulin dependent diabetes mellitus with nephropathy 59365 
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C109C11 Type II diabetes mellitus with nephropathy 64571 
C109C12 Type 2 diabetes mellitus with nephropathy 24836 
C109D00 Non-insulin dependent diabetes mellitus with hypoglyca coma 43785 
C109D11 Type II diabetes mellitus with hypoglycaemic coma 56268 
C109D12 Type 2 diabetes mellitus with hypoglycaemic coma 61071 
C109E00 Non-insulin depend diabetes mellitus with diabetic cataract 69278 
C109E11 Type II diabetes mellitus with diabetic cataract 48192 
C109E12 Type 2 diabetes mellitus with diabetic cataract 44779 
C109F11 Type II diabetes mellitus with peripheral angiopathy 54899 
C109F12 Type 2 diabetes mellitus with peripheral angiopathy 60699 
C109G00 Non-insulin dependent diabetes mellitus with arthropathy 24693 
C109G11 Type II diabetes mellitus with arthropathy 18143 
C109G12 Type 2 diabetes mellitus with arthropathy 49869 
C109H11 Type II diabetes mellitus with neuropathic arthropathy 47816 
C109H12 Type 2 diabetes mellitus with neuropathic arthropathy 66965 
C109J00 Insulin treated Type 2 diabetes mellitus 18278 
C109J11 Insulin treated non-insulin dependent diabetes mellitus 37648 
C109J12 Insulin treated Type II diabetes mellitus 18264 
C109K00 Hyperosmolar non-ketotic state in type 2 diabetes mellitus 36633 
C10D.00 Diabetes mellitus autosomal dominant type 2 36695 
C10D.11 Maturity onset diabetes in youth type 2 59991 
C10F.00 Type 2 diabetes mellitus 758 
C10F.11 Type II diabetes mellitus 22884 
C10F000 Type 2 diabetes mellitus with renal complications 18777 
C10F011 Type II diabetes mellitus with renal complications 57278 
C10F100 Type 2 diabetes mellitus with ophthalmic complications 47321 
C10F111 Type II diabetes mellitus with ophthalmic complications 100964 
C10F200 Type 2 diabetes mellitus with neurological complications 34268 
C10F211 Type II diabetes mellitus with neurological complications 98616 
C10F300 Type 2 diabetes mellitus with multiple complications 65267 
C10F311 Type II diabetes mellitus with multiple complications 43227 
C10F400 Type 2 diabetes mellitus with ulcer 49074 
C10F411 Type II diabetes mellitus with ulcer 91646 
C10F500 Type 2 diabetes mellitus with gangrene 12736 
C10F511 Type II diabetes mellitus with gangrene 104323 
C10F600 Type 2 diabetes mellitus with retinopathy 18496 
C10F611 Type II diabetes mellitus with retinopathy 49655 
C10F700 Type 2 diabetes mellitus - poor control 25627 
C10F711 Type II diabetes mellitus - poor control 47315 
C10F900 Type 2 diabetes mellitus without complication 47954 
C10F911 Type II diabetes mellitus without complication 53392 
C10FA00 Type 2 diabetes mellitus with mononeuropathy 62674 
C10FA11 Type II diabetes mellitus with mononeuropathy 95351 
C10FB00 Type 2 diabetes mellitus with polyneuropathy 18425 
C10FB11 Type II diabetes mellitus with polyneuropathy 50527 
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C10FC00 Type 2 diabetes mellitus with nephropathy 12640 
C10FC11 Type II diabetes mellitus with nephropathy 102201 
C10FD00 Type 2 diabetes mellitus with hypoglycaemic coma 46917 
C10FD11 Type II diabetes mellitus with hypoglycaemic coma 98723 
C10FE00 Type 2 diabetes mellitus with diabetic cataract 44982 
C10FE11 Type II diabetes mellitus with diabetic cataract 93727 
C10FF00 Type 2 diabetes mellitus with peripheral angiopathy 37806 
C10FF11 Type II diabetes mellitus with peripheral angiopathy 104639 
C10FG00 Type 2 diabetes mellitus with arthropathy 59253 
C10FG11 Type II diabetes mellitus with arthropathy 103902 
C10FH00 Type 2 diabetes mellitus with neuropathic arthropathy 35385 
C10FH11 Type II diabetes mellitus with neuropathic arthropathy 109197 
C10FJ00 Insulin treated Type 2 diabetes mellitus 1407 
C10FJ11 Insulin treated Type II diabetes mellitus 64668 
C10FK00 Hyperosmolar non-ketotic state in type 2 diabetes mellitus 34450 
C10FK11 Hyperosmolar non-ketotic state in type II diabetes mellitus 107701 
C10FL00 Type 2 diabetes mellitus with persistent proteinuria 26054 
C10FL11 Type II diabetes mellitus with persistent proteinuria 60796 
C10FM00 Type 2 diabetes mellitus with persistent microalbuminuria 18390 
C10FM11 Type II diabetes mellitus with persistent microalbuminuria 85991 
C10FN00 Type 2 diabetes mellitus with ketoacidosis 32627 
C10FN11 Type II diabetes mellitus with ketoacidosis 106528 
C10FP00 Type 2 diabetes mellitus with ketoacidotic coma 51756 
C10FP11 Type II diabetes mellitus with ketoacidotic coma 106061 
C10FQ00 Type 2 diabetes mellitus with exudative maculopathy 25591 
C10FQ11 Type II diabetes mellitus with exudative maculopathy 111798 
C10FR00 Type 2 diabetes mellitus with gastroparesis 63690 
C10P100 Type II diabetes mellitus in remission 107824 
C10P111 Type 2 diabetes mellitus in remission 110611 
C10y100 Diabetes mellitus, adult, + other specified manifestation 63371 
C10z100 Diabetes mellitus, adult onset, + unspecified complication 63762 
L180600 Pre-existing diabetes mellitus, non-insulin-dependent 50609 
ZC2CA00 Dietary advice for type II diabetes 25041 


 
Other Diabetes 


Read Codes Description Medcode 
C101.00 Diabetes mellitus with ketoacidosis 1682 
C101y00 Other specified diabetes mellitus with ketoacidosis 38617 
C101z00 Diabetes mellitus NOS with ketoacidosis 42505 
C103.00 Diabetes mellitus with ketoacidotic coma 15690 
C103z00 Diabetes mellitus NOS with ketoacidotic coma 65062 
C10A100 Malnutrition-related diabetes mellitus with ketoacidosis 33969 
1M8..00 Diabetic peripheral neuropathic pain 109760 
66Ac.00 Diabetic peripheral neuropathy screening 10977 
C106.00 Diabetes mellitus with neurological manifestation 16230 
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C106.12 Diabetes mellitus with neuropathy 7795 
C106.13 Diabetes mellitus with polyneuropathy 16491 
C106y00 Other specified diabetes mellitus with neurological comps 61523 
C106z00 Diabetes mellitus NOS with neurological manifestation 22573 
F171100 Autonomic neuropathy due to diabetes 17067 
F372.00 Polyneuropathy in diabetes 31790 
F372.11 Diabetic polyneuropathy 5002 
F372.12 Diabetic neuropathy 2342 
F372000 Acute painful diabetic neuropathy 48078 
F372100 Chronic painful diabetic neuropathy 35785 
F372200 Asymptomatic diabetic neuropathy 24571 
F3y0.00 Diabetic mononeuropathy 37315 
M271100 Neuropathic diabetic ulcer - foot 11663 
7276.00 Pan retinal photocoagulation for diabetes 11599 
2BBF.00 Retinal abnormality - diabetes related 22967 
2BBk.00 O/E - right eye stable treated prolif diabetic retinopathy 47328 
2BBl.00 O/E - left eye stable treated prolif diabetic retinopathy 52041 
2BBL.00 O/E - diabetic maculopathy present both eyes 9835 
2BBM.00 O/E - diabetic maculopathy absent both eyes 47144 
2BBo.00 O/E - sight threatening diabetic retinopathy 52630 
2BBP.00 O/E - right eye background diabetic retinopathy 11433 
2BBQ.00 O/E - left eye background diabetic retinopathy 11129 
2BBR.00 O/E - right eye preproliferative diabetic retinopathy 13099 
2BBr.00 Impaired vision due to diabetic retinopathy 101881 
2BBS.00 O/E - left eye preproliferative diabetic retinopathy 13103 
2BBT.00 O/E - right eye proliferative diabetic retinopathy 13097 
2BBV.00 O/E - left eye proliferative diabetic retinopathy 13101 
2BBW.00 O/E - right eye diabetic maculopathy 13102 
2BBX.00 O/E - left eye diabetic maculopathy 13108 
68A7.00 Diabetic retinopathy screening 18311 
68A9.00 Diabetic retinopathy screening offered 19739 
68AB.00 Diabetic digital retinopathy screening offered 61021 
8HBG.00 Diabetic retinopathy 12 month review 11018 
8HBH.00 Diabetic retinopathy 6 month review 18662 
8Hl1.00 Referral for diabetic retinopathy screening 64142 
8I3X.00 Diabetic retinopathy screening refused 12262 
8I6F.00 Diabetic retinopathy screening not indicated 18747 
9m0..00 Diabetic retinopathy screening administrative status 106269 
9m00.00 Eligible for diabetic retinopathy screening 106332 
9m04.00 Excluded from diabetic retinopathy screening 106327 
9m05.00 Excluded from diabetic retinopathy screening as moved away 106350 
9m06.00 Excluded from diabetic retinopathy screening as deceased 106352 
9m07.00 Excluded diabetc retinop screen as under care ophthalmolgist 106328 
9m08.00 Excluded from diabetic retinopathy screening as blind 106329 
9m0A.00 Declined diabetic retinopathy screening 106218 
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9m0C.00 Excluded frm diabetic retinopathy screen as terminal illness 106778 
9m0D.00 Excluded from diabetic retinopthy screen as learn disability 107597 
9m0E.00 Excluded from diabetic retinopathy screen physical disorder 106445 
9OLD.00 Diabetic patient unsuitable for digital retinal photography 35383 
C105.00 Diabetes mellitus with ophthalmic manifestation 33254 
C105y00 Other specified diabetes mellitus with ophthalmic complicatn 47377 
C105z00 Diabetes mellitus NOS with ophthalmic manifestation 34283 
F420.00 Diabetic retinopathy 1323 
F420000 Background diabetic retinopathy 7069 
F420100 Proliferative diabetic retinopathy 3286 
F420200 Preproliferative diabetic retinopathy 2986 
F420300 Advanced diabetic maculopathy 10099 
F420400 Diabetic maculopathy 3837 
F420500 Advanced diabetic retinal disease 47584 
F420600 Non proliferative diabetic retinopathy 10755 
F420700 High risk proliferative diabetic retinopathy 30477 
F420800 High risk non proliferative diabetic retinopathy 65463 
F420z00 Diabetic retinopathy NOS 11626 
C104.00 Diabetes mellitus with renal manifestation 16502 
C104.11 Diabetic nephropathy 2475 
C104y00 Other specified diabetes mellitus with renal complications 13279 
C104z00 Diabetes mellitus with nephropathy NOS 35107 
C314.11 Renal diabetes 11848 
Cyu2300 [X]Unspecified diabetes mellitus with renal complications 100292 
K01x100 Nephrotic syndrome in diabetes mellitus 2471 
K08yA00 Proteinuric diabetic nephropathy 105302 
K08yA11 Clinical diabetic nephropathy 107881 
14F4.00 H/O: Admission in last year for diabetes foot problem 7045 
2G51000 Foot abnormality - diabetes related 27921 
2G5A.00 O/E - Right diabetic foot at risk 17095 
2G5B.00 O/E - Left diabetic foot at risk 26664 
2G5C.00 Foot abnormality - diabetes related 18056 
2G5d.00 O/E - Left diabetic foot at increased risk 105740 
2G5E.00 O/E - Right diabetic foot at low risk 26666 
2G5e.00 O/E - Right diabetic foot at increased risk 105741 
2G5F.00 O/E - Right diabetic foot at moderate risk 31157 
2G5G.00 O/E - Right diabetic foot at high risk 31171 
2G5H.00 O/E - Right diabetic foot - ulcerated 35316 
2G5I.00 O/E - Left diabetic foot at low risk 26667 
2G5J.00 O/E - Left diabetic foot at moderate risk 31156 
2G5K.00 O/E - Left diabetic foot at high risk 31172 
2G5L.00 O/E - Left diabetic foot - ulcerated 35116 
2G5V.00 O/E - right chronic diabetic foot ulcer 62384 
2G5W.00 O/E - left chronic diabetic foot ulcer 49640 
66Ab.00 Diabetic foot examination 22823 
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66Aq.00 Diabetic foot screen 95994 
66AW.00 Diabetic foot risk assessment 50175 
679L300 Diabetic foot care education 108890 
8H7r.00 Refer to diabetic foot screener 11677 
8I3W.00 Diabetic foot examination declined 18824 
8I6G.00 Diabetic foot examination not indicated 12247 
9N1i.00 Seen in diabetic foot clinic 10824 
9NiZ.00 Did not attend diabetes foot screening 102768 
9NJy.00 In-house diabetic foot screening 108634 
9NND.00 Under care of diabetic foot screener 11094 
9Oy0000 Diabetic foot screening invitation 106738 
9Oy0200 Diabetic foot screening invitation first letter 106723 
9Oy0300 Diabetic foot screening invitation second letter 106722 
9Oy0400 Diabetic foot screening invitation third letter 107793 
C107.11 Diabetes mellitus with gangrene 32403 
C107.12 Diabetes with gangrene 32556 
M037200 Cellulitis in diabetic foot 7328 
M271000 Ischaemic ulcer diabetic foot 24327 
M271200 Mixed diabetic ulcer - foot 9881 
R054200 [D]Gangrene of toe in diabetic 53634 
R054300 [D]Widespread diabetic foot gangrene 31053 
C10..00 Diabetes mellitus 711 
C100.00 Diabetes mellitus with no mention of complication 38986 
C100z00 Diabetes mellitus NOS with no mention of complication 50972 
C102.00 Diabetes mellitus with hyperosmolar coma 21482 
C102z00 Diabetes mellitus NOS with hyperosmolar coma 72345 
C103y00 Other specified diabetes mellitus with coma 59288 
C106.11 Diabetic amyotrophy 59903 
C107.00 Diabetes mellitus with peripheral circulatory disorder 35399 
C107z00 Diabetes mellitus NOS with peripheral circulatory disorder 65025 
C108y00 Other specified diabetes mellitus with multiple comps 46290 
C108z00 Unspecified diabetes mellitus with multiple complications 64449 
C10A.00 Malnutrition-related diabetes mellitus 52236 
C10A000 Malnutrition-related diabetes mellitus with coma 66675 
C10A500 Malnutritn-relat diabetes melitus wth periph circul complctn 100347 
C10B.00 Diabetes mellitus induced by steroids 11551 
C10B000 Steroid induced diabetes mellitus without complication 26108 
C10C.00 Diabetes mellitus autosomal dominant 43453 
C10ER00 Latent autoimmune diabetes mellitus in adult 95636 
C10FS00 Maternally inherited diabetes mellitus 95539 
C10G.00 Secondary pancreatic diabetes mellitus 51697 
C10G000 Secondary pancreatic diabetes mellitus without complication 96506 
C10M.00 Lipoatrophic diabetes mellitus 43857 
C10N.00 Secondary diabetes mellitus 22487 
C10N000 Secondary diabetes mellitus without complication 94383 
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C10N100 Cystic fibrosis related diabetes mellitus 93380 
C10P.00 Diabetes mellitus in remission 107603 
C10y.00 Diabetes mellitus with other specified manifestation 33343 
C10yy00 Other specified diabetes mellitus with other spec comps 10098 
C10yz00 Diabetes mellitus NOS with other specified manifestation 70821 
C10z.00 Diabetes mellitus with unspecified complication 45491 
C10zy00 Other specified diabetes mellitus with unspecified comps 64283 
C10zz00 Diabetes mellitus NOS with unspecified complication 64357 
C11y000 Steroid induced diabetes 32193 
C135.00 Diabetes insipidus 1045 
C135.12 Diabetes insipidus - pituitary 60046 
C135000 Cranial diabetes insipidus 101172 
C350011 Bronzed diabetes 23479 
Cyu2.00 [X]Diabetes mellitus 52212 
Cyu2000 [X]Other specified diabetes mellitus 41686 
F345000 Diabetic mononeuritis multiplex 44033 
F35z000 Diabetic mononeuritis NOS 17247 
F381300 Myasthenic syndrome due to diabetic amyotrophy 39420 
F381311 Diabetic amyotrophy 2340 
F440700 Diabetic iritis 17313 
F464000 Diabetic cataract 10659 
G73y000 Diabetic peripheral angiopathy 34152 
K27y700 Erectile dysfunction due to diabetes mellitus 106360 
Kyu0300 [X]Glomerular disorders in diabetes mellitus 99628 
L180700 Pre-existing malnutrition-related diabetes mellitus 109133 
L180X00 Pre-existing diabetes mellitus, unspecified 55431 
N030000 Diabetic cheiroarthropathy 18142 
N030011 Diabetic cheiropathy 57333 
N030100 Diabetic Charcot arthropathy 27891 
42c..00 HbA1 - diabetic control 14050 
42W..00 Hb. A1C - diabetic control 9958 
42WZ.00 Hb. A1C - diabetic control NOS 14049 
661M400 Diabetes self-management plan agreed 108993 
661N400 Diabetes self-management plan review 107423 
66A..00 Diabetic monitoring 3550 
66AI.00 Diabetic - good control 13071 
66AJ.00 Diabetic - poor control 2378 
66AJz00 Diabetic - poor control NOS 22023 
66Ak.00 Diabetic monitoring - lower risk albumin excretion 66475 
66Al.00 Diabetic monitoring - higher risk albumin excretion 61470 
66AR.00 Diabetes management plan given 8836 
66AZ.00 Diabetic monitoring NOS 13067 
66o..00 Further diabetic monitoring 107452 
8A12.00 Diabetic crisis monitoring 47341 
8B3l.00 Diabetes medication review 11471 
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9OL..00 Diabetes monitoring admin. 9897 
9OL1.00 Attends diabetes monitoring 13197 
9OL2.00 Refuses diabetes monitoring 26603 
9OL3.00 Diabetes monitoring default 22130 
9OL4.00 Diabetes monitoring 1st letter 13194 
9OL5.00 Diabetes monitoring 2nd letter 13195 
9OL6.00 Diabetes monitoring 3rd letter 12030 
9OL7.00 Diabetes monitor.verbal invite 31240 
9OL8.00 Diabetes monitor.phone invite 31141 
9OLA.11 Diabetes monitored 20900 
9OLN.00 Diabetes monitor invitation by SMS (short message service) 101455 
9OLZ.00 Diabetes monitoring admin.NOS 31241 
66AH200 Conversion to insulin by diabetes specialist nurse 107508 
8H7C.00 Refer, diabetic liaison nurse 12225 
8H7f.00 Referral to diabetes nurse 8306 
8Hl4.00 Referral to community diabetes specialist nurse 82474 
9Na5100 Joint consultn pracse nurse & comm diabetes specialist nurse 111347 
9NN9.00 Under care of diabetes specialist nurse 11930 
ZL22500 Under care of diabetic liaison nurse 45250 
ZL62500 Referral to diabetes nurse 11977 
ZL62600 Referral to diabetic liaison nurse 13678 
9N0n.00 Seen in community diabetes specialist clinic 32739 
9N1o.00 Seen in multidisciplinary diabetic clinic 95813 
9N1Q.00 Seen in diabetic clinic 2379 
9N1v.00 Seen in diabetic eye clinic 9974 
9NM0.00 Attending diabetes clinic 6430 
8Hj3.00  Referral to DAFNE diabetes structured education programme 93704 
9OLJ.00 DAFNE diabetes structured education programme completed 93491 
66A5.00 Diabetic on insulin 8842 
66AG.00 Diabetic drug side effects 53238 
66AV.00 Diabetic on insulin and oral treatment 28769 
66o2.00 Diabetic on non-insulin injectable medication 110344 
66o5.00 Diabetic on oral treatment and glucagon-like peptide 1 110379 
66o6.00 Diabetic on insulin and glucagon-like peptide 1 111483 
8BL2.00 Patient on maximal tolerated therapy for diabetes 12213 
9b92000 Diabetic medicine 103798 
C10H.00 Diabetes mellitus induced by non-steroid drugs 61122 
SL23.00 Insulins and antidiabetic poisoning 68714 
TJ23.00 Adverse reaction to insulins and antidiabetic agents 68928 
TJ23z00 Adverse reaction to insulins and antidiabetic agents NOS 61210 
U602311 [X] Adverse reaction to insulins and antidiabetic agents 65684 
U60231E [X] Adverse reaction to insulins and antidiabetic agents NOS 100033 
1434.00 H/O: diabetes mellitus 6813 
9360.00 Patient held diabetic record issued 52237 
13Y1.00 Diabetic association member 46533 







28 
 


66A4.00 Diabetic on oral treatment 1684 
66AA.11 Injection sites - diabetic 20696 
66AD.00 Fundoscopy - diabetic check 13196 
66AH.00 Diabetic treatment changed 16490 
66AJ.11 Unstable diabetes 9013 
66AK.00 Diabetic - cooperative patient 43951 
66AL.00 Diabetic-uncooperative patient 17869 
66AM.00 Diabetic - follow-up default 17886 
66AN.00 Date diabetic treatment start 29041 
66AO.00 Date diabetic treatment stopp. 55123 
66AP.00 Diabetes: practice programme 12506 
66AQ.00 Diabetes: shared care programme 12675 
66As.00 Diabetic on subcutaneous treatment 101728 
66AU.00 Diabetes care by hospital only 12307 
8A13.00 Diabetic stabilisation 24363 
8CP2.00 Transition of diabetes care options discussed 28856 
8CS0.00 Diabetes care plan agreed 47032 
8H2J.00 Admit diabetic emergency 7059 
8H3O.00 Non-urgent diabetic admission 35321 
8H4e.00 Referral to diabetes special interest general practitioner 94330 
8H4F.00 Referral to diabetologist 7777 
8HgC.00 Discharged from diabetes shared care programme 100422 
8Hgd.00 Discharge from secondary care diabetes service 109806 
8HHy.00 Referral to diabetic register 57723 
8Hlc.00 Referral to community diabetes service 104287 
8HLE.00 Diabetology D.V. done 47370 
8HME.00 Listed for Diabetology admissn 72333 
8HVU.00 Private referral to diabetologist 34541 
8I57.00 Patient held diabetic record declined 58639 
8IE2.00 Diabetes care plan declined 103743 
93C4.00 Patient consent given for addition to diabetic register 57389 
9M00.00 Informed consent for diabetes national audit 61461 
9M10.00 Informed dissent for diabetes national audit 44312 
9N2d.00 Seen by diabetologist 46521 
9Nl4.00 Seen by general practitioner special interest in diabetes 97281 
9NN8.00 Under care of diabetologist 54601 


 
Kidney Transplant 
Read Codes Description Medcode 
14S2.00 H/O: kidney recipient 49028 
7B00.00 Transplantation of kidney 2997 
7B00000 Autotransplant of kidney 55151 
7B00100 Transplantation of kidney from live donor 11745 
7B00111 Allotransplantation of kidney from live donor 66705 
7B00200 Transplantation of kidney from cadaver 24361 
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7B00211 Allotransplantation of kidney from cadaver 98364 
7B00212 Cadaveric renal transplant 105328 
7B00300 Allotransplantation of kidney from cadaver, heart-beating 89924 
7B00400 Allotransplantation kidney from cadaver, heart non-beating 96133 
7B00500 Allotransplantation of kidney from cadaver NEC 109455 
7B00600 Xenograft renal transplant 105787 
7B00y00 Other specified transplantation of kidney 70874 
7B00z00 Transplantation of kidney NOS 5504 
7B01500 Transplant nephrectomy 48121 
7B01511 Excision of rejected transplanted kidney 72004 
7B06300 Exploration of renal transplant 6862 
7B0F.00 Interventions associated with transplantation of kidney 93366 
7B0F100 Pre-transplantation of kidney work-up, recipient 90952 
7B0F200 Pre-transplantation of kidney work-up, live donor 96095 
7B0F300 Post-transplantation of kidney examination, recipient 103429 
7B0F400 Post-transplantation of kidney examination, live donor 94964 
7B0Fy00 OS interventions associated with transplantation of kidney 104050 
7B0Fz00 Interventions associated with transplantation of kidney NOS 104049 
K0B5.00 Renal tubulo-interstitial disordrs in transplant rejectn 48057 
Kyu1C00 [X]Renal tubulo-interstitial disorders/transplant rejection 100693 
SP08300 Kidney transplant failure and rejection 11553 
SP08D00 Acute-on-chronic rejection of renal transplant 104905 
SP08E00 Acute rejection of renal transplant - grade I 104960 
SP08F00 Acute rejection of renal transplant - grade II 107000 
SP08G00 Acute rejection of renal transplant - grade III 104630 
SP08H00 Acute rejection of renal transplant 104201 
SP08J00 Chronic rejection of renal transplant 106620 
SP08N00 Unexplained episode of renal transplant dysfunction 105724 
SP08P00 Stenosis of vein of transplanted kidney 106301 
SP08R00 Renal transplant rejection 105811 
SP08T00 Urological complication of renal transplant 107752 
SP08V00 Very mild acute rejection of renal transplant 108437 
SP08W00 Vascular complication of renal transplant 106866 
TB00100 Kidney transplant with complication, without blame 54990 
TB00111 Renal transplant with complication, without blame 18774 
ZV42000 [V]Kidney transplanted 5911 
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Product codes using the structured data component of the therapy CPRD table (prodcode) 
for Exclusion Criteria, any diagnosis prior to 1st January 2006 & before entering the study 
 
Diabetes related medication 
 
Biguanides 


Product Code Drug substance name  BNF Code 
23 Metformin hydrochloride 6010202 
93 Metformin hydrochloride 6010202 
735 Metformin Hydrochloride 6010202 
7048 Metformin hydrochloride 6010202 
7166 Metformin hydrochloride 6010202 
7610 Metformin hydrochloride 6010202 
11609 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11610 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11737 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11760 Metformin Hydrochloride/Rosiglitazone Maleate 06010202/06010203 
11990 Metformin hydrochloride 6010202 
16044 Metformin hydrochloride 6010202 
25678 Metformin hydrochloride 6010202 
26258 Metformin hydrochloride 6010202 
27501 Metformin hydrochloride 6010202 
30316 Metformin/Pioglitazone 06010202/06010203 
31146 Metformin hydrochloride 6010202 
33087 Metformin hydrochloride 6010202 
33674 Metformin hydrochloride 6010202 
34004 Metformin hydrochloride 6010202 
34020 Metformin hydrochloride 6010202 
34135 Metformin hydrochloride 6010202 
34323 Metformin hydrochloride 6010202 
34504 Metformin hydrochloride 6010202 
34598 Metformin hydrochloride 6010202 
34697 Metformin hydrochloride 6010202 
34742 Metformin hydrochloride 6010202 
34836 Metformin hydrochloride 6010202 
34917 Metformin hydrochloride 6010202 
38355 Metformin hydrochloride 6010202 
38400 Metformin hydrochloride 6010202 
39560 Metformin hydrochloride 6010202 
39598 Metformin hydrochloride 6010202 
39729 Metformin hydrochloride 6010202 
39988 Metformin Hydrochloride 6010202 
40007 Metformin hydrochloride 6010202 
40110 Metformin hydrochloride 6010202 
40233 Metformin hydrochloride 6010202 
42161 Metformin hydrochloride 6010202 
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43270 Metformin hydrochloride 6010202 
44250 Metformin hydrochloride 6010202 
45581 Metformin hydrochloride 6010202 
46989 Metformin hydrochloride 6010202 
47939 Metformin hydrochloride 6010202 
48149 Metformin hydrochloride 6010202 
49502 Metformin hydrochloride 6010202 
49738 Metformin hydrochloride 6010202 
50570 Metformin hydrochloride 6010202 
50682 Linagliptin with Metformin  06010202/06010203 
50821 Metformin hydrochloride 6010202 
50970 Metformin hydrochloride 6010202 
51080 Metformin hydrochloride 6010202 
51135 Metformin hydrochloride 6010202 
51527 Metformin hydrochloride 6010202 
52221 Metformin hydrochloride 6010202 
52442 Metformin hydrochloride 6010202 
52445 Linagliptin with Metformin 06010202/06010203 
52449 Linagliptin with Metformin 06010202/06010203 
52634 Metformin hydrochloride 6010202 
53478 Metformin hydrochloride 6010202 
53774 Metformin hydrochloride 6010202 
53867 Metformin hydrochloride 6010202 
54150 Metformin hydrochloride/Linagliptin 06010202/06010203 
54442 Metformin Hydrochloride 6010202 
54898 Metformin hydrochloride 6010202 
55270 Metformin hydrochloride 6010202 
55711 Metformin hydrochloride 6010202 
55739 Metformin hydrochloride 6010202 
57147 Metformin hydrochloride 6010202 
57457 Metformin hydrochloride 6010202 
58051 Metformin hydrochloride 6010202 
58607 Metformin hydrochloride 6010202 
59620 Metformin hydrochloride 6010202 
60012 Metformin hydrochloride/Dapagliflozin 06010202/06010203 
60074 Metformin hydrochloride 6010202 
60286 Metformin hydrochloride 6010202 
60643 Metformin hydrochloride/Dapagliflozin 06010202/06010203 
60968 Metformin hydrochloride 6010202 
61043 Metformin hydrochloride 6010202 
61559 Metformin hydrochloride 6010202 
62144 Metformin hydrochloride 6010202 
62265 Metformin hydrochloride 6010202 
62605 Metformin hydrochloride 6010202 
62824 Metformin hydrochloride 6010202 
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63031 Dapagliflozin with Metformin 06010202/06010203 
63045 Metformin hydrochloride 6010202 
63307 Metformin hydrochloride 6010202 
64939 Metformin hydrochloride 6010202 
65057 Empagliflozin with Metformin 06010202/06010203 
65059  06010202/06010203 
65066 Empagliflozin with Metformin 06010202/06010203 
65083 Empagliflozin/Metformin hydrochloride 06010202/06010203 
65344 Empagliflozin/Metformin hydrochloride 06010202/06010203 
65694 Metformin hydrochloride 6010202 
65923 Metformin hydrochloride 6010202 
66008 Metformin hydrochloride/Empagliflozin 06010202/06010203 
66136 Metformin hydrochloride 6010202 
66855 Empagliflozin with Metformin 06010202/06010203 
68203 Metformin hydrochloride 6010202 
68214 Metformin hydrochloride 6010202 
68389 Metformin hydrochloride 6010202 
68589 Metformin hydrochloride 6010202 
68636 Metformin hydrochloride 6010202 
69221 Metformin hydrochloride 6010202 
69370 Empagliflozin/Metformin hydrochloride 06010202/06010203 


 
Biphasic Insulins 


Product Code Drug substance name  BNF Code 
5845 Insulin soluble human/Insulin isophane human 6010151 
7228 Insulin aspart/Insulin aspart protamine 6010151 
7231 Insulin soluble human/Insulin isophane human 6010151 
7267 Insulin aspart/Insulin aspart protamine 6010151 
7300 Insulin soluble human/Insulin isophane human 6010151 
10277 Insulin soluble human/Insulin isophane human 6010151 
16152 Insulin soluble human/Insulin isophane human 6010151 
19513 Insulin soluble human/Insulin isophane human 6010151 
19878 Insulin soluble human/Insulin isophane human 6010151 
20995 Insulin isophane porcine/Insulin soluble porcine 6010151 
21232 Insulin soluble human/Insulin isophane human 6010151 
23099 Insulin aspart/Insulin aspart protamine 6010151 
24002 Insulin soluble human/Insulin isophane human 6010151 
24795 Insulin aspart/Insulin aspart protamine 6010151 
24800 Insulin soluble porcine/Insulin isophane porcine 6010151 
24993 Insulin soluble human/Insulin isophane human 6010151 
25133 Insulin soluble human/Insulin isophane human 6010151 
27280 Insulin soluble porcine/Insulin isophane porcine 6010151 
28096 Insulin soluble human/Insulin isophane human 6010151 
30819 Insulin soluble human/Insulin isophane human 6010151 
31205 Insulin soluble human/Insulin isophane human 6010151 
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35253 Insulin soluble human/Insulin isophane human 6010151 
36031 Insulin isophane porcine/Insulin soluble porcine 6010151 
36194 Insulin soluble human/Insulin isophane human 6010151 
41120 Insulin soluble human/Insulin isophane human 6010151 
42954 Insulin soluble human/Insulin isophane human 6010151 
43991 Insulin soluble human/Insulin isophane human 6010151 
44378 Insulin soluble human/Insulin isophane human 6010151 
44480 Insulin soluble human/Insulin isophane human 6010151 
45158 Insulin soluble human/Insulin isophane human 6010151 
56489 Insulin aspart/Insulin aspart protamine 6010151 
56857 Insulin soluble human/Insulin isophane human 6010151 
60933 Insulin soluble human/Insulin isophane human 6010151 
67324 Insulin soluble human/Insulin isophane human 6010151 


 
Insulin Needle 


Product Code Drug substance name  BNF Code 
322 Insulin lispro 0000000 
1587 Insulin zinc suspension mixed human 0000000 
1594 Insulin soluble human 0000000 
1843 Insulin isophane porcine 0000000 
1844 Insulin zinc suspension crystalline human 0000000 
2221 Insulin soluble human/Insulin isophane human 0000000 
2455 Insulin soluble human/Insulin isophane human 0000000 
2456 Insulin soluble human/Insulin isophane human 0000000 
2459 Insulin soluble porcine/Insulin isophane porcine 0000000 
2812 Insulin soluble human/Insulin isophane human 0000000 
4093 Insulin soluble human/Insulin isophane human 0000000 
4129 Insulin soluble porcine 0000000 
4247 Insulin isophane porcine 0000000 
4706 Insulin soluble human 0000000 
4896 Hypodermic insulin injection syringes 71190300 
5214 Insulin lispro 0000000 
5267 Hypodermic insulin injection syringes 71190300 
5345 Hypodermic insulin injection syringes 71190300 
5634 Hypodermic insulin injection syringes 71190300 
5769 Hypodermic insulin injection syringes 71190300 
5789 Hypodermic insulin injection syringes 71190300 
5933 Insulin soluble human/Insulin isophane human 0000000 
5967 Hypodermic insulin injection syringes 71190300 
6009 Hypodermic insulin injection syringes 71190300 
6228 Hypodermic insulin injection syringes 71190300 
6378 Hypodermic insulin injection syringes 71190300 
6730 Hypodermic insulin injection syringes 71190300 
6991 Hypodermic insulin injection syringes 71190300 
7062 Hypodermic insulin injection syringes 71190300 
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7127 Hypodermic insulin injection syringes 71190300 
7319 Insulin soluble human/Insulin isophane human 0000000 
7537 Insulin zinc suspension crystalline human 0000000 
7793 Insulin soluble human/Insulin isophane human 0000000 
8841 Insulin soluble human/Insulin isophane human 0000000 
9565 Insulin soluble human 0000000 
9618 Insulin isophane porcine/Insulin soluble porcine 0000000 
9702 Hypodermic insulin injection syringes 71190300 
10175 Insulin isophane human 0000000 
10244 Insulin soluble human/Insulin isophane human 0000000 
10245 Insulin soluble human/Insulin isophane human 0000000 
10547 Insulin zinc suspension mixed human 0000000 
11337 Insulin aspart 0000000 
11521 Hypodermic insulin injection syringes 71190300 
11878 Hypodermic insulin injection syringes 71190300 
12818 Insulin soluble human/Insulin isophane human 0000000 
13009 Hypodermic insulin injection syringes 71190300 
13036 Hypodermic insulin injection syringes 71190300 
13277 Insulin soluble human/Insulin isophane human 0000000 
13819 Insulin isophane porcine 0000000 
14619 Insulin isophane porcine/Insulin soluble porcine 0000000 
14646 Hypodermic insulin injection syringes 71190300 
15484 Insulin isophane bovine 0000000 
16160 Insulin soluble human/Insulin isophane human 0000000 
16389 Hypodermic insulin injection syringes 71190300 
16866 Hypodermic insulin injection syringes 71190300 
16959 Hypodermic insulin injection syringes 71190300 
17076 Hypodermic insulin injection syringes 71190300 
18446 Hypodermic insulin injection syringes 71190300 
18461 Insulin zinc suspension mixed human 0000000 
18931 Insulin zinc suspension crystalline human 0000000 
19977 Hypodermic insulin injection syringes 71190300 
21422 Insulin soluble human/Insulin isophane human 0000000 
22697 Insulin soluble human/Insulin isophane human 0000000 
22946 Hypodermic insulin injection syringes 71190300 
25735 Insulin soluble human/Insulin isophane human 0000000 
25736 Insulin soluble human/Insulin isophane human 0000000 
26338 Needle free insulin injectors 71190100 
28666 Hypodermic insulin injection syringes 71190300 
30305 Hypodermic insulin injection syringes 71190300 
31465 Insulin Human 0000000 
31467 Insulin human 0000000 
33232 Insulin soluble human/Insulin isophane human 0000000 
36355 Insulin Human 0000000 
36356 Insulin human 0000000 
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37055 Hypodermic insulin injection syringes 71190300 
38236 Hypodermic insulin injection syringes 71190300 
39150 Hypodermic insulin injection syringes 71190300 
42305 Needle free insulin injectors 71190100 
42797 Needle free insulin injectors 71190100 
44601 Needle free insulin injectors 71190100 
47751 Hypodermic insulin injection syringes 71190300 
49507 Needle free insulin injectors 71190100 
49508 Needle free insulin injectors 71190100 
49509 Needle free insulin injectors 71190100 
51182 Needle free insulin injectors 71190100 
51836 Needle free insulin injectors 71190100 
52722 Insulin soluble human/Insulin isophane human 0000000 
56115 Insulin soluble human 0000000 
56495 Insulin glargine 0000000 
56502 Insulin soluble human 0000000 
56624 Hypodermic insulin injection syringes 71190300 
56656 Hypodermic insulin injection syringes 71190300 
57153 Hypodermic insulin injection syringes 71190300 
57387 Hypodermic insulin injection syringes 71190300 
57388 Hypodermic insulin injection syringes 71190300 
57620 Insulin soluble human/Insulin isophane human 0000000 
58578 Hypodermic insulin injection syringes 71190300 
58754 Hypodermic insulin injection syringes 71190300 
58995 Hypodermic insulin injection syringes 71190300 
59133 Hypodermic insulin injection syringes 71190300 
59243 Hypodermic insulin injection syringes 71190300 
59311 Hypodermic insulin injection syringes 71190300 
60626 Needle free insulin injectors 71190100 
60938 Insulin soluble human/Insulin isophane human 0000000 
67231 Insulin aspart 0000000 
67266 Insulin soluble human/Insulin isophane human 0000000 
67267 Insulin soluble human/Insulin isophane human 0000000 
67279 Insulin isophane porcine 0000000 
69848 Needle free insulin injectors 71190100 
69849 Needle free insulin injectors 71190100 


 
Insulin 


Product Code Drug substance name  BNF Code 
53710 Insulin human 6010100 
60951 Insulin human 6010100 
62276 Insulin human 6010100 
67429 Insulin human 6010100 


Short Insulins 
Product Code Drug substance name  BNF Code 
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1588 Insulin Soluble Human 06010101/06010300 
1592 Insulin Soluble Human 06010101/06010300 
1840 Insulin Soluble Human 06010101/06010300 
1842 Insulin soluble porcine 06010101/06010300 
5021 Insulin aspart 6010101 
5892 Insulin aspart 6010101 
6209 Insulin aspart 6010101 
6447 Insulin Aspart 6010101 
7318 Insulin lispro 6010101 
7349 Insulin soluble human 6010101 
9521 Insulin soluble porcine 6010101 
10264 Insulin lispro 6010101 
10572 Insulin Soluble Bovine 06010101/06010300 
12297 Insulin Soluble Bovine 06010101/06010300 
12638 Insulin Soluble Human 06010101/06010300 
12654 Insulin Soluble Human 06010101/06010300 
13622 Insulin soluble porcine 06010101/06010300 
14299 Insulin glulisine 6010101 
14313 Insulin lispro 6010101 
14339 Insulin soluble bovine 06010101/06010300 
14345 Insulin glulisine 6010101 
14362 Insulin lispro 6010101 
14930 Insulin soluble porcine 06010101/06010300 
14938 Insulin Soluble Bovine 06010101/06010300 
14944 Insulin soluble human 6010101 
15710 Insulin Soluble Human 06010101/06010300 
16129 Insulin soluble human 6010101 
16142 Insulin aspart 6010101 
17336 Insulin Soluble Human 06010101/06010300 
18224 Insulin lispro 6010101 
18592 Insulin soluble bovine 06010101/06010300 
19491 Insulin glulisine 6010101 
19877 Insulin aspart 6010101 
21235 Insulin soluble human 6010101 
21583 Insulin glulisine 6010101 
21590 Insulin glulisine 6010101 
22945 Insulin Soluble Human 06010101/06010300 
22983 Insulin soluble human 6010101 
23231 Insulin soluble bovine 06010101/06010300 
23993 Insulin soluble human 6010101 
24593 Insulin Soluble Bovine 06010101/06010300 
24846 Insulin Soluble Human 06010101/06010300 
25479 Insulin soluble porcine 06010101/06010300 
26060 Insulin lispro 6010101 
26098 Insulin soluble porcine 06010101/06010300 
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26621 Insulin Soluble Human 06010101/06010300 
27396 Insulin soluble porcine 06010101/06010300 
27402 Insulin soluble human 6010101 
28101 Insulin glulisine 6010101 
28442 Insulin Glulisine 6010101 
29567 Insulin aspart 6010101 
29953 Insulin glulisine 6010101 
30209 Insulin soluble porcine 06010101/06010300 
36430 Insulin soluble human 6010101 
36513 Insulin soluble porcine 06010101/06010300 
36920 Insulin glulisine 6010101 
38986 Insulin lispro 6010101 
41959 Insulin Soluble Human 06010101/06010300 
46666 Insulin aspart 6010101 
47360 Insulin Soluble Bovine 06010101/06010300 
49108 Insulin aspart 6010101 
51743 Insulin aspart 6010101 
53118 Insulin aspart 6010101 
53251 Insulin aspart 6010101 
55603 Insulin lispro 6010101 
57529 Insulin lispro 6010101 
57564 Insulin lispro 6010101 
59533 Insulin aspart 6010101 
61845 Insulin aspart 6010101 
62180 Insulin aspart 6010101 
63464 Insulin lispro 6010101 
63679 Insulin Soluble Bovine 06010101/06010300 
67313 Insulin aspart 6010101 
69715 Insulin aspart 6010101 
69823 Insulin aspart 6010101 
70055 Insulin aspart 6010101 


 
Intermediate & Long term Insulins 


Product Code Drug substance name  BNF Code 
1593 Insulin isophane human 6010102 
1595 Insulin isophane human 6010102 
1649 Insulin Soluble Human/Insulin Isophane Human 6010102 
1805 Insulin Soluble Human/Insulin Isophane Human 6010102 
1806 Insulin Soluble Human/Insulin Isophane Human 6010102 
1886 Insulin isophane human 6010102 
2220 Insulin Soluble Human/Insulin Isophane Human 6010102 
2454 Insulin Soluble Human/Insulin Isophane Human 6010102 
2929 Insulin Soluble Human/Insulin Isophane Human 6010102 
3396 Insulin Soluble Human/Insulin Isophane Human 6010102 
3439 Insulin Soluble Human/Insulin Isophane Human 6010102 
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3550 Insulin Soluble Human/Insulin Isophane Human 6010102 
3551 Insulin Soluble Human/Insulin Isophane Human 6010102 
4163 Insulin/Insulin Soluble Porcine 6010102 
4198 Insulin Soluble Human/Insulin Isophane Human 6010102 
4199 Insulin Soluble Human/Insulin Isophane Human 6010102 
4715 Insulin Lispro/Insulin Lispro Protamine 6010102 
4760 Insulin Isophane Human 6010102 
4784 Pork Insulin/Insulin Zinc Suspension Mixed Bovine 6010102 
4790 Insulin soluble human/Insulin isophane human 6010102 
5250 Insulin Lispro/Insulin Lispro Protamine 6010102 
5255 Insulin Soluble Human/Insulin Isophane Human 6010102 
5501 Insulin Isophane Human 6010102 
5891 Insulin isophane human 6010102 
5953 Insulin Glargine 6010102 
6057 Insulin Glargine 6010102 
6061 Insulin Aspart/Insulin Aspart Protamine 6010102 
6958 Insulin detemir 6010102 
6965 Insulin detemir 6010102 
7237 Insulin glargine 6010102 
7266 Insulin glargine 6010102 
7350 Insulin isophane porcine 6010102 
7393 Insulin glargine 6010102 
7400 Insulin glargine 6010102 
7402 Insulin glargine 6010102 
7771 Insulin isophane human 6010102 
7772 Insulin isophane human 6010102 
8118 Insulin Isophane Human 6010102 
8203 Insulin soluble human/Insulin isophane human 6010102 


8322 Insulin Zinc Suspension Crystalline Human/Insulin 
Zinc Suspension Mixed Human 6010102 


8895 Insulin Isophane Porcine/Insulin Soluble Porcine 6010102 
9341 Insulin Soluble Human/Insulin Isophane Human 6010102 
9376 Insulin Zinc Suspension Crystalline Human 6010102 
9503 Insulin protamine zinc bovine 6010102 
9737 Insulin isophane human 6010102 
10001 Insulin lispro/Insulin lispro protamine 6010102 
10067 Insulin Aspart/Insulin Aspart Protamine 6010102 
10184 Insulin Detemir 6010102 
10207 Insulin isophane human 6010102 
10208 Insulin isophane human 6010102 
10225 Insulin glargine 6010102 
10229 Insulin isophane human 6010102 
10243 Insulin lispro/Insulin lispro protamine 6010102 
10259 Insulin glargine 6010102 
10484 Insulin Soluble Human/Insulin Isophane Human 6010102 







39 
 


10887 Insulin Soluble Human/Insulin Isophane Human 6010102 
10910 Insulin Soluble Human/Insulin Isophane Human 6010102 
10915 Insulin Soluble Human/Insulin Isophane Human 6010102 
11055 Insulin Soluble Human/Insulin Isophane Human 6010102 
11056 Insulin Soluble Human/Insulin Isophane Human 6010102 
11080 Insulin Isophane Human 6010102 
11107 Insulin Soluble Human/Insulin Isophane Human 6010102 
12035 Insulin zinc suspension mixed bovine 6010102 
12299 Pork Insulin 6010102 
13416 Insulin/Insulin Soluble Porcine 6010102 
13516 Insulin isophane bovine 6010102 
13729 Insulin Isophane Human 6010102 
13837 Insulin Soluble Human/Insulin Isophane Human 6010102 
14270 Insulin lispro/Insulin lispro protamine 6010102 
14290 Insulin isophane human 6010102 
14301 Insulin detemir 6010102 
14330 Insulin detemir 6010102 
14340 Insulin isophane bovine 6010102 
14357 Insulin isophane human 6010102 
14505 Insulin protamine zinc bovine 6010102 
14644 Insulin Soluble Human/Insulin Isophane Human 6010102 
14649 Insulin Soluble Human/Insulin Isophane Human 6010102 
14918 Insulin isophane human 6010102 
14925 Insulin Isophane Human 6010102 
14928 Insulin isophane human 6010102 
14933 Insulin isophane porcine 6010102 
15199 Insulin Soluble Human/Insulin Isophane Human 6010102 
15961 Insulin Isophane Human 6010102 
16682 Insulin zinc suspension mixed bovine 6010102 
16700 Insulin Zinc Suspension Mixed Bovine 6010102 
17712 Insulin zinc suspension mixed bovine 6010102 
17731 Insulin soluble human/Insulin isophane human 6010102 
17809 Insulin Soluble Human/Insulin Isophane Human 6010102 
18590 Insulin isophane bovine 6010102 
18593 Insulin lispro/Insulin lispro protamine 6010102 
20422 Insulin isophane human/Insulin soluble human 6010102 
21110 Insulin Soluble Human/Insulin Isophane Human 6010102 
21347 Insulin Soluble Human/Insulin Isophane Human 6010102 
21374 Insulin Soluble Human/Insulin Isophane Human 6010102 
21395 Insulin Soluble Human/Insulin Isophane Human 6010102 
21554 Insulin soluble human/Insulin isophane human 6010102 
22058 Insulin Soluble Human/Insulin Isophane Human 6010102 
22155 Insulin Soluble Human/Insulin Isophane Human 6010102 
23992 Insulin isophane human 6010102 
25812 Insulin isophane human 6010102 
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26403 Insulin Soluble Human/Insulin Isophane Human 6010102 
26498 Pork Insulin/Insulin Zinc Suspension Mixed Bovine 6010102 
27177 Insulin Lispro/Insulin Lispro Protamine 6010102 
27461 Insulin isophane human 6010102 
27614 Insulin Soluble Human/Insulin Isophane Human 6010102 
28183 Insulin isophane porcine 6010102 
28185 Insulin lispro/Insulin lispro protamine 6010102 
28588 Insulin isophane bovine 6010102 
29837 Insulin Soluble Human/Insulin Isophane Human 6010102 
30236 Insulin Isophane Bovine 6010102 
30686 Insulin isophane porcine 6010102 
31258 Insulin lispro/Insulin lispro protamine 6010102 
33167 Insulin Soluble Human/Insulin Isophane Human 6010102 
33966 Insulin Isophane Human 6010102 
34031 Pork Insulin 6010102 
34097 Insulin Soluble Human/Insulin Isophane Human 6010102 
35260 Insulin detemir 6010102 
35468 Insulin isophane human 6010102 
35701 Insulin lispro/Insulin lispro protamine 6010102 
36066 Insulin isophane bovine 6010102 
36146 Insulin lispro/Insulin lispro protamine 6010102 
36853 Insulin glargine 6010102 
38422 Insulin isophane bovine 6010102 
39006 Insulin lispro/Insulin lispro protamine 6010102 
39086 Insulin lispro/Insulin lispro protamine 6010102 
41834 Insulin zinc suspension mixed bovine 6010102 
42395 Insulin lispro/Insulin lispro protamine 6010102 
43950 Insulin isophane human 6010102 
43953 Insulin lispro/Insulin lispro protamine 6010102 
44251 Pork Insulin 6010102 
46001 Insulin isophane human 6010102 
47856 Insulin isophane bovine 6010102 
49831 Insulin glargine 6010102 
50633 Insulin glargine 6010102 
52522 Insulin lispro/Insulin lispro protamine 6010102 
52748 Insulin isophane human 6010102 
54462 Insulin Soluble Human/Insulin Isophane Human 6010102 
55234 Insulin degludec 6010102 
55462 Insulin degludec 6010102 
55517 Insulin isophane human 6010102 
55618 Insulin detemir 6010102 
55687 Insulin degludec 6010102 
55907 Insulin degludec 6010102 
55910 Insulin degludec 6010102 
56691 Insulin degludec 6010102 
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57622 Insulin lispro/Insulin lispro protamine 6010102 
59500 Insulin isophane human 6010102 
62899 Insulin degludec/Liraglutide 06010102/06010203 
63562 Insulin degludec/Liraglutide 06010102/06010203 
64354 Insulin glargine 6010102 
64460 Insulin glargine 6010102 
64723 Insulin glargine 6010102 
64987 Insulin glargine 6010102 
66316 Insulin glargine 6010102 
66335 Insulin Isophane Porcine/Insulin Soluble Porcine 6010102 
67230 Insulin glargine 6010102 
68031 Insulin lispro/Insulin lispro protamine 6010102 
69583 Insulin lispro/Insulin lispro protamine 6010102 


 
Sulphonylureas 


Product Code Drug substance name  BNF Code 
32 Gliclazide 6010201 
1253 Chlorpropamide 6010201 
1254 Glibenclamide 6010201 
1847 Chlorpropamide 6010201 
1964 Gliclazide 6010201 
1965 Tolbutamide 6010201 
2219 Glibenclamide 6010201 
4862 Glibenclamide 6010201 
5276 Glimepiride 6010201 
5316 Glimepiride 6010201 
5353 Glimepiride 6010201 
5627 Gliclazide 6010201 
5636 Glipizide 6010201 
6337 Glimepiride 6010201 
7284 Glimepiride 6010201 
7332 Glimepiride 6010201 
7409 Glimepiride 6010201 
7744 Glibenclamide 6010201 
7912 Glibenclamide 6010201 
8034 Chlorpropamide 6010201 
8168 Chlorpropamide 6010201 
8976 Glibenclamide 6010201 
10427 Tolazamide 6010201 
11284 Glimepiride 6010201 
11695 Gliclazide 6010201 
11946 Tolbutamide 6010201 
12245 Glibornuride 6010201 
12259 Glibornuride 6010201 
12455 Tolbutamide 6010201 
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12513 Glipizide 6010201 
13331 Glibenclamide 6010201 
15374 Gliclazide 6010201 
16602 Glibenclamide 6010201 
17343 Gliclazide 6010201 
17698 Glipizide 6010201 
19336 Tolazamide 6010201 
21424 Glibenclamide 6010201 
21489 Tolazamide 6010201 
21564 Gliclazide 6010201 
21832 Glibenclamide 6010201 
21892 Gliclazide 6010201 
22145 Tolazamide 6010201 
22858 Acetohexamide 6010201 
24848 Glymidine Sodium 6010201 
25636 Glibenclamide 6010201 
26118 Acetohexamide 6010201 
26218 Glibenclamide 6010201 
27969 Chlorpropamide 6010201 
28708 Glibenclamide 6010201 
29326 Glipizide 6010201 
29939 Gliclazide 6010201 
30460 Glibenclamide 6010201 
31212 Gliclazide 6010201 
31474 Glibenclamide 6010201 
33562 Gliclazide 6010201 
33673 Tolbutamide 6010201 
34399 Gliclazide 6010201 
34507 Glibenclamide 6010201 
34563 Glibenclamide 6010201 
34676 Glibenclamide 6010201 
34706 Glibenclamide 6010201 
34802 Glipizide 6010201 
34932 Gliclazide 6010201 
34957 Tolbutamide 6010201 
36856 Gliclazide 6010201 
40365 Glimepiride 6010201 
40425 Gliclazide 6010201 
41558 Glibenclamide 6010201 
41559 Glibenclamide 6010201 
41593 Glibenclamide 6010201 
42790 Gliclazide 6010201 
43065 Gliclazide 6010201 
43465 Gliclazide 6010201 
44304 Tolbutamide 6010201 
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44473 Gliclazide 6010201 
44738 Glimepiride 6010201 
45215 Gliclazide 6010201 
45831 Gliclazide 6010201 
46927 Tolbutamide 6010201 
47074 Gliclazide 6010201 
47894 Gliclazide 6010201 
48056 Gliclazide 6010201 
51955 Gliclazide 6010201 
53288 Gliclazide 6010201 
54764 Gliclazide 6010201 
55862 Gliclazide 6010201 
56008 Gliclazide 6010201 
56376 Rosiglitazone Maleate/Glimepiride 06010201/06010203 
56437 Gliclazide 6010201 
57601 Glibenclamide 6010201 
57830 Gliclazide 6010201 
58882 Gliclazide 6010201 
60495 Gliclazide 6010201 
61311 Glimepiride 6010201 
61957 Gliclazide 6010201 
62014 Glimepiride 6010201 
62034 Gliclazide 6010201 
63048 Gliclazide 6010201 
63131 Gliclazide 6010201 
66399 Glimepiride 6010201 
67056 Glimepiride 6010201 
67781 Gliclazide 6010201 
68289 Glimepiride 6010201 
68415 Gliclazide 6010201 
68675 Glimepiride 6010201 
68819 Gliclazide 6010201 
69669 Gliclazide 6010201 


 
Thiazolidinediones 


Product Code Drug substance name  BNF Code 
469 Rosiglitazone maleate 000000000 
5227 Rosiglitazone maleate 000000000 
9662 Rosiglitazone maleate 000000000 
15232 Rosiglitazone maleate 000000000 
7375 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11717 Rosiglitazone maleate/Metformin hydrochloride 000000000 
7325 Rosiglitazone maleate/Metformin hydrochloride 000000000 
14164 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11601 Metformin hydrochloride/Rosiglitazone maleate 000000000 







44 
 


6855 Metformin hydrochloride/Rosiglitazone maleate 000000000 
17580 Rosiglitazone maleate/Metformin hydrochloride 000000000 
11604 Rosiglitazone maleate/Metformin hydrochloride 000000000 


 
Other Anti-diabetic medication 


Product Code Drug substance name  BNF Code 
479 Acarbose 6010203 
548 Pioglitazone hydrochloride 6010203 
3740 Guar Gum 6010203 
4307 Guar gum 6010203 
5174 Acarbose 6010203 
5621 Acarbose 6010203 
5678 Nateglinide 6010203 
5989 Nateglinide 6010203 
7695 Guar gum 6010203 
9105 Acarbose 6010203 
9699 Pioglitazone hydrochloride 6010203 
9707 Repaglinide 6010203 
9748 Repaglinide 6010203 
9865 Repaglinide 6010203 
10051 Pioglitazone hydrochloride 6010203 
11316 Repaglinide 6010203 
11321 Repaglinide 6010203 
11366 Repaglinide 6010203 
11483 Nateglinide 6010203 
13628 Troglitazone 6010203 
15955 Nateglinide 6010203 
18220 Pioglitazone hydrochloride/Metformin hydrochloride 6010203 
19472 Pioglitazone hydrochloride 6010203 
20287 Pioglitazone hydrochloride 6010203 
20889 Pioglitazone hydrochloride 6010203 
23945 Nateglinide 6010203 
27125 Nateglinide 6010203 
31077 Pioglitazone hydrochloride/Metformin hydrochloride 6010203 
35022 Sitagliptin phosphate 6010203 
35144 Exenatide 6010203 
35149 Exenatide 6010203 
35150 Exenatide 6010203 
35251 Exenatide 6010203 
35462 Sitagliptin phosphate 6010203 
35561 Repaglinide 6010203 
36774 Repaglinide 6010203 
36948 Repaglinide 6010203 
37617 Rosiglitazone Maleate 6010203 
37874 Metformin Hydrochloride/vildagliptin 6010203 
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37875 Vildagliptin 6010203 
37902 Vildagliptin/Metformin hydrochloride 6010203 
38551 Vildagliptin/Metformin hydrochloride 6010203 
39149 Vildagliptin 6010203 
39203 Metformin hydrochloride/Vildagliptin 6010203 
40642 Liraglutide 6010203 
40693 Liraglutide 04050000/06010203 
41204 Saxagliptin hydrochloride 6010203 
41431 Saxagliptin hydrochloride 6010203 
43619 Sitagliptin phosphate/Metformin hydrochloride 6010203 
43684 Sitagliptin phosphate/Metformin hydrochloride 6010203 
45775 Saxagliptin hydrochloride 6010203 
45821 Saxagliptin hydrochloride 6010203 
46458 Exenatide 6010203 
46469 Exenatide 6010203 
46665 Linagliptin 6010203 
46716 Linagliptin 6010203 
48120 Rosiglitazone Maleate 6010203 
48139 Pioglitazone hydrochloride 6010203 
48401 Sitagliptin phosphate 6010203 
48533 Sitagliptin phosphate 6010203 
50087 Sitagliptin phosphate 6010203 
50124 Sitagliptin phosphate 6010203 
52203 Repaglinide 6010203 
54182 Dapagliflozin 6010203 
54203 Dapagliflozin 6010203 
54265 Dapagliflozin 6010203 
54480 Dapagliflozin 6010203 
54891 Metformin hydrochloride/Saxagliptin hydrochloride 6010203 
54973 Saxagliptin hydrochloride/Metformin hydrochloride 6010203 
55413 Lixisenatide 6010203 
55459 Lixisenatide 6010203 
55723 Lixisenatide 6010203 
55728 Lixisenatide 6010203 
55729 Lixisenatide 6010203 
55767 Lixisenatide 6010203 
56208 Pioglitazone hydrochloride 6010203 
56831 Troglitazone 6010203 
56965 Metformin hydrochloride/Saxagliptin hydrochloride 6010203 
57659 Pioglitazone hydrochloride 6010203 
58865 Saxagliptin hydrochloride/Metformin hydrochloride 6010203 
59177 Alogliptin benzoate 6010203 
59385 Alogliptin benzoate/Metformin hydrochloride 6010203 
59809 Alogliptin benzoate 6010203 
60073 Canagliflozin hemihydrate 6010203 
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60211 Canagliflozin hemihydrate 6010203 
60328 Alogliptin benzoate 6010203 
60379 Canagliflozin hemihydrate 6010203 
60386 Canagliflozin hemihydrate 6010203 
60430 Canagliflozin hemihydrate 6010203 
60497 Alogliptin benzoate 6010203 
60681 Alogliptin benzoate 6010203 
60682 Alogliptin benzoate 6010203 
61756 Empagliflozin 6010203 
61925 Repaglinide 6010203 
62172 Empagliflozin 6010203 
62326 Alogliptin benzoate 6010203 
62426 Pioglitazone hydrochloride 6010203 
62661 Exenatide 6010203 
62760 Empagliflozin 6010203 
62904 Exenatide 6010203 
63046 Pioglitazone hydrochloride 6010203 
63107 Pioglitazone hydrochloride 6010203 
63336 Dulaglutide 6010203 
63401 Dulaglutide 6010203 
63421 Pioglitazone hydrochloride 6010203 
63516 Dapagliflozin 6010203 
63785 Dulaglutide 6010203 
63823 Dulaglutide 6010203 
63929 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
64217 Empagliflozin 6010203 
64622 Exenatide 6010203 
64743 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
64900 Pioglitazone hydrochloride 6010203 
65562 Pioglitazone hydrochloride 6010203 
65563 Pioglitazone hydrochloride 6010203 
66854 Canagliflozin hemihydrate/Metformin hydrochloride 6010203 
68258 Alogliptin benzoate 6010203 
68934 Pioglitazone hydrochloride 6010203 
69459 Alogliptin benzoate 6010203 
69540 Saxagliptin/Dapagliflozin 6010203 
69548 Liraglutide 4050000 
69654 Saxagliptin/Dapagliflozin 6010203 
69885 Pioglitazone hydrochloride 6010203 
69947 Albiglutide 6010203 


 


HIV medication 
Product Code Drug substance name  BNF Code 
7232 Indinavir sulfate 05030100/05030151 
7233 Zidovudine/Lamivudine 05030150 
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7353 Ritonavir 00000000 
7354 Saquinavir mesilate 05030151 
12957 Zidovudine 05030150 
13577 Zidovudine 05030150 
14609 Lamivudine 05030150 
15018 Didanosine 05030150 
15113 Lamivudine 05030150 
15858 Stavudine 05030150 
15859 Efavirenz 05030152 
16005 Abacavir sulfate 05030150 
16065 Atazanavir sulfate 05030151 
16066 Didanosine 05030150 
16077 Efavirenz 05030152 
16078 Tenofovir disoproxil 05030150 
16079 Emtricitabine 05030150 
16518 Nelfinavir mesilate 05030151 
18514 Lamivudine/Zidovudine 05030150 
19234 Nevirapine 05030100 
21334 Efavirenz 05030152 
22218  00000000 
23098 Atazanavir sulfate 05030151 
23100 Lamivudine 05030150 
23101 Didanosine 05030150 
24547 Lamivudine/Zidovudine/Abacavir Sulphate 05030150 
26173 Zidovudine 05030150 
26509 Stavudine 05030150 
26935 Nevirapine 05030100 
27705 Didanosine 05030150 
27707 Stavudine 05030150 
28507 Saquinavir mesilate 05030151 
29485 Lamivudine 113110800 
29487 Lamivudine 05030100 
30943 Stavudine 05030150 
30998 Abacavir sulfate 05030150 
31058 Didanosine 05030150 
31111 Nevirapine hemihydrate 05030100 
31451 Nelfinavir mesilate 00000000 
31678 Zidovudine 05030150 
31907 Indinavir sulfate 05030150/05030151 
32275 Ritonavir/Lopinavir 00000000 
32281 Ritonavir/Lopinavir 05030151 
32721 Didanosine 00000000 
33277 Efavirenz 05030152 
33607 Lamivudine 00000000 
33797 Tenofovir Disoproxil Fumarate/emtricitabine 05030150 
33889 Stavudine 00000000 
33943 Zalcitabine 00000000 
35483 Enfuvirtide 05030153 
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35801 Abacavir/Lamivudine 05030150 
36717 Fosamprenavir calcium 05030151 


37929 
Tenofovir Disoproxil 
Fumarate/Efavirenz/Emtricitabine 05030150/05030152 


38372 Darunavir ethanolate 00000000 
38541 Atazanavir sulfate 05030151 
40455 Darunavir ethanolate 05030151 
40456 Raltegravir 75130100 
40757 Darunavir ethanolate 05030151 
41160 Atazanavir sulfate 05030151 
41352 Lamivudine/Abacavir Sulphate 05030150 
41469 Maraviroc 05030153 
42352 Zidovudine 05030150 
42361 Didanosine 05030150 
43370 Lopinavir/Ritonavir 05030151 
44244 Enfuvirtide 05030153 
44383 Ritonavir 05030151 
45630 Ritonavir 05030151 
45755 Zalcitabine 00000000 
47283 Darunavir Ethanolate 05030151 
47338 Maraviroc 05030153 
55053 Indinavir sulfate 05030100/05030151 
56125  05030151 
56555  00000000 
56920 Raltegravir 05030153 
57149  05030150 
57184 Darunavir ethanolate 05030151 


57785 
Emtricitabine/Tenofovir disoproxil 
fumarate/Rilpivirine hydrochloride 05030100 


57893 Raltegravir 05030153 
58805 Nevirapine 05030100 
59022  05030100 
59227  05030100 
59532 Tenofovir Disoproxil Fumarate/Emtricitabine 05030150/05030300 
60407 Raltegravir 05030153 
60431  05030152 
62218  05030153 
62732 Tenofovir disoproxil fumarate 05030150 
63921  05030153 
64640  05030153 
64992 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030152 
68537  05030000 
68543 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030153 


68659 
Rilpivirine hydrochloride/Tenofovir alafenamide 
fumarate/Emtricitabine 05030100 


68997  05030100 
69022  05030151 
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Selection of codes using the structured data component of the test CPRD table (entity 
type/enttype) combined with the Read terms below for Exclusion Criteria, any diagnosis prior 
to 1st January 2006 & before entering the study 
 
Blood disorders selection of entity types and Read codes (Thalassaemia, 
Haemoglobinopathies, Myelodysplasia, and Splenectomy) 
Entity types              (288, and 381) 
Read Codes Description Medcode 
42D4.00 RBC’s – sickle cells present 14242 
D104.00 Thalassaemia 1171 
D104100 Thalassaimia minor NEC 1174 
D104211 Sickle-cell thalassaemia 31075 
D104400 Alha trait thalassaemia 12235 
D107.00 Other haemoglobinoathies 1529 


 
HIV selection of entity types and Read codes 
Entity types                 (288. 326, and 327) 
Read Codes Description Medcode 
43C3.00 HTLV-3 antibody positive 540 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
A788.00 Acquired immune deficiency syndrome 23770 
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Censoring events - Clinical/Referral/Therapy/Test 
 
Read codes using the structured data component of the clinical/referral table (medcode), 
anytime after the first HbA1c≥42mmol/mol 
 
Acute Kidney Injury (AKI) 
Read Codes Description Medcode 
451L.00 Acute kidney injury warning stage 108986 
K00..00 Acute glomerulonephritis 2088 
K00..11 Acute nephritis 5417 
K001.00 Acute nephritis with lesions of necrotising glomerulitis 67460 
K00y.00 Other acute glomerulonephritis 63599 
K00y000 Acute glomerulonephritis in diseases EC 20027 
K00yz00 Other acute glomerulonephritis NOS 47838 
K00z.00 Acute glomerulonephritis NOS 20129 
K033.00 Rapidly progressive nephritis unspecified 58164 
K04..00 Acute renal failure 2266 
K04..11 ARF - Acute renal failure 105739 
K04..12 Acute kidney injury 105238 
K040.00 Acute renal tubular necrosis 10837 
K041.00 Acute renal cortical necrosis 46242 
K042.00 Acute renal medullary necrosis 31369 
K043000 Acute renal failure due to ACE inhibitor 104857 
K043100 Acute renal failure induced by aminoglycoside 108103 
K043300 Acute renal failure induced by cyclosporin A 109215 
K043400 Acute renal failure induced by non-steroid anti-inflamm drug 107241 
K044.00 Acute renal failure due to urinary obstruction 97198 
K045.00 Acute renal failure due to non-traumatic rhabdomyolysis 105209 
K046.00 Acute renal failure induced by toxin 109518 
K04B.00 Acute renal failure due to traumatic rhabdomyolysis 105267 
K04C.00 Acute kidney injury stage 1 106649 
K04D.00 Acute kidney injury stage 2 107178 
K04E.00 Acute kidney injury stage 3 106728 
K04y.00 Other acute renal failure 35235 
K04z.00 Acute renal failure NOS 25582 
K0A0.00 Acute nephritic syndrome 31581 
K0A0000 Acute nephritic syndrome, minor glomerular abnormality 100558 
K0A0100 Acute nephritic syndrome, focal+segmental glomerular lesions 66136 
K0A0200 Acute nephritic syn, diffuse membranous glomerulonephritis 66503 
K0A0600 Acute nephritic syndrome, dense deposit disease 99685 
K0A0700 Acute nephrotic syndrm diffuse crescentic glomerulonephritis 61814 
K0A1.00 Rapidly progressive nephritic syndrome 71174 
K0A8.00 Rapidly progressive glomerulonephritis 105859 
Kyu2000 [X]Other acute renal failure 53945 
L093100 Acute renal failure following abortive pregnancy 112106 
L393.00 Acute renal failure following labour and delivery 63277 
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L393000 Post-delivery acute renal failure unspecified 72458 
L393100 Post-delivery acute renal failure - delivered with p/n prob 96179 
L393200 Post-delivery acute renal failure with postnatal problem 69433 
SK08.00 Acute renal failure due to rhabdomyolysis 24676 


 
Acute Pancreatic Damage (APD) 
Read Codes Description Medcode 
J670.00 Acute pancreatitis 1113 
A723.00 Mumps pancreatitis 18544 
A785100 Cytomegaloviral pancreatitis 44278 
D201612 Pancytopenia with pancreatitis 61326 
J670000 Acute pancreatitis unspecified 49499 
J670100 Acute recurrent pancreatitis 1506 
J670200 Acute haemorrhagic pancreatitis 31395 
J670300 Acute suppurative pancreatitis 44571 
J670400 Subacute pancreatitis 48685 
J670500 Gallstone acute pancreatitis 12316 
J670600 Idiopathic acute pancreatitis 105194 
J670700 Biliary acute pancreatitis 104385 
J670800 Alcohol-induced acute pancreatitis 104611 
J670900 Drug-induced acute pancreatitis 105910 
J670y00 Other acute pancreatitis 105066 
J670z00 Acute pancreatitis NOS 14905 
J670z11 Pancreatitis 656 


 
Bariatric surgery 


Read Codes Description Medcode 
7613.00 Platic operations on stomach 22741 
7633.00 Bypass of jejunum 39123 
7611400 Sleeve gastrectomy and duodenal switch 93378 
7611500 Sleeve gastrectomy NEC 89259 
7611600 Laparoscopic sleeve gastrectomy 89148 
7613000 Gastroplasty NEC 14910 
7613100 Partitioning of stomach 34119 
7613111 Mson vertical banded gastroplasty 59622 
7613200 Laparoscopic adjustable gastric banding 18863 
7613300 Partitioning of stomach using band 88474 
7613400 Partitioning of stomach using staples 56926 
7613500 Partitioning of stomach NEC 90600 
7613600 Maintenance of gastric band 97691 
7614100 Bypass of stomach by anastomosis of stomach to duodenum 40977 


7615000 
Bypass stomach by anastomosis stomach to transposed 
jejunum 39797 


7616000 Bypass of stomach by anastomosis of stomach to jejunum NEC 7082 
7616013 Mason high gastric bypass 92957 
7616015 Printer high gastric bypass 48417 
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7616015 Printer high gastric bypass 48417 
7616600 Laparoscopic gastric bypass 95929 
7616600 Laparoscopic gastric bypass 95929 
7633000 Bypass of jejunum by anastomosis of jejunum to jejunum 56107 
7633100 Bypass of jejunum by anastomosis of jejunum to ileum 19929 
7633200 Bypass of jejunum by anastomosis of jejunum to colon 62848 
7642500 Duodenal switch 90517 
7613y00 Other specified plastic operation 62471 
7613z00 Plastic operation on stomach NOS 32581 
761A.00 Other open operations on stomach 54923 
761A500 Removal of gastric band 90454 
761H011 Insertion of gastric balloon 99860 
761H400 Removal of gastric balloon 100385 
761H500 Insertion of gastric balloon 102551 
761H600 Attention to gastric balloon 103346 
7633y00 Other specified bypass of jejunum 64123 
7633z00 Bypass of jejunum NOS 60421 
ZV45P00 [V]Presence of gastric bypass 97014 


 
Blood disorders (Myelodysplasia, and Splenectomy) 
Read Codes Description Type of blood disorder Medcode 


7Q09700 
Myelodysplastic syndrome drugs 
Band 1 


Myelodysplasia 
102712 


B677.00 
Myelodysplastic and 
myeloproliferative disease 


Myelodysplasia 
104273 


B937.14 Myelodysplasia Myelodysplasia 14927 


B937911 
Myelodysplastic syndrome isolated 
del(5q) chromosomal abnorm 


Myelodysplasia 
105390 


B937W00 
Myelodysplastic syndrome, 
unspecified 


Myelodysplasia 
45285 


B937W11 Myelodysplasia Myelodysplasia 4561 
BBv..00 [M]Myelodysplastic syndrome Myelodysplasia 7799 


ByuHD00 
[X]Myelodysplastic syndrome, 
unspecified 


Myelodysplasia 
45143 


P25y112 Myelodysplasia of spinal cord Myelodysplasia 45142 
7840.11 Total splenectomy Splenectomy 2759 
7840100 Total splenectomy Splenectomy 27514 
7840300 Splenectomy NEC Splenectomy 1393 
7840400 Laparoscopic total splenectomy Splenectomy 31041 
7841000 Partial splenectomy Splenectomy 28668 
Eu84200 [X]Rett's syndrome Splenectomy 31042 


 
HIV 
Read Codes Description Medcode 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
43j7000 HIV 1 nucleic acid detection assay 112159 
43j7100 HIV 1 provirus deoxyribonucleic acid detection assay 112160 
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43j7200 HIV 1 ribonucleic acid detection assay 109087 
4J34.00 HIV viral load 27053 
65QA.00 AIDS carrier 23763 
65VE.00 Notification of AIDS 33943 
7Q05600 Antiretroviral drugs Band 1 97124 
8Hle.00 Referral to community HIV nurse specialist 108631 
9kl..00 HIV pos gen health check serv declind - enhanc service admin 105040 
9kl..11 HIV positive general health check service declined 111971 
9mN0.00 HIV infection monitoring telephone invitation 109327 
9mN0000 HIV infection monitoring first telephone invitation 111972 
9mN0100 HIV infection monitoring second telephone invitation 111973 
9mN0200 HIV infection monitoring third telephone invitation 111974 
9Nt1000 Seen by community HIV (human immunodeficiency virus) nurse 107594 
A788.00 Acquired immune deficiency syndrome 23770 
A788.11 Human immunodeficiency virus infection 9130 
A788000 Acute human immunodeficiency virus infection 58857 
A788100 Asymptomatic human immunodeficiency virus infection 58859 
A788200 HIV infection with persistent generalised lymphadenopathy 69766 
A788300 Human immunodeficiency virus with constitutional disease 70869 
A788400 Human immunodeficiency virus with neurological disease 53636 
A788500 Human immunodeficiency virus with secondary infection 70528 
A788600 Human immunodeficiency virus with secondary cancers 101836 
A788U00 HIV disease result/haematological+immunologic abnorms,NEC 47632 
A788V00 HIV disease resulting in multiple diseases CE 111979 
A788W00 HIV disease resulting in unspecified malignant neoplasm 67575 
A788X00 HIV disease resulting/unspcf infectious+parasitic disease 71450 
A788y00 Human immunodeficiency virus with other clinical findings 62891 


A788z00 
Acquired human immunodeficiency virus infection syndrome 
NOS 36294 


A789000 HIV disease resulting in mycobacterial infection 37006 
A789100 HIV disease resulting in cytomegaloviral disease 66368 
A789200 HIV disease resulting in candidiasis 23951 
A789300 HIV disease resulting in Pneumocystis carinii pneumonia 27641 
A789311 HIV disease resulting in Pneumocystis jirovecii pneumonia 104717 
A789400 HIV disease resulting in multiple infections 50076 
A789500 HIV disease resulting in Kaposi's sarcoma 27853 
A789511 HIV disease resulting in Kaposi sarcoma 108054 
A789600 HIV disease resulting in Burkitt's lymphoma 44617 
A789611 HIV disease resulting in Burkitt lymphoma 111980 
A789700 HIV dis resulting oth types of non-Hodgkin's lymphoma 66367 
A789711 HIV disease resulting in other types of non-Hodgkin lymphoma 111981 
A789800 HIV disease resulting in multiple malignant neoplasms 105324 
A789900 HIV disease resulting in lymphoid interstitial pneumonitis 65117 
A789A00 HIV disease resulting in wasting syndrome 8281 
A789X00 HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 51708 
AyuC.00 [X]Human immunodeficiency virus disease 62854 
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AyuC000 [X]HIV disease resulting in other bacterial infections 112030 
AyuC100 [X]HIV disease resulting in other viral infections 107807 
AyuC200 [X]HIV disease resulting in other mycoses 112031 
AyuC300 [X]HIV disease resulting in multiple infections 102117 
AyuC400 [X]HIV disease resulting/other infectious+parasitic diseases 104134 
AyuC500 [X]HIV disease resulting/unspcf infectious+parasitic disease 112032 
AyuC600 [X]HIV disease resulting in other non-Hodgkin's lymphoma 69767 
AyuC611 [X]HIV disease resulting in other non-Hodgkin lymphoma 112033 
AyuC700 [X]HIV dis reslt/oth mal neopl/lymph,h'matopoetc+reltd tissu 112034 
AyuC800 [X]HIV disease resulting in other malignant neoplasms 112035 
AyuC900 [X]HIV disease resulting in unspecified malignant neoplasm 112036 
AyuCA00 [X]HIV disease resulting in multiple diseases CE 112037 


AyuCB00 
[X]HIV disease result/haematological+immunologic 
abnorms,NEC 96751 


AyuCC00 [X]HIV disease resulting in other specified conditions 102252 
AyuCD00 [X]Unspecified human immunodeficiency virus [HIV] disease 100769 
Eu02400 [X]Dementia in human immunodef virus [HIV] disease 41185 
L179.00 HIV disease complicating pregnancy childbirth puerperium 104466 
R109.00 [D]Laboratory evidence of human immunodeficiency virus [HIV] 44288 


 
Pregnancy 
Read Codes Description Medcode 
4453.00 Serum pregnancy test positive 29205 
4654.00 Urine pregnancy test positive 3030 
6166.00 Pregnant, diaphragm failure 32975 
6174.00 Pregnant, sheath failure 14994 
6211.00 Pregnant - urine test confirms 16215 
6212.00 Pregnant - blood test confirms 30817 
6213.00 Pregnant - V.E. confirms 35592 
6215.00 Pregnant - on abdom. palpation 51298 
6216.00 Pregnant - planned 20240 
6217.00 Pregnant - unplanned - wanted 14842 
6218.00 Pregnant -unplanned-not wanted 15567 
6222.00 Antenatal care: 2nd pregnancy 29631 
6223.00 Antenatal care: 3rd pregnancy 29593 
6556.00 Pertussis vaccination in pregnancy 109697 
6556000 Pertussis vacc in pregnancy given by other healthcre providr 110129 
13H7.00 Unwanted pregnancy 5044 
13H8.00 Illegitimate pregnancy 14651 
13Hd.00 Teenage pregnancy 37693 
13S..00 Pregnancy benefits 24038 
13SZ.00 Pregnancy benefit NOS 50058 
389B.00 Assessment for termination of pregnancy 102362 


44Cy.00 
Serum pregnancy associated plasma protein-A MoM 
measurement 85961 


4Q3N.00 Pregnancy associated plasma protein A level 104440 
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584D.00 Antenatal ultrasound confirms intra-uterine pregnancy 13968 
584E.00 Antenatal ultrasound confirms ectopic pregnancy 13984 
615C.00 IUD failure - pregnant 23421 
615C.11 Pregnant, IUD failure 29692 
62...00 Patient pregnant 127 
62...13 Pregnancy care 5709 
621..00 Patient currently pregnant 13165 
621..11 Pregnancy confirmed 4536 
621A.00 Pregnancy unplanned ? wanted 15338 
621B.00 Pregnant - ? planned 14877 
621C.00 Unplanned pregnancy 7517 
621D.00 Concealed pregnancy 108236 
621Z.00 Patient pregnant NOS 14899 
624..00 A/N care: precious pregnancy 35509 
62a..00 Pregnancy review 17947 
62a..11 Review of pregnancy 90776 
62O..12 Static weight gain pregnancy 20118 
62O7.00 Pregnancy prolonged - 41 weeks 24063 
62O8.00 Pregnancy prolonged - 42 weeks 44734 
66AX.00 Diabetes: shared care in pregnancy - diabetol and obstet 46577 
67AE.00 Folic acid advice in first trimester of pregnancy 97034 
67AF.00 Pregnancy advice for patients with epilepsy 102359 
7E06600 Hysterotomy and termination of pregnancy 2924 
7E07011 Dilation cervix uteri & curettage for termination pregnancy 18944 
7E07111 Curettage of term pregnancy NEC 103059 
7E07113 Curettage of uterus for termination of pregnancy NEC 16384 
7E07114 Curettage of uterus for termination of pregnancy NEC 45862 
7E08400 Suction termination of pregnancy 1748 
7E08411 Vacuum termination of pregnancy 21438 
7E08500 Dilation of cervix and extraction termination of pregnancy 5357 
7E08600 Termination of pregnancy NEC 1686 
7E13100 Excision of ectopic ovarian pregnancy 27672 
7E13300 Excision of ruptured ectopic tubal pregnancy 11986 
7E19011 Removal of ectopic pregnancy from fallopian tube 29122 
7E19012 Fimbrial extraction of tubal pregnancy 40279 
7F...12 Pregnancy operations 30302 
7F06012 Shirodkar suture in pregnancy 1850 
7F2B100 Ultrasound monitoring of early pregnancy 12837 
8B68.00 Pregnancy prophylactic therapy 37386 
8B7..11 Pregnancy vitamin/iron prophyl 15065 
8B74.00 Iron supplement in pregnancy 10775 
8B75.00 Vitamin supplement - pregnancy 29746 
8Cg..00 Pregnancy termination care 102635 
8Hh3.00 Self referral to termination of pregnancy service 102494 
8HHf.00 Refer to early pregnancy unit 13672 
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8HHV.00 Referral for termination of pregnancy 11989 
8Hki.00 Referral to teenage pregnancy and parenting support service 103683 
8IEc.00 Pertussis vaccination in pregnancy declined 106268 
8M6..00 Requests pregnancy termination 2278 
95B..00 Health in Pregnancy grant claim form issued 100104 
9Ea..00 Reason for termination of pregnancy 24303 
9Ea0.00 Risk life pregnant woman greater than if pregnancy terminatd 98133 


9kv..00 
Pertussis vaccinatn progrme pregnant women enhan srvce 
admin 106618 


9mK..00 Pertussis vaccination in pregnancy invitation 106378 
9mK0.00 Pertussis vaccination in pregnancy invitation first letter 106735 
9mK1.00 Pertussis vaccination in pregnancy invitation second letter 106736 
9mK2.00 Pertussis vaccination in pregnancy invitation third letter 106737 
9Nif.00 Did not attend pertussis vaccination in pregnancy 106957 
9NkN.00 Seen in early pregnancy unit 103610 
L....00 Complications of pregnancy, childbirth and the puerperium 11152 
L010.11 Anembryonic pregnancy 48552 
L03..00 Ectopic pregnancy 1744 
L030.00 Abdominal pregnancy 54866 
L030000 Delivery of viable fetus in abdominal pregnancy 65783 
L031.00 Tubal pregnancy 21849 
L031000 Fallopian tube pregnancy 44729 
L031z00 Tubal pregnancy NOS 50512 
L032.00 Ovarian pregnancy 59276 
L03y.00 Other ectopic pregnancy 58156 
L03y000 Cervical pregnancy 52221 
L03y100 Cornual pregnancy 32950 
L03y200 Membranous pregnancy 21467 
L03y300 Combined or heterotopic pregnancy 106267 
L03yz00 Other ectopic pregnancy NOS 61995 
L03z.00 Ectopic pregnancy NOS 33724 
L05..12 Termination of pregnancy 255 
L051711 Incomplete termination of pregnancy 102576 
L09..00 Complications following abortion/ectopic/molar pregnancies 9585 
L090.00 Genital or pelvic infection following abortive pregnancy 32007 
L090000 Endometritis following abortive pregnancy 30326 
L090100 Parametritis following abortive pregnancy 50571 
L090200 Pelvic peritonitis following abortive pregnancy 51359 
L090300 Salpingitis following abortive pregnancy 47918 
L090400 Salpingo-oophoritis following abortive pregnancy 59493 
L090y00 Sepsis NOS following abortion/ectopic/molar pregnancy 20152 
L090z00 Septicaemia NOS following abortive pregnancy 23840 
L091.00 Delayed/excessive haemorrhage following abortive pregnancy 20307 
L091000 Afibrinogenaemia following abortive pregnancy 112099 
L091100 Defibrination syndrome following abortive pregnancy 63362 
L091200 Intravascular haemolysis following abortive pregnancy 112100 
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L091z00 
Delayed/excess haemorrhage NOS following abortive 
pregnancy 64523 


L092.00 Pelvic organ or tissue damage following abortive pregnancy 112101 
L092000 Bladder damage following abortive pregnancy 65085 
L092100 Bowel damage following abortive pregnancy 99933 
L092200 Broad ligament damage following abortive pregnancy 112102 
L092300 Cervix damage following abortive pregnancy 89557 
L092400 Periurethral tissue damage following abortive pregnancy 112103 
L092500 Uterus damage following abortive pregnancy 62052 
L092600 Vaginal damage following abortive pregnancy 112104 
L092z00 Pelvic organ or tissue damage NOS follow abortive pregnancy 112105 
L093.00 Renal failure following abortive pregnancy 71314 
L093000 Oliguria following abortive pregnancy 50093 
L093100 Acute renal failure following abortive pregnancy 112106 
L093200 Renal shutdown following abortive pregnancy 112107 
L093300 Renal tubular necrosis following abortive pregnancy 112108 
L093400 Uraemia following abortive pregnancy 70422 
L093z00 Renal failure NOS following abortive pregnancy 112109 
L094.00 Metabolic disorder following abortive pregnancy 112110 
L095.00 Shock following abortive pregnancy 92415 
L096.00 Embolism following abortive pregnancy 93583 
L096.11 Embolus following abortive pregnancy 63319 
L096000 Air embolism following abortive pregnancy 112111 
L096100 Amniotic fluid embolism following abortive pregnancy 112112 
L096200 Blood-clot embolism following abortive pregnancy 112113 
L096300 Fat embolism following abortive pregnancy 112114 
L096400 Pulmonary embolism following abortive pregnancy 67006 
L096500 Pyaemic embolism following abortive pregnancy 112115 
L096600 Septic embolism following abortive pregnancy 94736 
L096700 Soap embolism following abortive pregnancy 112116 
L096z00 Embolism NOS following abortive pregnancy 112117 
L097.00 Readmission for abortive pregnancy (NHS codes) 35273 
L09y.00 Other specified complication following abortive pregnancy 106097 
L09y000 Acute liver necrosis following abortive pregnancy 112118 
L09y100 Cardiac arrest following abortive pregnancy 112119 
L09y200 Cardiac failure following abortive pregnancy 112120 
L09y300 Cerebral anoxia following abortive pregnancy 112121 
L09y400 Urinary tract infection following abortive pregnancy 105918 
L09yz00 Other specified complication NOS follow abortive pregnancy 64125 
L09z.00 Complication NOS following abortion/ectopic/molar pregnancy 25028 
L0y..00 Other specified pregnancy with abortive outcome 44650 
L0z..00 Pregnancy with abortive outcome NOS 44733 
L1...00 Pregnancy complications 2638 
L10..00 Haemorrhage in early pregnancy 3766 
L10y.00 Other haemorrhage in early pregnancy 24603 
L10y.11 Bleeding in early pregnancy 9408 
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L10y000 Other haemorrhage in early pregnancy unspecified 61301 
L10y100 Other haemorrhage in early pregnancy - delivered 105654 
L10y200 Other haemorrhage in early pregnancy - not delivered 73917 
L10yz00 Other haemorrhage in early pregnancy NOS 69327 
L10z.00 Early pregnancy haemorrhage NOS 14925 
L10z000 Early pregnancy haemorrhage NOS unspecified 54107 
L10z100 Early pregnancy haemorrhage NOS - delivered 101260 
L10z200 Early pregnancy haemorrhage NOS - not delivered 48304 
L10zz00 Early pregnancy haemorrhage NOS 41122 
L12..00 Hypertension complicating pregnancy/childbirth/puerperium 9170 
L120.00 Benign essential hypertension in pregnancy/childbirth/puerp 12604 
L121.00 Renal hypertension in pregnancy/childbirth/puerperium 93143 
L121000 Renal hypertension in pregnancy/childbirth/puerp unspecified 64127 
L121100 Renal hypertension in pregnancy/childbirth/puerp - delivered 71717 
L121z00 Renal hypertension in pregnancy/childbirth/puerperium NOS 94718 
L123.00 Transient hypertension of pregnancy 20439 
L123000 Transient hypertension of pregnancy unspecified 55338 
L123100 Transient hypertension of pregnancy - delivered 54942 
L123200 Transient hypertension of pregnancy - deliv with p/n comp 67035 
L123300 Transient hypertension of pregnancy - not delivered 71730 
L123400 Transient hypertension of pregnancy + postnatal complication 70342 
L123600 Transient hypertension of pregnancy 38882 
L123z00 Transient hypertension of pregnancy NOS 35646 
L126500 Eclampsia in pregnancy 39117 
L12B.00 Proteinuric hypertension of pregnancy 34173 
L12z.00 Unspecified hypertension in pregnancy/childbirth/puerperium 40723 
L13..00 Excessive pregnancy vomiting 10185 
L13..12 Hyperemesis of pregnancy 15061 
L132.00 Late vomiting of pregnancy 65555 
L132000 Late pregnancy vomiting unspecified 69011 
L132100 Late pregnancy vomiting - delivered 70476 
L132200 Late pregnancy vomiting - not delivered 72019 
L132z00 Late pregnancy vomiting NOS 101518 
L13y.00 Other pregnancy vomiting 27833 
L13y000 Other pregnancy vomiting unspecified 41504 
L13y200 Other pregnancy vomiting - not delivered 99247 
L13yz00 Other pregnancy vomiting NOS 41625 
L13z.00 Unspecified pregnancy vomiting 11760 
L13z000 Unspecified pregnancy vomiting unspecified 73559 
L13z100 Unspecified pregnancy vomiting - delivered 73535 
L13z200 Unspecified pregnancy vomiting - not delivered 53661 
L13zz00 Unspecified pregnancy vomiting NOS 56451 
L15..00 Prolonged or post-term pregnancy 24170 
L15..11 Post-term pregnancy 23995 
L150.00 Post-term pregnancy 23373 
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L150000 Post-term pregnancy unspecified 67698 
L150100 Post-term pregnancy - delivered 30948 
L150200 Post-term pregnancy - not delivered 67728 
L150z00 Post-term pregnancy NOS 37163 
L15z.00 Prolonged pregnancy NOS 35855 
L16..00 Other pregnancy complication NEC 27740 


L161.00 
Oedema or excessive weight gain in pregnancy no 
hypertension 28107 


L161.11 Excessive weight gain in pregnancy 12521 
L161000 Oedema or excessive weight gain in pregnancy, unspecified 53921 
L161300 Oedema or excessive weight gain in pregnancy - not delivered 61563 
L161z00 Oedema or excessive weight gain in pregnancy NOS 61835 
L162.00 Unspecified renal disease in pregnancy 47080 
L162.11 Albuminuria in pregnancy without hypertension 23334 
L162.12 Nephropathy NOS in pregnancy without hypertension 38312 
L162.13 Uraemia in pregnancy without hypertension 92579 
L162000 Unspecified renal disease in pregnancy unspecified 54938 
L162100 Unspecified renal disease in pregnancy - delivered 96724 
L163300 Pregnancy care of habitual aborter 24944 
L164.00 Peripheral neuritis in pregnancy 65256 
L165.00 Asymptomatic bacteriuria in pregnancy 31162 
L165200 Asymptomatic bacteriuria in pregnancy - del with p/n comp 98264 
L165300 Asymptomatic bacteriuria in pregnancy - not delivered 105943 
L165z00 Asymptomatic bacteriuria in pregnancy NOS 107225 
L166.00 Genitourinary tract infections in pregnancy 67975 
L166.11 Cystitis of pregnancy 2602 
L166000 Genitourinary tract infection in pregnancy unspecified 27451 
L166100 Genitourinary tract infection in pregnancy - delivered 16017 
L166300 Genitourinary tract infection in pregnancy - not delivered 15418 
L166400 Genitourinary tract infection in pregnancy with p/n comp 98981 
L166500 Infections of kidney in pregnancy 3029 
L166700 Infections of the genital tract in pregnancy 27980 
L166800 Urinary tract infection complicating pregnancy 6649 
L166z00 Genitourinary tract infection in pregnancy NOS 15634 
L166z11 UTI - urinary tract infection in pregnancy 14644 
L167.00 Liver disorder in pregnancy 18258 
L167000 Liver disorder in pregnancy unspecified 62358 
L167100 Liver disorder in pregnancy - delivered 57419 
L167200 Liver disorder in pregnancy - not delivered 54677 
L167z00 Liver disorder in pregnancy NOS 36421 
L168.00 Fatigue during pregnancy 52583 
L168000 Fatigue during pregnancy unspecified 64099 
L168100 Fatigue during pregnancy - delivered 68930 
L168300 Fatigue during pregnancy - not delivered 99980 
L168400 Fatigue during pregnancy with postnatal complication 99956 
L168z00 Fatigue during pregnancy NOS 73727 
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L16A.00 Glycosuria during pregnancy 5693 
L16A000 Glycosuria during pregnancy unspecified 58142 
L16A100 Glycosuria during pregnancy - delivered 70149 
L16A200 Glycosuria during pregnancy - delivered with p/n comp 99889 
L16A300 Glycosuria during pregnancy - not delivered 63751 
L16Az00 Glycosuria during pregnancy NOS 70993 
L16C.00 Pregnancy induced oedema+proteinuria without hypertension 36394 
L16D.00 Excessive weight gain in pregnancy 43000 
L16E.00 Pregnancy pruritus 16775 
L16y.00 Other pregnancy complications 42015 
L16y000 Other pregnancy complication unspecified 53849 
L16y100 Other pregnancy complication - delivered 71162 
L16y200 Other pregnancy complication - delivered with postnatal comp 55757 
L16y300 Other pregnancy complication - not delivered 64292 
L16y400 Other pregnancy complication with postnatal complication 94527 
L16y500 Abdominal pain in pregnancy 3191 
L16yz00 Other pregnancy complication NOS 25872 
L16z.00 Pregnancy complication NOS 36006 
L170.00 Maternal syphilis in pregnancy/childbirth/puerperium 54761 
L170100 Maternal syphilis during pregnancy - baby delivered 66537 
L170300 Maternal syphilis during pregnancy - baby not yet delivered 112122 
L170z00 Maternal syphilis in pregnancy/childbirth/puerperium NOS 107197 
L171.00 Maternal gonorrhoea during pregnancy/childbirth/puerperium 41961 
L171100 Maternal gonorrhoea during pregnancy - baby delivered 112125 
L171z00 Maternal gonorrhoea in pregnancy/childbirth/puerperium NOS 112128 
L172.00 Other venereal diseases in pregnancy/childbirth/puerperium 23691 


L172000 
Other maternal venereal disease, unspec 
pregnancy/puerperium 86991 


L172100 Other maternal venereal disease during pregnancy- baby deliv 112129 
L172300 Other maternal venereal dis. in pregnancy-baby not delivered 112131 
L172z00 Other mat. venereal dis. in pregnancy/childbirth/puerp. NOS 112133 
L173.00 Maternal tuberculosis in pregnancy/childbirth/puerperium 99188 
L173000 Maternal tuberculosis,unspec whether in pregnancy/puerperium 58140 
L175.00 Maternal rubella in pregnancy, childbirth and the puerperium 42598 
L175.11 Rubella contact in pregnancy 2937 
L175100 Maternal rubella during pregnancy - baby delivered 64649 
L175300 Maternal rubella during pregnancy - baby not yet delivered 55889 
L176.00 Other maternal viral dis. in pregnancy/childbirth/puerperium 72944 
L176100 Other maternal viral disease in pregnancy - baby delivered 106517 
L176300 Other maternal viral dis.in pregnancy-baby not yet delivered 103104 
L176500 Viral hepatitis comp pregnancy, childbirth & the puerperium 59573 
L177.00 Infections of bladder in pregnancy 47608 
L178.00 Infections of urethra in pregnancy 53490 
L179.00 HIV disease complicating pregnancy childbirth puerperium 104466 
L17z.00 Maternal infect/parasitic dis NOS in pregnancy/childb/puerp 59910 
L18..00 Other medical condition in pregnancy/childbirth/puerperium 44069 
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L180.00 Diabetes mellitus during pregnancy/childbirth/puerperium 11359 
L180100 Diabetes mellitus during pregnancy - baby delivered 34639 
L180300 Diabetes mellitus during pregnancy - baby not yet delivered 49559 
L180800 Diabetes mellitus arising in pregnancy 10278 
L180z00 Diabetes mellitus in pregnancy/childbirth/puerperium NOS 64384 
L181.00 Thyroid dysfunction in pregnancy/childbirth/puerperium 47686 
L181000 Thyroid dysfunction - unspec whether in pregnancy/puerperium 110868 
L181100 Thyroid dysfunction during pregnancy - baby delivered 100670 
L181300 Thyroid dysfunction in pregnancy - baby not yet delivered 91888 
L182.00 Anaemia during pregnancy, childbirth and the puerperium 1771 
L182000 Anaemia - unspecified whether in pregnancy or the puerperium 15633 
L182100 Anaemia during pregnancy - baby delivered 33708 
L182300 Anaemia during pregnancy - baby not yet delivered 21119 
L182500 Iron deficiency anaemia of pregnancy 1668 
L182z00 Anaemia during pregnancy/childbirth/puerperium NOS 33634 
L183.00 Drug dependence in pregnancy, childbirth and the puerperium 41473 
L183.11 Pregnancy and drug dependence 64500 
L183100 Drug dependence during pregnancy - baby delivered 63379 
L183300 Drug dependence during pregnancy - baby not yet delivered 67098 
L183z00 Drug dependence during pregnancy/childbirth/puerperium NOS 96004 
L184.00 Mental disorders in pregnancy, childbirth and the puerperium 46756 
L184300 Mental disorder during pregnancy - baby not yet delivered 109465 
L185.11 Congenital heart disease in pregnancy 61935 
L185100 Congenital cardiovasc dis in pregnancy - baby delivered 69703 
L186.00 Other cardiovascular diseases in pregnancy/childbirth/puerp 58982 
L186.11 Heart disease during pregnancy 66594 
L187.00 Orthopaedic disorders in pregnancy/childbirth/puerperium 41283 
L187000 Orthopaedic disorder - unsp whether in pregnancy/puerperium 99422 
L187300 Orthopaedic disorder in pregnancy - baby not yet delivered 57059 
L188.00 Abnormal glucose tolerance test in pregnancy/childb/puerp 6478 
L188100 Abnormal GTT during pregnancy - baby delivered 68215 
L188300 Abnormal GTT during pregnancy - baby not yet delivered 53167 
L188z00 Abnormal GTT in pregnancy/childbirth/puerperium NOS 73557 
L189.00 Dis resp syst comp pregnancy, childbirth & puerperium 54681 
L18A000 Cholestasis of pregnancy 26286 
L18C.00 Endocrine nutrition+metab dis complic pregn,childbirth+puerp 24951 
L18D.00 Dis nervous syst complic pregnancy,childbirth and puerperium 64260 
L18z.00 Medical condition NOS in pregnancy/childbirth/puerperium 43754 
L18z100 Medical condition NOS during pregnancy - baby delivered 73432 
L18z300 Medical condition NOS in pregnancy - baby not yet delivered 67164 
L18zz00 Medical condition NOS in pregnancy/childb/puerp NOS 69911 
L191.00 Continuing pregnancy after abortion of one fetus or more 44770 
L1y..00 Complications of pregnancy/childbirth/puerperium OS 41718 
L1z..00 Complications of pregnancy/childbirth/puerperium NOS 53310 
L2...00 Risk factors in pregnancy 10261 
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L21..00 Multiple pregnancy 15433 
L210.00 Twin pregnancy 1130 
L210000 Twin pregnancy unspecified 54577 
L210100 Twin pregnancy - delivered 1357 
L210200 Twin pregnancy with antenatal problem 61284 
L210z00 Twin pregnancy NOS 41587 
L211.00 Triplet pregnancy 20197 
L211000 Triplet pregnancy unspecified 61576 
L211100 Triplet pregnancy - delivered 61182 
L211z00 Triplet pregnancy NOS 94473 
L212.00 Quadruplet pregnancy 34938 
L212200 Quadruplet pregnancy with antenatal problem 51956 
L212z00 Quadruplet pregnancy NOS 72014 
L21y.00 Other multiple pregnancy 69599 
L21y200 Other multiple pregnancy with antenatal problem 107713 
L21z.00 Multiple pregnancy NOS 105511 
L21zz00 Multiple pregnancy NOS 106170 
L228.00 Multiple pregnancy with malpresentation 49502 
L24..00 Pelvic soft tissue abnormality in pregnancy/childbirth/puerp 60154 
L240.11 Bicornuate uterus in pregnancy, childbirth and puerperium 28225 
L240.12 Double uterus in pregnancy, childbirth and the puerperium 49789 
L240z00 Congenital abnormality uterus in pregnancy/childb/puerp NOS 92362 
L240z11 Bicornuate uterus in pregnancy, childbirth or puerperium NOS 56542 
L241.00 Tumour of uterine body in pregnancy/childbirth/puerperium 53141 
L241.11 Uterine fibroids in pregnancy, childbirth and the puerperium 45242 
L241z00 Uterine body tumour in pregnancy/childbirth/puerperium NOS 72215 
L241z11 Uterine fibroid in pregnancy/childbirth/puerperium NOS 51639 
L242.00 Uterine scar from previous surgery in pregnancy/childb/puerp 50908 
L242100 Uterine operation scar in pregnancy/childbirth/puerp - deliv 97836 
L242z00 Uterine operation scar in pregnancy/childbirth/puerp NOS 57640 
L244.11 Cystocele in pregnancy, childbirth and the puerperium 20850 


L244.12 
Pendulous abdomen in pregnancy,childbirth and the 
puerperium 35903 


L244.13 Rectocele in pregnancy, childbirth and the puerperium 39492 
L244z11 Cystocele in pregnancy, childbirth or the puerperium NOS 39550 
L244z12 Rectocele in pregnancy, childbirth or the puerperium NOS 64147 
L246.00 Other cervical abnormality in pregnancy/childbirth/puerp 38871 
L246.11 Polyp of cervix in pregnancy, childbirth and the puerperium 53056 
L246z00 Other cervical abnormality in pregnancy/childbirth/puerp NOS 97629 
L246z11 Polyp of cervix in pregnancy/childbirth/puerperium NOS 33255 
L246z12 Stenosis of cervix in pregnancy/childbirth/puerperium NOS 101499 
L247.11 Septate vagina in pregnancy, childbirth and the puerperium 41016 
L247.13 Vaginal abnormality in pregnancy/childbirth/puerperium 40262 
L247z00 Vaginal abnormality in pregnancy/childbirth/puerperium NOS 73757 
L247z11 Septate vagina in pregnancy/childbirth/puerperium NOS 63835 
L248.11 Persistent hymen in pregnancy, childbirth and the puerperium 88361 
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L248.13 Vulval abnormality in pregnancy/childbirth/puerperium 31610 
L248z00 Vulval abnormality in pregnancy/childbirth/puerperium NOS 72437 
L248z11 Persistent hymen in pregnancy/childbirth/puerperium NOS 103222 
L263800 Maternal care for fetal decelerations during pregnancy 60877 
L263900 Maternal care for fetal tachycardia during pregnancy 12230 
L263A00 Maternal care for fetal bradycardia during pregnancy 26055 
L263A11 Maternal care for reduced fetal heart rate during pregnancy 45413 
L265.00 Small-for-dates fetus in pregnancy 23495 
L266.00 Large-for-dates fetus in pregnancy 23751 
L2B..00 Low weight gain in pregnancy 49407 
L2C..00 Malnutrition in pregnancy 67893 
L2D..00 Retained intrauterine contraceptive device in pregnancy 40357 
L2y..00 Other specified risk factors in pregnancy 26866 
L2z..00 Risk factors in pregnancy NOS 23438 
L385.00 Failed or difficult intubation during pregnancy 39359 
L398200 Caesarean section - pregnancy at term 863 
L41..00 Venous complications of pregnancy and the puerperium 46744 
L410.00 Varicose veins of legs in pregnancy and the puerperium 16046 
L410000 Varicose veins of legs in pregnancy/puerperium unspecified 99154 
L410400 Varicose veins of legs in pregnancy/puerperium + p/n comp 47197 
L410500 Varicose veins of legs in pregnancy 53685 
L410z00 Varicose veins of legs in pregnancy and puerperium NOS 63781 
L411.00 VV's of perineum/vulva in pregnancy/puerperium 25759 
L411000 VV's of perineum/vulva in pregnancy/puerperium unspecified 71943 
L411300 VV's of perineum/vulva in pregnancy/puerperium + a/n comp 26023 
L411500 Genital varices in pregnancy 59588 
L411511 Perineal varices in pregnancy 99237 
L411512 Vaginal varices in pregnancy 59634 
L411513 Vulval varices in pregnancy 96757 


L411z00 
Varicose veins of perineum/vulva in pregnancy/puerperium 
NOS 42091 


L412.00 Superficial thrombophlebitis in pregnancy and the puerperium 23456 
L412000 Superficial thrombophlebitis in pregnancy/puerperium unsp 35652 
L412500 Superficial thrombophlebitis in pregnancy 64366 
L412511 Thrombophlebitis of legs in pregnancy 73914 
L412z00 Superficial thrombophlebitis in pregnancy and puerperium NOS 52106 
L415.00 Other phlebitis and thrombosis in pregnancy and puerperium 65579 
L415000 Other phlebitis/thrombosis in pregnancy/puerperium unsp 99594 
L415100 Other phlebitis/thrombosis in pregnancy/puerperium - deliv 107708 
L415500 Other phlebitis in pregnancy 111540 
L416.00 Haemorrhoids in pregnancy and the puerperium 6560 
L416000 Haemorrhoids in pregnancy and the puerperium unspecified 56217 
L416100 Haemorrhoids in pregnancy and the puerperium - delivered 63773 
L416200 Haemorrhoids in pregnancy and puerperium - deliv + p/n comp 68840 
L416300 Haemorrhoids in pregnancy and puerperium with a/n comp 103144 
L416400 Haemorrhoids in pregnancy and puerperium with p/n comp 109550 
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L416600 Haemorrhoids in pregnancy 29786 
L416z00 Haemorrhoids in pregnancy and the puerperium NOS 90329 
L417000 Cerebral venous thrombosis in pregnancy 69686 
L41yz00 Other venous complication of pregnancy and puerperium NOS 105500 
L41z.00 Venous complications of pregnancy and puerperium NOS 73311 
L41z500 Venous complication of pregnancy, unspecified 66649 
L460.00 Retracted nipple in pregnancy, the puerperium or lactation 70092 
L460000 Retracted nipple in pregnancy/puerperium/lactation unspec 73089 
L460300 Retracted nipple in pregnancy/puerperium/lact with a/n comp 99389 
L460z00 Retracted nipple in pregnancy/puerperium/lactation NOS 99365 
L461.00 Cracked nipple in pregnancy, the puerperium or lactation 28611 
L461000 Cracked nipple in pregnancy/puerperium/lactation unspecified 97741 
L461100 Cracked nipple in pregnancy/puerperium/lactation - delivered 50009 
L461200 Cracked nipple in pregnancy/puerp/lact - deliv + p/n comp 97296 
L461400 Cracked nipple in pregnancy/puerperium/lactation + p/n comp 15297 
L461z00 Cracked nipple in pregnancy, the puerperium or lactation NOS 62886 
L462.00 Breast engorgement in pregnancy, the puerperium or lactation 16995 
L462000 Breast engorgement in pregnancy/puerperium/lactation unspec 58686 
L462100 Breast engorgement in pregnancy/puerperium/lactation - deliv 57131 
L462200 Breast engorgement in pregnancy/puerp/lact - del + p/n comp 59601 
L462300 Breast engorgement in pregnancy/puerperium/lact + a/n comp 101272 
L462400 Breast engorgement in pregnancy/puerperium/lact + p/n comp 14765 
L462z00 Breast engorgement in pregnancy/puerperium/lactation NOS 38440 
L463.00 Other breast disorder in pregnancy/puerperium/lactation 61144 
L463000 Other breast disorder in pregnancy/puerperium/lact unspec 35928 
L463100 Other breast disorder in pregnancy/puerperium/lact - deliv 104806 
L463300 Other breast disorder in pregnancy/puerperium/lact +a/n comp 73717 
L463400 Other breast disorder in pregnancy/puerperium/lact +p/n comp 59269 
L463z00 Other breast disorder in pregnancy/puerperium/lactation NOS 67377 
L466.00 Galactorrhoea in pregnancy and the puerperium 4243 
L466000 Galactorrhoea in pregnancy and the puerperium unspecified 54089 
L466100 Galactorrhoea in pregnancy and the puerperium - delivered 24006 
L466300 Galactorrhoea in pregnancy/puerperium with a/n complication 69012 
L466400 Galactorrhoea in pregnancy/puerperium with p/n complication 111536 
L466z00 Galactorrhoea in pregnancy and the puerperium NOS 28312 
L511.00 Maternal care for viable fetus in abdominal pregnancy 33441 
Ly...00 Complications of pregnancy,childbirth or the puerperium OS 45870 
Ly2..00 Sequelae of complication pregnancy childbirth and puerperium 104656 
Lyu0.00 [X]Pregnancy with abortive outcome 110448 
Lyu0000 [X]Other ectopic pregnancy 53908 
Lyu0900 [X]Oth venous complicatns follow abortn+ectopic+molr pregncy 112140 
Lyu0A00 [X]Other complications follow abortn+ectopic+molar pregnancy 112141 
Lyu1.00 [X]Oedema,proteinuria+hypertens in pregnancy,childbrth,puerp 92998 
Lyu2000 [X]Other haemorrhage in early pregnancy 111849 
Lyu2100 [X]Other vomiting complicating pregnancy 72883 
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Lyu2200 [X]Other venous complications in pregnancy 38771 
Lyu2400 [X]Other+unspcf genitourinary tract infection in pregnancy 100892 
Lyu2500 [X]Other specified pregnancy-related conditions 37348 
Lz...00 Complications of pregnancy,childbirth and the puerperium NOS 28446 
M240500 Alopecia of pregnancy 60345 
Q486.00 Fetal death due to termination of pregnancy 46448 
Q48G.00 Complication termination pregnancy affecting fetus newborn 105006 
Z2...00 Pregnancy, childbirth and puerperium observations 41050 
Z21..00 Care relating to reproduction and pregnancy 25254 
Z212.11 Pregnancy care 9986 
Z22..00 Pregnancy observations 42614 
Z225.00 Normal pregnancy 35158 
Z226.00 Pregnancy problem 11422 
Z227.00 Confirmation of pregnancy 12890 
Z229.00 Observation of position of pregnancy 49519 
Z229100 Intrauterine pregnancy 22193 
Z22A.00 Observation of pattern of pregnancy 37701 
Z22A100 Low risk pregnancy 25501 
Z22A200 High risk pregnancy 22215 
Z22A211 HRP - High risk pregnancy 61466 
Z22A300 Concealed pregnancy 28103 
Z22A400 Early stage of pregnancy 9754 
Z22A500 Biochemical pregnancy 50440 
Z22A600 Teenage pregnancy 40633 
Z22A700 Surrogate pregnancy 40978 
Z22A800 Undiagnosed pregnancy 47489 
Z22A900 Unwanted pregnancy 50421 
Z22AA00 Wanted pregnancy 30365 
Z22AB00 Unplanned pregnancy 30618 
Z22AB11 Accidental pregnancy 52048 
Z22AC00 Pregnancy with uncertain dates 26201 
Z22AD00 Presentation of pregnancy 32493 
Z22AD11 Reported conception - pregnancy 25131 
Z22B.00 Observation of quantity of pregnancy 67863 
Z22B100 Single pregnancy 22557 
Z22B500 Quintuplet pregnancy 93895 
Z22B800 Undiagnosed multiple pregnancy 40825 
Z22B900 Continuing pregnancy after abortion of sibling fetus 37573 
Z22BA00 Contin pregnancy after intrauterine death of sibling fetus 59313 
Z22C.00 Observation of measures of pregnancy 68694 
Z22C311 Pregnancy duration 45965 
Z22C313 Duration of pregnancy 53097 
Z22C314 Weeks pregnant 10306 
Z22CF00 Date symptom of pregnancy first noted 38022 
Z22D.00 Observation of viability of pregnancy 45729 
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Z22D100 Viable pregnancy 18500 
Z22D300 Uncertain viability of pregnancy 53514 
Z22D311 Query viability of pregnancy 54288 
Z235.00 Observation of shape of pregnant abdomen 64247 
Z235100 Ovoid pregnant abdomen 93800 
Z235200 Rounded pregnant abdomen 91254 
Z235211 Globular pregnant abdomen 109932 
Z235300 Transversely enlarged pregnant abdomen 59650 
Z235400 Pendulous pregnant abdomen 56953 
Z236300 Pregnant uterus displaced laterally 107698 
Z23D100 Girth of pregnant abdomen 37038 
Z23D200 Pregnant abdomen observation 10173 
Z254500 Delivered by caesarean section - pregnancy at term 7916 
ZV13900 [V]PH comp of pregnancy, childbirth and the puerperium 27952 
ZV22.00 [V]Normal pregnancy 6184 
ZV22.11 [V]Supervision of normal pregnancy 55730 
ZV22000 [V]First normal pregnancy supervision 38346 
ZV22100 [V]Other normal pregnancy supervision 56252 
ZV22200 [V]Pregnancy confirmed 35912 
ZV22300 [V]Pregnant state, incidental 16611 
ZV22400 [V]Supervision of other normal pregnancy 93303 
ZV22y00 [V]Other specified pregnant state 23831 
ZV22z00 [V]Unspecified pregnant state 46270 
ZV23.00 [V]High-risk pregnancy supervision 21196 
ZV23000 [V]Pregnancy with history of infertility 52685 
ZV23100 [V]Pregnancy with history of trophoblastic disease 48534 
ZV23111 [V]Pregnancy with history of hydatidiform mole 44057 
ZV23200 [V]Pregnancy with history of abortion 65834 
ZV23400 [V]Pregnancy with other poor obstetric history 26852 
ZV23600 [V]Supervisn/pregnancy wth history insufficnt antenatal care 55618 
ZV23800 [V]Supervision of high-risk pregnancy due to social problems 6580 
ZV23y00 [V]Other specified high-risk pregnancy 54701 
ZV23z00 [V]Unspecified high-risk pregnancy 69722 
ZV25311 [V]Admission for termination of pregnancy (TOP) 20910 
ZV25313 [V]Admission for termination of pregnancy 20621 
ZV4J000 [V]Problems related to unwanted pregnancy 20623 
ZV61800 [V]Illegitimate pregnancy 43344 
ZV61900 [V]Other unwanted pregnancy 15033 
ZV72900 [V]Pregnancy examination and test 16752 
ZVu2300 [X]Supervision of other normal pregnancy 105694 
L124.00 Mild or unspecified pre-eclampsia 9429 
L124.11 Mild pre-eclampsia 14867 
L124000 Mild or unspecified pre-eclampsia unspecified 57233 
L124100 Mild or unspecified pre-eclampsia - delivered 49893 
L124200 Mild or unspecified pre-eclampsia - delivered with p/n comp 66860 
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L124300 Mild or unspecified pre-eclampsia - not delivered 27800 
L124400 Mild or unspecified pre-eclampsia with p/n complication 48347 
L124500 Mild pre-eclampsia 16879 
L124600 Pre-eclampsia, unspecified 8744 
L124z00 Mild or unspecified pre-eclampsia NOS 59124 
L125.00 Severe pre-eclampsia 9067 
L125000 Severe pre-eclampsia unspecified 40686 
L125100 Severe pre-eclampsia - delivered 42088 
L125200 Severe pre-eclampsia - delivered with postnatal complication 62919 
L125300 Severe pre-eclampsia - not delivered 67447 
L125400 Severe pre-eclampsia with postnatal complication 62916 
L125z00 Severe pre-eclampsia NOS 40730 
L126.00 Eclampsia 12090 
L126000 Eclampsia unspecified 55986 
L126100 Eclampsia - delivered 16421 
L126200 Eclampsia - delivered with postnatal complication 70487 
L126300 Eclampsia - not delivered 3364 
L126400 Eclampsia with postnatal complication 70891 
L126500 Eclampsia in pregnancy 39117 
L126600 Eclampsia in labour 44306 
L126z00 Eclampsia NOS 67287 
L127.00 Pre-eclampsia or eclampsia with pre-existing hypertension 43664 
L127000 Pre-eclampsia or eclampsia with hypertension unspecified 47741 
L127100 Pre-eclampsia or eclampsia with hypertension - delivered 42947 
L127200 Pre-eclampsia or eclampsia with hypertension - del+p/n comp 90577 
L127300 Pre-eclampsia or eclampsia with hypertension - not delivered 53160 
L127400 Pre-eclampsia or eclampsia with hypertension + p/n comp 105933 
L127z00 Pre-eclampsia or eclampsia + pre-existing hypertension NOS 93055 
L129.00 Moderate pre-eclampsia 17805 
62X..00 Length of gestation 18810 
62X0.00 Gestation <24 weeks 26555 
62X1.00 Gestation = 24 weeks 34484 
62X2.00 Gestation >24 weeks 26556 
62X3.00 Full term gestation - 40 weeks 34505 
62X4.00 Length of gestation at birth 40859 
62X5.00 Length of gestation at time of test 103954 
62X6.00 Gestation less than 28 weeks 111755 
66Ay.00 Gestational diabetes mellitus annual review 104588 
7M0f.00 Gestational age 55352 
7M0f000 Over 20 weeks gestational age 86327 
7M0f100 14 - 20 weeks gestational age 95703 
7M0f200 9 - 13 weeks gestational age 90884 
7M0f300 Under 9 weeks gestational age 95702 
7M0f400 From 9 weeks to <14 weeks gestational age 91915 
7M0fy00 Other specified gestational age 97682 
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7M0fz00 Gestational age NOS 91101 
8CE0000 Gestational diabetes information leaflet given 102435 
L123500 Gestational hypertension 21526 
L140200 False labour at or after 37 completed weeks of gestation 54596 
L161.13 Gestational oedema 29565 
L169.00 Herpes gestationis 7515 
L169000 Herpes gestationis unspecified 69250 
L169100 Herpes gestationis - delivered 103173 
L169200 Herpes gestationis - delivered with postnatal complication 71876 
L169300 Herpes gestationis - not delivered 54082 
L169400 Herpes gestationis with postnatal complication 100157 
L169z00 Herpes gestationis NOS 40703 
L16C000 Gestational proteinuria 34265 
L16C100 Gestational oedema with proteinuria 37201 
L180811 Gestational diabetes mellitus 8446 
L180900 Gestational diabetes mellitus 2664 
L19..00 Complications specific to multiple gestation 60330 
L21..11 Gestation - multiple 16975 
L41z511 Gestational phlebitis NOS 59681 
L41z512 Gestational phlebopathy NOS 50081 
L41z513 Gestational thrombosis NOS 58971 
Lyu3000 [X]Other multiple gestation 103090 
Q11..00 Short gestation and unspecified low birthweight problems 15563 
Q113.00 Light for gestational age 50704 
Q12..00 Disorders relating to long gestation and high birthweight 47155 
Q13..00 Light for gestational age 43004 
Z22C300 Length of gestation 22385 
Z22C312 Duration of gestation 43805 
Z261.00 Observation of gestational sac 48311 
Z261100 Gestational sac present 49663 
Z261200 Gestational sac absent 60434 
ZC2CB00 Dietary advice for gestational diabetes 108013 
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Product codes using the structured data component of the therapy CPRD table (prodcode), 
anytime after the first HbA1c≥42mmol/mol 
 
HIV medication 
Product Code Drug substance name  BNF Code 
7232 Indinavir sulfate 05030100/05030151 
7233 Zidovudine/Lamivudine 05030150 
7353 Ritonavir 00000000 
7354 Saquinavir mesilate 05030151 
12957 Zidovudine 05030150 
13577 Zidovudine 05030150 
14609 Lamivudine 05030150 
15018 Didanosine 05030150 
15113 Lamivudine 05030150 
15858 Stavudine 05030150 
15859 Efavirenz 05030152 
16005 Abacavir sulfate 05030150 
16065 Atazanavir sulfate 05030151 
16066 Didanosine 05030150 
16077 Efavirenz 05030152 
16078 Tenofovir disoproxil 05030150 
16079 Emtricitabine 05030150 
16518 Nelfinavir mesilate 05030151 
18514 Lamivudine/Zidovudine 05030150 
19234 Nevirapine 05030100 
21334 Efavirenz 05030152 
22218  00000000 
23098 Atazanavir sulfate 05030151 
23100 Lamivudine 05030150 
23101 Didanosine 05030150 
24547 Lamivudine/Zidovudine/Abacavir Sulphate 05030150 
26173 Zidovudine 05030150 
26509 Stavudine 05030150 
26935 Nevirapine 05030100 
27705 Didanosine 05030150 
27707 Stavudine 05030150 
28507 Saquinavir mesilate 05030151 
29485 Lamivudine 113110800 
29487 Lamivudine 05030100 
30943 Stavudine 05030150 
30998 Abacavir sulfate 05030150 
31058 Didanosine 05030150 
31111 Nevirapine hemihydrate 05030100 
31451 Nelfinavir mesilate 00000000 
31678 Zidovudine 05030150 
31907 Indinavir sulfate 05030150/05030151 
32275 Ritonavir/Lopinavir 00000000 
32281 Ritonavir/Lopinavir 05030151 
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32721 Didanosine 00000000 
33277 Efavirenz 05030152 
33607 Lamivudine 00000000 
33797 Tenofovir Disoproxil Fumarate/emtricitabine 05030150 
33889 Stavudine 00000000 
33943 Zalcitabine 00000000 
35483 Enfuvirtide 05030153 
35801 Abacavir/Lamivudine 05030150 
36717 Fosamprenavir calcium 05030151 


37929 
Tenofovir Disoproxil 
Fumarate/Efavirenz/Emtricitabine 05030150/05030152 


38372 Darunavir ethanolate 00000000 
38541 Atazanavir sulfate 05030151 
40455 Darunavir ethanolate 05030151 
40456 Raltegravir 75130100 
40757 Darunavir ethanolate 05030151 
41160 Atazanavir sulfate 05030151 
41352 Lamivudine/Abacavir Sulphate 05030150 
41469 Maraviroc 05030153 
42352 Zidovudine 05030150 
42361 Didanosine 05030150 
43370 Lopinavir/Ritonavir 05030151 
44244 Enfuvirtide 05030153 
44383 Ritonavir 05030151 
45630 Ritonavir 05030151 
45755 Zalcitabine 00000000 
47283 Darunavir Ethanolate 05030151 
47338 Maraviroc 05030153 
55053 Indinavir sulfate 05030100/05030151 
56125  05030151 
56555  00000000 
56920 Raltegravir 05030153 
57149  05030150 
57184 Darunavir ethanolate 05030151 


57785 
Emtricitabine/Tenofovir disoproxil 
fumarate/Rilpivirine hydrochloride 05030100 


57893 Raltegravir 05030153 
58805 Nevirapine 05030100 
59022  05030100 
59227  05030100 
59532 Tenofovir Disoproxil Fumarate/Emtricitabine 05030150/05030300 
60407 Raltegravir 05030153 
60431  05030152 
62218  05030153 
62732 Tenofovir disoproxil fumarate 05030150 
63921  05030153 
64640  05030153 
64992 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030152 
68537  05030000 
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68543 Abacavir sulfate/Lamivudine/Dolutegravir sodium 05030150/05030153 


68659 
Rilpivirine hydrochloride/Tenofovir alafenamide 
fumarate/Emtricitabine 05030100 


68997  05030100 
69022  05030151 
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Selection of codes using the structured data component of the test CPRD table, anytime after 
the first HbA1c≥42mmol/mol 
 
Scr entity types (AKI defined from the Scr measurements), >26μmol/l within 48h, or ≥50% rise 
of Scr in 7 days 
Entity types                     (165, 166, 213, and 288) 
Read Codes Description Medcode 
44J3.00 Serum creatinine 5 
44J3000 Serum creatinine abnormal 31277 
44J3100 Serum creatinine low 35545 
44J3200 Serum creatinine normal 26903 
44J3300 Serum creatinine raised 3927 
44J3z00 Serum creatinine NOS 42345 
44JC.00 Corrected plasma creatinine level 62062 
44JD.00 Corrected serum creatinine level 45096 
44JF.00 Plasma creatinine level 13736 


 
APD/Amylase-Lipase entity types, ≥200U/L 
Entity types                 (272. 288, and 437) 
Read Codes Description Medcode 
44C3.00 Serum lipase 44012 
44C4.00 Serum amylase (pancreatic) 14047 
44C4000 Serum amylase (pancreatic) normal 29605 
44C4100 Serum amylase (pancreatic) abnormal 45170 
44CN.00 Serum amylase level 14048 
44CT.00 Plasma amylase level 33300 
R104300 [D]Amylase, serum level raised 16138 
46T7.00 Urine amylase 14401 
4I3E.11 Amylase in sample 45619 
4Q9C.00 Amylase level 101123 


 
HIV selection of entity types and Read codes 
Entity types                 (288. 326, and 327) 
Read Codes Description Medcode 
43C3.00 HTLV-3 antibody positive 540 
43C3.11 HIV positive 2835 
43j7.00 HIV 1 nucleic acid detection 43537 
A788.00 Acquired immune deficiency syndrome 23770 


 
Pregnancy selection of entity types and Read codes 
Entity types                (174, 209, 229, 284, 320, and 487) 
Read Codes Description Medcode 
4453.00 Serum pregnancy test positive 29205 


44Cy.00 
Serum pregnancy associated plasma protein-A MoM 
measurement 85961 


4654.00 Urine pregnancy test positive 3030 
584D.00 Antenatal ultrasound confirms intra-uterine pregnancy 13968 
62…00 Patient pregnant 127 
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L05..12 Termination of pregnancy 255 
L182.00 Anaemia during pregnancy, childbirth and the puerperium 1771 
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Classification of dialysis stages: 
 
Read codes using the structured data component of the clinical CPRD table (medcode) for 
defining dialysis group 
 
Haemodialysis 
Read Codes Description Medcode 
7A60600 Creation of graft fistula for dialysis 60302 
7A61900 Ligation of arteriovenous dialysis fistula 96347 
7A61A00 Ligation of arteriovenous dialysis graft 107719 
7L1A200 Haemodialysis NEC 2996 
7L1A300 Haemofiltration 71124 
7L1f000 Extracorporeal albumin haemodialysis 102210 
G72C.00 Ruptured aneurysm of dialysis vascular access 105760 
G72D.00 Aneurysm of dialysis arteriovenous fistula 107188 
G72D100 Aneurysm of needle site of dialysis arteriovenous fistula 107220 
G72D200 Aneurysm of anastomotic site of dialysis AV fistula 105742 
Gy10.00 Stenosis of dialysis arteriovenous graft 108699 
Gy21.00 Thrombosis of dialysis arteriovenous fistula 106720 
Gy3..00 Occlusion of dialysis vascular access 108116 
Gy30.00 Occlusion of dialysis arteriovenous graft 109135 
Gy31.00 Occlusion of dialysis arteriovenous fistula 107082 
Gy40.00 Infection of dialysis arteriovenous graft 108213 
Gy41.00 Infection of dialysis arteriovenous fistula 107260 
Gy5..00 Haemorrhage of dialysis vascular access 108759 
Gy51.00 Haemorrhage of dialysis arteriovenous fistula 106975 
Gy51.00 Haemorrhage of dialysis arteriovenous fistula 106975 
Gy60.00 Rupture of dialysis arteriovenous graft 108423 
SP07G00 Stenosis of arteriovenous dialysis fistula 59315 
SP0F.00 Haemodialysis first use syndrome 108785 
SP0G.00 Anaphylactoid reaction due to haemodialysis 105436 
Z1A2.00 Haemodialysis training 74905 
Z919.00 Care of haemodialysis equipment 60446 
Z919100 Priming haemodialysis lines 72336 
Z919200 Washing back through haemodialysis lines 110072 
Z919300 Reversing haemodialysis lines 60498 


 
Peritoneal dialysis 
Read Codes Description Medcode 
4I29.00 Peritoneal dialysis sample 98888 
7L1A100 Peritoneal dialysis 2994 
7L1A400 Automated peritoneal dialysis 88597 
7L1A500 Continuous ambulatory peritoneal dialysis 30756 
7L1A600 Peritoneal dialysis NEC 64828 
7L1B000 Insertion of ambulatory peritoneal dialysis catheter 8037 
7L1B100 Removal of ambulatory peritoneal dialysis catheter 23773 
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7L1B200 Flushing of peritoneal dialysis catheter 104586 
7L1C000 Insertion of temporary peritoneal dialysis catheter 30709 
SP05613 [X] Peritoneal dialysis associated peritonitis 46438 
SP06B00 Continuous ambulatory peritoneal dialysis associated perit 101124 
SP0E.00 Disorders associated with peritoneal dialysis 107900 
SP0E100 Thrombus in peritoneal dialysis catheter 111103 
Z1A1.00 Peritoneal dialysis training 104719 
Z1A1.11 PD - Peritoneal dialysis training 110976 
Z91A.00 Peritoneal dialysis bag procedure 63502 
ZV56y11 [V]Aftercare involving peritoneal dialysis 45160 


 
Renal dialysis 
Read Codes Description Medcode 
14V2.00 H/O: renal dialysis 20196 
14V2.11 H/O: kidney dialysis 44422 
4N0..00 Dialysis fluid urea level 101736 
4N2..00 Dialysis fluid glucose level 86419 
7L1A.11 Dialysis for renal failure 11773 
7L1A000 Renal dialysis 20073 
7L1A011 Thomas intravascular shunt for dialysis 101756 
7L1B.11 Placement ambulatory dialysis apparatus - compens renal fail 36442 
Gy1..00 Stenosis of dialysis vascular access 107746 
SP01500 Mechanical complication of dialysis catheter 48639 
TA02000 Accid cut,puncture,perf,h'ge - kidney dialysis 96184 
TA22000 Failure of sterile precautions during kidney dialysis 69266 
TA22000 Failure of sterile precautions during kidney dialysis 69266 
TA42000 Mechanical failure of apparatus during kidney dialysis 111637 
TB11.00 Kidney dialysis with complication, without blame 28158 
TB11.11 Renal dialysis with complication, without blame 66714 
Z1A..00 Dialysis training 101912 
ZV45100 [V]Renal dialysis status 22252 
ZV56.00 [V]Aftercare involving intermittent dialysis 60743 
ZV56000 [V]Aftercare involving extracorporeal dialysis 99692 
ZV56011 [V]Aftercare involving renal dialysis NOS 46145 
ZV56011      [v]aftercare involving renal dialysis nos 46145 
ZV56100 [V]Preparatory care for dialysis 52088 
ZV56y00 [V]Other specified aftercare involving intermittent dialysis 63488 
ZV56z00 [V]Unspecified aftercare involving intermittent dialysis 63038 
ZVu3G00 [X]Other dialysis 69760 
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Covariates 
 
Read codes using the structured data component of the clinical/additional table (medcode) 
 
Blood pressure, Hypertension/Hypotension, diagnosis starting 3 months prior study entry 
and keeping the most recent diagnosis or measurement before each eGFR measurement 
The following Read codes have been used in order to identify the blood pressure status of the 
patients and were classified as in the following table. Blood pressure classifications as described 
above have been also used as an additional input when patients’ blood pressure status was 
unknown. 


Read code Description  Caterory Medcode 


G87..00 Hypotension Hypotension 3756 
G870.00 Orthostatic hypotension Hypotension 8598 
G870.11 Postural hypotension Hypotension 1821 
G871.00 Chronic hypotension Hypotension 59609 
G872.00 Idiopathic hypotension Hypotension 32338 
G87z.00 Hypotension NOS Hypotension 14856 
Gyu9000 [X]Other hypotension Hypotension 52431 
6624.00 Borderline hyperten:yearly obs Hypertension 8296 
6627.00 Good hypertension control Hypertension 16565 
6628.00 Poor hypertension control Hypertension 27511 
6629.00 Hypertension:follow-up default Hypertension 30776 
6146200 Hypertension induced by oral contraceptive pill Hypertension 32976 
661M600 Hypertension self-management plan agreed Hypertension 109611 
662..12 Hypertension monitoring Hypertension 4444 
662b.00 Moderate hypertension control Hypertension 18590 
662c.00 Hypertension six month review Hypertension 18482 
662d.00 Hypertension annual review Hypertension 19070 
662F.00 Hypertension treatm. started Hypertension 21826 
662G.00 Hypertensive treatm.changed Hypertension 13188 
662O.00 On treatment for hypertension Hypertension 3425 
662P.00 Hypertension monitoring Hypertension 13186 
662P000 Hypertension 9 month review Hypertension 102406 
662P100 Telehealth hypertension monitoring Hypertension 109771 
662q.00 Trial reduction of antihypertensive therapy Hypertension 99259 
662r.00 Trial withdrawal of antihypertensive therapy Hypertension 95359 
67H8.00 Lifestyle advice regarding hypertension Hypertension 98230 
7Q01.00 High cost hypertension drugs Hypertension 85944 
7Q01y00 Other specified high cost hypertension drugs Hypertension 101649 
8B26.00 Antihypertensive therapy Hypertension 18057 


8BL0.00 
Patient on maximal tolerated antihypertensive 
therapy Hypertension 11056 


8CR4.00 Hypertension clinical management plan Hypertension 12680 
8HT5.00 Referral to hypertension clinic Hypertension 5513 
8I3N.00 Hypertension treatment refused Hypertension 22333 


8IA5.00 
Trial withdrawal of antihypertensive therapy 
declined Hypertension 106279 







77 
 


9h31.00 
Excepted from hypertension qual indicators: 
Patient unsuit Hypertension 10961 


9h32.00 
Excepted from hypertension qual indicators: 
Informed dissent Hypertension 10976 


9N03.00 Seen in hypertension clinic Hypertension 4344 
9N1y200 Seen in hypertension clinic Hypertension 27634 
9N4L.00 DNA - Did not attend hypertension clinic Hypertension 34281 
9OD..00 Hypertension screen admin. Hypertension 15423 
9ODZ.00 Hypertension screen admin. NOS Hypertension 16477 
9OI..00 Hypertension monitoring admin. Hypertension 5215 
9OI..11 Hypertension clinic admin. Hypertension 27525 
9OI1.00 Attends hypertension monitor. Hypertension 45149 
9OI4.00 Hypertens.monitor.1st letter Hypertension 31117 
9OI5.00 Hypertens.monitor 2nd letter Hypertension 31127 
9OI6.00 Hypertens.monitor 3rd lettear Hypertension 31175 
9OI7.00 Hypertens.monitor verbal inv. Hypertension 41634 
9OI8.00 Hypertens.monitor phone invite Hypertension 28874 
9OIA.11 Hypertension monitored Hypertension 24127 
9OIB.00 Borderline hypertension monitoring first letter Hypertension 109942 
9OIZ.00 Hypertens.monitoring admin.NOS Hypertension 34192 
G2...00 Hypertensive disease Hypertension 204 
G2...11 BP - hypertensive disease Hypertension 8732 
G2...11 BP - hypertensive disease Hypertension 8732 
G20..00 Essential hypertension Hypertension 799 
G20..12 Primary hypertension Hypertension 107704 
G200.00 Malignant essential hypertension Hypertension 15377 
G201.00 Benign essential hypertension Hypertension 1894 
G202.00 Systolic hypertension Hypertension 4372 
G203.00 Diastolic hypertension Hypertension 83473 
G20z.00 Essential hypertension NOS Hypertension 10818 
G20z.11 Hypertension NOS Hypertension 3712 
G21..00 Hypertensive heart disease Hypertension 16292 
G210.00 Malignant hypertensive heart disease Hypertension 50157 


G210000 
Malignant hypertensive heart disease without 
CCF Hypertension 95334 


G210100 Malignant hypertensive heart disease with CCF Hypertension 72668 
G210z00 Malignant hypertensive heart disease NOS Hypertension 103046 
G211.00 Benign hypertensive heart disease Hypertension 52427 
G211100 Benign hypertensive heart disease with CCF Hypertension 52127 
G211z00 Benign hypertensive heart disease NOS Hypertension 105938 
G21z.00 Hypertensive heart disease NOS Hypertension 31464 
G21z000 Hypertensive heart disease NOS without CCF Hypertension 61166 
G21z011 Cardiomegaly - hypertensive Hypertension 8857 
G21z100 Hypertensive heart disease NOS with CCF Hypertension 62718 
G21zz00 Hypertensive heart disease NOS Hypertension 16173 
G22..00 Hypertensive renal disease Hypertension 4668 
G220.00 Malignant hypertensive renal disease Hypertension 39649 
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G221.00 Benign hypertensive renal disease Hypertension 43935 
G222.00 Hypertensive renal disease with renal failure Hypertension 32423 
G22z.00 Hypertensive renal disease NOS Hypertension 15106 
G22z.11 Renal hypertension Hypertension 29310 
G23..00 Hypertensive heart and renal disease Hypertension 63466 
G230.00 Malignant hypertensive heart and renal disease Hypertension 67232 
G231.00 Benign hypertensive heart and renal disease Hypertension 63000 


G232.00 
Hypertensive heart&renal dis wth (congestive) 
heart failure Hypertension 21837 


G233.00 
Hypertensive heart and renal disease with renal 
failure Hypertension 28684 


G234.00 
Hyperten heart&renal dis+both(congestv)heart 
and renal fail Hypertension 57987 


G23z.00 Hypertensive heart and renal disease NOS Hypertension 68659 
G24..00 Secondary hypertension Hypertension 7329 
G240.00 Secondary malignant hypertension Hypertension 31755 
G240000 Secondary malignant renovascular hypertension Hypertension 59383 
G240z00 Secondary malignant hypertension NOS Hypertension 73293 
G241.00 Secondary benign hypertension Hypertension 57288 
G241000 Secondary benign renovascular hypertension Hypertension 25371 
G241z00 Secondary benign hypertension NOS Hypertension 51635 
G244.00 Hypertension secondary to endocrine disorders Hypertension 34744 
G24z.00 Secondary hypertension NOS Hypertension 16059 
G24z000 Secondary renovascular hypertension NOS Hypertension 31387 
G24zz00 Secondary hypertension NOS Hypertension 42229 


G25..00 
Stage 1 hypertension (NICE - Nat Ins for Hth 
Clin Excl 2011) Hypertension 105371 


G25..11 Stage 1 hypertension Hypertension 105316 


G250.00 
Stage 1 hyperten (NICE 2011) without evidnce 
end organ damge Hypertension 108136 


G251.00 
Stage 1 hyperten (NICE 2011) with evidnce end 
organ damge Hypertension 109797 


G26..00 
Severe hypertension (Nat Inst for Health Clinical 
Ex 2011) Hypertension 105989 


G26..11 Severe hypertension Hypertension 105487 
G27..00 Hypertension resistant to drug therapy Hypertension 105480 


G28..00 
Stage 2 hypertension (NICE - Nat Ins for Hth 
Clin Excl 2011) Hypertension 105274 


G2y..00 Other specified hypertensive disease Hypertension 18765 
G2z..00 Hypertensive disease NOS Hypertension 7057 
G41y000 Secondary pulmonary hypertension Hypertension 34065 
G8y3.00 Chronic peripheral venous hypertension Hypertension 26347 
Gyu2.00 [X]Hypertensive diseases Hypertension 69753 
Gyu2000 [X]Other secondary hypertension Hypertension 102458 


Gyu2100 
[X]Hypertension secondary to other renal 
disorders Hypertension 97533 


TJC7.00 Adverse reaction to other antihypertensives Hypertension 21660 
TJC7z00 Adverse reaction to antihypertensives NOS Hypertension 20497 
U60C511 [X] Adverse reaction to other antihypertensives Hypertension 30770 
U60C51A [X] Adverse reaction to antihypertensives NOS Hypertension 44350 
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Ethnic group categories recoded for the study’s purpose 
Category General definition Analysis definition eGFR definition 
1 White NOS White White 
2 White British Black Unknown/White 
3 Mixed NOS Mixed Unknown/Mixed 
4 Mixed British Chinese Black 
5 Black NOS Asian Unknown/Black 


6 Black British Other ethnic group Ethnic group not specified 


7 Asian NOS Ethnic group not 
specified   -  


8 Asian British - -  
9 Mixed White and Black - -  
10 Mixed White and Asian - -  
11 Mixed Black and Asian - -  
12 Middle East - - 
13 Indian - -  
14 Pakistani - -  
15 Bangladeshi - -  
16 Black Caribbean - -  
17 Black African - -  
18 Chinese - -  
19 Other ethnic group - -  
20 Ethnic group not specified - -  


 
Ethnicity classification 
Read Codes Description Medcode General Analysis eGFR 


1341 European origin 25656 1 1 2 
1342 African origin 45125 19 6 5 
1343 Asian origin 25801 7 5 3 
1344 North American origin 41150 1 1 2 
1345 South American origin 32101 19 6 3 
1346 Australian origin 47975 1 1 2 
1347 Indian origin 45144 13 5 3 
1348 Middle Eastern origin 47951 12 5 2 
1349 Far Eastern origin 47960 7 5 2 
2263.11 O/E - Asian origin 32132 7 5 3 
134..00 Country of origin 7843 20 7 6 
134..11 Born in - country 8892 20 7 6 
134A.00 West Indian origin 45131 16 2 5 
134B.00 RACE: Caucasian 12191 1 1 1 
134C.00 RACE: Arab 12875 19 6 3 
134D.00 RACE: Chinese 32224 18 4 2 
134E.00 RACE: Japanese 45163 7 5 2 
134F.00 RACE: Korean 41394 7 5 2 
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134G.00 RACE: Oriental 41200 12 5 2 
134H.00 RACE: Afro-caribbean 25894 3 3 5 
134I.00 RACE: Bangladeshi 26348 15 5 3 
134J.00 RACE: Mixed 30408 3 3 3 
134K.00 RACE: West indian 32095 16 2 5 
134L.00 RACE: Afro-caucasian 45167 9 3 3 
134M.00 RACE: Pakistani 26062 14 5 3 
134N.00 RACE: White 25550 1 1 1 
134O.00 RACE: Unknown 22953 20 7 6 
134P.00 RACE: Not stated 46137 20 7 6 
134P.11 RACE: Other 32391 20 7 6 
134Z.00 Country of origin NOS 41202 20 7 6 
13d..00 Country of birth (European) 30800 1 1 2 
13d0.00 Born in Albania 32055 19 6 2 
13d1.00 Born in Andorra 93935 19 6 2 
13d2.00 Born in Austria 32313 19 6 2 
13d3.00 Born in Azerbaijan 41337 19 6 2 
13d4.00 Born in Belgium 32352 19 6 2 
13d5.00 Born in Belorussia 41233 19 6 2 
13d6.00 Born in Bosnia - Herzegovnia 32397 19 6 2 
13d7.00 Born in Bulgaria 32169 19 6 2 
13d8.00 Born in Croatia 41210 19 6 2 
13d9.00 Born in Cyprus 32190 19 6 2 
13dA.00 Born in Czech Republic 26463 19 6 2 
13da.00 Born in San Marino 98530 19 6 2 
13db.00 Born in Scotland 32065 19 6 2 
13dB.00 Born in Denmark 32186 19 6 2 
13dC.00 Born in England 25752 19 6 2 
13dc.00 Born in Slovakia 32119 19 6 2 
13dD.00 Born in Estonia 32139 19 6 2 
13dd.00 Born in Slovenia 41304 19 6 2 
13dE.00 Born in Finland 32173 19 6 2 
13dF.00 Born in France 32081 19 6 2 
13df.00 Born in Sweden 32098 19 6 2 
13dg.00 Born in Switzerland 32807 19 6 2 
13dH.00 Born in Greece 32080 19 6 2 
13dh.00 Born in The Netherlands 32150 19 6 2 
13di.00 Born in Ukraine 32103 19 6 2 
13dI.00 Born in Hungary 32688 19 6 2 
13dJ.00 Born in Iceland 41312 19 6 2 
13dj.00 Born in Vatican City 99119 19 6 2 
13dk.00 Born in Wales 32105 19 6 2 
13dK.00 Born in Ireland 32113 19 6 2 
13dl.00 Born in Yugoslavia 25256 19 6 2 
13dL.00 Born in Italy 32116 19 6 2 
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13dM.00 Born in Kosovo 25730 19 6 2 


13dm.00 
Born in former Yugoslav Republic 
of Macedonia 96824 19 6 2 


13dN.00 Born in Latvia 32242 19 6 2 
13dn.00 Born in Serbia 100517 19 6 2 
13dO.00 Born in Liechtenstein 95708 19 6 2 
13do.00 Born in Montenegro 109457 19 6 2 
13dP.00 Born in Lithuania 28301 19 6 2 
13dp.00 Born in Belarus 109898 19 6 2 
13dQ.00 Born in Luxembourg 69131 19 6 2 
13dq.00 Born in Republic of Moldova 109260 19 6 2 
13dR.00 Born in Malta 41364 19 6 2 
13dr.00 Born in Guernsey 109093 19 6 2 
13dS.00 Born in Moldavia 39974 19 6 2 
13ds.00 Born in Jersey 109092 19 6 2 
13dT.00 Born in Monaco 71190 19 6 2 
13dU.00 Born in Northern Ireland 32117 19 6 2 
13dV.00 Born in Norway 41213 19 6 2 
13dW.00 Born in Poland 32094 19 6 2 
13dX.00 Born in Portugal 32160 19 6 2 
13dx.00 Born in Aland Islands 111774 19 6 2 
13dY.00 Born in Republic of Ireland 41357 19 6 2 
13dZ.00 Born in Romania 32345 19 6 2 
13e..00 Country of birth (Asian) 11552 7 5 3 
13e0.00 Born in Afghanistan 32060 19 6 2 
13e1.00 Born in Armenia 32361 19 6 2 
13e2.00 Born in Bahrain 32273 19 6 2 
13e3.00 Born in Bangladesh 32125 19 6 2 
13e4.00 Born in Bhutan 97390 19 6 2 
13e5.00 Born in Brunei 62298 19 6 2 
13e6.00 Born in Burma 32254 19 6 2 
13e7.00 Born in Chechnya 32202 19 6 2 
13e8.00 Born in China 32058 19 6 2 


13e9.00 
Born in Democratic People's 
Republic of Korea 41354 19 6 2 


13ea.00 Born in Republic of Korea 41356 19 6 2 
13eA.00 Born in East Timor 57186 19 6 2 
13eb.00 Born in Russia 32127 19 6 2 
13eB.00 Born in Georgia 49402 19 6 2 
13ec.00 Born in Saudi Arabia 32144 19 6 2 
13eC.00 Born in Hong Kong 32220 19 6 2 
13ed.00 Born in Singapore 32157 19 6 2 
13eD.00 Born in India 32082 19 6 3 
13ee.00 Born in South Korea 41228 19 6 2 
13eE.00 Born in Indonesia 41289 19 6 2 
13eF.00 Born in Iran 26426 19 6 2 
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13ef.00 Born in Sri Lanka 32245 19 6 2 
13eg.00 Born in Syria 28529 19 6 2 
13eG.00 Born in Iraq 12713 19 6 3 
13eH.00 Born in Israel 25007 19 6 2 
13eh.00 Born in Taiwan 32390 19 6 2 
13eI.00 Born in Japan 32070 19 6 2 
13ei.00 Born in Tajikistan 100007 19 6 2 
13ej.00 Born in Thailand 32135 19 6 2 
13eJ.00 Born in Jordan 41311 19 6 2 
13ek.00 Born in Turkey 32114 19 6 2 
13eK.00 Born in Kazakhstan 41292 19 6 2 
13eL.00 Born in Kuwait 41217 19 6 2 
13el.00 Born in Turkmenistan 41302 19 6 2 
13eM.00 Born in Kyrgyzstan 32128 19 6 2 
13em.00 Born in United Arab Emirates 41372 19 6 2 
13en.00 Born in Uzbekistan 41402 19 6 2 
13eN.00 Born in Laos 69431 19 6 2 
13eo.00 Born in Vietnam 26334 19 6 2 
13eO.00 Born in Lebanon 41211 19 6 2 
13eP.00 Born in Malaysia 32171 19 6 2 
13ep.00 Born in Yemen 41344 19 6 2 
13eQ.00 Born in Maldives 91328 19 6 2 
13eq.00 Born in Christmas Island 109226 19 6 2 
13eR.00 Born in Mali 65310 19 6 5 
13eS.00 Born in Mongolia 41351 19 6 5 
13eT.00 Born in Nepal 32217 19 6 2 
13eU.00 Born in North Korea 66560 19 6 2 
13eV.00 Born in Oman 51778 19 6 2 
13eW.00 Born in Pakistan 25995 19 6 3 
13eX.00 Born in Palestine 41297 19 6 2 
13eY.00 Born in Philippines 25092 19 6 2 
13eZ.00 Born in Qatar 42639 19 6 2 
13f..00 Country of birth (American) 32053 1 1 2 
13f0.00 Born in Argentina 32325 19 6 3 
13f1.00 Born in Belize 94050 19 6 3 
13f2.00 Born in Bolivia 41230 19 6 3 
13f3.00 Born in Brazil 32075 19 6 3 
13f4.00 Born in British Guyana 32342 19 6 3 
13f5.00 Born in Canada 30606 19 6 2 
13f6.00 Born in Chile 41291 19 6 3 
13f7.00 Born in Columbia 32303 19 6 3 
13f8.00 Born in Costa Rica 64984 19 6 3 
13f9.00 Born in Ecuador 32311 19 6 3 
13fA.00 Born in El Salvador 63943 19 6 3 
13fB.00 Born in Grenada 32120 19 6 2 
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13fC.00 Born in Guatemala 69806 19 6 3 
13fD.00 Born in Guyana 38075 19 6 3 
13fE.00 Born in Honduras 41280 19 6 3 
13fF.00 Born in Mexico 32201 19 6 2 
13fG.00 Born in Nicaragua 74892 19 6 3 
13fH.00 Born in Panama 63923 19 6 3 
13fI.00 Born in Paraguay 41399 19 6 3 
13fJ.00 Born in Peru 32166 19 6 3 
13fK.00 Born in Suriname 69426 19 6 3 
13fL.00 Born in USA 32072 19 6 2 
13fM.00 Born in Uruguay 41367 19 6 3 
13g..00 Country of birth (African) 32102 19 6 3 
13g0.00 Born in Algeria 32079 19 6 3 
13g1.00 Born in Angola 32260 19 6 5 
13g2.00 Born in Benin 41318 19 6 5 
13g3.00 Born in Botswana 41316 19 6 5 
13g4.00 Born in Burkina Faso 58527 19 6 5 
13g5.00 Born in Burundi 32167 19 6 5 
13g6.00 Born in Cambodia 96636 19 6 2 
13g7.00 Born in Cameroon 32255 19 6 5 
13g8.00 Born in Cape Verde Islands 69560 19 6 3 
13g9.00 Born in Central African Republic 99258 19 6 5 
13ga.00 Born in Rwanda 32331 19 6 5 
13gA.00 Born in Chad 38117 19 6 5 
13gB.00 Born in Comoros Islands 101158 19 6 5 
13gb.00 Born in Sao Tome and Principe 101591 19 6 5 
13gC.00 Born in Congo 25664 19 6 5 
13gc.00 Born in Senegal 32309 19 6 5 
13gd.00 Born in Sierra Leone 32197 19 6 5 
13gE.00 Born in Egypt 32333 19 6 3 
13ge.00 Born in Somalia 32189 19 6 5 
13gf.00 Born in South Africa 12458 19 6 3 
13gF.00 Born in Equatorial Guinea 93923 19 6 5 
13gG.00 Born in Ethiopia 32158 19 6 5 
13gg.00 Born in Sudan 36794 19 6 5 
13gh.00 Born in Swaziland 41350 19 6 5 
13gH.00 Born in Gabon 59657 19 6 5 
13gi.00 Born in Tanzania 25133 19 6 5 
13gI.00 Born in Gambia 32207 19 6 5 
13gJ.00 Born in Ghana 32067 19 6 5 
13gj.00 Born in The Gambia 63927 19 6 5 
13gk.00 Born in Tunisia 32741 19 6 3 
13gK.00 Born in Guinea Bissau 41365 19 6 5 
13gL.00 Born in Guinea Republic 32347 19 6 3 
13gl.00 Born in Uganda 32068 19 6 5 
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13gM.00 Born in Ivory Coast 32099 19 6 5 
13gm.00 Born in Zaire 41209 19 6 5 
13gN.00 Born in Kenya 32112 19 6 5 
13gn.00 Born in Zambia 32168 19 6 5 
13go.00 Born in Zimbabwe 25008 19 6 5 
13gO.00 Born in Lesotho 93697 19 6 5 
13gp.00 Born in Eritrea 64949 19 6 3 
13gP.00 Born in Liberia 32237 19 6 5 
13gQ.00 Born in Libya 41341 19 6 3 


13gq.00 
Born in Democratic Republic of 
Congo 109992 19 6 5 


13gR.00 Born in Madagascar 37197 19 6 5 
13gS.00 Born in Malawi 32115 19 6 5 
13gT.00 Born in Mauritania 69143 19 6 5 
13gU.00 Born in Mauritius 32140 19 6 3 
13gV.00 Born in Morocco 32108 19 6 3 
13gW.00 Born in Mozambique 32162 19 6 5 
13gX.00 Born in Namibia 32233 19 6 5 
13gY.00 Born in Niger 30224 19 6 5 
13gZ.00 Born in Nigeria 32111 19 6 5 
13h..00 Country of birth (Australasian) 41327 1 1 2 
13h0.00 Born in Australia 32061 19 6 2 
13h1.00 Born in New Zealand 32074 19 6 2 
13j..00 Country of birth (Atlantic) 49907 1 1 2 
13j0.00 Born in Antigua and Barbuda 32301 19 6 5 
13j1.00 Born in Bahamas 58533 19 6 3 
13j2.00 Born in Barbados 32089 19 6 5 
13j3.00 Born in Cuba 41290 19 6 3 
13j4.00 Born in Dominican Republic 32369 19 6 5 
13j5.00 Born in Haiti 58192 19 6 5 
13j6.00 Born in Jamaica 32076 19 6 5 
13j7.00 Born in Puerto Rico 69135 19 6 3 
13j8.00 Born in St. Kitts and Nevis 66553 19 6 5 
13j9.00 Born in St. Lucia 32131 19 6 5 
13jA.00 Born in St. Vincent 66551 19 6 5 
13jB.00 Born in Togo 32304 19 6 5 
13jC.00 Born in Trinidad and Tobago 32062 19 6 5 
13jD.00 Born in Dominica 99431 19 6 3 
13jE.00 Born in Aruba 108271 19 6 3 


13jG.00 
Born in Saint Vincent and the 
Grenadines 109458 19 6 3 


13jH.00 Born in Sint Maarten 111700 19 6 3 
13k..00 Country of birth (Pacific) 32417 19 6 3 
13k0.00 Born in Fiji 42635 19 6 3 
13k3.00 Born in Papua New Guinea 64120 19 6 3 
13k4.00 Born in Seychelles 32293 19 6 3 
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13k5.00 Born in Solomon Islands 48297 19 6 3 
13k6.00 Born in Tonga 47559 19 6 5 
13k7.00 Born in Tuvalu 57189 19 6 3 
13k8.00 Born in Vanuatu 111392 19 6 5 
13k9.00 Born in Western Samoa 103965 19 6 3 
13kB.00 Born in American Samoa 109791 19 6 3 
13t0.00 Born in Montserrat 105923 19 6 3 
13t1.00 Born in Bermuda 98038 19 6 3 
13t2.00 Born in Anguilla 104983 19 6 3 
13t3.00 Born in British Virgin Islands 109727 19 6 3 


13t5.00 
Born in Saint Helena, Ascension 
and Tristan da Cunha 109276 19 6 3 


13v0.00 Born in Martinique 103364 19 6 3 
13v4.00 Born in French Guiana 111051 19 6 3 
13v7.00 Born in Guadeloupe 108936 19 6 3 
13z1.00 Bulgarian Orthodox 104111 1 1 2 
13z6.00 Scottish Episcopalian 100536 2 1 2 
13Zq.00 Country of birth unknown 101846 20 7 6 
226..00 O/E - ethnic group 25969 20 7 6 
226..11 O/E - ethnic origin 12332 20 7 6 
226Z.00 O/E - ethnic group NOS 60284 20 7 6 
631..00 Place of birth 34501 20 7 6 
916E.00 Patient ethnicity unknown 93749 20 7 6 
9i...00 Ethnic category - 2001 census 12435 20 7 6 


9i0..00 
British or mixed British - ethnic 
category 2001 census 12351 4 3 2 


9i00.00 
White British - ethnic category 
2001 census 98111 2 1 1 


9i1..00 
Irish - ethnic category 2001 
census 12532 2 1 2 


9i10.00 
White Irish - ethnic category 2001 
census 98213 2 1 1 


9i2..00 
Other White background - ethnic 
category 2001 census 12421 1 1 1 


9i20.00 
English - ethnic category 2001 
census 12352 2 1 2 


9i21.00 
Scottish - ethnic category 2001 
census 12436 2 1 2 


9i22.00 
Welsh - ethnic category 2001 
census 12681 2 1 2 


9i23.00 
Cornish - ethnic category 2001 
census 28887 2 1 2 


9i24.00 
Northern Irish - ethnic category 
2001 census 42294 2 1 1 


9i25.00 
Ulster Scots - ethnic category 
2001 census 40102 2 1 2 


9i26.00 
Cypriot (part not stated) - ethnic 
category 2001 census 32778 1 1 2 


9i27.00 
Greek - ethnic category 2001 
census 12355 1 1 2 


9i28.00 
Greek Cypriot - ethnic category 
2001 census 12769 1 1 2 
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9i29.00 
Turkish - ethnic category 2001 
census 12746 1 1 2 


9i2A.00 
Turkish Cypriot - ethnic category 
2001 census 32413 1 1 2 


9i2B.00 
Italian - ethnic category 2001 
census 12412 1 1 2 


9i2C.00 
Irish Traveller - ethnic category 
2001 census 55223 2 1 2 


9i2D.00 
Traveller - ethnic category 2001 
census 55113 20 7 6 


9i2E.00 
Gypsy/Romany - ethnic category 
2001 census 42290 19 6 3 


9i2F.00 
Polish - ethnic category 2001 
census 12467 1 1 2 


9i2G.00 
Baltic Estonian/Latvian/Lithuanian 
- ethn categ 2001 census 12433 1 1 2 


9i2H.00 
Commonwealth (Russian) Indep 
States - ethn categ 2001 census 28973 1 1 2 


9i2J.00 
Kosovan - ethnic category 2001 
census 26341 1 1 2 


9i2K.00 
Albanian - ethnic category 2001 
census 25422 1 1 2 


9i2L.00 
Bosnian - ethnic category 2001 
census 46956 1 1 2 


9i2M.00 
Croatian - ethnic category 2001 
census 28866 1 1 2 


9i2N.00 
Serbian - ethnic category 2001 
census 47074 1 1 2 


9i2P.00 
Other republics former Yugoslavia 
- ethnic categ 2001 census 28936 1 1 2 


9i2Q.00 
Mixed Irish and other White - 
ethnic category 2001 census 26391 4 3 1 


9i2R.00 


Oth White European/European 
unsp/Mixed European 2001 
census 12402 3 3 1 


9i2S.00 
Other mixed White - ethnic 
category 2001 census 28900 3 3 1 


9i2T.00 
Other White or White unspecified 
ethnic category 2001 census 12591 1 1 1 


9i3..00 
White and Black Caribbean - 
ethnic category 2001 census 12742 9 3 3 


9i4..00 
White and Black African - ethnic 
category 2001 census 12437 9 3 3 


9i5..00 
White and Asian - ethnic category 
2001 census 12638 10 3 1 


9i6..00 
Other Mixed background - ethnic 
category 2001 census 12873 3 3 3 


9i60.00 
Black and Asian - ethnic category 
2001 census 12795 11 3 4 


9i61.00 
Black and Chinese - ethnic 
category 2001 census 49940 11 3 4 


9i62.00 
Black and White - ethnic category 
2001 census 40110 9 3 3 


9i63.00 
Chinese and White - ethnic 
category 2001 census 12706 18 4 1 


9i64.00 
Asian and Chinese - ethnic 
category 2001 census 47005 7 5 3 


9i65.00 
Other Mixed or Mixed unspecified 
ethnic category 2001 census 32408 3 3 3 
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9i7..00 
Indian or British Indian - ethnic 
category 2001 census 12414 8 5 3 


9i8..00 
Pakistani or British Pakistani - 
ethnic category 2001 census 12460 8 5 3 


9i9..00 


Bangladeshi or British 
Bangladeshi - ethn categ 2001 
census 28888 8 5 3 


9iA..00 
Other Asian background - ethnic 
category 2001 census 12513 7 5 3 


9iA1.00 
Punjabi - ethnic category 2001 
census 26392 7 5 3 


9iA2.00 
Kashmiri - ethnic category 2001 
census 64133 7 5 2 


9iA3.00 
East African Asian - ethnic 
category 2001 census 47077 3 3 3 


9iA4.00 
Sri Lankan - ethnic category 2001 
census 12608 7 5 3 


9iA5.00 
Tamil - ethnic category 2001 
census 12760 7 5 2 


9iA6.00 
Sinhalese - ethnic category 2001 
census 12887 7 5 2 


9iA7.00 
Caribbean Asian - ethnic category 
2001 census 32399 11 3 3 


9iA8.00 
British Asian - ethnic category 
2001 census 12653 8 5 3 


9iA9.00 
Mixed Asian - ethnic category 
2001 census 46056 3 3 3 


9iAA.00 
Other Asian or Asian unspecified 
ethnic category 2001 census 28935 7 5 3 


9iB..00 
Caribbean - ethnic category 2001 
census 12432 16 2 4 


9iC..00 
African - ethnic category 2001 
census 12350 17 2 5 


9iD..00 
Other Black background - ethnic 
category 2001 census 32389 5 2 4 


9iD0.00 
Somali - ethnic category 2001 
census 12443 17 2 5 


9iD1.00 
Nigerian - ethnic category 2001 
census 32886 17 2 5 


9iD2.00 
Black British - ethnic category 
2001 census 40097 6 2 4 


9iD3.00 
Mixed Black - ethnic category 
2001 census 40096 3 3 4 


9iD4.00 
Other Black or Black unspecified 
ethnic category 2001 census 46047 5 2 4 


9iE..00 
Chinese - ethnic category 2001 
census 12468 18 4 2 


9iF..00 
Other - ethnic category 2001 
census 12434 20 7 6 


9iF0.00 
Vietnamese - ethnic category 2001 
census 12719 7 5 2 


9iF1.00 
Japanese - ethnic category 2001 
census 12473 7 5 2 


9iF2.00 
Filipino - ethnic category 2001 
census 12420 7 5 3 


9iF3.00 
Malaysian - ethnic category 2001 
census 12730 7 5 2 


9iF4.00 
Buddhist - ethnic category 2001 
census 63872 20 7 6 
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9iF5.00 
Hindu - ethnic category 2001 
census 56127 20 7 6 


9iF6.00 
Jewish - ethnic category 2001 
census 46063 20 7 6 


9iF7.00 
Muslim - ethnic category 2001 
census 47091 20 7 6 


9iF8.00 
Sikh - ethnic category 2001 
census 49658 20 7 6 


9iF9.00 
Arab - ethnic category 2001 
census 46059 19 6 3 


9iFA.00 
North African - ethnic category 
2001 census 47028 19 6 5 


9iFB.00 
Mid East (excl Israeli, Iranian & 
Arab) - eth cat 2001 cens 28909 12 5 2 


9iFC.00 
Israeli - ethnic category 2001 
census 46964 12 5 2 


9iFD.00 
Iranian - ethnic category 2001 
census 25937 12 5 2 


9iFE.00 
Kurdish - ethnic category 2001 
census 45964 1 1 2 


9iFF.00 
Moroccan - ethnic category 2001 
census 25451 19 6 3 


9iFG.00 
Latin American - ethnic category 
2001 census 26246 19 6 3 


9iFH.00 
South and Central American - 
ethnic category 2001 census 12756 19 6 3 


9iFJ.00 
Mauritian/Seychellois/Maldivian/St 
Helena eth cat 2001census 32382 19 6 3 


9iFK.00 
Any other group - ethnic category 
2001 census 26455 20 7 6 


9iG..00 
Ethnic category not stated - 2001 
census 12459 20 7 6 


9S...00 Ethnic groups (census) 10196 20 7 6 
9S1..00 White 22467 1 1 1 
9S10.00 White British 12446 2 1 1 
9S11.00 White Irish 24837 2 1 1 
9S12.00 Other white ethnic group 12444 1 1 1 
9S13.00 White Scottish 26467 2 1 1 
9S14.00 Other white British ethnic group 26310 2 1 1 
9S2..00 Black Caribbean 12632 16 2 4 
9S3..00 Black African 12778 17 2 4 
9S4..00 Black, other, non-mixed origin 24339 5 2 4 
9S41.00 Black British 12452 6 2 4 
9S42.00 Black Caribbean/W.I./Guyana 57435 16 2 4 
9S42.11 Black Caribbean 47950 16 2 4 
9S42.12 Black West Indian 47997 16 2 4 
9S42.13 Black Guyana 32100 16 2 4 
9S43.00 Black N African/Arab/Iranian 41329 5 2 4 
9S43.11 Black North African 46812 17 2 4 
9S43.12 Black Arab 57752 5 2 4 
9S43.13 Black Iranian 50286 5 2 4 
9S44.00 Black - other African country 35412 17 2 4 
9S45.00 Black E Afric Asia/Indo-Caribb 47965 11 3 4 
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9S45.11 Black East African Asian 57753 11 3 4 
9S45.12 Black Indo-Caribbean 57763 11 3 4 
9S46.00 Black Indian sub-continent 48005 11 3 4 
9S47.00 Black - other Asian 35350 11 3 4 
9S48.00 Black Black - other 26312 5 2 4 
9S5..00 Black - other, mixed 25676 3 3 4 
9S51.00 Other Black - Black/White orig 25623 9 3 3 
9S52.00 Other Black - Black/Asian orig 32165 11 3 4 
9S6..00 Indian 12482 13 5 3 
9S7..00 Pakistani 24690 14 5 3 
9S8..00 Bangladeshi 24740 15 5 3 
9S9..00 Chinese 24272 18 4 2 
9SA..00 Other ethnic non-mixed (NMO) 30280 20 7 6 
9SA1.00 Brit. ethnic minor. spec.(NMO) 32110 4 3 3 
9SA2.00 Brit. ethnic minor. unsp (NMO) 57764 4 3 3 
9SA3.00 Caribbean I./W.I./Guyana (NMO) 54593 16 2 5 
9SA3.11 Caribbean Island (NMO) 57094 16 2 4 
9SA3.12 West Indian (NMO) 57075 16 2 5 
9SA3.13 Guyana (NMO) 93144 16 2 5 
9SA4.00 N African Arab/Iranian (NMO) 24962 19 6 3 
9SA4.11 North African Arab (NMO) 47285 19 6 5 
9SA4.12 Iranian (NMO) 25082 12 5 2 
9SA5.00 Other African countries (NMO) 47969 17 2 5 
9SA6.00 E Afric Asian/Indo-Carib (NMO) 38097 11 3 5 
9SA6.11 East African Asian (NMO) 46818 3 3 5 
9SA6.12 Indo-Caribbean (NMO) 99316 3 3 5 
9SA7.00 Indian sub-continent (NMO) 39696 13 5 3 
9SA8.00 Other Asian (NMO) 26379 7 5 3 
9SA9.00 Irish (NMO) 24270 2 1 2 
9SAA.00 Greek/Greek Cypriot (NMO) 45947 1 1 2 
9SAA.11 Greek (NMO) 45955 1 1 2 
9SAA.12 Greek Cypriot (NMO) 47949 1 1 2 
9SAB.00 Turkish/Turkish Cypriot (NMO) 32066 1 1 2 
9SAB.11 Turkish (NMO) 32126 1 1 2 
9SAB.12 Turkish Cypriot (NMO) 32069 1 1 2 
9SAC.00 Other European (NMO) 12633 1 1 2 
9SAD.00 Other ethnic NEC (NMO) 41214 20 7 6 
9SB..00 Other ethnic, mixed origin 12696 3 3 3 
9SB1.00 Other ethnic, Black/White orig 47401 9 3 3 
9SB2.00 Other ethnic, Asian/White orig 32401 10 3 1 
9SB3.00 Other ethnic, mixed white orig 35459 3 3 1 
9SB4.00 Other ethnic, other mixed orig 32420 3 3 3 
9SB5.00 Black Caribbean and White 32425 9 3 3 
9SB6.00 Black African and White 32443 9 3 3 
9SC..00 Vietnamese 25411 7 5 2 
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9SD..00 
Ethnic group not given - patient 
refused 12429 20 7 6 


9SE..00 Ethnic group not recorded 24340 20 7 6 
9SG..00 Other black ethnic group 32136 5 2 4 
9SH..00 Other Asian ethnic group 12668 7 5 3 
9SI..00 Irish Traveller 47601 2 1 2 
9SJ..00 Other ethnic group 12757 20 7 6 
9SZ..00 Ethnic groups (census) NOS 45199 20 7 6 


9T...00 
Ethnicity and other related 
nationality data 23955 20 7 6 


9t...00 Ethnic category - 2011 census 110472 20 7 6 


9t0..00 
Ethnic category - 2011 census 
England and Wales 110417 20 7 6 


9t00.00 
White:Eng/Welsh/Scot/NI/Brit - 
England and Wales 2011 census 110420 2 1 1 


9t01.00 
White: Irish - England and Wales 
ethnic category 2011 census 110556 2 1 1 


9t02.00 
White: Gypsy/Irish Traveller - 
Eng+Wales eth cat 2011 census 111386 2 1 1 


9t03.00 


White: other White backgrd- 
Eng+Wales ethnic cat 2011 
census 110407 1 1 1 


9t04.00 
Mixed: White+Black Caribbean - 
Eng+Wales eth cat 2011 census 110445 9 3 3 


9t05.00 
Mixed: White+Black African - 
Eng+Wales eth cat 2011 census 110421 9 3 3 


9t06.00 
Mixed: White+Asian - Eng+Wales 
ethnic category 2011 census 110652 10 3 1 


9t07.00 


Mixed: other Mixed/multiple 
backgrd - Eng+Wales 2011 
census 110654 3 3 3 


9t08.00 


Asian/Asian Brit: Indian - 
Eng+Wales ethnic cat 2011 
census 110477 8 5 3 


9t09.00 
Asian/Asian British:Pakistani- 
Eng+Wales eth cat 2011 census 110464 8 5 3 


9t0A.00 
Asian/Asian Brit: Bangladeshi- 
Eng+Wales eth cat 2011 census 110590 8 5 3 


9t0B.00 


Asian/Asian Brit: Chinese - 
Eng+Wales ethnic cat 2011 
census 110922 8 5 3 


9t0C.00 
Asian/Asian Brit: other Asian- 
Eng+Wales eth cat 2011 census 111743 8 5 3 


9t0E.00 
Black/African/Caribbn/Black Brit: 
Caribbean - Eng+Wales 2011 110436 6 2 4 


9t0F.00 
Black/Afr/Carib/Black Brit: other 
Black- Eng+Wales 2011 cens 110540 6 2 4 


9t0G.00 


Other ethnic group: Arab - 
Eng+Wales ethnic cat 2011 
census 110555 19 6 3 


9t0H.00 
Other ethnic: any other grp - 
Eng+Wales eth cat 2011 census 110742 20 7 6 


9T1..00 New Zealand ethnic groups 45008 1 1 1 
9T11.00 New Zealand European 57286 1 1 2 
9T11.11 Pakeha 85509 1 1 1 
9T12.00 Other European in New Zealand 85505 1 1 2 
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9t12.00 
Mixed: White and Black Caribbean 
- NI ethnic cat 2011 census 110661 9 3 3 


9T13.00 New Zealand Maori 32479 19 6 3 


9t13.00 
Mixed: White and Black African - 
NI ethnic cat 2011 census 110651 9 3 3 


9t14.00 
Mixed: White and Asian - NI ethnic 
category 2011 census 110471 10 3 1 


9T14.00 Samoan 64610 19 6 3 
9T15.00 Cook Island Maori 89910 19 6 3 


9t15.00 
Mixed: other Mixed/multiple ethnic 
backgrd - NI 2011 census 110536 3 3 3 


9T16.00 Tongan 60837 19 6 3 


9t16.00 
Asian or Asian British: Indian - NI 
ethnic cat 2011 census 110422 8 5 3 


9T17.00 Niuean 55584 19 6 3 


9t17.00 
Asian/Asian British: Pakistani - NI 
ethnic cat 2011 census 110538 8 5 3 


9T18.00 Tokelauan 25434 19 6 3 


9t18.00 
Asian/Asian British: Bangladeshi - 
NI ethnic cat 2011 census 110720 8 5 3 


9T19.00 Fijian 64609 19 6 3 
9T1A.00 Other Pacific ethnic group 46752 19 6 3 


9t1A.00 
Asian/Asian British: other Asian - 
NI ethnic cat 2011 census 110425 8 5 3 


9T1B.00 South East Asian 46649 7 5 3 


9t1B.00 
Black/Afri/Carib/Black Brit: African- 
NI eth cat 2011 census 110630 6 2 4 


9T1C.00 Chinese 12718 18 4 2 
9T1D.00 Indian 25920 13 5 3 


9t1D.00 
Black/Afri/Carib/Black Brit: other - 
NI eth cat 2011 census 111880 6 2 4 


9t1E.00 
Other ethnic group: Arab - NI 
ethnic category 2011 census 110780 19 6 3 


9T1E.00 Other Asian 32396 7 5 3 


9t1F.00 
Other ethnic group: any other grp- 
NI ethnic cat 2011 census 110646 20 7 6 


9T1Y.00 Other New Zealand ethnic group 96789 1 1 2 
9T1Z.00 New Zealand ethnic group NOS 71425 1 1 1 
9T2..00 Traveller - gypsy 32781 19 6 3 


9t2..00 
Ethnic category - 2011 census 
Scotland 110962 20 7 6 


9t20.00 
White: Scottish - Scotland ethnic 
category 2011 census 110432 2 1 1 


9t21.00 
White: other British - Scotland 
ethnic category 2011 census 110694 2 1 1 


9t22.00 
White: Irish - Scotland ethnic 
category 2011 census 110687 2 1 1 


9t24.00 
White: Polish - Scotland ethnic 
category 2011 census 110465 1 1 1 


9t25.00 
White: other White ethnic grp- 
Scotland ethnic cat 2011 cens 110695 1 1 1 


9t26.00 
Mixed/multiple ethnic grps: any- 
Scot ethnic cat 2011 census 110696 3 3 3 


9t27.00 
Asian: Pakistani/Pakistani 
Scot/Pakistani Brit- Scot 2011 110460 8 5 3 
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9t28.00 
Asian: Indian, Indian Scot/Indian 
Brit- Scotland 2011 census 111368 8 5 3 


9t2A.00 
Asian: Chinese - Scotland ethnic 
category 2011 census 111064 18 4 2 


9t2B.00 
Asian: other Asian group - 
Scotland ethnic cat 2011 census 110855 7 5 3 


9t2C.00 
African: African/African 
Scot/African Brit - Scotland 2011 111059 4 3 3 


9t2D.00 
African: any other African - 
Scotland ethnic cat 2011 census 110655 17 2 5 


9t2G.00 


Carib/Black: any other 
Black/Caribbean grp - Scotland 
2011 112216 16 2 4 


9t2J.00 
Other ethnic grp: any other ethnic 
grp- Scotland 2011 census 111806 20 7 6 


9T3..00 Yemeni 94487 12 5 2 
9T4..00 Romanian 99808 1 1 2 
9T5..00 Bulgarian 99788 1 1 2 
9T6..00 Czech 100143 1 1 2 
9T7..00 Slovak 101787 1 1 2 
9T8..00 Portuguese 101219 1 1 2 
9T9..00 Nepali 101162 7 5 2 
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Smoking status, clinical & additional file, starting 3 months prior study entry and keeping the 
most recent status before each eGFR measurement 
The following Read codes have been used in order to identify the smoking status of the patients and 
were classified as in the following table. Smoking status was also retrieved by using the structured 
data component of the additional CPRD table (entity type 4) and data1 which is indicating the 
smoking status of the patients. In cases where the smoking status was conflicting with the following 
classification, the diagnosis from the Read codes was prevailing: 


Read code Description Category Medcode 


1371.00 Never smoked tobacco Non smoker 33 
1371.11 Non-smoker Non smoker 11788 
137I.00 Passive smoker Non smoker 13351 
137L.00 Current non-smoker Non smoker 60 
13WK.00 No smokers in the household Non smoker 52503 


9kn..00 
Non-smoker annual review - enhanced services 
administration Non smoker 98177 


9kn..11 Non-smoker annual review Non smoker 101878 
1377.00 Ex-trivial smoker (<1/day) Ex smoker 12961 
1378.00 Ex-light smoker (1-9/day) Ex smoker 12957 
1379.00 Ex-moderate smoker (10-19/day) Ex smoker 12955 
137A.00 Ex-heavy smoker (20-39/day) Ex smoker 12956 
137B.00 Ex-very heavy smoker (40+/day) Ex smoker 12959 
137F.00 Ex-smoker - amount unknown Ex smoker 12946 
137i.00 Ex-tobacco chewer Ex smoker 106891 
137j.00 Ex-cigarette smoker Ex smoker 97210 
137K.00 Stopped smoking Ex smoker 776 
137K000 Recently stopped smoking Ex smoker 99838 
137l.00 Ex roll-up cigarette smoker Ex smoker 100495 
137N.00 Ex pipe smoker Ex smoker 26470 
137O.00 Ex cigar smoker Ex smoker 19488 
137S.00 Ex smoker Ex smoker 90 
137T.00 Date ceased smoking Ex smoker 12878 
1PD..00 Ex user of electronic cigarette Ex smoker 108503 


9km..00 
Ex-smoker annual review - enhanced services 
administration Ex smoker 98447 


9km..11 Ex-smoker annual review Ex smoker 100963 
E251300 Tobacco dependence in remission Ex smoker 72706 


Eu17300 
[X]Mental and behav dis due to use tobacco: 
withdrawal state Ex smoker 101519 


ZV11600 [V]Personal history of tobacco abuse Ex smoker 72700 


1372.00 Trivial smoker - < 1 cig/day 
Current 
smoker 12958 


1372.11 Occasional smoker 
Current 
smoker 12941 


1373.00 Light smoker - 1-9 cigs/day 
Current 
smoker 12944 


1374.00 Moderate smoker - 10-19 cigs/d 
Current 
smoker 1878 


1375.00 Heavy smoker - 20-39 cigs/day 
Current 
smoker 3568 
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1376.00 Very heavy smoker - 40+cigs/d 
Current 
smoker 1822 


137..11 Smoker - amount smoked 
Current 
smoker 12942 


137a.00 Pipe tobacco consumption 
Current 
smoker 12967 


137d.00 Not interested in stopping smoking 
Current 
smoker 30762 


137D.00 Admitted tobacco cons untrue ? 
Current 
smoker 46654 


137e.00 Smoking restarted 
Current 
smoker 41979 


137G.00 Trying to give up smoking 
Current 
smoker 12240 


137H.00 Pipe smoker 
Current 
smoker 12947 


137h.00 Minutes from waking to first tobacco consumption 
Current 
smoker 62686 


137J.00 Cigar smoker 
Current 
smoker 12943 


137M.00 Rolls own cigarettes 
Current 
smoker 12945 


137o.00 Waterpipe tobacco consumption 
Current 
smoker 105501 


137P.00 Cigarette smoker 
Current 
smoker 93 


137P.11 Smoker 
Current 
smoker 1823 


137Q.11 Smoking restarted 
Current 
smoker 12951 


137R.00 Current smoker 
Current 
smoker 10558 


137V.00 Smoking reduced 
Current 
smoker 12966 


137W.00 Chews tobacco 
Current 
smoker 32973 


137X.00 Cigarette consumption 
Current 
smoker 12965 


1PC..00 User of electronic cigarette 
Current 
smoker 107292 


8CAL.00 Smoking cessation advice 
Current 
smoker 7622 


8IAj.00 Smoking cessation advice declined 
Current 
smoker 100099 


8IEK.00 Smoking cessation programme declined 
Current 
smoker 104230 


8IEM.00 Smoking cessation drug therapy declined 
Current 
smoker 104185 


9ko..00 
Current smoker annual review - enhanced 
services admin 


Current 
smoker 98347 


9ko..11 Current smoker annual review 
Current 
smoker 104310 


E251.00 Tobacco dependence 
Current 
smoker 32687 


E251100 Tobacco dependence, continuous 
Current 
smoker 70746 


E251200 Tobacco dependence, episodic 
Current 
smoker 108835 


Eu17.00 
[X]Mental and behavioural disorder due to use of 
tobacco 


Current 
smoker 61905 
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Eu17000 
[X]Mental & behav dis due to use tobacco: acute 
intoxication 


Current 
smoker 111853 


Eu17100 
[X]Mental and behav dis due to use of tobacco: 
harmful use 


Current 
smoker 56144 


Eu17200 
[X]Mental and behav dis due to use tobacco: 
dependence syndr 


Current 
smoker 107792 


H310100 Smokers' cough 
Current 
smoker 16717 


ZV4K000 [V]Tobacco use 
Current 
smoker 12954 


137..00 Tobacco consumption Not stated 54 
137E.00 Tobacco consumption unknown Not stated 12962 
137g.00 Cigarette pack-years Not stated 46300 
137Z.00 Tobacco consumption NOS Not stated 12960 
E251000 Tobacco dependence, unspecified Not stated 95610 
E251z00 Tobacco dependence NOS Not stated 68658 
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Socioeconomic status using the Index of Multiple Deprivation (IMD) 
Decile Decile description Ranks 


1 10% most deprived 1 to 3,284 
2 10% to 20% 3,285 to 6,568 
3 20% to 30% 6,569 to 9,853 
4 30% to 40% 9,854 to 13,137 
5 40% to 50% 13,138 to 16,422 
6 50% to 60% 16,423 to 19,706 
7 60% to 70% 19,707 to 22,990 
8 70% to 80% 22,991 to 26,275 
9 80% to 90% 26,276 to 29,559 
10 10% least deprived 9,560 to 32,844 


Table 1 This table is showing the range from the most deprived 10% of neighbourhoods nationally to 
the least deprived 10% of neighbourhoods nationally. Practices’ level has been grouped using the 
quantiles of the IMD as described above (1) 
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Weight categories / Obesity, diagnosis starting 3 months prior study entry and keeping the 
most recent diagnosis before each eGFR measurement 
The following Read codes have been used in order to identify the weight status of the patients and 
were classified as in the following table. BMI classifications have been also used as an additional 
input when patients’ weight status was unknown. 


Read code Description  Category Medcode 


22A1.00 O/E - weight > 20% below ideal Underweight 26473 
22A2.00 O/E -weight 10-20% below ideal Underweight 29029 
22A6.00 O/E - Underweight Underweight 126 
22K3.00 Body Mass Index low K/M2 Underweight 32914 
22K6.00 Body mass index less than 20 Underweight 24496 
8B5B.00 Weight gain diet Underweight 94788 
R034800 [D]Underweight Underweight 12530 
ZC2CN00 Dietary advice for weight gain Underweight 61420 
22A3.00 O/E - weight within 10% ideal Normal weight 23376 
22K1.00 Body Mass Index normal K/M2 Normal weight 28946 
22K8.00 Body mass index 20-24 - normal Normal weight 44291 
66CB.00 Ideal weight Normal weight 25061 
22A4.00 O/E - weight 10-20% over ideal Overweight 16404 
22A4.11 O/E - overweight Overweight 2839 
22A5.00 O/E - weight > 20% over ideal Overweight 32974 
22AA.00 Overweight Overweight 103499 
22K2.00 Body Mass Index high K/M2 Overweight 28937 
    
22K4.00 Body mass index index 25-29 - overweight Overweight 9015 
222A.00 O/E - obese Obese 59780 
22A5.11 O/E - obese Obese 7984 
22K5.00 Body mass index 30+ - obesity Obese 13278 
22K7.00 Body mass index 40+ - severely obese Obese 22556 
22KC.00 Obese class I (body mass index 30.0 - 34.9) Obese 108694 
22KD.00 Obese class II (body mass index 35.0 - 39.9) Obese 108610 


22KE.00 
Obese class III (BMI equal to or greater than 
40.0) Obese 108478 


66C..00 Obesity monitoring Obese 11461 
66C4.00 Has seen dietician - obesity Obese 3176 
66C5.00 Treatment of obesity changed Obese 64712 
66C6.00 Treatment of obesity started Obese 38632 
66CZ.00 Obesity monitoring NOS Obese 40153 
8T11.00 Referral to multidisciplinary obesity clinic Obese 108147 
C38..00 Obesity and other hyperalimentation Obese 66406 
C380.00 Obesity Obese 430 
C380000 Obesity due to excess calories Obese 38799 
C380100 Drug-induced obesity Obese 49250 
C380200 Extreme obesity with alveolar hypoventilation Obese 38059 
C380300 Morbid obesity Obese 8854 
C380400 Central obesity Obese 22695 
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C380500 Generalised obesity Obese 25968 
C380600 Adult-onset obesity Obese 104129 
C380700 Lifelong obesity Obese 104421 
C38y011 Obesity hypoventilation syndrome Obese 103574 
C38z.00 Obesity and other hyperalimentation NOS Obese 70898 
C38z000 Simple obesity NOS Obese 11401 
Cyu7.00 [X]Obesity and other hyperalimentation Obese 52782 
Cyu7000 [X]Other obesity Obese 69757 
ZV65319 [V]Dietary counselling in obesity Obese 17477 


 
 
Body Mass Index (BMI) classifications, measurements starting 3 months prior study entry or first 
Scr and keeping the most recent measurement before each eGFR measurement 
Body mass index measurements were retrieved by using the structured data component of the 
additional CPRD table (entity type 13). Patients based on these measurements were classified as 
follows: 


BMI measurement (kg/m2) Category 


  <18.5 Underweight 


18.5≤BMI<25 Normal weight 


25≤BMI<30 Underweight 


≥30 Obese 


Table 2 Classification of participants in 4 categories according to their BMI measurements. Adapted 
from the NICE guidelines (2).  







99 
 


Product codes using the structured data component of the therapy CPRD table (prodcode) 
 
Medication affecting renal function prescribed 3 months prior to each GFR measurement  
 
Angiotensin-converting-enzyme inhibitors (ACEi) 


Product Code Drug substance name  BNF Code 
65 Lisinopril 2050501 
69 Lisinopril 2050501 
78 Lisinopril 2050501 
80 Ramipril 2050501 
82 Ramipril 2050501 
97 Perindopril erbumine 2050501 
147 Ramipril 2050501 
277 Lisinopril 2050501 
448 Enalapril maleate 2050501 
593 Perindopril erbumine 2050501 
633 Fosinopril sodium 2050501 
654 Ramipril 2050501 
709 Ramipril 2050501 
756 Ramipril 2050501 
761 Ramipril 2050501 
1121 Captopril 2050501 
1144 Captopril 2050501 
1299 Enalapril maleate 2050501 
1807 Captopril 2050501 
1904 Enalapril maleate 2050501 
3069 Captopril 2050501 
3310 Captopril 2050501 
3720 Lisinopril 2050501 
3839 Captopril 2050501 
3929 Quinapril hydrochloride 2050501 
4103 Trandolapril 2050501 
4571 Fosinopril sodium 2050501 
5047 Trandolapril 2050501 
5159 Quinapril hydrochloride 2050501 
5275 Ramipril 2050501 
5612 Perindopril erbumine 2050501 
5735 Ramipril 2050501 
5800 Perindopril erbumine 2050501 
5861 Fosinopril sodium 2050501 
6078 Perindopril erbumine 2050501 
6261 Ramipril 2050501 
6288 Ramipril 2050501 
6314 Ramipril 2050501 
6362 Ramipril 2050501 
6364 Ramipril 2050501 
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6408 Imidapril hydrochloride 2050501 
6765 Quinapril hydrochloride 2050501 
7314 Quinapril hydrochloride 2050501 
7419 Trandolapril 2050501 
8025 Trandolapril 2050501 
8026 Trandolapril 2050501 
8105 Enalapril maleate 2050501 
8106 Enalapril maleate 2050501 
8268 Lisinopril 2050501 
8800 Enalapril maleate 2050501 
8830 Enalapril maleate 2050501 
9646 Ramipril 2050501 
9693 Ramipril 2050501 
9731 Quinapril hydrochloride 2050501 
9915 Ramipril 2050501 
9948 Trandolapril 2050501 
10882 Lisinopril 2050501 
11567 Felodipine/Ramipril 02050501/02060200 
11937 Ramipril 2050501 
11965 Felodipine/Ramipril 02050501/02060200 
11983 Perindopril erbumine 2050501 
11987 Lisinopril 2050501 
12313 Lisinopril 2050501 
12411 Cilazapril monohydrate 2050501 
12412 Cilazapril monohydrate 2050501 
12574 Cilazapril monohydrate 2050501 
12815 Imidapril hydrochloride 2050501 
12858 Imidapril hydrochloride 2050501 
13026 Cilazapril monohydrate 2050501 
13589 Fosinopril sodium 2050501 
13755 Enalapril Maleate 2050501 
14387 Lisinopril 2050501 
14477 Quinapril hydrochloride 2050501 
14478 Quinapril hydrochloride 2050501 
15031 Hydrochlorothiazide/Quinapril hydrochloride 2050501 
15085 Enalapril Maleate 2050501 
15096 Quinapril hydrochloride 2050501 
15108 Hydrochlorothiazide/Quinapril hydrochloride 2050501 
15121 Moexipril hydrochloride 2050501 
15958 Captopril 2050501 
16196 Cilazapril monohydrate 2050501 
16197 Cilazapril monohydrate 2050501 
16212 Cilazapril monohydrate 2050501 
16701 Lisinopril 2050501 
16708 Enalapril Maleate 2050501 
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16924 Imidapril hydrochloride 2050501 
17006 Felodipine/Ramipril 02050501/02060200 
17120 Moexipril hydrochloride 2050501 
17474 Felodipine/Ramipril 02050501/02060200 
17624 Captopril 2050501 
17633 Captopril 2050501 
18219 Imidapril hydrochloride 2050501 
18223 Verapamil Hydrochloride/Trandolapril 02050501/02060200 
18263 Hydrochlorothiazide/Captopril 2050501 
18269 Captopril 2050501 
18325 Captopril 2050501 
19198 Lisinopril 2050501 
19204 Lisinopril 2050501 
19223 Lisinopril 2050501 
19690 Verapamil hydrochloride/Trandolapril 02050501/02060200 
20188 Enalapril Maleate 2050501 
20579 Verapamil hydrochloride/Trandolapril 02050501/02060200 
20975 Lisinopril 2050501 
21053 Cilazapril monohydrate 2050501 
21162 Felodipine/Ramipril 02050501/02060200 
21943 Captopril 2050501 
22708 Enalapril Maleate 2050501 
23642 Cilazapril 2050501 
24041 Enalapril Maleate 2050501 
26995 Captopril 2050501 
27871 Enalapril Maleate 2050501 
28438 Felodipine/Ramipril 02050501/02060200 
28486 Captopril 2050501 
28586 Ramipril 2050501 
28724 Moexipril hydrochloride 2050501 
28725 Moexipril hydrochloride 2050501 
29130 Trandolapril 2050501 
29627 Ramipril 2050501 
30039 Captopril 2050501 
30921 Lisinopril 2050501 
32241 Enalapril maleate 2050501 
32560 Imidapril hydrochloride 2050501 
32857 Ramipril 2050501 
32934 Ramipril 2050501 
33078 Enalapril maleate 2050501 
33095 Perindopril erbumine 2050501 
33894 Ramipril 2050501 
33977 Lisinopril 2050501 
34412 Ramipril 2050501 
34453 Enalapril maleate 2050501 
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34490 Ramipril 2050501 
34562 Captopril 2050501 
34768 Enalapril maleate 2050501 
34936 Captopril 2050501 
35007 Ramipril 2050501 
35302 Captopril 2050501 
37080 Enalapril maleate 2050501 
37087 Enalapril maleate 2050501 
37655 Captopril 2050501 
37778 Lisinopril 2050501 
37930 Perindopril arginine 2050501 
37964 Perindopril Arginine 2050501 
37965 Perindopril arginine 2050501 
37971 Perindopril Arginine 2050501 
38026 Perindopril Arginine 2050501 
38034 Perindopril arginine 2050501 
38308 Ramipril 2050501 
39227 Hydrochlorothiazide/Captopril 2050501 
39242 Lisinopril/Hydrochlorothiazide 2050501 
39421  2050501 
39512 Captopril 2050501 
40355 Quinapril hydrochloride 2050501 
40384 Ramipril 2050501 
41417 Enalapril maleate 2050501 
41522 Lisinopril 2050501 
41532 Lisinopril 2050501 
41538 Lisinopril 2050501 
41573 Lisinopril 2050501 
41694 Enalapril maleate 2050501 
41746 Enalapril maleate 2050501 
42894 Enalapril maleate 2050501 
42901 Enalapril maleate 2050501 
42902 Enalapril maleate 2050501 
42908 Enalapril maleate 2050501 
43411 Enalapril maleate 2050501 
43413 Lisinopril 2050501 
43416 Lisinopril 2050501 
43418 Lisinopril 2050501 
44527 Captopril 2050501 
45228 Captopril 2050501 
45300 Lisinopril 2050501 
45554 Ramipril 2050501 
45816 Lisinopril 2050501 
46851 Captopril 2050501 
46890 Ramipril 2050501 
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47021 Ramipril 2050501 
52499 Captopril 2050501 
54986  2050501 
56079  2050501 
56472 Perindopril erbumine 2050501 
56473 Perindopril erbumine 2050501 
56505 Lisinopril 2050501 
56509 Captopril 2050501 
56510 Lisinopril 2050501 
57333 Perindopril tosilate 2050501 
57588 Lisinopril 2050501 
58258 Lisinopril 2050501 
59699  2050501 
59915 Captopril 2050501 
60349 Captopril 2050501 
60744  02050501/02060200 
64902  2050501 
67269 Perindopril erbumine 2050501 
67307 Fosinopril sodium 2050501 


 


Potassium-sparing diuretics 


Product Code Drug substance name  BNF Code 
692 Spironolactone 2020300 
708 Spironolactone 2020300 
787 Spironolactone 2020300 
1060 Amiloride hydrochloride 2020300 
2142 Spironolactone 2020300 
2179 Triamterene 2020300 
2389 Spironolactone 2020300 
4068 Triamterene 2020300 
4161 Spironolactone 2020300 
4960 Spironolactone 2020300 
6815 Spironolactone 2020300 
7952 Spironolactone 2020300 
7991 Spironolactone 2020300 
9935 Amiloride hydrochloride 2020300 
10214 Spironolactone 2020300 
10251 Eplerenone 2020300 
11156 Spironolactone 2020300 
11519 Spironolactone 2020300 
12946 Spironolactone 2020300 
13264 Spironolactone 2020300 
13352 Amiloride hydrochloride 2020300 
14109 Spironolactone 2020300 
14144 Eplerenone 2020300 
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15052 Spironolactone 2020300 
16531 Eplerenone 2020300 
17902 Spironolactone 2020300 
17950 Spironolactone 2020300 
21911 Spironolactone 2020300 
23091 Spironolactone 2020300 
25494 Spironolactone 2020300 
26217 Amiloride hydrochloride 2020300 
29694 Eplerenone 2020300 
31375 Amiloride hydrochloride 2020300 
31529 Spironolactone 2020300 
32837 Spironolactone 2020300 
34296 Spironolactone 2020300 
34324 Amiloride hydrochloride 2020300 
34347 Spironolactone 2020300 
34750 Amiloride hydrochloride 2020300 
34908 Spironolactone 2020300 
41660 Spironolactone 2020300 
46990 Spironolactone 2020300 
47018 Spironolactone 2020300 
49388 Spironolactone 2020300 
50079 Spironolactone 2020300 
50370 Spironolactone 2020300 
51720 Spironolactone 2020300 
51933  2020300 
52366  2020300 
52970 Spironolactone 2020300 
57556 Spironolactone 2020300 


 


Loop Diuretics & other combinations 


Product Code Drug substance name  BNF Code 
6 Furosemide 2020200 
55 Furosemide 2020200 
211 Amiloride hydrochloride/Furosemide 02020200/02020400 
814 Bumetanide 2020200 
1301 Amiloride hydrochloride/Furosemide 02020200/02020400 
1369 Furosemide/Amiloride Hydrochloride 02020200/02020400 
2495 Bumetanide/Amiloride Hydrochloride 02020200/02020400 
2788 Bumetanide 2020200 
3050 Triamterene/Furosemide 02020200/02020400 
3248 Furosemide 2020200 
3287 Furosemide 2020200 
4182 Furosemide 2020200 
4211 Furosemide/Amiloride Hydrochloride 02020200/02020400 
5218 Bumetanide 2020200 
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5220 Furosemide/Amiloride Hydrochloride 02020200/02020400 
5249 Furosemide 2020200 
5728 Furosemide 2020200 
5868 Furosemide 2020200 
6118 Furosemide 2020200 
7606 Furosemide 2020200 
7709 Piretanide 2020200 
7799 Furosemide 2020200 
7806 Bumetanide 2020200 
8052 Torasemide 2020200 
9431 Amiloride hydrochloride/Furosemide 02020200/02020400 
9456 Furosemide/Amiloride Hydrochloride 02020200/02020400 
9680 Furosemide 2020200 
10066 Torasemide 2020200 
10392 Furosemide 2020200 
11268 Torasemide 2020200 
11487 Torasemide 2020200 
12226 Bumetanide 2020200 
12294 Bumetanide 2020200 
12354 Etacrynic Acid 2020200 
12367 Piretanide 2020200 
14761 Furosemide 2020200 
14837 Furosemide 2020200 
15874 Furosemide/Amiloride Hydrochloride 02020200/02020400 
16206 Furosemide 2020200 
18096 Torasemide 2020200 
18332 Amiloride hydrochloride/Furosemide 02020200/02020400 
18497 Furosemide/Amiloride Hydrochloride 02020200/02020400 
18650 Etacrynic Acid 2020200 
19192 Furosemide 2020200 
19194 Furosemide 2020200 
20538 Furosemide 2020200 
21849 Furosemide 2020200 
22658 Torasemide 2020200 
24832 Penbutolol/Furosemide 02020200/02040000 
25717 Furosemide 2020200 
27447 Furosemide 2020200 
27690 Furosemide 2020200 
29780 Furosemide 2020200 
30625 Furosemide 2020200 
30773 Amiloride hydrochloride/Furosemide 02020200/02020400 
31548 Furosemide 2020200 
31932 Bumetanide 2020200 
32091 Bumetanide 2020200 
34006 Furosemide 2020200 
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34374 Furosemide 2020200 
34557 Furosemide 2020200 
36190 Furosemide 2020200 
36767 Bumetanide 2020200 
42388 Furosemide 2020200 
45305 Bumetanide 2020200 
49268  2020200 
51983  2020200 


 


Thiazides 


Product Code Drug substance name  BNF Code 
2 Bendroflumethiazide 02020100/09050102 
58 Bendroflumethiazide 2020100 
348 Amiloride hydrochloride/Hydrochlorothiazide 02020100/02020400 
542 Hydrochlorothiazide 2020100 
581 Chlortalidone/Atenolol 02020100/02040000 
605 Chlortalidone 2020100 
1021 Enalapril maleate/Hydrochlorothiazide 02020100/02050501 
1124 Atenolol/Chlortalidone 02020100/02040000 
1125 Potassium Chloride/Cyclopenthiazide 2020100 
1170 Cyclopenthiazide 2020100 
1209 Bendroflumethiazide 2020100 
1211 Bendroflumethiazide/Potassium chloride 2020100 
1213 Bendroflumethiazide/Potassium chloride 2020100 
1288 Atenolol/Chlortalidone 02020100/02040000 
1520 Hydrochlorothiazide/Captopril 02020100/02050501 
1788 Chlortalidone/Atenolol 02020100/02040000 
2002 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
2046 Cyclopenthiazide 2020100 
2612 Indapamide hemihydrate 2020100 
2833 Potassium Chloride/Cyclopenthiazide 2020100 
2982 Lisinopril/Hydrochlorothiazide 02020100/02050501 
3054 Chlortalidone 02020100/06050200 
3056 Indapamide 2020100 
3203 Hydrochlorothiazide/Captopril 02020100/02050501 
3293 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
3517 Hydrochlorothiazide 2020100 


3526 
Atenolol/Amiloride 
Hydrochloride/Hydrochlorothiazide 02020100/02040000 


3548 Chlortalidone 02020100/06050200 
3701 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
3997 Chlortalidone 2020100 
4034 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
4044 Xipamide 2020100 
4332 Metolazone 2020100 
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4334 Metolazone 2020100 


4983 
Atenolol/Amiloride 
Hydrochloride/Hydrochlorothiazide 02020100/02040000 


5112 Indapamide 2020100 
5189 Enalapril maleate/Hydrochlorothiazide 02020100/02050501 
5721 Atenolol/Chlortalidone 02020100/02040000 
6359 Lisinopril/Hydrochlorothiazide 02020100/02050501 
6468 Lisinopril/Hydrochlorothiazide 02020100/02050501 
6786 Lisinopril/Hydrochlorothiazide 02020100/02050501 


6794 Indapamide/Perindopril erbumine 
02020100/02050500/0205050


1 
6816 Chlorothiazide 2020100 
7351 Bendroflumethiazide 02020100/09050102 
7618 Xipamide 2020100 
7641 Indapamide hemihydrate 2020100 
7698 Bendroflumethiazide 2020100 
7961 Spironolactone/Hydroflumethiazide 02020100/02020400 
8058 Amiloride hydrochloride/Hydrochlorothiazide 02020100/02020400 
8147 Metoprolol Tartrate/Chlortalidone 02020100/02040000 
8303 Meprobamate/Bendroflumethiazide 02020100/04010200 
8521 Spironolactone/Hydroflumethiazide 02020100/02020400 
8526 Bendroflumethiazide 02020100/09050102 
8602 Metolazone 2020100 
8623 Timolol maleate/Bendroflumethiazide 02020100/02040000 
8673 Oxprenolol Hydrochloride/Cyclopenthiazide 02020100/02040000 
8836 Chlorothiazide 2020100 
8891 Potassium Chloride/Chlortalidone 2020100 
9223 Triamterene/Hydrochlorothiazide 02020100/02020400 
9764 Lisinopril/Hydrochlorothiazide 02020100/02050501 
9783 Atenolol/Chlortalidone 02020100/02040000 
10316 Irbesartan/Hydrochlorothiazide 02020100/02050504 
10902 Captopril/Hydrochlorothiazide 02020100/02050501 
11133 Captopril/Hydrochlorothiazide 02020100/02050501 
11338 Nadolol/Bendroflumethiazide 02020100/02040000 
11351 Hydrochlorothiazide/Captopril 02020100/02050501 
11448 Irbesartan/Hydrochlorothiazide 02020100/02050504 
11469 Irbesartan/Hydrochlorothiazide 02020100/02050504 
11526 Irbesartan/Hydrochlorothiazide 02020100/02050504 
11561 Hydrochlorothiazide/Captopril 02020100/02050501 
11641 Captopril/Hydrochlorothiazide 02020100/02050501 
12110 Hydroflumethiazide 2020100 
12360 Polythiazide 2020100 
12517 Timolol Maleate/Bendroflumethiazide 02020100/02040000 
12546 Chlortalidone/Triamterene 02020100/02020400 
13246 Chlorothiazide 2020100 
13363 Hydrochlorothiazide 2020100 
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13525 Hydroflumethiazide 2020100 
13526 Atenolol/Chlortalidone 02020100/02040000 
14738 Losartan Potassium/Hydrochlorothiazide 02020100/02050502 
15127 Triamterene/Hydrochlorothiazide 02020100/02020400 
15135 Captopril/Hydrochlorothiazide 02020100/02050501 
15457 Mefruside 2020100 
15488 Metoprolol Tartrate/Chlortalidone 02020100/02040000 
16786 Chlortalidone/Atenolol 02020100/02040000 
17143 Mefruside 2020100 
17252 Hydrochlorothiazide 2020100 
17655 Lisinopril/Hydrochlorothiazide 02020100/02050501 
17720 Chlorothiazide 2020100 
18200 Hydrochlorothiazide/Olmesartan medoxomil 02020100/02050502 
18267 Methyclothiazide 2020100 
18733 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
18903 Hydrochlorothiazide/olmesartan Medoxomil 02020100/02050502 
18973 Bendroflumethiazide 2020100 
19055 Chlortalidone/Atenolol 02020100/02040000 
19142 Timolol Maleate/Bendroflumethiazide 02020100/02040000 
19352 Metolazone 2020100 
19890 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
20057 Methyclothiazide 2020100 
21025 Timolol Maleate/Bendroflumethiazide 02020100/02040000 


21182 
Timolol Maleate/Amiloride 
Hydrochloride/Hydrochlorothiazide 02020100/02040000 


21803 Bendroflumethiazide 2020100 
21867 Bendroflumethiazide 2020100 
21873 Atenolol/Chlortalidone 02020100/02040000 


22912 
Propranolol 
Hydrochloride/Bendroflumethiazide 02020100/02040000 


22923 Amiloride Hydrochloride/Hydrochlorothiazide 02020100/02020400 
23427 Bendroflumethiazide 2020100 
23456 Valsartan/Hydrochlorothiazide 02020100/02050502 
24008 Amiloride hydrochloride/Hydrochlorothiazide 02020100/02020400 
24189 Bendroflumethiazide 2020100 
24190 Bendroflumethiazide 2020100 
24268 Valsartan/Hydrochlorothiazide 02020100/02050502 
24484 Valsartan/Hydrochlorothiazide 02020100/02050502 
24632 Losartan Potassium/Hydrochlorothiazide 02020100/02050502 


25730 
Timolol Maleate/Amiloride 
Hydrochloride/Hydrochlorothiazide 02020100/02040000 


26219 Amiloride hydrochloride/Hydrochlorothiazide 02020100/02020400 
26220 Amiloride hydrochloride/Hydrochlorothiazide 02020100/02020400 
26248 Atenolol/Chlortalidone 02020100/02040000 
26256 Indapamide hemihydrate 2020100 
26275 Indapamide hemihydrate 2020100 
26741 Atenolol/Chlortalidone 02020100/02040000 







109 
 


27256 Bendroflumethiazide 02020100/09050102 
27520 Olmesartan medoxomil/Hydrochlorothiazide 02020100/02050502 
27689 Bendroflumethiazide 2020100 
27957 Indapamide hemihydrate 2020100 


28177 
Atenolol/Amiloride 
Hydrochloride/Hydrochlorothiazide 02020100/02040000 


29634 Hydrochlorothiazide/Olmesartan medoxomil 02020100/02050502 
29991 Bendroflumethiazide 2020100 
30272 Benzthiazide/Triamterene 02020100/02020400 
31131 Spironolactone/Hydroflumethiazide 02020100/02020400 
31670 Bendroflumethiazide 02020100/09050102 
31708 Atenolol/Chlortalidone 02020100/02040000 
31820 Bendroflumethiazide 2020100 
32094 Atenolol/Chlortalidone 02020100/02040000 
33083 Indapamide hemihydrate 2020100 
33353 Lisinopril/Hydrochlorothiazide 02020100/02050501 
33415 Bendroflumethiazide 02020100/09050102 
33651 Bendroflumethiazide 02020100/09050102 
34012 Atenolol/Chlortalidone 02020100/02040000 
34034 Atenolol/Chlortalidone 02020100/02040000 
34059 Bendroflumethiazide 02020100/09050102 
34124 Bendroflumethiazide 2020100 
34551 Indapamide hemihydrate 2020100 
34825 Atenolol/Chlortalidone 02020100/02040000 
34899 Atenolol/Chlortalidone 02020100/02040000 
35196 Hydrochlorothiazide/Irbesartan 02020100/02050504 
35481 Irbesartan/hydrochlorothiazide 02020100/02050504 
37908 Perindopril arginine/Indapamide 02020100/02050501 
37978 Indapamide/perindopril Arginine 02020100/02050501 
38367 Losartan Potassium/Hydrochlorothiazide 02020100/02050502 
38995 Lisinopril/Hydrochlorothiazide 02020100/02050501 
39137 Lisinopril/Hydrochlorothiazide 02020100/02050501 
39147 Lisinopril/Hydrochlorothiazide 02020100/02050501 
40149 Bendroflumethiazide 2020100 
40886 Bendroflumethiazide 02020100/09050102 
41517 Bendroflumethiazide 2020100 
41572 Atenolol/Chlortalidone 02020100/02040000 
41861 Indapamide 2020100 
42906 Indapamide hemihydrate 2020100 
43322 Olmesartan medoxomil/Hydrochlorothiazide 02020100/02050502 
43915 Olmesartan medoxomil/Hydrochlorothiazide 02020100/02050502 
44168 Indapamide 2020100 


46687 
Amlodipine/Hydrochlorothiazide/Olmesartan 
Medoxomil 02020100/02050502 


53674 Metolazone 2020100 
56157  02020100/02050501 
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57539 Lisinopril/Hydrochlorothiazide 02020100/02050501 
62066 Indapamide 2020100 
62516 Hydrochlorothiazide 2020100 


Selection of codes using the structured data component of the test CPRD table (entity 
type/enttype) combined with the Read terms below for defining necessary biomarkers. 
 
Blood cholesterol – total blood cholesterol, measurements starting 3 months prior study 
entry or first Scr and keeping the most recent measurement before each eGFR measurement 
The recommended total plasma cholesterol should be <5 mmol/L (<190 mg/dL) 
Entity types              (163 and 288) 
Read Codes Description Medcode 
44OE.00 Plasma total cholesterol level 18040 
44P..00 Serum cholesterol 12 
44P1.00 Serum cholesterol normal 622 
44P2.00 Serum cholesterol borderline 29202 
44P3.00 Serum cholesterol raised 2493 
44P4.00 Serum cholesterol very high 35720 
44P9.00 Serum cholesterol studies 37206 
44PH.00 Total cholesterol measurement 18147 
44PJ.00 Serum total cholesterol level 13733 
44PK.00 Serum fasting total cholesterol 12821 
44PZ.00 Serum cholesterol NOS 26902 
662a.00 Pre-treatment serum cholesterol level 18443 


 
Blood cholesterol – high density lipoprotein (HDL), measurements starting 3 months prior 
study entry or first Scr and keeping the most recent measurement before each eGFR 
measurement 
The recommended HDL concentrations should be >1.0 mmol/L (40 mg/dL) in men and >1.2 mmol/ 
45 mg/dL) in women 
Entity types              (175 and 288) 
Read Codes Description Medcode 
44P5.00 Serum HDL cholesterol level 44 
44d2.00 Plasma random HDL cholesterol level 26915 
44d3.00 Plasma fasting HDL cholesterol level 13762 
44dA.00 Plasma HDL cholesterol level 34548 
44PB.00 Serum fasting HDL cholesterol level 13760 
44PC.00 Serum random HDL cholesterol level 13761 


 
Blood cholesterol – low density lipoprotein (LDL), measurements starting 3 months prior 
study entry or first Scr and keeping the most recent measurement before each eGFR 
measurement 
The recommended LDL cholesterol should be <3 mmol/L (<115 mg/dL) 
Entity types              (177 and 288) 
Read Codes Description Medcode 
44d4.00 Plasma random LDL cholesterol level 33304 
44d5.00 Plasma fasting LDL cholesterol level 29699 
44dB.00 Plasma LDL cholesterol level 19764 
44P6.00 Serum LDL cholesterol level 65 
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44PD.00 Serum fasting LDL cholesterol level 13765 
44PE.00 Serum random LDL cholesterol level 46224 
44PI.00 Calculated LDL cholesterol level 13766 


 


Haemoglobin (Hb) selection of entity types and Read codes, measurements starting 3 months 
prior study entry or first Scr and keeping the most recent measurement before each eGFR 
measurement 
Entity types                                     (173, 213, and 288) 
Read Codes Description Medcode 
4231 Haemoglobin not estimated 39601 
4232 Haemoglobin requested 33284 
4233 Haemoglobin - sample sent 13755 
4234 Haemoglobin very low 35749 
4235 Haemoglobin low 3942 
4236 Haemoglobin borderline low 26910 
4237 Haemoglobin normal 26909 
4238 Haemoglobin borderline high 26272 
4239 Haemoglobin high 26913 
423..00 Haemoglobin estimation 4 
423..11 Hb estimation 10404 
423A.00 Haemoglobin very high 41531 
423B.00 Haemoglobin abnormal 26908 
423Z.00 Haemoglobin estimation NOS 26912 
D21z.00 Anaemia unspecified 739 


 
Anaemia classifications by severity using the Haemoglobin measurements 


Description Hb (g/L) 


 Females Males 


Normal ≥120 ≥130 


Mild 110≤Hb<120 110≤Hb<130 
Moderate   80≤Hb<110   80≤Hb<110 


Severe <80 <80 
Table 3 Classification of anaemia by severity 
Haemoglobin levels to diagnose anaemia in adults (15 years old or older) and non-pregnant women. 
This is the definition used by the World Health Organisation (WHO) (3) 
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Triglycerides, measurements after the patient has entered the study and keeping the most 
recent measurement before each eGFR measurement, measurements starting 3 months prior 
study entry or first Scr and keeping the most recent measurement before each eGFR 
measurement 
The recommended fasting triglycerides should be <1.7 mmol/L (150 mg/dL) 
Entity types                  (202, 288 and 480) 
Read Codes Description Medcode 
44Q..00 Serum triglycerides 37 
44e..00 Plasma triglyceride level 17416 
44e0.00 Plasma random triglyceride level 63627 
44e1.00 Plasma fasting triglyceride level 13809 
44Q1.00 Serum triglycerides normal 26940 
44Q2.00 Serum triglycerides borderline 29559 
44Q4.00 Serum fasting triglyceride level 13808 
44Q5.00 Serum random triglyceride level 41074 
44QZ.00 Serum triglycerides NOS 30870 
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Measurements and Units Conversions 
Test From (CI) To (SI) Equation 


Cholesterol (total, 
HDL, LDL) mg/dL mmol/L Cholesterol = Cholesterol × 0.02586 


FPG mg/dL mmol/L FPG = FPG/18 
Hb g/dL g/L Hb = Hb × 10 


HbA1c % mmol/mol 
IFCC = (10.93×NGSP), HbA1c <3% 


IFCC = (10.93×NGSP) - 23.50, HbA1c ≥3% 
Scr mg/dL μmol//L Scr = Scr × 88.42 


Triglycerides mg/dL mmol/L Triglycerides = Triglycerides × 0.01129 
Table 4 Formulae for the conversion of measurements in international units (SI)  
HbA1c values should be reported in both National Glucohemoglobin Standardization Program (NGSP, 
%) and of the International Federation of Clinical Chemistry (IFCC, mmol/mol) units. According to the 
EU directive 98/79/EC the IFCC reference method is required for all the values reported in Europe. 
Abbreviations: CI, conventional units; SI, international system units 
 


Formulae used for the estimation of the Glomerular Filtration Rate (eGFR) 
MDRD (Modification of Diet in Renal Disease) formula (4) 
eGFR = 175 × (Scr/88·4)-1·154 × (age)-0·203 × 0·742 [if female] × 1·212[if black] 


CKD-EPI formula (Chronic Kidney disease Epidemiology Collaboration) formula (5) 
eGFR = 141 × (Scr/61·88)-0·329 × 0·993Age × 1·018 [if female] × 1·159[if black], if Scr<61·9μmol/L 


eGFR = 141 × (Scr/61·88)-1·209 × 0.993Age × 1·018 [if female] × 1·159[if black], if Scr≥61·9μmol/L 


eGFR = 141 × (Scr/79·56)-0·411 × 0·993Age × 1·159 [if black], if Scr<79·6μmol/L 


eGFR = 141 × (Scr/79·56)-1·209 × 0.993Age × 1·159 [if black], if Scr≥79·6μmol/L  
Table 5 Formulae for the calculation of the Scr based eGFR 
These equations have been used for the calculation of the eGFR from the serum creatinine 
measurements (µmol/L), and are appropriate only for adults. Retrieved from: 
https://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-
evaluation/glomerular-filtration-rate-calculators/mdrd-adults-si-units.  
 


Stages of Chronic Kidney Disease  


Stage Description 
Classification by Severity 


GFR (mL/min/1·73m2) 
Hyper-filtration Kidney damage with ↑GFR ≥130 
G1 Kidney damage with normal GFR 90≤GFR<130 
G2 Kidney damage with mild ↓GFR 60≤GFR<90 
G3a Kidney damage with moderate ↓GFR 45≤GFR<60 
G3b Kidney damage with moderate ↓GFR 30≤GFR<45 
G4 Kidney damage with severe ↓GFR 15≤GFR<30 
G5/ESRD Kidney failure not known dialysis <15 
G5a Dialysis-dependent CKD 4/5 <30 
Table 6 Own illustration. Classification of chronic kidney disease stages 
This table has been adapted for the purposes of the study based on the Kidney Disease Improving 
Global Outcomes (KDIGO) criteria (6). CKD stage 5 has been disaggregated on 4 categories in order to 
assess the effect of each of these categories on HbA1c test. Dialysis diagnosis have been captured from 
CPRD’s clinical file. Due to limited information between the diagnosis date and the tests’ date, only 
patients with eGFR < 30 mL/min/1·73m2have been classified as being on dialysis. The rest of the patients 
classified based on their GFR estimation. Retrieved from: https://kdigo.org/wp-
content/uploads/2016/10/KDIGO-2012-Anemia-Guideline-English.pdf  
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Figure 1. Population’s flow diagram 
 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Populations’ flow diagram 
This diagram depicts the initial number of patients that fulfilled the inclusion criteria and the final number of patients 
that were analysed after applying the exclusion criteria. 


General criteria - exclusions (7 156 participants excluded): 


• Duplicate observations 
• Missing clinical record 
• CPRD’s quality criteria 
• Missing or indeterminate gender 
Clinical inclusion criteria (279 674 participants excluded): 
• Valid HbA1c measurements (9) 
• Linkage with ONS (199 492) 
• HbA1c ≥ 42mmol/mol before 2006 (596) 
• HbA1c ≥ 42mmol/mol after 2006 & within quality follow-up period (46 360) 
• 18 years old or older (1 986) 
• Absence of pre-diabetes or diabetes or diabetes complications after 


2006 (31 231) 
Exclusions before the first HbA1c ≥ 42mmol/mol (60 966 participants 
excluded): 
• Bariatric surgery (clinical & referral) 
• Blood disorders (thalassaemia, haemoglobinopathies, myelodysplasia, 


and splenectomy) (clinical, referral & test) 
• HIV infection (clinical, referral, therapy & test) 
• Pre-diabetes or any diabetes or diabetes complications and related 


medication before the first HbA1c ≥ 42 mmol/mol (clinical, referral & 
therapy) 


• Kidney transplantation (clinical & referral) 
• Missing censoring date 


 
 


Other exclusions (8 536 participants excluded) First Scr before study 
entry 
-Kidney transplantation before study entry 
-Censoring events after the first HbA1c ≥ 42mmol/mol or first Scr test 
• Acute pancreatic damage (clinical, referral & test) 
• Acute Kidney Injury (clinical, referral & test) 
• Bariatric surgery (clinical & referral) 
• Myelodysplasia or splenectomy (clinical & referral) 
• HIV infection (clinical, referral, therapy & test) 
• Pregnancy (clinical, referral & test) 
 
 
Consecutive HbA1c occasions > 3 years (7 603 participants excluded) 
 
 
 
Single Scr event/initial state-No observations for transition (30 877 
participants excluded) 
2nd event censoring (632 participants excluded) 


125 713 participants with Scr after study 
try 


134 249 participants 


86 601 participants 


482 045 participants with at least one valid 
HbA1c ≥ 42 mmol/mol after 2006 


118 110 participants with single events 
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Cox proportional hazards regression – CKD 3b or higher (Outcome 1) – Overall 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.712** [0.57,0.89] (0.004) 0.914 [0.73,1.15] (0.441) 0.813 [0.58,1.14] (0.236) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.130*** [1.05,1.21] (0.001) 1.122** [1.05,1.20] (0.001) 1.062 [0.95,1.18] (0.282) 
48 ≤HbA1c < 53 1.210*** [1.11,1.32] 0 1.365*** [1.25,1.49] 0 1.246** [1.09,1.42] (0.001) 
53 ≤HbA1c < 58 1.067 [0.95,1.20] (0.278) 1.408*** [1.25,1.58] 0 1.255* [1.05,1.50] (0.011) 
HbA1c ≥ 58 0.821*** [0.75,0.90] 0 1.509*** [1.38,1.65] 0 1.416*** [1.24,1.62] 0 
Age    1.094*** [1.09,1.10] 0 1.097*** [1.09,1.10] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    1.048 [0.99,1.11] (0.101) 1.120* [1.02,1.23] (0.016) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.742* [0.55,1.00] (0.047) 0.782 [0.53,1.16] (0.224) 
Mixed    0.957 [0.89,1.03] (0.267) 0.952 [0.85,1.07] (0.408) 
Chinese    0.239* [0.06,0.96] (0.043) 0.215 [0.03,1.53] (0.124) 
Asian    0.639*** [0.51,0.80] 0 0.784 [0.59,1.04] (0.096) 
Other    1.462 [0.76,2.82] (0.256) 0.985 [0.32,3.07] (0.979) 
Unknown    0.993 [0.93,1.06] (0.822) 1.02 [0.92,1.13] (0.693) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.076 [0.94,1.24] (0.299) 1.121 [0.92,1.37] (0.258) 
20-30%    1.088 [0.95,1.25] (0.226) 0.956 [0.78,1.17] (0.658) 
30-40%    1.14 [0.99,1.31] (0.071) 1 [0.81,1.23] (0.997) 
40-50%    1.156* [1.01,1.32] (0.031) 1.131 [0.93,1.37] (0.21) 
50-60%    1.172* [1.03,1.33] (0.015) 0.985 [0.81,1.20] (0.882) 
60-70%    1.171* [1.03,1.33] (0.016) 0.961 [0.80,1.16] (0.676) 
70-80%    0.979 [0.84,1.14] (0.783) 0.953 [0.78,1.17] (0.652) 
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80-90%    1.078 [0.95,1.23] (0.257) 1.063 [0.89,1.27] (0.501) 
10% least deprived    1.125 [0.99,1.28] (0.066) 1.031 [0.86,1.24] (0.743) 
Underweight       0.925 [0.47,1.81] (0.819) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       1.052 [0.88,1.25] (0.565) 
Obese       1.045 [0.91,1.21] (0.551) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.808*** [1.58,2.07] 0 
Moderate anaemia       2.093*** [1.66,2.64] 0 
Severe anaemia       2.067 [0.86,4.99] (0.106) 
Missing       0.900* [0.81,1.00] (0.042) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.141** [1.04,1.25] (0.005) 
Current smoker       1.113 [0.97,1.28] (0.13) 
Missing        0.936 [0.47,1.88] (0.854) 
Hypotension       1.231 [0.76,1.99] (0.398) 
Hypertension       1.114* [1.01,1.22] (0.025) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.661*** [1.51,1.82] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.064 [0.84,1.36] (0.613) 
HDL       0.763* [0.58,1.00] (0.05) 
LDL       0.861 [0.68,1.10] (0.226) 
Triglycerides       1.174** [1.04,1.32] (0.007) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 7 Risk to moderate, severe or kidney failure in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), irrespective of 
baseline CKD stage. The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. 
a The Cox proportional hazard model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation  
b Additional with the demographic adjustments, models were adjusted for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, 
total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease  







 


117 
 


Cox proportional hazards regression – CKD 3b or higher (Outcome 1) – From CKD stage 1 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  4.50E-20 [0.00,0.00] (.) 3.02E-15 [0.00,.] (1) 5.56E-20 [0.00,0.00] (.) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.23 [0.67,2.27] (0.508) 1.227 [0.66,2.27] (0.515) 1.428 [0.61,3.36] (0.414) 
48 ≤HbA1c < 53 1.707 [0.88,3.32] (0.116) 1.793 [0.92,3.50] (0.087) 1.275 [0.45,3.63] (0.649) 
53 ≤HbA1c < 58 2.056* [1.01,4.18] (0.047) 2.221* [1.09,4.53] (0.028) 2.103 [0.77,5.76] (0.148) 
HbA1c ≥ 58 2.564*** [1.53,4.29] 0 3.260*** [1.93,5.51] 0 3.428** [1.59,7.39] (0.002) 
Age    1.096*** [1.08,1.12] 0 1.085*** [1.06,1.12] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.856 [0.60,1.21] (0.382) 0.837 [0.50,1.41] (0.506) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.662 [0.20,2.15] (0.491) 0.696 [0.16,3.12] (0.636) 
Mixed    1.013 [0.64,1.60] (0.955) 1.275 [0.67,2.41] (0.455) 
Chinese    1.93E-15 [0.00,.] (1) 3.05E-19 [0.00,0.00] (.) 
Asian    2.48E-15 [0.00,.] (1) 1.65E-20 [0.00,0.00] (.) 
Other    2.213 [0.30,16.19] (0.434) 5.894 [0.77,45.21] (0.088) 
Unknown    0.98 [0.66,1.46] (0.919) 1.136 [0.64,2.01] (0.663) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.029 [0.44,2.39] (0.947) 1.314 [0.35,4.96] (0.687) 
20-30%    0.863 [0.37,2.01] (0.732) 0.722 [0.17,3.05] (0.657) 
30-40%    0.973 [0.43,2.18] (0.947) 2.458 [0.82,7.33] (0.106) 
40-50%    1.226 [0.58,2.60] (0.596) 2.28 [0.75,6.93] (0.146) 
50-60%    0.978 [0.45,2.12] (0.956) 1.312 [0.39,4.36] (0.658) 
60-70%    0.81 [0.36,1.80] (0.605) 0.778 [0.22,2.78] (0.699) 
70-80%    1.026 [0.45,2.34] (0.951) 1.306 [0.34,4.96] (0.695) 
80-90%    1.012 [0.49,2.09] (0.974) 1.473 [0.50,4.36] (0.484) 
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10% least deprived    1.051 [0.51,2.14] (0.892) 2.303 [0.82,6.47] (0.113) 
Underweight       3.35-19 [0.00,0.00] (.) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.415 [0.13,1.38] (0.15) 
Obese       1.044 [0.44,2.48] (0.922) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       2.840* [1.16,6.98] (0.023 
Moderate anaemia       1.81E-19 [0.00,0.00] (.) 
Severe anaemia       1.59E-19 [0.00,0.00] (.) 
Missing       0.941 [0.56,1.59] (0.82) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       0.867 [0.49,1.52] (0.619) 
Current smoker       1.068 [0.60,1.90] (0.822) 
Missing        2.46E-19 [0.00,0.00] (.) 
Hypotension       6.00E-19 [0.00,0.00] (.) 
Hypertension       1.348 [0.77,2.35] (0.29) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       0.889 [0.50,1.57] (0.686) 
Non-users/absent-missing 
(Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.403 [0.66,2.99] (0.38) 
HDL       0.72 [0.26,2.02] (0.531) 
LDL       0.57 [0.26,1.24] (0.155) 
Triglycerides       0.958 [0.64,1.44] (0.836) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 8 Risk to moderate, severe or kidney failure in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from CKD stage 
1. The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 1 to CKD stage 3b or higher 
stratified by glycaemic levels 


 
 


Figure 2 Kaplan-Meier survival curve for length of time from CKD stage 1 until occurrence of the 
primary endpoint (CKD 3b or higher) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – CKD 3b or higher (Outcome 1) – From CKD stage 2 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.868 [0.58,1.29] (0.484) 1 [0.67,1.49] (0.998) 0.981 [0.54,1.77] (0.949) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.217** [1.06,1.39] (0.005) 1.226** [1.07,1.40] (0.003) 1.274* [1.04,1.57] (0.021) 
48 ≤HbA1c < 53 1.446*** [1.23,1.70] 0 1.600*** [1.36,1.88] 0 1.672*** [1.32,2.12] 0 
53 ≤HbA1c < 58 1.242* [1.01,1.53] (0.044) 1.511*** [1.22,1.87] 0 1.458* [1.06,2.00] (0.019) 
HbA1c ≥ 58 1.463*** [1.26,1.69] 0 2.052*** [1.77,2.39] 0 2.094*** [1.67,2.63] 0 
Age    1.071*** [1.07,1.08] 0 1.071*** [1.06,1.08] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    1.082 [0.98,1.20] (0.125) 1.146 [0.98,1.35] (0.096) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.876 [0.53,1.44] (0.602) 0.738 [0.36,1.50] (0.403) 
Mixed    0.961 [0.84,1.10] (0.568) 0.944 [0.77,1.15] (0.576) 
Chinese    0.42 [0.06,2.99] (0.386) 0.624 [0.09,4.46] (0.638) 
Asian    0.739 [0.52,1.06] (0.1) 0.769 [0.48,1.24] (0.28) 
Other    2.299 [0.86,6.15] (0.098) 1.189 [0.17,8.50] (0.863) 
Unknown    0.977 [0.87,1.10] (0.695) 0.915 [0.77,1.09] (0.315) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    0.997 [0.78,1.28] (0.984) 0.892 [0.62,1.28] (0.532) 
20-30%    1.016 [0.79,1.30] (0.899) 0.835 [0.59,1.19] (0.314) 
30-40%    1.274 [1.00,1.63] (0.052) 1.114 [0.79,1.56] (0.533) 
40-50%    1.169 [0.92,1.48] (0.193) 1.159 [0.83,1.61] (0.377) 
50-60%    1.212 [0.97,1.52] (0.098) 0.985 [0.71,1.37] (0.927) 
60-70%    1.328* [1.06,1.66] (0.013) 0.994 [0.72,1.37] (0.97) 
70-80%    0.757 [0.57,1.01] (0.055) 0.748 [0.51,1.09] (0.129) 
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80-90%    1.056 [0.84,1.33] (0.643) 0.966 [0.71,1.32] (0.829) 
10% least deprived    1.014 [0.81,1.27] (0.905) 0.873 [0.63,1.20] (0.408) 
Underweight       0.778 [0.19,3.19] (0.727) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       1.19 [0.88,1.61] (0.259) 
Obese       1.027 [0.79,1.33] (0.84) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       2.091*** [1.62,2.69] 0 
Moderate anaemia       2.666*** [1.71,4.16] 0 
Severe anaemia       7.59E-17 [0.00,.] (1) 
Missing       0.833* [0.70,0.99] (0.043 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.166 [0.99,1.37] (0.066) 
Current smoker       1.270* [1.01,1.60] (0.043) 
Missing        1.155 [0.43,3.13] (0.776) 
Hypotension       0.662 [0.16,2.67] (0.563) 
Hypertension       1.221* [1.03,1.45] (0.021) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.490*** [1.26,1.76] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.666** [1.22,2.27] (0.001) 
HDL       0.561** [0.38,0.82] (0.003) 
LDL       0.592** [0.43,0.81] (0.001) 
Triglycerides       0.907 [0.77,1.07] (0.255) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 9 Risk to moderate, severe or kidney failure in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from CKD stage 
2. The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 2 to CKD stage 3b or higher 
stratified by glycaemic levels 


 


Figure 3 Kaplan-Meier survival curve for length of time from CKD stage 2 until occurrence of the primary 
endpoint (CKD 3b or higher) for participants with different glycaemic levels, measured by HbA1c 
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Cox proportional hazards regression – CKD 3b or higher (Outcome 1) – From CKD stage 3a 
  Unadjusted HR Adjusted HRa Adjusted HRb 


  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 


HbA1c < 42  0.892 [0.68,1.18] (0.419) 0.979 [0.74,1.29] (0.881) 0.852 [0.56,1.30] (0.457) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.003 [0.92,1.09] (0.947) 1.017 [0.93,1.11] (0.698) 0.957 [0.84,1.09] (0.507) 


48 ≤HbA1c < 53 1.128* [1.01,1.26] (0.028) 1.161** [1.04,1.29] (0.007) 1.071 [0.91,1.26] (0.413) 


53 ≤HbA1c < 58 1.094 [0.95,1.26] (0.223) 1.193* [1.03,1.38] (0.017) 1.073 [0.86,1.33] (0.53) 


HbA1c ≥ 58 1.01 [0.90,1.13] (0.873) 1.160* [1.03,1.30] (0.014) 1.059 [0.89,1.26] (0.523) 


Age 
   


1.036*** [1.03,1.04] 0 1.040*** [1.03,1.05] 0 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female 
   


0.981 [0.92,1.05] (0.581) 1.023 [0.91,1.15] (0.706) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


1.117 [0.76,1.64] (0.572) 1.084 [0.65,1.80] (0.754) 


Mixed 
   


0.968 [0.88,1.07] (0.504) 0.942 [0.81,1.09] (0.431) 


Chinese 
   


0.275 [0.04,1.95] (0.197) 2.30E-20 [0.00,0.00] (.) 


Asian 
   


1.028 [0.77,1.37] (0.853) 1.192 [0.83,1.71] (0.341) 


Other 
   


1.438 [0.54,3.84] (0.469) 0.611 [0.09,4.37] (0.624) 


Unknown 
   


0.97 [0.90,1.05] (0.46) 1.03 [0.91,1.16] (0.637) 


10% most deprived (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
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10-20% 
   


1.178 [0.99,1.39] (0.057) 1.248 [0.98,1.59] (0.074) 


20-30% 
   


1.018 [0.86,1.20] (0.837) 0.961 [0.75,1.23] (0.75) 


30-40% 
   


1.066 [0.89,1.28] (0.483) 0.968 [0.74,1.26] (0.809) 


40-50% 
   


1.108 [0.94,1.30] (0.219) 1.145 [0.90,1.46] (0.281) 


50-60% 
   


1.004 [0.86,1.17] (0.958) 0.869 [0.68,1.11] (0.268) 


60-70% 
   


1.011 [0.86,1.19] (0.89) 0.893 [0.70,1.13] (0.351) 


70-80% 
   


0.925 [0.77,1.11] (0.404) 0.953 [0.74,1.23] (0.708) 


80-90% 
   


0.98 [0.83,1.15] (0.803) 1.061 [0.85,1.33] (0.599) 


10% least deprived 
   


1.034 [0.89,1.21] (0.673) 0.955 [0.76,1.20] (0.693) 


Underweight 
      


1.309 [0.61,2.81] (0.49) 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 


Overweight 
      


0.947 [0.76,1.18] (0.626) 


Obese 
      


0.975 [0.82,1.16] (0.777) 


Normal anaemia (Ref) 
      


1 [1.00,1.00] (.) 


Mild anaemia 
      


1.576*** [1.34,1.86] 0 


Moderate anaemia 
      


1.723*** [1.31,2.26] 0 


Severe anaemia 
      


1.88 [0.78,4.55] (0.161) 


Missing 
      


0.932 [0.82,1.06] (0.285) 


Non-smoker (Ref) 
      


1 [1.00,1.00] (.) 


Ex-smoker 
      


1.104 [0.99,1.24] (0.088) 
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Current smoker 
      


1.194 [0.99,1.43] (0.058) 


Missing  
      


0.575 [0.21,1.55] (0.273) 


Hypotension 
      


1.023 [0.61,1.72] (0.931) 


Hypertension 
      


1.008 [0.90,1.13] (0.887) 


Absent-Missing (Ref) 
      


1 [1.00,1.00] (.) 


Exposure to renal medication 
      


1.381*** [1.23,1.55] 0 


Non-users/absent-missing (Ref) 
      


1 [1.00,1.00] (.) 


Total cholesterol 
      


0.8 [0.61,1.04] (0.099) 


HDL 
      


1.148 [0.84,1.56] (0.38) 


LDL 
      


1.114 [0.85,1.45] (0.425) 


Triglycerides 
      


1.238** [1.08,1.41] (0.002) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 


Table 10 Risk to moderate, severe or kidney failure in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from CKD stage 
3a. The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model 
model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for 
weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal 
disease 
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Kaplan-Meirer survival curve – From CKD stage 3a to CKD stage 3b or higher 
stratified by glycaemic levels 


 


Figure 4 Kaplan-Meier survival curve for length of time from CKD stage 3a until occurrence of the 
primary endpoint (CKD 3b or higher) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – Overall 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.431 [0.14,1.36] (0.151) 0.576 [0.18,1.82] (0.347) 0.377 [0.05,2.75] (0.336) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.236 [0.94,1.62] (0.123) 1.205 [0.92,1.58] (0.176) 1.064 [0.70,1.62] (0.772) 


48 ≤HbA1c < 53 1.625** [1.19,2.22] (0.002) 1.768*** [1.29,2.42] 0 1.476 [0.91,2.39] (0.114) 


53 ≤HbA1c < 58 1.267 [0.83,1.93] (0.271) 1.580* [1.03,2.41] (0.034) 1.262 [0.66,2.42] (0.485) 


HbA1c ≥ 58 0.897 [0.65,1.25] (0.518) 1.558** [1.11,2.18] (0.01) 1.236 [0.73,2.10] (0.434) 


Age    1.094*** [1.08,1.10] 0 1.084*** [1.07,1.10] 0 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.689*** [0.56,0.85] 0 0.86 [0.60,1.23] (0.407) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    1.017 [0.37,2.77] (0.974) 0.42 [0.06,3.09] (0.394) 


Mixed    0.795 [0.59,1.07] (0.133) 1.082 [0.71,1.65] (0.716) 


Chinese    1.25E-19 [0.00,0.00] (.) 5.50E-14 [0.00,.] (1) 


Asian    0.763 [0.33,1.74] (0.52) 0.93 [0.33,2.64] (0.892) 


Other    4.963* [1.22,20.13] (0.025) 5.853 [0.80,42.87] (0.082) 


Unknown    1.007 [0.79,1.28] (0.955) 0.847 [0.58,1.24] (0.397) 


10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    0.568* [0.32,0.99] (0.048) 0.332* [0.12,0.90] (0.031) 


20-30%    1.204 [0.76,1.90] (0.426) 1.019 [0.53,1.97] (0.956) 


30-40%    1.087 [0.67,1.77] (0.736) 0.948 [0.48,1.89] (0.879) 


40-50%    0.955 [0.60,1.52] (0.847) 0.943 [0.47,1.87] (0.867) 


50-60%    0.767 [0.48,1.23] (0.271) 0.451 [0.19,1.05] (0.065) 


60-70%    1.133 [0.73,1.77] (0.582) 0.916 [0.48,1.76] (0.791) 


70-80%    0.807 [0.47,1.38] (0.435) 0.593 [0.27,1.31] (0.196) 


80-90%    0.896 [0.56,1.42] (0.642) 0.799 [0.42,1.52] (0.494) 
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10% least deprived    0.936 [0.60,1.47] (0.774) 0.734 [0.38,1.42] (0.361) 


Underweight       5.52E-14 [0.00,.] (1) 


Normal weight (Ref)       1 [1.00,1.00] (.) 


Overweight       0.852 [0.43,1.68] (0.644) 


Obese       1.104 [0.65,1.88] (0.715) 


Normal anaemia (Ref)       1 [1.00,1.00] (.) 


Mild anaemia       2.517*** [1.58,4.00] 0 


Moderate anaemia       6.335*** [3.73,10.76] 0 


Severe anaemia       2.90E-14 [0.00,.] (1) 


Missing       0.858 [0.56,1.32] (0.485) 


Non-smoker (Ref)       1 [1.00,1.00] (.) 


Ex-smoker       1.019 [0.72,1.45] (0.915) 


Current smoker       0.936 [0.53,1.66] (0.821) 


Missing        1.378 [0.19,10.07] (0.752) 


Hypotension       1.783 [0.43,7.41] (0.426) 


Hypertension       1.25 [0.87,1.79] (0.22) 


Absent-Missing (Ref)       1 [1.00,1.00] (.) 


Exposure to renal medication       1.558* [1.08,2.24] (0.017) 


Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 


Total cholesterol       1.158 [0.44,3.05] (0.768) 


HDL       0.429 [0.14,1.28] (0.129) 


LDL       0.847 [0.32,2.24] (0.739) 


Triglycerides       0.961 [0.60,1.55] (0.872) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 11 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), irrespective of baseline CKD. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – From CKD stage 1 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  3.65E-19 [0.00,0.00] (.)  3.82E-19 [0.00,0.00] (.) 2.81E-17 [0.00,.] (1) 
42 ≤HbA1c < 
44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 
48 1.079 [0.15,7.67] (0.94) 1.062 [0.15,7.56] (0.952) 2.353 [0.21,26.51] (0.489) 
48 ≤HbA1c < 
53 3.152 [0.52,18.96] (0.21) 3.315 [0.55,20.08] (0.192) 4.454 [0.39,51.13] (0.23) 
53 ≤HbA1c < 
58 1.40E-19 [0.00,0.00] (.)  1.17E-19 [0.00,0.00] (.) 1.81E-17 [0.00,.] (1) 


HbA1c ≥ 58 4.424 [0.97,20.21] (0.055) 5.546* [1.19,25.95] (0.03) 5.008 [0.53,47.21] (0.159) 


Age    1.097*** [1.04,1.15] 0 1.085* [1.01,1.17] (0.026) 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.911 [0.35,2.34] (0.846) 1.305 [0.36,4.77] (0.687) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    5.62E-20 [0.00,0.00] (.) 2.39E-18 [0.00,.] (1) 


Mixed    1.442 [0.48,4.34] (0.515) 2.291 [0.56,9.38] (0.249) 


Chinese    1.12E-18 [0.00,0.00] (.) 2.01E-18 [0.00,.] (1) 


Asian    6.66E-20 [0.00,0.00] (.) 2.33E-18 [0.00,.] (1) 


Other    16.20* [1.86,140.87] (0.012)     18.88* [1.74,204.32] (0.016) 


Unknown    0.611 [0.18,2.02] (0.42) 0.26 [0.03,2.57] (0.249) 
10% most 
deprived 
(Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    


4.89306e+09
*** 


[303063425.
44,7.90e+10] 0 7.50E-08 [0.00,.] (1) 


20-30%    


7.53876e+09
*** 


[675375691.
32,8.42e+10] 0 


2.03312e+10
*** 


[1.21e+09,3.
43e+1] 0 


30-40%    3.39E+09 
[3.39e+09,3.


39e+09] (.) 2.23E+10 
[2.23e+10,2.


23e+1] (.) 
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40-50%    


1.04692e+10
*** 


[1.08e+09,1.
02e+11] 0 


5.30424e+10
*** 


[4.61e+09,6.
11e+1] 0 


50-60%    3.35E-10 [0.00,0.00] (.) 0.000000167 [0.00,.] (1) 


60-70%    


4.95521e+09
*** 


[439278267.
66,5.59e+10] 0 


3.06110e+10
*** 


[2.57e+09, 
3.65e+11] 0 


70-80%    


1.67369e+10
*** 


[1.85e+09,1.
51e+11] 0 


5.66643e+10
*** 


[4.90e+09, 
6.56e+11] 0 


80-90%    


3.95876e+09
*** 


[354696235.
88,4.42e+10] 0 


1.95180e+10
*** 


[1.67e+09, 
2.28e+11] 0 


10% least 
deprived    


8.26877e+09
*** 


[912265243.
41,7.49e+10] 0 


1.22801e+10
*** 


[744404196.
11, 


2.03e+11] 0 


Underweight       3.75E-18 [0.00,0.00] (.) 
Normal 
weight (Ref)       1 [1.00,1.00] (.) 


Overweight       6.16E-18 [0.00,.] (1) 


Obese       0.791 [0.09,6.62] (0.829) 
Normal 
anaemia 
(Ref)       1 [1.00,1.00] (.) 
Mild 
anaemia       1.28E-17 [0.00,.] (1) 
Moderate 
anaemia       2.53E-17 [0.00,.] (1) 
Severe 
anaemia       3.91E-18 [0.00,0.00] (.) 


Missing       0.809 [0.20,3.20] (0.763) 
Non-smoker 
(Ref)       1 [1.00,1.00] (.) 


Ex-smoker       0.606 [0.11,3.26] (0.559) 
Current 
smoker       1.161 [0.30,4.54] (0.83) 


Missing        2.20E-18 [0.00,.] (1) 


Hypotension       9.09E-18 [0.00,0.00] (.) 
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Hypertension       1.498 [0.34,6.54] (0.591) 
Absent-
Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to 
renal 
medication       0.382 [0.06,2.34] (0.298) 
Non-
users/absent
(missing 
(Ref)       1 [1.00,1.00] (.) 
Total 
cholesterol       2.844 [0.06,130.34] (0.592) 


HDL       0.263 [0.00,20.74] (0.549) 


LDL       0.403 [0.01,17.99] (0.639) 


Triglycerides       0.752 [0.12,4.77] (0.762) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 12 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 1. The 
effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model was 
adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, anaemia 
severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – From CKD stage 2 
  Unadjusted HR Adjusted HRa Adjusted HRb 


  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 


HbA1c < 42  1.718 [0.39,7.58] (0.475) 1.736 [0.39,7.68] (0.467) 1.42E+00 [0.17,11.81] (7.48E-01) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.03 [0.49,2.16] (0.938) 1.01 [0.48,2.12] (0.98) 1.19 [0.44,3.22] (0.732) 


48 ≤HbA1c < 53 1.848 [0.85,4.01] (0.121) 1.9 [0.87,4.14] (0.106) 1.857 [0.64,5.43] (0.258) 


53 ≤HbA1c < 58 1.333 [0.48,3.73] (0.584) 1.389 [0.49,3.90] (0.533) 4.57E-01 [0.06,3.79] (4.69E-01) 


HbA1c ≥ 58 1.651 [0.80,3.41] (0.176) 1.915 [0.91,4.01] (0.085) 1.495 [0.51,4.42] (0.467) 


Age 
   


1.046*** [1.02,1.07] 0 1.050* [1.01,1.09] (0.012) 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female 
   


0.734 [0.44,1.22] (0.229) 0.789 [0.37,1.70] (0.545) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


5.37E-20 [0.00,0.00] (.) 8.91E-20 [0.00,0.00] (.) 


Mixed 
   


0.757 [0.36,1.57] (0.455) 1.053 [0.44,2.53] (0.909) 


Chinese 
   


7.80E-19 [0.00,0.00] (.) 1.07E-18 [0.00,0.00] (.) 


Asian 
   


0.467 [0.06,3.49] (0.458) 8.14E-01 [0.10,6.54] (0.847) 


Other 
   


11.31* [1.51,84.99] (0.018) 1.57E-18 [0.00,0.00] (.) 


Unknown 
   


1 [0.57,1.75] (1) 0.697 [0.30,1.62] (0.403) 


10% most deprived (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 







 


133 
 


10-20% 
   


2.532 [0.49,13.06] (0.267) 1.079 [0.07,17.37] (0.957) 


20-30% 
   


2.959 [0.61,14.27] (0.177) 3.778 [0.42,33.99] (0.236) 


30-40% 
   


4.622 [0.99,21.49] (0.051) 6.09E+00 [0.72,51.37] (0.097) 


40-50% 
   


3.326 [0.70,15.70] (0.129) 3.079 [0.32,29.71] (0.331) 


50-60% 
   


3.906 [0.86,17.69] (0.077) 2.80E+00 [0.29,27.22] (0.375) 


60-70% 
   


2.275 [0.46,11.35] (0.316) 2.966 [0.33,26.96] (0.334) 


70-80% 
   


1.588 [0.26,9.55] (0.613) 1.727 [0.15,19.94] (0.662) 


80-90% 
   


1.023 [0.17,6.14] (0.98) 1.922 [0.20,18.65] (0.573) 


10% least deprived 
   


2.913 [0.64,13.36] (0.169) 4.117 [0.49,34.52] (0.192) 


Underweight 
      


1.79E-18 [0.00,0.00] (.) 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 


Overweight 
      


2.305 [0.48,11.08] (0.297) 


Obese 
      


1.3 [0.30,5.66] (0.726) 


Normal anaemia (Ref) 
      


1 [1.00,1.00] (.) 


Mild anaemia 
      


1.29 [0.29,5.68] (0.736) 


Moderate anaemia 
      


1.79E-19 [0.00,0.00] (.) 


Severe anaemia 
      


4.16E-18 [0.00,0.00] (.) 


Missing 
      


0.885 [0.40,1.94] (0.762) 


Non-smoker (Ref) 
      


1 [1.00,1.00] (.) 


Ex-smoker 
      


1.373 [0.64,2.95] (0.416) 
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Current smoker 
      


0.732 [0.20,2.63] (0.632) 


Missing  
      


5.55 [0.64,48.28] (0.12) 


Hypotension 
      


5.03E-19 [0.00,0.00] (.) 


Hypertension 
      


1.295 [0.58,2.89] (0.529) 


Absent-Missing (Ref) 
      


1 [1.00,1.00] (.) 


Exposure to renal 
medication 


      
1.383 [0.62,3.07] (0.426) 


Non-users/absent-
missing (Ref) 


      
1 [1.00,1.00] (.) 


Total cholesterol 
      


1.211 [0.27,5.49] (0.804) 


HDL 
      


0.693 [0.11,4.43] (0.699) 


LDL 
      


0.796 [0.17,3.71] (0.772) 


Triglycerides 
      


0.974 [0.44,2.18] (0.948) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 


Table 13 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 2. The 
effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model was 
adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, anaemia 
severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – From CKD stage 3a 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  9.59E-20 [0.00,0.00] (.) 1.10E-19 [0.00,0.00] (.) 3.24E-19 [0.00,0.00] (.) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.333 [0.64,2.80] (0.446) 1.35 [0.64,2.84] (0.427) 1.343 [0.49,3.69] (0.568) 


48 ≤HbA1c < 53 2.322* [1.05,5.12] (0.037) 2.521* [1.14,5.58] (0.022) 1.654 [0.50,5.50] (0.412) 


53 ≤HbA1c < 58 0.635 [0.14,2.86] (0.555) 0.731 [0.16,3.30] (0.683) 0.704 [0.08,6.05] (0.749) 


HbA1c ≥ 58 1.587 [0.67,3.74] (0.291) 1.963 [0.82,4.69] (0.129) 1.443 [0.38,5.43] (0.588) 


Age    1.061*** [1.03,1.10] 0 1.114*** [1.05,1.18] 0 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.908 [0.53,1.56] (0.727) 0.781 [0.32,1.92] (0.59) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    2.10E-19 [0.00,0.00] (.) 2.27E-19 [0.00,0.00] (.) 


Mixed    0.646 [0.29,1.43] (0.282) 0.642 [0.17,2.45] (0.517) 


Chinese    8.40E-19 [0.00,0.00] (.) 2.30E-18 [0.00,0.00] (.) 


Asian    1.231 [0.16,9.31] (0.84) 2.096 [0.22,19.94] (0.52) 


Other    1.85E-18 [0.00,0.00] (.) 4.79E-18 [0.00,0.00] (.) 


Unknown    0.785 [0.43,1.43] (0.429) 1.236 [0.51,3.00] (0.639) 


10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    0.264 [0.06,1.24] (0.092) 0.292 [0.03,2.70] (0.278) 


20-30%    0.845 [0.32,2.26] (0.738) 1.068 [0.26,4.40] (0.928) 


30-40%    0.397 [0.10,1.51] (0.174) 0.656 [0.12,3.70] (0.633) 


40-50%    0.511 [0.17,1.57] (0.242) 1.64E-20 [0.00,0.00] (.) 


50-60%    0.354 [0.12,1.09] (0.07) 0.408 [0.07,2.35] (0.316) 


60-70%    0.439 [0.14,1.35] (0.151) 0.457 [0.08,2.58] (0.375) 


70-80%    0.371 [0.10,1.41] (0.145) 0.498 [0.08,2.97] (0.444) 


80-90%    0.639 [0.24,1.71] (0.372) 1.239 [0.35,4.43] (0.742) 
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10% least deprived    0.461 [0.17,1.28] (0.137) 0.351 [0.06,2.02] (0.242) 


Underweight       9.30E-19 [0.00,0.00] (.) 


Normal weight (Ref)       1 [1.00,1.00] (.) 


Overweight       3.016 [0.33,27.87] (0.33) 


Obese       3.057 [0.40,23.59] (0.284) 


Normal anaemia (Ref)       1 [1.00,1.00] (.) 


Mild anaemia       3.583* [1.16,11.08] (0.027) 


Moderate anaemia       9.059** [2.31,35.49] (0.002) 


Severe anaemia       1.42E-18 [0.00,0.00] (.) 


Missing       1.481 [0.55,3.97] (0.435) 


Non-smoker (Ref)       1 [1.00,1.00] (.) 


Ex-smoker       0.862 [0.35,2.10] (0.744) 


Current smoker       1.384 [0.30,6.42] (0.678) 


Missing        4.37E-19 [0.00,0.00] (.) 


Hypotension       9.02E-20 [0.00,0.00] (.) 


Hypertension       1.489 [0.61,3.65] (0.384) 


Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal 
medication       1.007 [0.42,2.39] (0.987) 
Non-users/absent-missing 
(Ref)       1 [1.00,1.00] (.) 


Total cholesterol       1.35 [0.14,12.80] (0.794) 


HDL       0.559 [0.04,7.55] (0.661) 


LDL       0.913 [0.09,8.79] (0.937) 


Triglycerides       0.824 [0.26,2.66] (0.746) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 14 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 3a. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – From CKD stage 3b 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  7.49E-20 [0.00,0.00] (.) 2.09E-19 [0.00,.] (1) 4.29E-17 [0.00,.] (1) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 0.972 [0.55,1.72] (0.923) 0.98 [0.55,1.74] (0.945) 0.725 [0.27,1.92] (0.518) 


48 ≤HbA1c < 53 1.279 [0.65,2.52] (0.475) 1.266 [0.64,2.50] (0.497) 0.777 [0.21,2.92] (0.709) 


53 ≤HbA1c < 58 3.137*** [1.62,6.09] (0.001) 3.011** [1.54,5.89] (0.001) 4.660** [1.80,12.06] (0.002) 


HbA1c ≥ 58 1.156 [0.53,2.51] (0.713) 1.169 [0.53,2.56] (0.695) 1.806 [0.56,5.87] (0.326) 


Age    0.996 [0.97,1.02] (0.748) 0.986 [0.94,1.03] (0.527) 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.583* [0.38,0.90] (0.016) 0.813 [0.37,1.79] (0.608) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    2.163 [0.28,16.64] (0.459) 7.86E-17 [0.00,.] (1) 


Mixed    0.757 [0.39,1.45] (0.401) 1.421 [0.55,3.68] (4.69E-01) 


Chinese    9.06E-19 [0.00,0.00] (.) 2.89E-17 [0.00,.] (1 


Asian    1.102 [0.15,8.22] (0.925) 2.739 [0.27,27.49] (3.92E-01) 


Other    3.16E-18 [0.00,0.00] (.)  (.) (.) 


Unknown    1.101 [0.67,1.81] (0.705) 1.045 [0.43,2.54] (9.23E-01) 


10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    0.153* [0.03,0.68] (0.014) 2.61E-17 [0.00,.] (1) 


20-30%    0.501 [0.20,1.26] (0.143) 0.329 [0.08,1.34] (0.121) 


30-40%    0.749 [0.31,1.82] (0.523) 0.472 [0.12,1.92] (0.294) 


40-50%    0.61 [0.26,1.43] (0.257) 0.937 [0.28,3.14] (0.916) 


50-60%    0.628 [0.28,1.41] (0.261) 0.356 [0.07,1.78] (2.08E-01) 


60-70%    0.547 [0.24,1.27] (0.161) 0.474 [0.13,1.70] (0.252) 


70-80%    0.448 [0.16,1.26] (0.129) 0.254 [0.05,1.29] (0.098) 


80-90%    0.437 [0.18,1.06] (0.067) 0.28 [0.07,1.18] (0.082) 
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10% least deprived    0.522 [0.23,1.20] (0.127) 0.47 [0.14,1.59] (0.226) 


Underweight       2.29E-17 [0.00,.] (1) 


Normal weight (Ref)       1 [1.00,1.00] (.) 


Overweight       0.347 [0.06,1.86] (0.216) 


Obese       0.901 [0.33,2.48] (0.84) 


Normal anaemia (Ref)       1 [1.00,1.00] (.) 


Mild anaemia       1.677 [0.65,4.32] (0.284) 


Moderate anaemia       3.576* [1.23,10.42] (0.02) 


Severe anaemia       3.66E-17 [0.00,.] (1) 


Missing       0.738 [0.26,2.07] (5.65E-01) 


Non-smoker (Ref)       1 [1.00,1.00] (.) 


Ex-smoker       1.382 [0.64,3.00] (0.412) 


Current smoker       0.931 [0.20,4.38] (0.928) 


Missing        3.21E-17 [0.00,.] (1) 


Hypotension       1.518 [0.17,13.88] (7.11E-01) 


Hypertension       1.156 [0.53,2.52] (7.16E-01) 


Absent-Missing (Ref)       1 [1.00,1.00] (.) 


Exposure to renal medication       1.186 [0.52,2.73] (0.688) 


Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 


Total cholesterol       1.138 [0.04,34.72] (0.941) 


HDL       0.316 [0.01,11.82] (0.533) 


LDL       0.935 [0.03,27.97] (0.969) 


Triglycerides       0.699 [0.14,3.48] (0.662) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 15 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 3b. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
 







 


139 
 


Kaplan-Meirer survival curve – From CKD stage 3b to ESRD or dialysis stratified by 
glycaemic levels 


 


Figure 5 Kaplan-Meier survival curve for length of time from CKD stage 3b until occurrence of the 
primary endpoint (ESRD or dialysis) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – ESRD/dialysis (Outcome 2) – From CKD stage 4 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  7.49E-20 [0.00,0.00] (.) 0.505 [0.07,3.69] (0.501) 3.21E-18 [0.00,.] (1) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 0.972 [0.55,1.72] (0.923) 1.063 [0.72,1.57] (0.76) 0.961 [0.47,1.98] (0.913) 
48 ≤HbA1c < 53 1.279 [0.65,2.52] (0.475) 1.335 [0.82,2.18] (0.248) 1.375 [0.59,3.20] (0.459) 
53 ≤HbA1c < 58 3.137*** [1.62,6.09] (0.001) 0.867 [0.39,1.93] (0.727) 0.29 [0.03,2.47] (0.257) 
HbA1c ≥ 58 1.156 [0.53,2.51] (0.713) 0.678 [0.34,1.36] (0.271) 0.213 [0.03,1.80] (0.155) 
Age    0.995 [0.98,1.01] (0.55) 0.985 [0.95,1.02] (0.366) 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.613** [0.44,0.85] (0.003) 0.677 [0.35,1.32] (0.253) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    4.679* [1.41,15.53] (0.012) 1.97 [0.21,18.67] (0.555) 
Mixed    0.8 [0.49,1.30] (0.365) 0.753 [0.32,1.80] (0.524) 
Chinese    4.01E-16 [0.00,.] (1) 1.49E-18 [0.00,.] (1) 
Asian    2.505 [0.74,8.52] (0.141) 0.842 [0.09,8.24] (0.882) 
Other             
Unknown    1.095 [0.74,1.62] (0.649) 0.616 [0.30,1.28] (0.192) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.147 [0.46,2.85] (0.767) 0.402 [0.08,1.91] (0.252) 
20-30%    1.614 [0.73,3.58] (0.239) 0.486 [0.14,1.72] (0.264) 
30-40%    1.277 [0.53,3.05] (0.582) 0.325 [0.08,1.28] (0.109) 
40-50%    1.151 [0.50,2.67] (0.744) 0.639 [0.17,2.39] (0.506) 
50-60%    0.712 [0.29,1.73] (0.453) 0.0809* [0.01,0.73] (0.025) 
60-70%    2.048 [0.96,4.38] (0.064) 0.588 [0.18,1.94] (0.382) 
70-80%    0.882 [0.34,2.31] (0.798) 0.175 [0.03,1.08] (0.06) 
80-90%    1.423 [0.64,3.15] (0.384) 0.391 [0.11,1.38] (0.144) 







 


141 
 


10% least deprived    1.148 [0.51,2.61] (0.742) 0.424 [0.11,1.64] (0.214) 
Underweight       1.79E-18 [0.00,.] (1) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.404 [0.11,1.52] (0.179) 
Obese       0.824 [0.33,2.03] (0.675) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       0.654 [0.30,1.42] (0.286) 
Moderate anaemia       1.109 [0.47,2.60] (0.811) 
Severe anaemia       2.09E-18 [0.00,.] (1) 
Missing       0.386 [0.14,1.08] (0.071) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       0.678 [0.34,1.34] (0.265) 
Current smoker       0.937 [0.28,3.12] (0.915) 
Missing        1.38E-17 [0.00,.] (1) 
Hypotension       3.596 [0.37,34.51] (0.267) 
Hypertension       0.923 [0.47,1.81] (0.816) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       0.821 [0.40,1.69] (0.594) 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       0.814 [0.09,7.66] (0.857) 
HDL       0.889 [0.08,10.18] (0.924) 
LDL       1.024 [0.11,9.64] (0.984) 
Triglycerides       0.767 [0.23,2.51] (0.662) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 16 Risk to ESRD or dialysis in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 4. The 
effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model was 
adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, anaemia 
severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 4 to ESRD or dialysis stratified by 
glycaemic levels 


 


Figure 6 Kaplan-Meier survival curve for length of time from CKD stage 4 until occurrence of the primary 
endpoint (ESRD or dialysis) for participants with different glycaemic levels, measured by HbA1c 
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – Overall 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.641*** [0.56,0.74] 0 0.833* [0.72,0.96] (0.011) 0.975 [0.79,1.20] (0.807) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.082*** [1.04,1.13] 0 1.053* [1.01,1.10] (0.016) 1.003 [0.93,1.08] (0.933) 
48 ≤HbA1c < 53 0.982 [0.93,1.04] (0.519) 1.061* [1.00,1.12] (0.034) 1.055 [0.96,1.15] (0.245) 
53 ≤HbA1c < 58 0.845*** [0.79,0.91] 0 1.046 [0.97,1.12] (0.22) 1.124* [1.00,1.26] (0.042) 
HbA1c ≥ 58 0.567*** [0.54,0.60] 0 0.973 [0.92,1.03] (0.348) 1.144** [1.05,1.25] (0.003) 
Age    1.097*** [1.10,1.10] 0 1.093*** [1.09,1.10] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.806*** [0.78,0.83] 0 0.914** [0.86,0.97] (0.004) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.812* [0.66,0.99] (0.043) 0.902 [0.68,1.19] (0.466) 
Mixed    1.071** [1.02,1.12] (0.006) 1.065 [0.98,1.15] (0.118) 
Chinese    0.578 [0.30,1.11] (0.1) 0.788 [0.35,1.76] (0.562) 
Asian    0.518*** [0.43,0.62] 0 0.658*** [0.52,0.83] 0 
Other    0.583 [0.28,1.22] (0.154) 0.651 [0.21,2.02] (0.458) 
Unknown    1.267*** [1.22,1.32] 0 1.294*** [1.21,1.38] 0 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.200*** [1.10,1.31] 0 1.082 [0.94,1.25] (0.278) 
20-30%    1.202*** [1.10,1.31] 0 1.267*** [1.11,1.44] 0 
30-40%    1.213*** [1.11,1.32] 0 1.168* [1.02,1.34] (0.029) 
40-50%    1.249*** [1.15,1.36] 0 1.239** [1.08,1.42] (0.002) 
50-60%    1.182*** [1.09,1.28] 0 1.057 [0.92,1.21] (0.425) 
60-70%    1.304*** [1.20,1.41] 0 1.145* [1.01,1.30] (0.042) 
70-80%    1.448*** [1.33,1.58] 0 1.493*** [1.31,1.70] 0 
80-90%    1.206*** [1.11,1.31] 0 1.048 [0.92,1.19] (0.464) 
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10% least deprived    1.286*** [1.19,1.39] 0 1.310*** [1.16,1.48] 0 
Underweight       2.576*** [2.02,3.28] 0 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.729*** [0.65,0.81] 0 
Obese       0.867*** [0.80,0.94] (0.001) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.804*** [1.65,1.97] 0 
Moderate anaemia       2.623*** [2.32,2.96] 0 
Severe anaemia       3.603*** [2.39,5.44] 0 
Missing       0.965 [0.90,1.03] (0.308) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.376*** [1.29,1.47] 0 
Current smoker       2.217*** [2.04,2.40] 0 
Missing        1.273 [0.89,1.82] (0.186) 
Hypotension       1.453** [1.13,1.87] (0.003) 
Hypertension       0.844*** [0.79,0.90] 0 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.227*** [1.15,1.30] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.066 [0.89,1.28] (0.493) 
HDL       0.894 [0.73,1.09] (0.27) 
LDL       0.869 [0.72,1.04] (0.135) 
Triglycerides       0.909* [0.83,0.99] (0.039) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 17 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), irrespective of baseline CKD 
stage. The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model 
model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for 
weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal 
disease  
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – From stage 1 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.915 [0.63,1.33] (0.64) 1.017 [0.70,1.48] (0.93) 1.175 [0.69,2.01] (0.558) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.07 [0.92,1.24] (0.367) 1.036 [0.89,1.20] (0.634) 1.106 [0.88,1.39] (0.393) 
48 ≤HbA1c < 53 0.972 [0.81,1.17] (0.764) 0.986 [0.82,1.19] (0.883) 1.099 [0.82,1.47] (0.526) 
53 ≤HbA1c < 58 1.009 [0.82,1.25] (0.933) 1.048 [0.85,1.30] (0.668) 1.365* [1.00,1.86] (0.049) 
HbA1c ≥ 58 0.785** [0.68,0.91] (0.001) 0.949 [0.82,1.10] (0.496) 1.328* [1.05,1.68] (0.018) 
Age    1.093*** [1.09,1.10] 0 1.084*** [1.07,1.09] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.719*** [0.64,0.80] 0 0.655*** [0.55,0.79] 0 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.566** [0.39,0.83] (0.004) 0.560* [0.33,0.96] (0.035) 
Mixed    1.015 [0.87,1.18] (0.847) 0.986 [0.79,1.24] (0.903) 
Chinese    0.587 [0.19,1.83] (0.359) 0.835 [0.21,3.39] (0.8) 
Asian    0.291*** [0.19,0.44] 0 0.464** [0.28,0.77] (0.003) 
Other    0.47 [0.12,1.89] (0.287) 1.003 [0.25,4.06] (0.997) 
Unknown    1.337*** [1.18,1.52] 0 1.250* [1.03,1.52] (0.025) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.117 [0.83,1.49] (0.457) 0.811 [0.51,1.28] (0.371) 
20-30%    1.264 [0.96,1.66] (0.091) 1.111 [0.76,1.63] (0.593) 
30-40%    1.328* [1.01,1.75] (0.045) 0.989 [0.66,1.49] (0.958) 
40-50%    1.175 [0.89,1.55] (0.251) 0.915 [0.60,1.39] (0.679) 
50-60%    1.530*** [1.19,1.97] (0.001) 1.069 [0.73,1.57] (0.736) 
60-70%    1.353* [1.05,1.75] (0.022) 0.842 [0.57,1.23] (0.376) 
70-80%    1.802*** [1.38,2.35] 0 1.768** [1.22,2.57] (0.003) 
80-90%    1.394** [1.09,1.79] (0.009) 1.158 [0.82,1.64] (0.41) 
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10% least deprived    1.509*** [1.18,1.92] (0.001) 1.367 [0.97,1.92] (0.072) 
Underweight       1.832 [0.87,3.85] (0.11) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.500*** [0.36,0.70] 0 
Obese       0.701** [0.55,0.90] (0.005) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       2.283*** [1.71,3.05] 0 
Moderate anaemia       3.625*** [2.22,5.91] 0 
Severe anaemia       2.985 [0.73,12.23] (0.129) 
Missing       0.952 [0.79,1.15] (0.608) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.388** [1.12,1.72] (0.003) 
Current smoker       2.817*** [2.31,3.44] 0 
Missing        1.102 [0.27,4.50] (0.893) 
Hypotension       2.294 [0.84,6.25] (0.104) 
Hypertension       0.997 [0.82,1.21] (0.972) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.205 [0.99,1.47] (0.062) 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       0.767 [0.47,1.26] (0.296) 
HDL       1.731* [1.02,2.94] (0.042) 
LDL       1.155 [0.70,1.90] (0.571) 
Triglycerides       0.997 [0.79,1.26] (0.98) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 18 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 1. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 1 to all-cause mortality stratified by 
glycaemic levels 


 


Figure 7 Kaplan-Meier survival curve for length of time from CKD stage 1 until occurrence of the 
primary endpoint (death from all causes) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – From stage 2 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.664*** [0.54,0.81] 0 0.772* [0.63,0.95] (0.012) 0.852 [0.63,1.15] (0.3) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.068* [1.00,1.14] (0.043) 1.066* [1.00,1.14] (0.047) 1.028 [0.93,1.14] (0.593) 
48 ≤HbA1c < 53 0.96 [0.88,1.04] (0.331) 1.066 [0.98,1.16] (0.13) 1.126 [0.99,1.28] (0.071) 
53 ≤HbA1c < 58 0.861** [0.77,0.96] (0.007) 1.067 [0.96,1.19] (0.24) 1.122 [0.95,1.33] (0.18) 
HbA1c ≥ 58 0.676*** [0.62,0.73] 0 0.983 [0.90,1.07] (0.687) 1.185** [1.04,1.35] (0.01) 
Age    1.105*** [1.10,1.11] 0 1.098*** [1.09,1.10] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.810*** [0.77,0.85] 0 0.932 [0.85,1.02] (0.118) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.835 [0.61,1.14] (0.253) 0.978 [0.64,1.50] (0.92) 
Mixed    1.124** [1.04,1.21] (0.002) 1.152* [1.03,1.29] (0.015) 
Chinese    0.623 [0.23,1.66] (0.345) 0.936 [0.30,2.92] (0.909) 
Asian    0.596*** [0.47,0.75] 0 0.78 [0.58,1.05] (0.098) 
Other    0.529 [0.17,1.64] (0.27) 3.01E-20 [0.00,0.00] (.) 
Unknown    1.294*** [1.22,1.38] 0 1.419*** [1.29,1.56] 0 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.229** [1.08,1.40] (0.002) 1.232* [1.00,1.51] (0.048) 
20-30%    1.243*** [1.09,1.41] (0.001) 1.434*** [1.18,1.75] 0 
30-40%    1.234** [1.08,1.41] (0.002) 1.386** [1.13,1.70] (0.002) 
40-50%    1.323*** [1.17,1.50] 0 1.424*** [1.17,1.73] 0 
50-60%    1.236*** [1.09,1.40] (0.001) 1.254* [1.02,1.53] (0.028) 
60-70%    1.374*** [1.22,1.55] 0 1.392*** [1.15,1.69] (0.001) 
70-80%    1.450*** [1.27,1.66] 0 1.701*** [1.40,2.07] 0 
80-90%    1.221** [1.08,1.38] (0.001) 1.153 [0.96,1.39] (0.138) 
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10% least deprived    1.380*** [1.23,1.55] 0 1.543*** [1.29,1.85] 0 
Underweight       2.589*** [1.88,3.56] 0 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.737*** [0.63,0.86] 0 
Obese       0.834** [0.74,0.94] (0.004) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.884*** [1.65,2.15] 0 
Moderate anaemia       3.363*** [2.75,4.12] 0 
Severe anaemia       2.891* [1.20,6.98] (0.018) 
Missing       0.937 [0.85,1.03] (0.187) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.440*** [1.31,1.58] 0 
Current smoker       2.427*** [2.16,2.72] 0 
Missing        1.237 [0.71,2.15] (0.451) 
Hypotension       1.808** [1.19,2.74] (0.005) 
Hypertension       0.832*** [0.76,0.91] 0 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.184*** [1.08,1.29] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.091 [0.84,1.41] (0.511) 
HDL       0.864 [0.65,1.15] (0.312) 
LDL       0.837 [0.65,1.09] (0.181) 
Triglycerides       0.932 [0.82,1.06] (0.285) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 19 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 2. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 2 to all-cause mortality stratified by 
glycaemic levels  


 


Figure 8 Kaplan-Meier survival curve for length of time from CKD stage 2 until occurrence of the primary 
endpoint (death from all causes) for participants with different glycaemic levels, measured by HbA1c 
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – From stage 3a 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.801 [0.59,1.08] (0.146) 0.981 [0.73,1.32] (0.9) 1.584* [1.05,2.38] (0.027) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.046 [0.96,1.14] (0.317) 1.074 [0.98,1.17] (0.111) 0.999 [0.86,1.16] (0.989) 


48 ≤HbA1c < 53 1.005 [0.90,1.12] (0.932) 1.077 [0.96,1.21] (0.198) 1.031 [0.85,1.25] (0.754) 


53 ≤HbA1c < 58 0.851* [0.73,0.99] (0.034) 1.01 [0.87,1.17] (0.893) 1.056 [0.83,1.35] (0.662) 


HbA1c ≥ 58 0.731*** [0.65,0.83] 0 0.972 [0.86,1.10] (0.652) 1.182 [0.97,1.44] (0.094) 


Age    1.097*** [1.09,1.10] 0 1.097*** [1.09,1.11] 0 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.828*** [0.77,0.89] 0 0.909 [0.80,1.04] (0.158) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    0.582 [0.32,1.06] (0.075) 0.522 [0.21,1.27] (0.152) 


Mixed    1.013 [0.91,1.12] (0.808) 0.942 [0.79,1.12] (0.493) 


Chinese    0.365 [0.05,2.60] (0.314) 7.85E-20 [0.00,0.00] (.) 


Asian    0.545* [0.34,0.88] (0.013) 0.494* [0.25,0.96] (0.039) 


Other    0.464 [0.07,3.30] (0.444) 1.925 [0.27,13.81] (0.515) 


Unknown    1.160*** [1.07,1.26] 0 1.081 [0.94,1.24] (0.263) 


10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    1.305** [1.09,1.56] (0.004) 1.163 [0.87,1.56] (0.31) 


20-30%    1.236* [1.03,1.48] (0.019) 1.206 [0.92,1.58] (0.18) 


30-40%    1.260* [1.04,1.52] (0.016) 1.06 [0.78,1.44] (0.706) 


40-50%    1.317** [1.11,1.57] (0.002) 1.146 [0.86,1.54] (0.36) 


50-60%    1.123 [0.95,1.33] (0.18) 0.878 [0.66,1.17] (0.368) 


60-70%    1.306** [1.10,1.55] (0.002) 1.053 [0.80,1.38] (0.71) 


70-80%    1.365*** [1.14,1.64] (0.001) 1.224 [0.92,1.62] (0.158) 


80-90%    1.179 [1.00,1.40] (0.057) 0.838 [0.64,1.09] (0.192) 
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10% least deprived    1.163 [0.98,1.37] (0.077) 1.071 [0.83,1.39] (0.606) 


Underweight       2.763*** [1.55,4.94] (0.001) 


Normal weight (Ref)       1 [1.00,1.00] (.) 


Overweight       0.863 [0.68,1.09] (0.223) 


Obese       0.897 [0.74,1.08] (0.256) 


Normal anaemia (Ref)       1 [1.00,1.00] (.) 


Mild anaemia       1.631*** [1.36,1.96] 0 


Moderate anaemia       2.220*** [1.67,2.95] 0 


Severe anaemia       5.266*** [2.79,9.94] 0 


Missing       0.991 [0.86,1.15] (0.898) 


Non-smoker (Ref)       1 [1.00,1.00] (.) 


Ex-smoker       1.376*** [1.21,1.56] 0 


Current smoker       1.606*** [1.30,1.99] 0 


Missing        1.214 [0.59,2.48] (0.596) 


Hypotension       1.151 [0.72,1.83] (0.555) 


Hypertension       0.871* [0.77,0.99] (0.033) 


Absent-Missing (Ref)       1 [1.00,1.00] (.) 


Exposure to renal medication       1.251*** [1.10,1.43] (0.001) 


Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 


Total cholesterol       1.293 [0.87,1.93] (0.206) 


HDL       0.703 [0.46,1.09] (0.112) 


LDL       0.728 [0.49,1.09] (0.119) 


Triglycerides       0.807* [0.66,0.98] (0.034) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 20 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 3a. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 3a to all-cause mortality stratified 
by glycaemic levels 


 


Figure 9 Kaplan-Meier survival curve for length of time from CKD stage 3a until occurrence of the 
primary endpoint (death from all causes) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – From stage 3b 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.748 [0.49,1.14] (0.181) 0.862 [0.56,1.32] (0.494) 0.649 [0.33,1.29] (0.216) 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 0.986 [0.89,1.09] (0.79) 0.995 [0.90,1.10] (0.928) 0.895 [0.74,1.08] (0.251) 


48 ≤HbA1c < 53 0.959 [0.84,1.09] (0.53) 0.997 [0.87,1.14] (0.964) 0.929 [0.73,1.18] (0.554) 


53 ≤HbA1c < 58 0.955 [0.80,1.14] (0.609) 1.052 [0.88,1.26] (0.579) 1.089 [0.81,1.46] (0.569) 


HbA1c ≥ 58 0.678*** [0.58,0.80] 0 0.856 [0.73,1.01] (0.06) 0.928 [0.70,1.24] (0.608) 


Age    1.079*** [1.07,1.09] 0 1.074*** [1.06,1.09] 0 


Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female    0.801*** [0.73,0.87] 0 1.024 [0.86,1.22] (0.791) 


White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black    1.234 [0.58,2.61] (0.583) 1.158 [0.36,3.73] (0.806) 


Mixed    1.116 [0.99,1.26] (0.085) 1.085 [0.88,1.34] (0.453) 


Chinese    8.50E-20 [0.00,0.00] (.) 1.40E-15 [0.00,.] (1 


Asian    0.788 [0.41,1.52] (0.478) 0.839 [0.26,2.67] (0.766) 


Other    4.006 [0.56,28.65] (0.167)    


Unknown    1.333*** [1.20,1.48] 0 1.271* [1.05,1.53] (0.012) 


10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20%    1.112 [0.91,1.36] (0.312) 0.911 [0.62,1.34] (0.635) 


20-30%    1.108 [0.90,1.37] (0.336) 1.156 [0.82,1.63] (0.406) 


30-40%    1.12 [0.90,1.39] (0.309) 0.987 [0.68,1.43] (0.944) 


40-50%    1.108 [0.90,1.36] (0.326) 1.072 [0.75,1.53] (0.699) 


50-60%    1.074 [0.88,1.31] (0.479) 0.866 [0.59,1.26] (0.457) 


60-70%    1.18 [0.97,1.44] (0.103) 1.079 [0.76,1.53] (0.671) 


70-80%    1.361** [1.10,1.68] (0.005) 1.383 [0.98,1.96] (0.068) 


80-90%    1.134 [0.93,1.39] (0.22) 1.089 [0.78,1.52] (0.621) 







 


155 
 


10% least deprived    1.189 [0.98,1.45] (0.085) 1.142 [0.82,1.60] (0.44) 


Underweight       3.256** [1.46,7.25] (0.004) 


Normal weight (Ref)       1 [1.00,1.00] (.) 


Overweight       0.813 [0.60,1.11] (0.187) 


Obese       1.231 [0.98,1.54] (0.071) 


Normal anaemia (Ref)       1 [1.00,1.00] (.) 


Mild anaemia       1.574*** [1.27,1.95] 0 


Moderate anaemia       2.129*** [1.65,2.74] 0 


Severe anaemia       3.524* [1.29,9.62] (0.014) 


Missing       1.039 [0.84,1.28] (0.716) 


Non-smoker (Ref)       1 [1.00,1.00] (.) 


Ex-smoker       1.306** [1.10,1.55] (0.002) 


Current smoker       1.548** [1.15,2.09] (0.004) 


Missing        1.335 [0.61,2.93] (0.47) 


Hypotension       1.522 [0.83,2.78] (0.171) 


Hypertension       0.657*** [0.56,0.77] 0 


Absent-Missing (Ref)       1 [1.00,1.00] (.) 


Exposure to renal medication       1.288** [1.08,1.54] (0.005) 


Non-users/absent(missing (Ref)       1 [1.00,1.00] (.) 


Total cholesterol       0.662 [0.31,1.42] (0.288) 


HDL       1.322 [0.60,2.89] (0.484) 


LDL       1.486 [0.70,3.17] (0.305) 


Triglycerides       1.046 [0.74,1.49] (0.801) 
Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 21 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 3b. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
 







 


156 
 


Kaplan-Meirer survival curve – From CKD stage 3b to all-cause mortality stratified 
by glycaemic level 


 


Figure 10 Kaplan-Meier survival curve for length of time from CKD stage 3b until occurrence of the 
primary endpoint (death from all causes) for participants with different glycaemic levels, measured by 
HbA1c 
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Cox proportional hazards regression – All-cause mortality (Outcome 3) – From stage 4 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42  0.579 [0.30,1.13] (0.109) 0.651 [0.33,1.28] (0.212) 0.948 [0.27,3.37] (0.934) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 0.943 [0.79,1.12] (0.501) 0.901 [0.76,1.07] (0.245) 0.96 [0.67,1.37] (0.819) 
48 ≤HbA1c < 53 1.084 [0.87,1.35] (0.481) 1.112 [0.89,1.39] (0.36) 0.905 [0.58,1.42] (0.661) 
53 ≤HbA1c < 58 0.736 [0.53,1.03] (0.074) 0.749 [0.53,1.05] (0.093) 0.67 [0.33,1.35] (0.261) 
HbA1c ≥ 58 0.626*** [0.48,0.82] (0.001) 0.687** [0.52,0.90] (0.007) 0.774 [0.44,1.36] (0.373) 
Age    1.071*** [1.06,1.08] 0 1.085*** [1.06,1.11] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.785** [0.68,0.91] (0.001) 1.097 [0.79,1.53] (0.583) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    1.588 [0.65,3.90] (0.313) 1.102 [0.34,3.58] (0.871) 
Mixed    0.893 [0.72,1.11] (0.304) 0.939 [0.59,1.50] (0.791) 
Chinese    0.867 [0.12,6.30] (0.888) 0.469 [0.06,3.91] (0.484) 
Asian    0.977 [0.39,2.43] (0.959) 0.727 [0.16,3.32] (0.681) 
Other    (.) (.) (.) (.) (.) (.) 
Unknown    1.129 [0.94,1.35] (0.185) 1.074 [0.74,1.55] (0.705) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.179 [0.82,1.70] (0.374) 0.946 [0.44,2.04] (0.887) 
20-30%    1.007 [0.71,1.43] (0.971) 0.924 [0.45,1.90] (0.83) 
30-40%    0.932 [0.64,1.35] (0.706) 0.987 [0.47,2.05] (0.973) 
40-50%    1.108 [0.78,1.57] (0.563) 1.362 [0.66,2.80] (0.401) 
50-60%    1.023 [0.73,1.43] (0.893) 1.251 [0.61,2.59] (0.545) 
60-70%    1.195 [0.85,1.68] (0.305) 0.843 [0.40,1.79] (0.656) 
70-80%    1.439* [1.01,2.06] (0.047) 1.482 [0.67,3.30] (0.336) 
80-90%    1.208 [0.86,1.70] (0.282) 1.736 [0.86,3.50] (0.123) 
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10% least deprived    1.085 [0.77,1.53] (0.641) 1.297 [0.60,2.82] (0.512) 
Underweight       2.903 [0.81,10.36] (0.101) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.510* [0.27,0.97] (0.041) 
Obese       0.765 [0.48,1.22] (0.259) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.531* [1.04,2.25] (0.031) 
Moderate anaemia       1.568* [1.01,2.43] (0.044) 
Severe anaemia       3.8 [0.82,17.63] (0.088) 
Missing       1.437 [0.91,2.28] (0.124) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.485* [1.07,2.05] (0.017) 
Current smoker       2.563** [1.39,4.74] (0.003) 
Missing        0.846 [0.11,6.77] (0.875) 
Hypotension       1.252 [0.37,4.24] (0.719) 
Hypertension       0.928 [0.67,1.29] (0.657) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.274 [0.87,1.87] (0.216) 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       0.772 [0.17,3.51] (0.738) 
HDL       1.201 [0.24,5.93] (0.822) 
LDL       1.337 [0.29,6.09] (0.707) 
Triglycerides       0.932 [0.44,1.95] (0.852) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 22 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline CKD stage 4. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted for weight, 
anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage renal disease 
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Kaplan-Meirer survival curve – From CKD stage 4 to all-cause mortality stratified by 
glycaemic leves 


 


Figure 11 Kaplan-Meier survival curve for length of time from CKD stage 4 until occurrence of the 
primary endpoint (death from all causes) for participants with different glycaemic levels, measured by 
HbA1c 







 


160 
 


Cox proportional hazards regression – All-cause mortality (Outcome 3) – From ESRD/dialysis  
Unadjusted HR Adjusted HRa  


HR 95% CI p-value HR 95% CI p-value 
HbA1c < 42 0.946 [0.13,6.98] (0.957) 6.473 [0.45,92.52] (0.169) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.443 [0.89,2.35] (0.139) 1.704 [1.00,2.91] (0.05) 
48 ≤HbA1c < 53 1.157 [0.62,2.16] (0.648) 1.566 [0.79,3.09] (0.196) 
53 ≤HbA1c < 58 1.049 [0.43,2.55] (0.916) 1.777 [0.66,4.77] (0.254) 
HbA1c ≥ 58 1.244 [0.63,2.45] (0.528) 1.5 [0.71,3.16] (0.287) 
Age 


   
1.080*** [1.05,1.11] 0 


Male (Ref) 
   


1 [1.00,1.00] (.) 
Female 


   
1.021 [0.66,1.58] (0.926) 


White (Ref) 
   


1 [1.00,1.00] (.) 
Black 


   
1.607 [0.23,11.48] (0.636) 


Mixed 
   


0.926 [0.40,2.14] (0.856) 
Asian 


   
0.56 [0.07,4.38] (0.581) 


Unknown 
   


1.684 [1.00,2.84] (0.051) 
10% most deprived (Ref) 


   
1 [1.00,1.00] (.) 


10-20% 
   


0.668 [0.21,2.15] (0.498) 


20-30% 
   


0.673 [0.21,2.20] (0.511) 


30-40% 
   


0.994 [0.34,2.91] (0.991) 


40-50% 
   


0.581 [0.19,1.80] (0.346) 


50-60% 
   


0.816 [0.26,2.60] (0.73) 


60-70% 
   


0.983 [0.30,3.20] (0.977) 


70-80% 
   


0.856 [0.28,2.62] (0.786) 


80-90% 
   


0.611 [0.19,1.96] (0.408) 
10% least deprived 


   
0.945 [0.32,2.80] (0.919) 


Table 23 Risk to all-cause mortality in patients with different levels of glycaemic control measured by glycated haemoglobin (HbA1c), from baseline ESRD or dialysis. 
The effect of HbA1c levels on outcomes is reflected from the hazard ratio (HR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard model model 
was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. Further adjustment from clinical confounders was not possible.
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Kaplan-Meirer survival curve – From ESRD or dialysis to all-cause mortality 
stratified by glycaemic levels 


 


Figure 12 Kaplan-Meier survival curve for length of time from ESRD or dialysis until occurrence of the 
primary endpoint (death from all causes) for participants with different glycaemic levels, measured by 
HbA1c 
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Competing risks analysis – CKD 3b or higher (Outcome 1) and all-cause mortality (competing event) - Overall 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42  0.741** [0.59,0.93] (0.009) 0.969 [0.77,1.22] (0.785) 0.835 [0.59,1.18] (0.309) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.128*** [1.05,1.21] (0.001) 1.119** [1.04,1.20] (0.002) 1.082 [0.97,1.21] (0.164) 


48 ≤HbA1c < 53 1.230*** [1.13,1.34] 0 1.392*** [1.27,1.52] 0 1.281*** [1.12,1.47] 0 


53 ≤HbA1c < 58 1.105 [0.98,1.24] (0.095) 1.457*** [1.29,1.64] 0 1.289** [1.08,1.54] (0.005) 


HbA1c ≥ 58 0.875** [0.80,0.95] (0.002) 1.601*** [1.47,1.75] 0 1.464*** [1.28,1.67] 0 
Age 


   
1.080*** [1.08,1.08] 0 1.085*** [1.08,1.09] 0 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female 


   
1.068* [1.01,1.13] (0.024) 1.125* [1.02,1.24] (0.013) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black 


   
0.730* [0.55,0.98] (0.034) 0.788 [0.53,1.17] (0.235) 


Mixed 
   


0.934 [0.86,1.01] (0.086) 0.938 [0.83,1.06] (0.286) 
Chinese 


   
0.242* [0.06,0.97] (0.046) 0.217 [0.03,1.57] (0.131) 


Asian 
   


0.634*** [0.51,0.79] 0 0.78 [0.59,1.04] (0.089) 
Other 


   
1.461 [0.76,2.80] (0.254) 0.911 [0.28,2.94] (0.877) 


Unknown 
   


0.957 [0.90,1.02] (0.189) 0.995 [0.90,1.10] (0.928) 
10% most deprived (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20% 
   


1.033 [0.90,1.19] (0.652) 1.071 [0.88,1.31] (0.501) 
20-30% 


   
1.049 [0.91,1.20] (0.499) 0.9 [0.73,1.10] (0.306) 


30-40% 
   


1.121 [0.97,1.29] (0.121) 0.977 [0.79,1.20] (0.825) 


40-50% 
   


1.108 [0.97,1.27] (0.131) 1.072 [0.88,1.31] (0.492) 


50-60% 
   


1.158* [1.02,1.32] (0.026) 0.98 [0.80,1.20] (0.841) 


60-70% 
   


1.112 [0.98,1.27] (0.11) 0.929 [0.77,1.12] (0.449) 


70-80% 
   


0.935 [0.80,1.09] (0.39) 0.893 [0.72,1.10] (0.293) 


80-90% 
   


1.045 [0.92,1.19] (0.514) 1.044 [0.87,1.25] (0.647) 


10% least deprived 
   


1.077 [0.95,1.22] (0.258) 0.974 [0.81,1.17] (0.778) 


Underweight 
      


0.653 [0.33,1.29] (0.218) 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 
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Overweight 
      


1.096 [0.92,1.31] (0.308) 


Obese 
      


1.056 [0.91,1.22] (0.467) 


Normal anaemia (Ref) 
      


1 [1.00,1.00] (.) 


Mild anaemia 
      


1.597*** [1.38,1.84] 0 


Moderate anaemia 
      


1.593*** [1.24,2.05] 0 


Severe anaemia 
      


1.18 [0.44,3.16] (0.743) 


Missing 
      


0.907 [0.82,1.01] (0.063) 


Non-smoker (Ref) 
      


1 [1.00,1.00] (.) 


Ex-smoker 
      


1.097 [1.00,1.21] (0.055) 


Current smoker 
      


1.022 [0.89,1.18] (0.756) 


Missing  
      


0.964 [0.49,1.92] (0.917) 


Hypotension 
      


1.149 [0.71,1.86] (0.572) 


Hypertension 
      


1.150** [1.04,1.27] (0.005) 


Absent-Missing (Ref) 
      


1 [1.00,1.00] (.) 


Exposure to renal medication 
      


1.652*** [1.50,1.82] 0 


Non-users/absent-missing (Ref) 
      


1 [1.00,1.00] (.) 


Total cholesterol 
      


1.1 [0.79,1.53] (0.574) 


HDL 
      


0.749 [0.53,1.07] (0.111) 


LDL 
      


0.846 [0.61,1.18] (0.321) 
Triglycerides 


      
1.168* [1.01,1.36] (0.042) 


Exponentiated coefficients; 95% confidence intervals in brackets, * p<0.05, ** p<0.01, *** p<0.001 
Table 24 Risk to CKD3b or higher with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), irrespective of baseline CKD. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function - Overall 


 


Figure 13 Estimates of cumulative incidence for occurrence of CKD stage 3b or higher in the presence 
of all-cause mortality as a competing risk, irrespective of baseline CKD, by HbA1c glycaemic levels from 
Fine-Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – CKD 3b or higher (Outcome 1) and all-cause mortality (competing event) – From CKD stage 1 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 


HbA1c < 42  
0.0000015


2*** [0.00,0.00] 0 
0.0000003


85*** [0.00,0.00] 0 3.42e-08*** [0.00,0.00] 0 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.236 [0.67,2.28] (0.499) 1.242 [0.67,2.29] (0.488) 1.462 [0.61,3.50] (0.393) 
48 ≤HbA1c < 53 1.738 [0.89,3.39] (0.105) 1.862 [0.95,3.64] (0.068) 1.289 [0.45,3.70] (0.637) 
53 ≤HbA1c < 58 2.107* [1.04,4.26] (0.038) 2.347* [1.16,4.77] (0.018) 2.196 [0.80,6.01] (0.125) 
HbA1c ≥ 58 2.682*** [1.63,4.42] 0 3.465*** [2.08,5.77] 0 3.586** [1.63,7.89] (0.002) 
Age    1.084*** [1.07,1.10] 0 1.077*** [1.05,1.10] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.884 [0.63,1.24] (0.477) 0.856 [0.53,1.39] (0.532) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.666 [0.21,2.15] (0.495) 0.745 [0.16,3.54] (0.711) 
Mixed    1.007 [0.64,1.58] (0.975) 1.266 [0.68,2.37] (0.461) 


Chinese    
0.0000002


23*** [0.00,0.00] 0 2.38e(08*** [0.00,0.00] 0 


Asian    
0.0000002


86*** [0.00,0.00] 0 2.61e(08*** [0.00,0.00] 0 
Other    2.337 [0.31,17.63] (0.41) 5.816 [0.72,46.70] (0.098) 
Unknown    0.951 [0.64,1.42] (0.806) 1.121 [0.63,1.99] (0.698) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.016 [0.44,2.34] (0.97) 1.354 [0.37,5.02] (0.65) 
20-30%    0.828 [0.35,1.94] (0.665) 0.707 [0.17,2.98] (0.637) 
30-40%    0.966 [0.43,2.17] (0.933) 2.587 [0.88,7.60] (0.084) 
40-50%    1.212 [0.57,2.55] (0.614) 2.397 [0.81,7.10] (0.115) 
50-60%    0.948 [0.44,2.03] (0.891) 1.364 [0.41,4.50] (0.61) 
60-70%    0.789 [0.36,1.74] (0.558) 0.82 [0.23,2.88] (0.757) 
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70-80%    0.962 [0.43,2.16] (0.925) 1.161 [0.32,4.27] (0.822) 
80-90%    1.025 [0.50,2.12] (0.947) 1.517 [0.54,4.28] (0.431) 
10% least deprived    1.009 [0.49,2.08] (0.98) 2.334 [0.83,6.58] (0.109) 
Underweight       3.76e-08*** [0.00,0.00] 0 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.479 [0.14,1.64] (0.242) 
Obese       1.134 [0.46,2.80] (0.785) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       2.479 [0.97,6.33] (0.058) 
Moderate anaemia       4.16e-08*** [0.00,0.00] 0 
Severe anaemia       4.67z-09*** [0.00,0.00] 0 
Missing       0.955 [0.57,1.61] (0.863) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       0.854 [0.49,1.49] (0.579) 
Current smoker       0.975 [0.53,1.78] (0.935) 
Missing        1.90e-08*** [0.00,0.00] 0 
Hypotension       2.57e-08*** [0.00,0.00] 0 
Hypertension       1.349 [0.73,2.48] (0.335) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal 
medication       0.881 [0.47,1.66] (0.694) 
Non-users/absent(missing 
(Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.419** [1.14,1.76] (0.001) 
HDL       0.69 [0.33,1.46] (0.333) 
LDL       0.571*** [0.44,0.74] 0 
Triglycerides       0.967 [0.76,1.22] (0.782) 


Table 25 Risk to CKD3b or higher with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 1. 
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The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From CKD stage 1 


 


Figure 14 Estimates of cumulative incidence for occurrence of CKD stage 3b or higher in the presence 
of all-cause mortality as a competing risk, from baseline CKD stage 1, by HbA1c glycaemic levels from 
Fine-Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – CKD 3b or higher (Outcome 1) and all-cause mortality (competing event) – From CKD stage 2 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42  0.927 [0.63,1.37] (0.707) 1.088 [0.73,1.62] (0.675) 1.046 [0.58,1.90] (0.882) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.220** [1.07,1.40] (0.004) 1.228** [1.07,1.41] (0.003) 1.297* [1.06,1.59] (0.013) 
48 ≤HbA1c < 53 1.496*** [1.27,1.76] 0 1.662*** [1.41,1.95] 0 1.721*** [1.35,2.19] 0 
53 ≤HbA1c < 58 1.319** [1.07,1.63] (0.01) 1.593*** [1.29,1.97] 0 1.514** [1.11,2.07] (0.01) 
HbA1c ≥ 58 1.615*** [1.40,1.86] 0 2.262*** [1.95,2.62] 0 2.219*** [1.76,2.79] 0 
Age    1.053*** [1.05,1.06] 0 1.056*** [1.05,1.06] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    1.107* [1.00,1.22] (0.049) 1.155 [0.98,1.35] (0.077) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.863 [0.53,1.42] (0.561) 0.737 [0.37,1.49] (0.394) 
Mixed    0.93 [0.81,1.07] (0.299) 0.913 [0.75,1.11] (0.371) 
Chinese    0.414 [0.06,3.03] (0.386) 0.597 [0.08,4.49] (0.617) 
Asian    0.743 [0.52,1.06] (0.103) 0.752 [0.47,1.20] (0.235) 
Other    2.386 [0.88,6.47] (0.088) 1.23 [0.17,9.13] (0.84) 
Unknown    0.935 [0.83,1.05] (0.26) 0.869 [0.73,1.03] (0.114) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    0.958 [0.74,1.23] (0.738) 0.844 [0.59,1.21] (0.354) 
20-30%    0.979 [0.77,1.25] (0.866) 0.773 [0.54,1.10] (0.153) 
30-40%    1.272 [1.00,1.62] (0.054) 1.075 [0.77,1.51] (0.673) 
40-50%    1.116 [0.88,1.41] (0.36) 1.083 [0.78,1.50] (0.634) 
50-60%    1.198 [0.95,1.51] (0.12) 0.967 [0.69,1.35] (0.843) 
60-70%    1.270* [1.01,1.59] (0.037) 0.949 [0.69,1.31] (0.753) 
70-80%    0.731* [0.55,0.97] (0.03) 0.696 [0.48,1.01] (0.056) 
80-90%    1.034 [0.82,1.30] (0.777) 0.941 [0.69,1.28] (0.703) 
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10% least deprived    0.972 [0.77,1.22] (0.805) 0.806 [0.58,1.11] (0.193) 
Underweight       0.479 [0.12,1.95] (0.305) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       1.26 [0.93,1.70] (0.131) 
Obese       1.052 [0.81,1.36] (0.699) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.782*** [1.37,2.32] 0 
Moderate anaemia       1.859** [1.17,2.94] (0.008) 


Severe anaemia       
0.0000020


8*** [0.00,0.00] 0 
Missing       0.838 [0.70,1.00] (0.052) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.122 [0.95,1.32] (0.169) 
Current smoker       1.139 [0.91,1.43] (0.264) 
Missing        1.179 [0.45,3.07] (0.735) 
Hypotension       0.591 [0.14,2.46] (0.469) 
Hypertension       1.276** [1.07,1.52] (0.007) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.479*** [1.24,1.76] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.668*** [1.32,2.11] 0 
HDL       0.565*** [0.41,0.78] 0 
LDL       0.600*** [0.47,0.77] 0 
Triglycerides       0.911 [0.79,1.05] (0.199) 


Table 26 Risk to CKD3b or higher with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 2. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From CKD stage 2 


 


Figure 15 Estimates of cumulative incidence for occurrence of CKD stage 3b or higher in the presence 
of all-cause mortality as a competing risk, from baseline CKD stage 2, by HbA1c glycaemic levels from 
Fine-Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – CKD 3b or higher (Outcome 1) and all-cause mortality (competing event) – From CKD stage 3a 
  Unadjusted HR Adjusted HRa Adjusted HRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42  0.944 [0.72,1.24] (0.68) 1.012 [0.77,1.33] (0.93) 0.83 [0.54,1.26] (0.387) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.005 [0.92,1.09] (0.907) 1.014 [0.93,1.10] (0.739) 0.978 [0.86,1.12] (0.741) 
48 ≤HbA1c < 53 1.140* [1.02,1.27] (0.016) 1.168** [1.05,1.30] (0.005) 1.101 [0.93,1.30] (0.257) 
53 ≤HbA1c < 58 1.144 [0.99,1.32] (0.066) 1.224** [1.06,1.41] (0.006) 1.11 [0.89,1.38] (0.343) 
HbA1c ≥ 58 1.08 [0.96,1.21] (0.185) 1.204** [1.07,1.35] (0.002) 1.075 [0.90,1.28] (0.417) 
Age    1.024*** [1.02,1.03] 0 1.030*** [1.02,1.04] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.99 [0.92,1.06] (0.763) 1.018 [0.91,1.14] (0.771) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    1.185 [0.81,1.73] (0.377) 1.152 [0.71,1.88] (0.572) 
Mixed    0.959 [0.87,1.06] (0.395) 0.953 [0.82,1.11] (0.524) 


Chinese 
   0.319 [0.04,2.28] (0.255) 


0.0000016
2*** [0.00,0.00] 0 


Asian    1.031 [0.77,1.37] (0.836) 1.233 [0.86,1.77] (0.254) 
Other    1.445 [0.57,3.69] (0.442) 0.532 [0.08,3.35] (0.502) 
Unknown    0.938 [0.87,1.02] (0.117) 1.017 [0.90,1.15] (0.794) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    1.119 [0.94,1.33] (0.196) 1.197 [0.94,1.53] (0.148) 
20-30%    0.993 [0.84,1.18] (0.933) 0.937 [0.73,1.20] (0.606) 
30-40%    1.027 [0.86,1.23] (0.775) 0.959 [0.73,1.25] (0.757) 
40-50%    1.059 [0.90,1.25] (0.49) 1.097 [0.85,1.41] (0.473) 
50-60%    0.991 [0.85,1.16] (0.912) 0.878 [0.69,1.13] (0.305) 
60-70%    0.956 [0.82,1.12] (0.58) 0.87 [0.69,1.10] (0.253) 
70-80%    0.876 [0.73,1.05] (0.158) 0.902 [0.70,1.17] (0.435) 
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80-90%    0.937 [0.80,1.10] (0.427) 1.044 [0.83,1.31] (0.705) 
10% least deprived    0.987 [0.85,1.15] (0.866) 0.92 [0.73,1.16] (0.476) 
Underweight       0.89 [0.40,1.96] (0.772) 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.938 [0.76,1.16] (0.558) 
Obese       0.962 [0.81,1.15] (0.663) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       1.434*** [1.21,1.70] 0 
Moderate anaemia       1.413* [1.05,1.91] (0.024) 
Severe anaemia       0.867 [0.33,2.31] (0.775) 
Missing       0.941 [0.83,1.07] (0.354) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       1.043 [0.93,1.17] (0.469) 
Current smoker       1.131 [0.95,1.35] (0.179) 
Missing        0.584 [0.21,1.59] (0.294) 
Hypotension       1.013 [0.63,1.62] (0.958) 
Hypertension       1.03 [0.92,1.16] (0.618) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.356*** [1.20,1.53] 0 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       0.819 [0.63,1.06] (0.127) 
HDL       1.144 [0.85,1.54] (0.38) 
LDL       1.1 [0.85,1.42] (0.466) 
Triglycerides       1.244*** [1.10,1.41] (0.001) 


Table 27 Risk to CKD3b or higher with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 3a. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From CKD stage 3a 


 


Figure 16 Estimates of cumulative incidence for occurrence of CKD stage 3b or higher in the presence 
of all-cause mortality as a competing risk, from baseline CKD stage 3a, by HbA1c glycaemic levels from 
Fine-Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – Overall 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42  0.455 [0.14,1.43] (0.179) 0.615 [0.19,1.94] (0.407) 0.385 [0.05,2.78] (0.343) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.236 [0.94,1.62] (0.123) 1.213 [0.93,1.59] (0.161) 1.085 [0.71,1.66] (0.706) 
48 ≤HbA1c < 53 1.659** [1.22,2.26] (0.001) 1.810*** [1.33,2.47] 0 1.515 [0.93,2.47] (0.097) 
53 ≤HbA1c < 58 1.334 [0.88,2.03] (0.179) 1.667* [1.09,2.55] (0.019) 1.346 [0.70,2.59] (0.374) 
HbA1c ≥ 58 0.986 [0.72,1.36] (0.933) 1.703** [1.23,2.35] (0.001) 1.33 [0.80,2.21] (0.272) 
Age    1.077*** [1.07,1.09] 0 1.069*** [1.05,1.09] 0 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.709** [0.58,0.87] (0.001) 0.872 [0.60,1.26] (0.467) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    0.976 [0.36,2.67] (0.963) 0.419 [0.06,3.05] (0.391) 
Mixed    0.774 [0.57,1.05] (0.097) 1.061 [0.70,1.61] (0.779) 


Chinese    
0.0000021


6*** [0.00,0.00] 0 
0.0000012


3*** [0.00,0.00] 0 
Asian    0.749 [0.33,1.70] (0.49) 0.897 [0.32,2.53] (0.837) 
Other    4.815* [1.18,19.60] (0.028) 5.369 [0.72,40.16] (0.102) 
Unknown    0.964 [0.76,1.22] (0.76) 0.823 [0.56,1.20] (0.31) 
10% most deprived (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10-20%    0.546* [0.31,0.96] (0.034) 0.312* [0.11,0.85] (0.022) 
20-30%    1.164 [0.74,1.84] (0.514) 0.963 [0.49,1.88] (0.912) 
30-40%    1.075 [0.66,1.75] (0.772) 0.928 [0.46,1.86] (0.832) 
40-50%    0.922 [0.58,1.47] (0.734) 0.882 [0.45,1.73] (0.714) 
50-60%    0.756 [0.47,1.21] (0.246) 0.446 [0.19,1.04] (0.061) 
60-70%    1.08 [0.70,1.68] (0.73) 0.884 [0.47,1.68] (0.707) 
70-80%    0.771 [0.45,1.32] (0.344) 0.559 [0.26,1.21] (0.139) 
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80-90%    0.875 [0.55,1.39] (0.572) 0.774 [0.41,1.47] (0.433) 
10% least deprived    0.901 [0.58,1.41] (0.65) 0.675 [0.35,1.31] (0.248) 


Underweight       
0.0000017


8*** [0.00,0.00] 0 
Normal weight (Ref)       1 [1.00,1.00] (.) 
Overweight       0.893 [0.46,1.75] (0.742) 
Obese       1.095 [0.64,1.86] (0.737) 
Normal anaemia (Ref)       1 [1.00,1.00] (.) 
Mild anaemia       2.160** [1.36,3.43] (0.001) 
Moderate anaemia       4.749*** [2.78,8.12] 0 


Severe anaemia       
0.0000008


22*** [0.00,0.00] 0 
Missing       0.861 [0.56,1.33] (0.502) 
Non-smoker (Ref)       1 [1.00,1.00] (.) 
Ex-smoker       0.97 [0.68,1.39] (0.867) 
Current smoker       0.861 [0.49,1.52] (0.604) 
Missing        1.368 [0.19,10.05] (0.758) 
Hypotension       1.715 [0.41,7.11] (0.457) 
Hypertension       1.337 [0.93,1.92] (0.118) 
Absent-Missing (Ref)       1 [1.00,1.00] (.) 
Exposure to renal medication       1.497* [1.05,2.14] (0.026) 
Non-users/absent-missing (Ref)       1 [1.00,1.00] (.) 
Total cholesterol       1.191 [0.66,2.16] (0.567) 
HDL       0.430* [0.20,0.93] (0.032) 
LDL       0.831 [0.45,1.54] (0.559) 
Triglycerides       0.97 [0.72,1.31] (0.845) 


Table 28 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), irrespective of baseline CKD. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
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for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function - Overall 


 


Figure 17 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, irrespective of baseline CKD, by HbA1c glycaemic levels from Fine-
Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – From CKD stage 1 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 


  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 


HbA1c < 42  8.31e(08**
* 


[0.00,0.00] 0 0.0000008
25*** 


[0.00,0.00] 0 0.0000006
61*** 


[0.00,0.00] 0 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


44 ≤HbA1c < 48 1.083 [0.15,7.68] (0.937) 1.055 [0.15,7.64] (0.958) 2.271 [0.22,23.8
2] 


(0.494) 


48 ≤HbA1c < 53 3.196 [0.54,18.8
8] 


(0.2) 3.387 [0.56,20.6
1] 


(0.186) 4.516 [0.40,50.8
6] 


(0.222) 


53 ≤HbA1c < 58 8.64e-
08*** 


[0.00,0.00] 0 0.0000007
12*** 


[0.00,0.00] 0 0.0000004
26*** 


[0.00,0.00] 0 


HbA1c ≥ 58 4.596* [1.08,19.6
0] 


(0.039) 5.843* [1.33,25.5
8] 


(0.019) 5.056 [0.49,52.6
3] 


(0.175) 


Age 
   


1.086** [1.03,1.14] (0.003) 1.081 [0.99,1.18] (0.087) 
Male (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Female 
   


0.94 [0.38,2.32] (0.894) 1.332 [0.39,4.53] (0.647) 
White (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


0.0000003
24*** 


[0.00,0.00] 0 5.64e-
08*** 


[0.00,0.00] 0 


Mixed 
   


1.445 [0.47,4.49] (0.525) 2.308 [0.59,9.01] (0.229) 


Chinese 
   


0.0000003
08*** 


[0.00,0.00] 0 4.87e-
08*** 


[0.00,0.00] 0 


Asian 
   


0.0000003
61*** 


[0.00,0.00] 0 5.41e-
08*** 


[0.00,0.00] 0 


Other 
   


16.23* [1.83,143.
66] 


(0.012) 18.67* [1.31,265.
61] 


(0.031) 


Unknown 
   


0.593 [0.18,1.93] (0.387) 0.259 [0.03,2.46] (0.239) 
10% most deprived (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20% 
   


3010169.0
*** 


[447,243.3
1,2025992


8.19] 


0 2.485 [0.00,23,0
25.79] 


(0.845) 
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20-30% 
   


4623874.5
*** 


[1,103,339
.41,19377
732.01] 


0 29531350.
0*** 


[4,650.63,
1.88e+11] 


0 


30-40% 
   


2144820.8
*** 


[335,280.4
3,1372062


3.36] 


0 32836934.
0*** 


[3,265.50,
3.30e+11] 


0 


40-50% 
   


6459278.7
*** 


[2,486,367
.96,16780
413.29] 


0 75489595.
7*** 


[6,052.47,
9.42e+11] 


0 


50-60% 
   


1.204 [.,.] (.) 5.511 [0.00,41,7
45.59] 


(0.708) 


60-70% 
   


3055020.7
*** 


[985,521.4
0,9,470,26


7.85] 


0 45070900.
6*** 


[3,060.96,
6.64e+11] 


0 


70-80% 
   


9947708.1
*** 


[4,889,490
.06,20238
694.75] 


0 76523686.
6*** 


[15,329.06
,3.82e+11] 


0 


80-90% 
   


2552174.0
*** 


[775,625.2
0,8,397,86


0.21] 


0 27895578.
3*** 


[3,668.31,
2.12e+11] 


0 


10% least deprived 


   
4972527.9


*** 
[1,827,207
.14,13532
145.93] 


0 16681641.
8*** 


[2,220.73,
1.25e+11] 


0 


Underweight 
      


9.98e-
08*** 


[0.00,0.00] 0 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 


Overweight 
      


0.0000001
52*** 


[0.00,0.00] 0 


Obese 
      


0.823 [0.08,7.98] (0.867) 
Normal anaemia (Ref) 


      
1 [1.00,1.00] (.) 


Mild anaemia 
      


0.0000003
21*** 


[0.00,0.00] 0 


Moderate anaemia 
      


0.0000006
36*** 


[0.00,0.00] 0 


Severe anaemia 
      


8.95e-
08*** 


[0.00,0.00] 0 
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Missing 
      


0.847 [0.18,3.88] (0.831) 
Non-smoker (Ref) 


      
1 [1.00,1.00] (.) 


Ex-smoker 
      


0.594 [0.11,3.23] (0.547) 
Current smoker 


      
1.093 [0.23,5.24] (0.912) 


Missing  
      


4.98e-
08*** 


[0.00,0.00] 0 


Hypotension 
      


0.0000002
14*** 


[0.00,0.00] 0 


Hypertension 
      


1.474 [0.24,9.14] (0.677) 
Absent-Missing (Ref) 


      
1 [1.00,1.00] (.) 


Exposure to renal medication 
      


0.375 [0.04,3.52] (0.39) 
Non-users/absent-missing (Ref) 


      
1 [1.00,1.00] (.) 


Total cholesterol 
      


2.944 [0.92,9.42] (0.069) 
HDL 


      
0.241 [0.04,1.60] (0.141) 


LDL 
      


0.389 [0.14,1.06] (0.066) 
Triglycerides 


      
0.754 [0.34,1.68] (0.491) 


Table 29 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 1. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From stage 1 


 


Figure 18 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, from baseline CKD stage 1, by HbA1c glycaemic levels from Fine-
Gray Model. 
 Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – From CKD stage 2 
 Unadjusted SHR Adjusted SHRa Adjusted SHRb 
 SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42 1.883 [0.43,8.24] (0.401) 1.931 [0.43,8.65] (0.39) 1.573 [0.19,12.70] (0.671) 
42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.037 [0.50,2.16] (0.923) 1.018 [0.49,2.12] (0.962) 1.206 [0.44,3.27] (0.713) 
48 ≤HbA1c < 53 1.935 [0.91,4.13] (0.088) 2 [0.93,4.28] (0.074) 1.914 [0.65,5.67] (0.241) 
53 ≤HbA1c < 58 1.455 [0.53,4.01] (0.469) 1.503 [0.53,4.24] (0.441) 0.483 [0.06,3.89] (0.494) 
HbA1c ≥ 58 1.884 [0.95,3.75] (0.071) 2.141* [1.05,4.35] (0.035) 1.598 [0.53,4.79] (0.402) 
Age 


   
1.029* [1.00,1.06] (0.022) 1.034 [0.99,1.08] (0.117) 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female 


   
0.748 [0.44,1.26] (0.276) 0.794 [0.36,1.73] (0.561) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


7.55e-
08*** 


[0.00,0.00] 0 0.00000
0935*** 


[0.00,0.00] 0 


Mixed 
   


0.728 [0.35,1.53] (0.403) 1.006 [0.42,2.44] (0.989) 


Chinese 
   


5.91e-
08*** 


[0.00,0.00] 0 0.00000
0599*** 


[0.00,0.00] 0 


Asian 
   


0.467 [0.06,3.54] (0.461) 0.782 [0.10,6.26] (0.817) 


Other 
   


11.73* [1.44,95.74] (0.022) 0.00000
0881*** 


[0.00,0.00] 0 


Unknown 
   


0.949 [0.53,1.69] (0.858) 0.655 [0.27,1.57] (0.344) 
10% most deprived (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20% 
   


2.425 [0.47,12.52] (0.29) 1.041 [0.07,16.02] (0.977) 
20-30% 


   
2.886 [0.59,14.08] (0.19) 3.505 [0.38,32.36] (0.269) 


30-40% 
   


4.641 [0.98,21.97] (0.053) 5.727 [0.65,50.81] (0.117) 
40-50% 


   
3.195 [0.67,15.31] (0.146) 2.924 [0.30,28.14] (0.353) 


50-60% 
   


3.804 [0.84,17.26] (0.083) 2.674 [0.27,26.32] (0.399) 
60-70% 


   
2.17 [0.44,10.67] (0.34) 2.799 [0.31,25.01] (0.357) 


70-80% 
   


1.524 [0.25,9.26] (0.647) 1.617 [0.16,16.16] (0.682) 


80-90% 
   


1.004 [0.17,5.94] (0.997) 1.852 [0.19,17.75] (0.593) 
10% least deprived 


   
2.805 [0.60,13.11] (0.19) 3.785 [0.44,32.65] (0.226) 


Underweight 
      


0.00000
136*** 


[0.00,0.00] 0 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 
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Overweight 
      


2.434 [0.48,12.28] (0.281) 
Obese 


      
1.343 [0.29,6.29] (0.708) 


Normal anaemia (Ref) 
      


1 [1.00,1.00] (.) 
Mild anaemia 


      
1.046 [0.25,4.31] (0.951) 


Moderate anaemia 
      


0.00000
0878*** 


[0.00,0.00] 0 


Severe anaemia 
      


0.00000
0987*** 


[0.00,0.00] 0 


Missing 
      


0.908 [0.40,2.04] (0.814) 
Non-smoker (Ref) 


      
1 [1.00,1.00] (.) 


Ex-smoker 
      


1.334 [0.61,2.93] (0.472) 
Current smoker 


      
0.666 [0.19,2.29] (0.519) 


Missing 
      


5.994 [0.88,40.69] (0.067) 


Hypotension 
      


0.00000
0914*** 


[0.00,0.00] 0 


Hypertension 
      


1.356 [0.58,3.15] (0.479) 
Absent-Missing (Ref) 


      
1 [1.00,1.00] (.) 


Exposure to renal medication 
      


1.358 [0.58,3.18] (0.481) 
Non-users/absent-missing (Ref) 


      
1 [1.00,1.00] (.) 


Total cholesterol 
      


1.223 [0.67,2.24] (0.515) 
HDL 


      
0.699 [0.29,1.69] (0.427) 


LDL 
      


0.797 [0.37,1.70] (0.557) 
Triglycerides 


      
0.98 [0.62,1.54] (0.931) 


Table 30 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 2. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From stage 2 


 


Figure 19 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, from baseline CKD stage 2, by HbA1c glycaemic levels from Fine-
Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – From CKD stage 3a 
 Unadjusted SHR Adjusted SHRa Adjusted SHRb 
 SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42 6.11e-


08*** 
[0.00,0.00] 0 0.0000004


98*** 
[0.00,0.00] 0 0.00000


0458*** 
[0.00,0.00] 0 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.359 [0.65,2.85] (0.417) 1.379 [0.66,2.90] (0.397) 1.406 [0.51,3.86] (0.509) 
48 ≤HbA1c < 53 2.462* [1.12,5.40] (0.025) 2.686* [1.22,5.91] (0.014) 1.79 [0.51,6.27] (0.363) 
53 ≤HbA1c < 58 0.728 [0.16,3.30] (0.68) 0.81 [0.18,3.66] (0.784) 0.745 [0.09,6.42] (0.789) 
HbA1c ≥ 58 1.911 [0.83,4.40] (0.128) 2.254 [0.97,5.25] (0.06) 1.381 [0.41,4.62] (0.601) 
Age 


   
1.035* [1.00,1.07] (0.022) 1.077** [1.03,1.13] (0.001) 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female 


   
0.928 [0.55,1.57] (0.782) 0.866 [0.34,2.18] (0.759) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


0.0000002
98*** 


[0.00,0.00] 0 0.00000
0277*** 


[0.00,0.00] 0 


Mixed 
   


0.637 [0.29,1.41] (0.267) 0.584 [0.16,2.14] (0.417) 


Chinese 
   


0.0000001
80*** 


[0.00,0.00] 0 6.44e-
09*** 


[0.00,0.00] 0 


Asian 
   


1.228 [0.16,9.19] (0.841) 2.632 [0.34,20.61] (0.357) 


Other 
   


0.0000004
04*** 


[0.00,0.00] 0 4.60e-
08*** 


[0.00,0.00] 0 


Unknown 
   


0.756 [0.42,1.35] (0.343) 1.2 [0.51,2.82] (0.676) 
10% most deprived (Ref) 


   
1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


10-20% 
   


0.239 [0.05,1.12] (0.069) 0.28 [0.03,2.79] (0.278) 
20-30% 


   
0.793 [0.30,2.09] (0.638) 1.006 [0.24,4.27] (0.994) 


30-40% 
   


0.376 [0.10,1.44] (0.154) 0.643 [0.11,3.79] (0.625) 


40-50% 


   
0.458 [0.15,1.41] (0.173) 0.00000


0176*** 
[0.00,0.00] 0 


50-60% 
   


0.342 [0.11,1.06] (0.063) 0.452 [0.07,2.77] (0.39) 
60-70% 


   
0.394 [0.13,1.19] (0.098) 0.431 [0.07,2.54] (0.352) 


70-80% 
   


0.336 [0.09,1.24] (0.102) 0.468 [0.10,2.14] (0.328) 
80-90% 


   
0.612 [0.23,1.64] (0.329) 1.226 [0.33,4.55] (0.761) 


10% least deprived 
   


0.443 [0.16,1.21] (0.113) 0.355 [0.06,1.94] (0.233) 
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Underweight 
      


0.00000
0231*** 


[0.00,0.00] 0 


Normal weight (Ref) 
      


1 [1.00,1.00] (.) 
Overweight 


      
3.012 [0.33,27.45] (0.328) 


Obese 
      


2.972 [0.36,24.48] (0.311) 
Normal anaemia (Ref) 


      
1 [1.00,1.00] (.) 


Mild anaemia 
      


2.733 [0.90,8.31] (0.076) 
Moderate anaemia 


      
5.057* [1.31,19.58] (0.019) 


Severe anaemia 
      


1.54e-
08*** 


[0.00,0.00] 0 


Missing 
      


1.59 [0.60,4.20] (0.35) 
Non-smoker (Ref) 


      
1 [1.00,1.00] (.) 


Ex-smoker 
      


0.807 [0.34,1.89] (0.62) 
Current smoker 


      
1.098 [0.25,4.74] (0.9) 


Missing 
      


7.97e-
08*** 


[0.00,0.00] 0 


Hypotension 
      


0.00000
119*** 


[0.00,0.00] 0 


Hypertension 
      


1.523 [0.60,3.89] (0.38) 
Absent-Missing (Ref) 


      
1 [1.00,1.00] (.) 


Exposure to renal medication 
      


0.962 [0.40,2.32] (0.931) 
Non-users/absent-missing (Ref) 


      
1 [1.00,1.00] (.) 


Total cholesterol 
      


1.191 [0.27,5.35] (0.82) 
HDL 


      
0.625 [0.07,5.84] (0.68) 


LDL 
      


1.031 [0.23,4.72] (0.969) 
Triglycerides 


      
0.886 [0.37,2.10] (0.784) 


Table 31 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 


(HbA1c), from CKD stage 3a. 


The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. 
a 


The Cox proportional hazard 


model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 


for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 


renal disease 
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Cumulative incidence function – From stage 3a 


 


Figure 20 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-


cause mortality as a competing risk, from baseline CKD stage 3a, by HbA1c glycaemic levels from Fine-


Gray Model. 


Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 


smoking status, blood pressure, exposure to medication for renal disease and measurements related 


to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – From CKD stage 3b 
 Unadjusted SHR Adjusted SHRa Adjusted SHRb 
 SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42 4.73e-08*** [0.00,0.00] 0 0.0000003


40*** 
[0.00,0.00] 0 0.0000001


87*** 
[0.00,0.00] 0 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 0.999 [0.56,1.77] (0.996) 1.001 [0.56,1.78] (0.996) 0.756 [0.28,2.03] (0.58) 
48 ≤HbA1c < 53 1.336 [0.68,2.63] (0.402) 1.322 [0.67,2.61] (0.422) 0.794 [0.22,2.88] (0.725) 
53 ≤HbA1c < 58 3.402*** [1.76,6.57] 0 3.203*** [1.61,6.38] (0.001) 4.850*** [1.94,12.12] (0.001) 
HbA1c ≥ 58 1.4 [0.66,2.99] (0.384) 1.306 [0.59,2.87] (0.506) 2.008 [0.63,6.42] (0.239) 
Age 


   
0.981 [0.96,1.01] (0.132) 0.973 [0.94,1.01] (0.147) 


Male (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female 


   
0.612* [0.39,0.96] (0.032) 0.814 [0.34,1.98] (0.65) 


White (Ref) 
   


1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 


Black 
   


2.043 [0.23,17.90] (0.519) 0.0000002
81*** 


[0.00,0.00] 0 


Mixed 
   


0.721 [0.38,1.38] (0.326) 1.457 [0.57,3.69] (0.428) 


Chinese 
   


0.0000001
91*** 


[0.00,0.00] 0 0.0000001
06*** 


[0.00,0.00] 0 


Asian 
   


1.062 [0.16,7.10] (0.95) 2.682 [0.33,21.59] (0.354) 


Other 
   


0.0000002
49*** 


[0.00,0.00] 0 0.997 [0.42,2.39] (0.995) 


Unknown 
   


0.988 [0.60,1.62] (0.962) 1 [1.00,1.00] (.) 


10% most deprived (Ref) 
   


1 [1.00,1.00] (.) 0.0000001
04*** 


[0.00,0.00] 0 


10-20% 
   


0.147* [0.03,0.65] (0.012) 0.331 [0.08,1.31] (0.116) 
20-30% 


   
0.476 [0.19,1.19] (0.111) 0.496 [0.13,1.94] (0.313) 


30-40% 
   


0.707 [0.29,1.71] (0.442) 0.923 [0.27,3.13] (0.898) 
40-50% 


   
0.582 [0.25,1.36] (0.212) 0.361 [0.07,1.75] (0.206) 


50-60% 
   


0.597 [0.27,1.33] (0.205) 0.492 [0.14,1.69] (0.259) 
60-70% 


   
0.519 [0.23,1.19] (0.122) 0.253 [0.05,1.28] (0.096) 


70-80% 
   


0.409 [0.14,1.17] (0.095) 0.297 [0.07,1.34] (0.115) 
80-90% 


   
0.415 [0.17,1.01] (0.051) 0.454 [0.13,1.57] (0.213) 


10% least deprived 
   


0.501 [0.22,1.14] (0.099) 0.0000001
13*** 


[0.00,0.00] 0 


Underweight 
      


1 [1.00,1.00] (.) 
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Normal weight (Ref) 
      


0.371 [0.07,1.86] (0.228) 
Overweight 


      
0.93 [0.39,2.23] (0.871) 


Obese 
      


1 [1.00,1.00] (.) 
Normal anaemia (Ref) 


      
1.538 [0.57,4.17] (0.397) 


Mild anaemia 
      


2.812 [0.98,8.03] (0.053) 


Moderate anaemia 
      


0.0000001
38*** 


[0.00,0.00] 0 


Severe anaemia 
      


0.733 [0.25,2.14] (0.569) 
Missing 


      
1 [1.00,1.00] (.) 


Non(smoker (Ref) 
      


1.311 [0.62,2.79] (0.482) 
Ex(smoker 


      
0.897 [0.21,3.89] (0.885) 


Current smoker 
      


0.0000001
69*** 


[0.00,0.00] 0 


Missing 
      


1.852 [0.15,23.49] (0.635) 
Hypotension 


      
1.348 [0.63,2.90] (0.445) 


Hypertension 
      


1 [1.00,1.00] (.) 
Absent(Missing (Ref) 


      
1.129 [0.50,2.57] (0.772) 


Exposure to renal 
medication 


      
1 [1.00,1.00] (.) 


Non(users/absent(missing 
(Ref) 


      
1.174 [0.06,24.57] (0.918) 


Total cholesterol 
      


0.347 [0.01,9.08] (0.525) 
HDL 


      
0.878 [0.04,20.83] (0.936) 


LDL 
      


0.73 [0.18,3.02] (0.664) 
Triglycerides 


      
0.754 [0.34,1.68] (0.491) 


Table 32 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 3b. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From stage 3b 


 


Figure 21 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, from baseline CKD stage 3b, by HbA1c glycaemic levels from Fine-
Gray Model. 
 Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 







 


192 
 


Competing risks analysis – ESRD/dialysis (Outcome 2) and all-cause mortality (competing event) – From CKD stage 4 
  Unadjusted SHR Adjusted SHRa Adjusted SHRb 
  SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value 
HbA1c < 42  0.527 [0.07,4.03] (0.537) 0.525 [0.07,4.09] (0.539) 


1.05e-
08*** [0.00,0.00] 0 


42 ≤HbA1c < 44 (Ref) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
44 ≤HbA1c < 48 1.113 [0.76,1.63] (0.584) 1.102 [0.75,1.62] (0.621) 1.032 [0.48,2.23] (0.936) 
48 ≤HbA1c < 53 1.362 [0.84,2.21] (0.212) 1.248 [0.76,2.05] (0.383) 1.579 [0.67,3.73] (0.297) 
53 ≤HbA1c < 58 0.997 [0.45,2.19] (0.993) 0.933 [0.42,2.07] (0.865) 0.408 [0.07,2.53] (0.336) 
HbA1c ≥ 58 0.786 [0.40,1.55] (0.487) 0.769 [0.40,1.48] (0.431) 0.261 [0.03,2.07] (0.204) 
Age    0.985 [0.97,1.00] (0.062) 0.969 [0.94,1.00] (0.059) 
Male (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Female    0.644** [0.47,0.89] (0.008) 0.688 [0.34,1.40] (0.3) 
White (Ref)    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
Black    4.008* [1.39,11.57] (0.01) 1.078 [0.09,13.05] (0.953) 
Mixed    0.828 [0.51,1.34] (0.441) 0.807 [0.36,1.80] (0.6) 


Chinese 
   


0.0000009
30*** [0.00,0.00] 0 


6.49e-
09*** [0.00,0.00] 0 


Asian    2.191 [0.64,7.54] (0.214) 0.826 [0.08,8.65] (0.873) 
Other    1.05 [0.72,1.54] (0.8) 0.599 [0.28,1.28] (0.186) 
Unknown    1 [1.00,1.00] (.) 1 [1.00,1.00] (.) 
10% most deprived (Ref)    1.167 [0.46,2.94] (0.743) 0.358 [0.08,1.63] (0.184) 
10-20%    1.705 [0.75,3.89] (0.205) 0.531 [0.15,1.92] (0.334) 
20-30%    1.295 [0.53,3.19] (0.574) 0.347 [0.08,1.46] (0.148) 
30-40%    1.217 [0.52,2.87] (0.653) 0.602 [0.16,2.21] (0.443) 
40-50%    0.754 [0.30,1.88] (0.544) 0.0885* [0.01,0.77] (0.028) 
50-60%    2.153 [0.99,4.70] (0.054) 0.645 [0.19,2.14] (0.474) 
60-70%    0.899 [0.34,2.39] (0.832) 0.198 [0.03,1.16] (0.073) 
70-80%    1.509 [0.67,3.39] (0.319) 0.405 [0.12,1.33] (0.136) 
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80-90%    1.202 [0.52,2.77] (0.665 0.415 [0.12,1.48] (0.174) 


10% least deprived 
      


8.56e-
09*** [0.00,0.00] 0 


Underweight       1 [1.00,1.00] (.) 
Normal weight (Ref)       0.544 [0.13,2.23] (0.399) 
Overweight       0.932 [0.37,2.36] (0.881) 
Obese       1 [1.00,1.00] (.) 
Normal anaemia (Ref)       0.629 [0.28,1.41] (0.263) 
Mild anaemia       1.109 [0.47,2.60] (0.813) 


Moderate anaemia 
      


1.11e-
08*** [0.00,0.00] 0 


Severe anaemia       0.411 [0.15,1.10] (0.076) 
Missing       1 [1.00,1.00] (.) 
Non-smoker (Ref)       0.646 [0.32,1.31] (0.225) 
Ex-smoker       0.754 [0.22,2.54] (0.649) 


Current smoker 
      


4.30e-
08*** [0.00,0.00] 0 


Missing        2.089 [0.25,17.77] (0.5) 
Hypotension       0.954 [0.46,1.97] (0.899) 
Hypertension       1 [1.00,1.00] (.) 
Absent-Missing (Ref)       0.868 [0.41,1.84] (0.713) 
Exposure to renal medication       1 [1.00,1.00] (.) 
Non-users/absent-missing (Ref)       1.2 [0.12,11.59] (0.875) 
Total cholesterol       0.608 [0.05,6.80] (0.687) 
HDL       0.696 [0.07,6.99] (0.758) 
LDL       0.66 [0.21,2.12] (0.485) 
Triglycerides       0.754 [0.34,1.68] (0.491) 


Table 33 Risk to ESRD/dialysis with all-cause mortality as competing risk in patients with different levels of glycaemic control measured by glycated haemoglobin 
(HbA1c), from CKD stage 4. 
The effect HbA1c levels on outcomes is reflected from the subdistribution hazard ratio (SHR). Firstly, an unadjusted HR is displayed. a The Cox proportional hazard 
model model was adjusted for age, gender, ethnicity, and 2015 index of Multiple Deprivation. b Additional with the demographic adjustments, models were adjusted 
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for weight, anaemia severity, smoking status, blood pressure, exposure to renal medication, total cholesterol, HDL, LDL, and triglycerides level. ESRD end stage 
renal disease 
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Cumulative incidence function – From stage 4 


 


Figure 22 Estimates of cumulative incidence for occurrence of ESRD or dialysis in the presence of all-
cause mortality as a competing risk, from baseline CKD stage 4, by HbA1c glycaemic levels from Fine-
Gray Model. 
Model is adjusted for age, gender, ethnicity, index of Multiple deprivation, anaemia severity, weight, 
smoking status, blood pressure, exposure to medication for renal disease and measurements related 
to the lipidaemic status of the participant, including that of total cholesterol, HDL, LDL, and triglycerides 
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