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Purpose of review 

Iron deficiency (ID) with (IDA) and without anemia (IDWA) remain a diagnostic and management 

challenge. ID has a broad spectrum of causes, including gastrointestinal malignancy. The purpose of 

this review is to summarise the value and limitations of current methods to diagnose ID and underline 

the relevance of contemporaneous evidence to guide the pre-test probability of gastrointestinal 

disease. 

 

Recent findings 

A number of biomarkers for iron deficiency exist, and all have their caveats. Serum ferritin remains 

the most pragmatic means of diagnosing iron deficiency. Hepcidin holds future promise as a marker 

of iron status during inflammatory states. Men and post-menopausal women with IDA have the 

highest overall prevalence of gastrointestinal malignancy (~11%), while premenopausal women with 

IDA (<1.5%) and those with IDWA (<0.5%) have a very low risk. Non-invasive investigation with fecal 

immunochemical test (FIT) and fecal calprotectin (FC) hold promise to guide further investigations in 

lower risk groups. 

 

Summary 

Confirmation of ID remains a challenge. Appropriate risk stratification is the key to guiding judicious 

gastrointestinal investigation. Use of non-invasive tests may play an important role in lower risk 

groups. Risk prediction tools applicable to relevant populations are required. 
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KEY POINTS 

• Iron deficiency is extremely common and is due to a diverse range of etiologies 

• Ferritin is still the most pragmatic investigation to assess iron status 

• Gastrointestinal cancer may be the cause of iron deficiency and endoscopic investigations 

must be considered especially in those with a higher risk of malignancy  

• Fecal immunochemical testing and fecal calprotectin may help guide investigations for lower 

risk patients with iron deficiency 

  



INTRODUCTION 

Iron deficiency (ID) is the most common nutritional deficiency worldwide and can be considered a 

continuum from iron deficiency without anemia (IDWA) to iron deficiency with anemia (IDA). The 

causes of ID are diverse and include non-malignant and malignant diseases. Due to the association 

between IDA and gastrointestinal malignancy many national societies have provided guidance on the 

diagnosis and management of IDA(1-3). However, there is little consensus on the need for further 

investigations in those who have IDWA although a proportion of these may progress to IDA. Here we 

discuss a pragmatic approach to the diagnosis and management of ID in adults with and without 

anemia and highlight areas for further study. 

 

EPIDEMIOLOGY 

The World Health Organisation (WHO) has estimated that approximately 30% of the global population 

is affected by ID with and without concurrent anemia(4, 5). Reported estimates often using anemia as 

an indirect indicator of ID(6) as there are relatively few large robust population studies to have fully 

assessed the prevalence of ID. Yet based on existing population studies it is evident that the 

prevalence of IDWA is more common than IDA with the prevalence of ID highly dependent on the 

population assessed. 

 

The National Health and Nutrition Examination Survey (NHANES I) and the NHANES I Epidemiologic 

Follow up Study reported that 8% (n=716) of a civilian, non-institutionalized population in the United 

States (n=9024) were iron deficient (transferrin saturation <15%), which included 1.6% (n=143) who 

also had an IDA(7). The prevalence of ID may be higher still as a more recent population-based study 

of 4451 adults over 50 years of age from England reported the prevalence of IDWA as 8.7% (n=389) 

with women having a higher prevalence of IDWA than men (10.9% versus 6.35%)(8••). Those with IDA 

(n=297) were excluded from this study and serum ferritin <30 g/l was used to define ID instead of 

transferrin saturation. In contrast, the prevalence of ID in non-industrialised countries is higher(4) and 



some studies have reported a prevalence as of >40% although small sample size and selection biases 

in these studies limit the generalisability of these findings to other developing countries(9, 10). 

 

DIAGNOSING IRON DEFICIENCY 

There is no single universal test that can readily assess for ID. Bone marrow aspirates with iron (Perl’s 

Prussian blue) staining previously considered the gold standard for assessing iron stores are highly 

invasive and serum markers are now commonly used instead to assess iron status(11).  

 

Serum ferritin, a circulating iron storage protein that is proportionate to iron stores in the body is the 

most widely used biomarker to assess for ID. Measurements of ferritin have been standardised 

internationally despite the different laboratory quantification methods that are available(12) and 

based on limited data and expert opinion a serum ferritin <15g/L is often defined as the threshold 

that represents ID(13). This ‘cut-off’ is used by the WHO to define ID in adults(14•)  although some 

advocate a higher cut-off i.e. serum ferritin <45g/L(2) increasing sensitivity at the expense of 

specificity for the detection of ID and many associations/societies have set different ‘thresholds’ for 

ID taking into account the sensitivity and specificity required for their specific patient population(15). 

However, the correlation between ferritin and iron status becomes distorted during inflammatory 

processes(16) and should be interpreted cautiously in the context of raised acute phase reactants e.g. 

C-reactive protein. Meta-analyses report that inflammation can increase ferritin measurements by 

approximately 30-90%(17) and in those with chronic inflammatory conditions, one study reported a 

mean serum ferritin of 82.4 g/L despite ID on bone marrow aspirates(18) implying that the presence 

of ID may be overlooked in those with covert inflammation. Higher ‘cut-off’ values for ferritin (i.e. 

<70 g/L) to define ID and the application of ‘correction factors’ to ferritin measurements have been 

suggested in the context of inflammation but this is based on limited data and should be interpreted 

with caution until such approaches have been validated(19).  

 



Other commonly used serum markers of ID include low iron, low transferrin saturation, and increased 

total iron binding capacity although these have their own limitations. For example, serum iron unlike 

ferritin fluctuates with dietary intake and diurnal variation(20) and whilst a low serum iron may 

represent low body stores of iron (absolute ID), serum iron may also be low due to iron being 

sequestered during infection and inflammatory conditions despite adequate stores of iron in the body 

(functional ID)(21). Thus, in isolation a low serum iron is of little diagnostic value and is typically 

evaluated in the context of transferrin saturations (Tsat). Transferrin is a circulating transport protein 

for iron that is increased during ID and can be decreased in inflammatory conditions and the Tsat is 

effectively the ratio of serum iron to the total iron capacity of transferrin. The role of transferrin 

saturations in the diagnosis of ID has been extensively systematically reviewed by Cacoub et al. and a 

threshold of Tsat<16% is considered diagnostic of absolute ID; with Tsat<20% the threshold for ID 

regardless of inflammation(22). However, it should be noted that Tsat has the same limitations as the 

serum markers used in its calculation, with high estrogen levels (pregnancy, medication) and certain 

endocrine conditions reported to alter the production of transferrin irrespective of the body’s iron 

stores(23).  

 

Similar to serum transferrin, the soluble transferrin receptor (sTfR) is a circulating protein that reflects 

erythropoiesis and is inversely proportional to the availability of tissue iron. Elevated in those with ID, 

some studies imply that sTfR may be a better indicator of ID in certain inflammatory conditions(24••). 

Others have reported that sTfR is no better than ferritin or only of use in detecting advanced ID(25) 

and conditions such as hemolysis and malignancy are known to falsely elevate sTfR levels(26). 

Regardless, sTfR is not routinely available in clinical practice due to a lack of standardised assays and 

reference ranges. 

 

Due to the aforementioned limitations, novel serum markers and indices for ID are still under 

investigation(27). Elevated erythrocyte zinc protoporphyrin is consistent with ID as zinc is 



incorporated into protoporphyrin when iron stores are low and has the potential to be investigated 

non-invasively(28). However, zinc protoporphyrin can be elevated in inflammatory states and lead 

poisoning(29). Reticulocyte hemoglobin content is available on many automated cell counters and can 

rapidly provide information on iron status(30); unaffected by inflammation at present the data for its 

role in diagnosing ID is limited(31). Hepcidin is probably the most promising upcoming marker for 

detecting ID. A peptide hormone that is a key regulator of iron homeostasis, its production is 

decreased in ID and increased during inflammation(32). However, Stoffel and colleagues have 

demonstrated that low iron status offsets the inflammatory stimulus on hepcidin expression implying 

that hepcidin may be a useful marker of iron status during inflammatory states(33••).    

 

In summary, serum ferritin is probably the most widely available and useful marker to initially assess 

iron status with other serum markers sometimes required to provide the best assessment. 

 

MANAGEMENT 

The overwhelming focus on the management of patients with ID is on the diagnostic approach. 

Treatment of the cause, iron supplementation and monitoring (hemoglobin and iron indices), are also 

important, however, these are not within the scope of this review. The causes of ID can be divided 

into three categories: insufficient dietary intake, decreased absorption and blood loss (Table 1). Whilst 

ID is associated with many diseases, healthy individuals with dietary restrictions (e.g. vegetarians) 

and/or increased iron requirements (e.g. adolescents, menstruating women of child-bearing age, 

pregnancy and intense physical activity) are also at risk of ID(34-38). A thorough clinical history 

together with clinical examination is important to refine a relevant list of differential diagnoses, risk 

stratify for gastrointestinal (GI) malignancy, and permit appropriate selection of onward 

investigations. 

 



Emphasis on investigation of the GI tract is predicated on an increased relative and absolute risk of 

prevalent GI malignancy observed in iron deficient states (see Figure 1). The observational research 

which underlies the current evidence-base, includes studies which vary by healthcare setting (e.g. 

primary and secondary care), geographical location, demography (with differing age and gender 

distributions) and symptomatology; with resultant substantial heterogeneity in estimates(39•, 40••). 

Given this, the optimal approach to GI investigation is likely best tailored by taking into account the 

pre-test probability of GI disease in the local at-risk population group. It should also be noted that 

non-malignant GI diseases are also relevant and their pre-test probability may also guide 

investigation(41). Non-invasive tests for coeliac disease and helicobacter pylori should be considered 

as part of the initial diagnostic work up. With regards to endoscopic investigation, the following factors 

deserve consideration: the pre-test probability of GI disease, the risks of endoscopic investigation, 

patient preference, endoscopic capacity and cost. Based on current evidence and its inherent 

uncertainties we propose a pragmatic approach to guide investigation in patients with ID (Figure 2). 

In the highest risk groups for GI cancer, urgent investigation with both upper and lower GI endoscopy 

is likely justifiable: a recent meta-analysis of the prevalence of GI cancer in men and postmenopausal 

women with IDA demonstrated colorectal cancer (CRC) in 8.9% (95% CI 8.3-9.5%) and upper GI cancer 

in 1.96% (95% CI 1.7-2.3%)(40). Included studies comprised populations with and without symptoms, 

and while it is unclear the extent to which risk of GI cancer varies between these groups, the absolute 

risk of GI cancer in these groups is still likely to elevated, based on population-based research(7). The 

benefit of endoscopic investigation is less clear in lower risk groups, where the prevalence of CRC and 

upper GI cancer in premenopausal women with IDA was 0.95% (0.3-1.9%) and 0.24% (95% CI 0-0.9%), 

respectively.  

 

The evidence-base informing the prevalence of GI malignancy in patients with IDWA is more limited 

(Figure 1) and restricted to five observational studies, summarised in a recent systematic review(40). 

A single population-based study from the US estimated prevalence of GI malignancy in men and post-



menopausal women (expected to be predominantly asymptomatic) with IDWA to be 0.9% (95% CI 

0.11-3.2%)(7), however, in older patients in three studies including men and women aged ≥50 years, 

the pooled prevalence was to 2.58% (95% CI 0-8.77%). In pre-menopausal women(7) or younger men 

and women (<50 years)(7, 42, 43), the pooled prevalence of GI malignancy in both groups was 0%. 

Although the prevalence of GI cancer in patients with IDWA is lower than equivalent groups with IDA, 

given the paucity of studies in the former, there remain uncertainties about the magnitude of risk. As 

the amount of evidence in lower risk groups (pre-menopausal women with IDA and those <50 years 

with IDWA) is limited, accordingly there is a lack of consistency in recommended diagnostic approach 

in these groups. Developments in non-invasive screening tests could play an important role in these 

lower risk groups as triaging tools for colonoscopy.  

 

The faecal immunochemical test (FIT) uses an immune-assay to target the globulin component of 

hemoglobin and is specific to lower GI cancers(44). FIT could play a role in the diagnostic pathway for 

pre-menopausal women with IDA or those <50 years with IDWA, given its established diagnostic 

accuracy for CRC in low-risk populations(45••) (e.g. for ≥10 μg Hb/g FIT threshold, for CRC, sensitivity 

90.5%, specificity 91.3%, positive predictive value 10.1% and negative predictive value 99.9%), with 

little evidence of age or gender affecting performance(45, 46).  Furthermore, sensitivity and specificity 

have been shown to be similar between those presenting with IDA and those referred with other 

symptoms(47). Importantly, in patients with IDA specifically, FIT has a high negative predictive value 

(98.4%) with a ≥10 μg Hb/g threshold(48••). There is no evidence that early repeat FIT in those at high 

risk of CRC, or that two sample FIT in screening populations improves diagnostic accuracy(49, 50).  

 

IDA and IDWA can herald a diagnosis of inflammatory bowel disease (IBD), particularly in younger 

patients(41, 42). Faecal calprotectin (FC) is a non-invasive marker of disease activity in inflammatory 

bowel disease, which correlates with histological evidence of inflammation(51). A cohort study 

conducted in UK primary care, including symptomatic young adults without alarm symptoms (18-46 



years old) established the diagnostic accuracy of FC for IBD (versus functional bowel disease) with a 

threshold of ≥100 μg/g (sensitivity 83%, specificity 91%, positive predictive value 27% and negative 

predictive value 99%)(52). The accuracy of FC in aiding diagnosis of IBD is asymptomatic patients with 

ID is unclear.  

 

The development of personalised risk prediction tools in patients with ID could guide clinical decision-

making in the future.  The derivation and validation of the IDIOM score, a risk prediction tool 

developed in secondary care in patients in predominantly older patients with IDA to predict GI 

malignancy, is a welcome development(53•, 54). In addition to age and sex, the variables hemoglobin 

and mean corpuscular volume provide additional independent predictive value. The model’s current 

clinical application is restricted to identifying a very low-risk group: those assigned predicted <1.5% 

risk (accounting for 10% of the validation cohort), where no GI cancers were found (NPV 100%). The 

model demonstrated predictive value for higher risk categories, however this was at the expense of 

sensitivity, precluding use in this context. Future risk scores, developed and validated in populations 

representative of patient cohorts separately in primary and secondary care, in broad adult age-groups 

are urgently required. 

 

 

CONCLUSIONS 

ID is the most common nutritional deficiency worldwide. Serum ferritin remains the most pragmatic 

and widely available means of diagnosing ID, but should be interpreted in context (such as systemic 

inflammation). IDA and IDWA are of direct clinical relevance, given their association with prevalent GI 

malignancy. Non-malignant GI causes of ID deserve consideration. Diagnostic strategy is predicated 

on the pre-test probability of malignant and non-malignant GI disease. Patients at highest risk of GI 

malignancy (for example men and post-menopausal women with IDA or those ≥50 years with IDWA) 

will most likely require upper and lower GI endoscopy. Lower risk groups, such as those <50 years with 



IDWA or premenopausal women with IDA could be triaged for colonoscopy with non-invasive tools 

such as FIT and FC. Further research is needed to establish precise estimates of the prevalence of 

malignant and non-malignant GI disease in patients with IDWA. The development of risk prediction 

tools for GI disease in patients with ID could shape future clinical practice. 
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Table 1: Important causes of iron deficiency 

 

Insufficient dietary intake Decreased absorption Blood loss 

Malnourishment 

Vegetarian 

Vegan 

Autoimmune gastritis 

Bariatric surgery  

Coeliac disease 

Gastrectomy 

H. pylori 

Inflammatory disorders of the 

gastrointestinal tract e.g. 

inflammatory bowel disease 

Inherited disorders 

Medications e.g. Proton pump 

inhibitors 

 

Bleeding disorders 

Blood donation 

Colorectal polyps 

Gastrointestinal cancers 

Gastrointestinal inflammation e.g. 

inflammatory bowel disease 

Gastrointestinal ulceration e.g. 

inflammatory bowel disease, gastric 

ulcer, duodenal ulcer 

Intense physical activity e.g. 
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Figure 1. Summary meta-estimates of prevalent gastrointestinal cancer in patients with iron deficiency with 

and without anaemia. Source data from Alexandre et al, 2020 (39), Ioannou et al, 2002 (7)and Rockey et al, 

2020 (40).  

 

 

 

 

 

 

 

 

 

 

Group Studies Total Events Proportion (%) Proportion (95% CI) I 2  (%)

Iron deficiency anemia

Lower GI cancer

Men and Post-menopausal women 16 8210 769 8.88 (8.26-9.52) 86

Pre-menopausal women 9 910 14 0.95 (0.30-1.86) 19

Upper GI cancer

Men and Post-menopausal women 16 9632 228 1.96 (1.67-2.27) 76

Pre-menopausal women 9 910 8 0.24 (0.00-0.87) 35

Iron deficiency without anemia

Lower GI cancer

Men and Post-menopausal women 1 2 223 0.90 (0.11-3.20) -

Pre-menopausal women 1 350 0 0.00 (0.00-1.05) -

Men and women 4 3086 3 0.03 (0.00-0.39) 62

Upper GI cancer

Men and Post-menopausal women 1 0 223 0.00 (0.00-1.64) -

Pre-menopausal women 1 350 0 0.00 (0.00-1.05) -

Men and women 3 2974 4 0.07 (0.00-0.59) 78

Any GI cancer

Men and Post-menopausal women 1 350 2 0.90 (0.11-3.20) -

Men and women 5 3329 13 0.38 (0.00-1.84) 88

Men and women (≥ 50 years) 3 252 6 2.58 (0.00-8.77) 68

Men and women (< 50 years) 3 2308 1 0.00 (0.00-0.21) 62



Figure 2. Proposed diagnostic algorithm for patients with confirmed iron deficiency. 

Abbreviations: GI, gastrointestinal; Hb, hemoglobin; IDA, iron deficiency anemia; IDWA, iron deficiency 

without anemia; FC, fecal calprotectin; FIT, Fecal immunochemical test; TTG, Tissue transglutaminase; VCE, 

video capsule endoscopy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


