Abstract

Background: Dysphagia and cognitive problems, both common after stoke, may affect
dietary intake increasing the risk of malnutrition. Malnutrition has adverse effects on
body composition especially in conditions that escalate the stress response in the body

and may be associated with immobility such as stroke.

Study objective: The objective of my study was to understand the prognosis of
malnutrition on post cardiovascular disease (CV) outcomes, understand body
composition changes after stroke assessed using multi-frequency bioelectrical
impedance analysis (MF-BIA) methods, examine the utility of MF-BIA in diagnosing
dehydration in stroke patients, and validate MF-BIA selected body composition
estimates against the reference method Dual X-ray absorptiometry (DEXA).

Methodology: To understand the prognosis of malnutrition on post CVD outcomes |
carried out a systematic review and meta-analysis examining the association between
selected markers of malnutrition on outcomes. The systematic review is presented in
Chapter 2 of this thesis. Chapter 3 presents an observational longitudinal study that
describes body composition changes after ischaemic stroke and their prognosis on
outcomes. Ischaemic stroke patients admitted to an acute unit were prospectively
recruited between January-July 2011. Body composition variables (BioScan 920-2,
Maltron International Ltd, Essex, United Kingdom) were measured on admission and
discharge. Results were descriptively presented stratified by type of feeding regimen,
type of stroke and stroke severity. Validated follow up questionnaire were sent to
participants by post to understand body composition changes association with their
health and quality of life.

In chapter 4 the diagnostic accuracy of MF-BIA BioScan 920-2 in diagnosing
dehydration after stroke was examined for severa diagnostic cut offs of current and
impending dehydration. In chapter 5 externa validation of MF-BIA BioScan 920-2 fat
free mass and fat mass estimates against reference method DEXA was examined using
ten participants data.  Bland and Altman analysis for understanding the agreement

between two methods of clinical measurement was carried out.



Results:  Undernutrition (assessed using nutrition assessment tools) were associated
with mortality post cardiovascular event. Other findings are presented in Chapter 2.
Fat free mass loss, and fat mass gain, protein mass loss, muscle mass loss, and body cell
mass |oss were observed in patients on modified diet (soft/mashed diet, pureed diet, nil-
by-mouth feeding regimen). Sample size was small to generalize a conclusion on the
association between body composition changes in acute stay and outcomes. MF-BIA
BioScan 920-2 did not show diagnostic accuracy in diagnosing dehydration in stroke
patients. MF-BIA BioScan 920-2 fat free mass and fat mass estimates were in
agreement with their corresponding estimate from the reference methods DEXA.

Conclusion: My study was novel as it provided new information with regard to body
composition changes in acute stroke while utilizing new validated equipment in
estimating body composition component of fat free mass and fat mass. My study also
aimed to investigate new non-invasive methods to diagnose dehydration in stroke
patients. It contributed new knowledge that can be useful in future research, sample
size calculation, and can help researchers in the field to determine minimally clinically

significant differences for similar research and targeted intervention clinical trials.
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1.1 Introduction

1.1.1 Stroke epidemiology

Globally cardiovascular diseases (CVD) are theitepdause of death (1), with stroke
being one of the major CVD. According to 2008 figs stroke contributes to ~36% of
total CVD mortality (1). In the United Kingdom tleewere over 190,000 deaths from
cardiovascular diseases with stroke contributingl43 deaths of which 33,896 were
over the age of 75 (2). Despite such statistieteb preventative strategies resulted in a
reduction in stroke incidence in the first decadahe twenty first century. Stroke
incidence in England dropped in 2005-2007 from t®378 (per 100,000) in men and
from 152 to 139 (per 100,000) in women. Scotlaritbived the same trend with a drop
in stroke incidence between 2000 and 2009 from 87202 in men and from 208 to
160 in women per 100, 000 population (2)A recent cohort (n= 32,151) of patients
with a first stroke confirmed these findings andggested that stroke incidence
decreased from 1.48/1000 per person-year in 1990#®/1000 per person-year in 2008
(p<0.001); a 30% reduction (3). The same studpnted 12.5% increase in stroke
prevalence between 1999 (6.40/1000) and 2008 @ORO0/); p<0.001 (3). The
decrease in stroke incidents (2, 3) accompaniedebyced stroke mortality (4, 5)

suggest that more people survive stroke and areolékar its burden.

1.1.2 Stroke Pathophysiology

There are two main types of stroke namely ischaestnake and haemorrhagic stroke.
In both types of stroke the blood supply to theirbria compromised, but in two
different manners. In haemorrhagic stroke the blsogply to the brain becomes
inadequate due to bleeding into the brain anddnasemic stroke the blood supply to the
brain becomes interrupted due to a blockage asudt if thrombosis or embolism of an
artery. Reduced blood supply to the brain damages pf the brain tissues resulting in
neurological impairment (6). In both types of kgpthe loss of cerebral function
occurs and the symptoms usually last for more ##ahours (7).
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Ischaemic stroke (infarct) can be further clasdifidepending on the site and the
vascular territory of the brain affected, and basadmodalities of functional deficit.
One of the most well known classification is thef@ashire Community Stroke Project
(OCSP) classification by Bamford and colleaguesciitiassified cerebral infarction as
Lacunar Infarct (LACI), Partial Anterior Circulatio Infarct (PACI), Posterior
Circulation Infarct (POCI), and the Total Anteri@irculation Infarct (TACI) (8). This
classification does not provide the underlying p&dgy albeit LACI are usually due to
small vessel disease. The underlying pathologicatgss leading to an ischaemic
stroke varies. Causes can range from plaquesge kteries known as atherosclerosis
which embolises to brain (arterio-arterial embolisar an embolus from the heart
known as cardio-embolism that could occur as tlsealtef conditions such as arterial
fibrillation, or a small vessel disease relatedl age such as hyaline arteriosclerosis

of blood vessels supplying blood to the brain, we tb unknown causes (9, 10).

1.1.3 Risk factors of stroke

There are many risk factors for stroke. Examplestroke risk factors include but are
not limited to age, sex, ethnicity, family historprevious or current co-morbid

conditions, lifestyle, or certain treatments anet#pies.

The probability of stroke is directly correlatedthivage and sex. The 10 year average
probability of stroke incidence in men and womerthwo previous stroke, is directly
correlated with increasing age and differ between rand women. For example the
probability of stroke for those aged 55-59 years Ba20% and 3.0% for men and
women and it increased to 7.8% and 4.7% for men wochen aged 60-64 years
respectively; showing continuous increase withadk respect to sex differences (11).
Although family history is suggested to increase tisk of stroke, a systematic review
and meta-analysis suggested that it was difficulinterpret the results due to large
heterogeneity between studies, potential biasjraudficient details (12). Nevertheless
large scale studies of long term follow up suggdstt the risk of stroke maybe
increased with parental history of stroke (13, 14).
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Co-morbid conditions such as hypertension, diabetes| fibrillation, and small artery
disease can increase the risk of stroke. Extensveew of observational studies
suggests that hypertension greatly increases $keofi stroke. An increase in blood
pressure can be associated with an at least 30Béaises stroke risk (15) with risk
increasing by 90% and 65% in men and women resdgt{11). Studies examining
the effect of blood pressure reduction suggestatiahreduction in blood pressure may
reduce the risk of stroke by at least 20-30% (X1&),). Clinical Trials on anti-
hypertensive therapies also provide an idea omntpact that hypertension can have on
the risk of stroke. Lawes and colleagues systematiew and meta-analysis of trials
examining the risk reduction of stroke in anti-hgipasive drug users compared to
placebo and no treatment suggested a 30% reduntistnoke risk in anti-hypertensive
drug users (18).

Condition such as diabetes can increase the risitroke. The incident of stroke was
62.3 and 32.7 per 1000 for diabetic and non-diabe&n respectively, with a relative
risk of 2.0 (95% CI: 1.4 to 3.0) in participantstivdiabetes compared to those with no
diabetes (19).These finding were further confirmed by a systiém@view and meta-
analysis of 102 prospective observational studiéschv suggested at least a 50%
increase in the risk of stroke participants with diabetes compared to those wih n
diabetegq20).

Risk of stroke can also increase due to other ¢iomdi such as atrial fibrillation (AF)
and small vessel disease. The calculated prohabilistroke from Framingham study
suggested that the risk of stroke in patients \attial fibrillation increased by 83% in
men and by more than three fold in women (11). fWdold colleagues reported an
almost six fold increase in the risk of stroke iemand women with Atrial fibrillation

compared with those who did not have AF (21).

Earlier review of observational studies suggeshed the risk of hormone replacement

therapies (HRT) on stroke was inconsistent (22) v more recent meta-analysis
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suggested hormone replacement therapy may inctleasisk of stroke by more than 20%
(23).

Lifestyle in terms of habitual physical activityculietary preferences can also impact
the risk of stroke. Long term longitudinal cohsttidies suggested that the risk of
stroke can increase substantially reaching up %&b % smoker compared to non-
smokerg(24). Review of previous studies examining the risk obkmg on stroke also
suggested that smoking can increase the risk okestup to 50% when compared to
non-smokers (25).Similar to smoking, stroke risk increases with esspee alcohol
consumption.Systematic review and meta-analysis of observattadies (cohort and
case-control) suggested that heavy and excesstehalconsumption (more than 60
g/day) increased the risk of stroke by 64% compaoedon-drinker whilst moderate
alcohol consumption of <12 g/day was found to redtlee risk of stroke by 17%
compared to abstainers (26).

A diet high in sodium and saturated fatty acidg] kow in potassium can increase the
risk of stroke (27).A meta-analysis examining the risk of stroke inhhgglt consumers
(diet high in sodium) compared to low salt conswsnsuggested that high salt intake
increases the risk of stroke by 23@o¢led relative risk 1.23, 95% CI 1.06 to 1.43,;
P=0.007)(28) In contrary, meta analysis of systematic evidefi@66-2011) suggest
the opposite with aisk reduction of stroke by 11% for every 1 g irase in dietary

potassium consumption per day (29).

Another nutrient that was under investigation watsiated fatty acids. A meta analysis
of prospective cohort studies suggested that thle of stroke did not increase with
higher consumption of saturatedmpared to those in the lower quintiles of saadat
fat consumption (30) However these finding do not necessarily meanttie potential
risk of saturated fat such as trans-fatty acidsukhbe ignored. Saturated and trans
fatty acids increase the ratio of total: high dgnbpoprotein (HDL) Cholesterol (3138
risk factor for stroke (16).
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Physically active lifestyle as opposed to sedenitegtyle can reduce the risk of stroke.
Physical activity improves blood flow to the braand contributes endothelium
relaxation (the inner membrane of blood vesselshiltieg in protection from stroke
(32). A long term follow up study suggested thaptgsical activity as simple as
walking can reduce the risk of stroke (33)hese finding were further confirmed in a
systematic review and meta-analysis that suggelkttdn physically active individuals

stroke risk decreased by at least 20% compareddple with a sedentary lifestyle (34).

Risk factors of stroke are many and efforts werelen@ understand them resulting in
reduced incidence of stroke (see introduction)qudlly important is to improve stroke
outcomes once it occurs. In the next section Il wikesent the prevalence of

malnutrition in stroke patient and its prognosisoomcomes.

1.1.4 Stroke outcomes and burden

The majority of those experiencing stroke are oltb@an 65 years (35). In a 13 years
follow up study, it was reported that life expeagrand average quality of life (QoL)
loss after ischaemic stroke in people older tharyédis old regardless of gender was
8.7 and 8.3 years respectively (36). Fate of yeumgpople who experience stroke is
not different. Up to 12% of strokes do occur in 45-years old population (37).
Keppelle et al 1994 documented that in their largitfollow up study (mean follow up
6 years, median 5.6 years, range 2 months to 18&)yef15-45 years old with stroke
only 49% were still alive at the end of the follaw period, 42% returned to work, and

quality of life as evaluated by Short Form-36 (S#)-8urvey was reduced (38).

Compared to those with no previous stroke, meduddatission risk increased by more
than two fold in those with pervious stroke (HR6;295% CI 2.2-3.0) (39). Further,
rehospitalisation after stroke is not uncommon.e Gtudy reported that 25% (n=129) of
stroke patients were readmitted with stroke duangj2 month follow up period post
hospital discharge with a mean length of hospi} sf 23+31 days at rehospitalisation

(40). A reported 33% rehospitalisation rate withire first year after stroke was
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observed due to complications such as infectioresurrent stroke, or other
cardiovascular events in a study of 2,657 strokdepts (41). Recurrent events after
stroke are one of the major contributors of rehtasipation with a reported incidence
rate of 105.4/1000 and 52/1000 during the firstryaad after the first year post
ischaemic stroke (42). Recurrent stroke not onlyntrdoute substantially to
rehospitalisation with a suggested rate >20%, lsd @0 disability with 48% of
rehospitalised patients who were not disabled Ipyiar stroke becoming disabled as
suggested by a decrease in the average Barthet swwe (p<0.001) and National
Institute of Health Stroke Scale (p<0.001) (43)he risk of death or disability also
increases with recurrent strokes compared to adirer stroke; (OR=9.4, 95% CI 3.0-
30)(44).

A huge economic burden is inflicted by stroke ie tdK given that 300,000 stroke
survivors live with disability and require care.hérefore, the burden of stroke on UK
economy is considerable. Annual direct costs kst are 2.8 billion in the UK which
included diagnostic costs, inpatient and outpatare costs, and community care (45).
Informal care costs of stroke are 2.4 billion white defined as costs of caring for
stroke survivors whether by patient’'s families arec homes. The costs of lost
productivity and disability due to stroke outconmalirect costs, are estimated be at 1.8
billion divided into 600 million incomes lost to g stroke morbidity, 480 million
incomes lost to stroke mortality, and 690 milliog @enefits costs to support survivors
(45).

Research to understand stroke risk factors thusnbes pivotal issue in primary and
secondary prevention of stroke. Equally importanto develop an understanding of
how to improve stroke outcomes by how best to neonstroke complications and
manage them appropriately. One of the major coraptins following stroke is
malnutrition. Understanding the nutritional statungl its prognosis on stroke outcomes
Is very important if successful intervention stgs are to be integrated in stroke
management. In the next section | will brieflyaliss the association between stroke

and malnutrition to introduce you to the focusto§tresearch.
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1.1.4 Malnutrition and Stroke

Evidence suggests that at the time of stroke, thiuirition already exists (46, 47).
The deterioration in nutritional status in peoplghvstroke during hospital stay is also
common (48, 49). Malnutrition prevalence in Uéshitals is not to be underestimated.
Edington and colleagues estimated the prevalenceadhutrition to be at 20% on
admission at four UK hospitals as estimated withody mass index (BMI) <19 kg/m
(50). These finding were further confirmed by Lambd colleagues who reported
malnutrition, assessed using Malnutrition Universaésessment Tool (MUST),
prevalence at 37% and 24% in women and men patiegpectively admitted to a UK
hospital; 328 patients were included from all inigrats medical, surgical, orthopaedic,
and critical care in an acute hospital in NorthtHasgland (51). An earlier study
suggested that the prevalence of malnutrition untesetting is a concern that continue
to persist till today. The study suggested thathef 500 patients included in the study
with 100 patient from each of general surgery, aptedic surgery, medicine for the
elderly, general medicine, and respiratory medicii® have their nutritional status
assessed on admission. Forty percent (40%) weagnased as experiencing
malnutrition (52). Assessing malnutrition using &Mutrition Universal Screening
Tool” in elderly patients (n=150), Stratton et 2005 reported the prevalence of
malnutrition to be at 58% (53).

In a prospective observational study that includ&d patients with stroke, under
nutrition 24 hours post-admission was diagnosetRi2% of patients compared to 19.8%
of patients at one week post admission; p=0.03. (34)this study malnutrition was
diagnosed if one or more of the following criterare met including a 10% weight loss
in the past 3 months and/or 6% weight loss one wext admission, weight index
(actual weight compared to reference weight) laas 80%, serum albumin <3.0g/dL,
prealboumin <10.0 mg/dL, or transferrin < 150mg/@4). Gariballa et al reported a
decline in average weight in stroke patients ah@ @ weeks post admission to an acute
stroke unit were 48% (96/201) and 25%(51/201); §&B.(55).
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Another study involving 104 patients with acuteok& reported that malnutrition
prevalence changed from 16.4% at admission to 2&#8arviving patients (n=91) and
35% of patients who remained in hospital (n=43)ra¢ and two weeks post admission
respectively (see below for implication of malntibm in this study). Malnutrition was

assessed using three measurements of MAC, TSKeaaoh albumin (56).

Fluctuations in nutritional status is usually reted by changes in body composition,
such as volume and proportion of fat mass andrés fnass (57, 58). Other body
composition indices are also affected with changesutritional status (57, 59, 60).
Therefore, body composition measurements may b#&iluge monitoring nutritional
status, and evaluating nutrition intervention innagement in acute stroke care. There
is also existing evidence to suggest that body @mitipn measurements can also be
used to predict relevant clinical outcomes. Fareple, in older people change in body
composition such as increased fat mass is assdaeidtte functional limitation (61).

Assessment of body composition can be done usimgplsj cheap low technology
methods as well as, costly and complex, and addanmthods. Established methods
that are used to assess body composition include fekd thickness, underwater
weighing, dilution method, neutron activation amsay determination of total body
potassium, magnetic resonance imaging (MRI), arad xluay absorptiometry (DEXA);
Chapter 5 discusses each methods in detail. adtiency Bioelectrical Impedance
Analysis (MF-BIA) used in this study is a relatiyalew method that can also be used

to assess body composition.

MF-BIA estimates the body components based on iffierehce in conductivity that
body tissues imposes on the flow of an electriaarant. This difference in the
conductivity in different body tissue is due to thgpedance imposed by body tissue on
the flow of that electrical current. The differenceimpedance is used to calculate the
volume of body compartments using validated equatiprogrammed in the MF-BIA
equipment taking into account of factors such axdge height, weight, and age (62).
Changes in body composition measured by MF-BIA agikFM and FM can provide
information regarding the nutritional adequacy dfole patients in acute phase.

Further body composition components such as totadybwater may provide
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information on a patient’s hydration status. MFABian be a swift method to aid in
monitoring patients nutritional and hydration sgato aid in developing personalized
nutrition intervention strategies and to improvecty management in acute phase of

the stroke.
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1.2 Study objectives

In depth understanding of the prognosis of malhatrion cardiovascular diseases is
important. Therefore the aim of the systematic eevand meta-analysis presented in
Chapter two was to investigate the relationshipvben nutrition markers of high and
low energy intake, low protein intake, and low dluntake on subsequent outcomes
after a cardiovascular event. The nutrition magkexamined included high and low
body mass index (BMI), weight loss, skinfold thieles, low serum albumin, high
serum creatinine, increased serum osmolality, aathuirition assessed by nutrition
assessment tools such as the Subjective Globalsgwsat tool (SGA). The main
outcome assessed was mortality with other secomul#igomes such as morbidity (re-
infarction, complications), readmission, disabilityfunctional status, length of hospital

stay, and discharge destination.

Chapter 3 presents an observational longitudinalysthat describes body composition
after ischaemic stroke and their prognosis on on&g The primary objective of the
longitudinal study was to describe fat free magss lamdy composition changes during
acute stroke phase while considering the exterth@de changes by type of feeding
regimen, ischaemic stroke subtype, and the strekergy. The study also examined if
body composition changes were correlated with stive and objective outcomes in

both short and longer terms.

Chapter 4 presents the study which examines wheather possible to diagnose
dehydration using bioelectrical impedance analy3ise aim was to assess the levels of
dehydration after stroke using the reference standé serum osmolality, and to
explore whether MF-BIA can be substituted for seresmolality in diagnosing

dehydration after stroke.

In the final chapter, Chapter 5 presents the vatidsstudies of MF-BIA. The objective
was to validate MF-BIA against reference standardl a-ray absorptiometry (DEXA)
in patients with recent stroke/TIA. The validatiohMF-MF-BIA against DEXA can
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provide information on the level of agreement bemvenajor components of interest,
fat mass and fat free mass, measured using MF-BIA their corresponding values
estimated by DEXA for the same study participantaddition, the internal consistency

of MF-BIA measurements, internal validation, wasoadxamined.

| conducted above series of validation studies tmeedMF-BIA method is a relatively
new method and it is not considered as the golddsta method in estimating body
composition. It requires internal validation toaexne it reliability in terms of its
consistency in reproducing results. It also resgigxternal validation to understand the
level of variation or agreement in MF-BIA estimat@@mpared to that of a reference
standard method. | used Dual X-ray Absorptiometvigich is considered a reference
standard method with a low margin of error, to exadly validate the MF-BIA machine

| used in the observational longitudinal study preéed in Chapter 3 (63). In addition,
because DEXA does not evaluate fluid componenth ssctotal body water | carried
out a separate study in diagnosing dehydrationtioke patients using reference
standard of serum osmolality (64). Upon dischdrgm hospital | followed up study
participants to assess their clinical outcomes a &s quality of life and functional
capacity using self reported validated questiomsaito understand the association
between body composition changes during acute tadspay and longer term outcomes
such as functional health assessed using the Bbort Survey 36 version 2 (SF36v2),
stroke impact using Stroke Impact Scale (SIS) activiies of daily living using
Barthel Index.

I hope this study will add new knowledge to the giiole utility of MF-BIA in acute
stroke care, and inspire future research to furtheld on this knowledge with the

ultimate goal of improving nutritional care in st
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Chapter 2: The relationship between nutrition marke's and outcomes
following a cardiovascular event: A systematic reew and meta-

analysis of prospective cohort studies
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Study Summary

Objective: to systematically investigate the rielahip between nutrition markers of
high and low energy intake, low protein intake, dma fluid intake on outcomes post
cardiovascular event. The nutrition markers exachimcluded high and low Body

Mass Index (BMI), weight loss, triceps skinfold dkmess, low serum albumin, high
serum creatinine, increased serum osmolality, andew nutrition assessed using
nutrition assessment tools. Primary outcome wadality and the secondary outcomes
included morbidity (recurrent event, complicatigngeadmission, disability or

functional status, length of hospital stay, analdésge destination.

Data sources: MEDLINE, EMBASE, and Web of Sciengere searched from
inception to October 2010.

Study Selection: Two investigators assessed tles,tiabstracts, and full text of each
study for inclusion into the systematic review. eTitvo assessors were independent and

used an inclusion/exclusion form.

Inclusion Criteria: to be included in this systeimatview the following criteria must
be fulfilled. 1) Prospective cohort studies, 2pple diagnosed with transient ischemic
attack (TIA), myocardial infarction (Ml), or strok8) Assessing the effect of at least
one of serum albumin, serum osmolality, serum orget, BMI, weight loss, or TSF,
and 4) At least one of these outcomes was repopéchary outcome mortality,
secondary outcomes including cardiovascular manpiffeinfarction, complications),
readmission, disability or functional status, ldngif hospital stay, and discharge
destination.

Data Extraction: A data extraction form was des@ymo collect variables of interest.
Two data extractors, the primary author and a ahni, carried out data extraction

independently. Data extraction included collegtimformation on study characteristics,
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subject characteristics. For each study the notritharker cut-offs that defined extreme
nutritional status were recorded. Specified nevaritcomes described in the protocol
were recorded and outcome estimate (odds ratitzives risks, or hazard ratios) with
confidence intervals (or other measure of variaveede recorded for the unadjusted
and most adjusted model. Validity of each studyg wssessed by each data extractor.
At the end of the data extraction process, dataetdrs compared their data collection

outcomes; variations were solved through discussitih a consensus was reached.

Data analysis: The main analysis was to compdationship between each nutrition
marker signifying extreme value to its correspogdimormal values on outcomes.
Meta-analysis for secondary subgrouping was cawigdor the nutrition marker with

the largest data set. All studies were pooledgusin inverse variance method using
random effects methodology. Data were primarily-gurouped by type of risk estimate
(hazard ratio, risk ratio, or odds ratio). Secogdsubgrouping if possible by age,
baseline cardiovascular event, and gender wasedamut. Secondary outcomes
morbidity (as defined per study), disability, diacfpe destination, readmission, and
length of hospital stay were compared between ewdrautrition marker values and
their normal values (for example obese BMI vs.,nmair BMI) and were always sub-

grouped by risk estimate (hazard ratio, risk ratinodds ratio) if enough number of

studies were present to render such subgroupirgjipes

Results: Of the 2000 studies of the search outc@3amet the inclusion criteria. 13
studies examined BMI, one weight loss, four on semibumin and one of which
included serum creatinine, one serum osmolalitg fmur nutrition assessment tools.
All studies examined the risk of extreme measufewtrition markers compared to its
normal measure on the primary outcome mortality s@cbndary outcome morbidity
(recurrent event, complications). The risk of atyesompared to normal weight on
mortality suggested no association among obesematRR 1.02 (0.84 to 1.24; p=0.83)
as opposed to hazard risk of 0.79 (0.48 to 1.38.3H. No association was also
observed when examining the risk of overweight cara@ to normal weight on
mortality RR 0.90 (95% CI 0.76 to 1.96) and HR 1.(99 to 1.20; p=0.06).
Underweight compared to normal weight risk on nmaytauggested a 41% increased
risk RR 1.41 (95% CI 1.17 to 1.70) in the relatngk of underweight compared to
24



normal weight on mortality in CVD patient s (p<0)dnd absence of heterogeneity.
For the risk of high serum albumin compared to keum album suggested a reduced
risk of mortality HR 0.91 (95% CI 0.84 to 0.98; p60), and meta-analysis for the risk
of under nutrition assessed using nutrition assesstool compared to normal nutrition
suggested increased risk of mortality OR 1.88 (95%.40 to 2.53; p=0.0001). Of the
23 studies two had missing data, 22 adjusted feraagl one did not adjust for age, 19
studies adjusted for gender and 4 did not, only $tumlies adjusted for socioeconomic
status, six out o the 23 studies did not adjustcfmmorbidities, nine out of the 23
included studies did not adjust for smoking, anthaxfunder affiliation was clear for

most studies except one study was deemed unclear.

Conclusion: Undernutrition diagnosed using nuintassessment tool provide evidence
that the risk of mortality is higher in undernotwes patients compared to well
nourished patients. Obesity and overweight weoée associated with increased
mortality. Underweight, low serum albumin, raiseefum osmolality, raised serum
creatinine all increase risk of mortality. Prodpex observational cohort studies

confirm these finding and generate a larger systiemaview are required.
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2.1 Background

2.1.1 Effect of Malnutrition on metabolism and bamymposition integrity

The European Society of Parenteral and Enteralitut(ESPEN) (also known as the
European Society of Clinical Nutrition and Metalsaili) defines malnutrition ds state

in which a deficiency or excess (or imbalance) rérgy, protein, and other nutrients
causes measurable adverse effect on tissue/body frody shape, size, and
composition) and function, and clinical outcd®®). Malnutrition can take two
dimensions, over nutrition and under nutrition. Owvaitrition can be caused by
excessive macronutrient intake resulting in obesityd under nutrition can be caused
by inadequate macronutrient and fluid intake ra&sgltn weight loss and dehydration
respectively. There are other types of malnutrisach as fat and water soluble vitamin
deficiencies and toxicities as well as mineral cleficies and toxicities, but these are
beyond the scope of this systematic review. Owritron and under nutrition can be
assessed by evaluating anthropometric indices, asiateight and body mass index, or
serum markers such as serum albumin, and serumla#goThe next sections present
the nutrition markers examined in this chapter anchmarised in Table 2.1 that may
reflect a type of malnutrition that may influencedy composition changes; the main

topic of this dissertation.

2.1.2 Anthropometric markers in evaluating overrition and under nutrition

2..1.2.1 Body Mass Index, Weight loss, and Uppean Anthropometrics

Over nutrition can cause obesity. Obesity can flagnced by many factors including
environmental and genetic factors. Environmerdatdrs include lifestyle and cultural
values that dictate who we are within our sociatyd genetic factors that are innate and
can determine our metabolism and how the bodysasilienergy (58). The main
component of body composition that increases withsdy is fat mass or adipose tissue
(58). Increased adiposity is associated with iaeee risk of co morbidities including

but not limited to type Il diabetes (66) , coron&wsart disease (67), hypertension (68)
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dyslipidaemia (69), and increased risk of morta(if)). On the other hand, under
nutrition can affect energy storage. Redman anieéagues demonstrated in a clinical
trial that both fat mass and fat free mass lossioed after six months of 25% calorie
restriction in healthy volunteers (n=36) of theitudy (59). Changes in body
composition because of over nutrition or underitiatr are measurable. Energy related
under and over nutrition can be measured mainharithiropometric indices including
body mass index (BMI), weight, triceps skinfold dkmess (TSF), and mid arm

circumference (MAC).

BMI measurement is a swift and non-invasive metteoodentify both under nutrition
(<19kg/nf) and over nutrition (overweight 25-29.9 kd/nobese>30 kg/nf) (71).
Although a low BMI suggesting underweight secondaryinderweight is worrying, a
single body mass index measurement may not retectlinical risk of mortality or
poor outcomes in people experiencing body massxinelguction but who are still not
classified as underweight. Cook and colleaguesiged an example to describe how
BMI may not reflect clinical risk of mortality orgmr outcomes. They provided an
example suggesting that if a patient height wa8 tb5and weight was 67 kg with a
BMI of 27 kg/nf experiencing 10% weight loss, this patient woudd be at risk of
mortality based on BMI as the BMI would then be #n’ and within the normal
range (72). Nevertheless, a single BMI measursideitthe normal range can still
provide useful information on health risk. In these of low BMI (BMI <19 kg/r), it
may reflect those at risk of negative prognosicaonnes including mortality (73). In
the case of over nutrition a high BMI may indicask of poor outcomes (74) as body
mass index mirrors changes in adiposity (58) wischassociated with co morbidities as

well as increased risk of mortality.

Body mass index may mirror changes in body comjposinainly adiposity, but is not
a specific measure unlike triceps skin fold thidse Triceps skin fold thickness (TSF)
is traditionally used to measure adiposity or béaty(75). It uses percentiles values to
evaluate the level of adiposity with &%ercentile indicating frailty suggesting severe
under nutrition due to very low body fat. When leaing TSF in patients with liver
cirrhosis, those with a TSF £5ercentile had lower survival rate compared tcs¢ho
with a higher TSF percentiles at six and 12 mopibst discharge (p<0.001) and at 24
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months (p<0.002) (76). In-hospital outcomes areo aldfected by low TSF
measurements; TSRkvas lower in stable patients with chronic obsimectpulmonary
disease (n=39) requiring rehospitalisation compacedimilar patients those who did

not require rehospitalisation (p<0.0%)7).

Both single measurement of BMI and TSF provide rimfation on the effect of energy
balance on body composition, but they do not prewidormation on the deterioration
of nutritional status over time. Generally, weidbss can provide information on
nutritional status deterioration in a certain tiperiod providing information on the
extent of nutritional status change. McWhirter aPennington 1994 evaluated the
nutritional status of 500 patients admitted to figd#ferent specialties in an acute
teaching hospital. They evaluated the nutritiortatus for those patients who had a
hospital stay greater than 7 days and found thafiafpatients who had their nutritional
status evaluated on discharge by weight loss, wéigls made two of the overweight
patients (n=29) become moderately undernourisfiés),(five (26%) of the mildly
undernourished patients became moderately undeshed; and seven (37%) of the
moderately undernourished patients became sevanelgrnourished (52). Involuntary
weight loss can have negative prognostic impadalnutrition assessed by weight loss
was associated with increased incidence of stoisatit post cancer chemotherapy
treatment (p<0.0001) (78). Wallace carried outualysto understand the consequences
of weight loss on older patients. They found tha#% involuntary weight loss
increased the risk on mortality by more than twhl foompared to non weight losers
over a period of 2 years with a relative risk rati@.43 (95% CI = 1.34 to 4.41) (79)

Lean tissues loss can occur when energy is ingeritic When fuel is insufficient, the
body uses its own energy substrates. Fatty atm®, adipose tissue, and amino acids,
from body protein (muscles, intestinal lining, gtdbecome the main fuel. This
metabolic change results in body composition chartpat affect lean tissues. One
method that can be used to assess change in $sae is mid upper arm circumference
(MAC) measurement. Changes in MAC can be used &tuate the extent of muscle

wasting due to energy deficiency. It provides infation on the extent of muscle mass
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loss, which is an important predictor of negativegmosis in acutely unwell patients.
Liver cirrhosis patients diagnosed with moderatesevere muscle mass loss with
muscle mass of {5percentile (severely malnourished) and &p@rcentile (moderately
malnourished) had a lower survival rate comparethtse with a 10-75" and >7%'
percentile values indicating normal nutrition oreownutrition respectively; evaluated
using MAC at 6, 12, and 24 months (p<0.001) (76).

2.1.3 Biochemical Markers in evaluating over nidgritand under nutrition

2.1.3.1 Serum Albumin

Serum albumin has been used as a marker to diagmossin malnutrition. Serum
albumin synthesis appears to rise with an incr@ageotein intake (80). Sullivan and
colleagues examined serum albumin in 102 patieittsam average nutrient intake <50%
of their caloric requirement. Patients with rediigautrient intake had lower serum
albumin levels (mean= 29.1+6.7) g/L ) comparedhmse with normal nutrient intake
(n=395; mean=33.2+6.1) g/L) (81). Mitchell and leabues compared nutrition
markers of 150 malnourished hospitalized patiegidefly n=44, age range 62-85 years;
and young adults n= 65, age range 19-58 years)8&@ithealthy control subjects of the
same age range (40 young adults and 40 eldergging malnutrition based on a 10%
or more weight loss in the past six months. Sealioumin was clearly affected in
malnourished patients. Malnourished elderly méhed5) had serum albumin level of
25.0+£1.00 g/L compared to 43.0+1.00 g/L in the didevell nourished males group
(n=20); p<0.001. Malnourished elderly females @)2erum albumin was 21.6 + 11.0
g/L compared to 411.0+.001 g/L in well nourished=0); p<0.01(82). Low serum
albumin was significantly associated with increatsmtgth of hospital stay (LOS) (p
<0.001) (83).
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2.1.3.2 Serum Creatinine

It has been suggested that serum creatinine levaysbe related to body composition in
general (84) and lean body mass specifically (8Blevated serum creatinine may be
related to negative energy balance resulting fromsaie breakdown to supplement the
necessary energy in cases of inadequate glucadeeiand depleted glycogen stores in
liver and muscle. Increased serum creatinine $evehy reflect a state of muscle

metabolism suggesting negative energy balance.

2.1.3.3 Serum Osmolality

Serum osmolality reflects the concentration of sdusuch as minerals and glucose,
dissolved in the water content of serum; therefogh serum osmolality means that the
blood is more concentrated (higher proportion diites to water). Therefore, serum
osmolality increases when the fluid intake is irjpgge. A study on healthy elderly
men documented an increase in serum osmolality af2d hour water deprivation (86).
Increased serum osmolality is associated with mtiorcal outcomes. In critically ill
patients mean serum osmolality was 297.0£16.7 mKysior survivors compared to
312+22.1 mOsm/kg in NON-Survivors;cofeiatio<0.05 (87). This retrospective
observational study compared 16 different laboyatand clinical parameters, acute
physiologic and chronic health parameters (APACHd#)d sequential organ failure
assessment scores in predicting in-hospital moyrtaliThe area under the receiver
operating curve (ROC) value for serum osmolalitysvia732 (95%Cl1.0.692-0.772)
second to APACHE in its mortality prediction, buhen examined in its predictive
ability for mortality at > 5days hospital stay segted it had the best predictive ability
with ROC value of 0.711 (95%CI: 0.661-0.761) (87).
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2.1.4 Nutrition assessment tools in evaluatingitiotral status

2.1.4.1 Subjective Global Assessment Tool, Minitrition Assessment Tool, and

combination of Nutrition Markers

There are several nutrition assessment tools uwsevaluate the nutritional status of
patients. No method is used universally; nutritiostatus assessment ranges from
complex nutrition assessment tools to a combinadiomdividual anthropometric and
biochemical markers. The Subjective Global Assesdnool (SGA) assesses nutrition
based on weight change, dietary intake changerogaiststinal symptoms, functional
capacity changes, and disease in relation to mutritequirements (88). The final
nutritional status is classified as Grade A, B,®icorresponding to well nourished,
malnourished, and severely malnourished statugcéisply (89).

As the name implies the SGA allows subjective eatatun of the nutritional status of
patients based on historically used subjectivesassent of physical examination and
medical history evaluation (89). A validation sgjudf SGA was performed on 59
hospitalized patients, who underwent major gastesimal surgery, in whom the
classification of nutritional status by SGA was gared with measurements of body
composition (subcutaneous fat measured by trickip$otd and midaxillary line at the
level of lower ribs, and muscle wasting at quagricand deltoid muscle detected by
palpations), serum hepatic protein concentratitots) lymphocyte count, and delayed
hypersensitivity skin testing. The outcomes o tomparison suggested a strong
correlation between SGA assessment and all measxoept total lymphocyte count,
transferrin and total body nitrogen. In additi@finical outcomes correlated to SGA
assessment classification with 69% categorized eagrely malnourished, 43% as
mild/moderately malnourished, and 16% as well-rehed of the 18 individuals who
developed infectious complications (90). Few ydater a follow up study compared
SGA classification with six traditional measurengef nutritional status, including

serum albumin, serum transferrin, delayed cutanégpersensitivity, anthropometry,
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creatinine-height index, and the prognostic nwanidél index suggested that the
sensitivity and specificity of SGA in assessing modfition were 0.82 and 0.72
respectively (91).

Another tool used is the Mini Nutrition Assessm@uiiNA) developed specifically for
older people>65 years old to be assessed in various settingsding hospital, care
home, and in the community. The MNA is an 18 i@ssessment integrating lifestyle,
anthropometric, dietary intake, medical, and psgok@l factors (92) and it considered
three major areas (93). It consists of three namas of assessments with each
containing of sub items. The first area is antbroptrics evaluating the four sub items
of weight loss, calf circumference, mid arm circeneihce, and BMI. The second area
consists of the six dietary sub items of receningleain appetite, meal per day, fruit,
vegetable, protein, fluid intake, and independeincéeeding. The third area is the
global item consisting of 6 sub items and theséude mobility, lifestyle, medication,
presence of sore or pressure ulcer, neuron psyciab$®alth and psychological health
(93).

In a validation study of MNA, 105 frail elderly pamts were recruited from a geriatric
evaluation unit of the University of Toulouse hdapiand 50 healthy elderly subjects
were recruited from the University of the Third Age Toulouse. Two physicians
trained in nutrition carried out participant’s ¢tial assessment without prior knowledge
of MNA results. The physicians also assessed giaatits comprehensive nutrition
status which was considered as a gold standardddyating subject’s anthropometrics
(weight, height, knee height, triceps skin fold,dmarm and calf circumference),
biochemical markers (albumin, prealbumin, Creagnirceruloplasmin, C-reactive
protein, ay.glycoprotein, cholesterol, triglycerides, vitamiAs D, E, B, By, Bs, Bio,
copper, zinc, haemoglobin, blood cell count anfedéintial, and dietary intake using 3-
day food record and food frequency questionnaivéhen carrying out discriminate
analysis to compare MNA results with the physicieimical and comprehensive
analysis, MNA identified the nutrition status 92&md 98% correctly based on
physicians’ clinical and comprehensive analysipeesvely (93). For each item (global,
anthropometric, subjective, and dietary) a valmlastudy was carried out in 1993 with
90 participants recruited from the geriatric evélraunit at the University of Toulouse
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and 30 from the University of the Third Age. Pagants MNA, biochemical measures
(albumin, prealbumin, Creatinine, C-reactive pnotek;.glycoprotein) and clinical
assessment were evaluated. MNA identified nufritstatus in 89% with identical

clinical status assessment and 88% with identicedhemical markers (93) .

The MNA diagnostic accuracy compared to BMI in ass®y malnutrition was
examined in sub-acute care patients; patients waithknown course of treatment
requiring comprehensive but not intensive care faiogor procedure designed for
individuals with an illness, injury, or deteriorsg disease state after an acute event
(94). The highest sensitivity for diagnosing maitition by the MNA was correlated
with a BMI <22 kg/nf (sensitivity 0.70, specificity 0.71) in sub-acutatipnts (n=837,
mean age 76.1+12.1 years) (95).

Both SGA and MNA use a combination of anthropornsetbiochemical and other
components to evaluate the state of nutritionsdme studies malnutrition was assessed
using a combination of different anthropometric dridchemical indicators but not
necessarily using validated assessment tool. kample, Yoo et al (54) diagnosed
malnutrition if one or more of the following critarwere met including a 10% weight
loss in the past 3 months and/or 6% weight lossveeek post admission, weight index
(actual weight compared to reference weight) lass 80%, serum albumin <3.0g/dI,
prealbumin <10.0 mg/dl, or transferrin < 150mg/dlthe evaluation of their study
participants’ nutritional status (54). As debed above studies evaluating nutritional
status in clinical care used either validated tasls combination of nutrition markers
mainly, but it was also assessed using individualtriton markers (either
anthropometric or biochemical).

Studies discussed so far provide some data onréwalpnce of malnutrition in hospital
setting giving an idea of the magnitude of the pob It is important to understand
how malnutrition can impact on outcomes regardtédhe method of nutritional status
assessment to make recommendations on the besbdreetinat are associated with
poor outcomes (i.e. best prognostic indicatorsutriton markers) to develop strategies
in prevention of poor outcomes. Concrete evideada dire need. This systematic
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review compile evidence of prospective observatiopaort studies to aid clinicians in
prioritizing nutrition assessment and interventionpatients with CVD. Table 2.1
below presents aforementioned nutrition makers abular format and provide

information what their extreme cut offs values oade.
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Measure Indicator
Anthropometric BME> 30 kg/nt Obesity

BMI 25-29.9 kg/m Overweight

BMI<19 kg/nf Underweight

Weight Loss negative energy balance

Weight gain positive energy balance

Biochemical

Nutrition Assessment Tools

Triceps Skin Fold
Mid Arm Circumference
High Serum Albumin

Low Serum Albumin

High Serum creatinine

High serum osmolality
Subjective Global Assesd

Mini Nutritional Assessment

Nutrition Marker Combination

increase/decrease in fat mass
increase/decrease in leagam
adequate protetake
inadequate protein intake
lean tissue breakdown
low fluid intake
under nutrition
under nutrition

under nutrition
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2.1.5 Malnutrition in hospital

The prevalence of under nutrition in hospital setthas been reported to be >20%
depending on the measure used and the populatiedt (50, 96, 97). In another
study of patients in German teaching, communityd aniversity hospitals recruited
from general surgery, rheumatology, gynaecology,cotogy, cardiovascular,
urogenital/renal, neurological/dementia, and tralomiopaedics surgery reported that
27% were malnourished using SGA (96). The prewaef malnutrition was reported
as high as 50% in adult patients older than 18syelat recruited from several hospitals
and specialities, a multicentre study conductedsonth and central American, and

Caribbean countries using SGA (97).

The prevalence of malnutrition is unsurprisinghghniin conditions associated with
swallowing difficulty such as stroke. Up to 71%0(14) of Australian stroke unit
dysphagic patients were suffering from malnutritassessed by SGA within 48 hours
of admission compared to 32% of non-dysphagic peig19/59), p=0.007 (46).
Similarly, during the first week of hospitalisation an acute stroke unit, dysphagic
patients were more likely to be malnourished (1662#%) compared to non-dysphagic
patients (15/67, 24%) as diagnosed by SGA; p<048)1( Dehydration assessed by
serum osmolality was also prevalent in stroke pg&ias 30% of the patients had raised

serum osmolality (>296 mOsm/kg) in a study inclgdi®7 stroke patients (98).

Although studies documenting the prevalence of otabion in coronary heart disease
are scarce, obesity as a form of malnutrition orargpecifically over nutrition is well
documented to increase the risk of coronary hasglagde (CHD) (99). In the Honolulu
study (n=7,692 men) participants with the highestile of subscapular skinfold
thickness indicating increased adiposity experidnbgher rates of coronary heart
disease during a 12 year follow up of men compswatiose with lower skinfold tertile
(100). CHD risk increased by more than three fold in obeseen (BMI>30 kg/nf)
compared to normal weight women 3.44 (95% CI, 2a84.21) in a 20 year follow up
of 88, 393 women (age range 34 to 59 years of af@) participated in the Nurses'
Health Study and did not have previous CVD at lase{101). Considering that
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malnutrition in the form of increased adiposityreases the risk of CHD, it is important

to understand further if malnutrition in CHD doesvl an impact on outcomes after a
CVD event. Malnutrition diagnosed by serum albunsnggest that 629 acute

myocardial infarction patients (40%) had serum allvu<35 g/L (102).

The proportion of stroke patients with under nidntincreases during acute hospital
care (49, 56). Axelsson and colleagues assessediomal status by evaluating
anthropometric (weight, triceps skinfold thicknessl arm muscle circumference) and
biochemical (albumin, transferrin and prealbumirtriion markers to evaluate
nutrition status (49) and found that under nutnitiocreased from 16% to 22% between

admission and discharge.

As can be seen from the literature the prevalefceabnutrition in hospital settings is
evident. To understand the impact of malnutritiafter a CVD event requires
systematic approach. As malnutrition can be diagdassing variable methods, the
measure of malnutrition that can best predict ane® after a CVD event is unclear. In

this systematic review | tried to address thesestjes.
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2.2 Validity of evidence

Given that malnutrition appears to be prevalengradt CVD event, it is important to
understand its impact on the final outcomes. Atesyatic review of the available
evidence is essential if such evidence is to beraatated to aid clinicians in decision
making. When carrying out a systematic review araa-analysis there is always the
risk of accumulating biased evidence leading tmal biased effect estimate. In other
words, bias in each study included based on tHasiun criteria may accumulate if not
controlled for leading to a biased effect estimai¢come concluded from the meta-
analysis. This systematic review gathered evideand presented its outcomes
according to the preferred reporting items for eysdtic reviews and meta-analyses: the
PRISMA statement (103) while monitoring closelyedch study reported its outcomes
following STROBE statement; The Strengthening thepdtting of Observational
Studies in Epidemiology (STROBE) Statement: Guitkdifor Reporting Observational
Studies (104).

The Cochrane handbook for systematic reviews an@-argalysis, version 5.1 (105)
classification of non-randomized controlled trigh¢RS) include but is not limited to
case-control studies, case series, cross sectiomatrolled before-and-after study, and
historically controlled studies (106). Observatiorstudies are not clinical trials.
However, as in randomized clinical trials the radlbias must be assessed, but here it is
important to evaluate factors that may influenae éffect size | am reporting. In order
to have an effect size that reflect what | examiaed in this case the relationship
between malnutrition assessed by the nutrition eraokinterest and health outcomes, |
must make sure that the effect size | reported ased on adjusted models that
controlled for confounders. Therefore as in secfiBrb.2.2 in the Cochrane handbook
many factors were considered in assessing valdafistudies. At the stage of writing
the systematic review protocol, | considered what be a confounder for the effect |
am trying to asses in CVD patients. Consideringiepgs with CVD may have other
chronic condition that lead to the CVD event | adesed factors or conditions such as
age, diabetes, kidney diseases, hypertension, @idesonomic status as confounders
that can also influence the health outcomes exairimé¢his work (discussed details in

the risk of bias section in methodology section).
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The other bias considered was attrition bias. itkitr bias considers completeness of a
sample follow-up, and data. In a way this appraaes to understand the sample and
how many drop outs were there and due to what nsasiothe sample collected at the
beginning of the study was all included in the fiaaalysis and if not what are the
reasons (why are there any missing data), andeiffélow up was complete (if the
study was terminated). This type of bias assessmesures that the quality of the
study is considered. In this systematic reviea ¢ltent of sample drop out (missing

data) was also evaluated to shed light on the tyuzlieach study.
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2.3 Aim

The aim of this systematic review was to inveseghie relationship between nutrition
markers of high and low energy intake, low protgitake, and low fluid intake on

relevant clinical outcomes after a cardiovascwaneé The nutrition markers examined
included high and low BMI, weight loss, skinfolddkness, low serum albumin, high
serum creatinine, increased serum osmolality, aathuirition assessed by different
nutrition assessment tools. The primary outcome allasause mortality and secondary
outcomes included morbidity (reinfarction, complioas), readmission, disability or

functional status, length of hospital stay, analdésge destination.

40



2.4 Methodology

Protocol and registration: no published protocasts for this study. The protocol was
formulated to aid the author and investigatorsarryang out the steps of this systematic

review (Appendix I).

2.4.1 Eligibility criteria and study selection

Two investigators assessed the titles, abstractsfudl text of each study for inclusion
into the systematic review. The two assessors wedependent and used an

inclusion/exclusion form. Inclusion criteria inded

* Prospective cohort studies

* People diagnosed with transient ischemic attacld) Tinyocardial infarction
(MI), or stroke

» Assessing the effect of at least one of serum ailbuserum osmolality, serum
creatinine, BMI, weight loss, or TSF

* At least one of these outcomes was reported: pyinatcome mortality,
secondary outcomes including cardiovascular manspidi(reinfarction,
complications), readmission, disability or funct@brstatus, length of hospital

stay, and discharge destination.

2.4.2 Information Source

MEDLINE, EMBASE, and Web of Science were searchenfinception to October
2010. | carried out the search and it was du@atéty another independent investigator
with clinical knowledge. All selected studies wexreailable as full text in the used
search engines MEDLINE, EMBASE, and Web of Scien&earch terms included

cohort studies, nutrition markers including serullouenin, waist circumference, total
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body water, other measures of hydration, body nra$=sx, body fat, triceps skin fold,
and serum Creatinine, and terms for the cardiovascevents stroke, myocardial
infarction and transient ischemic attack. Appendligresents the search strategy with
the indexing terms used on MEDLINE (similar seastiategy was used in other search

engines).

2.4.3 Data items and extraction

A data extraction form (Appendix Ill) was designtx collect relevant variables of
interest. Two data extractors, the primary authod @ clinician, carried out data
extraction independently. Data extraction includsalecting information on study
characteristics including study location, periodpafticipant enrolment, and follow up
duration. Number of drop outs and the reasons wererded whenever available.
Study characteristics were collected and thesedead total population eligible for each
study, number of males and females, actual numbtreopopulation completed in the
study (after drop outs), and study inclusion cider Baseline event (myocardial
infarction, stroke, or transient ischaemic attaitigt was examined in each study was
recorded, exposure as the nutrition marker inclydinthropometric (body mass index,
weight loss), biochemical (serum albumin, serum aafity, serum sodium, serum
creatinine), or nutrition assessment tools thatausembination of anthropometric and
biochemical nutrition markers were all recordedor Each study the nutrition marker

cut-offs that defined malnutrition were recorded.

Specified review outcomes described were recordddoatcome estimate (odds ratios,
relative risks, or hazard ratios) with 95% confidernntervals (or other measure of
variance) were recorded for the unadjusted and adjasted model. At the end of the
data extraction process, data extractors compdned tlata collection outcomes;

variations were solved through discussion untibasensus was reached.
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2.4.4 Risk of bias

Three components were evaluated to assess thefriskas in each included study.
These three components were missing data, adjustimerelevant confounders, and
source of funding/author affiliation if funded by aterested industry. Information on
each component was recorded using a validity teedighed by the investigator
(Appendix 1ll) to assess the risk of bias of nondamized studies as described in

Cochrane handbook of systematic reviews and intéiomes (105).

2.4.4.1 Missing data

To reduce the risk of bias in observational colstutdies, the STROBE statement was
formulated indicating how data must be reportedhbservational cohort studies (104).
When reporting results each observational studytnmesent numbers of total
population from which sample is drawn, potentialigible participants for the study,
participants included in the actual study basedth@ninclusion criteria and deemed
eligible, those completed follow-up, and includedtie final analysis. A study must
report the sample size from the beginning to teatnam of the study during the course
of the cohort. In addition, studies must reporsoge behind changes in the sample size

throughout the cohort.

| reported the actual number of participants inelliéh the study, initially meeting the
inclusion criteria, and the actual number that wiacduded in the final analysis using
data extraction form and validity tool (Appendix)ll If the sample size changed
between inclusion and final analysis then | recdrdeasons behind changes in the
sample size. While prospective cohort studieseapected to lose participants through
death/refusal/moving out of areas, it was importaneport changes in the sample size
as it can contribute to missing data. In the Cacbrhandbook for systematic review
and meta-analysis (version 5.1), sources of biasgmted in chapter 8 (section 4) refer
to missing data as attrition bias (106). Missohga suggest that data concerning

outcome analysis were unavailable or incompleteding light and raising concerns on
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the data collection process, data management, ardlbquality of study design. Data
collection maybe incomplete, data management maiance been of highest standards,
and the study design may not have been set to megettic objectives. | recorded YES
for missing data if a study had >5% of its datasimig. | recorded NO for missing data
if a study had <5% of its data missing. | record®™MICLEAR if a study may have had
missing data (not clear if a study had >5% missanghot). If missing data was
recorded as NO then | considered the study to halev risk of bias, and if a study
missing data was recorded as YES or UNCLEAR thenritk of bias was considered
high. | recorded unknown if not information on siigy data was provided and the risk

of bias was considered high (Table 2.2).

2.4.4.2 Adjustment for Confounders

Adjustment for confounders is an important compon®nmake sure that the risk
estimates we extracted reflect the true risk es@rmointerest. Therefore the extent to
which a model adjusted for confounders was consdler The main confounders
considered were age, sex, socioeconomic statuskisgnstatus and co morbidities.
Although it is impossible to have each study adjgstfor the same confounders,
scientific evidence suggests that these certaitof@re common confounder for the

outcomes of interest in my study.

Age and sex adjustment are both important as difiees in their characteristics may
contribute to variation in the effect size and iptetation. The probability of stroke is
directly correlated with age and differs for merdamomen. Wolf and colleagues
examined the 10 year average probability of stiok&lence in men and women of the
Framingham study. After sub grouping men and womémage categories (55-59, 60
64, 65-69, 70-74, 75-79, and 80-84 years old) sy, their findings suggested that
the probability of stroke increased with each aggory and was not similar for men
and women. For example the probability of strakethose aged 55-59 was 5.9% and
3.0% for men and women respectively, and the prbéhalef stroke for men and
women aged 70-74 was 13.7% and 10.9% respectifrely 11.0% in men and 7.2% in
women in the preceding age category of 65-69 yelbs(11). A more recent study
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examined lifetime risk of CVD for men (n=3564) amebmen (n=4362) of the
Framingham study, both at age 50 year old and matiprevious CVD event, up to 95
year old. The risk estimate for CVD event for nam women wa$1.7% (95% ClI,
49.3 to 54.2) and 39.2% (95% CI, 37.0 to 4xebpectively. The median survival time
for men was 30 (22-27) years while that for womeasw86 (28-42) years (107).
Available evidence suggests that age and gendecoafeunders for the risk of CVD
event. Age and gender can clearly confound tHe estimate and therefore adjusting

for age and gender (or not) can influence the lef/bias in the selected studies.

Another confounder assessed was socioeconomics stigfined as annual earning or
achieved level of education. Socioeconomic stahgscating poverty or low/no
education may increase the risk of CVD (108)ext in assessing risk of bias was co
morbidities adjustment. Co morbidities adjustmemiuded adjusting for diabetes,
hypertension, and kidney diseases. The risk of QY43 three times higher in people
with diabetes compared to those who do not havgetks (p<0.0001) (109), doubled in
the presence of hypertension compared to its abgdri®, 111), and kidney diseases
increased the risk of CVD between 20%-50% (112,).1&moking status adjustment
was also examined in the risk of bias assessnidéat.risk of CVD almost doubled in
smokers and those with history of smoking compacethose that do not smoke (24,
114).

Making sure that studies adjusted for age, gerstmipeconomic status, co morbidities
(diabetes, hypertension, or renal diseases), amkiag status were very important to
ensuring that the risk estimates extracted front saiady reflect the risk of extreme vs.
normal nutrition marker after a CVD event and naisked by such confounders. This
is the rationale why risk estimates of the mosutsigjd models were extracted whenever
possible. In addition, results were sub-groupedidlyestimate type (relative risk, odds,
and hazard risk ratios) in order to understandsilze of the effect per type of risk
estimate. If a study adjusted for all confoundden the risk of bias was considered
low. If a study adjusted for all but one (for exalenfor age, gender, socioeconomic
status, and co morbidities | recorded YES but edmMNO for smoking status) then the
risk of bias was considered medium. If a studyusigyd for three or fewer of five
confounders (for example, | recorded YES for agmdgr, and socioeconomic status,
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but recorded NO for co morbidities and smoking usptthen the risk of bias was

considered high.

2.4.4.3 Funding/author affiliation

Sources of funding and author affiliation were exsed. Funding affiliation may mean

that the funder might have participated in somenfan the study execution or data
analysis especially for industry funded studieSor example, if the study funding was
received from a pharmaceutical company which hite@wn researchers to carry out
the study, not independent researchers, this mggesti that funder may have an innate
interest in certain outcomes. Author affiliatioraynmean that the author may have
inherent interest in the study giving biased intet@tion. If funding and author

affiliation with study was recorded as YES or refmat unknown then the risk of bias
was considered high. If funding and author afiiiia were recorded as NO, then the

risk of bias was considered low.

2.4.5 Statistical Analysis

2.4.5.1 Risk Estimates

Quantitative measures of the relationship betweantdtion marker and an outcome
measure as they were provided in the publicatietative risk, hazard ratio, or odds
ratio) were abstracted. Most adjusted and unasfjusisk estimates were recorded
along with any measure of variance reported, aaddstrd errors calculated where
possible. Standard errors were calculated from 86@fidence intervals by subtracting
the lower limit from upper limit divided by 3.92@&). The natural log of the effect was
entered as required by REVMAN 5.1 software (11%) mdicated in section 9.4.3.2 in
the Cochrane handbook for systematic review ofrvetgions titled “The generic

inverse variance outcome type in RevMan”(105). ertegeneity was assessed usifg |
an P of 0%, 25%, 50%, and 75% corresponded to a no, foederate, and high level of
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heterogeneity respectively as suggested by Higeiired 2003 (116). The higher the
heterogeneity the more variation between studielsidied in the meta-analysis. It will
not be of any meaning to take the combined estimiademeta-analysis if heterogeneity
was high. In such circumstance, the combined estiroannot provide a meaningful
interpretation. Heterogeneity indicates that thelies that were included in the meta-
analysis to generate the combined effect diffecedive clear cut evidence and cannot
provide a confident answer for the research que$teng investigated.

2.4.5.2 Analysis Plan

Main or primary analysis was to compare relatiopghetween each nutrition marker
signifying extreme value to its corresponding ndrrmalues on primary outcome,
mortality, sub grouped by the type of risk estimstiatistics type (hazard ratio, odds
ratio, or relative risk). The prevalence of matitith was common and not rare in all
studies examining the prognosis of malnutritiorelat CVD. It is not appropriate to
pool all risk estimates regardless of type in oregasanalysis. | cannot consider odds
ratio and relative risk similar as they can onlydoasidered similar if the prevalence of
exposure is rare (106). This is not the case fainairition in CVD event as reported
earlier in the introduction of this chapter. Sedary analysis was further carried out to
examine the risk of extreme nutrition marker coregato its normal parameters (for
example obese BMI vs., normal BMI) on secondarycomes, morbidity (as defined
per study), disability, discharge destination, rasion, and length of hospital stay was
further sub grouped by the type of risk estimagzénd ratio, risk ratio, or odds ratio).
Subgrouping by risk estimate type (hazard rati@lsagtio, or relative risk) was classed

as primary subgrouping.

In addition to primary subgrouping described abosecondary subgrouping by
baselines CVD event, age, or sex was carried outxamine the risk of extreme
nutrition marker compared to its normal parametergrimary outcome mortality and
only if enough studies were available. The Cocarhandbook for systematic review
and meta-analysis, version 5.1, suggests that iy @t subgrouping, at least ten
studies must be present to render such sub groypegible and meaningful (106).
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Obesity had the largest number of studies andrlethout secondary subgrouping for
obesity only (as | do not have at least 10 studigls the right comparison group for
each nutrition marker). All studies were pooledhgsan inverse variance method using

random effects methodology.

Studies included in the systematic review weregmieed into studies that evaluated
nutritional status using anthropometric, biochemiead nutrition assessment tools.
For each nutrition marker category, the specifitritan markers were identified and if
possible a meta-analysis was carried out. For plgmtudies using BMI as a nutrition
marker were all identified and the relationshipwesn BMI and each outcome was
examined in the meta-analysis. Underweight, ovggiiteand obese body mass index
were each compared to normal weight BMI to undadsttheir prognostic value in
predicting chosen outcomes on post a CVD evenk sEme approach was used for all
studies for the biochemical and variable nutritassessment tool categories. For
biochemical low and high serum albumin were comgare normal serum albumin
respectively. Undernutrition diagnosed by nutritessessment tools such as SGA was

compared with well nourished patients.
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2.5 Results

2.5.1 Study Selection

The initial search yielded 2000 titles and abstaddf the computer search outcomes,
sixty eight articles passed the initial screenimgl dull texts were retrieved. After

further scouting a total of 24 studies from thef@i8text papers that passed the initial
screening met the inclusion criteria and were idetliin the systematic review for data

extraction (Figure 2.1).

Reasons for exclusion of full text papers includesk of non-human subjects (excluded
by default), and use of a nutrition marker thatsdoet meet the study inclusion criteria
(e.g. urinary creatinine), the studies in which therticipants with cardiovascular
disease were analysed but with people with othets &4 illnesses (so the population of
interest could not be separated out), and/or theoowes of interest were not assessed.

2.5.2 Study Characteristics

The total number of participant included in thistgynatic review was 69,919 (women:
16,201, 23.2%). The median follow up period ranffech 1 month (117) to 35 years
(118). There were 14 studies assessing the riskxsEme anthropometry nutrition
marker compared to its normal measure on mortality secondary outcomes with 13
using BMI and one study using weight loss. In Biechemical nutrition marker

analysis there were five studies evaluating th& df extreme serum biochemistry
compared to their corresponding normal range valmesmortality and secondary
outcomes. Four were on serum albumin, with onef including serum Creatinine,

and one on serum osmolality.
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There were four studies that considered the risknafer nutrition compared to normal
nutrition on mortality and secondary outcomes usingyition assessment tools as a
nutrition marker. Baseline cardiovascular eventduded 10 studies on Myocardial
Infarction (MI), nine studies on stroke, and four coronary heart diseases (CHD).
Table 2.2 a-b presents a brief description of tharacteristics of included studies.
Appendix IVa & IVb present detailed description afi studies included in this

systematic review and meta-analysis.

2.5.3 Validity of studies

Only two studies had missing data as defined inntethodology (i.e. >5% of the
baselines sample recruited were excluded due teimgisiata necessary for analysis).
Of the 24 studies three had missing data (119-123 gdjusted for age and one did not
(54), 19 studies adjusted for gender and 5 did (1@, 117, 121-123), only two studies
adjusted for socioeconomic status (118, 124), sewtof the 24 studies did not adjust
for comorbidities (55, 56, 117, 121, 125-127), 10 of the 24 included studies did not
adjust for smoking (55, 56, 98, 102, 117, 120-1226-128), and author/funder
affiliation was clear for most studies except omedg was deemed unclear (122).
Tables 2.3a-b presented the validity (assessmerttiad) of each study including
missing data, adjustment and author/funder afdra{A/F).

The selected studies mainly examined the risk &s®sacwith the extreme nutrition
marker compared to its normal measure on mortgitynary outcome). Tables 2.4 a-b
present the results of the studies that examineritkeof extreme nutrition marker
compared to its normal value on the primary outcomertality. Table 2.3c presents
the results of studies that the risk of extremeritiolh marker compared to normal

nutrition marker on secondary outcomes
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Figure 2.1. The mrcess of filtering electronic search outco
until reaching the articles included in the systemeeview ani

meta-analysis that met the inclusion criteria.
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Study Follow up Event Females/MalesExposure Comparison Outcome Assessed
(months)
Anthropometric Nutrition Markers
Batty 2006™¢ 42 CHD 18403 men*  BMi30,25-29.9 20-25 kg/mMi  Mortality, recurrent
kg/n? event
Buettner 2007% 17 Stroke 480/1196 BMB0,25-29.9 20-25 kg/mM  Mortality, recurrent
kg/n? event
Dagenaise 200%%* 54 CHD 2182/6620 BNH30 kg/nt < 25 kg/m Mortality, recurrent
event
Domanski 2006*" 57.6 CHD 1171/5693 BMBO kg/nt < 25 kg/m Mortality, recurrent
event
Kragelund 200%'* 120 MI 2172/4502 BM#30, 25-29.9, 20-25 kg/mMi  Mortality, recurrent
<19 kg/nt event
Lopez-Jimenez 2008° 6.2 MI 1022/1296 BM#30, 25-29.9, 20-25 kg/mMi  Mortality, recurrent
<19 kg/nt event
Mehta 20073 12 CHD 606/1719 BMH30 kg/nt < 25 kg/m Mortality
Nigam 2006* 12 Ml 278/616 BM#30 kg/nt < 25 kg/n Mortality, recurrent
event
Nikolsky 2006*%* 12 Ml 542/1493 BM#30 kg/nt < 25 kg/nf Mortality
Rana 2004 (124) 45 MI 1317/581 BMIO, 25-29.9 20-25kg/Mi  Mortality
kg/n?

Table 2.2a. Characteristics of included studiégumg anthropometric nutrition markers includedthe systematic review continued.

52



Study Follow up (months) Event Females/Males Exp®s Comparison  Outcome Assessed

Rea 2001'*> 36 Ml 968/1573 BM#30 kg/nt <25kg/M  Recurrent events
Sierra-Johnsson 2007  76.8 Ml 79/298 weight loss Mortality, recurrevent
Wu 20102 16 Ml 1885/4675 BM#30, 25-29.9 <25kg/nf  Mortality
kg/nt
Zeller 2008*** 12 Ml 593/1636 kB/I\/n$30, 25-29.9 <25kg/mM  Mortality
g

Table 2.2a. Characteristics of included studidgintg anthropometric nutrition markers includedtire systematic review. Not all studies were
included in the meta-analysis.

*men only
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Study Follow up Event Females/MalesExposure Comparison Outcome Assessed

(months)
Serum biochemical Nutrition
Markers
Bhalla 2000 3 Stroke 87/80 >296 mOsm/kg <296 mOsm/kg  Mortatiigability
Carter 200> 88.8 Stroke 271/274 >38 g/L <38 g/L Mortality
Gariballa 1998 3 Stroke 180/81 <35 g/L >35 g/L Mortality
Gariballa 1998 3 Stroke 129/96 >35 g/L <35 g/L Mortality
Hirakawa 1998'%% LHS MI 521/1070 <35 g/L >35 g/L LHS*
Kelly 20042 21 Stroke 55/47 > 297 mOsm/kg <297 mOsm/kg  thramiimlism

Nutrition Assessment Tools*

Davalos 1996 3 Stroke 37/67 Undernutrition* Well nourished*  Bislity

Davis 2004*" 1 Stroke 87/98 Undernutrition~ Well nourished* &gty

Food Trial 2003'%" 6 Stroke 1492/1520 Undernutrition® Well nourished*disability/Mortality
Yoo 2008°* 3 Stroke 47/84 Undernutrition$ Well nourished*  Quimations**

Table 2.2b. Characteristics of studies utilizingdhiemical nutrition markers and nutrition assessruais included in the systematic review.

*LHS: Length of Hospital Stay

*under nourished definition in Davalos 1996: TSP 8% and 62.5% and MAMC (mid arm muscle circumfeggrbelow 85% and 86.4% and <34 g/l
serum albumin
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~under nourished by SGA: rate B or C by the SGAnidritional status
Aunder nourished by Food Trial Collaboration: bgician judgement

$ Undernourished definition in Yoo 2008: at letsgd parameter (described in result section for Matr Assessment tools) are below normal of the
one assessed in the study.

** Complication in Yoo 2008: Pneumonia, Myocardialfarction (M), urinary tract infection, pressusere, deep vein thrombosis, extra cranial
haemorrhage
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Study Missing data Age Gender SES  comorbiditiesmoksng A/F
Anthropometric Nutrition Markers

Batty 2006 No Yes Yes Yes Yes Yes No
Buettner 2007 No Yes No No Yes No unclear
Dagenaise 2005 No Yes Yes No Yes Yes No
Domanski 2006 No Yes Yes No Yes Yes No
Kragelund 2005 Yes Yes Yes No Yes Yes No
Lopez-Jimenez 2008 Yes Yes Yes No Yes No No
Mehta 2007 No Yes Yes No Yes Yes No
Nigam 2006 No Yes Yes No Yes Yes No
Nikolsky 2006 No Yes No No Yes Yes No
Rana 2004 No Yes Yes Yes Yes Yes No
Rea 2001 No Yes Yes No No Yes No
Sierra-Johnsson No Yes Yes No Yes Yes No

Table 2.3a. Validity assessment of studies utdjzanthropometric nutrition markers, continued
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Study Missing data Age Gender SES  comorbiditiesmoksng A/F

Wu 2010 No Yes Yes No Yes No No
Zeller 2008 No Yes Yes No Yes Yes No

Table 2.3a. Validity assessment of studies utdjanthropometric nutrition markers
*SES: Socioeconomic Status, Hyper: Hypertension, Rénal Disease, A/F: Author funder Affiliation

For Missing Data: Yes/unclear means high riskia§oNo means low risk of bias, unknown: no infotiovaprovided

For Age, Gender, SES, comorbidities, and smokirgs Means low risk of bias, No/Unclear means higk aof bias, For A/F affiliation: Yes/unlcear
means high risk of bias, No means low risk of bias
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Study Missing data Age Gender SES comorbidities oksng AlF
Serum biochemical Nutrition Markers

Bhalla 2000 No Yes Yes No Yes No No
Carter 2007 No Yes Yes No Yes Yes No
Gariballa 1998 No Yes Yes No No No No
Gariballa 1998 No Yes Yes No No Yes No
Hirakawa 1998 No Yes No No Yes No No
Kelly 2004 No Yes No No No No No
Nutrition Assessment Tools

Davalos 1996 No Yes Yes No No No No
Davis 2004 No Yes No No No No No
Food Trial Collaboration 2003 No Yes Yes No No No oN
Sung-Hee Yoo 2008 No No Yes No Yes Yes No

Table 2.3b. Validity assessment of studies utijzamochemical nutrition markers and nutrition asgsssnt tools

For Missing Data: Yes/unclear means high riskia§oNo means low risk of bias, unknown: no infotioraprovided

For Age, Gender, SES, comorbidities, and smokires Means low risk of bias, No/Unclear means higkof bias

For A/F affiliation: Yes/unlcear means high ridkbtas, No means low risk of bias.
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Study Effect Unadjusted (95% CI) p-value  Adjus{@8% Cl) p-value Extreme Comparison
Group (1) Group (n)
Anthropometric markers
Obesity and Mortality BMI>30 kg/nf 20-25 kg/M
Kragelund 2004 (Men) RR 0.85 (0.76 to 0.96) <0P1 099 (0.85t01.16) 0.2 544 1613
Kragelund 2004 (Women) RR 0.85(0.72t01.01) P>0.05 0.9 (0.74 to 1.09) 0.3 255 989
Batty 2006 HR NA 1.13 (0.91 to 1.40) 0.24 128 1336
Buettner 2007 HR 0.37 (0.17t0 0.77) 0.012 7q@@08 to 0.92) 0.036 292 551
Lopez -Jimenez 2008 HR NA 0.74 (0.51t0 1.08)0.1 700 528
Rana 2004 RR 2.57 (1.87 t0 3.51) p<0.05  1048B(to 2.16) 0.8 459 607
Overweight and Mortality BMI 25-30 kg/mi  20-25 kg/m
Kragelund 2004 (Men) RR 0.83 (0.76 to 0.90) 0P81 0.93(0.851t0 1.03) p>0.05 1996 1613
Kragelund 2004 (Women) RR 0.86 (0.77t00.98) P<0.05 0.78(0.68t00.89) p<0.001 610 989
Batty 2006 HR NA 1.11 (1.00to 1.22) 0.24 1132 1336
Lopez -Jimenez 2008 HR NA 0.96 (0.69t0 1.34)0.8 872 528
Rana 2004 RR 0.54 (0.50 to 0.59) P<0.05 1801t0 1.62) p<0.05 832 607

Table 2.4a. Extreme anthropometric nutrition meskesk on mortality continued
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Study Effect Unadjusted (95% CI) p-value  Adjusted% CI) p-value Extreme Comparison
Group (1) Group (n)

Underweight and Mortality BMI<20 kgf/m  20-25 kg/m
Kragelund 2004 (Men) RR 1.73 (1.23 to 2.44) 0P% 1.28 (0.87 to 1.90) p>0.05 41 1613
Kragelund 2004 (Women) RR 1.70 (1.37t0 2.06) P<0.001 1.45(1.17t01.80) p<0.001 120 989
Lopez -Jimenez 2008 HR NA 1.77 (1.00 to 3.12)0.05 84 528

Weight Loss and mortality weight loss No weight loss
Sierra Johnson 2008 HR 0.59 (0.31to0 1.10) 10.10 0.63 (0.33t01.20) 0.17 220 157

Table 2.4a. Extreme anthropometric nutrition maskesk on mortality
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Study Effect Unadjusted (95% CI) p-value  Adjust@8% CI) Adjusted Extreme Comparison
p-value group (n)

Group (n)

Biochemical markers & Mortality
Low Serum Albumin

Gariballa 1998 OR NA 1.13(1.01t0 1.27) ®03 38 163
High Serum Albumin

Gariballa 1998 35g/1) HR NA 0.91 (0.84 t0 0.99) 0.03 38 163

Carter 2007 (38-40 g/l)* HR 0.78 (0.59t01.09)  0.15 0.79[0.57to 1.11]  0.144 174 330

Carter 2007 (>43 g/l)* HR 0.45 (0.32 t0 0.65) 8@  0.65[0.44, 0.96] 0.031 267 330
High Serum Creatinine

Carter 2007 (82-97 mmol/l) HR 1.39 (0.94 to 2.05 0.096 1.60 (1.05 to 2.45) 0.03 240 330

Carter 2007 (98-117 mmoll/l) HR 1.62 (1.12 to42.3 0.010 1.51 (1.01 to 2.27) 0.045 196 330

Carter 2007 (>117 mmol/l) HR 2.26 (1.58 t0 3.24) <0.001 1.85(1.25t0 2.73) 0.002 109 330

High Serum Osmolality

Bhalla 2000 (>296 mmol/kg) OR NA NA 2.40 (1.0098 0.05

Table 2.4b. Extreme biochemical nutrition marked autrition assessment tools on mortality contthue
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Study Effect Unadjusted (95% CI) p-value  Adjust@f% CI) Adjusted Extreme Comparison
p-value group (n)

Group (n)
Nutrition Assessment tools
Davis 2004 OR 31(1.3 to7.7) 3.2(1.0t4)0 30 155
Food Trial Coll. 2003 OR 2.32 (1.78 10 3.02) 0.6001 1.82(1.34to02.47) 0.0001 275 2149

Table 2.4b. Extreme biochemical nutrition marked autrition assessment tools on mortality
*Target: extreme of the nutrition marker examin@ib¢sity, overweight, underweight, and weight lasanthropometric markers, low and high serum

albumin and high serum creatinine in biochemicatk®is, under nutrition in nutrition assessmentgpol*comparison: normal range of nutrition

marker in question (normal weight for anthroponustior no weight loss), serum albumid4 g/L.
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Study Effect unadjusted (95% CI) p-value adjusted p-value  extre normal

Obesity & recurrent events

Buettner 2009 HR NA 0.66 (0.26 to 1.66)* 0.012 292 551
Weight loss and recurrent events

Sierra Johnsson 2008 HR 0.60 (0.40 to 0.89) 0.0130.59 (0.39 to 0.90) 0.015 220 157
Biochemical Nutrition Markers
Low Serum Albumin and length of hospital stay

Hirakawa 2006 HR NA 1.01 (1.00to 1.01) P>0.05 296 962
High serum osmolality and disability

Bhalla 2000 OR NA 2.34 (0.65 to 8.44) 0.2 50 117
High Serum osmolality and thromboembolism

Kelly 2004 OR 2.7 (1.1t0 7.0) 0.04 4.7 (1.4 ©3) 0.02 24 78
Nutrition assessment tools
Undernutrition and complications

Yoo 2008 OR NA 4.49 (1.07 t0 18.94) 0.04 26 105

Table 2.4c. Extreme anthropometric, biochemicalithon markers and nutrition assessment tool osksecondary outcomes continued
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Study Effect unadjusted (95% CI) p-value adjusted p-value  extre normal
Undernutrition and disability
Davis 2004 OR 3.4(1.3t08.7) 0.01 2.7(0.7.®99 0.18 30 155
Davalos 1996 OR NA 3.5(1.21t0 10.2) p<0.05 24 67

Table 2.4c. Extreme anthropometric, biochemicalithon markers and nutrition assessment tool oslsecondary outcomes.
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2.5.4 Anthropometric nutrition markers studies digsion

Nine studies (Table 2.2 a) examined the progndsanthropometric nutrition markers
in cardiac patients with myocardial infarction, fostudies in cardiac patients with
coronary heart disease, and one study in cardiaengs with stroke. The 14 studies
total participant population was 63,476 of whichZB® (20.9%) were women. Nine
studies came from the USA, one from each Spainn@ey, Canada, United Kingdom,

and France.

Validity: Two studies had missing data (Table 2.2)None of the studies adjusted for
all factors | considered in the validity tool atcen Eleven studies adjusted for gender,
three did not adjust (122, 123), and gender adgistrwas not applicable for one study
(118) as all were men. One study adjusted forosmcinomic status (124). All studies
adjusted for baseline co-morbidities. Of the 14d&s only three did not adjust for
smoking (120, 122, 128). Table 2.2 presents detan the validity of all studies
included in this systematic review.

Authors also adjusted for other confounder thateweesented in their sample baselines
characteristics, but were not specified in my daten. These included lifestyle related
behaviours (118, 119, 123, 124, 130-132, 134, 186¢h as tea and alcohol
consumption (124) and physical activity (118). @tlstudies adjusted for blood
pressure either systolic or diastolic blood pressurboth (118, 123, 128, 130-132, 134,
136). Some studies also adjusted for biochemiaedmeters such as total cholesterol
(118, 123, 130), hyperlipidaemia (131), C-reactivprotein (134), and
hyperhemocystenemia (136), and haematological peeam (122). Some studies
adjusted for invasive treatment (119, 123, 124, 131, 134) and medications (119,
124, 130, 132, 136) additionally.
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2.5.4.1 Risk of obesity compared to normal wemhtnortality and secondary

outcomes

Individual study results examining the risk of dbesompared to normal weight are
presented in Tables 2.3 a & b. Only five studisedunormal weight (20-25 kgfinas
the comparison group category. Other studies usedngparison group of BMI<25
kg/m? including underweight and normal weight subjectthie same category therefore
were not included in the meta-analysis. Of the fstudies in the meta-analysis two
used relative risk ratio (RR), and three used lthzatio (HR). The forest plot in
Figure 2.2 shows the meta-analysis sub groupedshkyestimate type for the risk of
obesity compared to normal weight on mortality.eféhwere no studies which reported
odds ratio. Heterogeneity was assessed bgd it was 75% in studies reporting hazard
ratio and 58% in studies reporting the effect aeelative risk. This suggested a
moderate to high level of variation between studi€his level of heterogeneity makes
it difficult to interpret the overall effect of theelationship between obesity and
mortality compared to normal weight. There areaclgariations between studies
included in the meta-analysis. Due to moderatéi evel of heterogeneity, there is
no confidence in providing an evidence to aid inisien making that can be withdrawn

from this meta-analysis.

I did not have at least 10 studies to carry oubsdary subgrouping. The largest set of
data for single forest plot was available from ekang the risk of obesity compared to
normal weight on mortality (presented above). Osfcondary sub grouping by
baseline CVD event (myocardial infarction) and ag@mining the risk of obesity
compared to normal weight on mortality was possibléhe relative risk suggested a
reduced risk of mortality with no statistical sifjoance. Heterogeneity was moderate
at 67%. The risk of obesity compared to normal BMtreased with increasing age.
Table 2.5 presents the results of primary and skrgnsubgrouping for the risk of
obesity compared to normal weight on mortality.
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Not enough studies examined the risk of extremlierappmetric nutrition marker on
secondary outcomes (no more than one study) tw atieta-analysis subgrouping by
risk estimate (Table 2.3c).
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Mormal Obhese Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI

1.1.1 Relative Risk Ratio

Kragelund 20058 (Mem) -0.01 0.08 1613 544 43.7% 0.99 [0.85, 1.16]

Kragelund 20048 {(women) -011 04 4984 265  38.0% 0.90[0.74,1.09) —

Rana 2004 na3s 02 BOT 459 18.3% 1.46 [0.99, 216] = +
Subtotal (95% CI) 3209 1258 100.0% 1.02 [0.84, 1.25] ~eatlf--

Heterogeneity: Tau®=0.02; Chi*=4.80, df= 2 (P = 0.08); F= 53%
Testfor overall effect £=023{F=0.34

1.1.3 Hazard Ratio

Batty 2006 012 0N 1336 128 40.9% 1.13[0.91,1.40] —T
Buettner 2007 -1 0.38 851 202 23.2% 037 [017,077] &———
Lopez-Jimenez 2008 -0.3 0149 528 00 35.9% 0.74 [0.51,1.08]

Subtotal (95% CI) 2415 1120 100.0% 0.75 [0. 44 1.26] '*-—

Heterageneity: Tau*= 016, Chi*=1037, df=2 (F = 0.006); F= 81%
Testfor overall effect £=1.08{F=0.27)

hs 07 165 2
Mormal Weight Obesity
Figure 2.2. Forest plot showing the risk of obesttmpared to normal weight on mortality post-CMilb grouped by relative risk ratio, and odds
ratio for the most adjusted risk estimates of @sidncluded in the meta-analysis. In the relatiske subgrouping the diamond can be seen on thé righ
side of the forest plot axis suggesting increasgdaf obesity on mortality, while in the hazardioasubgrouping the diamond is on the left sizeesid

of the axis suggesting reduced risk of obesity antatity; both compared to normal weight.
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Mortality No. studies Effect size p-value Obese oriNal weight Heterogeneity

Type of Risk estimate

Relative Risk Ratio 2 1.02 (0.84 to 1.24) 0.83 582 3209 58%
Odds Ratio NA

Hazard Ratio 3 0.79 (0.48 t0 1.32) 0.37 1120 2415 75%
Age

50-59 years 3 1.09 (0.92 to 1.28) 0.34 1287 2471 69%
60-69 years 2 0.95(0.81to 1.11) 0.51 836 2164 5% 8
70-79 years NA
Gender

Men NA

Women NA

Baseline CVD event

Myocardial Infarction (MI) 5 0.98 (0.89t01.08) 0.67 2378 5624 67%

Table 2.5. Meta-analysis result for studies tixain@ned the risk of obesity on mortality post CVizeet sub grouped by type of risk estimate, age,
gender, baselines CVD event (only MI), and the askbesity on morbidity relationship between obeand mortality post-CVD event sub group by
morbidity defined as recurrent event (secondarga@uges); no other secondary outcomes were examined.
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2.5.4.1.1 Sensitivity analysis

Studies that reported unadjusted risk estimate® watered into a meta-analysis sub
grouped by effect type (relative risk ratio, hazeatio, and odds ratio). The sensitivity
analysis (entering unadjusted risk estimates omdgults for the risk of obesity
compared to normal weight on mortality decreaseds¥%y suggesting but confidence
intervals were wide to suggest that obesity (n=)268y reduce the risk of mortality
compared to normal weight (n=3209); RR 0.94 (95%8®1t0 1.93; p=0.19). Obesity
lost its protective effect once other confoundeesenconsidered. The contribution of
other confounders to the effect size may have agtveel that of obesity resulting in a 2%
increase in the risk mortality in obese particigactmpared to participants with normal
weight (in adjusted analysis). However, it canm®said that obesity reduces the risk of
mortality as this does not hold any statisticahgigance (as in adjusted meta-analysis).
Furthermore, the level of heterogeneity was high9&%, and therefore it was
impossible to draw any conclusion from these figdin

2.5.4.2 Risk of mortality in overweight patientsngoared to normal weight patients
post CVD event

Only four studies examined the risk of mortalityaverweight patients (25-29.9 kgfm
compared to the comparison group of interest, nbmeight (20-25 kg/rf) post CVD
event (myocardial infarction). One study presenbath unadjusted and adjusted
relative risk ratios. Meta-analysis for the risk mortality in overweight patients
compared to normal weight patients sub groupedypg bf risk estimate is shown in
Figure 2.4. Studies reporting the effect as RRgestpd a 10% reduced risk of
mortality in overweight patients compared to normeaight patients. A high level of
heterogeneity was observed. Studies reportingrifie as hazards ratio suggested
increased risk by 9% with a 0% heterogeneity. &wiugh studies were available for
secondary subgrouping to be possible as indicat#ukei analysis plan.

70



2.5.4.2.1 Sensitivity analysis for the risk of awerght compared to normal weight on

mortality post CVD event

| carried out a sensitivity analysis for the rigkowerweight compared to normal weight
on mortality post CVD event by including only unasted risk estimates. The result
showed reduced risk but heterogeneity was high |S{#ggesting that evidence cannot
be drawn despite statistical significance; RR @93% CI| 0.67 to 0.74; p<0.05). Total
overweight was 832 and normal weight was 607. Desatistical significance the
high level of heterogeneity makes such risk estnmatt one that can provide evidence

on the reduced risk of mortality in overweight pats.
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Normal Owerweight Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Total Total Weight I, Random, 95% CI I, Random, 95% CI
1.3.1 Relative Risk Ratio

Kragelund 20058 (Mem) -0.07 0.04 1613 1996  44.9% 0.93 [0.85, 1.03] —
Kragelund 20048 {(women) -0.25 0.07 4984 610 39.2% 0.78 [0.68, 0.89)] ——

Rana 2004 013 018 BOT 832 15.48% 114 [0.80, 1.62] =
Subtotal (95% CI) 3209 3438 100.0% 0.90 [0.76, 1.06] -

Heterogeneity: Tau®=0.01; Chi*=6.38, df= 2 (P = 0.04); F= 69%
Testfor overall effect £=1.27 (F=0.20)

1.3.2 Hazard Ratio

Batty 2006 01 0.05 1336 1132 92.0% 1.11[1.00,1.22] ‘.-
Lopez-Jimenez 2008 -0.04 047 528 av2 2.0% 0.96 [0.69, 1.34]
Subtotal (95% CI) 1864 2004 100.0% 1.09[0.99, 1.20] -
Heterogeneity: Tau®=0.00; Chi*= 062, df=1 (P=043);F=0%
Testfor overall effect: £=1.85 {F = 0.06)

05 07 15 2

Faormal Weight Overweight

Figure 02.3. Meta-analysis forest plot for riskeoweight (25-29.9 kg/f) compared to normal weight (20-25 kgjnmortality. In the relative risk
subgrouping you can see the effect (diamond) gtuiribe left of the forest plot suggesting redudsk of overweight on mortality, while in the hazard
ratio subgrouping diamond can be seen on the siglat of the axis suggesting increased risk of oeggiat on mortality; both compared to normal

weight.
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2.5.4.3 Risk of mortality in underweight patientsrgpared to normal weight patients
post CVD event

Two studies examined the risk of mortality in urwdeight patients (<19 kg/th

compared to normal weight (20-25 kdjnpatients post CVD event. All studies
suggested increased risk of mortality in underwetients. Both studies examined
the risk of mortality in underweight patients comgzhto normal weight patients post
myocardial infarction. Figure 2.4 presents the aystalysis results of studies
examining the risk of mortality in underweight etis compared to normal weight
patients post CVD event sub-grouped by risk esgntgpe, no studies reported odds
ratio or relative risk; only hazard ratio. Hetesogity was low suggesting that they

provide the same outcome which was increased figtootality.
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Normal Underweight Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Total Total Weight I, Random, 95% CI I, Random, 95% CI

1.2.1 Relative Risk Ratio

Kragelund 20058 (Mem) n2s 02 1613 41 208% 1.28[0.87, 1.90] N B —
Kragelund 20048 {(women) 037 011 Qa4 120 BY91% 1.45 117, 1.80] ——
Lopez-Jimenez 2008 0a7 0.29 528 a4 9.9% 1.77 [1.00, 312 = *
Subtotal (95% CI) 3130 245 100.0% 1.44 [1.20, 1.72]

Heterogeneity: Tau®=0.00; Chi*=0.83, df=2 (P = 0.6E); F= 0%
Testfor overall effect: £= 389 (P = 0.0001)
1.2.3 Hazard Ratio

-
Lopez-Jimenez 2008 048y 0.29 529 24 100.0% 1.77[1.00,3.13] l >
Subtotal (95% CI) 528 84 100.0% 1.77 [1.00, 3.12]

Heterogeneity: Mot applicable
Testfor overall effect: £=1.87 (F=0.09

05 0.7 18 2
Faormal Weight Underweight

Figure 2.4. meta-analysis forest plot of studiesngining the risk of underweight (BMI<19 kgfjrcompared to normal weight (BMI 20-25 kdjnon
mortality compared to normal weight patients pogDCavent. In the relative risk and hazard ratibgrouping you can see the diamond on the right

size of the forest plot axis suggesting increasddaf underweight on mortality; both compared twmal weight.
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2.5.4.4 Risk of weight loss compared to weigh lalssence on mortality and morbidity
post CVD event

Only one study (103) examined the risk of weiglsslduring acute hospital stay (Table
2.4 a) compared to no weight loss on mortality esalirrent CVD event (Table 2.4 c).
The result suggested no association with mortalitgatients experiencing weight loss
post CVD event compared to those with no weighs Id& 0.63 (0.33 to 1.20; p=0.116)
and reduced risk of recurrent CVD ever9 (0.39 to 0.90; p=0.015)

2.5.5 Biochemical Studies description

There were six studies examining the effect of miaition assessed by biochemical
nutrition marker on outcome. The total number oftipgpants was 2911 participants
(42.7%, n=1188 women. Two studies examined thke o high serum albumin

compared to its normal range on mortality (55, 1880 one of which also examined
the risk of high serum creatinine on mortality cargal to its normal value on mortality
(135). One study examined the risk of low serunu@in compared to normal serum
albumin on secondary outcome length of hospitgl §82), and one examined the risk
of high serum osmolality compared to its normalueabn mortality (98). Of those

studies one was on baseline myocardial infarctid®?). Four studies came from the
United Kingdom and one from Japan (102). The nrediilow up period ranged 3

months (55, 98, 126) to 7.4 years(135).

Validity assessment. no study had missing datanly ©ne study did not adjust for
gender (102) and none of them adjusted for sociomoec status. Of the six studies,
two did not adjust for co morbidities (55, 126) ahcke did not adjust for smoking (98,
102, 126). Funding and author affiliation wasaasessed as NO suggesting low risk of
bias.
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2.5.5.1 Risk of high or low biochemical nutritiorarker compared to normal values on
mortality and secondary outcomes post CVD event

Gariballa e al 1998 (55) and Carter et al 2007 (E&mined the risk of high serum
albumin compared to low serum albumin on mortghitgt CVD event (stroke). Meta-
analysis results suggested a reduced risk of nitgrtdR 0.91 (0.84 to 0.98); p=0.01.
The result of the meta-analysis is presented inr€i@.5. The heterogeneity was absent.
Not enough studies were available to carry out @&y sub grouping by baselines
CVD event, gender, or age. All high serum albursindies were presented risk
estimates as hazard risk and none presented otidsorarelative risk. Only study
examined the risk of low serum compared to norme&urmm albumin values and
suggested an increased risk of mortality OR 1.181(1o 1.27; p=0.035). Only one
study Hirakawa 2006 examined the risk of low semalbumin (<35 g/L) compared to
higher serum albumin>B5 g/L) on secondary outcome length of hospitay.stdhe
outcome suggested no increased or decreased righkgth of hospital stay in those
with low serum albumin compared to those with higberum albumin OR 1.01 (1.00 to
1.01) p>0.05.

Not enough studies were available to carry out garapalysis sub grouped by risk
estimate type (primary subgrouping) for the riskl@i serum albumin, high serum
osmolality, or high serum creatinine compared towa values on mortality. One study
for each of those nutrition makers was availabRisk of low serum albumin on

mortality compared to high serum albumin suggestedncreased risk by 13% (OR
1.13, 95% CI 1.01 to 1.27; p=0.035). The risk mdreased serum osmolality (>296
mOsm/kg) compared to normal serum osmolality ontatity resulted in an increased
risk of death by more than two fold OR 2.40 (95%4Q00 to 1.59; p=0.05). Bhalla
2000 examined the risk of high serum osmolality9@2nOsm/kg) compared to low
serum osmolality on disability and found no risk @RB4 (0.65 to 8.44); p=0.2. Rowat
and colleagues examined the risk of high serum tdityocompared to its normal

values on thromboembolism and found an almostftie increased risk OR 4.7 (95%
Cl 1.4 to 16.3; p=0.02).
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The risk of high serum creatinine (82-97 mmol/L)ngared to low serum creatinine
(<82 mmol/L) suggested a statistically insignifitawith wide confidence interval
range) increased risk of mortality by at least 3B/8 1.39 (95% CI 0.94 to 2.05;
p=0.096). The same study examined higher paramefeserum creatinine at 98-117
mmol/L and >117 mmol/L compared to low serum creagé and showed an increased
risk of mortality with a HR of 1.62 (95% CI 1.12 ®34; p=0.01) and 2.26 (95% ClI
1.58 to 2.24; p=<0.001), respectively.
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High SA Low SA Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
1.2.1 Hazard Ratio

Carter 2007 Alburmin 38-40 -0.23 047 174 230 5.2% 0.79 [0.47,1.11]

Gariballa 1998 AJCH -0.08 0.04 163 g 84.8% 0.91 [0.84, 0.99) !

Subtotal (95% CI) 337 368 100.0% 0.91 [0.84, 0.98]

Heterogeneity: Tau®=0.00; Chi*= 064, df=1 (P=042), F=0%
Testfor overall effect. £= 250 {F=0.01)

0.5 0.7 15 2
High Serum Albumin  Low Serum Albumin

Figure 2.5. Forest plot for the adjusted risk ighhserum albumin>35 g/L) compared to low serum albumin (<35 g/L) martality post baselines
CVD sub grouped by risk estimate type, for stugiemmining the event for adjusted risk estimate. diaenond is moving toward the left of the forest
plot axis suggesting reduced risk of high serunumlip on mortality.
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2.5.6 Nutrition assessment tools study description:

Studies which reported the association betweennttigtional assessment tools and
outcome used a combined biochemical and anthropm®atutrition markers or a
validated nutrition assessment tool (e.g. MNA an@dAyR The total number of
participant in this category was 3,432 of whom 16685%) were women. The follow
up period ranged from 30 days (117) to 3 months {26). There were four studies,
one each from Spain, Australia, and South Kored, @re was a multi-centre global

study.

Validity assessment: no missing data were repor@iithe four studies only one study
did not adjust for age (54) and one did not adjasigender (117). None of the four
studies adjusted for socioeconomic status. Ong/ sindy adjusted for co morbidities
and one for smoking (54).

2.5.6.1 Risk of under nutrition compared to normadritional status on mortality and

secondary outcomes post-CVD event:

Two studies examined the risk of under nutritiompared to the normal nutrition on
mortality in patients with stroke. Both unadjustadd the adjusted risk estimates
suggested the increased odds of mortality in p@tidragnosed with under nutrition
compared to those without the diagnosis of undértimn. The meta-analysis results
suggested 89% relative increase in odds; OR 18%(8I 1.40 to 2.56). Thé value
was “0” suggesting that the two studies did nofedifin the interpretation of their
findings. Figure 2.6 presents the meta-analysisltre$ the two studies examining the
risk of under nutrition compared to normal nutmtion mortality after stroke. No
studies reported hazard or relative risk estimdtgsthe risk of under nutrition
compared to normal nutrition on mortality. Secanydsubgrouping was not possible.
There were not enough studies to carry out subgngupy baseline CVD event, age, or

Sex.
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Two studies were possible to include in a metayammmlexamining the risk of under
nutrition on disability. The meta-analysis of Dawvi004 and Davalos 1996, suggested
an increased risk of disability associated with @mdutrition compared with patients
with no under nutrition OR 2.83 (95% CI 1.59 to 3.0 ¥ was ‘0’ suggesting the
absence heterogeneity. The results of the metlgsamare presented in Figure 2.7.
One study examined the risk of under nutrition cared to normal nutrition on
complications and suggested increased risk OR #4149 to 18.94; p=0.04). No
studies reported hazard or relative risk.
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undernutrition normal mutrition Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.2 Odds Ratio

Cravis 2004 116 0597 30 154 B.7% 3.19[0.99 10.28)] »
Food Trial Callaharation 0E 016 275 2194 83.3% 1.82[1.33, 2.49)] t
Subtotal (95% CI) 305 2349 100.0% 1.89 [1.40, 2.56]

Heterogeneity: Tau®=0.00; Chi*=0.82, df=1 (P=0.36); F= 0%
Testfor overall effect £= 413 (P = 0.0001)

05 07 15 32
Mormal Mutrition  LUindernutrition

Figure 2.6. Meta-analysis forest plot for adjustist of under nutrition compared to normal nubmial status on mortality post CVD event. The
diamond is on the right of the forest plot axisgegging increased risk of mortality.
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Figure 2.7. Forest plot of the studies that examgithe risk of under nutrition compared normalritisinal status on disability. The diamond is ae t
right side of the axis suggesting increased risk.
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2.5.6.1.1 Sensitivity analysis

| carried out a sensitivity analysis, meta-analyssg unadjusted risk estimate, for
studies examining the risk of under nutrition (n5B@ompared to normal nutrition

(n=2,349) on mortality post CVD event sub-groupgdibk estimate type. The result
suggested an increased risk of mortality with netogeneity observed; OR 2.38 (1.84
to 3.06) p<0.05. This result is coherent with atgd risk estimate examined earlier.

Undernutrition is an independent predictor of midstgoost CVD event.
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2.6 Discussion

2.6.1 Summary of Study finding

There were a total of 23 studies with a total papah of 69,817 (women: 16,146,
23.1%). Fourteen studies examined extreme anthmep@ nutrition marker risk, five
examined extreme serum biochemistry risk, and éxamined under nutrition assessed
by nutrition assessment tool risk, compared torthermal corresponding values on

primary and secondary outcomes.

Meta-analysis results for the risk of obesity comedato normal weight on mortality

suggested no risk on mortality among obese patiRRt4.02 (0.84 to 1.24; p=0.83) as
opposed to hazard risk of 0.79 (0.48 to 1.32; p#0.3None of the risk estimates were
statically significant and heterogeneity was moteraghen subgrouping by RR (58%)
and high when subgrouping by HR (75%) suggestingbdity among studies entered

in the meta-analysis to lead similar finding.

In secondary subgrouping by age no risk of obesitjwpared to normal weight on

mortality was observed. The risk of mortality het50-59 years old age 1.09 (0.92 to
1.28; p=0.34) and the 60-69 years old was 0.95 (€3%.81 to 1.11; p=0.51) (Table

2.4). In both of the meta-analysis by age heterergg was moderate for the 50-59
years old subgrouping (69%) and high for the 60y&8rs old subgrouping (75%)

suggesting variability among studies making itidifft to draw a coherent conclusion.

Further none of these studies risk estimates wateally significant.

In myocardial infarction patients on baseline dayesompared to normal weight did
not show any risk on mortality 0.98 (95% CI 0.891t68; p=0.67) n obese myocardial
infarction patients compared to normal weight myd@d infarction patients with

moderate heterogeneity of 67%.
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In studies that examined the risk of overweight parad to normal weight on mortality
no effect was observed when subgrouping by relatsleof hazard risk ratio RR 0.90
(95% CI 0.76 to 1.96; p=0.20) and HR 1.09 (0.991t@0; p=0.06). For studies
examining the risk of overweight compared to normaight on mortality sub grouped
by relative risk heterogeneity was 69% and for ¢hesamining the risk of overweight
compared to normal weight sub grouped by hazakdh&terogeneity was 0%, but no

statically significant effect was observed.

There was an increase by 41% (RR 1.41, 95% CI th1IZ70) in the relative risk of
underweight compared to normal weight on mortalityCVD patient s (p<0.05) and
absence of heterogeneity. The risk of underwedghmortality increased by 41% post
myocardial infarction RR 1.44 (95% CI 1.20 to 1.p20.0001) and heterogeneity was
absent suggesting coherence in studies risk estiglia¢ction (increase) in included

studies.

Meta-analysis of studies examining the risk of heghum albumin compared to normal
serum albumin suggested that there was a staligtismnificant reduced risk of
mortality HR 0.91 (95% CI 0.84 to 0.98; p=0.01) wiioth studies providing the same
conclusion (risk reduction) with heterogeneity lgeimbsent (0%). For the nutrition
markers low serum albumin, high serum osmolalityd ehigh serum creatinine
compared to their normal values one study was availfor each making it not enough
evidence to base a conclusion upon. Only studyneed the risk of low serum
compared to normal serum albumin values and suggi@st increased risk of mortality
OR 1.13 (1.01 to 1.27; p=0.035). The risk of @aged serum osmolality (>296
mOsm/kg) compared to normal serum osmolality ontatity resulted in an increased
risk of death by more than two fold OR 2.40 (1.6QLt59; p=0.05). The risk of high
serum creatinine (82-97 mmol/L) compared to lowusercreatinine (<82 mmol/L)
suggested a statistically insignificant (with widenfidence interval range) increased
risk of mortality by at least 30% HR 1.39 (95% C94 to 2.05; p=0.096). The same
study examined higher parameters of serum creatiain98-117 mmol/L and >117
mmol/L compared to low serum creatinine and su@gkah increased risk of mortality
with a HR of 1.62 (95% CI 1.12 to 2.34; p=0.01) ah@6 (95% CI 1.58 to 2.24;

p=<0.001) respectively.
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The final nutrition markers examined was nutrit@gsessment tool (a combination of
biochemical and anthropometric nutrition markenspovalidated nutrition assessment
tools such as SGA and MNA (see introduction). Matalysis risk of under nutrition
compared to normal nutrition on mortality post C\éent suggested a statistically
significant increased risk OR 1.88 (95% CI 1.40 23, p=0.0001) with no
heterogeneity observed. The risk of under nutriagsessed using nutrition assessment
tools on disability suggest an increased risk withh heterogeneity observed and
statistical significance.

2.6.2 Interpretation

Obesity and overweight can be associated with pitarnmatory and pro- thrombotic
states (137) increasing the risk for conditionshsas diabetes, hypertension, high
systolic and/or diastolic blood pressure, and giecotolerance. Abdominal obesity is
related to CVD events (138). The results of tletazanalysis suggest that underweight
patients are at increased risk of mortality comgaoenormal weight patients post CVD

event.

Underweight is a form of under nutrition and magveeas a marker of frailty. Evidence
presented earlier in the introduction suggestsiit increase the risk of poor outcomes.
Edington et al 1999 examined the relationship betwBMI as a nutrition marker in
community strictly, among patients with cardiovdaculiseases, including coronary
heart disease, angina, myocardial infarction, strokansient ischaemic attack on
selected outcomes including hospital admissions randality. This study was not
included in this systematic review as it did noedfy the effect of BMI on each
individual CVD condition individually. They founthat CVD patients with a BMI of
<20 kg/nt had the highest hospital admission rates (p<0.80d)had their risk of death
increased by two fold (p<0.001) compared to thoike aBMI of >25 kg/ni (139).

Weight loss as suggested in the one study seenfel/ono association with mortality,

but reduces the risk of recurrent event. If weilgiss occurred in obese or overweight
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patients it can improve their health and post-C\Wert outcomes as it can place them
within the healthy weight range. On the contréfrpatients were already malnourished
weight loss could cause further deterioration iairttnutritional status increasing the
risk of poor outcomes.

No meta-analysis was possible for the relationdtefween low serum albumin and
mortality. However, one study (126) suggested tbat serum albumin increases the
risk of mortality. One study cannot provide corsthe evidence. Low serum albumin
may not be related all the time to deterioratingitianal status (140). On the contrary,
high serum albumin compared to normal serum albusniggested reduced risk of
mortality regardless of subgrouping with absenceheferogeneity. In-vivo studies
suggest that albumin synthesis ceased when nuataltilntake decreased or was
inadequate (141).

High serum creatinine compared to normal seruntioiea suggested increased risk on
mortality. Serum creatinine is suggested to batedl to lean body mass (142, 143).
Therefore such elevation in serum creatinine mayeleted to muscle breakdown as
fuel substrates due to under nutrition, or suckiaien in serum creatinine could be due
to an increase in lean body mass. Evidence toslgfgest that the relationship between
lean body composition and health outcome is limaed studies have shown that the
contribution of lean body mass to serum creatingeninimal (84) to suggest that
serum creatinine reflect nutritional status. Itymae that the elevation in serum
creatinine is related to glomerular filtration rathich also decreases with age (143) and
the included study by Carter et al (135) was cotetun an ageing population (mean
age 76 years, range 69-82 years) making it difficmldraw conclusion based on one
study.

Increased serum osmolality reflects hydration statind suggests dehydration. In the
one study included in this systematic review higihusm osmolality compared to its
normal value increased the risk of mortality aslhasldisability. Dehydration seems to
be a potential marker for poor outcomes includingtality. The result of the serum

osmolality study examined was coherent with othierdiss that suggest a strong
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association between dehydration and poor outcorAestudy by Rowat et al suggested
that from the2,549 stroke patients included in the study, of #4886 (687/1580)
diagnosed as dehydrated on admission died in fabspit were discharged to
institutional care compared with 177 of 969 of eats without dehydratiori=170.5;
P<0.0001(144). This study was not included in this rewias it uses a serum urea to
creatinine ratio and | am interested in individwaitrition markers and their normal

values as a comparison group and the study didepott any risk estimate.

When evaluating studies assessing the prognosisd&r nutrition assessed by nutrition
assessment tool, all studies provided coherenbmaés. In all of the studies the risk of
under nutrition compared to normal nutrition wasaasated with mortality and poor
outcomes. These finding are consistent with figdifrom other studies. Martineau et
al examined the malnutrition diagnosed using SGA&3Jrstroke patients and found that
19.2% of patients were malnourished further malistved patients had longer length of
stay of 13 days (compared to 8 days in well noedspatients; p<0.001) and higher
rates of complicationginfections, tachycardia, pressure ulcers and )fallat 50%
(compared to 14% in well nourished patients; p=B)d@6). Another study examined
the length of hospital stay in malnourished strpkéients compared to stroke patients
with no malnutrition in a rehabilitation unit (n=48nd reported that length of hospital
stay was significantly lower in patients with no Imarition (44.9+14.4 days; n=10)
compared to malnourished patients (58.9+14.9 daysl18); p=0.011 (145).
Malnutrition was diagnosed by the presence of astléwo of the following assessed
parameter on admission, body weigt80% of reference weight 0r95% of usual
weight or BMI < 20 kg/rfi, or the total mean of four skinfold thickness % gercentile,
or mid arm muscle circumference < 5th percentitesesum albumin <35 g/L, or serum
transferrin <2.0 g/L, or total lymphocyte counts,800 n/mmi. The result of meta-
analysis for studies assessing the risk of undeitiom compared to normal nutrition on
mortality and secondary outcomes included in myesgatic review were coherent with

these result and similar in their assessment ohutadion.
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2.6.3 Strengths and Limitations

The main strengths of this study is that it examipeospective cohort studies only,
allowing for better homogeneity in study designd guoality and clearer assessment of
the validity of each study, by focusing on asseag#ie validity of one of study design.
The other strengths include using the same congragsoups (normal nutrition marker
value), which makes sure that extracted risk esammmcluded in the meta-analysis for

each predictor (nutrition marker) share the samnmepawison group characteristics.

The main limitation of this study was that therer@vaot a large number of studies for
primary and secondary subgrouping of each nutrititarker examined. In addition

there were not enough studies examining secondacpmes of interest. Many studies
assessed in this review selected to be includedersystematic review were excluded
from final meta-analysis due to not using the congpa group of interest. Sometimes
there was only one study for specific nutrition kearof interest that examines primary
or secondary outcomes making it not applicablesigdogrouping in a meta-analysis.
These limitations make it difficult to reach firnoreclusions and thus this review could
not provide conclusive evidence based on systematiew of existing evidence.

Other limitations and weaknesses of the studielsidiec in this systematic review are
related to the differences in confounders adjusteddividual studies. As discussed in
the risk of bias section in the methodology | chage, gender, socioeconomic status,
co morbidities (diabetes, hypertension, or rensgases), and smoking status as factors
that might influence the outcomes of studies. €ndy did not adjust for age (54), four
studies did not adjust for gender (102, 117, 1238)1seven studies did not adjust for
smoking (56, 98, 117, 120, 122, 126-128), only stgly adjusted for socioeconomic
status (124), five studies did not adjust for corlondities (diabetes, hypertension, and
Kidney disease) (55, 56, 117, 126, 127).  Adjestnfor other possible confounders
also varied between studies (see Appendix [Va &) IMaking the risk estimates being

affected by the level of adjustment.
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The length of follow up varied between studies (Apgix 1Va & IVb); one month

(117), 3 months ((55, 98, 126), and some more ¢hgear (119, 124). This variability
in follow up may attenuate the risk estimates. gRosis of post-CVD event may not be
related to nutritional status diagnosed during ltakgtay, but can be related to many

other factors that occurred after hospital dischavbich were not considered.

In summary, limited number of studies to allow paityy and secondary subgrouping,
not enough studies examining secondary outcomesalhestudies using the same
reference group (i.e. normal nutrition), differemda confounder adjustment, between
studies and variability in the length of follow periods contributed to the limitations

and weaknesses.

2.6.4 Relevance to Clinicians

Malnutrition is prevalent among patients with CVieats. Diagnosing malnutrition in
patients with CVD is important as evidence suggasinutrition is a prognostic
indicator for outcomes. In this systematic reviearbidity (functional status, length of
hospital stay, hospital readmission) and mortalieye selected to assess the prognostic
value of malnutrition assessed using specific tiatri markers.  Malnutrition
contributes to impaired immunity (146) and increasthe risk of morbidity.
Malnutrition also affects physical strength (147)Weight loss experienced in
malnutrition contributes to weakness resultingnoréase in dependency and decline in
functional status. The loss of functional capadontributes to patient inability to
perform their previous activities affecting daiijel Malnutrition also affects mental
health (148). Malnutrition thus increases the €ast the health system (149). Based
on this systematic review finding diagnosing maiition should be based on a
comprehensive assessment of different nutritionkerarranging from anthropometric,
biochemical and others makers such as dietaryentaldetect any abnormal nutrition
markers parameters that can indicate nutritiorslistdeterioration. If malnutrition is
diagnosed nutrition intervention followed by nutital status monitoring must be a

priority.
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2.6.5 Conclusion

The risk of obesity compared to normal weight orrtality resulted in variable results
with no statistical significance and moderate tghhheterogeneity, which was also
apparent when carrying out secondary subgroupifigere was no risk associated for
obesity or overweight compared to normal weightrmnrtality but, | cannot draw a firm

conclusion on obesity or overweight risk on motyatonsidering that heterogeneity

was high suggesting variability in study's findiraggl no statistical significance.

The risk of underweight (compared to normal weigdrtd under nutrition (assessed
using nutrition assessment tools compared to normaaition) on mortality suggested
an increased risk while the risk of high serum ailvu (compared to normal serum
albumin) decreases the risk of mortality. Theraewtvo studies for each of the
mentioned nutrition markers. Despite the abserfcdeterogeneity and statistical
significance there are not enough studies to diraw ¢onclusion that can suggest that
was systematic evidence. Similarly the resulthef meta-analysis assessing the risk of
under nutrition compared to normal nutrition onathidity which suggested an increased

risk is based on two studies not enough to drawamerete evidence.

For low serum albumin, high serum osmolality, amghlserum creatinine their risk on
mortality compared to their normal parameter suggkescreased risk on mortality.
These were individual studies and systematic eeielezannot be drawn from them
therefore confirmatory studies are required anduréut systematic review is

recommended.

Main limitation was that there were not enough Esido carry out subgrouping for
each nutrition marker resulting in carrying onlybgtouping for the nutrition marker
(obesity) with the large set of data. Most studied met the inclusion criteria did not
have the right comparison group resulting in exicigdhem from any meta-analysis.
Due to the limitations and the fact that there ao¢ enough studies to draw firm

conclusion, clinicians must rely on diagnosing méltion through monitoring
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different nutrition markers ranging from anthropdrite and biochemical nutrition

markers.  Further prospective cohort studies toerstdnd association between
nutritional status and outcomes after acute CVDnewee required to allow for the
generation of evidence through the synthesis dgfelasystematic review and meta-

analysis.
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CHAPTER 3: Body composition changes after stroke ahtheir

relationship with short and longer term outcomes
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Abstract

Background: Malnutrition after stroke is commorm aan lead to tissue catabolism and
body composition changes and may have impact okestrecovery. This study seeks
to evaluate these relationships using multi-fregyeioelectrical impedance analysis
(MF-BIA).

Methodology: Ischaemic stroke patients admitte@rioacute unit were prospectively
recruited between January-July 2011. Patients’ dgapdics, anthropometric measures,
biochemistry and body composition variables (BioB5&20-2, Maltron International
Ltd, Essex, United Kingdom) were measured on adamisand discharge. Mean fat
free mass (FFM), fat mass (FM), and protein masmngh and mean changes/day
between admission and discharge were compared &et{geft mashed/pureed and Nil-
By-Mouth (NBM)) vs. normal feeding and between sofashed/pureed vs. NBM.
They were followed up at 6 months after dischargjagiPatient Administrative System
(PAS) and by postal questionnaires for mortalitiscbdarge destination and other
functional outcomes including Barthel Index, HeaRlelated Quality of Life using
Short-Form-36 version 2.0 (SF-36v2), and Strokedatfscale (SIS).

Results: Total number of participant was 40, n&2{55%), mean age 69.8(+10.5)
years, range 50-89 years, mean length of stay=Atl&yls, range 2-24 days. There were
17 Lacunar, 12 posterior circulation, 5 partialesiar circulation, and 6 total anterior
circulation infarcts. Average NIHSS score was (sahige 1-22). Noticeable differences
included higher protein mass loss for patients owlifred diets (soft mashed/pureed) or
nil by mouth -1.0 (-2.0 to 0.1) kg, compared toigrats on normal oral diet -0.3 (-0.9 to
0.3) kg. Lager fat free mass loss was observepatrents prescribed nil-by-mouth
(NBM) feeding regimen -1.9 (-4.3 to 0.5) kg commghte non-NBM (normal oral/soft
mashed/pureed) (-0.3 (-1.1 to 0.5) kg. NBM groupegienced higher fat mass gains
1.4 (-1.8 to 4.6) kg compared to non-NBM 0.1 (-0t64.9) kg. Further stratification by
stroke subtype did not result in any statisticadlgnificant differences between or
within groups. Eighteen participants responded dlboWv up questionnaire (45%).

Those with fat free mass, protein mass, muscle naaskbody cell mass losses and fat
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mass gain follow up questionnaire result was nbssizally significantly different from
those with fat free mass, protein mass, muscle ,n@ask body cell mass gains and fat

mass loss.

Conclusion: While the body composition changes ofegkin acute stroke were not
statistically significant due to relatively smadimsple size, understanding these changes

may, however, help designing targeted interventionmost-stroke nutritional care.
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3.1 Background

Stroke is a condition associated with several carapbns ranging from inability to
swallow, to becoming completely dependent. Of Q,8%0ke patients in the South
London register assessed one week and 3 months spadte, a wide range of
disabilities were reported. They reported 1-2 impants in 6% of patients, 3-5
impairments in 31% of patients, 6-10 impairment 56% of patients, and>10
impairments in 11% of patients with dysphagia appes limb weakness being the most
frequent impairments in 44% and 77% of patientspeetively (150). The physical
limitations that stroke incurs on its survivors mefect their activities of daily living
and hence the quality of life. While initial nelogical damage can relate to these
limitations, it is also important to note that reeoy from stroke may be influenced by
the body composition changes such as fat free tbassmuscles mass loss, and other
tissue losses, during acute stroke phase, resuhlingduced functional capacity in

longer term.

Understanding the extent of the occurrence of thesly composition changes early
after stroke may therefore help to understand éh&tionship between these changes
and stroke outcomes including functional healththis part of my investigation, | used
multi-frequency bioelectrical impedance analysid=(BIA) to examine these changes.
MF-BIA method is a swift, simple, and non-invasiweethod that can provide an
evaluation of different body compartments. Bodynposition measurement can be
carried out on stroke patients on admission andhdigie to evaluate the extent of
changes occurring during their acute hospital siayng MF-BIA machine. This
technology can be used in clinical setting to ust@erd body composition changes
immediately after stroke if it is practical to go acute setting. Possible relationship
between body composition changes and outcomesasuatorbidity and mortality, and

outcomes reported by patients, such as qualityeyfdan then be investigated.

In this Chapter, | present the results of a praspedongitudinal cohort study which
examined the extent of body composition changgsairents with an acute ischaemic

stroke during their hospital admission and explafeahy association existed between
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these changes during acute hospital stay and ghbrtlischarge) and longer term

outcomes at six month post discharge.

3.1.3 Stroke Complications and dietary intake

Stroke can have various effects on the body inolydlaily dietary intake. Reduced
dietary intake can result in weight loss and cath&r affect body composition in stroke
patients. Hence body composition can provide médron on the nutritional status and
adequacy. The focus of this dissertation is onmemieng body composition changes
after stroke as to date no studies has examinechwiudy component is most affected

after stroke.

Dietary intake in acute stroke is often inadequatieich is usually attributed to high
incidence of dysphagia after stroke, and a rangetladr secondary complications such
as cognitive problems affecting eating behaviouesjuced ability to feed oneself
independently, disorientation, paralysis, and depom (151, 152). Reduced dietary

intake can lead to weight loss, which is well doembed after stroke (153, 154).

Dysphagia is one of the commonest complicationsr adtroke. In a recent review,
Martino and colleagues (155), reported the incidesfcdysphagia as varying from 37%
to 78%; using different dysphagia diagnostic cidteincluding cursory (water

swallowing test), clinical (clinical scores), andsirumental (video fluoroscopy)
methods. The authors concluded that dysphagia stiteke is common regardless of
diagnostic method used. Dysphagia is considerethasprimary cause of reduced

dietary and fluid intake in stroke patients (1592

There is also a direct association between dysphagl malnutrition in stroke patients.
The proportion of dysphagic patients suffering fromalnutrition, assessed using the
patient’s self-reported Subjective Global Assesdm&GA) tool was 71% (10/14)

compared to non-dysphagic patients (19/59; 32%gcime stroke, p=0.007 (46). One
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week after admission to an acute stroke unit, dygghpatients were more likely to be
malnourished (16/24; 67%) compared to non-dysphpgients (15/67; 24%; p<0.001)
(56). The association between dysphagia and nréloatis prevalent not only in acute
settings, but also in care home settings. A stadyied out in stroke patients residing
in a care home reported a significantly higher plence of malnutrition in dysphagic
patients (4/20; 20%) compared to non-dysphagiceptti(4/40; 10%); p=0.044 (156).
The prevalence of malnutrition was also signifibahigher in dysphagic compared to
non-dysphagic patients (62.5% vs. 32.0% respeg)ivai admission to a rehabilitation
unit; p<0.032) (157).

There are other reasons why stroke patients mag reduced dietary intake in longer
term. The physical and mental impairments assediatith disabilities in stroke

patients can alter dietary intake; making the eapnocess physically, socially, and
mentally difficult. Hoarding and leakage of foodorh the mouth, and chewing
problems contributed to eating difficulties aftéroke in 44% of patients with eating
problems (154). Other problems contributing torgpdifficulty include food spills,

difficulty to sit appropriately for eating, inakliito concentrate, prolonged eating time,

and inability to control foods in the plate (158).

The eating difficulties that stroke patients expece could make the whole process an
unpleasant experience for them. There is soma@eree to suggest that their new
disability and limitations may put stroke patiemt$o a state of depression. In an
observational study by Axelssen et al. (154) théhans reported that 65% of the
patients in their study entered into a denial phadeaccepting their new condition i.e.
inability to eat as before. The authors postuldited the denial phase caused patients to
enter into depression and increased the risk afeaien (up to 50% in their series) (154).
A mean weight loss of 2.6 kg was reported in théo78f patients with eating
difficulties in their study (154). Gariballa et eeported a statistically significant
decline in average weight between week 0 (63.7tk§)pweek 2 (62.4+13.7 kg) in 48%
(96/201), week 4 (61.6£12.5 kg) in 25%(51/201) lo¢ 225 patients in their study;
p=0.002 (55).
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Weight loss may still occur long term after stroké. more recent population based
study documented weight loss 8.0 kg in 24% and 26% of stroke patients four
months and one year post-stroke respectively (158)weight loss persists for a long

duration it can contribute to severe body mass xn{&MI) changes that can be

classified as malnutrition; BMI <18.5 Kgfnin <65 years old population and a BMI

<22 Kg/nfin > 65 years old population (159).

Stroke complications resulting in reduced dietargt #luid intake lead to high incidence
and prevalence of malnutrition among stroke pagient the next section | discuss the

prevalence and incidence of malnutrition in strpkéents.

3.1.4 Malnutrition in stroke

The European Society of Parententeral and Enten#itdn (ESPEN) which is also
known as the European Society of Clinical Nutriti@amd Metabolism defines
malnutrition as & state in which a deficiency or excess (or imbedgnof energy,
protein, and other nutrients causes measurable @aveffect on tissue/body form (body

shape, size, and composition) and function, andazl outcom¥65).

Malnutrition is shown to be prevalent among strplgients on admission to a stroke
unit. This may be partly due to the fact that m#iition is common in older age and
the majority of patients with stroke are older peofhe reported rates of malnutrition
varied between different studies depending on ftifferdnt methods used to assess
malnutrition. Unosson and colleagues reported &@% of their study subjects{0
years old) were protein malnourished on admissibased on serum protein
concentrations (48). However, they did not usalaated malnutrition assessment tool
such as the Subjective Global Assessment (SGAhe@mMini Nutritional Assessment
(MNA) used in other studies (46, 47, 160, 161).eSé studies also reported variable
malnutrition prevalence rates on admission to arteastroke unit. The prevalence of
malnutrition using SGA was reported to be 19.0%ome study (46) and 32.1% in

another study (47). The two studies that used IS@EA and MNA tool reported
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malnutrition to be at 16.0% (160) and 26.3% (1&Epectively at the time of admission
to stroke unit. A consistent finding in all thestedies, however, is that malnutrition
seems to be prevalent among stroke patients onsagimiwith acute stroke thereby
increasing the risk of further deterioration ofnitignal status during their hospital stay.

The proportion of stroke patients with malnutritialso appear to increase during acute
hospital care (49, 56). One study reported a 6ifétease in the prevalence of
malnutrition from 16.0% at the time of hospital adsmon to 22.0% at the time of
discharge measured anthropometrically using Tricgga Fold thickness (TSF), Mid
Arm Circumference (MAC), weight and biochemicalgraeters including albumin (49).
Another study involving 104 patients with acuteok& reported that malnutrition
prevalence changed from 16.4% at admission to 2@#8arviving patients (n=91) and
35% of patients who remained in hospital (n=43)re¢ and two weeks post admission
respectively (see below for implication of malntibm in this study). Malnutrition was
assessed using three measurements of MAC, TSFsamnd albumin (56). Another
study showed consistent findings reporting a caristiecline in BMI (p=0.006),
Triceps and biceps skin fold thicknesses (both @@L MAC (p=0.001), albumin
(p<0.0001), and transferrin (p=0.02) between weelar2d week 4 post admission in
stroke (55).

In a more recent prospective observational study iticluded 131 ischaemic stroke
patients, malnutrition 24 hours post-admission wWeagnosed in 12.2% of patients
compared to 19.8% of patients at one week post ssilom; p=0.03 (54). The study
used five criteria including a 10% weight loss lire tpast 3 months and/or 6% weight
loss one week post admission, weight index (actugight compared to reference
weight) less than 80%, serum albumin <3.0g/dL, Iprgain <10.0 mg/dL, or
transferrin < 150mg/dL. Malnutrition in the acypbase also increased the risk of
malnutrition subsequently for example on dischatgerehabilitation services. The
proportion of patients diagnosed with malnutritmm admission to stroke rehabilitation
services ranged from 35% to 67% (157, 159, 162).

| have summarised the prevalence of malnutritiostioke. In the next section | present

how the immobility and stress response in strokeatgect body composition.
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3.1.5 Immobility, stress response, and body contiposi

In acute illness bed rest alone can contributeoaylcomposition changes mainly fat
free mass loss. One study showed total lean neassaf 0.84+0.34 kg (-1.7+£0.6 %)
(p<0.05) and fat mass gain of 0.48+0.16 kg (6.6%).80<0.03) after a 14 days of bed
rest in six healthy men (mean age 30+ 6) years (dl@3). Lean tissue loss is further
exacerbated with the stress response instigatextuite illness. Patients with acute
stroke have been shown to have a increased s&spense; they have high cortisol

levels, resulting in the deterioration of theirmiidnal status (56).

Elevated cortisol levels further induce cataboliogess in the body resulting in lean
tissue loss. By injecting cortisol in volunteerihgalthy subjects (n=5) to mimic the
stress response in acute condition, Gelfand arldagples reported muscle breakdown
to be evident by the increased appearance of aadiis in blood (164). These finding
were further supported by Brillon and colleaguebemw hydrocortisone was inject in
nine healthy volunteers up to 5-20% in muscle pnobeeakdown occurred evident by
increased appearance of plasma amino acids (LewsdePhenylalanine) in blood
circulation (165). Ferrando and colleagues condluetestudy to examine the effect of
cortisol on the catabolic processes during a pesidoed rest. Hydrocortisone sodium
succinate was infused in healthy men (n=6) to mithnécortisol response in trauma, a
level of approximately 31 g/L of cortisol in plasm@lood samples were withdrawn
and muscle biopsy was obtained from the vastugalse(largest muscle of the
quadriceps femoris) at different times. Particisahen entered into a 14 day bed rest.
Loss of total leg lean mass was (0.51+0.23 kg; @4)Q and intracellular glutamine
concentration decreased significantly in responseottisol on day 14 of the bed rest
being at 8711+525umol/L compared to 9850+78@mol/L pre bed restp= 0.03).
Amino acid appearance rate in the circulation alstreased; amino acid efflux
increased from 302 +60 to 508+180 nmol-Thit00 ml leg* for phenylalanine,
30374891 to 3716 +1225 nmol-min100 ml leg* for glutamine, and from 2230+ 603
to 2876 + 1038 nmol- mif- 100 ml leg* for alanine (166).

101



In older people with stroke, sarcopenia, anothersigogical change is taking place
exacerbating the body composition changes suchtdsee mass loss, muscle loss and
fat mass gain, in addition to stress responserantbbility due to stroke. Sarcopenia is
defined as muscle loss that occurs with the agnggss leading to general weakness
(61, 167). The resulting changes in body compmsitiue to the stress response, bed
rest, and sarcopenia can have negative consequencefoke outcomes is further
compounded by the poor dietary intake discussedeabélence there is no doubt that
the combination of immobility, heightened stresspanse, and malnutrition all
contribute to body composition changes in acutakstr It was also documented that an
increase in fat mass was associated with functiiméhtions in older people (61, 168).
Interventions to prevent loss of tissue in acutedaon such as stroke are important to
prevent any possible poor prognosis of such changesutcomes. In the following
section | discuss some nutritional interventiongciiprimarily targeted promotion of

feeding in people with dysphagia in stroke.

3.1.6 Nutritional intervention studies in stroke

Studies assessing the effects of enhanced nusitiaterventions in people who have
had an acute stroke have provided variable retuliate. Bath and colleagues carried
out a review (169) of the available studies to usidmd the effect of different enteral
feeding methods on stroke outcomes and concludine aime of the review that further

studies were required for a solid conclusion.

A randomized controlled trial reported lower treatrhfailure defined as death at six
weeks in the PEG group (0/16, 0%) compared to tke g¥oup (3/14, 21.4%) and

reported that six of the 16 patients in PEG growgsendischarged by six weeks after
PEG insertion compared to none in the NG group; @0 Six week case fatality in the
PEG group was 12.0% compared to 57.0% in the N@pgrp<0.05 (170). Further the

trial reported significant improvement in nutritednstatus extrapolated from albumin
levels in those who received Percutaneous Endos€agstrostomy (PEG) compared to
Nasogastric (NG) tube feeding at six weeks aftenroencement of feeding regimes.

Albumin levels improved from 27.1g/L to 30 g/L ihet PEG group compared to
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reduction from 31.4 g/L to 22.4 g/L in the NG groyx0.003 (167). Despite these
reported favourable outcomes with PEG interventiamas difficult to draw any firm
conclusion for several reasons. The sample sizeralatively small (n=30) to make it
generalizable and the authors indicated that aiépts were in stable condition without
specifying the extent of the stability of patient®ndition before randomizing their
patients making it difficult to know if more stabpatients were randomized to PEG
feeding regimen. There was no clear sample sizeilegion for the reported outcome as
the first 30 patients who fulfilled the study inslan criteria (cerebrovascular accident

with dysphagia for more than 8 days) were recruited

A recent randomized controlled trial by Hamidoraktompared the effects of PEG and
NG feeding on patients’ nutritional status up tadeks post intervention. In PEG fed
patients (n=10) albumin levels were significantigher than NG tube fed patients
(n=12); p=0.045. Within groups, PEG fed patiemt&umin levels rose more than NG
fed patients; PEG group (p=0.025) vs. NG group (@4D) 4 weeks post intervention
indicating better improvement in nutritional statasPEG compared to NG patients
(171). Better treatment outcomes were also regontéhe PEG group compared to the
NG group; the treatment failure frequency was reggbto be 50% in the NG group
compared to no failure in the PEG group; p<0.03te authors concluded that PEG

feeding improves nutritional status more than N&lfeg (171).

The FOOD trial, the largest nutritional intervemtidrial in stroke patients to date,
reported a different outcome. The FOOD trial stddiee effect of early vs. none and
type of nutritional support (PEG vs. NG feeding)long term stroke outcomes; up to 6
months post discharge (172). Patients were rarshmio either no enteral tube feeding
or enteral tube feeding 7 days post-admissionrtkstunit, or randomised to PEG vs.
NG tube feeding 7 days post admission. Poor outc@efined as modified Ranking
scale (mRs) score of 4-5) and death were evallataednths post discharge. There was
no statistically significant difference in effecttiveen early or no tube feeding on the
risk of death (42% mortality for early tube feeding 48% mortality rate for no tube
feeding; n=429, OR=0.79, Cl 95% 0.60-1.03) or carmedi death or poor outcome (79%
and 80%, respectively; n=429, OR=0.93, 95%CI| A.&80) (172). Similarly, no
statistically significant differences in the effecf the two nutritional support regimens
on death and poor outcome were observed. Six raa@ftar admission 89% of patients
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who had been randomised to PEG (n=162) compar8il%oof those given NG feeding
(n=159) experienced death or poor outcome (OR=286y C| 0.99-3.50) (30). The
effect on mortality of the different nutritionalgenens was not statistically significant
either (49% and 48% for the PEG and NG feeding; @QR4, 95% CI1 0.67-1.61) (172).

The effect of early nutritional supplementationd®ath or poor outcome (mRs score of
3-5) at 6 months post discharge were also examm#te FOOD Trial (173). Patients
were randomly allocated to normal hospital dietnormal diet with additional oral
nutritional supplementation (360 ml oral proteipglement of 6.27 kJ/ml and 62.5 g/L
in protein daily) during hospital stay until discha. There was no effect of
supplementation on mortality outcome. Death wa®nteg at 13% and 12% for the
non-supplemented (n= 2012) and supplemented (n32000ps respectively; OR=0.94,
95% CI 0.78-1.13. As for death or poor outcomeas reported at 58% and 59% for
the non-supplemented (n=1995) and supplemented 0Q®2groups respectively
indicating no effect of supplementation; OR= 1.98% CI 0.91-1.17 (173). Nutrition
interventions as reported by the FOOD Trials ditlhrave any important or significant

impact on stroke outcomes up to 6 months postatrok

The FOOD trial adjusted for several prognostic afales including age, gender, pre-
morbid status before stroke (living alone and iredejence), condition after stroke
(ability to talk, lift arms, and walk), and abilitp swallow. The FOOD trial while being
a multicentre study has its strengths and weakse3s$e strengths as reported by the
authors include its large sample size, at leasim@s larger than any previous trial, and
the recruitment of patients from various centrasl #hus increased generalizability.
There are several weaknesses as suggested by tth@rsau Weaknesses included
informal methods in assessing nutritional statadurfe to record the total number of
eligible subjects in each centre, and inabilith&ve an onsite source to report change in
nutritional status and patient nutrient intake. Tlek of a universal method in
classifying malnourished patients may have conteithuto MF-MF-BIAs in
categorizing malnourished patients, inability tpag nutritional status improvement in
malnourished patients assigned to tube feeding) (&7 2utritional supplements (173)
initially, and inability to record systematicallyafents nutrient intake that could be

mostly met through oral hospital diet masking trendfits of tube feeding (172) or
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nutritional supplements (173) initially. Furtherrepbeing a pragmatic multicentre trial
the investigators did not adopt targeted intenaentpproach i.e. tailoring nutritional
management according to needs for example basetbarioring of body composition

changes.

It remains unclear which is the preferred type oftritional intervention. These
limitations may have influenced outcomes. The FO@RBl despite being a large
multicentre study cannot help in providing evidertoehelp clinicians in decision
making considering the inability to record and d@ll confounding factors that could

have contributed for the reported outcomes.

From the existing literature, it is evident thae threvalence of malnutrition among

acute stroke patients is common and may resuloan putcomes. | have presented the
impact of malnutrition on health outcomes afteplstr and the summary of evidence
from the nutritional intervention studies in strokie the next section | present methods

which are used to assess nutritional status.

3.1.7 Assessing nutritional status and body contiposin stroke

Given the prevalence of malnutrition in stroke @ats, the stress response associated
with the trauma from stroke, and the expected lest and their possible influence on
body composition changes after stroke, assessidg bomposition in stroke patients
may be useful in guiding nutritional interventioinsstroke. It may be argued that we
can always calculate BMI or asses weight changeh, & relatively easily measurable
in clinical setting, but neither of them can praviciformation on the actual constituent
of body composition changes. Despite BMI beingmally used to assess malnutrition
(BMI< 18.5 kg/nf for general population and a BMI<22 kd/for and older population)
(174), BMI as well as weight, cannot predict bodynposition changes. If an increase
in BMI occurs it could be attributed to increased mass and extracellular water
content due to cellular dehydration (60) and natessarily due to improved nutritional

status. BMI and weight change do not reflect changeébody composition such as fat
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mass, fat free mass and total body water changesyddation in stroke patients is

discussed in details in the Chapter 4).

Different methods of assessing body compositiordaseribed in details in the Chapter
5 of the Thesis. In this section | briefly presdm standard methods or measurements
which can be used in routine clinical practice feonitoring of nutritional status and
evaluating of treatment success as well as inadlrrial settings.

Upper arm anthropometric measurements have beehtaseflect body composition
changes associated with nutritional status (46)d Mm Circumference (MAC) and
Triceps Skin Fold (TSF) thickness are being suggest reflect fat free mass and fat
mass respectively. However, the accuracy of thes#r@ometric measures is
questionable. Furthermore, there are disadvantagesing upper arm anthropometric
measures. The poor reproducibility of TSF due torgma of error between
measurements makes the validity of this method topredble (175). Measurement of
TSF requires a level of skill and training. In dnoh, TSF body fat values were biased
when compared to reference measurement producaddsrwater weighing (176); see
Chapter 5 for details of underwater weighing metha@n the contrary MAC is a
relatively easy procedure making its measures mepeoducible (177), but MAC
utility in assessing whole body composition of fede mass is questionable. It is
because MAC is more of a localized measure to et@larm muscle area and not
whole lean mass tissue (178). Its measures didhmw a strong correlation with lean-
tissue masses measured by dual x ray absorption@&EXA); the correlation was
relatively poor (r = 0.26-0.34) (178).

It may be argued that biochemical makers of nofrittcan also be used to assess
nutritional adequacy. Biochemical measures suchl@smin are traditionally used to
assess nutritional status (179). However, manyliesu demonstrated that their
usefulness in evaluating protein malnutrition igsfionable (180-182). Serum albumin
synthesis appears to rise with an increase in ijpratéake (80) hence its serum values
does not necessarily reflect the actual compositiolean body tissue or fat free mass.

As discussed in the section above on the strepsmes and body composition, it is the
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rise in amino acids such as alanine, phenyl nime, glutamine in serum that are
indicative of lean body tissue catabolism, but sd@gnostics tests are not routinely
carried out in clinical settings. Therefore, roety available biochemical tests cannot
be used to predict changes in important comporaitse body such as fat mass or fat
free mass (174). The bioelectrical impedance amaF-BIA) may provide an ideal

tool in assessing body composition.

3.1.8 Body composition and its assessment usingti-fneduency bioelectrical

impedance analysis (MF-BIA)

Body composition describes the constituents ohtlmaan body from the different types
of tissues to water (also see Chapter 4 for dgtaiter the purpose of this Chapter body
composition is referred as the proportion of fatl &an tissues in the human body.
Lean tissue represents all the non-fat tissue dietumuscle, body organs, and bone.
Fat free mass consists of any tissue other tha(l&8). The non-fat tissue or fat free
mass is an important component of the body asnitetabolically active and is involved
in all the functional and structural characteristiche human body. On the other hand,
fat tissue or fat mass provides energy reserves caistiioning to internal organs.
However, obesity characterised by excess amoufat dissue is a risk factor for many

chronic diseases.

Clarys and colleagues dissected 25 cadavers (agge 44-94 years) and compared
them to 18 and 28 century cadaver data of similar age range. Mé&am muscle and
bone proportion of current day cadavers were 8594)%, and 20.6% respectively in
their Brussels study, similar to that of thé"1@ntury data (mean proportion of skin,
muscle and bone were 7.5%, 49.2%, and 21.3% regggt but slightly different than
the 20 century data (mean proportion of skin, muscle lamae were 8.6%. 44.4%, and
18.4% respectively) suggesting that these variatinrproportions of body components
can be attributed to nutritional state (184).
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The approach of viewing body composition as twomm@mponents, fat mass and fat
free mass, is known as the two component model (@eQel). Viewing the body as
compartment allows deciding on which body composittomponents to measure and
what assessment method to be utilized (assessnethbds are discussed in details in
the Chapter 5). The two component model (2-C moalas first evaluated using under
water weighing method (185). The 2-C model isthetonly model used to assess body
composition. Fat free mass consists of other corapis such as bone, minerals, water,
and proteins. These components can also be mdasWéhen total body water is
included in addition to fat mass and fat free mgsresulting model is known as a
three component model (3-C model). The 3-C modelle assessed using the dilution
method to assess total body water in addition tleumater weighting for fat mass and
fat free mass (please also refer to the Chapter 8dtails of these methods). Including
bone density and body water in addition to fat neass fat free mass results in the four
component model (4-C model). In the 4-C modedl diray absorptiometry (DEXA)

is required to assess bone density (it also prevideasurement of fat mass allowing
calculation of fat free mass dependent on weighd) @ilution methods for example is

required for total body water assessment (186).

Measuring additional component of fat free masseiases the body component model
with additional or different assessment methodsiired (discussed in the Chapter 5).
When more than four components are being measin@dnibdel becomes a multi
component model and this can be assessed usintgdiraEl impedance analysis.
Bioelectrical impedance analysis can measure sevenaponents without the need for
other expensive methods. This method has beenguisyivalidated in selected patient
populations. | validated the multi-frequency bi@dteal impedance analysis (MF-BIA)
machine | used in this study against DEXA and alsaducted internal validation
studies. The rationale, methods and results okthafidation studies are presented in
the Chapter 5.

The principle underlying MF-BIA analysis is alsosdebed details in the Chapter 5. It
is based on the resistance imposed by certain coemp® of the human body; body
impedance, to a flowing electrical current. Body it non-conductive to the electrical

current while lean body mass, consisting of eldégtes and water, is conductive. When
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an electrical current passes through the human hddges resistance from the adipose
tissue, impedance, while passing through the nigpead tissue component to complete
its circuit. The difference in conductivity, curtenput and output, is used to calculate
fat mass and fat free mass using a validated faralieady programmed in the MF-
BIA analysis equipment (43). For this study | chdie-BIA BioScan 920-2 model by

Maltron International; software (MiStat 920 Softeavww.maltronint.con).

Using the MF-BIA methodology body composition ca@ mmeasured using a single
frequency current (SF-BIA) or a multi-frequency ramt (MF-BIA). In SF-BIA a
single current of a known quantity, usually 50 kigasses through the body tissue and
the difference in current input and output is usedalculate fat free mass and total
body water (44). In MF-BIA, currents of severaduencies (1, 5, 50, 100, and 200, up
to 500 kHz) are passed through the body tissueratgha and impedance is generated,
currents input and output difference is measured ased in different validated
equations already integrated in the equipment tapglate body composition variables.
MF-BIA gives measurement of fat free mass, totalybwater, and extracellular and
intracellular water (44); fat free mass is thendusecalculate fat mass by subtracting it

from body weight.

MF-BIA is relatively cheap compared to other methddat can be used to measure
body components (please refer to Chapter 5 foditfierent methods in assessing body
composition). It is simple to perform, non-invasiyl87), and quick in providing

reproducible results with less than 1.0% error J18&s simplicity lies in the fact that

no more than proper operating of the equipmeneduired and can be performed at
bed-side with minimal requirement of the trainioguse the device. It produces results
instantly and time efficient. The MF-MF-BIA methatherefore, is convenient to use in

the busy clinical setting.
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3.2 Study objectives and rationale

3.2.1 Study Objectives

The primary objective of this study presented is tthapter was to describe changes in
fat free mass and the body composition after actiteke while considering the
magnitude of these changes by type of feeding rexginschaemic stroke subtype, and
the stroke severity. Other study objectives inetligexamining if body composition
changes are correlated with or influenced objectivgcomes including hospital
readmission, discharge destination, morbidity amdtatity. This study also examine if
body composition changes had a prognostic influemcsubjective outcomes such as
health related quality of life and functional cajpyaaip to 6 month follow up post

hospital discharge.

3.2.2 Rationale

| hypothesized that body composition changes atteke do occur and the magnitude
and proportion of changes occurring in various congmts of the body (fat mass, fat
free mass etc.) are different depending on strgie and severity. Evidence indicates
that a proportion of stroke patients are malnoedslon acute admission and their
nutritional status deteriorates during acute hasmtay. Malnutrition combined with

possible extended bed rest and stress responseat@ @nditions results in body tissue
catabolism. The human body tries to generate gnéan the available energy

reserves and this result in catabolic processrésatit in body composition changes.

Second, | hypothesized that negative body composthanges (defined as reduced fat
free mass, increased fat mass) occurs after stroke.body composition changes after
stroke are influenced by the timing and methoddeefling independently of stroke

severity. The reasoning for such hypothesis steom the fact that studies on elderly

populations, main stroke population, suggestedsaeatopenia (loss of lean body mass),
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leads to loss of functional capacity compounded ibymobility. Additionally,
malnutrition of stroke patients and the stressarse in acute stroke phase can result in
major body composition changes (hypothesis I) wéh free mass being the most
affected component.

Third, | hypothesized that fat free mass and boaipmosition changes correlate with

increased risk of mortality, readmissions to seaoydare settings, admission to care
homes, and reduced functional capacity. It woulddzsonable to predict that changes
in fat free mass correlate with stroke outcomet ffeee mass or lean body mass loss,
results in reduced strength and mobility and oVduaictional capacity. Fat free mass

loss, therefore, can result in disability. Faefraass loss indicates the severity of the
illness. | hypothesized that fat free mass loginduacute stroke phase will have long

term effect after stroke that can be measured Lgctibe outcome measures of

readmission to secondary care after hospital digehlocation, mortality outcome and

functional limitation measured by Barthel Index XRlontrolling for case mix and

prognostic indicators.

Further it was hypothesized that fat free massi®sssociated with reduced functional
capacity and quality of life as measured by thek&timpact Scale, Short Form Survey
36v2, and Barthel Index Scores at six months pospital discharge. The catabolic
process that results in fat free mass could leadidiayed recovery and may be
associated with poor outcomes. The loss of fat freass in acute stroke is further
compounded in older people who constitute the ns&ioke populations who may be
experiencing sarcopenia (loss of lean body masa).free mass or lean body mass loss,
results in reduced strength which results in reddoactional capacity. Therefore such
body composition changes may be associated witlativegon long term outcomes
affecting health related quality of life. Threeffeient standard self reported
questionnaires were therefore used to assess éonygftinctional capacity and health
related quality of life. These included the Baltimelex Score (Bl), the Stroke Impact
Scale (SIS), and the Short Form Survey 36 versiof6R236v2) (see methods for

description and references).
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The decision to use SF36v2 in the follow up penwals because it can provide a
detailed assessment of a participant’'s physical amehtal health providing a
comprehensive health related quality of life assesd. As for the SIS, it was selected
because it can provide information on what curtivities are being carried out by
participant, and if a participant can perform faremliactivities of the past (integral to
their life quality) and the instrument was spegialesigned to be used in stroke patient
population (please also refer to methods). Hmaiid for evaluating minimal daily
activities level, | chose the Barthel Index scofiéhe Ability to perform minimal daily
activities is essential for daily living. Minimacttivities that we cannot perform basic to

our living can have a deep impact on our feeling l&e quality.

The reason | chose the six month recruitment axdnsinth follow up is for pragmatic
reason as my project is limited by the period oDRtudy. This follow-up period
required amendment of initially submitted proto¢aith 9 month follow-up) due to
some technical delay in the time period betweerivany the ethical approval (end of
July 2010) and Research and Development approvedhwhias gained at the end of
November of 2011. Therefore, after consultatioml auggestion from my thesis
supervisors, the follow-up of the study was caroetl 6 months later after appropriate
approvals were obtained (Appendix IV: LongitudiSalidy protocol).

| chose a longitudinal study design as it proviaeswith the opportunity to monitor the
sample population overtime and observe any possiliieomes. A longitudinal study
allows reporting the prognosis of body compositttianges on long term outcome and
simply not a snapshot of their prognosis (as wa@dhe case in cross sectional studies).
In addition, studies examining body composition ndes in stroke patients and it
prognosis were not carried out before. No effezeé ©r conclusion can be drawn
without observed associations. Therefore a clintigal will not be appropriate (for
example providing amino acid supplements to oneigres. placebo for control and
then examine body composition changes and thegnasis) as such trial will not be
based on a concrete evidence. Trial risks ongyaatts are not understood yet, and
sample size selection is not possible given thatlovaot know the estimate of a sample
we need with the objective of drawing a conclustnseeing an effect of statistical

significance for clinically meaningful effect sif@r relevant outcomes.
112



Carrying out a case-control study may not be appatg The purpose is to understand
the extent of body composition changes after strdlg cases would be stroke patients,
but controls would be difficult to choose given tthiais not possible to determine
controls (patients with no body composition changfésr stroke). Further if | decide to
choose controls with no stroke this simply defelaéspurpose of my whole comparison

in a case-control study.

Therefore longitudinal study design is the ideadgtdesign given the lack of data on
body composition changes after stroke. It alloas rhonitoring participants over a
period of time to understand the prognosis of stlddnges on the daily lives of stroke

patients.
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3.3 Methodology

3.3.1 Ethics

The study was approved by Cambridgeshire | reseatigits committee. The final
protocol submitted to the committee is availabl&ppendix VI.

3.3.2 Settings

This prospective longitudinal cohort study whichnfiopart of my PhD project was
conducted in acute hospital setting at the Norfatkd Norwich University Hospital
National Health Services (NHS) Foundation Trusivjv.nnuh.nhs.uk The hospital has

a catchment population of approximately 750,00@olers city of Norwich and the
surrounding rural areas. The participants wereurd from the Acute Stroke Unit
(then Gunthorpe Ward) located at the main hospital The unit admits approximately
900- 1000 acute stroke patients annually.

The acute stroke ward is a 36 bedded unit. Theageelength of acute hospital stay
was 13 days (usually ranged between 5 and 20 datfseaime of study) with the
average length of stay for milder stroke is ~5 dayspatient mortality rate is ~ 22%
(189) with one year mortality rate of ischaemiokés is 35% (190). At the beginning
of the study stroke patients were admitted to tbet& Medical Admission Unit (AMU)
via Accident and Emergency Medicine Department (A&E referred to AMU by
General Practitioners (GP) first before being athditto the ward. The admission
pathways changed halfway through the study andcaite stroke patients were directly
admitted from A&E to the acute stroke unit from M2G11.
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3.3.2 Study Design

The study design was a longitudinal observationabet study conducted over a period
of 12 months. Patients admitted to Gunthorpe Aaitteke unit at Norfolk and
Norwich University Hospital (NNUH) between Januanyd July 2011 and diagnosed
with either type of stroke (ischaemic or haemorrhatyoke) were recruited to the study.
Eligibility criteria are detailed below. Patientsthvtransient ischemic attack (TIA) were
excluded specifically for the longitudinal prospeetcohort study (but included for the

MF-BIA external validation study as described ie tbhapter 5).

The study participants were recruited over theqakof first six months of the study and
they were followed up six months post discharg@he following eligibility criteria

were used for inclusion in the study

* Age 17 years or over

* Newly diagnosed stroke (either first or recurrerithe objective is to investigate
what body composition changes occur after an imtidéroke. Patients with
only confirmed stroke are included in the study.trole diagnosis was
confirmed by a specialist in stroke medicine based history, clinical
examination and neuroradiological imaging (computechography (CT) or

magnetic resonant imaging (MRI).

» Participants were recruited within 48 hours of hi@@dmission. Forty-eight
hours was chosen as a sufficient enough periotlde or the medical team to
evaluate patients’ state of health and decide thewival chances, carry out all
necessary tests such as blood tests (biochemistrgasunes) and
neuroradiological imaging (CT/MRI) to confirm thegnosis of stroke and type
of stroke. The 48 hours period allowed for retomgi participants that meet the
eligibility criteria without interrupting the flowof essential routine immediate

and urgent health care provision to the participant
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For validation against DEXA scan only, | also retd patients diagnosed with

transient ischaemic attack (TIA) (participants qearticipate in the DEXA validation

part without taking part in the longitudinal studyhich examined body composition

changes and the relationship between these changesutcomes at 6 months).

Patients were not approached if they met the stxdiusion criteria detailed below:

Patients with very severe stroke who were apprtgriar palliation only

(expected survival of less than 48 hours).

Severe stroke defined as National Institute of the&troke Scale (NIHSS)30
(http://www.ninds.nih.gov/doctors/NIH_Stroke Scatf)pwhose likelihood of

survival>7 days is small (<50%) as judged by the stroke iglays If survival
chances of a patient are very low and their lilaith of dying within 7 days is
high, it was not appropriate to be recruited ifig study. Carrying out research
in such circumstances was unethical especiallpé#ngcipants of the study were

unlikely to be benefited directly and immediateigrh participating in the study.

Life expectancy was less than 3 months prior toethent. If life expectancy
prior to the onset of stroke is less than 3 mottiea the longer term outcome at
6 month after stroke would have been biased by thisrthermore, it may be
confounded by the fact that the body compositicenges that were unrelated to
stroke but to the overall deteriorating healthustahat resulted in such a short

life expectancy might have been already occurnngpich patients.

If they had other potential confounding conditiotieat might have been
masking/exaggerating the effect of post strokeithtr on body composition
changes. These conditions were defined as co-egigerminal illness e.g.
advanced cancer, end stage chronic diseases s@ttd atage renal failure and
end stage chronic obstructive pulmonary diseaseP(@O Existence of such

illnesses may influence the variables of interestmponents of the body
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composition, long-term outcomes, and can contrilbateonfounding effect as
findings may not be related directly to stroke, tuthese conditions and their

treatment.

3.3.3 Recruitment procedure

Patients who had confirmed diagnosis of stroke wieoe potentially eligible to the

study were informed about the study by a cliniegnt member (medical, nursing or
therapy staff) and they were specifically asked tivbiethey would agree to speak to the
investigator. Those who were interested in talkimghe investigator about the study

were then approached by the investigator.

The investigator, PhD student, used the informapimvided by the clinical staff and
screened the eligibility of the patient to the stud those who expressed interest to the

study. The following information were checked patient eligibility;-

« Date and time of patient’'s symptom onset
» Date and time of hospital admission

» The final diagnosis of the patient

At the first contact with the potentially eligibjgarticipant | introduced myself, and
obtained verbal consent from them to explain thalyst Once the patient agreed, |
briefly explained the study objectives, relevannd anportance of the study for stroke
patients specifically stating that the participatitsmselves might not directly benefit
from it. If the patient remained interested intdpating in the study, | then went
through each of the study procedure using the sRadicipant Information Sheet (PIS)
(Appendix VII), the letter to participant generataptitioner (Appendix VIII) and

consent form (Appendix 1X) both of which a copy wa®vided to participants upon

consent with the a copies as well placed in theseoted patient medical notes).
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Consenting patients to participate in a study imtecstroke setting is complex.
Therefore | followed the inclusion and exclusionesta strictly. In case of any doubt
with regards to the capacity of the patient toipgodte, | involved an independent third

person, usually a nurse who looks after the patana witness.

After going through each measurement proceduressuinmarised additional
information written in the PIS including the fadtat the patient could seek an
independent advice from the Patient Advice LiaiSswvices (PALS) if he/she would
like to complain, Ethics approval status, who wegsearch team members, that the
refusal of participation would not affect theirdtment, and data protection procedures
for their identifiable personal and clinical dafBhe PIS was left with the patient to read
and go over for as long as required to them. Irnetdi to them later and asked whether

they remained interested in participating in thelgt

If the response was positive | provided the patwttt a consent form to initial and sign
according to NHS ethics committee guidelines. dEessary, | read out and explained
the consent form to the patient. Upon receivingepéis written informed consent,
patient medical notes were reviewed and | recoatdd including admission date and
time, onset of symptoms date and time, presencec@inorbid conditions,
anthropometric, and blood biochemistry data. Idit@h | recorded data ascertained
from the speech therapists’ entry and observatr@hflaid and food charts which was
assessed in <48 hours of patient admission bypbech therapist including presence or
absence of dysphagia, initial type of diet (puressdt, mashed, NBM) on admission and
type of fluid if they were nil by mouth. Once | f#ned these baseline data recording |

carried out anthropometric and body compositionsusaments as detailed below.
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3.3.4 Anthropometric, biochemistry and clinicaldamody composition measurements

data

3.3.4.1 Anthropometric measurements

All anthropometric measurements were repeated timess (except weight and height)
both at the time of admission and on discharge rdges of these three measurements
were used for analyses. Standard Operating Proeed80PSs) used in this study (as

well as hydration study presented in Chapter 4pagsented in Appendix X.

Weight

Participant’s weight was measured by the reseaii€litewas not measured by a nurse
on admission upon study recruitment and patienseon If the participant’s weight has
been already measured at the time of admissiohdwyursing staff prior to recruitment,
it was taken as baseline weight and was recordi¢ioe patient was unable to get on the
weighing machine due to immobility weight was meaduusing a hoist (Loco-motor
multi-lift hoist, MEDISAVE, WYEMOUTH, UK). Weight vas measured while
participant was wearing light clothing (hospitalgg with barefoot. If participant was
able to get up from their bed a weighting chair C3E 955 electronic scale,
MEDISAVE, WYEMOUTH, UK) was used where the partiaip was asked to sit on
the chair upright and place their legs on desighdég rest position. Weight in
kilograms was recorded to the nearest decimal poikiYeight measurement was

repeated at the time of discharge.

Height

Height in cm was recorded for each participant d@miasion. If height has not already
been recorded by a nurse at the time of recruitntbatinvestigator carried out height
measurement. The participant was asked to remossvéar and stand upright with
their back facing stadiometer placed on a wallrti€lpants were asked to stand with

heels, back of the buttock, and back the head togdhe stadiometer erect board with
119



the arms on their side. | made sure that all tpeets (heels, back of the buttock, and
back the head) were touching the stadiometer beforeéng the head piece of the meter
from above until it was comfortably touching the tpoint of the head; height was

recorded to the nearest decimal point; 0.1 cm (191)

In the case of bedridden patients (n=5), height esisnated using forearm length. To
measure forearm length participant was asked tk tieir hand to the chest facing
inward with arm straight. The distance betweenulma bones, olecranon process, at
the elbow and the distal end of the ulna at thstyprocess of the ulna was measured
using a standard tape measure. Standardized cvaitable on the ward were used to
estimate height based on forearm length for menvasrden respectively according to
their age (under and over 65 years) (BAPEN 198Bgight measurement was not
repeated on discharge as it is unlikely to changend the participant’s in-patient

hospital stay.

Body mass index

Body mass index was calculated using the MF-BIA mae using the formula BMI =
weight/ (height¥ with weight measured in kilograms (kg) and heighneters (m)
squared. BMI calculation was repeated for dischaging repeated weight
measurement on discharge and height measuremaainaoission (see standard

procedure for measuring weight and height above).

Mid Arm Circumference (MAC)

Mid Arm Circumference (MAC) was measured at a apinint of the upper arm mid
way between acromion process of the scapula amdamlen process of the ulna using a
measuring tape(192). The MAC was measured twideaseline and on discharge with
each measurement repeated three times. Mean vafuB$AC at admission and

discharge was calculated respectively.
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Triceps Skin Fold (TSF) Thickness

A skinfold calliper (Harpenden Skinfold Calliperakbenden, UK) was used to measure
skinfold thickness of triceps. The midpoint or §hosterior aspect of the right upper
arm was identified first by the investigator by idefg the midpoint at the back of the
participant triceps; length of upper arm measurad aidpoint located. Then a
skinfold was grasped avoiding including any undadymuscle. The calliper was
placed at a 90-degree angle and grasping a pirlcbffekin with any muscle and the

measurement recorded in millimetres(192).

Waist Circumference (WC)

The highest point of the iliac crest of the hip bomas identified and then the midpoint
between the highest point of the iliac crest amdltlhwest point of the rib cage end was
identified; Waist circumference was measured arotimel smallest circumference

between the ribs and the iliac crest. When it m@tspossible to find a natural waistline
it was measured at the level of “the navel”. Taeetwas wrapped horizontally around

the waist to measure the waist circumference (192).

Hip Circumference

The widest point of the buttocks was located intanding position(192). The
measuring tape was placed on the widest pointebtiitock and wrapped horizontally
around the hip to measure the hip circumferenceaisi\and hip circumferences were
recorded for patients who were able to stand only.

Waist to hip ratio calculations

The averages of the three waist and hip measurememe calculated. The waist to hip
ratio (WHR) was calculated by dividing the averagest circumference by average hip

circumference.
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Handgrip strength

Handgrip strength of unaffected side was measusedgua dynamometer (GRIP-D
TKK 540, TAKEI PHYSICAL FITNESS, CHINA). If no arnwas affected the grip
strength of dominant hand was measured. The dymees was set at 0.0 and the
patient was asked to squeeze with as much powgosssble and the measurement was
recorded once the dynamometer showed no furtheease in measurement as the
participant could no longer increase grip powerhe Bame procedure was repeated

three times.

3.3.4.2 Measurement of Body Composition

In this study, body composition measures were assgesising Multi frequency
Bioelectrical Impedance Analysis (MF-BIA) equipme(iflaltron BioScan 920-2,

Maltron International Co. Essex, United Kingdom)I'he MF-BIA measures body
composition components based on the extent oftaesis to a harmless electrical
current as it travels through the body. The eleditrcurrent travels freely through
muscle tissue and body fluids, but experiencesstaste from some of the body
components such as fat tissue. The amount of aesistwith the specification of age,
height, weight, and gender of the subject allowes ¢hlculation of body composition
components using an already programmed built-iméda in the equipment; for more
detailed information refer to the validation chaptehere MF- MF-MF-BIA

measurement was validated against Dual X-ray Abbsonetry (DEXA) in 10 subjects

in the Chapter 5. The internal validity of the MFABmachine used in this study was

also assessed and reported in the Chapter 5.

The electrodes from the MF-BIA equipment were digacto the patient using sticky
patches similar to ECG patches. The investigatst fflaced the patches on the hands,
at the wrist and on the knuckles between the middk ring fingers, and on the feet
with one patch on the talus bone and the othezbotally between the third and fourth
metatarsals. The cables of the MF-MF-BIA machirezerhen attached to the patches

with the red coloured cable (positive) being closethe heart and the black coloured
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cable (negative) farthest. Patient’'s characteridémographic information including
study identification number (study ID), age, gendwright, weight, and ethnicity, were
all entered prior to measurement and the body csitipp measurements listed below
were recorded. The MF-MF-BIA measurement was rtggeavice, < one minute apart
for internal validation purposes of MF-MF-BIA (pEmarefer to Chapter 5 for details).
The average of the two consecutive measurementsuses for the analysis in this

study.

From MF-MF-BIA measures data on fat free mass (Kaf)free mass percentage, fat
mass (Kg), fat mass percentage, total body watengtal body water percentage, extra
and intracellular water (L), extra to intracellulaater ratio, body cell mass (Kg) and
per cent, extracellular mass (Kg) and percentagfeanates of Creatinine clearance rate
(ml/min) and glomerular filtration rate (ml/min)rqiein mass (Kg), mineral mass (Kg),
mineral mass percentage, total body calcium andsgaim (g), muscles mass (Kg),
glycogen mass (g), dry weight (Kg), extracelluland (L), plasma fluid-intravascular

(L), interstitial fluid-extravascular (L), body uaine (L), and body density (Kg/L) were

collected and recorded.

MF-BIA measurements were carried out twice at tlasebne (within 48 hours of
admission) and at the time of discharge (usualthiwi6-48 hours before discharge) as
described above. In addition to baseline (at eneabinand discharge measurements for
each participant, MF-BIA measurement was repeategarticipants who received a
new feeding regimen within 48 hours of the commerex@ of the new regimen. There
was no published literature on when best to medsodg composition changes after a
change in feeding regimen in stroke patients, &edselection of this time frame was
for pragmatic reasons and based on the advice &yclihicians using consensus
approach. Therefore, it was decided that 48 howatoiun should be elapsed before
carrying out the repeat MF-BIA measurements tovalloe participant to adapt changes
occurred in body composition due to the new feediegjmen. The average of the
consecutive two measurements was used for thesasiahythis study.

3.3.4.3 Biochemistry and Clinical Data
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Other variables collected at the baseline (at tbhdysenrolment) included routine full
blood count including Haemoglobin, Leucocytes (Mepibils, Basophils, Eosinophil,
and Lymphocytes counts), Platelets, mean corpuscudume (MCV), mean
corpuscular haemoglobin (MCH), and Erythrocytesimedtation rate (ESR) (if
available). Routine urea and electrolyte test @agee also collected including Sodium,
Potassium, Urea, Creatinine, and liver functiort {@bumin, total protein, alkaline
phosphatase, alanine transaminases (serum glupymigic transaminase) and gamma
glutamyl transpeptidase (GGT). Serum lipids lewslsre also recorded whenever
available and included total cholesterol, high dgnigpoprotein (HDL), low density
lipoprotein (LDL) cholesterols and triglyceridesQ)Y. In addition, glucose (non-
fasting), haemoglobin A1C (Hk:) in those with diabetes, and C - reactive protein
(CRP) (whenever available) were also collected| bfdod test results were collected
using the ICE-Desktop system, a software systermrétwards patient information and

clinical test reports.

Other relevant clinical data were collected fromdmal records at the time of

enrolment to the study and described briefly below.

Stoke severity as assessed by the National Iresbfutlealth Stroke Scale (NIHSS)

NIHSS (Appendix Xl), http://www.ninds.nih.gov/doctors/NIH_Stroke ScatH,p

evaluates the severity of stroke using a score whaoges from 0-42 with increasing

score indicating an increase in stroke severity.IH36 evaluates the level of
neurological deficit after stoke using 15 itemsdahen neurological examination. Each
item is valuated using a 3 to 5 grading with O geimormal including the levels of
consciousness, language, neglect, visual-field, les¢ra ocular movement, motor

strength, ataxia, dysarthria, and sensory loss.

Premorbid modified Rankin Score (pre stroke mRsjueates the extent of disability or
dependence before the stroke. A clinician usialyies out the assessment. A number
(a rank score) is given depending on clinician judgt. These rank are designated as 0

for no symptoms, 1 for no significant disabilityafc carry out usual activities), 2 for

124



slight disability (cannot carry out all usual adies), 3 for moderate disability (can
walk without assistance but requires help with nausivities), 4 for moderately severe
disability (requires assistance including walking), for sever disability (requires
continuous assistance, nursing and attention) 6aiod dead. Pre-stroke mRs provides
a good understanding of a patient level of mobibgfore stroke to understand the
impact of stroke on their physical functioning. Tiner observer agreement of mRs is
moderate with 70% agreement (193). Pre-stroke odR®lation with other measures
was varied (spearman rho) showing a strong coioelatith the frailty index 0.82 (95%
Cl, 0.78-0.86) but mild correlation with the Chariscomorbidity index 0.50 (95% ClI,
0.40-0.59) (193).

The Malnutrition Universal Screening Tool (MUST) i evaluates nutritional status
was collected from clinical notes as recorded leydietician. MUST identifies patients
at risk of malnourishment using a five-domain methdomain one is recording body
mass index and giving it a score; BMIx#10, 18.5-20, and <18.5 are given scores of 0,
1, and 2, respectively. Unplanned weight lossast[83-6 months is also considered in
the scoring system as step two. A score of 0, 2, was given for a 5%, 5-10% 810%
unintentional weight loss in the past 3-6 montlspeetively. The third domain is to
donate a score of 2 for acute disease if no nutiali intake is likely for more than 5
days due to the illness. In domain four and fiveres are all added to give a total score
and risk of malnutrition respectively. Zero scsuggest low risk of malnutrition, one
suggests medium risk of malnutrition, and score>Bfcorresponds to high risk of
malnutrition (Appendix XII).

3.3.6 Data collection at the time of hospital desgje

On participant’s discharge, discharge date wasrdecb Apart from repeating weight
and body composition measurements as indicatettiedrtcollected data on discharge
destination (early support discharge services, hamneaehabilitation) and discharge

status (dead or alive) upon hospital discharge.
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3.3.7 Follow up data collection

Final follow up data was collected six months pdsicharge between August and
December 2011. Follow up data consisted of subgcand objective outcomes

measures described below.

3.3.7.1 Objective outcomes

| collected objective outcome data from the Patkdiministrative System (PAS) and

medical records of patients. Objective outcomesia months included morbidity

(recurrence of stroke, incidence of other cardiouls events), hospital readmissions
(and reason for re-admissions), and mortality dutive follow up.

3.3.7.2 Subjective Outcomes

| collected subjective outcomes of self-reportedictional health measured using
patient reported outcome measure (PROM) using Sttokpact Scale (SIS) (MAPI
research incorporation, Lyon, France), and didgbilndex using Barthel Index
(Mahoney 1965), and Health Related Quality of L{f¢RQL) questionnaire, using
Short Form -36 survey version 2 (SF-36v2) (Quallgtric International Corporation,
Lincoln, Rhode Island, USA).

3.3.7.1 Short Form Survey 36v2 (SF36v2)

To evaluate the quality of life | used the SF36w@stionnaire (Appendix XIII). The
SF36v2 evaluates eight dimensions of the respotsdeealth that reflect health related
quality of life. These eight dimensions are sums&tias two summary scores (physical
health component and mental health component suynRS and MCS) scores).

Each dimension assessed in the SF36v2 carriedegietit weight. These weights are
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calculated to provide the overall PCS and MCS sumirsaores (194). In the next
sections | will discuss the PCS and MCS componeh&--36 and describe the scoring
respectively.

The Physical Health Component Summary (PCS) igptbduct of the total weights of
four components. The four components are Physigattioning (PF), Role Physical
(RP), Bodily Pain (BP), and General Health (GH)heTiirst component is Physical
functioning (Question 3). It is assessed by thal tweight aggregated from ten items
evaluating the extent of physical limitations. Eaiem can be given a value from 1-3.
One reflects maximum of physical limitation whileée no physical limitations at all.
Items evaluated concern ability to carry out vigmractivities, moderate activities,
carry grocery items, and be able to climb stairalkva certain distance, and carry out
personal care activities such as bathing and darg@ssiThe next item is Role Physical
(Question 4). Role Physical component weight igregated by four items examining
the extent at which daily physical activities aegnlg limited after the onset of stroke
symptoms. Each item is given a value of 1-5 witheing the worst possible value and
5 being the best possible value indicating thallydaysical activities are not affected.
Items evaluated activities carried before stroleekaing limited and to what extent, and
difficulties experienced carrying previous actiegiafter the onset of stroke. Bodily
Pain (BP) is assessed as in other components hwimuestions (question 7 and 8).
Question 7 asks about the extent of pain experéeircéhe past month giving a value
from 1-6 with one being no pain and six being seyain, and question 8 asks about
the interference of pain with daily activities givealues 1-5 with one being no
interference and 5 being all the time. The lashponent to provide an input into the
PCS summary component is the General Health conmpaiigH). GH weight is
aggregated through values donated to question 1lan@onsisting of four items). In
question one general health is evaluated by beimgngvalues 1-5 with one being
excellent health and five being poor health. legjion 11 values are given on a scale
of 1-5 donated to each statement about health eavithbeing completely false and five
being completely true statement. The four itemstéshents) are if the patient feels they
are ill more than anyone else, feel they are hgathanybody else, expect health to get
worse by time, and if they feel their health isaant.
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The Mental Component Summary (MCS) is evaluatedoudpn four different
components these include Vitality (VT), Social ftioning (SF), Mental Health (MH),
and Role-Emotional (RE). Each component as irP@3& component carries different
weight. Four items in question nine evaluateuitedity component regarding how the
respondent feel. Each item is can be given a waiide5 with the value of 1 indicating
the highest frequency and 5 indicating no frequeimcexperiencing the concerned
feeling inquired about in the item. The four iteask about the frequency of feeling
full of life, full of energy, worn out, and tireahithe past four weeks. Question six and
ten evaluate social functioning. There is one itpar question. Both questions
evaluate how emotional feeling and physical hedattierfere with everyday social
interaction and social time. Items are can hadaegof 1-5 with one being highest
frequency meaning all the time and 5 being lowesjidency or none of the time. Role
emotional is another component that solely evatutiie influence of mental health on
daily activities. The three items are given valbesween 1-5 with 1 being the worst
and five being no interference at all. The thteens evaluate how mental health affect
the frequency of doing daily activities, accompimgh tasks, and interference with
ability to carry out such activities. The finalnasponent is more specific to the actual
state of mental health. It is evaluated in quesfio Evaluated components are given
values from 1-5 with one being highest frequenay fwe being the least frequency of
the event occurring. Items evaluated the extenteefing nervous, down, peaceful,

depressed, and happy respectively.

Calculating the final score is not a simple progedand is a complex mathematical
process. First, items number one and eleven scouss be recoded. The purpose of
recoding is to allow universal scale across athgdan which increased score per item
means better health. In item one and 11 increasede means poorer health; as
opposed to other items. Once recoded accordinfpegoscoring guide (the guide is

provided by quality metric upon purchase of the @3, each health domain, mental
and physical health, and raw score is calculatedr MCS the raw scores for each
Vitality (VT), Social functioning (SF), Mental Heaal (MH), and Role-Emotional (RE)

items are determined. For PCS the raw scores émefal Health (GH), Role Physical

(RP), Physical Functioning (PF), and Bodily PaifP]Btems are determined. After the
determination of each component raw scores eaclpaoemt raw score is converted to

a 0-100 score using the following formulae
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(Actual Raw Score - Lowest possible Raw Score) 0&

Raw score range

The resultant scores (on a scale of 0-100) aréndurtonverted to z-scores. The
conversion to z-scores is to allow an understandinthe extent of deviation of the
component score from the reference group score m@de mean score of the 1998
United States general population is used as tlezarée. Mathematically this is done
by dividing the standard deviation of 0-100 sconéshe 1998 United States general
population mean by the difference between my spapulation component score mean

and the reference (1998 US general population) mean

Z-score component = (component (0-100) mean sc@f@rence mean score)

SD of the general population

To calculate the Physical Component summary and/gngal component summary T-
scores, the z-score of each item is multiplied 0ystandard deviation of the reference
group) and the sum of each multiplication for esem in the PCS and MCS are added
to 50 (mean of the reference group) respectivélye reasoning for converting z-scores
to t-scores is to allow the comparison betweenstiugied group mean and standard
deviation with the mean and standard deviationhef S general population or the

reference group (194).

PCS T-score=50 + ((GHzx10) +(RPzx10) +(BPzx10) «(XF)

MCS T-score=50+ ((VTzx10) +(SFzx10) +(MHzx10) +(R&Q))

The same procedure can also be used to calcukaté-fitore of each item alone, but

instead of aggregating the scores it is requirddke each item z score, then multiply it
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by reference SD of 10 and add 50 (reference groegnin The use of T-scores came to
provide a standard interpretation in which the ®redor an item or summary score can
provide information on how different a studied goaliffer in their SF36v2 scores than
the reference group (the 1998 US general populatmative score). A T-score

allows for comparing the deviation in a studied ylagon from the norm (194).

The SF36v2 can be used to assess the qualityegbdi$t illness or condition to evaluate
the efficacy of a treatment (195, 196) or even l@opopulation is coping with certain
living environment (197). The scoring of the SF36wsing T-scores while using a
comparison group in the 1998 US general populatisna normal disease free
population makes it a very useful tool for my studysing the SF36v2 allows me to
draw conclusions on the extent to which it has beféected after a condition that can

cause substantial changes on the health relateidycpfdife.

3.3.7.2 The Stroke Impact Scale

The stroke impact scale (Appendix XIV) includes sfiens which ask the respondent to
evaluate how stroke have impacted on their heailthlife. It consists of nine questions
that include several items in each. Question dneugh 8 ask the patient about their
post stroke physical and mental status. The fitgtssjon asks the respondents to
evaluate the strength of the most affected sid@ stroke. The strength question have
four components with a possible values of 1-5 Wl lower score indicating that the
impact was high (score of 1 denotes no strengliie next areas assessed in question
two are memory and thinking capacity. There anesdatems with each having a
possible value from 1-5 with the lowest suggesthmgy greatest impact. Items assess a
respondent’s ability to remembering chores sucimadication time or appointments,
remembering past day events and things being pobtiilem solving, concentrating, and
thinking quickly. Emotions are another domainleated through using nine items.
Items in the emotion domain evaluate feeling ohbenappy, sad, nervous, and self-
worth. Scoring in the emotion domain differ sligh&s three of the nine items scores
must be recoded (described below) while otherefolhe same rule having a score of

1-5 with the lowest score suggesting the highegtach Question four evaluates
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communication skills. There are seven items asggsability to engage in
conversations, communicate via telephone, listed,nderstand what was being said.
The daily activities question consists of ten itenThe items in the question evaluate
the extent and the ability of the respondent taagegn daily activities such as bathing,
dressing, grooming, shopping, toilet use, handimgney, carrying house chores, and
eating. Each item of daily activities response lcave one possible value from 1-5 that
can be given with a score of one being the highmepact on daily living and five no
impact. The mobility is assessed through niemd. Items in the question concerning
mobility assess basics activities including abitibymaintain balance while sitting and
walking, getting into and out of the car, climbisgirs and walking. Question seven
assesses ability to use affected hand in dailywiée8 such as picking up money,
turning door knob, tying a shoe lace, opening @fdood. The final question evaluated
social participation. It consists of eight itenm&lavaluates the ability of the respondent
in participating in activities which he/she couldriicipate in before the stroke. The
range of activities includes work, sports, fam#gcial, and spiritual activities. All of
the components can be given a score of 1-5 withdvest score i.e. a score of one

suggest the highest impact on the respondent.

Before scoring the SIS, and to make the scoringarsal across all domains, three
items in the emotion domain have to be recoded.mAstioned previously the scoring
from 1-5 is possible for each item and with the éstvscore of one suggesting highest
impact, this is not the case for three items fooeom, the lowest score suggest lowest
impact therefore they need to be recoded. A sobieis recodedto 5,2t04,31t03,4
to 2, and 5 to 1, respectively. To calculate edinfension score the following formulae

is used to have each dimension scored out of 100@¥6 (198).

(Raw score - minimum score)/ (Maximum - minimumregox 100

Row scores each question are the total sum oftéine $cores. So for strength (a four
item dimension the minimum score is 4 (four itene$nly scored as 1) and maximum
score is 20 (four items being scored as 5). Hesimg data and if <50% of the items

score are missing then mean of the scores is ngbe ifollowing formulae
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(Mean score - minimum score)/ (Maximum-minimum sgot 100

If >50% of item scores are missing then the whole d&wenscoring is considered

missing (198).

The stroke impact scale (SIS) is a measure thatvalto see if the impact of stroke is
still apparent in stroke patients even after recp&99). It is a very reliable score in
which high degree of internal consistenay-cpefficient=0.9) was observed when
testing and re-testing the same patients again).(208e SIS is a very useful tool for
my study that allows me to evaluate the extentegbvery in patients with different

extent of body composition changes while taking etcount of the stroke severity.

3.3.7.3 Barthel Index

The Barthel Index (Appendix XV) is the most widelysed measure of physical
disability in carrying out activities of daily limg (ADL). The Barthel Index can be used
in clinical and rehabilitation settings (201) ama fesearch purposes, (202, 203). The
inter-ratter agreement was shown to be reasonabi@4(elderly patients) (204) and
good (n=25) (205). Review of previous studies gsgghat the Barthel Index scores
can reasonably predict physical disability levestpsiroke (206).

The self-reported or observer rated ten specifeasrof assessment include feeding,
bathing, grooming, dressing, bowel control, bladctamntrol, self-toilet use, and transfer
to bed, mobility, and stair use. For each itenc@es of O, 5, or 10 was given for each
activity of daily living with O indicating completelependence or inability, 5 when
assistance is needed or occasional accidentsgenafdbladder and bowel function), and
10 refers to the independence or complete contrBlarthel index scoring is straight

forward and unlike SF36v2 or SIS described abovceres are added up for each item
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assessed to give a final maximum score out of 108e higher the score the more

independent a patient is in carrying out daily\atés (207).

| sent the follow-up questionnaire to all studytmipants by post at six month after
discharge. The follow up questionnaire packagkided a newsletter, the SF36v2, SIS
guestionnaires and Barthel Index. The newsletteluded a brief introduction about
my background and a reminder about the study amdbjectives in lay language
understandable to the general public. My work cordetails as the contact information
of the investigator was also included in the popitkage in case if they wished to
receive any further information. A guidance note participants on how to complete
each questionnaire was also included in the ppstekage. A pre-paid envelope was

also included for the questionnaires to be retutodtie investigator.

On receipt of the completed questionnaires, thpameses were scored according to the
scoring algorithm as per developer for each questie. Results of each component
of individual scale and the summary scores (e.gS R@d MCS for SF-36v2) were
recorded in the database. If a participant didraspond to initial mailing within two
weeks, they were contacted by telephone on twosomes, two and four weeks after
initial postage, to find out if any help was regairand also to encourage their response,

and record reasons for not responding.

Statistical analysis

Baseline data were presented descriptively. Bodgposition changes between
admission and discharge were calculated for eaditipant by subtracting admission
values from the discharge values to understand imerease or a decrease in these body
components had occurred during the acute hospigl $he difference was divided by
duration between admission and discharge MF-BIAsueanents in days to calculate

rate of change per day.
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Further sensitivity analyses were conducted aftelueing all participants in whom the
duration between MF-BIA measurements was <48 holingese sensitivity analyses

were carried out using changes in the body compgsranpercentages of body weight.

Descriptive statistics for fat free mass, fat mamajy cell mass, protein mass, muscle
mass on admission and discharge were calculatatfistt by type of feeding regimen
(Normal Oral Diet, Soft mashed/Pureed diet, anddyiMouth (NBM), stroke severity
by NIHSS scores of <10 vg10 (not enough data to stratify by higher NIHSSrego
and type of ischaemic stroke (Total Anterior Ciatidn Infarct (most severe form of

stroke) vs. other types).

Univariate logistic regression analysis was carreed to examine if there was an
association between fat free mass loss, fat massmascle mass loss, body cell mass
loss, and protein mass loss with the predictor abdes Nil-by-Mouth (reference
category being other types of diet; normal oral @oft mashed/pureed), modified
diet(reference category being normal oral diet}altoanterior circulation infarct
(reference group non-TACI stroke subtypes), andemssvere strokes with the an
NIHSS>10 (reference category NIHSS <10).

Linear regression analysis was also carried owx@mine if there is an association
between predictors fat free mass loss, fat masg gaiscle mass loss, body cell mass
loss, and protein mass loss and outcomes lendtbgyital stay. Basically | was trying
to examine if such body composition changes hafleeince on length of hospital stay.
If any results were of significance multivariatagilstic and linear regression analysis

was carried out.

The individual component summary score of SF36v& ealculated using the program
provided by the supplier (see above section forcutation details and supplier

information). Average scores for each compone@$ Rnd MCS of the SF36v2 were
all presented descriptively separately for those wained and those who lose fat free

mass, fat mass, muscle mass, body cell mass, aneirpmass respectively. Mean
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difference was calculated for each body compositmeasures and p-values are
presented to examine any statistically signifiadifferences between those who gained
and lose these components of body for MCS and RSBectively. For the Stroke
Impact Scale (SIS) each dimension score was c#étlla Average scores for each
component of the SIS (PCS and MCS) and patientrieghaverall stroke recovery
(question 11 of the SIS) were presented for thosle fat free mass, fat mass, muscle

mass, body cell mass, and protein mass gains aeddon respectively.

Mean difference of fat free mass, fat mass, pratesss were calculated for each body
composition measures and p-values presented toiegasny statistically significant
differences between those with body compositiom gaid losses for each dimension of
the SIS and the patient reported overall strokewexy (question 11 of the SIS).
Barthel Index scores were calculated and overaraye scores were presented for
those with fat free mass, fat mass, muscle masg; bell mass, and protein mass gains
and losses in respectively.
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3.4 Results

A total of 40 participants were recruited to thiady. Their mean age was 70.3+£9.9
years (range 50-89 years); 55.0% of them were mdinstudy participants had
ischaemic stroke. The majority of the study popaokaexperienced Lacunar infarct
(42.5%). Majority of strokes according to the Maal Institute of Health Stroke
Severity (NIHSS) scale were mild strokes with NIHER) (85.7%). For fat free mass
(FFM), fat mass (FM), and body cell mass (BCM) datxe available in 40 patients.
For protein mass (PM) and muscle mass (MM) dateevestailable for 39 patients.

Table 3.1 present the baselines characteristics.

Eighteen study participants responded to followgupstionnaire of which 10 were men
and eight were women. Mean age was 69.1+9.7) ye@amnge 50-89 years). Their
average length of hospital stay was 3.2 day (rdnfedays), and average NIHSS score
was 5.9 (range 1-21). Six of these participantd hacunar Infarct (LACI), one
participant Partial Anterior Circulation InfarctARl), seven had Posterior Circulation
Infarct (POCI), and four total anterior Circulatiomfarct (TACI). One participant was
prescribed nil-by-mouth (NBM) during the acute htapstay, 16 received normal oral
feeding, and one was on pureed diet. On dischk4gsere discharged to home, three
to rehabilitation, and one was initially transfetr® another hospital. At six month

post discharge they all resided at their respetioree addresses.

There were no statistically significant differendedween each of the anthropometric
measurements recorded on admission and discharable 3.2 shows mean

anthropometric measurements on admission and dgelaad their differences.
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All Men Women

Number 40 22 18
Mean age (std) years 70.3 (9.9) 69.7 (10.6) 712 (9
Age Range (years) 50-89 50-89 59-89
Weight (kg) 77.4(13.9)  79.5(14.5) 74.7 (13.1)
Height (m) 1.7 (0.1) 1.8 (0.08) 1.6 (0.06)
Body Mass Index (kg/m2) 26.8 (4.7) 25.7 (4.2) 28.D)
Triceps Skin Fold thickness (mm) 11.2 (3.9) 11.5 (4.0)
Mid Arm Circumference (cm) 28.8 (4.2) 28.4 (3.5) 9.2(5.0)
Handgrip Strength (kg) 20.1 (10.8) 24.4 (12) 16.7)
Average length of Hospital say (range) days 4:241 4.8 (1-24) 3.1 (1-7)
Premorbid Rankin Score*
0 =No symptoms 20 8 12
1 =No significant disability 14 9 5
2 = Slight disability. 2 1 1
3 = Moderate disability. 1 1 0
4 = Moderately severe disability - -
5 =Severe disability - - -
Total Anterior Circulation Infarct 6 4 2

Left Side 4 2 2

Right Side 2 2 0
Partial Anterior Circulation Infarct 5 2 3

Left Side 2 1 1

Right Side 3 1 2
Lacunar Infarct 17 9 8

Left Side 10 3 7

Right Side 7 6 1

Table 3.1. Baselines (admission) characteristicghef study population including
demographic, anthropometric, and clinical dataticoed
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All Men Women

Posterior Circulation Infarct 12 7 2
Left Side 5 3 1
Right Side 7 4 1

NIHSS Score (n=37) categories

1 to 9 (mild stroke) 30 15 14
10 to 20 (moderate stroke) 4 2 2
>20 (severe stroke) 1 1 1

Table 3.1. Baselines (admission) characteristithe study population including
demographic, anthropometric, and clinical data.
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Anthropometric Measure Admission Discharge Meafedtince (95% CI)  p-value

Weight (kg)

Al 77.4(13.9) 77.1(13.7) 0.29 (-0.23t0 0.81) 26.
Men 79.5(14.5) 79 (14.3) 0.55 (-0.41 to 1.51) 0.25
Women 747 (13.1) 74.7(13.1)  -0.02(-0.09top.03  0.33

Body Mass Index (kg/m2)

All 26.8(4.7)  26.6(4.7)  0.22(-0.1t0 0.6) 0.20
Men 257 (42) 253(4.2)  0.4(-0.3t01.0) 0.24
Women 28.2(5.0) 28.1(5.0)  0.04(-0.01to 0.08) 100.

Triceps Skinfold Thickness (mm)

All 11.2(3.9) 11.2(3.9)  0.01(-0.02 to 0.03) B.5
Men 10.9(3.8) 10.9(3.8)  -0.01(-0.03 to 0.02) 00.7
Women 115(4.0) 11.5(4.0)  0.02 (-0.02 to 0.06) 310.

Mid Arm Muscle Circumference (cm)

All 28.8(4.2)  28.7(4.3)  -0.04(0.002 to 0.07) 040.
Men 28.4(35)  28.4(3.6)  0.03(-0.02t00.1) 0.24
Women 29.1(5.0)  29.1(5.0)  0.04(-0.002t00.08)  .060

Table 3.2. Admission and discharge anthropometgasurements by sex-specific analysis continued
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Anthropometric Measure Admission Discharge Meafediince (95% CI)  p-value

Handgrip Strength (kg)

All 20.1(10.8) 20.4 (11.7) 0.24 (-1.4 to 1.0) 69
Men 24.4 (12) 24.7 (13.4) 0.4 (-2.6 t0 1.9) 0.74
Women 15.1(6.7)  15.3(6.5)  -0.1(-0.7 to 0.5) 0.75

Table 3.2. Midsion and discharge anthropometric measuremgrgexsspecific analysis.
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There were no statistically significant changesimy of the body composition indices
during the acute hospital stay between the admnmsamal discharge in all as well as for
men and women separately. Fat free mass decrgagezlwhole population, with men

showing an increase and women showing a decrease group. All population

regardless of gender showed an increase in fat,raadscrease in protein mass and
body cell mass. Muscle mass increased in men éxredse in women, but the whole
study population overall average change suggesiestim mass increase. Table 3.3
describes the body composition changes betweensagimiand discharge and their
average change during hospital stay for the wheteurted study population, and then

men and women separately.
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Body Composition Admission Discharge Mean differe(@5% ClI) p-value
Fat Free Mass (kg)

Al 51.6 (9.6) 51.1(9.2) -0.5 (-1.22 to 0.23) 0.18

Men 56.6 (8.7) 55.9 (8.8) 0.7 (-0.3to0 1.6) 0.16
Women 45.6 (6.9) 45.3 (5.7) -0.3 (-1.6 t0 1.0) 0.62
Fat Mass (kg)

All 25.7(10.2) 26 (10.3) 0.3 (-1.01-0.44) 0.43

Men 22.9 (8.3) 23.2 (8.8) 0.3 (-1.2 t0 0.6) 0.49
Women 29.2 (11.3) 29.4 (11.3) 0.2 (-1.1to 1.6) 80.6

Protein Mass (kg)

Al 7.5(2.9) 7.0 (2.9) -0.5 (-0.97 to 0.01) 0.06

Men 9.1 (2.6) 8.5(2.7) -0.6 (-1.3 t0 0.23) 0.16
Women 5.4 (1.8) 5.0 (1.7) -0.4 (-1.1 to 0.25) 0.20
Body Cell Mass (kg)

All 28.7 (7.6) 27.7 (6.2) -1.0(-3.2t01.2) 0.36

Men 30.3 (4.9) 30.2 (6.7) 0.1 (-1.8t01.7) 0.94
Women 26.8 (9.8) 24.7 (4.0) -2.1 (-6.7 to 2.4) 0.34

Table 3.3. Body composition values on admissiondischarge, continued
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Body Composition Admission Discharge Mean differe(@5% ClI) p-value

Muscle Mass (kg)

All 23.0(5.7)  24.4(13.0) 1.4 (-5.55-2.75) 0.50
Men 26.6 (490  263(6.1)  -0.3(-1.8t01.1) 0.63
Women 18.4 (2.4)  22.1(184) 3.7(-13.5t06.1) 40.4

Table 3.3. Body composition values on admissiahdischarge and their average change during hospatafor the whole study population and

men, and women separately.
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3.4.1 Extent of fat free mass and other body coiiposchanges by type of feeding

regimen

Fat free mass losses with both groups (normal dietl and modified diet) were not
statistically significant. Fat mass gain was obsérin the majority of the normal oral
diet group (55%) and modified diet group (64%) wiigher gains in the modified diet
group; p>0.05. Larger proportions of patienteacth the normal oral diet (62%) and
modified diet (82%) groups experienced protein niass with more pronounced losses
seen in the modified diet group. On the contrdng, more pronounced losses were
observed in the normal diet group with regards ddybcell mass losses with higher
proportion in both groups experiencing such lossdsxtent of muscle mass loss was
higher in the modified diet group (p=0.05) with thermal oral diet group experiencing
muscle mass gains. Table 3.4 describes body cotigmoshanges of the study
population stratified by normal oral diet and maatif diet groups showing average

changes between admission and discharge withirpgrou
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Participants  Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate

with  body with  body kg/day
composition composition (95% CI) kg (between
loss (%) gain (%) MF-BIA
tests)
Fat Free Mass (kg)
Normal oral 16 (55%) 13 (45%) 52.1 (9.7) 51.6)8.9 -0.5 (-1.1t0 0.3) 0.23 -0.4 (1.4)
Modified diet 8 (73%) 3 (27%) 50.3 (9.7) 49.8 @)0. -0.4 (-2.0t01.2) 0.57 -0.4 (0.9)
Fat mass (kg)
Normal oral 13 (45%) 16(55%) 26.1 (10.1) 26.3.2)0 0.2 (-0.7t0 1.1) 0.66 0.3 (1.6)
Modified diet 4 (36%) 7 (64%) 24.8 (10.9) 25.3.1 0.5(-0.9t0 1.9) 0.44 0.4 (0.9)
Protein mass (kg)*
Normal oral 18 (64%) 10 (36%) 7.5 (2.8) 7.3 (3.0) -0.3 (0.9 t0 0.3) 0.32 -0.3(1.2)
Modified diet 9 (82%) 2 (18%) 7.3(3.1) 6.3 (2.7) -1.0(-2.0t0 0.1) 0.07 -0.5 (0.6)
Body Cell Mass (kg)
Normal oral 17 (59%) 12 (41%) 29.3 (8.3) 28.1)6.3 -1.2 (-4.310 1.8) 0.40 -1.8 (6.4)
Modified diet 7 (64%) 4 (36%) 27.2 (5.5) 26.9 (6.2 -0.3 (-1.5t0 1.0) 0.64 -0.1 (1.4)

Table 3.4.Body composition changes between admission antialigefor patient on normal oral diet and modified ditntinued
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Participants  Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate

with  body with  body kg/day
composition composition (95% CI) kg (between
loss (%) gain (%) MF-BIA
tests)
Muscle Mass (kg)*
Normal oral 16 (55%) 12 (45%) 23.2 (5.7) 25.6 7)4. 2.4 (-3.4t08.2) 0.40 0.4 (5.2)
Modified diet 8 (73%) 3 (27%) 22.7 (5.9) 21.5 (6.3 -1.2 (-2.31t0 0.0) 0.05 -0.5(1.1)

Table 3.4. Body composition changes between admissd discharge for patients on normal oral diet modified type of diet. Modified type of
diet includes soft mashed and pureed diets, adoyamhouth NBM.

Body cell mass admission (normal oral diet) nohmalty distributed (Shapiro-Wilk: p<0.05); Median=87%, Interquartile range=22.7 to 33.1 g
Body cell mass discharge (modified diet) not notyndistributed (Shapiro-Wilk: p=0.05); Median=2&1Interquartile range=22.3 to0 28.9 g
Muscle mass admission (normal oral diet) not nolyrdistributed (Shapiro-Wilk: p=0.04) Median 23.4lgterquartile range = 23.9t0 31.2 g
Muscle mass discharge (normal oral diet) not ndsnahstributed (Shapiro-Wilk: p<0.05) Interquartiiange = 17.6 to 27.9 g

Muscle mass discharge (modified diet) Not Normdlktributed (Shapiro-Wilk: p=0.01); Median=19.6ligterquartile range= 17.4 to 22.7 g
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When analyses was stratified by non-NBM and NBM,jamiy of participants
experienced fat free mass, protein mass, bodyreadls, and muscle mass losses and fat
mass gains. All participant in the NBM group, andjority of non-NBM experienced
fat free mass losses (54%). The Extent of fat fnr@ss losses was higher in the NBM
group compared to non-NBM groups. Majority oftgapant in the non-NBM group
(54%) and 80% of participants in the NBM group exgreced fat mass gains. The
extent of fat mass gain was higher in NBM compa@adon-NBM. Both groups
experienced protein mass loss with a proportior6&# 80% in the non-NBM and
NBM respectively; the extent of protein mass lodsgber in the NBM group. Only
the non-NBM group experienced body cell mass lossgl 62% of the group
experiencing loss. The non-NBM group experienoedy cell mass losses while such
losses were almost absent in the NBM group. Téwe-MBM group experienced
muscle mass gains and the NBM group experienced. loflone of the body
composition changes between admission and dischaege statistically significant
within groups. Table 3.5 describes body compasitibanges of the study population
stratified by non NBM and NBM types of feeding magin showing p-values of change

within groups.
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value Change rate

with  body with  body kg/day
composition composition (95% CI) kg (between
loss (%) gain (%) MF-BIA
tests)
Fat Free Mass (kg)
non-NBM 19 (54%) 16 (46%) 52.1 (9.9) 51.8 (9.4) 3-01.1t0 0.5) 0.45 -0.4 (1.4)
NBM 100% (5) 0 (0%) 48.5 (7.5) 46.6 (7.3) -1.9.840 0.5) 0.09 -0.9 (1.0)
Fat mass (kg)
non-NBM 16 (46%) 19 (54%) 26.6 (10.2) 26.7(7.6)  0.1(-0.6t00.9) 0.74 0.3 (1.5)
NBM 1 (20%) 4 (80%) 19.4 (7.8) 20.8 (8.2) 1.4 %10 4.6) 0.29 0.8 (1.1)
Protein mass (kg)*
non-NBM 23(68%) 11 (32%) 7.6 (2.9) 7.2 (2.9) -0:8.0t0 0.1) 0.13 -0.3(1.1)
NBM 4 (80%) 1 (20%) 6.5 (3.0) 5.6 (2.8) -0.9 (:20 0.4) 0.12 -0.6 (0.8)
Body Cell Mass (kg)
non-NBM 21 (62%) 14 (38%) 29.1(7.9) 28.0 (6.4) 1-¢:3.6 t0 1.3) 0.35 -1.5(6.3)
NBM 3 (60%) 2 (40%) 26.0 (4.9) 26 (5.5) 0.01 (-8.0) 0.93 -0.1 (1.5)

Table 3.5.Body composition changes between admission antialige stratified by non-NBM vs. NBM, continued
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value Change rate

with  body with  body kg/day
composition  composition (95% Cl) kg (between
loss (%) gain (%) MF-BIA
tests)
Muscle Mass (kg)*
non-NBM 20 (59%) 14 (41%) 23.3(5.8) 25.1 (13.7) .8 (2.9 t0 6.6) 0.44 0.3 (4.8)
NBM 4 (80%) 1 (20%) 21.5(5.1) 20.1 (5.2) -1.4.4-3 0.6) 0.12 0.9(1.2)

Table 3.5. Body composition changes between admissd discharge for patients on non nil-by-mdetding regimen and those on nil-by-mouth
(NBM) feeding regimen; non-NBM includes normal odédt, soft-mashed, and pureed diets.

Body cell mass admission (non-NBM) not normallytdosited (Shapiro-Wilk: p<0.05); Median=27.5 g,@mjuartile range=23.0 to 30.0 g
Body cell mass discharge (non-NBM) not normallytritsited (Shapiro Wilk: p=0.03); Median=26.8 g,arquartile range=23.8 to 30.6 g
Muscle mass discharge (non-NBM) not normally distted (Shapiro-Wilk: p<0.05); Median=22.1 g; Inteagtile range= 17.7 to 27.8 g
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3.4.2 Extent of body composition changes by tystroke

When analyses were stratified by TACI and non-TAGbtype of stroke, majority of
participants experienced fat free mass, proteinsmasdy cell mass, and muscle mass
losses and fat mass gains. More than half ofggaeinht with TACI (67%), and non-
TACI (59%) experienced fat free mass losses. Tkteri of fat free mass losses was
higher in the TACI group compared to non-TACI greup The majority of patients in
each group experienced fat mass gain with the exiefat mass gains being more
pronounced in the TACI group. All participantstire TACI group and 64% in the non-
TACI group experienced protein mass loss, withistaally significant protein mass
losses (p=0.05) seen in the TACI group between sslom and discharge. Similarly
body cell mass loss extent was higher in the TA@hpgared to non-TACI study
participants with majority in both groups experigigcmuscle mass (56% in non-TACI
vs. 83% in TACI). Muscle mass loss was experidrine83% of patients with TACI
(p=0.05) as opposed to non-TACI patients who hadaleumass gains.  Table 3.6
shows body composition changes between admissidndestharge in patients with
Total Anterior Circulation infarct (TACI) and thoseth other types of infarct. .
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Participants  Participants Admission (kg) Discharge (kg) mean difference p-value Change rate
with  body with body kg/day
composition composition (95% ClI) kg (between
loss (%) gain (%) MF-BIA
tests)
Fat Free Mass (kg)
non-TACI 20 (59%) 14 (41%) 50.8 (9.7) 50.4 (9.3) 4-02.110 0.4) 0.34 -0.4 (1.4)
TACI 4 (67%) 2 (33%) 56.2 (7.8) 55.1 (8.2) -1.1.4-3 1.0) 0.23 -0.3(1.0)
Fat mass (kg)
non-TACI 15 (44%) 19 (56%) 25.7 (10.9) 259 (11.1) -0.2(-0.7 to 1.0) 0.68 0.4 (1.5)
TACI 2 (33%) 4 (67%) 25.9 (3.8) 26.9 (4.1) 1.0 210 3.1) 0.30 0.2 (1.0)
Protein mass (kg)
non-TACI 21(64%) 12 (36%) 7.2 (3.9) 6.8 (3.1) 03210 0.9) 0.22 -0.3 (1.0)
TACI 6 (100%) 0 (0%) 9.2 (1.8) 7.9 (1.6) -1.3 (520 0.03) 0.05 -0.9 (1.3)
Body Cell Mass (kg)
non-TACI 19 (56%) 15 (44%) 28.3 (7.9) 27.4 (6.5) 9-03.5101.7) 0.49 -1.4 (6.4)
TACI 5 (83%) 1 (17%) 31.2 (4.9) 29.6 (4.8) -1.7.4% 0.2) 0.07 -0.9 (1.0)

Table 3.6. Body composition changes between admissd discharge by type of stroke, continued
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Participants  Participants Admission (kg) Discharge (kg) mean difference p-value Change rate

with  body with body kg/day
composition composition (95% CI) kg (between
loss (%) gain (%) MF-BIA
tests)
Muscle Mass (kg)
non-TACI 19 (58%) 14 (42%) 22.4 (5.5) 24.4 (14.0) .0@2.9t06.9) 0.41 0.4 (4.8)
TACI 5 (83%) 1(17%) 26.8 (5.5) 24.8 (5.0) -2.0.1-40 0.04) 0.05 -1.3(1.7)

Table 3.6. Body composition changes between admissd discharge for patients with Total Ante@rculation Infarct (TACI) and those with
non-TACI stroke subtype.

Body cell mass admission (non-TACI) not normallgtdbuted (Shapiro-Wilk: p<0.05); Median=26.7 geirquartile range=22.5to 30.3 g
Body cell mass discharge (non-TACI) not normallstdbuted (Shapiro Wilk: p=0.01); Median=26.1 demquartile range=22.5 to 30.4 g
Muscle mass discharge (non-TACI) not normally dhistied (Shapiro-Wilk p<0.05); Median=20.0 g; Inteagtile range= 17.7 to 26.7 g
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3.4.3 Extent of body composition changes by stsekerity

When analyses was stratified by stroke severitydn{iNIHSS 1-9) and severe

(NIHSS>10) strokes, both patients experiencing mild anetisestroke experienced fat
free mass losses with sever strokes extent ofddssig higher. Half the individuals

in each group experienced fat free mass lossewilaBly, both mild and sever strokes

experienced fat mass gains with the extent of fassngain being twice as much in
severe stroke compared to mild strokes. Fifty tejgdrcentage of mild and 67% of

severe strokes experienced fat mass gains. Eoftgmbtein mass losses were higher in
severe strokes with similar proportion of participaxperiencing protein mass losses in
both groups. Only body cell mass losses were épexd in the mild strokes as

opposed to sever strokes that experienced gaims diseussion). No muscle mass
losses were observed in either group. None ofdme body composition changes
was statistically significant. Table 3.7 descriliesly composition changes between
admission and discharge in patients with mild s#skNIHSS9) and severe stroke

(NIHSS>10).
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Participants Participants Admission Discharge  mean difference p-value Change rate
compositon compositon W ok e
loss (%) gain (%)
Fat Free Mass (kg)
NIHSS score <10 17(57%) 13 (43%) 51.2 (10.1) 50.8)( -0.4(-1.2t0 0.4) 0.32 -0.5 (1.4)
NIHSS score=10 3 (60%) 2 (40%) 55.7 (10.5)  53.8(10.6) -2.0746 1.8) 0.22 -0.4 (1.4)
Fat mass (kg)
NIHSS score <10 12 (40%) 18 (60%) 27.2(10.8)  27160) 0.3 (-0.6t0 1.2) 0.45 0.4 (1.6)
NIHSS score=10 3 (60%) 2 (40%) 25.9 (3.1) 26.5(2.8) 0.6 (13.¢.2) 0.65 0.2 (1.5)
Protein mass (kg)
NIHSS score <10 20 (69%) 9 (31%) 7.0 (3.0) 6.8)(3.1 -0.2 (-0.7 to 0.3) 0.40 -0.3 (1.0)
NIHSS score=10 4(80%) 1 (20%) 8.8 (2.1) 7.7 (1.8) -1.1 (-2.806b) 0.13 -0.8 (1.3)
Body Cell Mass (kg)
NIHSS score <10 18 (60%) 12 (40%) 28.9 (8.4) 23.8)( -1.7 (-4.4t0 1.0) 0.20 -1.8 (6.7)
NIHSS score=10 3 (60%) 2 (40%) 30.5 (5.9) 33.9 (9.4) 3.4 (#.32.1) 0.34 0.6 (1.7)

Table 3.7. Body composition changes between admissd discharge by stroke severity continued
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Participants Participants Admission Discharge  mean difference p-value Change rate
with  body with body (kg) (k) kg/day
composition composition (95% ClI) kg

loss (%) gain (%)

Muscle Mass (kg)
NIHSS score <10
NIHSS score>10

17 (59%) 12 (41%) 22.5 (5.9) 2446 2.1(-3.5t07.6) 0.46 0.4 (5.1)
2 (40%) 3 (60%) 26.0 (6.3) 26.6 (9.3) 0.6 (.4.3) 0.85 0.9 (2.3)

Table 3.7. Body composition changes between admissd discharge stratified by stroke severity(NtySS score for patients with an NIHSD

and NIHSS=10.

Body cell mass admission (NIHSS<10) not normalstributed (Shapiro-Wilk: p<0.05); Median=26.8 geirquartile range=22.5t0 31.5g

Muscle mass admission (NIHSS<10) not normally thisted (Shapiro Wilk: p=0.03); Median=20.1 g, infeartile range=17.7 to 27.7 g

Muscle mass discharge (NIHSS<10) not normally idhsted (Shapiro-Wilk: p<0.05); Median=20.0 g; Irgeartile range=17.1t0 27.6 g
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3.4.4 Difference in fat free mass and body comjposithanges between groups

No statistically significant differences were oh&sl between groups. Fat free mass
losses were higher in NBM, TACI, and NIHS80 from non-NBM, non-TACI, and
NIHSS 1-9 as shown in the positive mean differevtzgerved in table 3.8 (NBM, TACI,
and NIHSS>10 were subtracted from the average mean of non-NBdm-TACI,
NIHSS 1-9) respectively. Fat mass gains were higheéhe modified diet, NBM,
TACI, and NIHSS>10 compared to their corresponding normal oral, dien-NBM,
non-TACI, and NIHSS 1-9 respectively; negative mddference. Protein mass losses
were higher in the modified diet, NBM, TACI, and H8S >10 compared to their
corresponding respective groups of normal oral, dieh-NBM, non-TACI, and NIHSS
1-9. There were no consistent finding in gaind kasses of body cell mass and muscle
mass for the modified diet, NBM, TACI, and NIHS30 compared to their respective
normal oral diet, non-NBM, non-TACI, and NIHSS 1a8 can be seen from tables 3.5
to 3.7. Table 3.8 present the mean difference thed 95% Confidence interval
between fat free mass, fat mass, protein mass, lenusass, and body cell mass for
normal oral diet vs. modified diet groups, non-NBf. NBM groups, non-TACI vs.
TACI stroke classification, and NIHSS 1-9 vs. NIHSSscores.
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Mean difference 95% CI p-value

Fat Free Mass (kg)

Normal Oral Diet vs. Modified diet 0.1 -1.7 tB1. 0.91
non-nil by mouth vs. NBM 1.6 -0.54t0 4.0 0.14
non-TACI vs. TACI 0.7 -1.41t02.8 0.50
NIHSS 1-9 vs. NIHSS10 1.5 -0.72t0 3.8 0.18
Fat Mass (kg)

Normal Oral Diet vs. Modified diet -0.3 -2.0 t31. 0.70
non-nil by mouth vs. NBM -1.3 -3.5100.92 0.25
non-TACI vs. TACI -0.8 -291t01.3 0.44
NIHSS 1-9 vs. NIHSS10 -0.3 -27t02.1 0.8
Protein Mass (kg)

Normal Oral Diet vs. Modified diet 0.7 -0.39 ta31. 0.20
non-nil by mouth vs. NBM 0.4 -1.1t0 1.9 0.56
non-TACI vs. TACI 0.9 -0.44t0 2.3 0.18
NIHSS 1-9 vs. NIHSS10 0.9 -0.35t0 2.2 0.15
Muscle Mass (kg)

Normal Oral Diet vs. Modified diet 3.6 -5.7 to &2. 0.44
non-nil by mouth vs. NBM 3.2 -9.310 15.8 0.61
non-TACI vs. TACI 4.1 -7.51t0 15.7 0.48
NIHSS 1-9 vs. NIHS$10 1.5 -12.2t0 15.2 0.82
Body Cell Mass (kg)

Normal Oral Diet vs. Modified diet -1.0 -5.9 td4. 0.69
non-nil by mouth vs. NBM -1.2 -79t05.4 0.71
non-TACI vs. TACI 0.8 -541t07.0 0.80
NIHSS 1-9 vs. NIHS$10 34 -12.1t01.9 0.15

Table 3.8. The mean difference and their 95% Genfie intervals between fat free

mass, fat mass, protein mass, muscle mass, andcbtiagass for normal oral diet vs.

modified diet groups, non-NBM vs. NBM groups, noAdl vs. TACI stroke
classification, and NIHSS 1-9 vs. NIHSH) scores.
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3.4.5 The effect of type of feeding regimen, typroke, and stroke severity on extent

of body composition changes after stroke

Univariate logistic regression analysis between NBféference group non-NBM),
TACI (reference non-TACI) or stroke severity (NIHS®) (reference NIHSS <10) did
not show any statistically significant increaseddecreased risk on fat free mass loss,
protein mass loss, muscle mass loss, body cell fnoassand fat mass gain. Table 3.9
presents the results of the Univariate logistiagsgion analysis for the risk of NBM,
TACI, and NIHSS10 risk on fat free mass loss, protein mass losscia mass loss,

and fat mass gain in NBM, TACI, and NIHSB) (stroke severity) patients.
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OR 95% CI p-value
Nil-by Mouth
Fat Free Mass loss NA* NA >0.1
Fat Mass gain 34 0.34-33.3 0.30
Protein Mass loss 1.9 0.19-19.2 0.60
Muscle Mass loss 2.8 0.28-27.8 0.38
Body Cell Mass loss 1 0.15-6.7 1
Modified diet
Fat Free Mass loss 2.2 0.5t09.9 0.32
Fat Mass gain 1.4 0.3t0 5.9 0.63
Protein Mass loss 25 0.5t0 13.9 0.30
Muscle Mass loss 2.0 0.5t09.2 0.37
Body Cell Mass loss 1.2 0.3t05.2 0.77

Table 3.9.Unadjusted Risk of body composition changes,

continued
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OR 95% CI p-value

TACI

Fat Free Mass loss 14 0.2t0 8.7 0.72
Fat Mass gain 1.6 0.2t09.8 0.60
Protein Mass loss <0.923 NA 0.99
Muscle Mass loss 3.7 0.4t035.1 0.26
Body Cell Mass loss 4 0.4t0375 0.23
NIHSS>10

Fat Free Mass loss 1.63 0.3t010.3 0.61
Fat Mass gain 0.71 0.1to4.1 0.70
Protein Mass loss 0.8 0.1t05.3 0.82
Muscle Mass loss 0.65 0.1to 3.8 0.63
Body Cell Mass loss 0.31 0.1t0 2.0 0.21

Table 3.9. Unadjusted Risk of fat free mass, jmateass, muscle mass, and body cell mass lossaanubss gain in patients who have a NBM

feeding regimen, or modified diet, or total antedwoculation infarct or sever stroke NIHS2.0. *OR=1.9E9
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3.4.5.1 Results of sensitivity analysis

In the sensitivity analysis difference in the stdedoody composition changes
between admission and discharge were not statlgt&ggnificant within group or
between groups. Tables 3.10 to 3.15 present satyséinalysis for the difference
between admission and discharge body compositianggs stratified by men and
women (Table 3.10) modified diet and normal orat diable 3.11), non-NBM and
NBM feeding regimen (Table 3.12), type of strokengenon-TACI and TACI (Table
3.13), stroke severity by NIHSS<10 and NIHSI® (Table 3.14), mean differences
between body composition variables in all of tharaied (groups presented in
Tables 3.10 to 3.14) are presented in Table 3.15.
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Participants  Participants with Admission Discharge mean difference p-value Change rate kg/day

with  body body (kg) (kg)

composition composition (95% ClI) kg

loss (%) gain (%)
Fat Free Mass (%)
Men 6 (55%) 5 (45%) 72.3(7.0) 72.3 (6.5) 0.094b 1.8) 0.97 1.4 (0.9)
Women 2 (33%) 4 (67%) 57.5(7.2) 58.3 (8.0) 0.84(16 6.9) 0.76 <0.01 (2.3)
Fat mass (%)
Men 4 (36%) 7 (64%) 27.7 (7.0) 28.4 (6.9) 0.7 (1b.2.6) 0.44 0.2 (0.9)
Women 4 (67%) 2 (33%) 425 (7.2) 41.6 (8.3) -0P410 5.5) 0.73 0.1(2.4)
Protein mass (kg)
Men 5 (45%) 6 (55%) 10.4 (3.1) 9.7 (2.4) 0.7 (d1.2) 0.42 0.1 (0.7)
Women 4 (67%) 2 (33%) 6.6 (2.6) 6.7 (2.3) 0.1 (.2.2) 0.92 0.1 (0.8)
Body Cell Mass (%)
Men 6 (55%) 5 (45%) 38.9 (3.5) 39.8 (7.4) 0.9 (#.3.0) 0.88 0.1 (1.4)
Women 2 (40%) 3 (60%) 31.1 (4.0) 32.2 (6.4) 1.19tb 4.2) 0.36 0.5 (1..1)

Table 3.10.Sensitivity stratified analyses of selected bodmposition by sex, continued
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Participants  Participants with Admission

Discharge mean difference p-value Change rate

\(,:v(;t;posit')[ioodny Bgr?;)osition (0 ) (95% Cl) kg o/day
loss (%) gain (%)
Muscle Mass (%)
Men 6 (55%) 5 (45%) 33.8 (3.4) 34.1 (5.5) 0.3 (18.9.6) 0.70 0.1(1.3)
Women 3 (60%) 2 (40%) 19.0 (2.1) 18.2 (1.1) -0B7+0 1.3) 0.36 0.5 (1.2)

Table 3.10. Stratified analyses of selected baagposition mean daily changes by percentages of Weight for men and women whom test dates

on admission and discharge werd8 hours.

Fat free mass admission (men) not normally distethiShapiro-Wilk: p=0.013), Median=71.9%, Interdil@range=67.4 to 72.8%

Fat free mass discharge (men) not normally distedbShapiro-Wilk: p=0.03), Median=70.9%, Interguarange=68.2 to 72.7%

Fat mass admission (men) not normally distributapiro-Wilk: p=0.02), Median=28.2%, Interquartiéange=27.2 to 32.5%

Fat mass admission (men) not normally distributapiro-Wilk: p=0.04), Median= 29.9%, Interquartiéange=27.5 to 32.8%

Muscle mass discharge (men) not normally distriéb&hapiro-Wilk: p<0.0001), Median=32.8%, Interguarange=31.0 to 34.8%

Body cell mass discharge (men) not normally disteld (Shapiro-Wilk: p<0.0001), Median=37.5%, Inteadile range=35.5 to 39.8%
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate
with  body with  body kg/day
composition composition (95% CI) kg

loss (%) gain (%)

Fat Free Mass (%)

Normal oral 5 (56%) 4 (44%) 65.4 (8.1) 65.9 (7.3) 5 (2.7 10 3.8) 0.74 0.2 (1.4)
Modified diet 5 (63%) 3 (37%) 69.0 (12.0) 69.0 @)2. 0.02 (-3.2t0 3.2) 0.99 0.4 (1.6)
Fat mass (%)

Normal oral 5 (56%) 4 (44%) 34.7 (8.1) 33.9 (7.4) 0.8 (-4.2t0 2.8) 0.63 0.3(1.5)
Modified diet 3 (37%) 5 (63%) 30.9 (12.0) 32.1 @2. 1.1(-2.0t0 4.2) 0.43 0.6 (1.5)
Protein mass (%)

Normal oral 4 (44%) 5 (56%) 9.1 (3.1) 9.3 (2.8) GR351t01.8) 0.74 0.1 (0.8)
Modified diet 6 (75%) 2 (25%) 9.2 (4.0) 8.0 (2.5) 1.2 (-3.71t0 1.3) 0.29 0.2 (0.5)
Body Cell Mass (%)

Normal oral 4 (44%) 5 (56%) 36.0 (5.1) 37.6 (9.9) .6 (5.6 t0 8.8) 0.61 01 (1.7)

Modified diet 5 (63%) 3 (37%) 37.0 (5.4) 37.3(56) 0.3(-2.2t02.9) 0.77 0.4 (1.0)

Table 3.11. Sensitivity stratified analyses oestd body composition by normal oral vs. modifiget
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate
with  body with  body kg/day
composition composition (95% CI) kg

loss (%) gain (%)

Muscle Mass (%)

Normal oral 5 (63%) 3 (37%) 30.6 (6.3) 31.7 (8.9) .1 (4.6 10 6.8) 0.66 0.1(1.7)
Modified diet 6 (75%) 2 (25%) 30.8 (6.0) 29.5(5.2) -1.3 (-4.2t0 1.5) 0.31 0.3 (1.0)

Table 3.11. Sensitivity stratified analyses oest#d body composition mean daily changes by ptages of body weight for normal oral diet and

modified diet for patients and whom duration betwadmission and discharge MF-BIA test wad8 hours

Muscle mass (normal oral diet) not normally disitéd (Shapiro-Wilk: p=0.001), Median=32.1%, Inteadue range=26.4 to 33.6 %
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate
with  body with  body kg/day
composition composition (95% CI) kg
loss (%) gain (%)
Fat Free Mass (%)
non-NBM 6 (46%) 7 (54%) 65.2 (9.9) 65.9 (10.0) 0I5 to 3.0) 0.49 0.2 (1.2)
NBM 4 (100%) 0 (0%) 73.1 (8.6) 71.8 (8.3) -1.30-% 6.5) 0.63 1.1 (1.9)
Fat mass (%)
non-NBM 8 (62%) 5 (38%) 34.9 (9.9) 34.0 (10.0) -032t0 1.5) 0.43 0.3(1.3)
NBM 1 (25%) 3 (75%) 26.7 (8.5) 30.0 (9.1) 3.3 (-B®.3) 0.17 1.5 (1.6)
Protein mass (%)
non-NBM 7 (54%) 6 (46%) 9.3 (3.6) 8.9 (2.6) -0.2.2-t0 1.3) 0.61 <0.1 (0.7)
NBM 3 (75%) 1 (25%) 8.6 (3.3) 8.1 (3.3) -0.5 (-2091.9) 0.54 0.4 (1.4)
Body Cell Mass (%)
non-NBM 7 (54%) 6 (46%) 35.4 (5.3) 37.3(8.8) 132 to 7.1) 0.42 0.5 (2.2)
NBM 2 (50%) 2 (50%) 38.8 (3.8) 41.0 (4.4) 2.2 (-106.7) 0.15 0.9 (1.2)

Table 3.12.Sensitivity stratified analyses of selected bodyposition by non-NBM vs. NBM, continued
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Participants Participants Admission (kg)  Discharge (kg) mean difference  p-value  Change rate
with  body with  body kg/day
composition composition (95% ClI) kg
loss (%) gain (%)
Muscle Mass (%)
non-NBM 7 (54%) 6 (46%) 29.7 (6.7) 38.7 (31.4) 810.8 to 28.9) 0.34 3.0 (10.9)
NBM 3 (75%) 1 (25%) 32.1 (2.5) 31.5 (5.0) -0.6 4-%0 4.3) 0.74 0.5(1.4)

Table 3.12. Sensitivity stratified analyses oestdd body composition mean daily changes by ptages of body weight for nil-by-mouth (NBM)

and non-NBM diet for patients and whom duratiomisetn admission and discharge MF-BIA test wa&3 hours

Fat mass discharge (NBM) not normally distributBtddpiro-Wilk: p=0.01), Median=30.6%, Interquartidge=22.0 to 31.4%

Body cell mass discharge (non-NBM) not normallytriteited (Shapiro-Wilk: p=0.01), Median=35.9 %,drquartile range=31.1 to 38.0 %
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Participants  Participants Admission (kg) Discharge (kg) mean difference p-value  Change

with  body with body kg/day
composition composition (95% CI) kg
loss (%) gain (%)
Fat Free Mass (%)
non-TACI 8 (57%) 6 (43%) 66.7 (11.0) 67.1 (10.7) 401910 2.7) 0.72 0.1 (1.6)
TACI 2 (67%) 1 (33%) 68.7 (2.8) 68.3 (2.9) -0.4Q1t0 9.9) 0.87 <0.1 (0.6)
Fat mass (%)
non-TACI 8 (57%) 6 (43%) 33.3(11.0) 32.9 (10.7) 4-02.810 2.0) 0.72 0.1 (1.7)
TACI 1 (33%) 2 (67%) 31.2 (3.0) 33.7 (1.7) 25660 11.7) 0.35 0.1 (0.9)
Protein mass (%)
non-TACI 7 (50%) 7 (50%) 8.6 (3.6) 8.2 (2.8) -0-2.0to 1.2) 0.62 <0.1 (0.8)
TACI 3 (100%) 0 (0%) 11.4 (0.6) 10.7 (1.2) -0.7.0-40 2.6) 0.46 0.1(0.2)
Body Cell Mass (%)
non-TACI 7 (50%) 7 (50%) 36.0 (5.6) 37.4 (8.6) 2B9t0 7.3) 0.45 0.8 (2.1)
TACI 2 (67%) 1 (33%) 38.7 (1.3) 37.5 (2.8) -1.1Q-1to 8.4) 0.66 0.1 (0.5)

Table 3.13.Sensitivity stratified analyses of selected bodypositionby type of stroke, continued
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Participants  Participants Admission (kg) Discharge (kg) mean difference p-value  Change

with  body with body kg/day
composition composition (95% CI) kg
loss (%) gain (%)
Muscle Mass (%)
non-TACI 7 (54%) 6 (46%) 29.9 (6.3) 30.0 (7.8) (03.3t0 3.6) 0.93 0.1(1.3)
TACI 2 (67%) 1 (33%) 34.1(1.2) 32.9 (2.6) -1.2.8%0 7.5) 0.62 0.1(0.4)

Table 3.13. Stratified analyses of selected mmgposition mean daily changes by percentagesaf weight for patients with TACI vs. non-TACI

stroke sub classification and whom duration betwasimission and discharge MF-BIA test w&s8 hours.
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Participants with Participants with Admission Discharge mean difference p-value Change rate kg/day

body body (kg) (kg)

composition loss composition (95% CI) kg

(%) gain (%)
Fat Free Mass (%)
NIHSS score <10 5 (50%) 5 (50%) 64.7 (10.9) 65010l 0.4 (-2.8 to 3.6) 0.79 0.1 (1.5)
NIHSS score>10 3 (75%) 1 (25%) 66.8 (6.6) 66.1 (6.9) -0.7 (®8.7) 0.78 0.7 (2.0)
Fat mass (%)
NIHSS score <10 5 (50%) 5 (50%) 35.4 (10.8) 34B3L -0.6 (-4.0t0 2.7) 0.69 0.2 (1.6)
NIHSS score>10 2 (50%) 2 (50%) 33.0 (6.7) 35.7 (5.8) 2.7 (18.8.9) 0.26 1.0 (1.9)
Protein mass (%)
NIHSS score <10 5 (50%) 5 (50%) 7.7 (3.2) 8.2(3.3) 0.5(-0.7t0 1.7) 0.38 0.3 (0.6)
NIHSS score=10 3 (75%) 1 (25%) 10.2 (1.1) 9.8 (1.9) 0.4 (B@.1) 0.61 0.3 (0.7)
Body Cell Mass (%)
NIHSS score <10 5 (50%) 5 (50%) 34.9 (5.6) 36.3)(7. 1.3(-3.3t05.9) 0.53 0.6 (2.1)
NIHSS score=10 1 (25%) 3 (75%) 36.4 (3.3) 439 (11.7) 7.5 @41th.18.2) 0.22 1.8 (1.7)

Table 3.14 Sensitivity stratified analyses of selected bodyposition by stroke severity, continued
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Participants with Participants with Admission (kg) Discharge  mean difference p-value Change rate
body composition body (ka) kg/day
loss (%) composition gain (95% ClI) kg
(%)
Muscle Mass (%)
NIHSS score <10 6 (67%) 3 (33%) 29.1 (6.3) 28.0)(6. 0.4 (-2.0t01.2) 0.61 <0.1 (0.6)
NIHSS score>10 2 (50%) 2 (50%) 30.4 (4.0) 33.8 (11.5) 3.4 (41tb.18.2) 0.52 0.2 (2.2)
Table 3.14. Stratified analyses of selected baagposition mean daily changes by percentages of Wedght for patients with National Institute of

Health Stroke Severity Score (NIHSS) of NIHSS<$0NIHS$10 and whom duration between admission and disehdfe
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Mean

difference 95% CI p-value

Fat Free Mass (%)

Men vs. Women -0.8 -5.210 3.6 0.71
Normal Oral Diet vs. Modified diet 0.5 -4.0 tor4. 0.80
non-nil by mouth vs. NBM 2.1 -2.8t06.9 0.38
non-TACI vs. TACI 0.8 -4.710 6.3 0.75
NIHSS<10 vs. NIHSS10 11 -4.7 10 6.9 0.69
Fat Mass (%)

Men vs. Women 1.6 -3.0t06.2 0.46
Normal Oral Diet vs. Modified diet -1.9 -2.5 td26. 0.37
non-nil by mouth vs. NBM -4.2 -0.5t0 8.9 0.08
non-TACI vs. TACI -3.0 -2.6 10 8.6 0.28
NIHSS<10 vs. NIHS&10 -3.3 -24109.1 0.23
Protein Mass (%)

Men vs. Women -0.8 -3.710 2.0 0.55
Normal Oral Diet vs. Modified diet 15 -1.2 tdl4. 0.26
non-nil by mouth vs. NBM 0.1 -3.2t03.3 0.96
non-TACI vs. TACI 0.3 -3.3t0 3.9 0.85
N NIHSS<10 vs. NIHSS10 0.9 -1.1t0 3.0 0.36
Muscle Mass (%)

Men vs. Women 1.3 -5.0to 7.7 0.67
Normal Oral Diet vs. Modified diet 2.4 -3.3t08.2 0.38
non-nil by mouth vs. NBM 0.6 -6.2t07.4 0.86
non-TACI vs. TACI 1.3 -6.2't0 8.9 0.71
NIHSS<10 vs. NIHSS10 -3.8 -10.6to 3.1 0.48

Table 3.15.Sensitivity analysis mean difference, continued
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Mean

difference 95% ClI p-value
Body Cell Mass (%)
Men vs. Women -0.2 -7.8107.3 0.95
Normal Oral Diet vs. Modified diet 3.2 -4.6 t0.01 0.40
non-nil by mouth vs. NBM -1.6 -9.6t06.1 0.67
non-TACI vs. TACI 2.6 -6.2t011.4 0.54
NIHSS<10 vs. NIHS&10 -8.2 -15.8t0 3.4 0.20

Table 3.15. Presents the mean difference and3bétr Confidence intervals between
selected body composition changes (as percentédgesip weight) for men vs.
women, normal oral vs. modified diet, non-NBM v88M, non-TACI vs. TACI

stroke classification, and NIHSS <10 vs. NIH&8 scores groups, and whom

duration between admission and discharge MF-BlAwes>48 hours
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3.4.5 Objective outcomes

Of the 40 participants 29 were discharged to haaeen discharged to rehabilitation,
two died during acute stay, and two transferredrother hospital (at city of usual
residence).

Statistically significant changes between admissiod discharge were observed for
patients with fat free mass loses discharged toehdmt no statistically significant
changes in fat free mass loss occurred among pdimeharged to rehabilitation or died
(n=2) during hospital stay (referred to as poorcouates). Table 3.16 presents mean fat
free mass, protein mass, muscle mass, and bodynesh losses and fat mass gains on

admission and discharge and their mean change &eta@mission and discharge per

group.

As opposed to patients discharged to home, musassnioss was statistically

significant among patients with poor outcomes. l&&17 shows average differences
in fat free mass, protein mass, muscle mass, adg bell mass losses and fat mass
gains between participants discharged to home lamgktdischarge to rehabilitation or

dead at discharge.

The result of the linear regression analysis examgithe relationship between fat free
mass, protein mass, muscle mass, and body celllosses and fat mass gain impact on
length of hospital stay found no statistically sigant relationships. Table 3.18

presents the results of the linear regression aisafpr the impact of fat free mass,
protein mass, muscle mass, and body cell masssl@sgk fat mass gains on length of
hospital stay.
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Sensitivity analysis by discharge destination aéecluding all participant where the
duration between admission and discharge MF-BlAwes <48 hour stratified analysis
for body composition change on admission and digghdor patients discharged to
home and those discharged to rehabilitation or aledng acute hospital stay are

presented in Table 3.19. There were no statistisggnificant differences.
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Participants with Participants

body with body average change Change rate
composition composition  Admission
loss (%) gain (%) (k) Discharge (kg) (95% CI) kg p-value kg/day
Fat Free Mass (kg)
Discharge to Home 17 (58.6%) 12 (41.4%) 53.6 (9.8) 52.9 (9.4) 0.7 (-1.4t00.0)  0.05 0.3 (0.7)
Discharge to Rehabilitation or death 2 (22.2%) 7.8%) 46.2 (7.0) 45.1 (6.6) -1.1 (-2.51t00.2) 0.1 0.3 (0.5)
Fat mass (kg)
Discharge to Home 12 (41.4%) 17 (58.6%) 25.9(9.1) 26.3(9.4) 0.4 (-0.3t01.1) 0.2 0.2 (0.8)
Discharge to Rehabilitation or death 3 (33.3%) @ {%0) 26.9 (13.3) 27.8 (13.1) 0.8 (-0.8t0 2.4) 0.3 0.3(0.5)
Protein mass (kg)
Discharge to Home 19 (65.5%) 9 (35.5%) 8.1 (2.6) 8 (2.8) -0.4 (-0.9t0 0.2) 0.2 0.2 (0.6)
Discharge to Rehabilitation or death 7 (77.8%) 22%) 5.4 (2.5) 4.8 (2.2) -0.6 (-1.1t0 0.1) 0.08 2M.2)
Body Cell Mass (kg)
Discharge to Home 17 (58.6%) 12 (41.4%) 30.1(8.1) 28.5(6.5) -1.8(-45t01.2) 0.3 1.4 (6.4)
Discharge to Rehabilitation or death 6 (66.7%) 23%) 25.1 (4.2) 24.8 (4.9) -0.3(-1.7t0 1.2) 0.7 0.1 (0.5)

Table 3.16. Selected body composition changesdmhdrge destination, continued

176



Participants with Participants

body with  body o average change Change rate

composition composition  Admission

loss (%) gain (%) (k) Discharge (kg) (95% CI) kg p-value kg/day
Muscle Mass (kg)
Discharge to Home 16 (55.2%) 12 (44.8%) 24.2 (5.7) 23.9 (6.6) -0.3(-1.5t00.8) 0.6 0.3(1.0)
Discharge to Rehabilitation or death 7 (77.8%) 223%) 19.8 (4.4) 18.7 (4.4) -1.0 (-2.1t0 0.0) 0.05 0.3(0.4)

Table 3.16. Presents difference in body compmsithanges between admission and discharge fenpaty the outcome categories of discharged to

home and patients discharge to rehabilitation aewiead on discharge. *n=38 two patients were ebecldor this outcome as they were transferred to

another hospital (at area of residence) makingtipossible to carry out a discharge MF-BIA measwet. n=37 for MM and PM measurements as

equipment failed to record MM and PM at discha@eohe patient discharged to home.

Body cell mass admission (home discharge) not nibyrdstributed (Shapiro-Wilk: p<0.0001), MedianZ.9 g, Interquartile range=24.7 to 33.3 g

Body cell mass (home discharge) not normally disted (Shapiro-Wilk: p=0.02), Median=27.0 g, Intgadile range=23.9to 31.2 g
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mean difference 95% Confidence Intervals p-value

Fat Free Mass (kQg) 0.4 -1.0t0 1.8 0.6
Fat Mass (kg) -0.4 -19tol1.1 0.6
Protein Mass (kg) 0.2 -09to 1.2 0.7
Muscle Mass (kg) 0.7 -1.4t02.8 0.5
Body Cell Mass (kg) -1.4 -6.51t0 3.8 0.6

Table 3.17. Mean differences in fat free masstgin mass, muscle mass, and body cell mass lassefsit mass gains between participants
discharged to home and those discharge to refalahtor dead at discharge.
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Length of Hospital Stay

OR 95% Confidence Interval p-value
Fat Free Mass loss (kg) -0.36 -19.3t07.9 0.87
Fat Mass Gain (kg) -0.27 -0.37 t0 0.081 0.17
Protein mass loss (kg) 0.34 -0.26 to 0.37 0.74
Muscle mass loss (kg) 0.076 -0.11t0 0.15 0.72
Body Cell Mass loss (kg) 0.024 -0.033 t0 0.0.65 510.

Table 3.18. Linear regression analysis resultshie impact of fat free mass, protein mass, muselss, and body cell mass losses and fat mass gains
on length of hospital stay.
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Participants with Participants Change
body with body mean difference rate
composition composition  Admission -
loss (%) gain (%) (kg) Discharge (kg) (95% CI) kg value kg/day
Fat Free Mass (%)
Discharge to Home 5 (63%) 3 (37%) 68.2 (5.4) 64.8)( 0.4(-26t01.9) 072 0.4(2.7)
Discharge to Rehabilitation or death 3 (60%) 2 (30% 64.3 (12.8) 63.6 (12.1) -0.7(-4.1t02.6) 0.61 .6@.5
Fat mass (%)
Discharge to Home 3 (37%) 5 (63%) 31.9 (5.4) 32.7)( 0.3(-2.0to0 2.4) 0.81 0.2 (2.6)
Discharge to Rehabilitation or death 3 (43%) 4 (57% 35.6 (12.8) 37.5(11.6) 1.9(-1.2t05.0) 0.18 9@.4)
Protein mass (%)
Discharge to Home 4 (50%) 4 (50%) 10.4 (1.4) 10.3)( -0.1(-1.6to1.4) 0.87 0.1 (1.8)
Discharge to Rehabilitation or death 4 (57%) 3 (33% 7.0(3.2) 6.7 (3.0) -0.3(-1.31t00.7) 0.48 D5)
Body Cell Mass (%)
Discharge to Home 5 (63%) 3 (37%) 37.1(3.4) 38.8)( 1.6 (-5.6 10 6.8) 0.62 1.6 (8.6)
Discharge to Rehabilitation or death 2 (29%) 5(01% 34.5 (6.6) 35.7 (7.3) -1.2(-0.7t03.1) 0.17 a®)

Table 3.19.Sensitivity stratified analyses of selected bodyposition changes by discharge destination
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Participants with Participants Change

body with  body o mean difference rate

composition composition  Admission -

loss (%) gain (%) (kg) Discharge (kg) (95% CI) kg value kg/day
Muscle Mass (%)
Discharge to Home 5 (63%) 3 (37%) 32.2(3.8) 33.3)( 1.1 (-5.6 t0 8.8) 0.66 1.1 (6.8)
Discharge to Rehabilitation or death 3 (43%) 4 (57% 27.4 (6.1) 27.0 (6.6) -0.4(-24t01.7) 0.68 (1K3)]

Table 3.19. Sensitivity stratified analyses oestdd body composition mean daily changes by ptages of body weight for patients discharge to

home vs. discharge to rehabilitation or dead andmvburation between admission and discharge MF{Bs&was=48

Muscle mass discharge (home) not normally disted{Shapiro-Wilk: p=0.02), Median=32.16%, Interdikarange=30.2 to 33.6%
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3.4.6 Subjective outcomes

Eighteen study participants responded to followgupstionnaire of which 10 were men
and eight were women. Mean age was 69.1+9.7 \(eamnge = 50-89 years). Their
average length of hospital stay was 3.4 day (rdnfedays), and average NIHSS score
was 5.9 (range 1-21). Six of the participant hadunar Infarct (LACI), one participant
Partial Anterior Circulation Infarct (PACI), sevdmd Posterior Circulation Infarct
(POCI), and four total anterior Circulation Infar(TACI). One participant was
prescribed nil-by-mouth (NBM) during acute stay, ddimal oral feeding, and one on
pureed diet. On discharge 14 were discharged teehthree to rehabilitation, and one
initially transferred to another hospital. Thevas statistically significant difference
between discharge weight of those who respondedbamd to those who did not
respond (non-respondents) with non-respondents hivdaging less than those who
responded. Table 3.20 shows characteristics adethwho responded to follow up
questionnaire and those who did not. There werstatistically significant differences
except the discharge weight; those who did notaedhas significantly lower weight

at the time of discharge compared to those whporeded.

There were no statistically significant differendegween those with fat free mass loss
and gain in the SF36v2 scores. Similar observatias made with respect to fat mass
gain and loss. No statistically significant diffece was observed in the SF-36v2
individual component scores for patients with piroteass loss or gain. Body cell mass
and muscles mass scores were similar with no ttally significant differences

between each individual component scores. Taldg 8-e present the SF36v2 items
scores for patients with fat free mass, fat masstepn mass, muscle mass, and body

cell mass loos and gain with the average differetetween groups and p-values.
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Respondents Non-respondent p-value

Number

Females (%)

Mean age (std) years

Age Range (years)

Weight (kg)

Height (m)

Body Mass Index (kg/fix

Triceps Skin Fold thickness (mm)
Mid Arm Circumference (cm)
Handgrip Strength (kg)

Average length of Hospital say (range) 3.4 (1-8)

days
Premorbid Rankin Score (n=38)
0 =No symptoms
1 =No significant disability
2 = Slight disability.
3 = Moderate disability.
4 = Moderately severe disability
5 =Severe disability
Total Anterior Circulation Infarct
Left Side
Right Side
Partial Anterior Circulation Infarct
Left Side
Right Side
Lacunar Infarct
Left Side
Right Side
Posterior Circulation Infarct
Left Side
Right Side
NIHSS Score (n=35) categories
1 to 9 (mild stroke)
10 to 20 (moderate stroke)
>20 (severe stroke)
Type of Feeding Regeimen
Normal Oral
Soft/mashed
Pureed
Nil-by-Mouth (NBM)

18 (45%) 22 (55%)
8 (44%)
69.1(9.7)  71.3(10.1) 0.64
50-89 56-89
82.6 (13.2) 70.6(13.3) 0.02
1.7 (0.1) 1.7 (0.1) 0.40
27.9(4.9)  25.4 (4.5) 0.11
10.7 (3.3)  11.8)4 0.34
30.1(3.5)  27.6 (4.8) 09
23.8(9.1)  18.5(13.4) 80.1
4.6 (1-24) 0.33
0.21
11 9
6 8
0 2
0 1
0 0
0 0
4 2
2 2
2 0
4 4
3 1
1 3
6 11
5 5
1 6
7 5
3 2
4 3
0.37
14 16
1 2
1 0
16 13
0 4
1 1
1 4

Table 3.20 presents the characteristics of ppéids who responded to follow up

questionnaire and those who did not respond.



Participants ~ with Participant  with

FFM Loss (n=6) FFM Gain Mean difference (95% CI) p-value
mean score (n=10)mean score
Fat Free Mass
Physical Functioning 39 (23.4 to 55.4) 38.7 (28.57.0) 0.25(-13.2t013.8) 0.97
Role Physical 38.5(17.7t0 56.9) 36.9 (22.6 td}7 1.63 (-12.5to 15.7) 0.81
Bodily Pain 44.7 (29.21062.1)  55.2 (37.2 t0 62.1)0.6 (-2.1 to 23.2) 0.09
General Health 45.8 (33.9t060.1)  45.0 (37.2td)62 0.80 (-7.51t0 9.2) 0.84
Vitality 44.6 (20.9t058.3) 42.2 (30.2t0 52.1) 4Q(-9.6 to 14.4) 0.68
Social Functioning 44.3 (18.7t056.9) 37.7 (18.36.9) 6.5(-9.41t0 22.5) 0.39
Role Emotional 37.3(9.2t055.9)  44.2 (32.5 t0%5. 8.3 (-11.0 to 24.9) 0.42
Mental Health 48.4 (19.0t058.5) 43 (21.9 to 58.5) 5.4 (-9.6 t0 20.4) 0.45

Table 3.21a. Short Form Survey (SF36v2) mean sdoreatients experiencing fat free mass (FFM3g sd gain respectively and the mean

difference between both groups of patients whoaeded to follow up at 6 month post hospital disgear
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Participants  with Participants with

FM Loss (n=7) FM Gain Mean difference (95% CI) p-value
mean score (n=9)mean score
Fat Mass
Physical Functioning 36.5(23.4t057.0) 40.7 (28.85.4) 4.2 (-8.8t0 17.1) 0.50
Role Physical 34.1 (17.7 to 47.1)22:8) (177 1044 (-6.5 to 19.9) 0.29
Bodily Pain 55 (37.2t0 62.1)  43.7 (29.2 to 62.1)5 60.52 to 23.2) 0.06
General Health 45.4 (38.6t055.3) 45.6 (33.9td)600.11 (-8.1 to 8.3) 0.98
Vitality 43.2 (30.2t052.1) 44.1 (20.9 to 58.3) 01-10.9 to 12.7) 0.87
Social Functioning 36.6 (13.2t056.9) 45.9 (18.56.9) 9.3 (-5.7t0 24.4) 0.20
Role Emotional 39.2 (9.2 to 55.9) 40.8 (9.2 t0 $5.91.6 (-16.5to 19.7) 0.85
Mental Health 44 (21.9 to 58.5) 48.2 (19.0 to 58.8)2 (-10.5t0 19.0) 0.55

Table 3.21b. Short Form Survey (SF36v2) mean sdorepatients experiencing fat mass (FM) loss@aid respectively and the mean difference
between both groups of patients who respondeditmrfaip at 6 month post hospital discharge.
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Participants  with Participants with

PM Loss (n=5) PM Gain Mean difference (95% CI) p-value
mean score (n=11)mean score
Protein Mass
Physical Functioning 39.7 (23.4t057.0) 37(2848.1) 2.7(-11.41t016.7) 0.69
Role Physical 40.8 (17.7t056.9)  31.4 (17.7 t®56.9.4 (-4.3 to 23.1) 0.16
Bodily Pain 49.9 (29.2t062.1) 45.7 (37.21t0 53.94)2 (-6.5 t0 14.9) 0.54
General Health 44.7 (33.9t0 60.10 47.2 (38.6 t8H52.5 (-11.1t0 6.1) 0.55
Vitality 44.7 (20.9t058.3) 41.5 (27.1t0 49.0) 28-9.3 t0 18.7) 0.54
Social Functioning 455 (18.7t056.9) 33.9(18.2%.9) 11.5(-4.31t027.3) 0.14
Role Emotional 41.9 (9.2t055.9)  36.4 (9.2 to $5.95.4 (-13.4 to 24.3) 0.54
Mental Health 45.7 (19.0t0 58.5)  47.7 (30.3 t6%$8.2.0 (-18.0 to 13.9) 0.79

Table 3.21c. Short Form Survey (SF36v2) mean sdorepatients experiencing protein mass (PM) &ox$ gain respectively and the mean difference
between both groups of patients who respondeditorfaip at 6 month post hospital discharge.
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Participants with  Participants  with

BCM Gain )
BCM Loss Mean difference (95% CI) p-value

(n=10)mean score
(n=6) mean score

Body Cell Mass

Physical Functioning 39.2(23.4t057.0) 38.3428.52.8) 0.95 (-12.6 to 14.4) 0.88
Role Physical 38 (17.7 to 56.9) 37.7 (17.7 t0 56.0)33 (-13.8 to 14.4) 0.96
Bodily Pain 47.9 (29.21062.1) 49.8 (29.2 to 62.1)9 (-11.9 to 15.7) 0.78
General Health 43.4(33.9t060.1) 50 (38.6 t0)55.35.5 (-2.2 to 13.3) 0.15
Vitality 43 (20.9 to 58.3) 44.8 (33.4t052.1) 1-80.3 to 13.8) 0.76
Social Functioning 45.4 (18.7t056.9) 36 (13.314) 9.5(-6.0t0 24.9) 0.21
Role Emotional 39.9 (9.2t0 55.9) 40.3 (9.2 t0 $5.90.43 (-18.0 to 18.8) 0.96
Mental Health 43.3(19.0t058.5) 51.4 (35.9 tb%8.8.1 (-4.6 to 20.8) 0.19

Table 3.21d. Short Form Survey (SF36v2) mean sdoregpatients experiencing body cell mass (BCM§gland gain respectively and the mean

difference between both groups of patients whoaeded to follow up at 6 month post hospital disgear
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Participants with Participants  with
MM Gain _
MM Loss Mean difference (95% CI) p-value

(n=10)mean score
(n=6) mean score

Muscle Mass

Physical Functioning 39.2 (23.4t057.0) 38.3428.52.8) 0.95 (-12.6 to 14.4) 0.88
Role Physical 38 (17.7 t0 56.9) 37.7 (17.7 10 56.90.33 (-13.8 to 14.4) 0.96
Bodily Pain 47.9 (29.2 t0 62.1) 49.8 (29.2 10 62.1)1.9 (-11.9to 15.7) 0.78
General Health 43.4 (33.9 t0 60.1) 50 (38.6 t0)55.3 5.5 (-2.2 to 13.3) 0.15
Vitality 43 (20.9 to 58.3) 44.8 (33.41052.1)  1-80.3 to 13.8) 0.76
Social Functioning 45.4 (18.7 t0 56.9) 36 (13.314) 9.5 (-6.0t0 24.9) 0.21
Role Emotional 39.9 (9.2 to 55.9) 40.3 (9.2 t0 $5.9 0.43 (-18.0 to 18.8) 0.96
Mental Health 43.3 (19.0 to 58.5) 51.4 (35.9 t658. 8.1 (-4.6 to 20.8) 0.19

Table 3.21e. Short Form Survey (SF36v2) mean sdorepatients experiencing muscle mass (MM) logsgain respectively and the mean

difference between both groups of patients whoaeded to follow up at 6 month post hospital disgear
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No statistically significant mean differences ircle@f the stroke impact scale domain
scores were observed between participants withidatmass, fat mass, protein mass,
muscle mass, and body cell mass losses and gaén®amths post discharge. Table
3.21a-e present the stroke impact scale items séor@articipants with fat free mass,
fat mass, protein mass, muscle mass, and bodgnesh losses and gains who provide a

response at 6 months post discharge.
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Participants

with Participants with
FFM loss mean score

Average scores FFM gain mean Mean difference (95% CI) p-value
score
Fat Free Mass
Strength SIS* 83.3 (56.3 to 100) 68.8 (31.3t0)100 14.6 (-24.2 to 53.4) 0.38
Memory SIS** 80 (42.9 to 100) 74.5(39.3t0100) 55.16.9 to 28.0) 0.61
Emotion SIS 66.7 (22.2 t0 94.4) 64.2 (44.4 10 83.3) 2.4 (-20.7 to 25.5) 0.83
Communication SIS*** 89 (57.1 to 100) 90.3 (67.91100) 1.4 (-16.3 to 13.6) 0.85
Activities of Daily livingf 80.3 (50 to 100) 85.0 (52.5 to 100) 4.7 (-15.2407) 0.62
Mobility SIS* 79.3 (36.1 to 100) 85.7 (66.7 to 100) 6.4 (-14.27.2) 0.53
Hand Function SIS** 82.5 (65.6 to 100) 72.1 (0.6060) 10.4 (-26.2 to 46.9) 0.53
Social Participation SIS 91.1 (65.6 to 100) 90.6 (81.3t057.0) 0.5 (-29.28.1) 0.97

Table 3.22a. Stroke Impact Scale Score (SIS) rmeares for patients experiencing fat free mass (HBb& and gain respectively and the mean diffexenc

between both groups of patients who respondeditorfaip at 6 month post hospital discharge.

*Loss N=9, Gain n=5; ** Loss n=10, Gain=7;*** Loss=11, Gain n=7> Gain n=8, Loss n=7:Loss n=11, Loss n=8:Gain n=6, Loss n=2.
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Average scores

Participants with FMParticipants with Mean difference (95% CI)

loss mean score )
FM gain mean

sScore

p-value

Fat Mass

Strength SIS*

Memory SIS**

Emotion SIS
Communication SIS***
Activities of Daily living®
Mobility SIS

Hand Function SIS**

Social Participation SIS

68.8 (31.3t0100)  85.2(56.3t0)100 16.4 (-10.1 to 42.9)
71.9(39.3t0100) 83 (42.9 to 100) 11-10.4 to 32.6)
66.3 (44.41083.3)  65.1(22.2 10 94.4) 1.2 (-24.0 to 21.6)
86.2 (57.1t0 100)  92.1 (6@7.00) 6.0 (-8.3 to 20.3)
81.3 (52.5t0100)  83.9 (50 to 100) 2.7 (-17.228)
78.6 (36.1t0100)  83.6(52.8t0100) 5.0 (-15.25.4)
72.5(0.00t0 100)  83.3 (40L6D) 10.8 (-18.7 t0 40.4)
88.5 (81.3 to 100) 925 (65.6 t0 100) 4.0 (-20.28.3)

0.20
0.29
0.91
0.39
0.78
0.61
0.45
0.70

Table 3.22b. Stroke Impact Scale Score (SIS) rseares for patients experiencing fat mass (FM) déoekgain respectively and the mean difference

between both groups of patients who respondedltmrfaip at 6 month post hospital discharge

*Loss N=6 Gain n=8: ** Loss n=8, Gain=9:*** Loss 8=Gain=10% Gain n=8, Loss n=7:Loss n=7, Loss n=10:Gain n=3, Loss n=5
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Participant with PM Participant with PM gain

Average scores Mean difference (95% CI) p-value
loss mean score mean score

Protein Mass

Strength SIS* 80 (31.3 to 100) 73.5 (37.5to 100) 6.6 (-24.3 to 37.4) 0.65
Memory SIS** 83.1 (39.3 to 100) 67.9 (53.6 to 89.3) 10.2 (-6.5 to 37.0) 0.16
Emotion SIS 66.7 (27.8 to 94.4) 63.9 (22.2 to 88.9) 2.8 (-21.0 to 26.6) 0.81
Communication SIS*** 93.8 (60.7 to 100) 81 (57.111a0) 12.8 (-1.1to 26.7) 0.07
Activities of Daily living® 83.4 (50.0 to 100) 80 (55.0 to 100) 3.4 (-19.26dl) 0.75
Mobility SIS* 85.7 (52.8 to 100) 71.7 (36.1t0 97.2) 14.0 (16.84.8) 0.17
Hand Function SIS 79.6 (0.00 to 100) 75 (35.0 to 100) 4.6 (-28.31b) 0.77
Social Participation SIS 91.1 (65.6 to 100) 90.6 (84.4 t0 96.9) 0.5 (-28.28.1) 0.97

Table 3.22c. Stroke Impact Scale Score (SIS) rseares for patients experiencing protein mass (B4 and gain respectively and the mean difference

between both groups of patients who respondedltmrfaip at 6 month post hospital discharge

*Loss n=10 Gain n=4: ** Loss n=11, Gain n=6:*** Les=12, Gain=6 Gain n=11, Loss n=4:Loss n=12, Loss n=%:Gain n=6, Loss n=2
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Participant with Participant with
Average scores BCM loss mean BCM gain mean Mean difference (95% CI) p-value
score score

Body Cell Mass

Strength SIS* 78.9 (37.5 to 100) 77.1 (31.3t0)100 1.8 (-26.6 30.2) 0.89
Memory SIS** 77.1(39.3 to 100) 78.6 (53.6t0 100) 1.4 (-21.2to0 24.1) 0.90
Emotion SIS 60.3 (22.2t094.4)  73.4(52.81t088.9) 13.1 (-8.8 t0 35.1) 0.22
Communication SIS*** 92.5 (60.7 to 100) 84.7 (571100) 7.8 (-6.510 22.2) 0.26
Activities of Daily living® 83.8 (50.0 to 100) 81.1 (52.5 to 100) 2.7 (-10.22.8) 0.78
Mobility SIS" 82.1 (52.8 to 100) 80.6 (36.1 to 100) 1.5 (-19.82.7) 0.88
Hand Function SIS 78.5 (35.0 to 65.6) 77.9 (0.00 to 100) 0.64 (-26.91.2) 0.97
Social Participation SIS 86.7 (65.6 to 100) 95.3 (84.4 to 100) 8.6 (-18.30.9) 0.38

Table 3.22d. Stroke Impact Scale Score (SIS) rseares for patients experiencing body cell masaBIOss and gain respectively and the mean

difference between both groups of patients whoaeded to follow up at 6 month post hospital disgear

*Loss n=8 Gain n=6; ** Loss n=10, Gain n=7;*** Loss11, Gainz?f Gain n=8, Loss n:f; Loss n=11, Loss n=6:Gain n=4, Loss n=4
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Participant with Participant with
Average scores muscle mass lossmuscle mass ainMean difference (95% CI) p-value
mean score mean score

Muscle Mass

Strength SIS* 78.9 (37.5 to 100) 77.1 (31.3t0)100 1.8 (-26.6 30.2) 0.89
Memory SIS** 77.1(39.3 to 100) 78.6 (53.6t0 100) 1.4 (-21.2to0 24.1) 0.90
Emotion SIS 60.3 (22.2t094.4)  73.4(52.81t088.9) 13.1 (-8.8 t0 35.1) 0.22
Communication SIS*** 92.5 (60.7 to 100) 84.7 (571100) 7.8 (-6.510 22.2) 0.26
Activities of Daily living® 83.8 (50.0 to 100) 81.1 (52.5 to 100) 2.7 (-10.22.8) 0.78
Mobility SIS" 82.1 (52.8 to 100) 80.6 (36.1 to 100) 1.5 (-19.82.7) 0.88
Hand Function SIS 78.5 (35.0 to 65.6) 77.9 (0.00 to 100) 0.64 (-26.91.2) 0.97
Social Participation SIS 86.7 (65.6 to 100) 95.3 (84.4 to 100) 8.6 (-18.30.9) 0.38

Table 3.22e. Stroke Impact Scale Score (SIS) meares for patients experiencing muscle mass (Mi8H &nd gain respectively and the mean difference

between both groups of patients who respondeditmrfaip at 6 month post hospital discharge.

*Loss n=8 Gain n=6: ** Loss n=10, Gain=7:;*** Loss-h1, Gain=7% Gain n=8, Loss n=7:Loss n=11, Loss n=86:Gain n=4, Loss n=4
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In patients with fat free mass loss SIS overablstrrecovery scores did not show any
statistical significance differences compared twséhwith fat free mass gain. Patients
with fat free mass loss however scored higher irs@lires than patients with fat free
mass gain. This was opposite to the findingslierRCS. MCS scores were higher in

patients with fat free mass loss.

SIS overall stroke recovery and Bl scores were towepatients with fat mass loss
compared to fat mass gain with statistical sigaifice (p=0.05). The PCS were not
coherent with SIS overall stroke recovery and Bires. However, no statistically

significant difference was observed between thegraips.

The mean difference in the overall SIS stroke recpvor participants with protein
mass loss and protein mass gain was statisticagigificant (p=0.02). A mean
difference of 0.22 (-33.7 to 33.2) was observecwitose having protein mass gains
mean score being higher than participants withgmomass loss. The Barthel Index
scores were higher in patients with protein mass lmompared to those with protein
mass gain with the PCS following the same trenteréstingly patients with muscle
mass loss and body cell mass loss scored hightreir5IS overall patients reported
stroke recovery and Bl compared with patients veitldly cell mass and muscle mass
gains (difference muscle mass p=0.05 and differdiomty cell mass p=0.01). The
PCS and MCS scores were marginally different shgwin statistically significant

differences between the two groups.

Table 3.22 shows the differences in the mean sadrBarthel Index Score (BI), Stroke

Impact Scale (SIS) overall stroke recovery, the@B3hysical Component Summary
(SF36v2 PCS), and the SF36v2 Mental Component Suyn{8&36v2 MCS) scores for

patients who responded to the six month follow upsgionnaire evaluation.
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Participant with Body Participant with Body
Average scores Composition loss Composition Gain Mean difference (95% CI) p-value

Fat Free Mass

SIS overall 83.3 (30 to 100) 82.0 (4 to 100) 61%.4 to 29.1) 0.52
Bl scores 89.7 (60 to 100) 76.4 (50 to 95) 7.7.626 41.1) 0.61
SF36v2 PCS 41.0 (28.7 to 58.1) 43.5(33.41t059.1) 2.5(-13.2t0 8.2) 0.62
SF36v2 MCS 46.1 (14.0 to 68.3) 42.7 (31.7t0 54.9) 3.4 (-11.6to 18.4) 0.64
Fat Mass

SIS overall 70.6 (30 to 95) 90 (70 to 100) 100411 to 38.9) 0.05
Bl scores 79.3 (4 to 100) 94.67 (25 to 75) 15156 to 46.4) 0.30
SF36v2 PCS 42.5 (33.4 10 59.1) 41.6 (28.71t0)58.1 0.9 (-11.4t0 9.7) 0.86
SF36v2 MCS 41.8 (31.7 to 54.9) 47.2 (14.0t0 68.3) 6.7 (-19.8t09.1) 0.44

Protein Mass

SIS overall 85.8 (4 to 100) 86.0 (60 to 100) Q-&3.7 to 33.2) 0.02
Bl scores 87.7 (50 to 100) 64.0 (30 to 90) 23.70(t2 50.4) 0.90
SF36v2 PCS 43.4 (28.7 t0 59.1) 38.9 (33.4 10 49.2) 4.5 (-6.5 to 15.5) 0.40
SF36v2 MCS 45.9 (14.0 to 68.3) 42.4 (36.4t051.1) 3.5 (-8.7 to 15.6) 0.64

Table 3.23. Follow questionnaire responses meamresatratified by body composition changes, cometih
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Participant with Body Participant with Body

Average scores Composition loss Composition Gain Mean difference (95% CI) p-value
Muscle Mass

SIS overall 89.5 (70 to 100) 65 (30 to 90) 24.5 (0 48.3) 0.05
Bl scores 94.8 (75 to 100) 74 (4 to 100) 20.8 018.60.4) 0.24
SF36v2 PCS 42 (28.7 t0 59.1) 41.9 (33.8t054.7) 15(10.7 to 10.9) 0.98
SF36v2 MCS 44.3 (14.0 to 68.3) 45.7 (31.7 t0 56.0) 1.5 (-16.5 to 13.7) 0.84
Body Cell Mass

SIS overall 89.5 (70 to 100) 65 (30 to 90) 24.5 (0 48.3) 0.01
Bl scores 94.8 (75 to 100) 74 (4 to 100) 20.8 018.60.4) 0.24
SF36v2 PCS 42 (28.7 t0 59.1) 41.9 (33.8t054.7) 150:10.7 to 10.9) 0.98
SF36v2 MCS 44.3 (14.0 to 68.3) 45.7 (31.7t056.0) 1.5 (-16.5 to 13.7) 0.84

Table 3.23. Stroke impact scale (SIS) overall gnacovery, barthel index, and physical compone@S) and mental component (MCS) summary
mean scores for patients experiencing fat free pfiasmass, protein mass, muscle mass, and bobdynast loss and gains respectively and the mean
difference between both groups of patients whoaeded to follow up at 6 month post hospital disgear

SIS: Stroke Impact Scale; Bl: Barthel Index Sc&#€36v2: Short Form Survey 36 version 2
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3.5 Discussion

Although there were observed differences within Aetlveen groups in fat free mass
and body composition changes between normal oealvdi. Modified diets, non-NBM
vs. NBM, non-TACI vs. Non-TACI, and NIHSS 1-9 vsIHS>10, none of these
difference were statistically significant except fouscle mass losses for modified diet,
muscle mass and protein mass losses for TACI. efixtor muscle mass loss for
patients discharged to rehabilitation and fat fre@ss loss for patients discharged to
home that were statistically significant (p=0.05) other statistically significant
differences in body composition changes were olesenbetween participants

discharged to home vs. participants dischargehahiétation or dead during acute stay.

Those who responded had higher weight on discheogepared to non-responders
With respect to responses, the only staticallyiigant scores were reported in the SIS
overall patients reported stroke recovery scorélsey were reflected by higher scores
observed for participants with fat mass gain comgaio those with fat mass loss
(p=0.05), for participants with muscle mass andybocell mass loss compared to those
with muscle mass (p=0.05) and body cell mass (B0dains, and marginally lower
scores participants with protein mass loss compé#oethose with participant with
protein mass gain (p=0.02). No other results vgé&acally significant. Most results in
the subjective outcomes were inconsistent, did acurtelate with the finding that
suggest loss of lean body mass tissue and gaiatahéss can jeopardize functional

status and overall activity level (61, 167, 168).

3.5.1 Other studies findings

To the best of my knowledge this is the first studyich attempted to understand the
changes in body composition in acute stroke setigigg a portable, validated method.
With small sample size, | did not find significamtsults except marginally significant
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protein mass loss (p=0.06) was observed in the aveample and also a significant
muscle mass loss was observed in those who undemaified diet regimen. This is
reflected as significantly higher proportion of pe®o who were discharged to a
rehabilitation setting/died had muscle mass losspared to proportion of people who

had muscle mass gain in this group.

Fat free mass, protein mass, muscle mass lossedaandass gains observed in
modified diet, NBM, TACI, and NIHSS10 groups can be related to the severity of
their condition rendering them bedridden, with aghtened stress response and making
such body composition changes inevitable and thisevation is in line with the
existing evidence. Being inactive and bedridden cantribute to lean tissue mass
losses (163), and the stress response evidenhérgaised serum cortisol level in acute
stroke patients (56) may explain the loss in leadybtissues (166). In addition, the
increased fat mass gain can be related to theitivgabedridden state. Their use of
active tissue such as muscles is very minimal whichy result in fat tissue

accumulation and active tissue loss (164, 165).

Smithard et al. (208) examined the effect of nutmial status markers in patients with
swallowing difficulties and reported a deterioration anthropometric indices and
albumin levelsover a month perio@208). The decline in upper arm anthropometric
and serum albumin levels in the Smithard’s studyaso seen in the body composition
changes observed in our study population consigdhat these measures are used to
assess lean body tissue (209, 210). Davalos etlab reported a similar finding
showing decline in MAC, TSF, and serum albumin lestwv admission and week one

and two of hospitalization (56).

To my knowledge this is first study which asses#& changes in individual body
components examined as a whole perhaps more aelguitedin regional anthropometric
measures. The regional anthropometric measuremeuisre some training. The lack
of reproducibility of TSF due to margin of errortlween measurements makes the
validity of this method questionable (175). MACIility in assessing whole body
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composition of fat free mass is also questionablAC is a localized measure to
evaluate arm muscle area and thus unlikely to sgmtewhole body lean mass tissue
(178). Including serum albumin in assessing protealnutrition is limited by the fact

it is influenced by intake and loss (e.g. proteiau¢80, 81).

3.5.2 Study Limitations

The main limitation of my study is the relativelyall sample size. This in combination
with requirement to analyse the data by feedingmieg or categorisation by other
characteristics such as stroke severity made tmplsaeven smaller to make any firm
conclusions. Nevertheless, | have shown that patienth stroke on modified diet,
NBM feeding regimen, and patients with TACI had sistent body composition
changes with the majority experiencing fat free snlass, fat mass gain, and muscle

mass, and protein mass losses.

The length of hospital stay was not long enougtoliserve statistically significant
changes across all examined body composition isdioean 3.9, range 1-24 days) only
three patients had a length of hospital st&9 days (11, 12, and 24 days respectively).
This is due to development of stroke services lgaaith extra bed capacity for acute
rehabilitation in the community had impact on tlaignt flow and hence length of stay
in acute unit situated at the main hospital site lecome much shorter during the study
data collection period compared to the study patdevelopment stage.

Objective outcomes in the form of discharge detitnaor death did not provide a
statically significant interpretation although heghfrequency of those discharged to
rehabilitation services or those who died expeeentat free mass loss and fat mass
gain compared to those discharge to home. Givaretfen in stroke patients on normal
oral diet showed changes in their body compositlanng their acute hospital stay,
MF-BIA may be used to tailor the individual nutoitial needs in severe strokes which

are associated with immobilization and swallowinffiaulty. Whether such targeted
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nutritional assessment and appropriate nutriticwgdport would be associated with
clinical and cost effectiveness need to be testea iandomised trial setting. Whether
particular type of nutritional supplementation istter than other may also require

investigation.

3.5.3 Conclusion and future research:

Consistent results of fat free mass loss, fat gags and protein mass, muscles mass,
and body cell mass losses were only observed iargatith NBM feeding regimen and
TACI stroke classification. Fat free mass lossnfass gain, and protein mass, muscles
mass, and body cell mass loss were observed mgratients receiving NBM feeding
regimen and patients with TACI suggesting that $kgerity of their condition may
contributed to such body composition changes. Mmgients with a stroke severity
score NIHSS>10 had fat free mass loss, fat mass gain, andipratass loss (and
higher than those with NIHSS 1-9), but there weodybcell mass and muscle mass
gains making such results unrealistic and may leetdichance. These varied findings
seen in NIHS$10 strokes do not allow to draw conclusions or osdérends unlike
NBM or TACI patients.

Equipment malfunction was suspected. Follow up dadanot lead to any conclusion
regarding the relationship between the body contipaschanges that occurred during
the acute hospital stay and the longer term subgeoutcomes. This may be due to the
fact that patients on NBM, those experienced TACith NIHSS10 patients did not
respond to questionnaires examining subjectiveoongs. Only the most medically fit
patients with none of the former described conditroainly responded with a low
response rate <50% (18 out of 40 participants)bje@ive outcomes in the form of
discharge destination or death did not show a tedtimbugh higher frequency of those
discharged to rehabilitation services or those wieal experienced fat free mass loss
and fat mass gain compared to those dischargen horhis could be simply due to

small sample size.
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In summary, my investigation shows interesting obm®ons regarding body
composition changes in patient on modified diet,MNEeding regimen, patients who
experienced TACI, and those with a moderately segaoke assessed by NIHSE0.
Due to a small sample a firm conclusion on theti@iahip between body composition
changes and type of feeding regimen, stroke clea8dn, stroke severity, and objective
outcomes such as mortality cannot be drawn. Neel$s my work is novel and
provides some normative data of body compositicanges occurring during an acute
hospital stay which lay the foundation for sampleescalculations and deriving
minimally clinically significant change for futurgtudies. My research contribution is
therefore novel and future research can be builthefoundation of new knowledge.
Further research is required to observe statiticgipnificant findings warrant of
further research in the form of clinical trials tmderstand the impact of targeted

intervention on body composition changes in actrteks.
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Chapter 4: The diagnostic accuracy of Maltron Bio$an 920-2 multi-
frequency bioelectrical impedance analysis in diagrsing dehydration

after stroke
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Abstract

Background and aims: Non-invasive methods for aletg water-loss dehydration
following acute stroke would be clinically usefulevaluated the diagnostic accuracy of
multi-frequency bioelectrical impedance analysisF{BIA) against the reference
standards, serum osmolality and osmolarity.

Methods: Patients admitted to an acute strokewsie recruited over six months from
April to October of the year 2011. Blood samplesdlectrolytes and osmolality were
taken within 20 minutes of MF-BIA. Total body wat@BW%), intracellular water
(ICW%) and extracellular water (ECW%) were calcethusing MF-BIA equipment
and also calculated from MF-BIA generated impedaneEasures using published
equations for older people. These were comparethytiration status (based on
measured serum osmolality and also calculated @sity)l The most promising

Receiver Operating Characteristics curves werdgalot

Results: A total of 27 stroke patients were reedifmean age 71.3 years + 10.7 years).
Only a TBW% cut-off at 46% was consistent with ewmtr dehydration (serum
osmolality >300mOsm/kg) and TBW% at 47% with impegddehydration (calculated
osmolarity>295-300mOsm/L) with sensitivity and specificity bot60%. Even here
diagnostic accuracy of MF-BIA was poor, a third tbbse with dehydration were

wrongly classified as hydrated and a third clasdifis dehydrated were well hydrated.

Conclusions: MF-BIA appears ineffective at diagngsiwater-loss dehydration after
stroke and cannot be recommended as a test foddson.
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4.1 Background

4.1.1 Dehydration prevalence and prognosis

Stroke complications such as dysphagia, assocmaedication and depression, may
make the maintenance of adequate dietary fluikenthfficult after stroke. Scarce data
is available on the prevalence of dehydration nok& patients. However with the
available evidence from stroke and non-stroke egidone can understand the

importance of such condition on outcomes.

Studies report that dehydration is common aftekstr Bhalla (98) found that 30% of

their 167 stroke patients had raised serum osmpl&h296 mOsm/kg). This was

further reflected in another later study that ssgg that almost a quarter of patients
(n=102) were dehydrated during their hospital ftayday nine post admission) (121).
Although both studies were carried out in small gia® they raised attention on the
magnitude of the problem. A more recent stoglfRowat and colleagues (2012) that
examined stroke patients clinical data registetwad hospital (n=2591) reported that

dehydration was present in 62% of this populatiii].

Dehydration in general and stroke specifically cemease the risk of poor outcome and
mortality. In care homes, it was reported thatyveigh serum osmolality (>308
mOsml/kg) in elderly residents, living in a conting care, predicted marginally
significant increased mortality (75% of 20 residentith high serum osmolality,
compared to 53% of 38 residents with lower osmiylai=0.053), and median survival
time was significantly reduced (p=0.025) (212)n stroke the risk is similar. Bhalla et
al 2000 suggested that the risk of mortality insesh by more than two fold in
dehydrated patients (n=50) compared to those rotdilated (n=117); (OR 2.4, 95%CI
1.0t5.9) (98).
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The prognosis of dehydration post-stroke is nottéchto mortality only but also to

morbidity. In the 102 acute ischaemic stroke pasiencluded, raised serum osmolality
(>297mOsm/kg, in 24% of their patients) on day Bofeing admission was associated
with increased odds of venous thromboembolism (OR 95% CI 1.4 to 16.3) (121).

The largest study examining the prevalence andnmosig of dehydration in stroke

patients (n=2591) suggested that dehydrated patiat higher probability of being

dead or dependent at hospital discharge compardtbse not dehydrated (p<0.0001)
(211).

Dehydration may not only affect objective outcomenortality but may also have poor
prognosis on full recovery and quality of life. h&risk of mortality and poor outcomes
of dehydration diagnosed in hospital settings cavemegative prognosis on short and
long term outcomes. Patients discharged from halsgnd diagnosed with dehydration
on admission were more likely to die at 30 day (p3@) and six months (p=0.002),
with a suggested increase in dehydration incideate of 3.5% during hospital stay
(n=1416) reaching to a 533 dehydrated patient enftlur year study periods; 67% of
the dehydrated patients had available data and wetered in the final outcome
analysis(213). Dehydration can also affect thlity of life. It could be that
dehydration decreases muscular strength througiating active tissue, fat free mass
and mainly muscles mass, loss resulting in geneeskness. Finn et al 1996,
suggested that fat free mass loss is initiated dliular dehydration in sepsis and
critically ill patients, and such changes in faéefrmass are associated with reduced

functional capacity (214).

Given that dehydration is prevalent after stroked ats prognostic significance,

diagnosing dehydration becomes a priority in itsnagement. There are several
methods to assess water-loss (or hypertonic) dahgdr including clinical and

biochemical assessments some of which | will disdugefly in the following section.
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4.1.2 Dehydration in clinical Setting: physical andchemical assessment

Despite the dehydration council creating the DEHYOORON mnemonic listing 12
indicators to be used in dehydration screening,(84¢ diagnosis of dehydration
remains a dilemma. Physicians misdiagnosed detigdran a third of patients
admitted to a hospital (215). This can be attaduo the variety of available methods
in diagnosing dehydration. Methods used to ass@ssr-loss dehydration in clinical
settings in older people include urinary, haemajickal, and physical assessments (216).
Using serum osmolarity (>295 mOsm/l) and sodiumdg&inmol/L) as a reference for
dehydration Thomas found that of those patientgmdiaed as dehydrated using
physical assessment, only 17% had a serum osnyoft85 mOsm/| (217). Physical
assessment differs from physician to physician aray include some or all of the
following: capillary refill time, skin turgor, longudinal tongue furrows, tongue dryness,
orthostatic hypotension, urine colour and volumea amany more. This may be
exacerbated by poor inter-observer agreement, @iscapillary refill time. Anderson
found only 70% agreement in classifying patienta@snal vs. abnormal (Kappa=0.38)
in their study on clinically stable emergency dépant patients (n=209) (218, 219).

Capillary refill time have proven to be unreliable a recent review suggested (220) and
Is also affected by environmental factors, withegrdase in capillary refill time as the
temperature rises, showing the importance of tngimind standardising the use of such
tests (218). Skin turgor is another method useaisgessing dehydration in adults, but
again skin elasticity changes with ageing redubesvalidity of the test, as results can
rely on physiological skin changes rather thanestdtdehydration (221). There are
indications that tongue dryness and longitudinabtee furrows may be more reliable.
Gross et al evaluated 38 signs of dehydration an@iyg year old patients at two
teaching hospitals. They evaluated medical rectodpidge whether patients were
dehydrated and used this as the dehydration refer¢but did not report serum
osmolality) (191). Tongue dryness and longitudiloaigue furrows strongly correlated
with dehydration severity as two strong indicatofsdehydration (p<0.001 for both)
(191).
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Elevated serum osmolality, sodium, creatinine, amda are used in evaluating
dehydration. In general Individual components efusm osmolality, such as urea,
creatinine and sodium have also been used to adshgdration, but have been found
to be inaccurate (215, 222). Serum sodium, cre&tjrurea may not reflect actual
dehydration. The presence of a high serum creatinan be related to high muscle
mass and muscle tissue turnover, a state of musetabolism and not necessarily
dehydration. Creatinine serum levels are alsocat®nl with different pathologies. For
example, a rise in creatinine levels can be aswmtiwith gastrointestinal bleeding,
septic shock, and renal function (222) giving naslieg diagnosis of dehydration.
Serum sodium is another indicator used in evalgatydration status. Thomas et al
warned the use of sodium in evaluating dehydrattiah serum sodium may not reflect
true intracellular dehydration but rather volumepldéon (217). Bowker et al 1992
(219) examined urea level in patient with pre-recahdition including dehydration.
They found that only in 50% of those patients uvess higher than normal 13.2
mmol/L. In addition, urea level increased in 80%tloe patients with post renal
obstruction or pathology (222). These findingsgasj that urea does not always reflect
the presence or absence of dehydration.

Of all Biochemical indicators of dehydration, serosmolality is most frequently used
as a reference standard (64, 22%erum osmolality is the osmolar concentration or
osmotic pressure of serum, so reflects the numbdrssolved particles (whether they
are able to permeate cell membranes or not) pegraim of serum. Serum osmolality
reflects the osmolality of intracellular fluid aslicwalls are permeable to water, and as
osmolality is carefully controlled by the body amhange in osmolality suggests
important alterations in body biochemistry. Serosmolality is sensitive to hydration
status changes. It is sensitive to change afteffitht day of hydration status changes
(224). Where body fluids are lost along with elelstes (through loss of blood or
sweat for example) then fluid may be lost witholk¢ration of osmolality, this state is
termed “water and salt-loss” dehydration. Followstgoke it is possible that there will
be a reduction in fluid intake, with or without neased fluid losses associated with use
of diuretics, fever, uncontrolled diabetes mellitesc. In such situations where body
fluids are lost overall, the result is likely to teat of increased osmolality, or “water-
loss” dehydration. Serum osmolality can be usede&land without prior measurement,
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as a hydration status marker (223), unlike weidfisinge as a reference standard which
depends on other body components (216). Thus sesmolality is probably the best
reference standard method to measure water-losygdddion and the diagnostic

standard against which the accuracy of other measirould be judged (64)

While studies have used slightly varying cut-ofirge for serum osmolality to define
dehydration (98, 121) the Dehydration Council’simiébn is specific to older people,
with a serum osmolality 295-300 mOsm/kg equatesmoending dehydration and >
300 mOsm/kg with current dehydratiand this definition is used in this study. In
clinical practice serum osmolality is often not essed, but estimated from the
combined concentrations of serum sodium, potassgimepse and urea, referred to as
serum osmolarity (2Na+2K+Urea+Glucose, all in miiapl/ There is a difference
between measured serum osmolality and calculatesblasity, known as the osmolar
gap (as some components of osmolality are not dieclun the formula to calculate
osmolarity) (225). In addition, and given thataiand sodium measurements may not
be accurate, serum osmolarity may not reflect the $tate of dehydration compared to

measured serum osmolality.

Given that serum osmolality is not routinely pemi@d in clinical practice, an
alternative swift dehydration monitoring test issestial. Bioelectrical impedance
analysis (MF-BIA) is one method that maybe abléétp in monitoring and diagnosing
dehydration. MF-BIA measurement is fairly simpleon-invasive, and can be
performed in clinical settings while the patientlygng down. The MF-BIA can

measure total body water (TBW), intracellular watg2W), and extracellular water
(ECW) volumes. ICW reflects water volume withindyccells, and so may reflect how

well the body is hydrated.
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4.1.3 Evaluating dehydration using bioelectricgb@dance analysis

Total body water is another component that canssessed by bioelectrical impedance
analysis. Total body water can provide informatmm the degree of dehydration.
Physiological changes occurring in the ageing medecreases the risk of dehydration.
These physiological changes are related to reduaedcity in retaining water; such
changes include but are not limited to reduced|riitiation rate, increased proximal
tubular filtration absorption, and decreased fre¢ewclearance (64). Total body water
consists of intracellular and extracellular watéross of intracellular water is usually
defined as dehydration (226, 227). Assessing daligth using MF-BIA can predict
not only total body water, but also specific ingthalar and extracellular components.
Evaluating intracellular and extracellular waten gmovide information on the extent of
tissue catabolism. As indicated earlier acute/dleranflammation instigated during
illness leads to catabolism of lean body mass tieguin fat free mass loss (174). Fat
free mass loss leads to loss of cellular fluidéissie catabolism results in intracellular
fluid loss and expansion of extracellular fluid;llekar dehydration (60). Based on
intracellular and extracellular water changes eslab lean tissue catabolism, caloric
and nutritional needs can be modified to allowugssnabolism and prevent further
catabolism. Assessing dehydration through meaguody composition values may

provide information on the nutritional status andnagement needs of patients.
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4.2 Study Objective

This study aimed to assess the levels of dehydratfter stroke using the reference
standard of serum osmolality and to assess whéilkeBIA can be substituted for

serum osmolality in diagnosing dehydration afteolst.

Methods to assess hydration status which do neineqbtaining blood samples would
be helpful in situations where there is no quickl @asy access to laboratory facilities
such as care homes and rehabilitation servicedti fvequency bioelectrical impedance
analysis (MF-BIA) can provide estimates of totatlpavater (TBW), intracellular water

(ICW), and extracellular water (ECW) volumes andpascentages of body weight,
which theoretically should correspond to hydratgiatus. If so the composition of
these compartments would suggest MF-BIA as a usef@ul-invasive method of

diagnosing dehydration that does not require médreaning in operating in daily

clinical practice. This chapter presents the studyich assessed the diagnostic
accuracy of Maltron BioScan 920-2 MF-BIA to monitoydration status in patients

with stroke.
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4.3 Methodology

This cross sectional study was carried out in arteastroke unit in the East of England
(as in Chapter 3). A total of 45 stroke patierdmated within 48 hours of symptom
onset were recruited betweeti April and 18" October 2011. Patients were included if
older than 17 years, with newly diagnosed strokst(éver or recurrent). Exclusions
included those with severe stroke by National tasti of Health Stroke Scale (NIHSS)
score >30, co-existing terminal illness, or expeécarvival <48 hours as judged by a
stroke physician, and those who were unable to gNermed consent. Routine
medical, nursing and therapist care was unaffelsyeentry into the study. All eligible
patients who provided informed consent during ttuelys period were enrolled in the

study.

Upon consent a venous blood sample was taken farmseosmolality, sodium,
potassium, random glucose, creatinine and urea thed sample was analysed
immediately. Co-morbidities including diabetes arehal impairment were noted.
Serum osmolality was analysed by the hospital pagjyolaboratory using freezing
point depression on an Advanced Instruments mo@200 2osmometer (Advanced
Instruments Inc., Massachusetts 02062 USA), andtlair measures were standardised
and automated. Two consecutive MF-BIA measuresm@dioScan 920-2, Maltron
International Ltd, Essex; using brand new equipmestre taken within 20 minutes of
the blood sampling with the subject supine, befseeum osmolality results were
available (the assessor was blinded to hydratiatust. MF-BIA measurements were
undertaken using the manufacturers recommendedonhetith two electrodes attached
to the skin between the talus and tffeaBd %' digits of the foot and two more attached
to the same side between theahd %' knuckles of the hand and the wrist. Participant
information including anthropometrics (measuredrbyestigator or nurse as described
in details in the previous chapter), age, gended, race were entered into the device
and the measurements made over a couple of secdrus.recording was repeated a
few minutes later. All measurements including blosamples, MF-BIA, and

anthropometric measures were carried out in théeagtnoke unit at the patients’ bed
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location. In the stroke unit meals are providedsgcific times and patients maybe
consuming snhacks provided by their visitors at iamgt After measurements were
recorded and saved, data were downloaded onto taplapith Maltron MF-BIA
software installed. Impedances at 5, 50 and 100 &kt MF-BIA calculations of total
body water as a percentage of body weight (TBW#t)acellular water as a percentage
of TBW (ICW%) and extracellular water as a percgataf TBW (ECW%) were noted
for each recording. Modified Rankin scores (mRsmaasure of disability) were

recorded by an occupational therapist.

Ethical Approval for this study was gained from Qaidgeshire | Research Ethics
Committee; REC reference number 10/H0304/18 in IAR€11. This part of my
research was funded by the European Hydrationtumsti The funder had no role in
designing or conducting the study.

4.3.1 Statistical analysis

All statistical analyses were carried out using ®MASL8 for Windows (Polar
Engineering and Consulting, formerly known as SPSBlean, standard deviation (SD)
and range were presented for continuous and nufpberentages) were presented for
categorical data (hydration status; hydrated, irdpen and current dehydration).
Percentages of patients diagnosed with impendiexgifs osmolality 295-300mOsm/kg
or serum osmolarity 295-300 mOsm/L) and current ydedtion (serum
osmolality >300mOsm/kg or serum osmolarity >300 m{29 were calculated. An
average was calculated for each two consecutivesuneaents taken by MF-BIA of
same variable for use in subsequent calculatiomistie one participant where the two

consecutive estimates of TBW% varied by>3% the fiega set was used.

The internal consistency of MF-BIA was assesseddyying out a reliability analysis
of the 2 separate measurements of impedance atzSdd+each individual; this was
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repeated for impedance measures at 50 and 100 &tk the MF-BIA equipment
calculation of TBW (L).

Impedance outputs (mean from the two readings) weeel to calculate TBW (L) and
ECW (L) using equations developed for use in ofgewple by Vaché (228) and Visser
(229) (as quoted in Ritz(230)), and TBW%, ECWAE 4CW% were calculated as
percentages of body weight.

TBW%, ECW%, ICW% and ECW: ICW ratio from the intafrcalculations of the MF-
BIA equipment, and those calculated from equatidesved specifically for older
people were each plotted in 2x2 tables against maipg and current serum osmolality
and calculated serum osmolarity. These tables wesxl to calculate sensitivity,
specificity, positive predictive value (PPV), nagatpredictive value (NPV), pre- and
post-test probability of each for impending andrent dehydration(231). Where any of
these values were not calculable due to the presehzeros in the 2x2 table, 0.1 was
added to each cell of the table. As published ¢upaints of TBW, ECW and ICW for
dehydration are not readily available, three aabytrcut-off points were selected for
each measure (TBW%, ECW%, ICW% and the ratio).

Receiver operating characteristic (ROC) curves veeeated for both impending and
current dehydration, then additional promising afftpoints (where cut-offs may
possibly have both sensitivity and specificity >60%ere added to fill in the ROC
curves. At the ends of the ROC curve, once esbesitivity or specificity was below
50%, no further outlying points were added. An atakle cut-off point was considered
to be one with both sensitivity and specificity @per than 60% and represented by the
point closest to the top left corner of the ROCtplthere is no definition of “good
enough” sensitivity and specificity but we chosemaimum of 60% for both as
suggesting that the measure was at least promi@B®). For all cut-off points | also
calculated positive predictive value (PPV), negatipredictive value (NPV), and
positive and negative post-test probabilities. Tfésilts have been reported in line with
the STARD reporting guidelines (233) .
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4.3.2 Sample Size

This is an observational cross sectional study. pb\er calculation was performed as
there was no data available previously reportiragostic accuracy of MF-BIA against
serum osmolality. Forty five participants were alistic sample given the time frame
we were able to use for this study. | performeddhgh literature search and to my
knowledge, there are no previous studies of simikture performed in this field to
allow us to do formal sample size calculations.eréhare no data on body water values
which have been shown to be related to serum odityola

Therefore, the objectives of this cross sectionatlys was to assess the diagnostic
accuracy of MF-BIA, to help understand whether MIRR:an be used to monitor

hydration status in place of serum osmolality afteoke.
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4.4 Results

4.4.1 Characteristics of the participants

The data from the last 18 of the 45 participants teabe discarded as their TBW% was
recorded as 75% or greater (extremely high andalistie readings) suggesting an error
in MF-BIA impedance readings occurred. This graligp not differ in their clinical
characteristics (such as type of stroke, age, biodstry, or presence of peripheral
oedema) from other participants. Incorrect datatfese last 18 participants were
removed leaving 27 participants for analysis (59%te®); average age 71.3 (10.7) years.
There was a technical malfunctioning in the equipinéNo adverse events occurred as

a result of any of the tests used.

Of the 27 remaining subjects 12 (44%) were wellrated (serum osmolality 275 to
<295mOsm/kg), 9 (33%) had impending dehydrationrufge osmolality 295-
300mOsm/kg) and 6 (22%) were dehydrated (serum laditgo>300mOsm/kg), see
Table 4.1. Stratified by calculated serum osmbla8i(30%) were well hydrated (275
to <295 mOsm/L), 7 (26%) had impending dehydratiangd 12 (44%) had current
dehydration (>300mOsm/L) (Table 4.1). 11% (n=3)aveeceiving a nil-by-mouth
feeding regimen because of dysphagia. One patiaston pureed diet and 19% (n=5)
on soft-mashed diets due to mild dysphagia. S#etyen percentage (n=18) were on

normal oral diets without needing alteration ofddexture.

4.4.2 Internal consistency and reliability of MFABineasurements

Cronbach’s alpha was 0.960 for the reproducibditghe two impedance measures at 5
kHz (n=27), suggesting excellent internal consisyenCronbach’s alpha was similarly
excellent for impedance at 50 kHz, and 100 kHz, BRW (L) (0.974, 0.978 and 0.995

respectively).
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Serum osmolality (mOsm/kg) Serum osmolarity (mOsgm/L

Impending  Current Current

Hydrated dehydration dehydration Hydrated Impending dehydration dehydration
Number of participants 12 (44.4%) 9 (33.3%) 6 (222 8 (29.6%) 7 (25.9%) 12 (44.4%)
Mean Age (SD), yrs. 72.3 (12.5) 68.7 (8.0) 7354) 71.0 (14.5) 71.1 (9.9) 71.7 (9.1)
Age Range, yrs. 46-92 59-81 59-88 46-92 59-82 59-88
Weight (SD), kg 80.5 (17.1) 74.3 (9.0) 90.0 (13.6) 78.2 (19.6) 81.2 (9.9) 81.7 (14.5)
Height (SD), m 1.7 (0.1) 1.6 (0.1) 1.7 (0.1) 1.7140 1.7 (0.1) 1.8 (0.1)
Body Mass Index (SD), kg/m 29.1 (5.4) 27.7 (2.4) 31.1 (4.2) 28.6 (5.4) 29.2) 29.5 (4.1)
Pre-morbid Rankin Scote
0 (No symptoms). 6 3 1 3 3 4
1-2 (No significant to slight) disability 5 2 2 5 2 2
3-4 (Moderate to moderately severe disability) 0 1 2 0 0 3
5 (Severe disability) 1 0 0 0 1 0
Normal Food 9 6 3 6 5 7
Pureed or soft mashed 1 3 2 1 1 4

Table 4.1. Baseline characteristics
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Serum osmolality (mOsm/kg) Serum osmolarity (mOsgm/L

Impending  Current Current
Hydrated dehydration dehydration Hydrated Impending dehydration dehydration
NIHSS score (stroke severity)
1-9 9 7 3 6 5 8
10-20 1 1 2 1 0 3
>21 1 0 0 0 1 0

Table 4.1. Baseline characteristics of the 27 metuparticipants stratified by serum osmolalityddily measured) and serum osmolarity (calculated)

as being hydrated or having impending or currehiydeation.
Table 4.1.%n=23 as not all participants were assessed.

Ph=24 as not all participants were assessed.
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4.4.3 Dehydration status, osmolality and osmolarity

Current dehydration (>300 mOsm/L) diagnosed onmmesamolarity criteria was twice
as common as when based on serum osmolality (>308mmkg), the reference
standard (Table 4.2). As calculated osmolarity fai®sm/L) is considered to be
equivalent in clinical practice to measured osnityla(in mOsm/kg) we directly

compared the two for individuals. Mean calculasedum osmolarity was 298.2+6.9
mOsm/L while mean measured serum osmolality wass29% mOsm/kg. When they
were directly compared there was a significantedéhce of 2.72 (95% CI 0.6 to 4.8;
p=0.014). When stratified by hydration status serosmolarity was greater than
osmolality for hydrated participants (mean diffeverst.7, 95% CI 1.1 to 8.2, p=0.02)
and those with impending dehydration (mean diffeee?.9, 95% CI 0.2 to 5.6, p=0.04)
but not for those with current dehydration (meaffedence -1.4, 95% CI -7.4 to 4.5,
p=0.57).

Mean serum sodium, potassium, Creatinine, urea glndose values were always
higher in those with current dehydration than theg® were well hydrated, but the
mean values for impending dehydration were not gbweetween those of hydrated and
currently dehydrated groups. There were few gbadtierns in TBW%, ECW%, ICW%
or ECW: ICW ratio by serum osmolality or calculasstum osmolarity (Table 4.2).
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Serum Osmolality (mOsm/kg)

Serum Osmolarity (mQgm/

Impending Current Hydrated Impending Current
Average (SD) Hydrated dehydration dehydration Dehydration Dehydration
Total Population (%) 12 (44.4%) 9 (33.3%) 6 (22.2%) 8 (29.6%) 7 (25.9%) 12 (44.4%)
Total Body Water% 51.9 (4.0) 52.5 (5.8) 50.7 (4.2) 52.3 (3.7) 5RB) 51.7 (5.9)
Extracellular Water % 45.4 (2.8) 46.1 (2.3) 45.3 (1.0) 45.9 (3.1) 425 45.9 (1.5)
Intracellular Water%8 54.6 (2.8) 53.9 (2.3) 54.7 (1.0) 54.1 (3.1) 525B) 54.1 (1.5)
ECW:ICW 0.83 (0.1) 0.86 (0.1) 0.83 (0.03) 0.85L}0. 0.82 (0.08) 0.85 (0.05)
Serum Osmolality mOsm/kg 288.6 (4.3) 298.4 (1.7) 305.0 (2.6) 287.6 (4.8) .296.5) 300.1 (5.1)
Serum Osmolarity mOsm/L 293.2 (5.8) 301.3 (4.3) 303.6 (5.2) 290.2 (3.6) 291.1) 304.3 (3.9)
Serum Sodium mmol/l 135.8 (2.0) 140.4 (2.0) 138.7 (3.4) 134.9 (1.7) 931.1) 140.1 (2.9)
Serum Potassium mmol/I 4.1 (0.3) 4.4 (0.3) 4.6 (0.5) 4.2 (0.43) 4.3 (0.6) 4.4 (0.3)
Serum Creatinine pmol/L 74.3 (15.1) 72.7 (6.6) 90.3 (20.6) 75.4 (10.8) 1aR9) 79.8 (18.2)
Serum Urea mmol/L 5.1(1.1) 5.5(1.4) 8.4 (6.6) 5.1(1.2) 5.7 (1.0) 7 @.9)
Serum Glucose mmol/t. 8.4 (4.3) 6.3 (1.8) 8.8 (3.9) 7.0 (2.6) 7.3 (1.7) .7 8.8)

Table 4.2. Body fluid compartments and serum camepts stratified by hydration status (serum osntgl@heasured) and osmolarity (calculated))

for the 27 participants with valid MF-BIA dal@xpressed as a percentage of body welght26
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4.4.4 Diagnostic accuracy of MF-BIA vs. dehydratimnSerum Osmolality

No cut-off point for TBW%, ICW%, ECW% or ECW: ICWatio (calculated by the
MF-BIA equipment) had both a sensitivity and spetty above 60% for impending
(Table 4.3) or current (Table 4.4) dehydration ssed by (measured) serum osmolality.
None of the impending dehydration ROC curves nedhedupper left hand corner.
Figure 4.1 shows the ROC plot for ICW% for impemgdidehydration by serum
osmolality and Figure 4.2 shows the ROC plot foMB% for current dehydration by

serum osmolality).

ROC CURVE for ICW%
1 s6%  57%
0.9 - )=
0.8 - /
0.7 - >5%
True:otsitives 0.6 -
ate
(Sensitivity) 05 1 ‘ Diagonal
0.4 - &
03 - / 54% =i |CW curve line
0.2 - " 53%
0.1 -
0O 4—F—F——7——7——T—7—1
0 0102030405060.70809 1
False Positives Rate (1-Specificity)

Figure 4.1. ROC curve assessing the diagnosticracgwf MF-BIA assessment of
intracellular water as a percentage of total bodgtew (ICW% by the Maltron
equations) in estimating impending dehydrati®?®9b mOsm/kg).
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ROC Curve for ECW%

0.9 - 47%

49%

True Positives
Rate (Sensitivity) = Diagonal

= ECW% curve line

0 2 T T T T 1
0 02 04 06 038 1

False Positives Rate (1-Specficicty)

Figure 4.2. ROC curve assessing diagnostic accutdcF-BIA assessment of
extracellular water as a percentage of total bodew(ECW%) in estimating current
dehydration (>300 mOsm/kg).
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Cut-off point Sensitivity Specificity PPV NPV E:gg:;it" ty I(Ijs:;test Probability (Ps/sg)—test probability
TBW%

45% 0.13 0.92 0.67 0.46 0.56 0.54 0.67
50% 0.33 0.75 0.63 0.47 0.56 0.53 0.63
52% 0.40 0.67 0.6 0.47 0.56 0.53 0.60
54% 0.80 0.25 0.57 0.50 0.56 0.50 0.57
55% 0.87 0.08 0.54 0.33 0.56 0.67 0.54
57% 0.93 0.08 0.56 0.50 0.56 0.50 0.56
ICW%

53% 0.20 0.75 0.50 0.43 0.56 0.57 0.50
54% 0.40 0.50 0.50 0.40 0.56 0.60 0.50
55% 0.67 0.50 0.63 0.55 0.56 0.46 0.63
56% 0.93 0.42 0.67 0.83 0.56 0.17 0.67
57% 0.93 0.33 0.64 0.80 0.56 0.20 0.64

Table 4.3. Diagnostic accuracy of MF-BIA in diagmgsimpending dehydration (295-300 mOsm/kg), cardih
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Cut-off point Sensitivity Specificity PPV NPV E:gg:;it" ty (Fjs:;test Probability (P::/sg)—test probability
ECW%

42% 0.00 0.92 0.00 0.42 0.56 0.58 0.00
45% 0.33 0.50 0.46 0.38 0.56 0.63 0.46
46% 0.60 0.50 0.60 0.50 0.56 0.50 0.60
47% 0.80 0.33 0.60 0.57 0.56 0.43 0.60
50% 1.00 0.08 0.58 1.00 0.56 0.00 0.58
ECW:ICW

0.60° 0.01 0.99 0.50 0.45 0.56 0.56 0.50
0.80 0.13 0.58 0.29 0.35 0.56 0.65 0.29
0.85 0.60 0.50 0.60 0.50 0.56 0.50 0.60
0.90 0.80 0.25 0.57 0.50 0.56 0.50 0.57
1.10° 0.99 0.01 0.56 0.50 0.56 0.50 0.56

Table 4.3. Diagnostic accuracy of MF-BIA measygtseveral cut-off points) in diagnosing impendigiydration (295-300 mOsm/kg). Based on
internal Maltron equations for TBW, ICW and ECWdamn the 27 participants with reliable MF-BIA dafeD.1 fraction added to all 4 cells of the
2x2 table due to the presence of a zero in onkeotells that prevents at least one of the praseheing calculated. PPV: positive predictivaigal

NPV: negative predictive value. TBW was expressed percentage of body weight (TBW %), and ICWEBEGYV were expressed as a percentage of
total body water (ICW%, ECW%).
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Cut-off point Sensitivity Specificity PPV NPV E:i;:;}” ty Eﬁ)séggislitty (-ve) z?/sgitest probability
TBW%

45% 0.17 0.91 0.33 0.79 0.22 0.21 0.33
50% 0.33 0.71 0.25 0.79 0.22 0.21 0.25
52% 0.33 0.62 0.20 0.77 0.22 0.24 0.20
53% 0.67 0.48 0.27 0.83 0.22 0.17 0.27
54% 1.00 0.29 0.29 1.00 0.22 0.00 0.29
55% 1.00 0.14 0.25 1.00 0.22 0.00 0.25
ICW%

53% 0.00 0.71 0.00 0.71 0.22 0.29 0.00
55% 0.50 0.38 0.19 0.73 0.22 0.27 0.19
56% 1.00 0.29 0.28 1.00 0.22 0.00 0.29
57% 1.00 0.23 0.27 1.00 0.22 0.00 0.27

Table 4.4. Diagnostic accuracy of MF-BIA measunediagnosing current dehydration (>300mOsm/kghticmed
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Pre-test Post-test Post-test probability

Cut-off point Sensitivity Specificity PPV NPV Probability probability (-ve) (+ve)
ECW%

42% 0.00 0.95 0.00 0.77 0.22 0.23 0.00
45% 0.50 0.62 0.27 0.81 0.22 0.19 0.27
46% 0.67 0.48 0.27 0.83 0.22 0.17 0.27
47% 1.00 0.33 0.30 1.00 0.22 0.00 0.30
49% 1.00 0.10 0.24 1.00 0.22 0.00 0.24
ECW:ICW

0.60° 0.02 1.00 0.50 0.78 0.23 0.22 0.50
0.75 0.00 0.71 0.00 0.71 0.22 0.29 0.00
0.85 0.67 0.48 0.27 0.83 0.22 0.17 0.27
0.90 1.00 0.29 0.29 1.00 0.22 0.00 0.29
0.95 1.00 0.14 0.25 1.00 0.22 0.00 0.25

Table 4.4. Diagnostic accuracy of MF-BIA measuygtseveral cut-off points) in diagnosing curreabydration (>300mOsm/kg). Based on internal
Maltron equations for TBW, ICW and ECW, and on BTeparticipants with reliable MF-BIA data.

0.1 fraction added to all 4 cells of the 2x2 tatile to the presence of a zero in one of the cells.

PPV: positive predictive value. NPV: negative pcade value. TBW was expressed as a percentagp@ay weight (TBW %), and ICW and ECW
were expressed as a percentage of total body (W&, ECW%).
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Diagnostic accuracy for TBW%, ICW%, ECW% and ECWW calculated using the
equations specifically developed for older peop@28(230)(rather than those
programmed into the MF-BIA equipment) compared ¢ousn osmolality resulted in
one cut-off point with both sensitivity and spedify >60% for current dehydration
(Table 4.5), and none for impending dehydratiorb(&at.6). TBW% with a cut-off at
46% of body weight, was diagnostic of current dehfidn by osmolality with
sensitivity of 67% (95% CI 49% to 85%), specific®2% (95% CI 44% to 80%) (Table
5, Figure 4.3). The positive likelihood ratio (DRor this cut-off was 1.75 and negative
likelihood ratio (LR) was 0.54.

ROC CURVE for TBW%-Ritz Equations

52% 55%

14 S

0.9 + 47% 48% /
0.8 - /‘ “*50%
0.7 A

0,
True Positives Rate 0.6 - 46%
(Sensitivity) '
0.5

Diagonal
0.4 -
=j== TBW curve line
0.3 -
0.2 -
0.1 -
0 _{ T T T T T T T T T 1

0 0.1 0203040506070809 1
False Positives Rate (1-Specificity)

Figure 4.3. ROC curve assessing diagnostic accucdcyBW% calculated from
equations for older peoplel5 against current dediygir by serum osmolality (>300
mOsm/kg). The 46% cut-off point had a sensitiaty67% (95% CI 49%-85%), and
specificity of 62% (95% CI 44%-80%).
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Pre-test Post-test Post-test probability

Cut-off point Sensitivity Specificity PPV NPV Probability Probability (-ve) (+ve)
TBW%

45% 0.50 0.76 0.38 0.84 0.22 0.16 0.38
46% 0.67 0.62 0.33 0.87 0.22 0.13 0.33
47% 0.83 0.52 0.33 0.92 0.22 0.08 0.33
48% 0.83 0.33 0.26 0.88 0.22 0.13 0.26
50% 0.83 0.29 0.25 0.86 0.22 0.14 0.25
52% 1.00 0.10 0.24 1.00 0.22 0.00 0.24
55% 1.00 0.05 0.23 1.00 0.22 0.00 0.23
ICW%

25% 0.33 0.76 0.29 0.8 0.22 0.20 0.29
26% 0.50 0.71 0.33 0.83 0.22 0.17 0.33
27% 0.67 0.52 0.29 0.85 0.22 0.15 0.29
28% 0.67 0.33 0.22 0.78 0.22 0.22 0.22
29% 0.83 0.29 0.25 0.86 0.22 0.14 0.25
30% 1.00 0.14 0.25 1.00 0.22 0.00 0.25

Table 4.5. Diagnostic accuracy of Ritz measuréséaeral cut-off points) in diagnosing current yhitation (>300mOsm/kg),
continued
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Cut-off point Sensitivity Specificity PPV Npy  Pre-est Post-test Post-test  probability

Probability Probability (-ve) (+ve)

ECW%

18% 0.33 0.76 0.29 0.80 0.22 0.20 0.29
19% 0.50 0.67 0.30 0.82 0.22 0.18 0.30
20% 0.67 0.48 0.27 0.83 0.22 0.17 0.27
21% 0.83 0.19 0.23 0.80 0.22 0.20 0.23
22% 1.00 0.14 0.25 1.00 0.22 0.00 0.25
ECW:ICW

0.60 0.02 1.00 0.50 0.78 0.22 0.22 0.50
0.70 0.33 0.67 0.22 0.78 0.22 0.22 0.22
0.75 0.67 0.52 0.29 0.85 0.22 0.15 0.29
0.80 0.67 0.38 0.24 0.80 0.22 0.20 0.24
0.85 1.00 0.19 0.26 1.00 0.22 0.00 0.26

Table 4.5. Diagnostic accuracy of Ritz measuresdaeral cut-off points) in diagnosing current yiiiation (>300mOsm/kg) based on alternate
equations for TBW, ICW and ECW in older people ¢RI001), and on the 27 participants with reliablé-BIA data.

0.1 fraction added to all 4 cells of the 2x2 tadile to the presence of a zero in one of the telsprevents at least one of the properties being
calculated. PPV: positive predictive value. NP¥gative predictive value. TBW, ICW and ECW wediegpressed as percentages of body weight
(TBW%, ICW%, ECW%).
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Cut-off point Sensitivity Specificity PPV NPV E:igzgitlity (Fi\(j:;teSt Probability (P::/sg)—test probability
TBW%

45% 0.40 0.83 0.75 0.53 0.56 0.47 0.75

46% 0.53 0.67 0.67 0.53 0.56 0.47 0.67

47% 0.67 0.58 0.67 0.58 0.56 0.42 0.67

48% 0.80 0.42 0.63 0.63 0.56 0.38 0.63

50% 0.87 0.42 0.65 0.71 0.56 0.29 0.65

51% 0.93 0.17 0.58 0.67 0.56 0.33 0.58

52% 0.93 0.08 0.56 0.50 0.56 0.50 0.56

ICW%

25% 0.33 0.83 0.71 0.5 0.56 0.50 0.71

27% 0.60 0.58 0.64 0.54 0.56 0.46 0.64

28% 0.73 0.42 0.61 0.56 0.56 0.44 0.61

29% 0.80 0.33 0.60 0.57 0.56 0.43 0.60

30% 0.93 0.17 0.58 0.67 0.56 0.33 0.58

32%* 0.99 0.01 0.56 0.50 0.56 0.50 0.56

Table 4.6. Diagnostic accuracy of Ritz measurds s@veral cut-off points) in diagnosing impendinghgdration (295-

300mOsm/kg), continued
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Cut-off point Sensitivity Specificity PPV NPV Pre-test Posttest  Probability Post-test  probability

Probability (-ve) (+ve)

ECW%

20% 0.60 0.50 0.60 0.50 0.56 0.50 0.60
21% 0.87 0.25 0.59 0.60 0.56 0.40 0.59
22% 0.93 0.17 0.58 0.67 0.56 0.33 0.58
23% 0.93 0.08 0.56 0.50 0.56 0.50 0.56
25%° 0.93 0.01 0.54 0.08 0.56 0.92 0.54
ECW:ICW

0.60 0.01 0.99 0.50 0.45 0.56 0.56 0.50
0.75 0.53 0.50 0.57 0.46 0.56 0.54 0.57
0.80 0.60 0.33 0.53 0.40 0.56 0.60 0.53
0.85 0.80 0.08 0.52 0.25 0.56 0.75 0.52
0.90° 0.99 0.01 0.56 0.50 0.56 0.50 0.56

Table 4.6. Diagnostic accuracy of Ritz measuresdeeral cut-off points) in diagnosing impendirgngdration (295-300mOsm/kg) based on
alternate equations for TBW, ICW and ECW in oldeojple (Ritz 2001), and on the 27 participants weifable MF-BIA data.

0.1 fraction added to all 4 cells of the 2x2 tathle to the presence of a zero in one of the tedisprevents at least one of the properties being
calculated. PPV: positive predictive value. NRP¥pgative predictive value. TBW, ICW and ECW welleeabressed as percentages of body weight
(TBW%, ICW%, ECW%).
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4.4.5 Diagnostic Accuracy of MF-BIA vs. dehydratiassessed by calculated Serum

Osmolarity

Diagnostic accuracy for water fractions calculatsthg the equations for older people
used in Ritz 2001 against calculated serum osntpleesulted in one cut-off point with
both sensitivity and specificity of at least 60%BW% at 47% of body weight was
diagnostic of impending dehydration by calculatexinolarity with sensitivity and
specificity of 63% (95% CIl 45% to 81%) (Table 4Figure 4.4). The LR+ and LR —
were 1.7 and 0.6 respectively for this cut-off. o But-offs were accurate for current
dehydration (Table 4.8).

TBW% calculated vs. 295 mOsm/L

1
52%

0.9 51%

0.8
0.7

0.6

True Positives 05

Rate (Sesnsitivity)
0.4

Diagonal

=—¢==ROC TBW%
0.3

0.2
0.1

0
0 0.2 0.4 0.6 0.8 1

False Postivies Rate (1-specificity)

Figure 4.4. ROC curve assessing diagnostic accuracy of TBW%utsted from Ritz
2001 equations for older people against impendetgydration as calculated by serum
osmolarity £295 mOsm/L). The 47% cut off point had a sengitigind specificity of
63% (95%CI 45% to 81%) each.
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No cut-off points for TBW%, ICW%, ECW% or ECW: IC\& calculated by the MF-
BIA equipment against calculated serum osmolardy la sensitivity and specificity
above 60% for impending>295 mOsm/L serum osmolarity, (Table 4.9) or current

dehydration (>300 mOsm/L, Table 4.10).
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Cut-off Pre-test Post-test Probability (-

point Sensitivity ~ Specificity PPV NPV  Probability ve) Post-test probability (+ve)
TBW%

45% 0.37 0.88 0.88 0.37 0.70 0.63 0.88

46% 0.53 0.75 0.83 0.40 0.70 0.60 0.83

47% 0.63 0.63 0.80 0.42 0.70 0.58 0.80

48% 0.74 0.38 0.74 0.38 0.70 0.63 0.74

49% 0.79 0.38 0.75 0.43 0.70 0.57 0.75

50% 0.79 0.38 0.75 0.43 0.70 0.57 0.75

51% 0.90 0.13 0.71 0.33 0.70 0.67 0.71

52% 0.95 0.13 0.72 0.50 0.70 0.50 0.72

Table 4.7. Diagnostic accuracy of Ritz measurdss@veral cut-off points) in diagnosing impendinghgdration (295-

300mOsm/l), continued
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Cut-off Pre-test Post-test Probability (-

point Sensitivity ~ Specificity PPV NPV  Probability ve) Post-test probability (+ve)
ICW%

25% 0.32 0.88 0.86 0.35 0.70 0.65 0.86

27% 0.53 0.50 0.71 0.31 0.70 0.69 0.71

28% 0.68 0.38 0.72 0.33 0.70 0.67 0.72

29% 0.74 0.25 0.70 0.29 0.70 0.71 0.70

30% 0.95 0.25 0.75 0.67 0.70 0.33 0.75

ECW%

20% 0.58 0.50 0.73 0.33 0.70 0.67 0.73

21% 0.84 0.25 0.73 0.40 0.70 0.60 0.73

22% 0.90 0.13 0.71 0.33 0.70 0.67 0.71

23% 0.95 0.13 0.72 0.50 0.70 0.50 0.72

Table 4.7. Diagnostic accuracy of Ritz measurdssgveral cut-off points) in diagnosing impendinghgdration (295-

300mOsm/l), continued



Cut-off Pre-test Post-test Probability (-

point Sensitivity ~ Specificity PPV NPV  Probability ve) Post-test probability (+ve)
ECW:ICW

0.6 0.01 0.99 0.50 0.30 0.70 0.70 0.50

0.75 0.53 0.50 0.71 0.31 0.70 0.70 0.71

0.8 0.63 0.38 0.71 0.30 0.70 0.70 0.71

0.85 0.84 0.13 0.70 0.25 0.70 0.75 0.70

0.9° 0.99 0.01 0.70 0.50 0.70 0.50 0.70

Table 4.7. Diagnostic accuracy of Ritz measuresdeeral cut-off points) in diagnosing impendirgngdration (295-300mOsm/I) based on
alternate equations for TBW, ICW and ECW in oldeople (Ritz 2001), and on the 27 participants wnetlable MF-BIA data.
0.1 fraction added to all 4 cells of the 2x2 tathle to the presence of a zero in one of the ttedisprevents at least one of the properties being

calculated. PPV: positive predictive value. NRMépative predictive value. TBW, ICW and ECW welteeapressed as percentages of body
weight (TBW%, ICW%, ECW%).
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Pre-test Post-test Probability (-

Cut-off point Sensitivity ~ Specificity PPV~ NPV Probability ve) Post-test probability (+ve)
TBW%

45% 0.42 0.80 0.63 0.63 0.44 0.37 0.63
46% 0.50 0.60 0.50 0.60 0.44 0.40 0.50
47% 0.67 0.53 0.53 0.67 0.44 0.33 0.53
48% 0.83 0.40 0.53 0.75 0.44 0.25 0.53
50% 0.91 0.01 0.42 0.08 0.44 0.37 0.63
ICW%

25% 0.33 0.80 0.57 0.60 0.44 0.40 0.57
26% 0.42 0.73 0.56 0.61 0.44 0.39 0.56
27% 0.58 0.53 0.50 0.62 0.44 0.38 0.50
28% 0.75 0.40 0.50 0.67 0.44 0.33 0.50
29% 0.83 0.33 0.50 0.71 0.44 0.29 0.50
30%° 0.92 0.13 0.46 0.67 0.44 0.33 0.46

Table 4.8. Diagnostic accuracy of MF-BIA (Ritz 2)@&gainst measured serum osmolality (current dettigah), continued
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Pre-test Post-test Probability (-

Cut-off point Sensitivity ~ Specificity PPV~ NPV Probability ve) Post-test probability (+ve)
ECW%

19% 0.42 0.67 0.50 0.59 0.44 0.41 0.50
20% 0.58 0.47 0.47 0.58 0.44 0.42 0.47
21% 0.83 0.20 0.46 0.60 0.44 0.40 0.46
22%° 0.92 0.13 046 0.67 0.44 0.33 0.46
ECW:ICW

0.75 0.50 0.47 043 0.54 0.44 0.46 0.43
0.8 0.58 0.33 041 0.50 0.44 0.50 0.41
0.85 0.83 0.13 0.44 0.50 0.44 0.50 0.44
0.9° 0.99 0.01 045 0.50 0.44 0.50 0.45

Table 4.8. Diagnostic accuracy of MF-BIA (Ritz 2Q0@&gainst measured serum osmolality (current dwltigeh) at several cut-off points in
diagnosing current dehydration based on alterrgaiateons for TBW, ICW and ECW in older people (R2¥01) against serum

Osmolarity (>300 mOsm/L).2 0.1 fraction added to all 4 cells of the 2x2 tathle to the presence of a zero in one of the tieisprevents at
least one of the properties being calculated. Ri®gitive predictive value. NPV: negative predietvalue. TBW, ICW and ECW were all

expressed as percentages of body weight (TBW%, ICBCW%).
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Pre-test

Cut-off point Sensitivity Specificity PPV~ NPV Probability Post-test probability (-ve) Post-tesilmbility (+ve)
TBW%

45% 0.16 0.99 0.97 0.34 0.70 0.67 0.97
50% 0.32 0.75 0.75 032 0.70 0.68 0.75
52% 0.37 0.63 0.70 0.29 0.70 0.71 0.70
53% 0.53 0.38 0.67 0.25 0.70 0.75 0.67
54% 0.79 0.25 0.71 033 0.70 0.67 0.71
55% 0.90 0.13 0.71 0.33 0.70 0.67 0.71
ICW%

53% 0.16 0.63 050 0.24 0.70 0.76 0.50
55% 0.58 0.38 0.69 0.27 0.70 0.73 0.69
57% 0.84 0.25 0.73 040 0.70 0.60 0.73
59% 0.99 0.01 0.70 0.50 0.70 0.50 0.70

Table 4.9. Diagnostic Accuracy of MF-BIA againstcegated serum osmolarity (impending dehydratiao)tinued
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Pre-test

Cut-off point Sensitivity Specificity PPV~ NPV Probability Post-test probability (-ve) Post-tesihbility (+ve)
ECW%

50% 1.00 0.13 0.73 1.00 0.70 0.00 0.73
47% 0.84 0.38 0.76 0.50 0.70 0.50 0.76
46% 0.21 0.99 0.98 0.35 0.70 0.65 0.98
45% 0.42 0.63 0.73 0.31 0.70 0.69 0.73
42% 0.00 0.88 0.00 0.27 0.70 0.73 0.00
ECW:ICW

0.6 0.01 0.99 0.50 0.30 0.70 0.70 0.50
0.75 0.16 0.63 0.50 0.24 0.70 0.76 0.50
0.80 0.21 0.63 0.57 0.25 0.70 0.75 0.57
0.9 0.84 0.38 0.76 050 0.70 0.50 0.76
1.1 0.99 0.01 0.70 0.50 0.70 0.50 0.70

Table 4.9. Diagnostic Accuracy of MF-BIA againataulated serum osmolarity (impending dehydrataiagnostic accuracy of MF-BIA
measures (at several cut-off points) by Maltron&ian 920-2 in diagnosing impending dehydrationregjaialculated serum osmolarity
(>295mOsm/L).
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Pre-test

Cut-off point Sensitivity Specificity PPV~ NPV Probability Post-test probability (-ve) Post-tesilmbility (+ve)
TBW%

45% 0.25 0.99 0.97 0.62 0.45* 0..38 0.97
50% 0.33 0.73 0.50 0.58 0.44 0.42 0.5
52% 0.42 0.67 0.50 059 0.44 0.42 0.5
53% 0.42 0.67 0.47 058 0.44 0.42 0.47
54% 0.75 0.20 043 050 0.44 0.5 0.43
55% 0.83 0.07 0.42 033 044 0.67 0.42
ICW%

53% 0.17 0.73 0.33 052 044 0.48 0.33
55% 0.67 0.47 0.50 0.64 0.44 0.36 0.5
57% 1.00 0.33 055 1.00 0.44 0.00 0.55

Table 4.10. Diagnostic accuracy of MF-BIA measurediagnosing current dehydration against calcdlaerum osmolarity
(>300mOsm/L), continued
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Pre-test

Cut-off point Sensitivity Specificity PPV~ NPV Probability Post-test probability (-ve) Post-tesihbility (+ve)
ECW%

49% 0.92 0.13 046 0.67 0.44 0.33 0.46
47% 0.83 0.26 0.48 0.67 0.44 0.33 0.48
46% 0.58 0.47 0.47 058 0.44 0.42 0.47
45% 0.33 0.53 0.36 050 0.44 0.50 0.36
42% 0.00 0.93 0.0 054 044 0.46 0.00
ECW:ICW

0.6 0.01* 0.99 0.50 0.56 0.45* 0.44 0.50
0.75 0.00 0.60 0.00 0.43 0.44 0.57 0.00
0.85 0.58 0.47 047 058 0.44 0.42 0.47
0.9 0.83 0.27 048 0.67 0.44 0.33 0.48
0.95 0.92 0.13 0.46 0.67 0.44 0.33 0.46

Table 4.10. Diagnostic accuracy of MF-BIA measurg$altron BioScan 920-2 (at several cut-off psjrit diagnosing current dehydration

against calculated serum osmolarity (>300mOsm/L).
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4.4.6 Diagnostic accuracy of MF-BIA by men and wome

Tables 4.11 a and 4.11 b present the diagnostiracyg of MF-BIA against measured
serum Osmolality (impending dehydration) in men awdmen, TBW% (as a
percentage of body weight) are based on internahteans in Maltron Bio-Scan 92-2
for TBW. None of the cut off points for either men women had a sensitivity and
specificity >60% respectively. Tables 4.12 a anti24b presents the diagnostic
accuracy of MF-BIA for men and women at several TBWut off points (as a
percentage of body weight) against measured sesmmolality in diagnosing current
dehydration (>300mOsm/kg). None of the cut offrp®ifor either men or women had a

sensitivity and specificity >60% respectively.

Tables 4.13 a and 4.13 b presents the diagnostieracy of MF-BIA for men and
women at several TBW% cut off points (as a pergmtaf body weight) based on
alternate equations for TBW in older people (RiZ02) against measured serum
osmolality in diagnosing impending dehydration (ZE®mOsm/kg). In men only at
TBW of 47% cut off sensitivity and specify was >60%ut no TBW% cut off for
women was >60%. Tables 4.14 a and 4.14 b preflentdiagnostic accuracy of MF-
BIA for men and women at several TBW% cut off psilfas a percentage of body
weight) based on alternate equations for TBW ireolgeople (Ritz 2001) against
measured serum osmolality in diagnosing currentydiettion (>300mOsm/kg). In

men only sensitivity and specificity was >60% atad@l 47% TBW% cut off points.

Tables 4.15 a and 4.15 b presents the diagnostigracy of MF-BIA for men and

women at several TBW% cut off points (as a pergmtaf body weight) based on
alternate equations for TBW in older people (Ri02) against calculated serum
osmolarity in diagnosing impending dehydration (3@®mOsm/L). In women only

sensitivity and specificity was >60% at 45% TBW% off points. Tables 4.16 a and
4.16 b presents the diagnostic accuracy of MF-BdA rhen and women at several
TBW% cut off points (as a percentage of body weifpaised on alternate equations for

TBW in older people (Ritz 2001) against calculasedum osmolarity in diagnosing
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current dehydration (>300mOsm/L). In men onlyss&vty and specificity was >60%
at 47% TBW% cut off points.

Tables 4.17 a and 4.17 b presents the diagnostieracy of MF-BIA for men and
women at several TBW% cut off points (as a pergmte body weight) based on MF-
BIA internal equations for TBW against calculateztusn osmolarity in diagnosing
impending dehydration (295-300mOsm/L). In womeaitycensitivity and specificity
was >60% at 49%, 50%, and 52% TBW% cut off point®wsng very similar
sensitivity and specificity. Tables 4.18 a andB4blpresents the diagnostic accuracy of
MF-BIA for men and women at several TBW% cut ofirie (as a percentage of body
weight) based on MF-BIA internal equations for TB¥gainst calculated serum
osmolarity in diagnosing current dehydration (>3@sm/L). None of the TBW% cut
off points showed a sensitivity and specificity $60
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Pre-test Posttest  Probability Post-test  probability

Cut-off point Sensitivity Specificity PPV NPV Probability (-ve) (+ve)
TBW%

45% 0.13 0.99 0.92 0.53 0.50 0.47 0.92
50% 0.13 0.88 0.50 0.50 0.50 0.50 0.50
52% 0.25 0.75 0.50 0.50 0.50 0.50 0.50
53% 0.38 0.50 0.43 0.44 0.50 0.56 0.43
54% 0.75 0.38 0.55 0.6 0.50 0.40 0.55
55% 0.88 0.13 0.50 0.50 0.50 0.50 0.50

Table 4.11a. The diagnostic accuracy of MF-BlAiagiameasured serum Osmolality (impending dehyainqin men at several TBW% cut off
points (as a percentage of body weight) are basedternal equations in Maltron Bio-Scan 92-2 f&@W.
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Pre-test Posttest  Probability Post-test  probability

Cut-off point Sensitivity Specificity PPV NPV Probability (-ve) (+ve)
TBW%

45% 0.14 0.75 0.50 0.33 0.64 0.67 0.50
50% 0.57 0.50 0.67 0.40 0.64 0.60 0.67
52% 0.57 0.50 0.67 0.40 0.64 0.60 0.67
54% 0.57 0.50 0.67 0.0.40 0.64 0.60 0.67
55% 0.86 0.02 0.60 0.09 0.63* 0.92 0.60

Table 4.11b. The diagnostic accuracy of MF-BIAiagameasured serum Osmolality (impending dehyoinqin women at several TBW% cut
off points (as a percentage of body weight) basenhi@rnal equations in Maltron Bio-Scan 92-2 f&W.
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Pre-test Post-test Post-test probability

Cut-off point Sensitivity Specificity PPV NPV Probability probability (-ve)  (+ve)
TBW%

45% 0.34 0.99 0.92 0.86 0.20* 0.14 0.92
50% 0.33 0.92 0.50 0.86 0.19 0.14 0.5
52% 0.33 0.77 0.25 0.83 0.19 0.17 0.25
53% 0.67 0.62 0.29 0.89 0.19 0.11 0.29
54% 1.00 0.38 0.27 1.00 0.19 0.00 0.27
55% 1.00 0.15 0.21 1.00 0.19 0.00 0.21

Table 4.12a. The diagnostic accuracy of MF-BlArian at several TBW% cut off points (as a percentdidpody weight) against measured

serum osmolality in diagnosing current dehydra{eB00mOsm/kg).
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Pre-test Post-test Post-test probability

Cut-off point Sensitivity Specificity PPV NPV Probability probability (-ve)  (+ve)
TBW%

45% 0.00 0.75 0.00 0.67 0.27 0.33 0.00
50% 0.33 0.38 0.17 0.60 0.27 0.40 0.17
52% 0.33 0.38 0.17 0.60 0.27 0.40 0.17
53% 0.67 0.25 0.25 0.67 0.27 0.33 0.25
54% 1.00 0.13 0.30 1.00 0.27 0.00 0.30
55% 1.00 0.13 0.30 1.00 0.27 0.00 0.30

Table 4.12b. The diagnostic accuracy of MF-BlAvomen at several TBW% cut off points (as a peraggtd body weight) against measured

serum osmolality in diagnosing current dehydra{eB00mOsm/kg).
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Post-test  probability

Cut-off point Sensitivity Specificity PPV NPV Predt Probability Post-test Probability (-ve) (+ve)
TBW%

45% 0.13 0.99 0.92 0.53 0.50 0.47 0.92
46% 0.38 0.88 0.75 0.58 0.50 0.42 0.75
47% 0.63 0.75 0.71 0.67 0.50 0.33 0.71
48% 0.75 0.50 0.60 0.67 0.50 0.33 0.60
49% 0.88 0.50 0.64 0.80 0.50 0.20 0.64
50% 0.88 0.50 0.64 0.80 0.50 0.20 0.64
51% 0.88 0.25 0.54 0.67 0.50 0.33 0.54
52% 0.88 0.13 0.50 0.50 0.50 0.50 0.50

Table 4.13a. The diagnostic accuracy of MF-BlAnan at several TBW% cut off points (as a percentddpdy weight) based on alternate
equations for TBW in older people (Ritz 2001) agameasured serum osmolality in diagnosing impendehydration (295-300mOsm/kg).
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Post-test  probability

Cut-off point Sensitivity Specificity PPV NPV Predt Probability Post-test Probability (-ve) (+ve)
TBW%

40% 0.29 0.50 0.50 0.29 0.64 0.71 0.50
43% 0.29 0.50 0.50 0.29 0.64 0.71 0.50
44% 0.43 0.50 0.60 0.33 0.64 0.67 0.60
45% 0.71 0.50 0.71 0.50 0.64 0.50 0.71
47% 0.71 0.25 0.63 0.33 0.64 0.67 0.63
48% 0.86 0.25 0.67 0.50 0.64 0.50 0.67
50% 0.86 0.25 0.67 0.50 0.64 0.50 0.67
52% 0.99 0.02 0.63 0.50 0.63* 0.50 0.63

Table 4.13b. The diagnostic accuracy of MF-BlAMomen at several TBW% cut off points (as a pergmtd body weight) based on alternate
equations for TBW in older people (Ritz 2001) agameasured serum osmolality in diagnosing impendehydration (295-300mOsm/kg).
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Pre-test Post-test Post-test probability

Cut-off point Sensitivity Specificity PPV NPV Probability Probability (-ve) (+ve)
TBW%

45% 0.34 0.99 0.92 0.86 0.20* 0.14 0.92
46% 0.67 0.85 0.50 0.92 0.19 0.08 0.50
47% 1.00 0.69 0.43 1.00 0.19 0.00 0.43
48% 1.00 0.46 0.30 1.00 0.19 0.00 0.30
50% 1.00 0.39 0.27 1.00 0.19 0.00 0.27
52% 1.00 0.15 0.21 1.00 0.19 0.00 0.21
55% 1.00 0.08 0.20 1.00 0.19 0.00 0.20

Table 4.14a. The diagnostic accuracy of MF-BlArian at several TBW% cut off points (as a percentddpdy weight) based on alternate
equations for TBW in older people (Ritz 2001) agameasured serum osmolality in diagnosing cudehydration (>300mOsm/kg).
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Cut-off point Sensitivity Specificity PPV Npy  Pre-test Post-test Post-test  probability

Probability Probability (-ve) (+ve)

TBW%

40% 0.33 0.63 0.25 0.71 0.27 0.29 0.25
43% 0.33 0.63 0.25 0.71 0.27 0.29 0.25
44% 0.33 0.50 0.20 0.67 0.27 0.23 0.20
45% 0.67 0.38 0.29 0.75 0.27 0.25 0.29
47% 0.67 0.25 0.25 0.67 0.27 0.33 0.25
48% 0.67 0.13 0.22 0.50 0.27 0.50 0.22
50% 0.67 0.13 0.22 0.50 0.27 0.50 0.22
52% 0.97 0.01 0.28 0.50 0.28* 0.50 0.28
55% 0.97 0.01 0.28 0.50 0.28* 0.50 0.28

Table 4.14b. The diagnostic accuracy of MF-BlAMomen at several TBW% cut off points (as a peagmbf body weight) based on alternate
equations for TBW in older people (Ritz 2001) agameasured serum osmolality in diagnosing cudehydration (>300mOsm/kg)
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Post-test Post-test

Cut-off Pre-test

point Sensitivity  Specificity PPV NPV  Probability Probability (-ve) probability (+ve)
TBW%

45% 0.09 0.98 0.92 0.34 0.68* 0.66 0.92
46% 0.37 0.98 0.98 0.42 0.68* 0.58 0.98
47% 0.55 0.80 0.86 0.44 0.69 0.56 0.86
48% 0.64 0.40 0.70 0.33 0.69 0.67 0.70
49% 0.72 0.40 0.73 0.40 0.69 0.60 0.73
50% 0.72 0.40 0.72 0.40 0.69 0.60 0.73
51% 0.82 0.20 0.69 0.33 0.69 0.67 0.69
52% 0.91 0.20 0.71 0.50 0.69 0.50 0.71

Table 4.15a. The diagnostic accuracy of MF-BlAnan at several TBW% cut off points (as a percentddody weight) based on alternate
equations for TBW in older people (Ritz 2001) agaicalculated serum osmolarity in diagnosing ingio@s dehydration (295-300mOsm/L).
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Cut-off Pre-test Post-test Probability (-

point Sensitivity ~ Specificity PPV NPV  Probability ve) Post-test probability (+ve)
TBW%

40% 0.38 0.67 0.75 0.29 0.73 0.71 0.75
43% 0.38 0.67 0.75 0.29 0.73 0.71 0.75
44% 0.50 0.67 0.80 0.33 0.73 0.67 0.80
45% 0.75 0.67 0.86 0.50 0.73 0.50 0.86
46% 0.75 0.33 0.75 0.33 0.73 0.67 0.75
47% 0.75 0.33 0.75 0.33 0.73 0.67 0.75
48% 0.88 0.33 0.78 0.50 0.73 0.50 0.78
50% 0.88 0.33 0.78 0.50 0.73 0.50 0.78
52% 0.99 0.03 0.72 0.50 0.72* 0.50 0.72

Table 4.15b. The diagnostic accuracy of MF-BlAMomen at several TBW% cut off points (as a peagmbf body weight) based on alternate
equations for TBW in older people (Ritz 2001) agaicalculated serum osmolarity in diagnosing ingo@m dehydration (295-300mOsm/L).
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Pre-test Post-test Probability (-

Cut-off point Sensitivity ~ Specificity PPV~ NPV Probability ve) Post-test probability (+ve)
TBW%

45% 0.18 0.99 0.92 0.66 0.38 0.34 0.92

46% 0.33 0.80 0.50 0.67 0.38 0.33 0.50

47% 0.67 0.70 0.57 0.78 0.38 0.22 0.57

48% 0.83 0.50 0.50 0.83 0.38 0.17 0.50

49% 0.83 0.40 0.46 0.8 0.38 0.20 0.46

50% 0.83 0.40 0.46 0.80 0.38 0.20 0.46

Table 4.16a. The diagnostic accuracy of MF-BIArfeen at several TBW% cut off points (as a peragnta body weight) based on alternate
equations for TBW in older people (Ritz 2001) agarcalculated serum osmolarity in diagnosing eurdehydration (>300mOsm/L).
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Pre-test Post-test Probability (-

Cut-off point Sensitivity ~ Specificity PPV~ NPV Probability ve) Post-test probability (+ve)
TBW%

40% 0.33 0.60 0.50 043 0.55 0.57 0.50
43% 0.33 0.60 0.50 043 0.55 0.57 0.50
44% 0.33 0.40 0.40 0.33 0.55 0.67 0.40
45% 0.67 0.40 0.57 0.50 0.55 0.50 0.57
46% 0.67 0.20 0.50 0.33 0.55 0.67 0.50
47% 0.67 0.20 0.50 0.33 0.55 0.67 0.50
48% 0.83 0.20 0.56 0.50 0.55 0.50 0.56
49% 0.83 0.20 0.56 0.50 0.55 0.50 0.56
50% 0.83 0.20 0.56 0.50 0.55 0.50 0.56

Table 4.16b. The diagnostic accuracy of MF-BlAMomen at several TBW% cut off points (as a pergmtd body weight) based on alternate
equations for TBW in older people (Ritz 2001) agaicalculated serum osmolarity in diagnosing curdehydrati
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Pre-test

Cut-off point Sensitivity ~ Specificity PPV NPV Probability Post-test probability (-ve) Post-tesiability (+ve)
TBW%

45% 0.09 0.98 0.92 0.34 0.68* 0.66 0.92

50% 0.09 0.80 050 0.29 0.69 0.71 0.50

52% 0.18 0.60 0.50 0.25 0.69 0.75 0.50

53% 0.36 0.40 0.57 0.22 0.69 0.78 0.57

54% 0.73 0.40 0.73 0.40 0.69 0.60 0.73

55% 0.90 0.20 0.712 050 0.69 0.50 0.71

Table 4.17a. The diagnostic accuracy of MF-BIArmen at several TBW% cut off points (as a percentddody weight) based on MF-BIA

internal equations for TBW against calculated seasmolarity in diagnosing impending dehydration5z3®0mOsm/L).

257



Pre-test

Cut-off point Sensitivity ~ Specificity PPV NPV Probability Post-test probability (-ve) Post-tesiability (+ve)
TBW%

45% 0.26 0.97 0.95 0.34 0.72* 0.66 0.95

48% 0.50 0.67 0.80 0.33 0.73 0.67 0.80

49% 0.63 0.67 0.83 0.40 0.73 0.60 0.83

50% 0.63 0.67 0.83 0.40 0.73 0.60 0.83

52% 0.63 0.67 0.83 040 0.73 0.60 0.83

53% 0.75 0.33 0.75 0.33 0.73 0.67 0.75

54% 0.87 0.03 0.70 0.08 0.72* 0.92 0.70

Table 4.17b. The diagnostic accuracy of MF-BIAViamen at several TBW% cut off points (as a peagabf body weight) based on MF-
BIA internal equations for TBW against calculatedusn osmolarity in diagnosing impending dehydra{@®5-300mOsm/L).
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Pre-test

Cut-off point Sensitivity Specificity PPV~ NPV Probability Post-test probability (-ve) Post-tesihbility (+ve)
TBW%

45% 0.18 0.99 0.92 0.66 0.38* 0.34 0.92

50% 0.17 0.90 050 0.64 0.38 0.36 0.50

52% 0.33 0.80 0.50 0.67 0.38 0.33 0.50

53% 0.50 0.60 0.43 0.67 0.38 0.33 0.43

54% 0.67 0.30 0.36 0.60 0.38 0.40 0.36

55% 0.83 0.10 0.36 0.50 0.38 0.50 0.38

Table 4.18a. The diagnostic accuracy of MF-BIArfeen at several TBW% cut off points (as a perggnta body weight) based on MF-BIA
internal equations for TBW against calculated seasmolarity in diagnosing current dehydration (>3@sm/L).
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Pre-test

Cut-off point Sensitivity ~ Specificity PPV NPV Probability Post-test probability (-ve) Post-tesiability (+ve)
TBW%

45% 0.34 0.98 0.96 055 0.54* 0.45 0.96

50% 0.50 0.40 0.50 040 0.55 0.60 0.50

52% 0.50 0.40 0.50 0.40 0.55 0.60 0.50

53% 0.67 0.20 0.50 0.33 0.55 0.67 0.50

55% 0.82 0.02 0.50 0.08 0.54* 0.92 0.50

Table 4.18b. The diagnostic accuracy of MF-BIA@men at several TBW% cut off points (as a petags of body weight) based on MF-
BIA internal equations for TBW against calculatedusn osmolarity in diagnosing current dehydratie800mOsm/L).

260



4.6 Discussion

Only 60% (n=27) participant data was included ie thnalysis and 40% (n=18).
Although | tried different ways of calculating TBWCW and ECW, and defined
dehydration using both serum osmolality and seremadarity (16 sets of calculations
assessing at least 5 cut-off points each, for bogiending and current dehydration, i. e
over 160 2x2 tables), only 2 cut-off points hadhbsensitivity and specificity of at least
60%. Limited diagnostic accuracy was observedTi®W% at 46% when calculated
using equations developed for older people (sentgit67%, specificity 62%) for
current dehydration by measured osmolality (>300sm@l/kg), but positive and
negative likelihood ratios were poor (1.75 and (r&dpectively). Similarly TBW at
47%, only with equations developed for older pepmkRowed limited diagnostic
accuracy (sensitivity 63% and specificity 63%, LR7 and LR 0.6) for impending
dehydration as assessed by calculated serum o#nda295 mOsmol/L). When
internal equipment equations for estimating TBW eveised no cut off were even
minimally diagnostic. In this population of 27 pé®pvith recent strokes, MF-BIA did
not fulfil its promise as a diagnostic tool for weioss dehydration.

Calculated serum osmolarity was not good at premjdhose with current dehydration
by the reference standard, measured serum osmgpkatitl using calculated osmolarity
resulted in 44% of our population being labelled rems/ing current dehydration,

compared to 22% by serum osmolality.

4.6.1 Diagnostic Accuracy

The limited diagnostic accuracy for current dehyidraby osmolality at TBW% of 46%
(sensitivity 67%, specificity 62%) using the impede output from MF-BIA to
calculate TBW% suggests that only 67 of every 1€6pte with current dehydration by
serum osmolality will be “positive” using TBW% aset test, meaning that 33 of every
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100 with current dehydration will be missed. Sarly the specificity of 62% suggests
that for every 100 people without current dehydrat2 will have a negative test but 38
will have a positive te&t This is a very high level of false positives ameatives,
suggesting that MF-BIA is not useful in diagnosimgter-loss dehydration. The test’s
positive (PPV) and negative (NPV) predictive vafuas well as pre and post test
probabilities provide more information on the ugilof TBW% at the 46% cut off point.
The PPV of 33% (equivalent to the positive post-pesbability of 33%) suggests that
only 33% of those who are diagnosed as having eudehydration by MF-BIA truly
have current dehydration by serum osmolality. NV of 87% is clearly better,
meaning that 87% of those diagnosed as not havimgert dehydration are truly
without current dehydration (and this is anothely wé stating the negative post-test
probability of 13%). The positive likelihood ratiltR+) was 1.75 and negative
likelihood ratio (LR-) 0.5% suggesting that for a person “positive” for defagdm by
this test the odds are 1.75 that dehydration isgmecompared to 1.00 for a person
“negative” for dehydration.

Studies evaluating the utility of MF-BIA in diagnong dehydration in clinical settings
are scarce. The findings of my study suggest tHatBVA is not a useful diagnostic tool
and are in broad agreement with those of Olde Rik&e al. They found that in
dehydrated geriatric patients (n=53) the sensjtioftdiagnosing dehydration using 100
kHz MF-BIA measurements was only 14% - very poarsgevity, and sensitivity was
not improved when other frequencies were tested)(23

! Sensitivity is the proportion of people who halve tlisorder who test positive. Specificity is

the proportion of people who do not have the disomho test negative.

% The positive predictive value is the ratio of tpasitives to all positives, and
represents the proportion of those with a positeseilt that are correctly diagnosed
(according to the reference standard). The negatiedictive value is the proportion
of those with a negative result that are corredithgnosed (so test negative on the
reference standard).
% The likelihood ratio for a positive result (LR-6lls you how much the odds of
dehydration increase when a test is positive. TKadithood ratio for a negative result
(LR-) tells you how much the odds of dehydrationrdase when a test is negative.
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4.6.2 The importance of MF-BIA results

Leaving the mathematics of diagnostic accuracy &tBIA aside and observing data
generated by MF-BIA also suggested that MF-BIA gatesl outcomes are not coherent
with the diagnosis of dehydration. Table 2 sugepksto significant difference in MF-
BIA measures between hydrated, impending, and rmumehydration groups. The
intracellular water content reflects information ive state of hydration at the cellular
level. Cellular hydration status can change witmimutes under the effects of stress,

nutrients, hormones, and other factors (235).

Therefore MF-BIA measures do not appear to useftdject changes observed in
serum osmolality or osmolarity or to sensitivelyemtify the dehydrated state at the

cellular level.

The state of hydration at a cellular level is intpat. If MF-BIA fails to identify
dehydration as a sole method in diagnosing theatigr status this can result in loss of
body tissue. Haussinger et (@35) suggested that a well hydrated cell increases
anabolic processes, but a dehydrated cell shiftabobsm to catabolic processes
especially at the muscle tissue. If recoverypisdcur in a highly stressed patient after
stroke, we want to be able to make sure that theynaan anabolic state rather than in a
catabolic state that can affect liver function amdy influence general weakness
(muscle catabolism) that can influence functioreowery if experienced, or delayed
rehabilitation recovery. Dehydration has beenudoented to correlate with poor
outcomes after stroke. Bhalla (98und that the 30% of their 167 stroke patients who
had raised serum osmolality (>296 mOsm/kg) hadeemed risk of mortality at 3
months (OR 2.4, 95%Cl1 1.0t 5.9). Kelly (121) fduthat in their 102 acute ischaemic
stroke patients raised serum osmolality (>297mOgmrk24% of their patients) on day
9 following admission was associated with increasgds of venous thromboembolism
(OR 4.7, 95% CI 1.4 to 16.3).
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4.6.3 The Convenience of the Maltron BioScan 920-2

The Maltron website states tHdthe BioScan 920-2 Multi-frequency Analyser with it
unique features is a rapid, non-invasive, inexpamnsnethod for evaluating hydration
and nutrition status”(236). Among other things it suggests applications fioid

retention”, “effects of hydration and dehydratianid “estimation of Total Body Water,

Extra/Intracellular Water”. | was unable to verifys.

Despite the Maltron website reporting that it isuittk, safe and easy” and “no
assistance or technical knowledge is required” Y2B6 machine is not user friendly.
Without a keyboard, data entry and saving of degassbow and may result in errors and
data loss. Re-running a second measurement forsdhee participant requires re-
entering all the same information again or the rnest overwrites existing data.
Analysed data are not easily accessible to vishatk without downloading the full
data set, and there is no warning when unrealiséclings are registered. On- site
readout of each variable for each participant wag ttonsuming and unrealistic in an
acute stroke unit. All data had to be downloadest for a swift read out making it

disadvantageous if discrepancies are present ¢pdata loss.

Approaching the same participant again would ellyiceequire further consent if

patient is still eligible (48 hours time frame) amdbuld require another serum
osmolality test; a considerably invasive procedaseit requires venepuncture. MF-
BIA equipment was used before in a previous researtd no discrepancies were
encountered. First 20 patients’ data was chet@ilediscrepancies. None was present

giving confidence to the investigator.
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4.6.4 Strengths and weaknesses

Study strengths include the use of both serum aaityobnd calculated osmolarity as
reference standards, conducted a population wigh kevels of dehydration, and
recording serum osmolality and other serum meas(gedium, potassium, glucose,
urea) within 20 minutes of MF-BIA measurements [dimg me to capture cellular
hydration status as evaluated by MF-BIA and itsetehce with reference serum

values).

Weaknesses included small sample size and loss I BM data from several
participants due to equipment malfunction. MF-Bi#achine malfunction occurred
unexpectedly. | checked data of first 20 patienotsany discrepancies and none was
present giving me the confidence in the equipmdiie data of the last 18 patients only
included in this dehydration study was omitted @sreépancies occurred. The possible
explanation is that towards the end of my PhD stadlyer researchers were interested
to examine the utility of MF-BIA for their own futa studies. Therefore a training
session was provided and they also tested the meachihis might have re-set the
machine somehow causing error in measurementlddast 18 patients included in the

hydration study.

In summary MF-BIA is not appropriate for the diagirsoof water-loss dehydration after
stroke. Diagnostic accuracy is far too low to uigfdiagnose dehydration current or
impending dehydration at any selected cut-off point
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Chapter 5: Validation studies of the BioScan 920-tulti-frequency
bio electrical impedance machine in patients with@cent ischaemic
stroke or transient ischaemic attack against the Dal X-ray

Absorptiometry scan
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Abstract

Introduction: In the clinical study, the assessmaftbody composition changes were
conducted using the multi-frequency bioelectricaipedance analysis (MF-BIA)
(Maltron BioScan 920-2). However, dual-x ray alptometry (DEXA) is considered
as the Gold Standard measurement. Therefore amakialidation study of MF-BIA
measurement using BioScan against DEXA was condudi@o internal validation

studies were also conducted to assess the repbildyaf the MF-BIA machine.

Methods: Ten participants were recruited for théemal validation of whom seven
participated in the longitudinal study (Chapter 3)-at free mass and fat mass
measurements recorded by MF-BIA machine immediatgier the Dual X-ray
Absorptiometry (DEXA) scan were used to validate-BIRA against DEXA as primary
measures along with protein mass, muscle mass @hddell mass. Additionally, two
internal validation studies were conducted; (1)cbdsecutive measurements of MF-
BIA recorded for each participant after the DEXAase@xamination in 10 participants
attending DEXA examination, and (2) two consecutiveasurements recorded on both
admission and discharge for each participants eflémgitudinal study. Bland and
Altman analysis was carried out to examine thergxdé agreement between MF-BIA
and DEXA for the external validation. Cronbach’svas calculated for the reliability

analysis to assess internal validity of MF-BIA.

Results: Of the ten participants included in exdémmalidation study, five were of
normal weight (20.0-25.0 kg/y four were overweight (25.0-29.9 kdfmand one was
obese¥30.0 kg/nf). There was strong correlation between MF-BIA BEXA with r?
values of 0.884 and 0.778 for fat free mass andnfads, respectively. According to
Bland and Altman analysis both MF-BIA and DEXA didot differ in their
measurements. Internal consistency of MF-BIA meament was excellent with fat
free mass and fat mass assessed on admissionsamérdie (Cronbach’s Alpha > 0.9
for both; n=40). Internal consistency was alsoedigat for 10 MF-BIA measurements

measured at the same time of the external validatith (Cronbachs:value > 0.9).
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Conclusion: The findings suggested good internaisstency of MF-BIA and also
showed good agreement and correlation of MF-BIAWREXA with regards to fat
mass and fat free mass measurements in strokelAmghifient population.
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5.1 Background

The assessment of individual components of the lmmgposition is not carried out
routinely in daily clinical practice. Kotler et highlighted that “the assessment of body
composition in clinical arena is lagging behindestific and technological development”
(237). It has been recognized that assessingioaaltstatus in clinical setting is useful
(238). Body composition data can provide an undadihg of the nutritional status and
needs of an individual patient in clinical practicBody composition measurement can
be a complex and time consuming procedure deperainthe method used. Multi-
frequency bioelectrical Impedance Analysis (MF-MRABcan be one simple and swift
method to measure body composition (please seenad in the Chapter 3), but its
validity against reference standard methods inkstrand transient ischaemic attack
(TIA) patient population is not known. This chappegesents the validation studies of
Maltron BioScan 920-2, Multi-frequency BIA machineed in the clinical longitudinal

study.

5.1.1 Assessment of body composition

Assessment of body composition can be done usmglsj low technology methods as
well as advanced methods. Established methods at@tused to assess body
composition include skin fold thickness (56), udater weighing and dilution method

(174), neutron activation analysis (239), determomaof total body potassium (240),

magnetic resonance imaging (MRI) (241), and dualyxabsorptiometry (DEXA) (63).

5.1.1.1 Upper Arm Anthropometrics:

Upper arm anthropometrics such as triceps skin f6®F) and mid arm circumference
(MAC) are nutritional assessment methods that camigle estimates of fat free mass
and fat mass of an individual. Skin fold thicknessised as a nutritional assessment
method in clinical settings for bedridden or veiypatients who cannot undergo other
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methods that require a certain level of mobilitgZp Despite the utility of upper arm
anthropometrics as a nutritional assessment teglniq bedridden patients, their
accuracy and usefulness have been questionedielstady, the diagnostic accuracy of
TSF and MAC in assessing severe malnutritiorf(gBrcentile for age) was examined
against that of Body Mass Index (BMI) < 18 kd/mand the Subjective Global
Assessment Tool (SGA) scores of 158 patients addnitd a hospital. The authors
found that the sensitivity of TSF in diagnosing esevmalnutrition (as defined above)
compared to similar diagnosis using BMI and SGA wasr with sensitivities of 62%
and 38% for BMI and SGA, respectively (243). Saewisy of the MAC was better
compared to TSF especially against SGA, but gtilltively poor with sensitivity values
of 66% and 61% for BMI and SGA, respectively (243his lack of sensitivity is may
be related to the fact that both TSF and MAC prevideasure of specific fat and
muscle mass distribution in certain body area (uppe) unlike BMI which provide a
measurement of body mass of whole body without igimog any estimation in fat or
muscle mass or the pattern of distribution of Tdterefore, using BMI or TSF or MAC

as a criterion or gold standard measure for bodypmsition is clearly not appropriate.

5.1.1.2 Underwater weighing method

One of the more complex methods is underwater wi@ighor hydrodensitometry
method. Underwater weighting relies on the esiimnabf body fat from calculated
body density using a validated mathematical eqoati@he subject’'s body mass is
calculated by dividing the measured weight by gedianal force in air and while in a
water tank. First, subject’s mass is calculatediin(My;) by dividing weight (kg) by
gravitational force (N; neutons). To measure Weig water, the subject sits in a
stainless steel chair placed on a Toledo platfaratesin an aluminium water tank with
a controlled water temperature between 35G6and is submerged into water up to the
neck. Mass in water is determined ) by multiplying volume of water times it
density at 35-36C (which equates to 0.994). The difference betwsmly mass in air
and water (M - Myate) divided by the density of water at a temperair@5-36°C
(which equates to 0.994) is used to calculate thlamve of displaced water which is

equal to body volume (244).
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To calculate body volume accurately using this meéthtcorrection must be made by
subtracting residual gas volume (described beloamnfbody volume. First residual
volume need to be measured. This can be dong asnitrogen analyser available in
the water tank. The nitrogen analyser consista efopcock and spirometer (244).
The nitrogen washout method is used to calculaedbkidual gas lung volume in lungs.
In this method the subject breathes air throughstbpcock. After a full expiration the
subject is then connected to the spirometer fileh 100% oxygen. The subject is
then asked to inhale and exhale once every threends. At the third exhalation
residual air volume is calculated using the forreulsed in Rahn 1949 from nitrogen
concentration percentage in the total volume ofa&d air in the spirometer (245).
Once residual gas lung volume is subtracted frordybeolume, body density is
calculated using the difference between;Mnd Myaer (246) (as described above).
Brozek equation is then used to calculate bodfrdat body density as below (247);

Body Fat = 4.57/body density — 4.142) x 100

Validation of the Brozek equation for estimatinglipdat against body fat estimated by
dual-X ray absorptiometry (DEXA) suggest that itvery accurate in estimating body
fat (248). Despite its accuracy (248)underwaterghiag is only used for research
purposes and not for clinical purposes as it is aoteasy method to use (174).
Furthermore because the subject’s body is requard® submerged in the water except
the head, it is difficult to use in pregnant womebese people, elderly, and people
with disability (246), hence not pragmatic to usgoas patient populations. The
approximation of residual lung volume can be inaata1 sometimes resulting in
imprecise body volume estimation and making it ohe¢he main limitations of this
method (249).
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5.1.1.3 Dilution method

The dilution method is used to measure total bodtew extracellular, and intracellular
water. Fat free mass (FFM) can be calculated ftotal body water volume by
multiplying total body water by 0.732 which is tR&M constant (250); the constant
value is derived based on the fact that water coraé the lean or fat free tissue in
human is 73%. In this method, measuring of thel tobaly water volume is done by
administration of a dose of tracer labelled watatio ithe subject either orally or
intravenously. The water is usually labelled wititium, deuterium, or oxygen-18.
Before the dose is administered a sample of uanblood is collected from the subject.
Two to three hours after the labelled water adrrai®n the same pre-dose sample
type and quantity is collected (251). The priteipehind the dilution method is that
the tracer will reach equilibrium in the compartisenntended to measure by
distributing equally in these compartments giveat tthis tracer is not metabolized
(252). Total body water (TBW) can be calculatedreformulae below. The formulae
assumes that the volume of a compartment (totay veater (V)) can be calculated
from ratio of the difference in the administereddid excreted (E) dose concentrations
to the difference of the concentration of the aibd fluid (d) after tracer dose

administration and its concentration before dosriaistration (d).

V=k1 x k2 xk3 xk4 x {(D-E)/ (¢-do)}

Correction factors areikky, ks, and kg (251). Fat free mass can then be calculated
given that total body water is a constant and prese73% of fat free mass (253). Fat
free mass can then be subtracted from body weagbstimate fat mass. The dilution
method can also be used to calculate extracelluéder (ECW) as the same way as
calculating total body water by using deuterateshbde or chloride which diffuses in
ECW space. ECW can be subtracted from TBW to tatleuntracellular water volume
(ICW) (174).
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The dilution method is considered to be one of réference methods to other body
composition methods such as Dual X-ray absorptioméR51). However, the
requirements for a sophisticated equipment anaghgethake it difficult to perform in
daily clinical practice. In addition, it is not a& swift body composition assessment in

clinical setting as the samples must be relocttdarger facilities for analysis (254).

5.1.1.4 Total Body Potassium

Total body potassium method is used to estimatérdat mass (255, 256). Potassium
isotopes known as potassium-40K] is fractionally present in the body and emits
gamma rays radiation (257). The emission of gamaga allows for*’K counting and
body composition assessment given that the potassiotope content in fat free mass
is constant (255). For total body potassium cougptithe subject lays in a supine
position between two sodium iodide detectors (wliap gamma rays emission) for 15
minutes in an enclosed room to allow the trappihgmitted gamma rays from the
subject only and not radiation from the naturalegwarring*®. The gamma rays are
trapped by the sodium iodide (Nal) detectors ancveded to total body potassium
value (186).

Other detectors are also available such as potmassiloride crystal bottles used by
Kehayias and colleagues (258). Total body potassinethod is a precise method with
only small variance between tA% body pool reflecting actual fat free mass cohten
(259). The precision of total body potassium mdtnas further examined in older
people by Kehayias and colleagues and they docwtiehat total body potassium was
precise in showing a decreasing trend with reddaefiiee mass and an increasing trend
with increased fat mass in ageing subjects exparignsarcopenia (258). The main
drawback of total body potassium counting methothad it requires sophisticated and
expensive set up (detectors, special chamber, thiat)are not easily available for

clinical usage.
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5.1.1.5 Magnetic Resonance Imaging (MRI)

Body composition can be measured using more addaeobniques such as Magnetic
Resonance Imaging (MRI). MRI method involves expgsithe human body
components to a magnetic field. The body consistgoms as the case of all naturally
occurring subjects. When the nucleus of an atammsisting of neutron and protons, is
exposed to the magnetic field, the protons posititemselves perpendicular to the
magnetic field. The time taken for the protonslign with the magnetic field is called
longitudinal relaxation time (T1). This alignment orientation is lost once the
disappearing magnetic causes protons to rotate twadkeir initial positions. This
process releases energy as they realign to thetexposure position. The energy
released can be captured as radiofrequency. Teefar the protons to return to their
original orientation, before the application of theagnetic field, is expressed as
transverse relaxation time (T2).

Both T1 and T2 differ between different tissuesheTdetection of radiofrequency at
different interval allows the determination of @ume of each tissue (260, 261). The
main advantage of MRI is that it allows for the gimay of each different body tissue
compartment including subcutaneous and viscergoaedi tissue unlike other methods
discussed so far which allow quantification of faass and fat free mass only. MRI
also shows good accuracy. The mean variance betiMéd estimated visceral and
subcutaneous fat and actual weights measured dhthe human cadavers was <10%
(262). Other validation studies include work by gtorm and colleagues
demonstrating that MRI provided accurate measuremethe cross sectional area of
human cadaver thighs compared to anatomical star{@i) measurement(263). The
high resolution images of MRI allowed for good esttion of muscle volume as MRI
values were within 7.5% of the AN standard (263RINIso showed good accuracy in
estimating body composition volumes in animals §26Bhe main disadvantage of MRI
that it is relatively expensive, not quick to penp requires a certain extent of subject
mobility, and it is not advisable to carry out maasnent if the person has any medical

devices such as a pacemaker.
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5.1.1.6 Dual Energy X-ray Absorptiometry (DEXA)

The Dual Energy X-ray Absorptiometry (DEXA) is used a reference method in
evaluating body composition (251). Therefore is teeen increasingly used in both
research and clinical settings. DEXA was firstduse measure bone and soft tissue
composition (265). The DEXA was developed basedhensame principles as Dual
Photon Absorptiometry (DPA) which generates gamiangs rthrough a radionuclide
source. The principle behind DPA used in measubiody composition is that when a
photon is directed at a subject, the intensityh& photons is reduced as they travel
through the subject body. The photons exiting shbject can be quantified by the
detector on the opposite side of the subject afigwor body composition calculation

using different formulae (251).

The DPA have been shown to have excellent agreemigimtbody fat measured by
underwater weighing (UWW), total body potassium KJBand the dilution methods
with a fat mass of 16.7+4.9 kg for DPA and a coredimverage fat mass of the three
methods of 17.6+5.9 kg leading to a correlationffo@ents between 0.79 and 0.99; p
values= between 0.01 and 0.001(266). With furteehnological advancement, the
photon source of DPA was replaced with X-ray getmegatubes resulting in currently
used DEXA technology (265).

The DEXA is considered to be the best body comjmrsiheasurement technique with
a precision error of less than 1.0 kg for fat mass relative error of less than 0.8 kg for
fat free mass percentage (63). It also has lovatiad exposure; the radiation exposure
in each measurement is less than 0.1 microGy \{88¢h is less than a whole day
exposure to radiation emitted from the sun in angusummer day in the Western
Europe such as UK. While DEXA method is considete be gold standard

measurement of body composition, it is still relaly expensive, time consuming to
perform ranging from 15-20 minutes for one meas@mmand inconvenient for

patients with disability or limited mobility — thperson needs to be able to lay flat
during the examination. All these factors make BEKot pragmatic to be used

routinely in clinical practice for purposes suchsaseening for all patients.
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The methods discussed above are costly, challengmmplex and they cannot be
performed to everyone in daily clinical practi@37). These methods are not quick as
they require a patient/person to travel to the tiocaof the facility. They also require
the presence of an expert technician and cannatabbrated by a researcher or a
clinician without previous appropriate training.igthas led to further development in
new methods which can evaluate body compositionurately that are cheap,
convenient, easy to perform and easily accessibMulti-frequency Bioelectrical
Impedance Analysis (MF-BIA) is one of the newer hoels which were used in my
thesis work. | discuss briefly below (please rdteCChapter 3 for more details) on the

MF-BIA method in measuring body composition.

5.1.1.7 Multi-frequency Bioelectrical Impedance Arsis

Multi-frequency bioelectrical impedance analysis FHBIA) is one of the newer
methods that can assess body composition. Body asitign data which can be
collected by MF-BIA include fat free mass (Kg), fede mass percentage, fat mass (Kg),
fat mass percentage, total body water (L), totadlybavater percentage, extra and
intracellular water (L), extra to intracellular \eatratio, body cell mass (Kg) and
percentage, extracellular mass (Kg) and percentaggatinine clearance rate (ml/min),
glomerular filtration rate (ml/min), protein magd&gy), mineral mass (Kg), mineral mass
percentage, total body calcium and potassium (glsaes mass (Kg), glycogen mass
(9), dry weight (Kg), extracellular fluid (L), plasa fluid-intravascular (L), interstitial
fluid-extravascular, body volume (L), and body dgn&g/L).

In brief, specific equations programmed in the MIR-Bhachine is used to calculate the
body composition components simultaneously basethenquantitative value of the
resistance imposed on the flowing electrical curlbgndifferent components (tissues) of
the body. The underlying principle of this measnent method is that while some
components in the extracellular space impedes lbetrieal current from flowing

through the body, the intracellular componentsvalib to flow freely (267). For
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example, body components such as adipose tissu@mcsre€onductive to electrical

current while lean tissues such as muscle, and elbenents such as electrolytes and
water, are conductive. Therefore, when an eledtaarrent passes through the human
body it faces resistance from the adipose tissug,phsses through the non-adipose

tissue to complete its circuit without any resis@or impedance.

The difference in conductivity between differersisties is used to calculate fat mass
and fat free mass using a validated formula alrepdbgrammed in the MF-BIA
equipment taking into account of factors such axdge height, weight, and age (62).
The MF-MF-BIA technique can measure body compasituging a single frequency
current (SF-MF-MF-BIA) or a multi-frequency curreiMF-BIA). In SF- BIA a single
current of a known quantity, usually 50 kHz, is digd83), while MF-BIA uses
electrical currents of several frequencies of inmetal values (5, 50, 100, 200,
etc., ....up to 500 kHz); Maltron BioScan 920-2, A machine, | used in my study
measure the body components using electrical dufrequencies of (5, 50, 100, and
200 kHz).

In MF-BIA currents of various frequencies are pdsdkrough the body tissues
separately and impedance is generated for eacheiney. Electrical currents’ input and
output difference for each frequency is measuretithe difference is used in validated
equations already integrated in the equipment liutzie body compositions. Both SF-
BIA and MF-BIA use empirical linear regression etijmias to generate results and the
results are available to the investigator insta(i$3). MF-BIA has been previously
used in clinical settings in several conditionse3d& include but are not limited to older
patients (234), patients after coronary artery bgpgraft (CABG) (268), patients with

HIV (269), and those on dialysis (270). The adagas of MF-BIA include being

easy to use, non-invasive, and requires minimalitrg to operate the equipment (271).
The main disadvantage of MF-BIA is that there areesal manufacturers and not all
are validated therefore a validation against areefee standard body composition
assessment method is required to ascertain trebitgl and for future clinical use in

specific patient/participant populations.
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5.1.2 Validation of MF-BIA against DEXA

The validation studies of MF-BIA were usually coothd against DEXA measurement
as the gold standard method and therefore, | valddF-BIA [BioScan 920-2,
Maltron International Essex, United Kingdom) maehinsed in my project against
DEXA. Previous validation studies of MF-BIA agai3EXA are somewhat limited,
conducted in specific populations’ e.g. healthyuwbéers but not in stroke/TIA patient
population. However, it has been shown that theiraoy of MF-BIA measurement is
dependent on the participant’s body mass indexe 1@oent study by Schafer et al (43)
examined the validity of MF-BIA compared to DEXA lrealthy subjects across a range
of BMI categories. The MF-BIA overestimated fat ds obese (30.0-30.9 kgfin
subjects compared to DEXA (p<0.0001); differencél4+ 0.34, and in overweight
(25.0-29.9 kg/rf) subjects (§0.006); difference of 0.95 + 0.33. Despite MF-BSA’
overestimation of fat mass, the authors highlightieat MF-BIA measurements did
show body fat percentage agreement with DEXA inrtbemal (18.5-24.9 kg/fh and
overweight BMI categories with a mean differencel66% (limits of agreement -6.7%
to +3.6%) and +0.58% (limits of agreement -3.8%%d0%), respectively.

The agreement with DEXA appears to be weaker iplge@hose BMI values were in
obese range (i.e. BMI >30 kgfinmean difference was 3.50% (-2.2 to +8.8%). hkirt

study, MF-BIA overestimated fat free mass in sulgjesith normal and overweight
BMI categories compared to DEXA with a differende2008 = 0.32 (p<0.0001) and
0.71 + 0.33 (g0.04) respectively. Overall conclusion was that-BIR is in agreement

with DEXA when measuring normal and overweight sat§ although overestimation
occurs in obese subjects, and therefore cautionldltoe taken in interpreting MF-MF-

BIA results in obese subjects (272).

There is a dearth of data on the use of MF-BIA meétim evaluating body composition

changes after stroke/TIA. One study compared baayposition changes after stroke
between the paretic and non-paretic leg of patiémts 35) (273). It used the DEXA

method in evaluating body composition, indicatihgttsignificant losses in lean body
mass and bone density loss occurred in the pdegticompared to the non-paretic leg
after stroke; p<0.05 (273).
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Efforts to have reference FFM and FM values werelan@ainly on healthy subjects
(274). Norm FFM and FM reference values in spe@bpulations are unknown and
still less well studied. Further validation of aesie machines should be carried out
against reference method DEXA in larger studies acbss wide range of specific

populations in clinical setting.
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5.2 Study Objective

The objective of this study is to externally vateldiF-BIA against gold standard
DEXA in patients with recent stroke/TIA. The valitbn of MF-BIA against DEXA
can provide information on the level of agreemeatween major components of
interest, fat mass and fat free mass, measured BIA and their corresponding
values estimated by DEXA for the same study pgaici. This study not only sought
to carry out an external validation for MF-BIA agsi DEXA, but also examined the
internal consistency of MF-BIA measurements for #@me participants recorded
several times as well as using measurement datatfie longitudinal study described
in Chapter 3.
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5.3 Methodology

The MF-BIA used in the study (Maltron BioScan 920Maltron International Co.
Essex, United Kingdom), was validated against DEXAchine (Hologic Discovery,
Hologic Inc. Massachusetts, USA) located at thai€dl Research Trials Unit in the
Norwich Medical School of the University of East glia (UEA). The Clinical

Research Trial Unit at the UEA is a National He&@#rvice affiliated facility that has
provisional Clinical Trial Unit registration withhé National Institute for Health
Research (NIHR) in England.

5.3.1 External validation study

For external validation of MF-BIA against DEXA (eefed in this chapter as MF-BIA
validation study), 10 participants with recent k&' 1A who met the inclusion criteria
were studied. The majority of participants foreerial validation (n = 7) were drawn
from the longitudinal study participants as desadilin the Chapter 3. The remaining
three participants were enrolled into the MF-BlAidation study only because their
expected acute hospital stay was very short to iggomeaningful results for the
longitudinal study or they were not interested amtjgipating in the longitudinal clinical
study but agreed to participate in this sub-stu8yudy participants were mainly stroke
patients (n = 8) and the remaining two patientseerpced transient ischemic attack
(TIA). TIA patients were also included in the valithn study as the purpose of the sub-
study is to evaluate the agreement of the measusmigetween two different
technigues in people with recent cerebrovasculante(stroke or TIA) as opposed to

assessment of changes in body composition afteolkes

At the time of study enrolment, | described theeghyes of the validation study to
potentially eligible patients. | explained thaetMF-BIA equipment used in the study
can be very useful in evaluating body compositiah ib has not been validated in
stroke/TIA patient population and this MF-BIA vaditibn study will allow us to

understand if the values provided by the MF-BIA ipqent are reproducible by a gold
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standard method, DEXA. | also explained the paaébenefit of research that if MF-
BIA could be reliably used to measure fat mass fatdfree mass in stroke/TIA
population, it may allow further research in théufe that can lead to recommendation
of the MF-BIA use in clinical practice consideritigat it is quick making it a useful tool

for health care professionals in assessing thétioutl status and needs of patients.

5.3.2 Sample size

For correlation, a sample size of 8 would have §@4er to detect a correlation of 0.9
at the 5% level of significance. | therefore retaditen participants, six with a recent
stroke and 4 with a transient ischaemic attack [Tffom the acute stroke unit at the
Norfolk and Norwich University 140 Hospital, UK.

5.3.3 Procedure

Inclusion criteria: The inclusion criteria are thkeame as the inclusion criteria for the
longitudinal study described in the Chapter 3, pkdbat TIA patients were also
eligible for this validation study.

5.3.4 Exclusion Criteria

Exclusion criteria for the MF-BIA validation is theame as the exclusion criteria
detailed in the longitudinal study in the Chapter 3
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5.3.5 Invitations

After hospital discharge, each patient who conskrite take part in the MF-BIA
validation study was contacted by phone to set raveent date and time for the
participant and the research team to perform theX®MEcan, and MF-MF-BIA
measurements for both external validation againEX® and one of the internal
validation studies using 10 repeated measures 6BM¥E An invitation letter to attend
the Clinical Research Trials Unit with the infornoat such as direction to CRTU
(standard UEA campus map with CRTU location clearbrked), the appointment date
and time was then sent to the participants by pobhbe letter also included other
information such as the duration of the proceduce €A car parking pass was also
included in the postal package. Attendance wafirooed by contacting participants by
telephone three days prior to their CRTU visit.

A consultant physician caring for the participantidg their stay at the acute stroke
unit in Norfolk and Norwich University Hospital wie® a request (Appendix XVI) for a
DEXA scan for each participant as per the requiremaf the CRTU Standard
Operating Procedures (SOP). Whole body scan wqsested from the four options
available including hip, spine, or forearm, becatkse indication for the study was to
measure body composition as opposed to the othgrope, e.g. assessment of
osteoporosis. Radiation exposure confirmation otated dose and appropriate

approvals checklist was filled by the radiation expo carry the scans.

Upon participant's arrival to the Clinical Researdmial Unit (CRTU) on the
examination date, pre-scan assessment interviewpedsermed by the researcher as

described in detail below.
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5.3.5 Pre-DEXA scan interview

The interview was aimed at ensuring participanditety (Appendix VII). | used the
standard SOP documents of CRTU for DEXA examinatfgppendix XVIII). First the
participant was asked if they had any medical ptoce within the last seven days that
involved the use of contrast media, arterial, iedibbarium, and nuclear medicine

isotope study. All participants answered NO.

Participants were also asked if they are wearing raptal device or object such as
button, zips, belts, mobile phone, etc. The paréiot was requested to remove them if

they were wearing or carrying with them any of silems.

Finally the participant was asked if they had ansgery that resulted in having metal
device fixed on them such as pacemaker leads,aectile seeds, metal implants, hip
replacement, surgical staples, or any metal fordigdies such as shrapnel, radio-
opague catheters or tubes, and bullets. If arlyeonswer was YES it was not an issue
but the practitioner carrying out the DEXA scan Vdoassess if they interfere with the

scans (Appendix XIX).

The second informed consent specifically for DEXAogedure was obtained
immediately prior to DEXA scan examination. Thissmaquired for all participants
intended to take part in any DEXA scan for resegraposes as per CRTU SOP
(Appendix X).

5.3.6 Dual X-Ray Absorptiometry (DEXA) Scan

The DEXA examination was carried out using HoloDiscovery (Hologic Discovery,
QDR series, Hologic Inc. Massachusetts, USA); imhgePatients were asked to lie

down flat on their back for the scan within the kear area. It was checked to ensure
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that the patient lied between the marked lines, alv@ve the head and one below the
feet. This marked area guarantees that the g8 p&the body are exposed to the X-
ray to obtain a full body scan. The patient’'s feetre tied with a tape to ensure that
they are kept close together. Once the scan wdy tedake place the machine was run
while the machine operator (the technician whod@sopriate qualification to operate

the scanner) and | stood in the designated areadatbarrier that protect the radiation

exposure to the examiners. The duration of tha s exactly seven minutes. Once
the scanning finished the participant was helpesittopright slowly.

Image 5.1. (Hologic Discovery, QDR series, ava#abl the Clinical Research Trial
Unit (CRTU) at the Norwich Medical School, Univeysof East Anglia

5.3.7 Bioelectrical Impedance Analysis

Immediately after performing the DEXA examinatiothe participant’s body

composition measurement was carried out using freljuency bioelectrical

impedance analysis (MF-BIA) as described detailstia Chapter 3. Briefly, the

participant’s weight was recorded by asking to taKetheir shoes and stand on the

weight meter while wearing light clothing. Weigvas recorded to the nearest 0.1
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kilogram (Kg). While on the weight meter, the papant was asked to stand upright
and straight to measure their height using thei@taeter. The stadiometer was slid
from the above until the headpiece of stadiometached the top of the skull of the
participant comfortably. Height was then recordedthe nearest decimal point in

centimetre (cm).

The participant was then asked to lie down in airsugosition on the bed in the
examination room at the CRTU and made comfortaBlarticipant information, a given
ID number, age, gender, height, weight, and ettyniwere all entered into MF-BIA
machine prior to body composition measurement.s Triformation is used by MF-BIA
machine to calculate body composition componentsggysre-programmed formulas as
described in the Chapter 3 and the introductioni@eof this chapter. Once all the
relevant necessary information was entered theapaéipn for the measurement was
carried out. Electrodes from the equipment weétached to the patients using sticky

patches similar to ECG patches as described i€tapter 3.

The reasoning behind placing the patches on théicipant after entering the
information not before is to ensure that they areaontaminated with skin secretions if
they stay for a longer period of time which mayenfére with electrical current flow
and the accuracy of the body composition measuresnehhe cables of the MF-MF-
BIA machine were then attached to the patches thighred coloured cable (positive)
being closer to the heart and the black colourédted@aegative) farthest. A total of ten

MF-BIA measurements were carried out for each gigant consecutively.

5.3.8 Internal validation studies of MF-BIA

First Internal Validation Study: The first for @rhal validation of MF-BIA came from
the source of data from the ten MF-BIA measuremesterded in 10 participants who
attended DEXA examination as described above wiviete measured for the external

validation purpose. The comparison of MF-BIA vammong these 10 measurements
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within an individual were also used to evaluate ititernal consistency of MF-BIA.

The data is presented as First Internal Validagtoy in the Results section.

Second Internal Validation Study: As describedhe longitudinal study of this thesis
(Chapter 3), two consecutive measurements were matey MF-BIA for each
participant both at the time of admission and atlarge (n=40). The purpose of these
two measurements on each occasion was also toadwalue internal consistency of
MF-MF-BIA on both at the time of admission and aspital discharge separately in a
larger number of participants. Therefore, thisosecinternal validation study of MF-

BIA was based on a total of 80 pairs of MF-BIA maasnents in 40 participants.

5.3.8 Statistical Analysis

Statistical analysis was performed using StatistRackage for the Social Sciences
SPSS of the product lirféredictive Analytics Softward®?ASW version 18.0).

5.3.8.1 External Validation of MF-BIA against DEXA

For external validation against DEXA, mean values fat free mass, fat free mass
percentage, fat mass and fat mass percentage waosllated from MF-BIA

measurements and compared to their correspondingsvaneasured by DEXA. First,
the means of first two MF-BIA measures (out of 3s calculated to examine the
agreement with DEXA. Then comparisons were madk awerage of first three MF-
BIA measurements, first four MF-BIA measurements] ao on until the average of the
all 10 measurements was used.  Therefore, for gacticipant a total of nine

comparisons were made between MF-BIA and DEXA nmegsents. The rationale
being to explore the number of MF-BIA measuremeinés provide the optimum level
of agreement between MF-BIA and DEXA after whictesgth of correlation did not

improve further. This will aid in understandingvwhanany MF-BIA measurement

should be recorded for an average that resultsast iprecise measurement similar to
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measurement recorded by the gold standard DEXAatamass and fat free mass. All
analyses were repeated stratified by BMI categaryha existing literature suggests

some overestimation in obese subjects.

Bland Altman method for assessing agreement betwe®n methods of clinical
measurements was used for the external validatimpoge (275). The Bland Altman
method includes a test of linearity step and liofitagreement step. For the test of
linearity (Figures 5.11-5.44), each measurememnh fliEXA for fat free mass, fat mass
and their percentages were plotted respectivelyinagaVF-BIA corresponding
measurements optimum mean. A line was fitted &nchiculated to understand the

strength of relation (not agreement) between tleevariables.

For limits of agreements, upper and lower limitgevirst calculated (Mean difference
* (2 x standard deviation of difference)). Theall mean of each measurement of fat
free mass, fat mass, and their percentages from M&tBIA and DEXA (Optimum
MF-BIA mean and DEXA measurement) was plotted agjaihe mean difference of
their corresponding values (difference betweemaptn mean for each measurement by
MF-BIA and DEXA). The plotted points were examirfed falling within the limits of
agreement (upper and lower limits) or beyond timeitd of agreement as in Bland
Altman method (275).

5.3.8.2 Internal validation

For the first internal validation study, ten cong&ec measurements of MF-BIA
recorded were examined for MF-BIA reliability. Thest two MF-BIA fat free mass,

fat mass, and their percentages measurements CranBipha values were calculated
respectively. The same step was repeated foirsidtree, first four and so on until all
ten measurements Cronbachs Alpha Values were attcul The purpose is to find the
optimum number of measurements of MF-BIA to obtidi@ highest Cronbachs Alpha

value (to be most reliable).

For the second internal validation study, two MRABheasurements for admission

were examined to validate the internal consistesicWIF-MF-BIA using reliability
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analysis. Cronbachs Alpha values, confidence vatsy and p-values were calculated.

The same reliability analysis was carried out fer dlischarge measurements.
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5.4 Results

Ten participants were recruited for the externdibbedion study (mean age 66 years, age
range 50-82 years, 70% men). Of the ten partitgpamx were diagnosed with
ischaemic stroke type and four were diagnosed Witnsient Ischaemic attack at the
time of admission to the acute stroke unit. Fpaeticipants had a normal weight BMI
20-24.9 kg/r), four were overweight (BMI 25-29.9 kgfim and one participant was
obese ¥ 30 kg/nf). The sample characteristics of patients incluttedhe second

internal validation study are presented in the &&bl of Chapter 3.

5.4.1 External validation

The mean age of the 10 participants for the exterakdation and the first internal
validation study was 66 years (SD 11.1 years, rd&itg82 years, 70% men), of whom
six had an ischemic stroke (mean NIHSS = 3.2; rahv@ and four a TIA. Five
participants had a normal weight (BMI 20-24.9 k@Jnfour were overweight (BMI 25-
29.9 kg/m), and one participant was obese 30 kg/nf). The mean age of the 40
patients included in the second internal validastudy was 70.3 years (SD 9.9 years,
range 50-89 years, 55% men), all had an ischemo&esfmean NIHSS = 5.1; range 1-
22). Three were underweight (<20 kg/m2), eight weamal weight, 21 were

overweight and 8 were obese.

Table 5.1 shows the comparison between fat fee ,nfials$ree mass percentage, fat
mass, and fat mass percentages mean of the técigearts measured MF-BIA BioScan
920-2 (after calculating optimum mean of ten measients) compared to the reference
standard Hologic Discovery DEXA mean for the saeme participants No statistically
significant differences were observed for all o# #lody composition indices between

two measurement methods.
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Measurement Mean difference (95% CI) p-value

Fat Free Mass (kg)
Mean MF-BIA BioScan 920-2 (std) kg 55.5(14.1) 0.6 (-2.9t04.1) 0.71
Mean Hologic Discovery DEXA (std) kg 54.9 (13.7)

Fat Free Mass %
Mean MF-BIA BioScan 920-2 (std) kg 72 .0(11.6) .1(-3.9t06.0) 0.64
Mean Hologic Discovery DEXA (std) kg 70.9 (8.5)

Fat Mass (kg)
Mean MF-BIA BioScan 920-2 (std) kg 22.0(10.7) .8(2.7104.4) 0.61
Mean Hologic Discovery DEXA (std) kg 21.2 (8.8)

Fat Mass %

Mean MF-BIA BioScan 920-2 (std) kg 28.0 (11.6) 4 04.7105.4) 0.9

Mean Hologic Discovery DEXA (std) kg 27.7 (9.1)

Table 5.1. Fat Free Mass, Fat Free Mass peraarftag) Mass, and Fat mass percentages mean ehtparticipants measured MF-BIA BioScan
920-2 (after calculating optimum mean of ten measients) compared to the reference standard Halgaovery DEXA mean for the same ten

participants; included are mean differences and @e¥tfidence intervals (95% CI).
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Table 5.2 shows R-squared and mean differencesge®ivalues of fat free mass, fat
mass percentages, fat mass and fat mass percemmgesirements for the external
validation of by MF-BIA BioScan 920-2 against HologDiscovery Dual X-ray
absorptiometry for all the study sample populaton stratified by Body Mass Index
kg/n? categories. There was a statistically signifiazortelation between fat free mass,
fat mass and their percentages with no staticaiyificant mean differences between
both methods of measurements for all body compusithdices measured. When
stratified by BMI category, only fat free mass (k@ues measured by both DEXA and
MF-BIA BioScan 920-2 showed statistically signifita strong correlation (r-
squared >0.7) in overweight subjects. No staafiticsignificant mean differences
between both methods of measurements for all obfe&ty composition indices

measured were observed when stratified analyses sesducted by BMI category.

292



R-squared correlation p-value for correlation N&dfference p-value

Fat Free Mass (kg)

All BMI categories 0.94 <0.0001 06(29t04.1) .7D
Normal BMI (20-25 kg/m 0.435 0.23 2.7 (-4.910 10.3) 0.38
Overweight BMI (25-30 kg/f) 0.943 0.03 1.9 (-1.8t05.7) 0.2

Fat Free Mass %

All BMI categories 0.805 0.005 1.1 (-3.910 6.0) 640.
Normal BMI (20-25 kg/mM! 0.128 0.55 4.1 (-6.81t0 14.9) 0.36
Overweight BMI (25-30 kg/m) 0.882 0.09 25(-2.91t07.8) 0.24

Fat Mass (kg)

All BMI categories 0.882 0.001 0.8 (-2.8t0 4.4) 6D.
Normal BMI (20-25 kg/m 0.182 0.47 1.0 (-6.9t0 9.0) 0.74
Overweight BMI (25-30 kg/fm 0.742 0.14 2.7(-2.1t0 7.5) 0.173

Fat Mass %

All BMI categories 0.794 0.006 0.4 (-4.7t0 5.4) 8D.
Normal BMI (20-25 kg/mM! 0.225 0.42 2.1 (-9.2t0 13.5) 0.63
Overweight BMI (25-30 kg/f 0.757 0.13 3.2(-3.1t09.5) 0.21

Table 5.2. Fat free mass, fat mass, and thetep&iges measured by two different methods, DuayXabsorptiometry (DEXA) and Multi-
frequency Bioelectrical Impedance Analysis (MF-BBipScan 920-2 for the entire study sample, aratifed by body mass index .
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There were excellent correlations between Hologisc@very DEXA and MF-BIA
BioScan 920-2 measurements using any of MF-BIA Bar5920-2 averages of first
two, first three, first four, and so on until ab ineasurements for all indices measured,
fat free mass and fat mass and their percentagesiéh participant in the study sample.
R? was > 0.8 and >0.6 for fat free mass and fat fin@ss percentage respectively’ R
was > 0.7 and >0.6 for fat mass and fat mass pexgenespectively. Table 5.3 shows
r-squared values for fat free mass, fat free ma&sseptage, fat mass, and fat mass
percentages of the external validation for eacthefaverages of the first two, three,
four, five, six, seven, eight, ninth and all ten asgrements recorded by MF-BIA
BioScan 920-2 against Hologic Discovery Dual X-(®)eXA) absorptiometry for the
10 participants who participated in the externdildeion study.
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Firsttwo  Firstthree Firstfour First five Firsik First seven First eight First nine  All ten

Fat Free Mass (kg) 0.881 0.882 0.882 0.882 0.881 8820. 0.882 0.882 0.884
Fat Free Mass % 0.648 0.649 0.649 0.654 0.648 0.649 0.648 0.654 0.648
Fat Mass (kg) 0.782 0.781 0.782 0.787 0.782 0.783 7880 0.787 0.778
Fat Mass % 0.633 0.632 0.633 0.64 0.633 0.634 0.639 0.641 0.63

Table 5.3. R-squared values per measuremenitrepgtfor fat free mass, fat free mass percentiagenass, and fat mass percentages of the external
validation for each of the averages of the firad,tthree, four, five, six, seven, eight, ninth atiden measurements recorded by MF-BIA BioScan

920-2 against Hologic Discovery Dual X-ray absamptetry for each of the 10 participants who partitgal in the external validation study.
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Test of linearity

Figure 5.1 shows the test of linearity diagram/jitotfat free mass of DEXA values in
kg plotted against their corresponding values nreasby MF-BIA BioScan 920-2 for
the 10 study participants using optimum averagel0f measurements for each
participant. All points lied along the linearitiné. The correlation coefficient was
excellent (r=0.940; p<0.0001). In two participantse values lied almost on the
linearity line (i.e. almost exactly the same resudetween DEXA and MF-MF-BIA)

indicating a substantial agreement.

R2 Linear = 0.883
90.00

80.007

70.004

60.007

BIA measured Fat Free Mass (kg)

50.007]

40.004

1 1 | 1 I I
40.00 50.00 £0.00 70.00 80.00 90.00
DEXA measured Fat Free Mass (kg)

Figure 5.1. Test of linearity diagram for fat freeass of DEXA values in kg plotted
against their corresponding values measured by MFBoScan 920-2 for the 10

study participants
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Figure 5.2 shows the test of linearity diagram firfee mass percentages of DEXA
values plotted against their corresponding valueasured by MF-BIA BioScan 920-2
for the 10 study participants using the optimumrage of 10 measurements for each
participant. Fat free mass percentages by DEXAMReMF-BIA for all 10 subjects
were close the linearity line with three particifsbeing very close to the linearity line.
The correlation coefficient was r=0.805; p=0.008bl¢ 2). One point was on the
linearity line suggesting a 100% agreement betwdd-MF-BIA and DEXA

measurements in that individual.

R2 Linear = 0.648
90.00

80.007

70.007

60.007

BIA measured Fat Free Mass Percentage
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1 1 T T I
50.00 £0.00 70.00 80.00 90.00
DEXA measured Fat Free Mass Percentage

Figure 5.2. Test of linearity diagram for fat freeass percentage of DEXA values
plotted against their corresponding values meashbyddF-BIA BioScan 920-2 for the
10 study participants.
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Figure 5.3 shows the test of linearity diagramftirfree mass of DEXA values in kg
plotted against their corresponding values meashyedF-BIA BioScan 920-2 for the
10 study participants using the optimum averagelOf measurements for each
participant. The correlation coefficient for avesagat mass of 10 MF-MF-BIA
measurements and DEXA was 0.882 (p=0.001). Aluesllied either just above or

below the linearity line, and in no participant timeasurements by two methods lied

exactly at the linearity line to suggest perfeaseagent.

R? Linear = 0.778
40.00

30.009

20.007

BIA measured FAT Mass (kg)
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1 1 | 1 T I I
10.00 15.00 20.00 25.00 30.00 35.00 40.00
DEXA measured Fat Mass (kg)

Figure 5.3. Test of linearity diagram/plot for faiass of DEXA values in kg plotted
against their corresponding values measured by MFBoScan 920-2 for the 10

study participants
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Figure 5.4 shows the test of linearity diagramfédrmass percentages of DEXA values
kg plotted against their corresponding values nreasby MF-BIA BioScan 920-2 for
the 10 study participants using optimum averagel0f measurements for each
participant. When plotting fat mass percentagasueed by MF-MF-BIA against its
corresponding values measured by DEXA, | found ti@ipoint was on the linearity
line they were all laying across the linearity Isigggesting not an exact agreement. The

correlation coefficient however was 0.794 indicgtansignificant correlation (p=0.006).

R? Linear = 0.63
50.00]

40.007

30.007

20.007

BIA measured Fat Mass Perecentage
o)

o0
10.00

1 I 1 1 1
10.00 20.00 30.00 40.00 50.00
DEXA measured Fat Mass Percentage

Figure 5.4. Test of linearity diagram for fat mgssrcentages of DEXA values kg
plotted against their corresponding values meashyedF-BIA BioScan 920-2 for the
10 study participants
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Figure 5.5 shows the difference of fat free masg) (hean of 10 MF-MF-BIA
measurement using the optimum average of 10 MF-Bi@asurements and DEXA
measurement plotted against the mean differenceeeet MF-BIA optimum average
and DEXA. Plotting the difference against the mé&anfat free mass resulted in all
points lying within the limits of agreement. DEX&nd MF-MF-BIA results both
signify the same clinical interpretation accordiogBland an Altman with a lower and

upper limit of —-9.17 to 10.37.
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Figure 5.5. Showing the difference of fat free snélsgy) mean of 10 MF-MF-BIA
measurements and DEXA measurement plotted agdiasinean difference between

MF-BIA optimum average and DEXA.
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Figure 5.6 shows the difference of fat free mascgdage mean of 10 MF-BIA
measurements using optimum average of 10 MF-BIARBEXA measurement plotted
against the mean difference between MF-BIA optimanarage and DEXA. Plotting
the difference against the mean for fat free massgmtage resulted in all points lying
within the limits of agreement DEXA and MF-BIA rd&uboth signify the same clinical
interpretation according to Bland an Altman withoaver and upper limit of -12.86 to
14.98.
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Figure 5.6. Limits of agreemeplot showing the difference of fat free mass peiaga
mean of 10 MF-MF-BIA measurements and DEXA measergnplotted against the
mean difference between MF-BIA optimum average BEXA.
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Figure 5.7 shows the difference of fat free massgrgage mean of 10 MF-MF-BIA
measurement using optimum average of 10 MF-BIA BRKA measurement plotted
against the mean difference between MF-BIA optimawarage and DEXA. All point
lied in between the upper and lower limit. Fat masdn fat free mass all points lied
within the limits of agreement with the lower -9.48d upper at 10.87. This outcome
suggests that both MF-MF-BIA and DEXA fat mass hssprovide the same clinical

interpretation.
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Figure 5.7. Limits of agreement FM plot showing thifference of fat mass (kg) mean
of 10 MF-MF-BIA measurements and DEXA measuremdattgd against the mean

difference between MF-BIA optimum average and DEXA.
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Figure 5.8 shows the difference of fat mass peaggntmean of 10 MF-MF-BIA
measurement using optimum average of 10 MF-BIA BRKA measurement plotted
against the mean difference between MF-BIA optimawarage and DEXA. All point
lied in between the upper and lower limit. Fatsspercentages points were within the
limits of agreement with a lower -13.73 and upget449. This outcome suggests that
both MF-MF-BIA and DEXA fat mass percentage do maty or provide different

result interpretation.
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Figure 5.8. Limits of agreement FM% plot showirtte tdifference of fat mass
percentage mean of 10 MF-MF-BIA measurements anXAmeasurement plotted

against the mean difference between MF-BIA optinawerage and DEXA.
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5.4.2 First Internal Validation of BioScan 920-2 NBFA

In ten participants who were included in the exaémwalidation study, the reliability
analysis to evaluate the internal consistency ofBI#k BioScan 920-2 to measure fat
free mass and fat mass and their percentages sedgaknost perfect agreement
between each of the 10 measurements for each cempuwithin the same individual.
The Cronbachs alpha values were excellent as Tableelow demonstrates (In Table
5.4 individual participants are designated #s2® 39 and so on). No statistically

significant difference was observed between eawfiesimeasure for each participant.
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Individual Cronbachs alpha values for each of thgdrticipants

1st 2nd 3rd 4th 5th6th 7th 8th 9th 10th
Fat Free Mass (kg) 1 1 1 1 1 1 1 1 1 1
Fat Free Mass % 1 1 099 1 1 1 1 1 1 1
Fat Mass (kg) 1 1 099 1 1 1 1 1 1 1
Fat Mass % 1 1 099 1 1 1 1 1 1 1

Table 5.4. The Cronbachs alpha values for eaditipant’s fat free mass, fat free mass percentgenass and fat mass percentage recorded

10 times by MF-BIA BioScan 920-2 for the 10 pagamts who participated in the external validatiothidEXA part of the study.
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5.4.3 Second Internal validation studies of BioSe20-2 MF-BIA

The internal consistency of BioScan 920-2 MF-BIA fbe measurements of fat free
mass, fat free mass percentage, fat mass, andatst percentage, protein mass, muscle
mass, and body cell mass recorded twice consebube¢h on admission and discharge
were excellent. Table 5.5 shows the Cronbachsaalplues for each of the two Fat free
Mass, Fat free mass percentage, fat mass, anchfs percentage, protein mass, muscle
mass, and body cell mass recorded on admissiodiadkarge in the longitudinal study
(Chapter 3) for the 40 participants.
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Admission  95% Confidence Intervals Discharge gsenfidence Intervals

Fat Free Mass (kg) 0.998 0.997-0.998 0.999 0.9999D.
Fat Free Mass % 0.997 0.994-0.998 0.994 0.902-0.973
Fat Mass (kg) 0.999 0.997-0.999 0.997 0.994-0.998
Fat Mass% 0.997 0.994-0.998 0.959 0.922-0.978
Protein Mass (kg) 0.989 0.979-0.994 0.957 0.9978.
Muscle Mass (kg) 0.997 0.994-0.998 0.969 0.9404.98
Body Cell Mass (kg) 0.998 0.996-0.999 0.995 0.993Y

Table 5.5. Internal consistency assessed using Cronbachs afiinres for each of the two fat free Mass, fat freess percentage, fat mass, and fat
mass percentage, protein mass, muscle mass, apa&lbthass recorded on admission and discharg® patients who participated the Longitudinal
study (Chapter 3).
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The internal consistency of BioScan 920 MF-BIA remed excellent with high
Cronbachs alpha values when analysis were stihtbie quartiles of BMI for both
admission and discharge measurements (Table 5.&Nl quartiles for the study
sample were first quartile (16.08 to 23.36 kd/nsecond quartile (24.8 to 26.10 kgJm
third quartile (26.12 to 28.86 kgfin and fourth quartile (28.92 to 39.35 kgJm There
was also no significant difference between firal a@cond measures of BioScan 920-
MF-BIA for all measurements conducted. Table Sa®a 5.6b present the internal
consistency Cronbachsvalues for the first and second measurementsafdréde mass,
fat mass, protein mass, body cell mass, and museaks estimated by MF-BIA on
admission and discharge stratified by BMI quatrtile.
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Admission

Discharge

Fat Free Mass (kg)
1st quartile

2nd quartile

3rd quartile

4th quartile

Fat Free Mass %
1st quartile

2nd quartile

3rd quartile

4th quartile

Fat Mass (kg)
1st quartile

2nd quartile

3rd quartile

Cronbachs Alpha 95% GCenfie Intervals

0.995
1
0.998

0.988
0.998
0.99

0.999

0.988
0.998
0.979

0.981 to 0.999
0.9981t0 1.0
(0.991 to 0.999

0.953 to 0.997
0.9963 to 1.0)
0.959 to 0.997
0.9981t0 1.0

0.951 to 0.997
0.991 to .999
0.917 to 0.995

Cronbachs Alpha 95% Confiddntervals

0.999
0.996
1

0.997

0.986

0.683

0.983

0.985
0.99

0.996.6o0 1
0.95t0 0.999

0.987 999.
0.947 996.

-0.274 t@0.9

0.931996.

0.944 180.9
0.956 1®8.9

Table 5.6a. MF-BIA Internal consistency by BMI guila, continued
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Admission Discharge
Fat Mass %
1st quartile 0.988 0.953 to 0.997 0.997 0.988999)
2nd quartile 0.999 0.994t0 1.0 0.986 0.947 t0®.99
3rd quartile 0.989 0.958 to 0.997 0.499 -1.2 t180.8
4th quartile 0.999 0.9981t0 1.0 0.986 0.945t0 .99

Table 5.6a. MF-BIA Internal consistency by BMI quia: assessed using Cronbachs alpha value fdér @fabe two Fat free Mass, Fat free mass

percentage, fat mass, and fat mass percentageleglcon admission and discharge by quartiles of Inealys index in the in 40 patients participated in

the longitudinal study (Chapter 3).
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Admission

Discharge

Protein Mass (kg)
1st quartile

2nd quartile

3rd quartile

4th quartile
Muscle Mass (kg)
1st quartile

2nd quartile

3rd quartile

4th quartile

Body Cell Mass (kg)
1st quartile

2nd quartile

3rd quartile

4th quartile

Cronbachs Alpha
0.985
0.984
0.985
1

0.987

0.999

0.979

0.998

1
0.999

95% Canfae Intervals
0.94 to 0.996
0.928 to 0.996
0.983 to 0.996
0.998t0 1.0

0.948 to 0.997
0.998 t0 1.0
0.996 to 1.0)
.999 t0 1.0

0.916 to 0.995
0.991 to 0.999
0.99t0 1.0
0.996t0 1.0

Cronbachs Alpha
0.994
0.728
10
1.0

0.652

0.997
0.992

0.984
1

95% Confiddntervals
0.976 189.9
-0.097.98D
0.9991t01.0
0.9991t01.0

-0.401.9449

0.989%999.
0.971998.
0.928 to 0.996
0.99t01.0

Table 5.6b. Internal consistency assessed usiogb@chs alpha value for each of the two proteissnauscle mass, and body cell mass recorded on

admission and discharge by quartiles of body madsxi in the in 40 patients participated in the lardinal study (Chapter 3).
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5.5 Discussion

This validation study confirms the usefulness of-BIR measurement using BioScan
920-2 in measuring fat and fat free mass other corapts such as protein mass, muscle
mass and cell mass in people with recent strokeTdAdAll Cronbachs alpha values
observed were > 0.9 with no statistical significatifferences between any two
consecutive measurements in all 40 participant®owditudinal study. The internal
consistency was also excellent for the first twweé and so on until 10 measurements
for each of the 10 participants included in theeaxal validation. Cronbachs alpha
values suggested excellent MF-BIA BioScan 920-bdlty.

There was also a high level of agreement betweerBMFBioScan 920-2 and DEXA
Hologic Discovery. When plotted using Bland & in methods for a comparing two
different methods, all of the values of fat freessydat mass, and their percentages lied

within the upper and lower limits suggesting theynt differ significantly.

5.5.1 Fat Free Mass

Fat free mass and fat free mass percentage mealurstF-BIA and DEXA were
strongly correlated; p<0.0001 and p=0.005 respelstivThe test of linearity suggested
agreement between the two methods (how well tleegriithe linearity line). All points
were lying along the linearity (agreement) lineg{ffe 5.1 & Figure 5.2). In Bland and
Altman method, plotting the average of the two rmdth against the difference, all
points lied within the limits of agreements (Figsé & Figure 5.6). Fat free mass
measurement using DEXA and MF-BIA can be used ¢hi@mgeably. Both methods
provide similar interpretation of fat free mass stitment in body composition.
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5.5.1 Fat Mass

There were also strong significant correlationswieen MF-BIA and DEXA
measurements for fat mass (p<0.001) and fat masemage (p=0.006). All points
were lying along the linearity (agreement) lineg{ife 5.3 and Figure 5.4) suggesting
agreement between the two methods. There weréatistisally significant differences
between the means of two measurements. In BladdAftman method, plotting the
average of the two methods against the differeRtgufes 5.7 & 5.8), all points lied
within the limits of agreements. This suggestst thi@e interpretation of the
measurement by MF-BIA and DEXA are similar and thbey can both be used

interchangeably.

5.5.3 Comparison with other studies:

This study suggests a very good agreement betwdeIl and DEXA. This is in
agreement with previous other studies. Pate jofingl (2006) demonstrated a
significantly strong correlation between MF-BIA aBEXA with an r? values of fat
mass and fat free mass of 0.81 for both (p<0.0R2§), The similar strong correlations
were also demonstrated in our study withranvalues of 0.88 (p<0.0001) and 0.78
(p=0.001) for fat free mass and fat mass, respdgtiv In Pateyjohns’ study all
participants were men (n=43), apparently healtlegywben age of 25-60 years, and are
either overweight or obese. In my study, only pagicipant was obese which does not
allow me to draw any meaningful conclusion on obssigjects with recent stroke or
TIA. However, the correlation between MF-BIA andEXA measurement was strong
for overweight subjects as in Pateyjohns study.shbuld, however, be cautioned that
the overweight population in my study composed doly participants. The agreement
between my study results and that of Pateyjohns snggest that DEXA and MF-BIA

provide similar result in overweight subjects.
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Body fat percentage was underestimated in a stydgum et al (277) with MF-BIA
measurements of body fat percentage correspondind@2t89 = 8.00%, being
statistically significantly lower than DEXA measuorent of 34.72 + 8.66%; p<0.001.
These results were contrary to my study findingsictvindicated very good agreement
between average body fat percentage measured byADEBX.7+£9.1) and MF-BIA
(27.71£11.5) (p>0.05). It should be noted that shedy by Sun and colleagues was
much larger than my study with 591 healthy subjedike age range, in the study was
not restricted to older population and they studpuyation’s age ranged between 19
and 60 years; my study population age range wagb5@ears. The difference in sample
characteristics with regard to distribution of agehe population studied may explain

differing results observed.

My study as opposed to other studies drew its sarfnpin specific patients population;
stroke/TIA population. This may suggest that tgeeament seen across fat free mass
and fat mass measured by DEXA and MF-BIA in my gtigdrelated to the fact that |
did not use a wide age range (as in Pateyjohny)stadd used a population of similar
clinical and health characteristics. The aforemometd studies used apparently healthy

volunteer population.

5.5.4 Strengths and Weaknesses:

Strengths of this study include that our patienssl lvariable body mass indexes
covering all body mass index ranges albeit withmaty patients in the obese category.
The DEXA and MF-BIA measurements were carried autsecutively removing MF-
MF-BIAs that may occur due to large time scale dapng which body composition
may change. | was able to carry out both inteamal validation studies of MF-BIA

BioScan and the results were consistent.

The main weakness of the study is the relativelnlssample size. There was not

enough sample size for stratified analyses by Balégories to allow better comparison
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with previous studies. There were difficulties facruiting older people with a
condition such as stroke. Transportation can peblem for such patients (post stroke)

with many living in remote areas.

Financial restraint as a PhD studentship projeuitédd the number of DEXA scans |
can carry out. DEXA scans are costly and recrgitirfarger sample can be expensive.
In addition, specialized personnel must be avalabith a clinician during the scans
making scans only available at certain times artdsdaTherefore, the sample size for

external validation was conducted in 10 participant

5.5.5 Clinical Interpretation:

The results of these validation studies indicat®ngt and significant correlation
between MF-BIA measurement and DEXA with regardéatanass and fat free mass.
When observing the limits of agreement in figure5-%8, it can be seen that all
measurements lied within the upper and lower li8&% Confidence intervals). This
suggests that both MF-BIA and DEXA readings do tnanslate into different clinical
interpretation. Only when the measurements ar@bilte range of limits of agreement
by both methods, this suggest two different clihioterpretation (275). Based on these
findings both DEXA and MF-BIA can be used interchaably to measure the body
composition indices examined. In addition, MF-Ba&so has internal consistency thus
it provides a reliable, easy to perform measuremegthod to assess fat free mass, fat

mass, and their percentages in stroke and TIA qigb@pulation.

5.5.6 Future work

As indicated in the earlier chapters of the théSisapters 2 and 3) that poor nutritional
status have negative prognosis on treatment outcampatients in general and stroke

patients specifically. Given the reliability ofivBIA BioScan equipment in assessing
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fat free mass and fat mass, this study sets the bafurther research to confirm these
findings in a larger sample with various patienpylations which are associated with
malnutrition. Further work should be aim at thesfbdity of using MF-BIA in clinical
settings as quick, simple, and easy to use equipimeassessing body composition
indices in such patients including stroke patiantéong term rehabilitation facilities.
In particular relevance to the subject of this thebody composition changes after
stroke can vary, and that the ability to measuah silnanges may aid in the nutritional
management of stroke patients, allowing cliniciamsprevent catabolism commonly

seen in stroke patients with long term disability.

What is equally important is to carry out furthetteznal validation study of MF-BIA
using different BMI categories. My study had omlgrmal weight and overweight
group of stroke/TIA patients (only one obese andenawere underweight). Thus, firm

conclusions cannot be made due to the small nuoflgatients in each category.

Previously one study compared body composition gesrafter stroke (n = 35) (273).
It used the DEXA method in evaluating body compositindicating that significant
losses in lean body mass and bone density lossredcin the paretic leg compared to
the non-paretic leg after stroke; p<0.05 (273). isThtudy did show that body
composition changes occurred in stroke patientsn(asy longitudinal study; Chapter
3). It lacked the validation of MF-BIA by DEXA asnly MF-BIA can be readily
available in clinical settings and not DEXA. DEXA relatively expensive, time
consuming to perform ranging from 15-20 minutes fame measurement and
inconvenient for patients with disability or limitemobility. The authors did not
consider at time of the study to examine the ythit MF-BIA or its reliability against
DEXA. My study provides new evidence that MF-BlAncbe a reliable measurement

tool which has excellent agreement with gold stachda@ethod, DEXA.

316



5.5.7 Conclusion

A large number of equipment’'s with different spagfion and formulae to calculate
body composition indices, many of which were vakda are available at present (183).
It is very important that the formulae being usedsuch equipment are known as in
Kyle 2004 paper (183) in order to carry out validatstudies and understand if such
formulae are useful or not. The formulae prograchimethe equipment | used in my
study are not known and not revealed by the matwiac Nevertheless, my results
suggest that MF-BIA BioScan 920-2 is in agreemeitit WEXA making it an attractive

candidate for further research and ultimately fee un clinical care of stroke/TIA

patients. MF-BIA BioScan 920-2 was not mentione&yle 2004 literature.

It could be that my study was the first on MF-BBfoScan 920-2 or it was not reported
due to the unknown formulae it used to calculateedtimate of Fat free mass, fat mass,
and their percentages. As described in Kyle's 2@@4dature review, the validation of
the different MF-BIA equipment was carried out agaiseveral different gold standard
or reference measure. Although it is importargxamine MF-BIA against several gold
standard methods for assessing body compositiois, @qually important to find a
universal gold standard method to validate MF-Btaiast. The validation against one
gold standard method will make it easier for vais to follow one protocol
eliminating errors that may cause MF-MF-BIAs whenlldwing several different
methods. Each gold standard method can have itsesvors and may contribute to
larger discrepancies in the agreement with MF-BiAnt another. Having one method
will possibly allow for filtering of MF-BIA equipmet's to reach the ones that best

provide an agreement with one reference gold stdnda

Future work examining the utility of MF-BIA shouldm to achieve larger sample size.
They should also gather information and evidencehenutility of MF-BIA in other

chronic long term disabling conditions includingnép term management of stroke
considering the scarcity of existing evidence usindy composition measurement as a
monitoring exercise to identify at risk patientsdaalso to monitor progress of the
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condition i.e. effectiveness of nutritional intemd@n in addressing malnutrition
associated with long term ilinesses. In summadng, Yalidation sub-study suggests an
excellent validity of MF-BIA measures for fat fregass, fat mass, and their percentages.

A larger sample with wide ranging BMI categoriesultbhave been desirable.
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Chapter 6: Conclusion
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My PhD work described in this thesis aimed to bettederstand selected body
composition changes in acute stroke and how suahgds relate to both objective and
subjective outcomes. To achieve these aims, | usetti-frequency bioelectrical

impedance analysis (MF-BIA BioScan 920-2, Maltrateinational Limited, Essex, UK)
and performed both internal and external validastudies in participants with a recent
stroke or TIA. | also examined the utility of MF8In diagnosing dehydration in acute
stroke. To better understand the prognostic sganite of malnutrition on outcomes in
patients with cardiovascular disease | conductegstematic review and meta-analysis
examining the association between various nut@afiamarkers of malnutrition and

outcomes in people with a cardiovascular event.

6.1 Malnutrition in acute stroke

In order to put my research in the clinical contektstroke, it is important to re-
emphasize the prevalence of malnutrition afterketroThe prevalence of malnutrition
including dehydration is well documented at theetiof admission with an acute stroke,
and the nutritional status of patients with strakso often deteriorates during the acute
hospital stay (17, 20, 61, 65, 70, 71). The pgenae of malnutrition in stroke is due to
dysphagia, a common stroke symptom with reportesigtence of at least 40% (120),
and other cognitive problems. Dysphagia impedes dbility to swallow while
cognitive problems may change eating behaviouretheraffecting dietary intake.
Malnutrition has adverse effects on body compasitespecially in conditions that
escalate the stress response in the body and massbeiated with immobility such as

in stroke.

The evidence | presented in this thesis deepensinbderstanding of malnutrition in
stroke through highlighting its impact on strokeigats. In Chapter 2, | presented
evidence on the association between malnutritioroattomes in people who had a
cardiovascular event (post-CVD). In chapter 3es$dtiptively presented the impact of

stroke on body composition changes and furthed tiaeunderstand how such changes
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may impact objective and subjective outcomes iokstrpatients. In Chapter 4, |
examined the utility of multi-frequency bioelecaidmpedance analysis in diagnosing
dehydration after stroke as a non-invasive andtdwediside method, and in Chapter 5 |
validated MF-BIA estimates for fat free mass andrfeass against DEXA and also

performed internal validation studies.

6.2 Studies findings in the context of the wholesik

The systematic review and meta-analysis present€hapter 2 provided evidence on
the association between markers of malnutrition drehlth outcomes after a
cardiovascular (CVD) event. This association weseased in both cardiovascular and
cerebrovascular diseases. Selected nutrition nmamr&gamined included body mass
index (BMI), weight loss, skin fold thickness, logserum albumin, high serum
creatinine, increased serum osmolality, and matmrr assessed by nutrition
assessment tools such as Subjective Global Assesg@@A) tool. My systematic
review and meta-analysis suggest that there waassociation between obesity or
overweight (both compared to normal weight) and tality, but there was an
association between underweight (compared to nomeaht) and higher mortality.
Meta-analysis of studies that examined the assonidtetween malnutrition assessed
using nutrition assessment tools and mortality satggl an association between

malnutrition and higher mortality.

The one included study that examined weight loss marker of malnutrition suggested
that weight loss had no association with mortaliiyf reduced the risk of recurrent
events. If weight loss occurred in obese or ov@itepatients it could improve their

health and post-CVD event outcomes as it can plaem within the healthy weight

range. It will improve their overall health and veé their adiposity which is considered
a prothrombotic state thus reducing the risk ouremnt event. On the contrary, if
patients were already malnourished weight lossccoalise further deterioration in their
nutritional status thereby increasing the risk @bipoutcomes including mortality.
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Other nutrition markers examined included low sealbumin, high serum osmolality,
and high serum creatinine and my findings sugge$iaidthese markers of malnutrition
may be associated with higher levels of mortaliyt these findings were based on a

small number of studies.

The aim of the longitudinal study was to examinalyp@omposition changes after
stroke and examine whether they have an impacutmomes. As described in detail in
the rationale and hypothesis of the longitudindiard study, | hypothesised that body
composition changes do occur after stroke due tationmal inadequacy compounded
by the stress response and that such changes maynégative prognosis on outcomes.
The findings of the longitudinal study showed iettmg observations regarding body
composition changes (fat free mass loss, fat maiss gnd protein mass, muscles mass
and body cell mass losses) in patients on modified, NBM feeding regimen, and
those who were classified as suffering from a tatatierior circulation infarct stroke
(TACI). Due to a small sample size and short domatof hospital stay a firm
conclusion on the relationship between body comjposchanges and type of feeding
regimen, type of stroke, and objective outcomesubjective outcomes cannot be made.
Follow up questionnaires were administered at 6 tmuost discharge from hospital
and the response rate was modest with most weltipants (with mildest strokes and
no post-stroke symptoms) responding to the questio®. Furthermore, it was
impossible to know what body composition changesuoed over time within the
follow up period of 6 months. As a result, no fioonclusion can be made based on the

findings.

Nonetheless, | have shown what type of body contiposchanges occur in stroke and
trends in changes occurring in major body compaeritat free mass loss, fat mass
gain, protein mass loss, muscle mass loss, and tedynass loss were observed in
patients who were prescribed modified diet (sofsheal diet, pureed diet, or nil-by-
mouth), nil-by-mouth, and patients experiencin@lta@interior circulation infarct stroke
subtype (TACI). Further, fat free mass loss, faismgain, and protein mass loss were
seen mainly in patients with moderate to severekstiNational Institute of Health

Stroke Severity score >10).
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Equally important and relevant in the nutritionare of stroke patients is their
hydration status; dehydration is prevalent randgnogn 30% to more than 60% post-
stroke, and has been shown to have impact on padtesoutcomes. The literature
presented in Chapter 2, which examined the assatiaf dehydration diagnosed using
a serum marker, serum osmolality, and outcomesesigd an association between
dehydration and mortality, and an association witbmplications such as

thromboembolism. Therefore, diagnosing and moimitpdehydration in stroke patients

should be a priority.

In Chapter 4, | presented the study findings cdroeit to examine the diagnostic
accuracy of MF-BIA BioScan 920-2 in diagnosing defagion in stroke patients. |
found that MF-BIA was not useful to diagnose wdtss dehydration after stroke. Its
diagnostic accuracy was far too low to usefully gdi@ase current or impending
dehydration at any selected cut-off point. The eave that these findings do not
necessarily translate to mean that MF-BIA does acturately diagnose cellular
dehydration, but rather highlight the certain lamtibns in this study that | will present in

the limitation section of this chapter.

In the penultimate chapter of this thesis, Chagierl presented findings of the
validation studies of MF-BIA BioScan 920-2. Theligdation of MF-BIA against
DEXA is essential to understand whether fat fressrand fat mass estimated by MF-
BIA are in agreement with a reference method (DEXA)ch will give confidence to
my study findings of the longitudinal study based WIF-BIA estimates. In the
validation study of MF-BIA BioScan 920-2 my resultsggested that MF-BIA BioScan
920-2 is in agreement with DEXA making it an atthae candidate for further research
and ultimately for use in clinical care of strokXTpatients and patients with similar
situations (e.g. hip fracture patients). The imérconsistency of MF-BIA BioScan

920-2 measurement for the selected body compositarponents was excellent.
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6.3 The contribution of this thesis to stroke resea

Given the prevalence of malnutrition in stroke @ats my study gathered evidence
regarding the association between malnutrition@ndomes. The study also presented
evidence on the extent of body composition chanigascan happen after stroke with
regards to the type of feeding regimen, stroke riigvassessed by NIHSS score, and
stroke subtype assessed using Oxfordshire Comm@&tibke Project Classification.
Whilst these body composition changes occurringnduthe acute hospital stay can
have an impact on longer outcomes in stroke | cawgtd make any firm conclusion
based on my results due to relatively small sangite. Although MF-BIA can
estimate water fraction body compartment, it doatsseem to be useful in diagnosing
dehydration after stroke. Nevertheless, MF-BIA npagvide valid body composition
estimates of fat free mass and fat mass as theatialn study suggested its agreement
with reference method DEXA. These findings may hpful in initiating larger

validation studies of MF-BIA to examine its agreerneith other reference methods.

These findings are relevant to clinicians and heatbfessionals working in the field of
stroke management. They may be able to improvaulrdional status of malnourished
patients by understanding their nutritional reguieat through observing patient body
composition changes (e.g. amount of fat free mass) land put nutritional management
on the list of their priorities to avoid poor oumges; the evidence from my systematic
review suggests that malnutrition after stroke darardiovascular event) is associated

with poor outcomes.

Further, my study was novel and provided normatista that can be used for similar
stroke related future nutritional research. It dam used in future sample size
calculations and to help researchers in the fielddétermine minimally clinically

significant differences for similar research and ke used in further targeted

intervention clinical trial.
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6.4 Limitations

In the systematic review and meta-analysis, notstlties included used the same
comparison group and there were lack of studiasguie particular reference category
| was interested in i.e. normal nutrition markergmaeters, making it impossible to

include all studies available in the same metayaimal Therefore the evidence synthesis

was based on the results from smaller number dfetu

In the longitudinal study follow up data did noateto any conclusion regarding the
association between body composition changes twatreed during acute hospital stay
and longer term outcomes. It would be impossibl&kriow what body composition
changes occurred during the follow up period thatehimpacted health differently at
final follow up. For example, if fat free massdasccurred during hospital stay it might
have been reversed during the six month follow eogl leading to improved strength
in a participant. Therefore responses at timeothbdv up questionnaire administration
may not reflect that participant physical healthiniy acute hospital stay and while on
the path to recovery. This was evident as paditip with fat free mass loss scored
higher than those with fat free mass gains or nasgan the Physical Component
Summary Scores (PCS) of the short form survey (8E3@arthel Index, and Stroke
Impact scale selected items. However, the numbepanficipants who completed
follow-up were small and most of them suffered mildtroke and therefore the findings

are plausible as they were expected to have relgtgood outcome.

| did not find MF-BIA useful in diagnosing dehydi@t. This can be attributed to the
fact that using serum osmolality and serum osntglas reference to compare MF-BIA
BioScan 920-2 estimated and calculated (from Rigua@ons) water fraction values
may not have been appropriate and consideringsraim osmolality and osmolarity
reflect intravascular component rather than calldahydration. In addition, the
malfunction in the equipment resulted in discardd#@@o of my participants’ data

making the sample small for firm conclusion. Whamalysed stratified by sex and
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using TBW as percentage of body weight, the diagmascuracy of MF-BIA improved
but remained low. The sample however was furteéduced in the stratified analysis.

In Chapter 5, the validation of MF-BIA BioScan 920sample size was relatively small.
Although the sample was sufficient to show thedigliof the machine used, it would
be preferable to have a larger sample in orderatmlate MF-BIA estimates across a
wide range of BMI categories including underweigidymal weight, overweight, and

obese participants.

With regard to the device | did not find MF-BIA Bigan 920-2 particularly user
friendly. It does not have a keyboard for swiftadantry. Data entry (age, sex, etc) and
saving of data was therefore slow process prormedolt in errors and data loss. Re-
running a second measurement for the same pariicgiso required re-entering of all
the same information again unless otherwise the itest overwrites previously
recorded first examination data. Analysed dataewsst easily accessible to visual
check without downloading the full data set, anceréhis no warning when
unrealistic/implausible readings are recorded. Whencarried out MF-BIA
measurements | checked initial 20 measurement$ianlidngitudinal and diagnostic
accuracy study for any discrepancies and none wleserved giving me confidence of
the measurements. However as it appeared latad Itd discard 40% of participant
data from the diagnostic accuracy study and onernga muscle mass and protein mass

data was not estimated in the longitudinal study.

6.5 Future work

If I had the opportunity to carry out the same litundjnal study | would standardize my
measurement time points i.e. instead of admissmmhdischarge, measurements can be
carried out at two fixed time points, for exampbeydne after admission and day five.
During follow up period, it would have been idealdarry out serial assessment of body

composition to monitor changes in body compositifier hospital discharge. It would

326



allow me to observe body composition changes dftaspital discharge. For external
validation future work examining the utility of MBIA should aim to achieve larger
sample size. A larger sample with participants vere in a wide range of BMI
categories is desirable to understand the usefuloeMF-BIA agreement with DEXA

more comprehensively.

Using an alternative device which uses the MF-B&khnique that is more users
friendly is also advisable. In addition | wouldes# a machine with known validated
equations. In my study, formulae to calculate wa@mpartments are built in the
device and are not known to the investigators adad hot know if they used validated
formulae and this is why | also used Ritz formutieveloped for older people to
estimate water compartments. Therefore it is ingwrto note that many BIA
machines with different specification and formulagny of which were validatedye
available in the market at present. It is very am@nt that the formulae being used in
such equipment are known as in Kyle 2004 paper)(ik88rder to carry out validation
studies and understand whether such devices ablesto use in clinical practice. The
external validation study against DEXA, howevelggested that the MF-BIA machine

| used may be reliably used for accurate estimatadriat mass and fat free mass.

Summary

My study was novel as it provided new informatioithwregard to body composition
changes in acute stroke while utilizing new vakdbhequipment in estimating body
composition component of fat free mass and fat mad4y study also aimed to
investigate new non-invasive methods to diagnoggdtation in stroke patients. It
contributed new knowledge that can be useful imritresearch for example sample
size calculation and can help researchers in #ld fo determine minimally clinically
significant differences for similar research andtiar targeted intervention clinical

trials.
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Appendix | Systematic Review Study Protocol

Malnutrition Markers/assessment tools and their ablity to predict long term poor clinical
outcomes and mortality in Myocardial Infarction, Tr ansient Ischemic Attack, and Stroke:
a systematic review of Prospective Cohort Studies

Mohannad Kafri, University of East Anglia, Scho6iMedicine, Norwich, NR4 7TJ

Abstract: this is a review protocol not a review ad there is not abstract

Justification:

Poor recovery outcomes in acute cardiovascular teyvenainly in stroke, are well
documented in patients diagnosed with malnutritidthough poor outcomes stroke are the
main acute cardiovascular event reported to bectaffieby nutritional status acutely. It is an
indication that the state of malnutrition plays ajon role in other acute cardiovascular event
such as Transient ischemic attack and Myocardfalrdtion. There is a vast array of poor
outcomes associated poor nutritional status ineacardiovascular events ranging from an
increased length of stay to increased mortalitydesmcy. Hospitalization duration, acute
complications, quality of life, and death are soaofethe main outcomes affected by poor
nutritional status in patients acutely. Malnutritidiagnosed acutely can have a significant
influence on recovery outcomes. Understandingétaionship between nutritional status and
recovery outcomes associated with acute cardiola@s@vents can contribute to a better
appreciation on the role of nutrition care in aatdediovascular events. Monitoring nutritionals
status acutely can provide valuable information amute care measures that can improve

recovery outcomes.

Objectives:

Our objective to assess nutrition markers fromurgerlbumin measures of hydration, body
mass index, body fat, triceps skin fold, and/ouseCreatinine can predict poor outcomes as
defined by hospital readmission, disability, funo&l status and/or mortality after acute
cardiovascular event defined as stroke, transsehieimic attack, or myocardial infarction

Methods:

Criteria for considering studies for this review

Types of studies:

Prospect cohort studies examining poor outcomds &iident nutrition markers measured and
outcomes evaluated as defined in the objectives.
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Type of Participants:

Participants aged 18 years and older who have Isiblke, myocardial infarction, or transient
ischemic attack with the nutrition markers serufouaiin measures of hydration, body mass
index, triceps skin fold, and/or serum Creatinineasured and the outcomes hospital
readmission, length of hospital stay, dischargeimkgson, disability, functional status and/or
mortality evaluated.

Type of exposure:

Most nutrition markers discussed and analysed lmoiastudies are Body Mass Index, Albumin,
triceps skin fold, and mid upper arm circumfererare reported in several studies, and
hydration measures, serum Creatinine ( rarely deai), and studies using variable malnutrition
assessment tools such as Mini Nutritional Assess(WNA) or Subjective Global Assessment
tool (SGA). Further analysis of the data may resukliminating some of the exposures and
elect to focus on those most frequently use toywed systematic review.

Types of outcomes measures:

Most cohort studies report mortality as all causertality. Several studies report other
outcomes such as length of hospital stay, functistzius as defined by Barthel Index scores.
Very few studies report discharge destination amsphal readmission. Later revisions of this
review may result in the exclusion of the outcorttes are inconsistently and/or not frequently
reported enough to synthesize a systematic review.

Search methods and identification studies:

We conducted a sensitive electronic search of MENHH.bnd EMBASE since 1950. Studies
abstracts were examined for inclusion in the lfsttadies to be examined for review inclusion.
Existing reviews bibliographies were examined fary aelevant studies for the review.

Searches were carried out by the PhD student wisotraaed by an expert systematic review
and received systematic review training in a recaaghcourse.

Selection of studies:

Two reviewers independently selected relevant studiith each synthesizing a list of studies
with abstracts included. After discussion, agragmand consensus the two reviews finalized
which list of studied meet the inclusion criteriadawill be included in the final systematic
review.

Data extraction: the search will find the relevanticles. Two reviewers will review and
extract data independently using a Cohort dataetiem form. This is for data duplication to
make sure that no major discrepancy occurs. Betar data extraction will include study
population, type of study, measured outcomes, adidity of the results and methods. If
possible Validity of studies will be checked thraugyvaluating if the authors used standardized
and recognized nutrition assessment markers os,tdfohuthors diagnosed exposure through
medically standardized methods, and if outcomefunttional capacity were assessed using
standardized methods such as Barthel Index and6SF-3
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Data Analysis:

Descriptive statistics, linear and logistic regm@ssmodels will be used to describe the
relationship between each identified nutrition nemsk and outcomes including disability,
morbidity, mortality, readmission, and dischargestiotation. 95% Confidence intervals and
correlation coefficient will also be presentedhe final results.
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Appendix Il: Search Strategy

Database: EMBASE, MEDLINE, and Web of Science
Date of Search: from inception to October 2010

Search strategy including indexing terms used iIrDMIE

1. BMlL.mp

2. body fat distribution/ or body mass index/ odyaize/ or body weight/ or waist
circumference/ or skinfold thickness/ or waist-hagio/

3. weight change or weight loss

4. body weight changes/ or weight loss/ or thinhess

5. adiposity.mp.

6. adiposity/ or body weight/ or waist circumferehor skinfold thickness/ or waist-hip
ratio/

7. Creatinine.mp.

8. *Creatinine/bl, ur [Blood, Urine]

9. Malnutrition.mp.

10. malnutrition/ or deficiency diseases/ or magmas deficiency/ or potassium
deficiency/ or protein deficiency/ or protein-engrgalnutrition/

11. Low albumin or Low prealbumin or Low transferri

12. Prealbumin/bl [Blood]

13. *Transferrin/bl [Blood]

14. *Serum Albumin/bl [Blood]

15. (hydrat* or dehydrat*).mp.

16. dehydration/ or hypercalcemia/ or hyperkalemia/ hypernatremia/ or
hypocalcemia/ or hypokalemia/ or hyponatremia/
17.1or2or3or4or50r6o0r7or8or9ortdlor12or 13 or 14 or 15 or 16

18. cohort.mp.

19. cohort studies/ or follow-up studies/ or pragpe studies/

20. Myocardial Infarction.mp.

21. myocardial infarction/ or anterior wall myocedinfarction/ or inferior wall
myocardial infarction/

22. stroke.mp.

23. Brain ischemia/ or hypoxia-ischemia, brain/ ‘tintracranial embolism and
thrombosis"/ or intracranial embolism/ or intradgednthrombosis/ or intracranial
hemorrhages/ or cerebral haemorrhage/ or intreardugiemorrhage, hypertensive/ or
stroke/

24. Transient ischemic attack.mp.
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25. brain ischemia/ or ischemic attack, transient/
26. 20 or 21 or 22 or 23 or 24 or 25

27.18 or 19

28. 17 and 26 and 27
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Appendix Ill: cohort data extraction form and valid ity tool

Cohort Data Extraction Form
Nutrition markers and Stroke, MI, and TIA outcomes
Extractor initials:

Date of extraction:

Author

Journal

Year

Study title

Study Characteristics:

Country of Origin?

Language?

Dates for Cohort Enrolment| From: To:

Duration of study follow up

Drop out

Reason for Dropouts

Subject Characteristics:

Total population selected

Total population included in the actual study

Mean Age

Females/Males

Age range

Inclusion Criteria

Exposure: Which of the following Exposures assessed in thdy?
a. Myocardial infarction b. Transient ischemic attack c. Stroke

Define Malnutrition: How is malnutrition defined in this study? (If ajmalble)
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Nutrition Markers: Which Nutrition markers/assessment tools were orea#evaluated in this study? Tick the space near

Indicator

Tick below if used

Cut off values defined as| Number below off values Number malnourished

malnutrition

Body Mass Index

Weight

MNA

Mid Arm
Circumference

Triceps Skinfold

Other hydration
(minerals)

Serum Albumin

Serum Creatinine

Outcome Assessment

Number/percentage

below cut off values defined as

malnutrition

in  study| Outcome measured* Outcomes number/percentage

Malnourished vs. non Malnourished

Confidence Intervals, Odds Ratio, Relative
risk, p-values, etc....
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*Morbidity, Mortality, Poor outcomes (define below), disability (indicate how it was measured and defie), average length of hospital stay, discharge
destination.

Add any definitions, comment in the space below:
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Appendix IVa: anthropometric studies included systenatic review and meta-analysis description

Study Median CvD Age years (mean qrMarker | Females/| Outcome Others variable the Model
Follow up range) Males assessed Adjusted for
period
Batty 2006 35 years Coronary | Normal weight: 51.4 | BMI 18403 Mortality Age
Heart Overweight :53.8 men only Employment grade
Disease Obese: 52.1 0.9% Physical activity
Smoking habit
Marital status, weight loss in the
previous year, height adjusted
FEV,
Blood pressure
Diabetes status
Cholesterol
Buettner 2007 17 months  Stroke Under weight: 66.1 BMI 480/1196 | Mortality Age, segment elevatipn
Normal weight 65.9 depression, previous MI,
Overweight 64.7 elevated cardiac troponin T,
Obese 62.7 elevated white blood cell count,
platelet count, kidney function,
angiography extent of coronafy
artery disease, CRP, obesity.
Dagenaise 2005 4.5 years Coronary| 66 years BMI 2182/662 sex, age, tobacco smoking,
heart 0 previous MI, previous stroke,
disease, presence of peripheral artery
peripheral disease, known microp
artery albuminuria, uses of antiplatelget
disease, agents,
stroke Diuretics, lipid-lowering agents

h-blockers and calcium-chann
blockers, and ACE inhibitorg




history of hypertension,
diabetes, total cholesterol N5.2
mmol/L, HDL

b0.9 mmol/L
Domanski 2006 4.8 years Coronary | Men < 30 years: 64.1 | BMI 1171/569 | Major adverse Age, history of myocardial
Heart Men > 30 years: 61.8 3 coronary eventsinfarction, history of angina,
Disease Women<30 years: including CVD| history of stroke, current
66.4 death, non-fatal smoking, history of smoking,
Women>30 years| myocardial systolic BP, diastolic BP, total
64.1 infarction, cholesterol, LVEF percentagg,
coronary Ca channel Dblockers, lipid
revascularizatio | lowering drugs, aspirin, beta
n, and stroke) | blockers, history of
revascularization, history aof
hypertension, and for women
hormone replacement therapy
Kragelund 2005 8-10 years  Myocardial Under weight: 74 BMI 2172/450 Age, smoking, wall motion
Infarction Normal weight: 68 2 index, history of diabetes,
Over weight: 66 history of hypertension, cancer,
Obese 63 heart failure, previous Ml
thrombolysis, in hospital atrial
or ventricular fibrillation,
previous stroke, WHR
Lopez-Jimenez 186 days Myocardial | Underweight :67.7 BMI 1022/684 | Mortality, age, gender, creatinine1(.3 vs.
2008 Infarction Normal Weight 63.4 recurrent <1.3), systolic and diastolic
Overweight 31.9 myocardial blood pressures, previous MI,
Obese 57.8 infarction CABG, congestive heart failure,

peripheral
vascular disease, stroke, renal
insufficiency, pulmonary

diseases, diabetes, BDI scores,
CABG treatment after, the index
MI, and baseline use of




vasodilators

Mehta 2007

12 months

Coronary
artery
disease

<=70

BMI

606/1719

Mortality

Normal BMI, age>70, faie
gender, diabetes, hypertensiq
hyperlipidemia, past peripher
disease, family history ¢
coronary artery disease, currg
tobacco use, family history ¢
coronary artery disease, Kkilli
class> |, ejection fractior]
baseline heart rate>100,,
blocker use, systolic BP

Nigam 2006

One year

Myocardia
Infarction

51-75

BMI

278/616

Mortality,
recurrent
Myocardial
infarction

Age, gender, diabetes, blog
pressure, smoking, famil
history of CAD, lipid lowering
use, beta blocker, aspirin, AC
inhibitor use at discharge

Nikolsky 2006

One year

Myocardial
Infarction

49-73

BMI

542/1493

Mortality

Age, sex, diabetg
hypertension,
hypercholesterolemia, curre
smoking, history of prior Ml
bypass graft surgery, killip clas
2 or 3, creatinine clearance

N,
al
f
2Nt

=4

Rana 2004

3.8 years

Myocardia
Infarction

I Normal weight 65.3
Overweight 60.6
Obese | 58

BMI

1317/581

Mortality

Age, sex, race, current smmgi
former smoking, thrombolyti
therapy, tea and alcoh
consumption serving/wee
education, income, excludin
patients with non cardia
morbidity

Rea 2001

3 years

Moyocradia
Infarction

61.4

BMI

968/1349

Recurrent

Coronary events

age, sex, tobacco
use, physical
congestive heart

activity|

activity, and aspirin use




Sierra Johnson 6.4 years Myocardial | 62 Weight | 79/311 Mortality Age, sex, smoking,
2008 Infarction loss dyslipidaemia, diabetes,
hypertension, myocardial
infarction and obesity
Towfighi 2009 14 years Stroke > 25 BMI 275/369 Radity Hypertension
antihypertensive  medications,
hypercholesterolemia, diabetes,
Hyperhomocysteinmia, time
from stroke occurence
Wu 2010 16 months| Myocardial | Group |: 64 BMI 1885/467 | Mortality Age, gender, hypertension,
median (30| Infarction Group 2: 62 5 diabetes’
months
maximum)
Zeller 2008 One year Myocardial Men by tertile: BMI 593/1636 | Mortality Acute therapy, Killip, prioMl,
Infarction T1, 67; T2 67; T3 61. Hypertension, Diabetes,
Wormen by tertile: T1 hyperlipidaemia, smoking, CRIP,
77, T2,76; T3 72. STEMI, LVEF




Appendix IVb: other nutrition markers studies included systematic review and meta-analysis descriptio

Study Median CvD Age (mean or Marker Females/ Model Adjusted
Follow up range) Males
period
Bhalla 2000 3 moths Stroke 73.2 Measures ®7/80 Mortality Age, gender, and
hydration: Osmolality stroke severity

stroke  subtype,
and premorbid
Barthel Index
Carter 2007| 7.4 years Stroke 76 Albumin 271/274  da9 mortality| Age, smoking,
post hospital stroke subtype,
discharge previous
stroke/TIA, AF
IHD, PVD, and

aspirin use
Davalos 3 month Stroke 66 Variable: MUAC,37/67 Poor outcomesAge, Sex, protein
1996 TSF, and Albumin (Barthel energy
Index<50) or| malnutrition,
death mean daily value
of urinary
cortisol, CSS
score
Davis 2004 | 30 days stroke <75 or >=75 SGA 87/98 orPooutcomeg Mortality Model:
(Modified NIHSS only.
Rankin score 2t Poor outcomg
6) model: NIHSS,
age, premorbid
MRS variable
Food Trial| 6 months Stroke 73.3 Variable 1492/1520| Mortality Age, gender
Collaboratio prestrike

n function, living




condition, and
stroke severity

Gariballa 3 months Stroke 77.9 Albumin 180/81 Mortality andge, urine
1998 functional status incontinence,

(barthel index MRs, gender
scores) previous illness
and intake of

drugs
Gariballa 3 months Stroke 77.6 Albumin 129/96 Mortality and Age, gender
1998 discharge MRs, drug intake
(AJCN) destination previous illness
and smoking

status
Hirakawa | During Myocardial | 75.62 (0.3)| Albumin 521/1070 | Death duringage, activity of
2006 hospital stay | Infarction | years for under hospitalization. | daily living,
nutrition systolic blood
73.44 (0.22) pressure,  body
years for mass index, reng
normal failure, bleeding,

shock,
class,
Pulmonary
edema, location
of  myocardial
infarction,
ejection fraction,
angiographic
data,
vasopressor,
intra-aortic
balloon  pump,
mechanical

Killip

|

Il

ventilation,




percutaneous
coronary
intervention.

Kelly 2004

21 days

Stroke

70.1

Serum osmolality

/587

thromboembolis
m

age, Barthel
index, leg
paresis,
incontinence and
atrial fibrillation

Sung
Yoo 2008

H

One week
complications
and 3 months
poor

outcomes (

stroke

64.8 (10.3)

variable

47/84

Clinical
Complications at
one week ang
poor  outcomes
(Modified
Rankin score 2
6)

vascular
risk factors, co
I morbid diseaseg

5 stroke  severity
stroke
- subtypes, an(

diet methods an

=

amount




Appendix V: PRISMA checklist 2009

Section/topic Checklist item Reported
page #

TITLE

Title Identify the report as a systematic reyieveta-analysis, or both. 17

ABSTRACT

Structured summary

Provide a structured summary including, as applediackground; objectives; data sources; stutig

eligibility criteria, participants, and interventis; study appraisal and synthesis methods; reg

limitations; conclusions and implications of kegdings; systematic review registration number.

sults;

INTRODUCTION

Rationale Describe the rationale for the reviethe context of what is already known. 34

Objectives Provide an explicit statement of questions beinglressed with reference to participant84
interventions, comparisons, outcomes, and studiga¢BICOS).

METHODS

Protocol and registration Indicate if a review protocol exists, if and whérean be accessed (e.g., Web address), andg5f
available, provide registration information inclndiregistration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, lergfttiollow-up) and report characteristics (e.g35
years considered, language, publication status) aseriteria for eligibility, giving rationale.

Information sources Describe all information sources (e.g., databas#sdates of coverage, contact with study auth@$§
to identify additional studies) in the search aatedast searched.

Search Present full electronic search strategy for attleas database, including any limits used, such|tB26

it could be repeated.

Study selection

State the process for selecting studies (i.e..esang, eligibility, included in systematic review35




and, if applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reportg.{(giloted forms, independently, in duplicat€36
and any processes for obtaining and confirming ftata investigators.
Data items 11| List and define all variables for which data weoright (e.g., PICOS, funding sources) and pA¢

assumptions and simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bidsdofidual studies (including specification p87-40

studies whether this was done at the study or outcome )leaetl how this information is to be used in any
data synthesis.

Summary measures 18  State the principal summaagumes (e.g., risk ratio, difference in means). 36

Synthesis of results 14 Describe the methods of handling data and combimesylts of studies, if done, includingl0-42

measures of consistency (e.§) for each meta-analysis.

Page 1 of 2

Reporte
Section/topic # Checklist item d on

page #

bSpecify any assessment of risk of bias that magcafthe cumulative evidence (e.g., publication ,bi&y-40
selective reporting within studies).

=

Risk of bias across studies

Additional analyses 16| Describe methods of additional analyses (e.g.,itbétys or sub group analyses, meta-regression),4i
done, indicating which were pre-specified.

RESULTS

Study selection 17| Give numbers of studies screened, assessed fdilglig and included in the review, with reasors | 43
exclusions at each stage, ideally with a flow chagr

Study characteristics 18 For each study, present characteristics for whath evere extracted (e.g., study size, PICOS, folipw 43

period) and provide the citations.
Risk of bias within studies 19 Present data dnagfdias of each study and, if available, any oate level assessment (see item 12). 44




Results of individual studies20 | For all outcomes considered (benefits or harm®semt, for each study: (a) simple summary data &#-58
each intervention group (b) effect estimates amdidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of eath-armalysis done, including confidence intervald ereasures of consistency.| 62, 63,
66, 68,
72, 75,
76
Risk of bias across studies 22  Present resulisyhssessment of risk of bias across studiedtésael5). 51, 52
Additional analysis 23| Give results of additional analyses, if done (esgnsitivity or sub group analyses, meta-regressiea 49, 62
Item 16]).
DISCUSSION
Summary of evidence 24 Summarize the main findings including the strengftfevidence for each main outcome; consider th&i
relevance to key groups (e.g., healthcare provjdeesrs, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level.(gigk of bias), and at review-level (e.g., incdetg | 83
retrieval of identified research, reporting bias).
Conclusions 26| Provide a general interpretation of the resultd@context of other evidence, and implicationsfédure | 84
research.
FUNDING
Funding 27 | Describe sources of funding for the systematicesevand other support (e.g., supply of data); réle NA

funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, andetfPRISMA Group (2009). Preferred Reporting ItentsSgstematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 6(6): e1000097. doidD1journal.pmed1000097
For more information, visitvww.prisma-statement.org




Appendix VI: Longitudinal Study Protocol

Fat Free Mass and Body Composition Changes afteké&in Assessing and Monitoring of
Nutritional Status, Nutritional Support AdequacgdaRelationships with Long Term
Outcomes: an Observational Cohort Study

346



Table of contents

Title Page
Abstract 3
Background 5

Obijective 16
Research Questio 17
Hypothesis 18

Study Design 20

Study Location 20
Inclusion Criteria 20
Exclusion Criteria 20

Patient selection criteria for MF-MF-BIA validati@gainst DEXA 20
Methodolog 21

Sample Size Calculation 23

Data Analysi 23

Study timeline 25
Schematic diagram of the project 26
Reference 27
Participant Information Sheet Appendix |
Participant Information Sheet Measurements Diagram Appendix Il
Participant Information Sheet Flow Chart Appendix |
Letter to participant’s GF Appendix IV
Consent Form Appendix V

347



Abstract

Study Objectives: 1) to describe body composition changes in théteastroke phase; 2) to
examine the effect of different methods of nutriib support on body composition changes after
stroke; and 3) to examine the relationships betvimely composition changes after stroke and long
term outcomes.

Background: Stroke complications such as dysphagia may mba&entaintenance of adequate
dietary intake difficult after stroke. As a resutialnutrition after stroke is common. Malnutrition
can lead to tissue catabolism and body compositibanges. Body composition is readily
measurable. The components which can be estimatesist of fat mass, fat free mass, total body
water, and mineral contents. In the cataboliedat mass and fat free mass is the primary energy
source for the body. This catabolic state is assediwith total body and intracellular water loss
and can result in dehydration. Body compositiomitaoing in the acute stroke phase may help to
evaluate the degree of tissue loss mainly throagtrée mass to understand energy balance and
nutritional status of patients as malnutrition gs@ciated with poor outcomes including death in
stroke patients. Other good indicators of energhaitice and nutritional status include fat mass,
total body water (TBW), and mineral content. Thbedy composition variables can be measured
using Bioelectrical Impedance Analysis (MF-MF-BIAMF-MF-BIA measurement is simple, non-
invasive, and can be performed in clinical settiwhile the patient is lying down.

Methodology: A cohort of stroke patients admitted to Gunthoiseite Stroke Unit at the Norfolk
and Norwich University Hospital will be prospectiyeecruited upon consent to the study over 9
months. Body composition variables will be evadabbn admission, a week after enrolment to the
study and at discharge using MF-MF-BIA (BioScan-22Maltron International Ltd, and Essex,
United Kingdom). Routine haematological biocherhimaasures including albumin levels will be
recorded. Age, gender, stroke type, co-morbigitg;morbid status and any episodes of clinician-
diagnosed dehydration will also be recorded. $etkepatients with feeding regimen change during
their acute hospital stay will have their body casifon evaluated within 24-48 hours post feeding
regimen change for every feeding regimen changdlow up will be carried out at nine months for
each surviving participant using Patient Administea System (PAS), medical records review, and
postal questionnaires. At follow-up the followirmutcome data will be collected- mortality,
hospital admissions, functional status (measurddguBarthel and Functional Independence
Measure, FIM), health related quality of life (S6v2), patient reported outcome (PROM) using
Stroke Impact Scale (SIS), discharge destinationteahospital length of stay and initiation of
nutritional support and complication arising frof&@® nutritional support.

Outcomes: the primary outcome will be change in averagdrts mass stratified by stroke type,
severity and predominant feeding regimen. Secgndatcomes include average change in body
composition including fat mass, TBW and mineral teoh The relationships between these
changes and above outcomes at nine months wilb&sxamined.
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Background:

Stroke is a chronic condition that can have varieffects on the body including dietary
intake. Dietary intake in acute stroke is ofteadaquate, which is usually attributed to high
incidence of dysphagia after stroke, and a rang#hafr secondary complications such as cognitive
problems affecting eating behaviours, reducedtghili feed oneself independently, disorientation,
paralysis, depression, and other sensory relamdria(l, 2). Altered dietary intake can lead to
weight loss, dehydration and malnutrition in streleevivors. Weight loss after stroke has been well

documented (3, 4). In addition, malnutrition iro&e patients is common.

Malnutrition is commonly defined using Body Massgdx (BMI) cut off points; a BMI of <
18.5 Kg/nf in populations aged < 65 years and a BMI of < 22niin older groups is considered
to be malnourished (5, 6). Deterioration of nutritkl status in stroke patients during hospital &are
well recognized (7, 8). Malnutrition is thoughtlte partly contributed by the nature of the stress
response instigated in stroke. Stroke patiente ba@en shown to have a great stress response; they

have high cortisol levels, resulting in the deteimn of their nutritional status (9).

Body composition is affected in acute medical #lees including stroke. Furthermore,
stroke complications which are associated withredtelietary intake can lead to a negative energy
balance. In such circumstances when energy needswot met, the body will elect to use its own
energy reserves resulting in tissue loss leadinguttsequent body composition changes. Body
composition that can be measured easily consistat dfee mass, fat mass, total body water, and
body mineral content. Acute/chronic inflammatimstigated during illness leads to catabolism of
body tissue with resultant fat free mass loss f@t free mass loss leads to loss of cellular $laisl
tissue catabolism results in intracellular fluilsdoand expansion of extracellular fluid; cellular
dehydration (10). These changes are not uncomaftar stroke. Prevalence studies of
malnutrition in stroke showed a proportion of srgiatients at the time of the event were already
malnourished (10, 11, 12, 14, and 15).

The nutritional status of stroke patients is commumd further by the fact that the
physiological changes seen in malnutrition areaalyehappening in a proportion of the elderly
population, and stroke accelerates the procesg obthe most prominent physiological changes in
older people is sarcopenia or fat free mass I&ar.copenia is defined as muscle loss that occurs
with the aging process leading to general weak(léssl6). In sarcopenia, fat free mass is replaced
by fat mass. The inverse correlation of fat maihk functional status has been well documented;

an increase in fat mass was associated with furadtionitations in the older people (16, 17).
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Dysphagia is one of the commonest complicatiorex atroke. In a recent review, Martino
and colleagues (18), reported the incidence of liggia as varying from 37% to 78%; using
different dysphagia diagnostic criteria includingrsory (water swallowing test), clinical (clinical
scores), and instrumental (video fluoroscopy) méshoThe authors concluded that dysphagia after
stroke is common regardless of diagnostic methed.u®ysphagia is considered the primary cause
of reduced dietary and fluid intake in stroke paie(l, 2). There is also a direct association
between dysphagia and malnutrition in stroke ptgiefthe proportion of dysphagic patients
suffering from malnutrition, assessed using thej&uive (patient generated) Global Assessment
(SGA) tool, was (10/14; 71%) compared to non-dygph@atients (19/59; 32%) in acute stroke,
p=0.007 (11). One week after admission to an astrtegke unit, dysphagic patients were more
likely to be malnourished (16/24) 67% compared ao-dysphagic patients (15/67) 24%; p<0.001
(9). The association between dysphagia and méloatis prevalent not only in acute settings, but
also in care home settings. A study carried oua iHong Kong care home for stroke patients
reported a significantly higher prevalence of méition in dysphagic patients (4/20; 20%)
compared to non-dysphagic patients (4/40; 10%);@tD(19).

The prevalence of malnutrition was also higher yspthagic compared to non-dysphagic
patients (62.5% vs. 32.0% respectively) on admisgica rehabilitation unit; p<0.032) (20). There
are other reasons why stroke patients may havéiereddietary intake in longer term, the physical
and mental impairment and associated disabilitietrioke patients can alter dietary intake; making
the eating process physically, socially, and méntdfficult. Hoarding and leakage of food from
the mouth, and chewing problems contributed tongatiifficulties after stroke in 44% of patients
with eating problems (4). Other problems contiifgitto eating difficulty include food spills,
difficulty to sit appropriately for eating, inalifito concentrate, prolonged eating time, and iitgbi
to control foods in the plate (21).

The eating difficulties that stroke patients expece could make the whole process an
unpleasant experience for them (4). There is sawtence to suggest that their new disability and
limitations may put stroke patients into a statedepression. In an observational study by
Axelssen et al. (4) the authors reported that 65%e patients in their study entered into a denial
phase not accepting their new condition i.e. ingbib eat as before. The authors argued that the
denial phase caused patients to enter into depreasid increased the risk of anorexia (up to 50%
in their series) (4). A mean weight loss was riggbas 2.6 kg in the 78% of patients with eating
difficulties in their study (4). Gariballa et é2) also reported a decline in average weight in
stroke patients at 2 and 4 weeks post admissioactdge stroke unit in 48% (96/201) and

25%(51/201); p=0.002. Weight loss may still ocdong term after stroke. A more recent
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population based study documented weight loss ®fkyg in 24% and 26% of stroke patients four
months and one year post-stroke respectively (8\weight loss persists for a long duration it can
contribute to severe BMI changes that can be dledsis malnutrition; BMI < 18.5 Kg/frin < 65
years old population and a BMI < 22 Kd/im> 65 years old population (5, 6).

Malnutrition is prevalent among stroke patientsamimission to a stroke unit. However,
malnutrition rates vary between different studiest tused different methods to assess malnutrition.
Unosson and colleagues reported that 8% of thabtyssubjects X70 years old) were protein
malnourished on admission; based on serum protginentrations (7). However, they did not use
a validated malnutrition assessment tool such asSthbjective Global Assessment (SGA) or the
Mini Nutritional Assessment (MNA) used in otherdies (11, 12, 13, and 14). These studies also
reported variable malnutrition prevalence rates ammission to an acute stroke unit. The
prevalence of malnutrition using SGA was reportedé 19% in one study (11) and 32.1% in
another study (12). The two studies that used B@A and MNA tool reported malnutrition to be
at 16% (13) and 26.3% (14) at the time of admissiostroke unit. A consistent finding, however,
is that malnutrition seems to be prevalent amoraketpatients on admission thereby increasing the

risk of further deterioration of nutritional statdsring hospital stay.

The proportion of stroke patients with malnutritiolcreases during acute hospital care (8,
9). One study reported a 6% increase in the peecal of malnutrition from 16% at the time of
hospital admission to 22% at the time of dischangasured anthropometrically using Triceps Skin
fold thickness (TSF), Mid Arm Circumference (MAC)eight and biochemical parameters
including albumin (8). Another study reported thaInutrition prevalence changed from 16.4% at
admission to 26.4% and 35% at one and two weekisgapsission respectively using MAC, TSF,
and serum albumin measurements (9). Another stilmbwed consistent findings reporting a
constant decline in BMI (p=0.006), Triceps and BEeskin fold thickness (p<0.0001), MAC
(p=0.001), albumin (p<0.0001), and transferrin (©®2) between week 2 and week 4 post

admission in stroke (22).

In a more recent prospective observational study iticluded 131 patients, malnutrition
24 hours post-admission was diagnosed in 12.2%ténmts compared to 19.8% of patients at one
week post admission; p=0.03 (23). The study usexdckiteria including a 10% weight loss in the
past 3 months and or 6% weight loss one week pmstisgion, weight index (actual weight
compared to reference weight) less than 80%, satbomin <3.0g/dL, prealbumin <10.0 mg/dL,
or transferrin < 150mg/dL (23). Malnutrition inethacute phase also increased the risk of
malnutrition subsequently for example on dischameehabilitation services. The proportion of
patients diagnosed with malnutrition on admissimisttoke rehabilitation services ranged from 35%
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to 67% (5, 20, and 24). The malnutrition diagnasiteria in previous studies depended mainly on

anthropometric measurements such as TSF, weightBdgl, and serum albumin.

The positive relationship between malnutrition gmodr outcomes in stroke has been well
documented. Hospital length of stay was signifilsalonger in malnourished compared to well
nourished stroke patients, nutritional status wealuated using the SGA tool, by an average
difference of 5 days; p<0.001 (11). Another studkiich evaluated nutritional status using triceps
skinfold, madam muscle circumference, serum albuami calorimetry, reported a longer duration
of hospitalization for malnourished (mean = 28 Jay@mpared to well nourished (mean=17 days)
stroke patients; p=0.001 (9). The rate of comflices were also higher in malnourished stroke
patients; 50% in the malnourished group comparet#¢6 in the well nourished group (p<0.0001)
(11). Poor outcome, defined as a Modified Rankial&>3 measured 30 days after stroke, was
reported in 80% of patients suffering from malrtigri compared to 54% in those with good
nutritional statusp=0.01(13). Malnutrition in stroke patients was asstamlawith higher incidence
of death compared to non-malnourished stroke patieStroke patients with malnutrition had a
higher mortality rate (30%) compared to well nolieid stroke patients (12%); p=0.02 (13). The
authors assessed malnutrition using the validated ®ol (13). A recent study by Yoo et al
confirmed these findings; baseline malnutrition tae time of admission was significantly
associated with frequent post-stroke complicat{ps®.001) (23).

The effect of malnutrition on outcome was also riggabin stroke rehabilitation services.
Length of stay in rehabilitation services was higfoe malnourished compared to well nourished
patients at admission; t = -1.88, df-47, p=0.03) (2Malnutrition in the study was diagnosed by a
weight< 90" percentile of reference weight or 95% of usualgiebr BMI <20 kg/mi, MAC < 5"
percentile, an average of five skinfold measuremen®” percentile, low circulating lymphocytes,
transferrin (calculated from total iron bindingpeaity, and serum albumin (bromcesrol binding
method). These measures of malnutrition were fsgmitly correlated with lower modified Barthel
Index (Bl). The BI scores for malnourished strglatients compared to well nourished patients

were significantly lower at one month rehabilitatip=0.032 (26).

To date, studies assessing the effects of enhamaeitional interventions in people who
have had an acute stroke have provided variableomgs. Bath and colleagues carried out a
review (26) of the available studies to understidnedeffect of different enteral feeding methods on
stroke outcomes and concluded at the time of thiewethat further studies were required for a
solid conclusion. The authors reported that ondystvas not completed due to a 58% case fatality
(27) and another study (28), only published dat&80n=reported a significant improvement in
nutritional status extrapolated from albumin levélsthose having Percutaneous Endoscopic
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Gastrostomy (PEG) compared to Nasogastric (NGE tfdeding at six weeks post feeding
administration. Albumin levels improved from 27/11gp 30/1 g/l in the PEG group compared to
reduction from 31.4 g/l to 22.4 g/l in the NG groyp<0.003. The randomised controlled trial
reported lower treatment failure in the PEG gro@fi§) compared to the NG group (3/14, 21.4%)
and reported that six PEG patients were dischabgesix weeks after PEG insertion compared to
none in the NG group; p<0.05. Six week case fatalithe PEG group was 12% compared to 57%
in the NG group; p<0.05 (28). Despite these regubdutcomes it would be difficult to draw any
conclusion for several reasons. The sample sizenadl to make it generalizable and the authors
indicate that all patients were in stable conditidgthout indicating the extent before randomizing

their patients making it difficult to know if momgable patients were randomized to PEG feeding.

A recent randomized controlled trial by Hamidorae(29) compared the effects of PEG
and NG feeding on patient’s nutritional status ai@ tweeks post intervention. In PEG fed patients
(n=10) albumin levels were significantly higherthidG tube fed patients (n=12); p=0.045. PEG
fed patients’ albumin levels rose more than thdse(p=0.025) NG fed patients (p=0.047) 4 weeks
post intervention indicating better improvement nntritional status in PEG compared to NG
patients (29). However, no statistically significaifferences were observed in anthropometric
measurements between the two groups (29). Bettantent outcomes were reported in the PEG
compared to the NG group: the treatment failurgdemcy was reported to be 50% in the NG group
compared to no failure in the PEG group; p<0.03®.(2The authors conclude that PEG feeding
improves nutritional status more than NG feedifidnis is a small study and such generalizability
cannot be made, PEG feeding could have been codirated to patient with Gl infection which
can contribute to lower Albumin count, and PEG pedients could be in a prefeeding nutritional
state than NG fed patients allowing better and rsaiift nutrition improvement in PEF fed patients
as reflected by albumin.

While smaller studies, suggest that PEG feedingiges better outcomes compared to NG
feeding in stroke management although smaller atudan generate more MF-MF-BIAs. The
FOOD Trial, the largest nutritional interventiomatrin stroke patients to date, reported a differen
outcome. The FOOD trial studied the effect of yad. none and type (PEG vs. NG feeding) of
nutritional support on long term stroke outcomgstai6 months post discharge (30). Patients were
randomised to either no enteral tube feeding agrahtube feeding 7 days post-admission to stroke
unit, or randomised to PEG vs. NG tube feedingys st admission. Poor outcome (defined as a
Modified Ranking Scale (MRS) score of 4-5) and Heaere evaluated 6 months post discharge.
There was no difference in effect between earhynortube feeding on the risk of death (42%
mortality for early tube feeding vs. 48% mortalite for no tube feeding; n=429, OR=0.79, Cl 95%
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0.60-1.03) or combined death or poor outcome ( @& 80%, respectively; n=429, OR=0.93, 95%
C1 0.67-1.30) (30). Similarly, no differencestire effects of the two nutritional support regimens
on death and poor outcome were observed. Six reafthr admission 89% of patients who had
been randomised to PEG (n=162) compared to 81¥osktgiven NG feeding (n=159) experienced
death or poor outcome (OR=1.86, 95% CI 0.99-3.80).( The effect on mortality of the different
nutritional regimens was not significant either ¥¢@nd 48% for the PEG and NG feeding; OR=
1.04, 95% CI 0.67-1.61) (30).

The effect of early nutritional supplementationdeath or poor outcome (Modified Rankin
Scale score of 3-5) at 6 months post discharge alsceexamined in the FOOD Trial (31). Patients
were randomly allocated to normal hospital dietnormal diet with additional oral nutritional
supplementation (360 ml oral protein supplemen6.@7 kJ/ml and 62.5 g/L in protein daily)
during hospital stay until discharge. There wa®ffiect of supplementation on mortality outcome.
Death was reported at 13% and 12% for the non-sopgited (n= 2012) and supplemented
(n=2000) groups respectively; OR=0.94, 95% Cl| AL.78. As for death or poor outcome it was
reported at 58% and 59% for the non-supplementedi9®6) and supplemented (n=2009) groups
respectively indicating no effect of supplementatiOR= 1.03, 95% CI 0.91-1.17 (31). Nutrition
interventions as reported by the FOOD Trials ditleve any important or significant impact on

stroke outcomes up to 6 months post stroke.

The FOOD trial adjusted for several prognosticalsles including age, gender, premorbid
status before stroke (living alone and independeromdition after stroke (ability to talk, lift s,
and walk), and ability to swallow (32). The FOODialwhile being a multicentre study has its
strengths and weaknesses. The strengths as rpgrthe authors include its large sample size, 10
times larger than any previous trial, and the rigwrent of patients from various centres; and thus
increased generalizability. There are several wesses as suggested by the authors. Weaknesses
include informal methods in assessing nutritiontaltus, failing to record the total number of
eligible subjects in each centre, and inabilith&we an onsite source to report change in nutgtion
status and patient nutrient intake. These coalg ftontributed to not having a universal method
in classifying malnourished patients contributimg MIF-MF-BIAs in categorizing malnourished
patients, inability to report nutritional statusprovement in malnourished patients assigned to tube
feeding (30) or nutritional supplements (31) idijiaand inability to record systematically patignt
nutrient intake that could be mostly met throughl drospital diet masking the benefits of tube

feeding (30) or nutritional supplements (31) itiyia

Given the several limitations of the FOOD TRIAL, riémains unclear which is the
preferred type of nutritional intervention. Thderitations may have influenced outcomes. The
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FOOD TRIAL despite being a large multicentre stuwdynot help in providing raw evidence to
help clinicians in decision making considering thability to record and follow confounding
factors that could have contributed for the regbdetcomes.

Traditionally weight was used to assess the risknalutrition with unintentional loss of
10-15% of body weight as a predictor of malnutntio disease states, and rapid loss of weight
indicating dehydration. Malnutrition can also bealeiated through body mass index (BMI)
calculations, with a BMI< 18.5 kgfmand a BMI<22 Kg/rh classified as malnutrition for the
general and older population respectively (6). Ewesv, BMI values cannot predict fat free mass
and fat mass values in disease states and evariritigease in BMI occurs it could be attributed to
increased fat mass and extracellular water cortteatto cellular dehydration as indicated earlier
(10). Anthropometric measurements such as Mid Aincumference (MAC) and Triceps Skin
Fold (TSF) have been also used in predicting s fnass and fat mass respectively. However the
disadvantage of TSF and MAC is the requiremenafskilled health professional to carry out these
measurements because they require good precisidncareful assessment of reproducibility,
increasing room for errors and inaccuracy. Biogical tests can also be used to assess
malnutrition and dehydration, including sodium, gegium, phosphorus, urea, serum albumin, and
glucose. However, biochemical tests cannot be tespdedict fat mass or fat free mass content (6).
Body composition measurement using bioelectricapedance (MF-MF-BIA) analysis is one

method that can predict fat mass and fat free valsges.

Total body water is another component that can dsessed by bioelectrical impedance
analysis. Total body water can provide informatmnthe degree of dehydration. Physiological
changes occurring in the aging process increasesith of dehydration. These physiological
changes are related to reduced capacity in retpimater; such changes include but are not limited
to reduced renal filtration rate, increased proxitohular filtration absorption, and decreased free
water clearance (33). Total body water consistisitoacellular and extracellular water. Loss of
intracellular water is usually defined as dehydmt{34 and 35). The diagnosis of dehydration
through clinical symptoms and signs can be inad¢ewaad can lack sensitivity and specificity (36).
Physicians misdiagnosed dehydration in third ofepdé$ admitted to a hospital (37) despite the
dehydration council creating the DEHYDRATION mnerwfisting 12 indicators to be used in
dehydration screening (33).

Assessing dehydration using MF-MF-BIA can prediot only total body water, but also
specific intracellular and extracellular componenis/aluating intracellular and extracellular water
can provide information on the extent of tissueabalism. As indicated earlier acute/chronic
inflammation instigated during illness leads toabatiism of lean body mass loss; fat free mass loss
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(6). Fat free mass loss leads to loss of cellflledls as tissue catabolism results in intracetlula
fluid loss and expansion of extracellular fluid|lglar dehydration (10). Based on intracelluladan

extracellular water changes related to lean tigssuabolism caloric and nutritional needs can be
modified to allow tissue anabolism and avoid furtbatabolism. Assessing dehydration through
measuring body composition values may provide mfdfon on the nutrition and management

needs of patients.

There are several methods to assess body commositico commonly used methods are
dual X-ray absorption (DEXA) and bioelectrical indaace analysis (MF-MF-BIA). DEXA is a
reliable method and is used in validating othenbooimposition assessment methods, mainly MF-
MF-BIA (38, 39, and 40). DEXA uses x-ray energyet@luate fat mass, fat free mass, and bone
density (6). However, DEXA is expensive, not ligadvailable, and time consuming for patients
in clinical settings. MF-MF-BIA on the other haigl convenient. It is simple to perform, non-
invasive (41), and quick in providing reproducibdsults with <1% error (42). Its simplicity lies i
the fact that no more than proper operating ofetipgipment is required by the operator and can be

performed at bed-side. It produces results inistamd time efficient.

Bioelectrical Impedance Analysis (MF-MF-BIA)

MF-MF-BIA analysis is based on the resistance irepgoby certain components of the
human body; body impedance. Body fat is non-cotideido electrical current while lean body
mass, consisting of electrolytes and water, is gotide. When a current passes through the human
body it faces resistance from the adipose tissnpedance, while passing through the non-adipose
tissue component to complete its circuit. Theatddhce in conductivity, current input and outpsit, i
used to calculate fat mass and fat free mass wsiaidated formula already programmed in the
MF-MF-BIA analysis equipment (43). MF-MF-BIA canemsure body composition using a single
frequency current (SF-MF-MF-BIA) or a multi-frequancurrent (MF-BIA). In SF-MF-MF-BIA a
single current of a known quantity, usually 50 kHmsses through the body tissue and the
difference in current input and output is used dicualate fat free mass and total body water (44).
As for the multi frequency MF-MF-BIA, to be usedthrs study, currents of several frequencies (0,
1, 5, 50, 100, and 200, up to 500 kHz) are passedigh the body tissue separately and impedance
is generated, currents input and output differeisceneasured and used in different validated
equations already integrated in the equipment trapalate body composition variables. MF-BIA
gives measurement of fat free mass, total bodyrwatel extracellular and intracellular water (44).
Both SF-MF-MF-BIA and MF-BIA use empirical lineaggression equations to generate results by
the equipment instantly (44). MF-BIA has been usedinical settings in conditions that includes
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but are not limited to older patients (45), pateatter coronary artery bypass graft (CABG) (46),
patients with HIV (47), and those on dialysis (48).

MF-MF-BIA validation studies to date, mainly condedt in comparison to the gold
standard method by DEXA, have produced favourahitcames. A study to evaluate body
composition changes in overweight women on a wdags program, documented an agreement in
the measurements between MF-BIA and DEXA (39). r&heas no significance difference
between DEXA and MF-BIA in measuring fat free méss0.87, p<0.001), fat mass®$0.93,
p<0.001), and body fat %% 0.20, p=0.03); MF-MF-BIA did not differ significaly compared to
DEXA. The MF-BIA and DEXA showed an agreement heit measurement, trend of body
composition changes, although MF-BIA did not gikie same exact measurements as DEXA. The
study also documented that MF-BIA slightly unddreated fat mass and overestimated fat free
mass in lean individuals and overestimated fat naasbs underestimated fat free mass in obese
individuals compared to DEXA (FM; r2= 0.17, p=04a5d FFM; r2= 0.16, p=0.05) (39).

A recent study by Schafer et al (49) evaluatedvlility of MF-BIA across a range of
BMI in healthy subjects compared to DEXA. MF-BlAarestimated fat mass in obese subjects
compared to DEXA (p<0.0001); difference 4.11 + 0.84d overweight BMI (§0.006); difference
of 0.95 £ 0.33. Despite MF-BIA overestimation af imass the author highlighted that MF-BIA
measurements did show body fat percentage agreemitbnDEXA in the normal and overweight
BMI category with a mean difference of -1.56% (lisndf agreement -6.7% to 3.6%) and 0.58%
(limits of agreement -3.8% to 5.0%) respectivelJhe agreement is weaker with DEXA with
higher BMI values in obese range (i.e. BMI >30);amalifference was 3.50% (-2.2 to 8.8%) (44).
MF-BIA overestimated fat free mass in normal anéraxeight BMI compared to DEXA with a
difference of 2.08 £ 0.32 (p<0.0001) and 0.71 #3Qy30.04) respectively. Overall conclusion was
that MF-BIA is in agreement with DEXA when measgrimormal and overweight subjects
although overestimation occurs, and therefore gawghould be taken in interpreting MF-MF-BIA

results in obese subjects (49).

There is a lack of data on the use of MF-MF-BIA et in evaluating body composition
after stroke. One small study compared body cortipasthanges after stroke between Paretic leg
and the non-affected leg of patients (n = 35) (5@)used the DEXA method in evaluating body
composition, indicating that significant lossedéan body mass and bone density loss occurred in
the paretic leg compared to the non-affected legr aftroke; p<0.05(50). The study did not
compare body composition changes after stroke stline and after the initiation of nutritional
support. While DEXA method is considered to bedgghndard measurement of body composition,
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it is expensive, time consuming to perform, incarigat for patients and not pragmatic to be used

routinely in clinical practice.

In summary, stroke symptoms and complications sashdysphagia, paralysis, and
depression can reduce dietary intake, leading tily bo compensate for such negative energy
balance by utilizing its own energy reserves amdeasing body tissue catabolism resulting in body
composition changes (51). Body composition changges have a great impact on treatment
outcomes. There is a significant positive assmriabetween malnutrition and dehydration and
reduced muscle strength, infection resistance vanuhd healing in stroke patients (52, 53). Body
composition measurement during acute stroke phageserve to better understand the relationship
between these changes and stroke outcome. Thisheipyto gain deeper insight on how such

changes can be avoided to improve outcome in stroke

This study seeks to investigate and describe bedyposition changes after stroke and
their effect on long term post stroke outcomesgifiioelectrical Impedance (MF-MF-BIA), which
can be a useful tool in clinical settings when datléd in with the standardized DEXA in this
population.  This study can add significant knalge to the already existing literature in
nutritional aspect of stroke management and imptbeeunderstanding of the role of nutrition in

stroke recovery.

Objectives

This PhD research project aims to add to knowlédglee area of nutritional science in stroke. The
project will lead to further research to better emstand the role of nutrition as a modifiable
determinant of long term stroke outcomes. The ptojeéll describe body composition changes
during acute phase of stroke and investigate tkioaship between nutritional and hydration

status and several stroke outcomes as outlinegvbelo

Primary Objectives

1. to describe fat free Mass changes after acuteestogkstroke subtype and severity during
the course of acute care

2. to examine the effect of different methods of iigtnal support on body composition
changes after stroke and

3. to examine relationships between body compositibanges after stroke and long term
outcomes at nine months post stroke
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The design of the study will also allow us to exaenihe following secondary objectives

Secondary Objectives

1.

4.

to estimate body composition values that definenmtaition using MAC (for fat free mass),
TSF (for fat mass) and BMI (for both) as standashsures

To assess the predictive value of individual congmts of body composition (fat mass, fat
free mass, total body water and some minerals)aatlime and changes occurring and
during acute care (between baseline and pre-digelfaom acute hospital), stratified by

predominant feeding regimen and stroke subtypesaudrity.

to assess the effect of hydration status (bothetbtseline and change during admission)

assessed using Intracellular fluid (ICF) measureB-MF-BIA in stroke outcome

To validate MF-MF-BIA against DEXA for fat mass; fimee mass, total body water and

some minerals in stroke patients using purposefiopting.

Research Questions:

1.

2.

What body composition changes occur after spetifies of stroke?

What are the effects of different nutritional sugpegimens on body composition changes
after stroke?

Do body composition at baseline and their changesiroing during acute stroke phase

have an effect on long term outcomes?

Research Questions for Secondary Objectives:

1.

3.

What are the magnitudes of changes in body coniposialues using MF-MF-BIA which

define malnutrition benchmarked by standardized MASF, and BMI values?

What body composition changes or values have dfisigimt effect on long term subjective

and objective outcomes of stroke?

What extent of cellular dehydration occurs in s&ropatients as measured using
bioelectrical impedance, and what is the relatignletween intracellular dehydration and

stroke outcomes?

359



4. How well the body composition values measured usittgMF-BIA correlate with body

composition values measured using DEXA in strokepts?

Hypotheses:

Hypothesis |: Body composition changes after strokelo occur and the magnitude and
proportion of changes occurring in various componets of the body (fat mass, fat free mass
etc.) are different depending on stroke type and serity.

Rationale: Evidence indicates that a proportion of strokeigpé$s are malnourished on acute
admission and their nutritional status deterioratiesing acute hospital stay. Malnutrition
combined with the stress response in acute conditiesults in body tissue catabolism. The human
body tries to generate energy from the availabkrgnreserves and this result in catabolic process

that result in body composition changes.

Hypothesis 1l: Negative body composition changesdéfined as reduced fat free mass,
increased fat mass and decreased intracellular waleafter stroke are associated with both
objective and subjective poor outcomes. The bodgomposition changes after stroke are
influenced by the timing and methods of feeding inglpendently of stroke severity

Rationale: Studies on the elderly populations, main strokputettion, suggested that sarcopenia
(loss of lean body mass), leads to loss of funeli@apacity. Nutritional status of stroke patients
and stress response in acute stroke phase cahinesidjor body composition changes (hypothesis
I) with fat free mass being the most affected congmd as amino acids are being converted to

pyruvate for energy generation.

Objective outcomes hypothesis: Body Composition eimnges in Fat Free Mass and body water
correlate with increased risk of mortality, readmissions to secondary care settings, admission

to care homes, and reduced functional capacity

Rationale: It would be reasonable to predict that changdatifree mass and body water correlate
with stroke outcome. Fat free mass or lean bodssntass, results in reduced strength which results
in reduced mobility and overall functional capacitfat free mass loss, therefore, can result in
disability. Fat free mass loss indicates the sgvef the illness We hypothesise that fat free snas
loss during acute stroke phase controlling for lnasdat free mass will have long term effect after
stroke that can be measured by objective outconzsunes of readmission to secondary care after
hospital discharge location, mortality outcome &mtttional limitation measured by Barthel Index
(BI) controlling for case mix and prognostic indioes..
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Subjective outcomes hypothesis: Fat free mass loss associated with reduced functional
capacity and quality of life as indicated by the Sbke Impact Scale, SF-36, and self rated
health (5 options) scores/responses.

Subjective outcome: Subjective outcomes to beuatadl in this study are related to the quality of
life. Patients who suffer from loss of functiomalpacity or disability (associated with fat freesma
loss as in hypothesis Il) will have lower self chteealth when evaluating their quality of life and
health related QoL (SF-36).

Hypothesis: Cellular dehydration, loss of intracdular fluid volume (ICF)) after stroke as
measured by MF-MF-BIA is associated with increasecchances of hospital readmission,
increased risk of mortality, disability, and reducal quality of life based on patients responses

and Stroke Impact Scale and SF-36 scores.

Rationale: Dehydration occurs when intracellular fluid is t#ed. Malnutrition is a result of
inadequate caloric and nutrient intake leading teegative energy balance. Both malnutrition and
stress cause the body to utilize its own self toegate energy. The outcome is lean body mass loss.
Lean body mass loss leads to the release of ititkrefluids into extracellular space causing
cellular dehydration; cell mass is lost releasietisccontents (10). We hypothesise that ICF loss
after stroke, adjusting for baseline ICF status @rolling for case mix and prognostic indicators

is related to above outcomes long term after stroke

Null Hypothesis: There is no significant effect of different feegiregimen on long term outcomes
after stroke.

The FOOD TRIAL did not show that one feeding metlimdetter than other in terms of poor
outcomes after stroke up to 6 months. Therefor détision of timing and method of feeding is
purely clinical decision, albeit influenced by thR@OD trial results with less PEG insertions offered
before 3-4 weeks post stroke. We hypothesise tmattis no significant difference in long term

outcome up to 9 months post stroke (null hypothdmsneen different feeding regimens.
Study Design Observational cohort study
Study Location: Norfolk and Norwich University Hospital

Inclusion Criteria:

» Age 17 years and over

* Any newly diagnosed stroke (first or recurrent)
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e Admitted to the NNUH within 48 hours of stroke onhse

Exclusion Criteria:

» Severe stroke NIHSS >30 whose likelihood of sunviva days is <50% as judged by the

stroke physician
» Severe stroke; for palliation only (expected sua/ivf less than 48 hours)
» Very mild stroke or TIA patients who fully recoveraithin 24 hours of hospital admission
» Life expectancy is less than 3 months prior toethent

» Co-existing terminal illness e.g. advanced caneed stage chronic disease such as end

stage renal failure and end stage COPD

Patient selection criteria for MF-MFE-BIA validation against DEXA

» Eligible to be included in the study as per abomausion criteria
» Provide consent to attend DEXA assessment aftehdige

* Able to walk without aids and attend CTRU for DEXé8sessment
Methodology:

Eligible patients will be recruited over a nine rttoperiod (June 2010-end February 2011).
Follow up data will be collected at nine monthsnipdete follow up in end of November 2011).
Data collection will be carried out in four stages: admission, post-admission for feeding regimen

change, at discharge, at nine months follow up.

On admission patients will be recruited within 48 hours of pital admission. Informed consent
will be obtained. Participants’ demographic dstaihge, sex, etc.), weight within 3 days of
admission, height mainly as demi span measurenwnbdd ridden patients, body mass index
(BMI), triceps skinfold (TSF), madam circumferer(6&AC), hand grip strength (non-affected hand)
using a dynamometer, presence or absence and defgigsphagia (routinely assessed by speech
and language therapists), type and consistencyiafed food and fluid (e.g. level A, thickened
fluid), and body composition measurement (usingeRictrical Impedance Analysis) will be
measured upon consent to the study. Several negasats for triceps skinfold (five skin fold
measurements (25) (using a skinfold calliper), midaircumference (three times), and hand grip
strength (using a dynamometer) (three times) vélicarried out and mean value will be used for
analysis.
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From MF-MF-BIA analysis, we will collect data refiting changes in physical and
general health these will include fat free mass)(Kat free mass percentage, fat mass (Kg), fat
mass percentage, total body water (L), total bodtewpercentage, extra and intracellular water (L),
extra to intracellular water ratio, body cell mg&g) and percept, extracellular mass (Kg) and
percept, creatinine clearance rate (ml/min), gladaerfiltration rate (ml/min), protein mass (Kg),
mineral mass (Kg), mineral mass percept, total lkmadgium and potassium (g), muscles mass (Kg),
glycogen mass (g), dry weight (Kg), extracelluldmid (L), plasma fluid-intravascular (L),
interstitial fluid-extravascular, body volume (13nd body density (Kg/L). MF-MF-BIA data will
be collected during hospital stay, post admissahanges in body composition will be captured
using MF-MF-BIA upon initiation of feeding regimewjthin two days of feeding initiation and on
clinician diagnosis of dehydration. The measuramevill be repeatedly carried out each time a
feeding regimen change is instructed within twosda§ such change for selected participants.
There is no published literature on when best tasuee body composition changes after change in
dietary pattern and the selection of this time fais1 for pragmatic reason; this is based on the
research team'’s clinical experience of requiredtiom to allow the participant to adapt and reflect
changes occurred in body composition due to neditigeregimen. At the time of acute hospital
discharges:baseline measurements described above will beteghe Progression of MF-MF-BIA
changes will be described and differences betwasaline and discharge values will be noted.

Selected patients meeting the DEXA-MF-MF-BIA valtida study inclusion criteria will
be recruited upon their consent to have their boaiyposition measured using DEXA. DEXA
measured body composition value will be compareith WMF-MF-BIA body composition values
including fat mass, fat free mass, total body wated mineral content for validation purposes prior

to discharge.

Other routinely performed test results will be eoted at baseline (at the time of
enrolment), day 7 (+/- 2 days) and at discharges&hwill include FBC, WCC, Platelets, MCV,
MCH, Biochemistry data Urea, Creatinine, albuminak protein, alkaline phosphatase, ALT, GGT,
CRP, ESR (if measured), total cholesterol, highsiteripoprotein (HDL), triglycerides (TG), low
density lipoprotein (LDL) cholesterols, glucose, A€ in those with diabetes, MUST and Barthel
Index scores. Other prognostic indicators of ®ralll also be recorded. These include, stroke type
severity assessed using BAMFORD classification, iagion NIHSS, pre-morbid Rankin score,
pre-morbid Barthel Index, significant co-morbid d@ions. Routinely collected clinical data for
stroke register will be collected which includesent prognostic indicators such as time of CT,
duration of stay on stroke unit, physiotherapistd amccupational therapist assessment, salt

assessment, whether or not received thrombolysisparticipation in clinical trials.
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Post-discharge follow up at 9 months post-discharge will evaluddeg term stroke
outcomes. Both objective and subjective outcomiéidber measured. Objective outcomes include
mortality, cardiovascular events (heart attack tiagostroke/TIA), hospital readmission, discharge
location, change in residence (residential or mgrsiome change), nutritional support initiation and

change.

Data linkage and retrieval from the Patient Adntinaisve System (PAS) and review of
medical records will be carried out to collect thebjective outcomes data. Data related to patient
activity will also be retrieved from PAS. Mediaaicords will be reviewed to confirm the evidence
of initiation of nutritional support, readmissicemd change in residence since discharge, other co-
morbidity developing post discharge (e.g. attendame neurology clinic for treatment of
contractures). Those participants who are disetangith PEG or NG? Feeding will also be
followed up using Dietetic Department’s recordsdaly complications arising as the result of PEG.

Subijective outcomes will include patients self-népd health related quality of life using
version 2 of the Short Form-36 (SF-36v2), self datealth using a five option poor to excellent
scale, Stroke Impact Scale (patient reported outcoreasure, PROM) and Barthel Index Scores.
The self reported patient outcomes will evaluatealdes related to patient's quality of life and
mainly disability, functional dependence and indefence. Questionnaires will be sent to patients
9 months post enrolment.

Sample size calculation: This is an observational cohort study. The stwehnt has performed

thorough literature search and to our knowledgerettare no previous studies of similar nature
performed in this field to allow us to do formahgale size calculations. There are no data for body
composition values which have been shown to beéeebl@ clinically meaningful outcomes such as
mortality. Therefore, the objectives of this obsgianal cohort study is to describe the body
composition changes that occurred after strokbencbntext of stroke severity, patients risk peofil
and nutritional management to better understaneéffieet of stroke and its management on changes
in body composition (fat free mass, fat mass arydigtion in particular) and to explore the effect
of body composition changes on the long term oue(both objective and subjective) after stroke.

Data Analysis:

Analysis of all data will be carried out using fatest SPSS version available at the time of aiglys
Adjustments will be made for above variables trat have an effect on outcome. Below are the

planned statistical tests to achieve study objestiv
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Body composition changes in acute care after stroke to test primary hypothesis Body
composition changes after stroke do occur and tagnitude and proportion of changes occurring
in various components of the body (Fat mass, FFR\) eis different depending on stroke severity
ANOVA will be carried out to test the significanoEhypothesis I; p<0.05, 95% CI.

Body composition changes after stroke and their eftt on long term outcome: to test,
hypothesis II: Body composition changes after k&roesults in long term reduced functional
capacity. The body composition changes after stanle influenced by the timing and methods of
feeding independently of stroke severityn order to test hypothesis Il an ANOVA test vk
carried out; p<0.05, 95% CI.

The effect of body composition changes after strokand long term outcome (subjective
outcomes): to test the hypothesifat free mass loss is associated with reducectifumal capacity
and quality of life as indicated by the Stroke lmtp@cale, SF-36, and self rated health (5 options)
scores/responsegnd to evaluate the strength of association betweely bothposition changes
after stroke and long term outcome (subjectivapear regression analysis will be carried out; to
understand the probability of the measured outcamagpening (reduced functional capacity and

quality of life) when fat free mass loss occurs.

The effect of body composition changes after strokend long term outcome (objective)to test

the hypothesisbody composition changes mainly fat free mass tesults in increased risk of
mortality, readmission to secondary care settiragg] admission to rehabilitation services)d to
evaluate the strength of association between bodhposition changes and long term outcomes. A
linear of logistic regression analysis (dependingtte outcome) will be carried out to understand
the probability of the event happening when fat srlass occurs. A Cox-regression model will

also be designed to take into account the poititria in which an outcome may occur.

The effect of different nutritional support regimen on body composition changesthree means
ANOVA will be carried out to test the significancaf different feeding regimen on body
composition changes. Three means ANOVA will test difference between Percutaneous
Endoscopic Gastrostomy, Naso gastric tube feedind,a NG feeding with additional oral intake.
An unpaired t-test will be carried out for two ipémdently different groups NG vs. PEG to
understand their different effect on body composithanges; p<0.05, 95% CI.

The impact of the cellular dehydration on long termoutcomes: a logistic or linear regression
(depending on the outcome) will be carried outést tthe hypothesigellular dehydration as
measured by MF-MF-BIA after stroke is associatetth wicreased chances of hospital readmission,

admission to rehabilitation services, increased rig mortality, disability, and reduced quality of
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life based on patients responses and Stroke Imfpeade and SF-36 scoresingp<0.05 and 95%
Cl. A Cox-regression model will also be carried tmuunderstand the effect of cellular dehydration
on long term outcome at a point in time.

Multiple Regression for Model Design: the relationship between body composition and iz f
mass changes separately with other variables imgjuaige, cellular dehydration, stroke severity,
sex, and nutritional support regimen will be alpi¢ed in a model using multiple regression. The
model will try to develop a relationship while umskanding the strength of association between fat
free mass changes and body composition changeds ¢eparately), with age, sex, stroke severity,
nutritional support, and cellular dehydration. éxample of a regression equation will be

Y=a+bx;+bXxo + ....... + bxs

Where Y is fat free mass or body composition apdioXXs are sex, age, nutritional support, cellular
dehydration, and stroke severity regardless obther.

Descriptive Statistics: In addition to the above analytic methods, desegpstatistics such as
percentages, median, and means will be calculat@davide a broad understanding and a general

conclusion on the reported outcomes.

Study time line: Study Begins: 01/06/2010

Study Ends: 31/12/2011

After ethical approval, data collection will comnoenon the ¥ of June 2010 and ends on™30
February of 2011 (9 months). The stroke team ilJNNooks after about 1000 new strokes per
annum. With conservative estimate of 20% consdatwa expect to recruit approximately 120-150
patients over 9 months recruitment period. Theofolup period will begin from*Lof March 2011
and end on the 31st December of 2011 9 months).
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Schematic Diagram depicting summary of the project
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Appendix VII: Participant Information Sheet

Norfolk and Norwich University Hospital NHS

NHS Trust

PARTCIPANT INFORMATION SHEET

Study title: Changes in body composition after agitoke

Main investigator: Mohannad Kafri

You are invited to take part in a research studgfoB you decide it is important for you to
understand why the research is being done and iviadll involve. Please take time to read the
following information carefully and discuss it wiiends and relatives if you wish. Ask us if ther
is anything that is not clear or if you would lik@re information. Take time to decide whether or
not you wish to take part.

What is the purpose of this study?

The aim of this study is to understand what bodyposition changes occur after stroke. Our body
is composed of fat, non-fat (muscle, bone and ¢issuwvater, and its contents (for example salt).
There is limited knowledge of the effect of strakebody composition changes.

Moreover, changes in these components of body baem shown to relate to health in older
people. In addition, we do not understand very e relationship between body composition
changes after stroke and the long term outcomeeoplg’s life quality. This study therefore also
seeks to understand the relationship between bodhpasitions change immediately after stroke
and the long term outcome up to one year on sfpakent’s quality of life and health.

The findings of this study can assist health caodegsionals and specialists to understand in what
ways we can improve the nutritional care afterksro

Why have | been chosen?

You have been invited to this study because yoent§csustained a stroke and have been admitted
to the hospital. You have been invited becausé¢himé you are eligible to take part in this study
according to our study criteria and you may beragted in helping with the project as a participant

Do | have to take part?

You do not have to take part in the study if yoursd want to. It isentirely voluntary. If you
decide not to take part in the study, this will mdluence your care in any way.

What will happen to me if | take part?
If you decide to take part we would like to assgmsr body composition values. It is a procedure
that is non-invasive, quick, and does not put yoarnyway under stress. We will simply attach the

machine using sticky patch (which can be easilyonsd afterwards; similar to sticky patch we use
to look at your heart tracing) at your wrist andhéhaand leg and foot and take the measurements.
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You will not feel anything. It will only take 5 mutes or less. We intend to measure at least twice
before you are discharged from the hospital.

If there were a feeding regimen change, we mayatejpe measurement. This is only for research
purposes and will not affect your treatment in aayw It is possible that frequent body
composition measurements will be carried out déieding regimen change. Please feel free to ask
the nurse for further information and the invedtigawill visit you to give you a better picture of
the measurement if you wish to.

Also we would like to take a measurement of youinStold thickness in upper arm. It does not
take more than 5 minutes. It does not cause ygipaim. We will take five measurements of the
skin fold thickness. We will also want to take #hmaeasurements of the circumference of the arm.
Again it is a very simple procedure that does rotse any pain and will take less than 5 minutes in
total. The last measurement we want to take is flandgrip strength where you simply squeeze a
gas filled balloon as hard as you can and holchiteathe investigator reads the meter. It does not
take more than one minute; we might ask you toaepee hand grip strength measurement three
times. The measures are repeated so as to makeesueeord the most accurate measurement.

We would also like to look at your medical recorcisse notes, and blood biochemical
measurements. Looking at your medical record® nates, and biochemical measurements will
help the research team to understand your healiiissand how it relates to your body composition
changes and quality of life. This approach doesemtire any extra blood test and we will be using
available information which is routinely measured aecorded by the clinicians for your care.
Please feel free to object and make your decidiar ¢o us if you don’t want us to access your data

After you are discharged from the hospital we a#k you some questions which will be sent to
you by mail about 9 months after your stroke. h ba filled in by yourself or with the help of your
carer/friend or a family member. You can also sefto answer all or part of these questions if you
decide not to.

You may be asked to attend a special measuremelnbddly compositions (called DEXA scan) at
the University of East Anglia if you are appropeiad be included in that part of the study. You
will need to lie-down still on a padded bench whiking the scan. It is similar to an X-ray. dt i
quick, simple, and does NOT require any other mtace other than lying down still for few
minutes. The amount of radiation you will be esgabto is minimal and is equal to the amount of
radiation you are exposed to everyday from natesdurces in the UK in less than two days. We
will organise the transport if you require attergdthe assessment.

We respect your decision and we appreciate youtication. Please feel free to make the
decision you feel most comfortable about. Any sieci you take will in no way affect the quality
of care you receive.

Your results will remain private and no one exchya research team will have access to them.
These results are only for research purposes andairfor treatment purposes and they will not
affect the quality of care you will be getting.

Expenses and payments
Taking part in this research project will not in@amy expenses to you. There will be no payment
for taking part in this research. The follow-up Ivde carried out through postal questionnaire in

most cases. However, for the follow-up visits if weed to assess your health we will arrange
transport for you and provide refreshments.
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What will | have to do?

If you agree to participate in the study we willedeyour consent on the official form. Once
consented, we will take measurements. You will #geased upon consenting, then when feeding
changes happen, and at discharge.

What are the risks and nature of taking part?

There is no risk involved in taking part in thedtuThe equipment we will use to measure your
body composition has been checked for its safethéyesponsible department of the hospital.

What are the possible benefits of taking part?

It is unlikely that you will directly benefit frorthe research. However, this is a project examining
1) body composition changes after stroke 2) thiiémice of body composition change on the long
term outcome after stroke 3) and the effect ofedéht feeding regimens on body composition after
stroke. Our findings may suggest areas for imprarmnor intervention which will be of benefit
stroke patients and improve stroke care in theréutu

What happens if | change my mind?

You are free to withdraw from the study at any tiffibis will not affect the medical treatment you
receive on the ward. Any research data collecteth fyou will not be considered and will be
removed.

Will my taking part in this study be kept confidential?

All information, which is collected about you dugithe course of research, will be kept strictly
confidential. All data will be entered into secuwwremputers located in the hospital with limited
access measures via a username and password. n&mer and any other identifying information
will not be included in any study data entered thi® computers and your name and address will be
removed from any information leaving the hospitaigery. You will be identified using a specific
study code and/or number when entering data ig@#ture computers.

Research Data collected will be stored on the secamputers for a period of more than three
years as this us a PhD research project that tdkeast three years to complete.

What will happen to the tests?
The measurements and responses to questions aikieel kept entirely anonymous.
What will happen to the result of the research stug?

The study results may also lead to further stuidi¢his particular area. Any information we collect
about you will be confidential and used only foe thurpose of this study. The information about
you will only be available to research staff ané tmedical staff caring for you. We hope to
publicise our findings by submitting the researelparts to scientific journals and present our
findings at scientific meetings and patient andlisuiorums. Data presented in all medium will be
aggregated and anonymised so that no one will leetalidentify you based on these publications.

What if something goes wrong?
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It is very unlikely that you will be harmed by talg- part in this research project since this ptojec
does not involve administration of any drugs or asany invasive instrument. However, if you
wish to complain in the event of any self-perceivem as a result of this study, the normal
National Health Service complaints mechanisms vélavailable to you.

You can also contact the Patient Advice and LiaiServices (PALS) available in the hospital for
support, resolving any problems, suggestions, ocems. PALS is open weekdays from 9am-5pm
and can be contacted on the Telephone 01603 289GBfough email: PALS@nnuh.nhs.uk.

Who is organising and funding the research?

This study is carried out by a research team ctingisf Mr Mohannad Kafri, PhD student in
Nutritional Epidemiology, University of East AngliBr Phyo Kyaw Myint, Clinical Senior
Lecturer/Consultant in Stroke Medicine, Dr Lee Hesenior Lecturer in Research Synthesis &
Nutrition, School of Medicine, Health Policy andaBtice, University of East Anglia, and Professor
John Potter, Professor of Ageing & Stroke MedicBehool of Medicine, Health Policy and
Practice, University of East Anglia. The Univeysiff East Anglia funded this PhD studentship and
the study is supported by the Department of Mediéin the Elderly.

Who has reviewed the study?

This study has been reviewed and given a favourgiitdon by the Cambridgeshire | Research
Ethics Committee.

Contact for further information If you would like to know more, please contact grincipal
investigators of the study Mohannad Kafri, Investiy, 01603 286286.

You must be happy about any decision you make andwjll be given a copy of this information
sheet and signed consent form to keep. Thankgmtaking time to read this information sheet.

Thank you for your help.
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Norfolk and Norwich University Hospital NHS

NHS Trust

PARTICIPANT INFORMATION SHEET (MEASUREMENT DIAGRANS)
After you consent to participate we will take tllldwing measurements

1. Body Composition Measurement

This is the picture of the device (about the size
of heart tracing machine (ECG)) we will use to
measure your body composition

Image source: http://www.habdirect.co.uk/images/productFullsize/BMBF9202.jpg

by attaching sticky patches (like those used in a heart tracing
measurement) to your hand and leg

While you are lying down we will take your body composition measurement

Image source: http://web.tradekorea.com/upload_file/prod/marketing/mkt_files/new_company//giltron/img_en/o_P276050.jpg
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PP To measure your mid arm circumference a

? \ measuring tape will be used.
Image source: http://www.northerntool.com/images/product/images/30028 Ig.ipg

Less than
13.5¢cm

Using the tape we will measure your mid arm
circumference as shown in the picture above. We
will roll the tape around your arm and take the
measurement.

Image source: http://www.squidoo.com/organic-food-eating-right
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This is the device used to measure the skinfold

thickness. Itis called a calliper. The open end

of the instrument is used to hold the skin as in
the picture below. It will not hurt you.

Image source: http://www.first4shape.com/prodimg/AM3K_1_zoom.jpg

We will take a skin fold from back of your arm (triceps area)
and measure its thickness using the calliper.

Image source: http://www.healthgoods.com/v/vspfiles/assets/images/skinfold_caliper_back_arm.gif
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This is the example of the device which will be used
to measure your hand grip strength. Itis called a
dynamometer

Image source: http://faculty.washington.edu/kepeter/119/images/muscle_strength_bulb.jpg

To measure your handgrip strength you
will be asked to squeeze the balloon while
we make the reading

Image source: http://altomedical.com/images/photo_91%5B1%5D.jp

«Q
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This the example of the DEXA machine

Image source: http://www.alexanderorthopaedics.com/images/dexa-c.jpg

This is how the DEXA measurement is performed.

We will ask you to lie down in a relaxed position on

a padded surface while we take the measurement.
It is just like an X-ray.

Image source: http://houstonmri.com/Libraries/site_pics/dexa2.sflb.ashx
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Admissior

AFTER YOUR
CONSENT AND
on ADMISSION

WE WILL
MEASRUE
YOUR: TRICEP
SKINFOLD

MIDARM
CIRUMFERENCE
, HAND GRIP
STRENGTH, and
BODY
COMPOISITON

IF YOU HAVE A
FEEDING
REGIMEN

CHANGE WE WILL
MEASURE YOUR
BODY
COMPOSITION

Before YOUR
DISCHARGE WE
WILL measure

your: TRICEP

SKINFOLD,

MIDARM
CIRUMFERENC
E, HAND GRIP
STRENGTH, and

BODY
COMPOISITON

Discharg

ALSO BEFORE
DISCHARGE WE
MIGHT ASK YOU
TO ATTEND UEA

TO MEASURE YOU
BODY
COMPOSITION
USING DEXA
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WE WILL ALSO
REVIEW YOUR
MEDICAL
RECORDS,
CASE NOTES,
AND BLOOD

BIOCHEMISTRY
DATA. FEEL
FREETO
REFUSE THIS
STEP IF YOU
WISH

Follow ug

MONTHS OF
YOUR
DISCAHRGE
DATE WE
WILL SEND
YOU

QUESTIONS
BY MAILTO
ANSWER
AND MAIL
BACK TO US
IF YOU WISH.




Appendix VIII: Letter to participant's GP
Norfolk and Norwich University Hospital NHS

NHS Trust

Mohannad Kaffri
Medicine for the Elderly
Norfolk and Norwich University Hospital, Cey Lane

Norwich NR4 7UY

Tell: 01603 286286
Direct fax: 01603 286428
Email: m.kafri@uea.ac.uk

Trust website:
www.nnuh.nhs.uk

Date: / /20
Dear Dr

Re: The relationship between body composition chaudgeisg acute stroke care and long term
outcomes study

Your patient has agreed to take part in the abtways The study involves assessing body
composition using bioelectrical impedance analysis.a simple procedure that is non-invasive,
quick, and painless.

The aim of the study is to find out whether thexramy relationship between body composition
changes during acute stroke care and long ternoogts and it does not interfere with medical
care the patient is receiving or involve the adstnation of any medicine.

If you have any questions please do not hesitateritact me on above address.

Yours sincerely,

Mohannad Kafri (Investigator),

PhD student, University of East Anglia
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Appendix IX: Patients’ consent form

Norfolk and Norwich University Hospital m

NHS Trust
CONSENT FORM

STUDY ON Body Composition changes after stroke
Name of Researcher: Mohannad Kafri

Trust Project number Please initial each box indicte your agreement

1. | confirm that | have read and understand the paiilgformation document to Trust
Study Number-------- dated ---------------- for thebove study and that | have had the
opportunity to ask any questions that | may haye.

2. | understand that my participation is voluntary dhdt | am free to withdraw at any

time without my medical care or legal rights be#ifipcted without giving reason

3. lunderstand that sections of any of my medicaésahay be looked at by responsible
individuals from the Norfolk & Norwich NHS Trust drom the regulatory authorities
where it is relevant to me taking part in this egs project. | give permission for these
individuals to have access to my recordg:

4. 1agree to take part in the above stydy.

5. lagree to my GP being informed of my partitipn in this study.

Name of the patient (capital letters) --------——--------=---m-meue--

Signature of the patient =~ ----—--mem e Date:

Name of investigator:  =---==-===mmmm e

Signature of investigator e Date:
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Appendix X: Standard Operating Procedure

Body Composition changes and hydration status sfteke
Anthropometrics: Skinfold measurement

Triceps Skinfold (first choice)

Use patient’s right arm

Determine the midpoint between the top of the sienlto the bottom of the elbow.
Once the midpoint is determined......

Pinch the skin, the skin fold has to be at 90h®adrm

Place Calipers on the skinfold and record measureme

Repeat three times

oukhwnhpE

Adopted from: http://www.urmc.rochester.edu/phi@iy-exercise-lab/equipment/assessment.cfm
Inter ratter reproducibility assessment:

After the first investigator carries the Tricepsréld thickness measurement, another investigator
must take same measurement at the same time rep#daiexact same procedure. Record TSF
result on a separate data sheet.

Anthropometrics: Mid Upper Arm Circumference

1. Use patient right arm (if patients suffers from lyganesis try your best to take the
measurement from the right arm unless you cansetthe other arm however by
indicating that you used the other arm; formulaakdated for right arm however we can
see the difference between MUAC measurement in$idés compared to FFM values
from MF-MF-BIA)

2. Identify the midpoint between the elbow and theudther (you can measure the upper arm
length and determined the midpoint)

3. Record the measurement

4. Repeat three times
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Adopted from: http://www.topendsports.com/testiagts/girth-arm-relaxed.htm

Inter ratter reproducibility assessment:

After the first investigator carries the Mid Upper Arm Circumference measurement, another
investigator must take same measurement at the sartime repeating the exact same
procedure. Record your measurement on separate dasheet.

Anthropometrics: Waist circumference

1. As the patient to stand (if the patient cannotdtay measuring while sitting on bed,
making sure his back is straight); if the patiesmtrmot stand or sit do not make the
measurement; note this.

Locate the highest end of the hip bone (the ili@st)

Once located, place the measuring tape horizordalyss the waist

Record measurement

Repeat three times

akrwn

Adopted from: http://www.drsharma.ca/wp-contenidapls/sharma-obesity-waist-circumference.jpg

Anthropometrics: Hip circumference

386



w N

Ask the patient to stand ( if the patient cannahdttry measuring while sitting on bed,
making sure his back is straight )

Find the widest point on the buttock

Once the point is located, place a tap horizontibund the buttocks and measure the hip
circumference

Repeat three times

Round to the nearest 0.1

Adopted from: http://en.wikipedia.org/wiki/File:&list-hip_ratio.png

Reproducibility assessment:

After the first investigator carries the WC and HC measurement, another investigator must
take same measurement at the same time repeatingetlexact same procedure. Repeat the
Waist and Hip circumference measurement each threimes and record raw data.

Hand grip strength

wN e

Use patient’s unaffected arm

Explain to the patients the measurement process

Ask the patient to hold the dynamometer with thaffected arm after setting it
comfortably to suite the grip of each patient

Make sure the dynamometer is set to Zero by prgskaon button and the number on the
measuring meter is 0.0

Ask the patient to squeeze press as hard as posgiltb 15 seconds and record the
measurement

Repeat three times
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Image adopted: http://www.fitnessvenues.com/uléfis-testing-hand-grip-strength-test
Physical Assessment of Hydration
Tongue Furrows and Dryness

1. Observe the patients tongue

2. Record if Tongue furrows are present (tongue fusrave like small channels that looks
somewhat white (due to peeling) present on theasarbf the tongue indicating dryness)

3. Classify as yes (furrows) or no (any furrows).

4. Record if the tongue is dry or furred (if dry tlomgue will have white dots, patches or will
appear white in general due to surface peeling)

5. Classify as furred (tongue furred), dry (tongue)dbpth or no (not dry or furrowed)

Reliability assessment: At the same time of #sisessment another ratter must carry the same
procedure again. Record your result on a sepasadestieet. For comparison; carry out a Cohen
Kappa test after a collection of several measurésnen

Skin Turgor

Definition: the ability of the skin to resume itermal form after being pinched or distorted.
Delayed ability of the skin to obtain its naturatrh may indicate a sign of dehydration.

Pinch the skin on the back of the hand of the wt#éd side holding it for few seconds
Release

Observe how long the skin takes to return to itanaform (in seconds)

Report in seconds

PoONPE

Reliability assessment: At the same time of #sisessment another ratter must carry the same
procedure again. Record your result on a sepasatestieet. For comparison; carry out a Cohen
Kappa test after a collection of several measurésnen
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Skin with decreased turgor
remains elevated after
being pulled up and
released

Image adopted from: http://health.allrefer.com/t@dehydration-skin-turgor.html

Capillary refill time

Definition: a test to assess circulation in thadhéusually thumb or any other finger). It can
signify dehydration with a host of other conditions

1.

2.
3.

Pressure the nail bed of the middle (longest) fimdehe unaffected side of the patient
until the natural skin colour is gone (usually takew seconds)

Release the pressure and wait for the natural &idor to return

Record the number of seconds taken for the natoftauration to return

Reliability assessment: At the same time of dsisessment another ratter must carry the same
procedure again. Record your result on a sepastsestieet. For comparison; carry out a Cohen
Kappa test after a collection of several measurésnen

Blood sampling

PonhpRE

o !

Investigate the presence of an obvious vein

Make sure the arm was not used frequently befarblémd sampling

take a blood sample following hygienic procedure

Use the venepuncture system (grey tube top for@gskiand Orange tube top for
electrolytes/osmolality).

Each tube can hold 5 ml, try to get at least oire full to have enough sample for analysis.
If you are using a venepuncture system (use tlutrelgte tube (orange colour first) then
the glucose tube (grey colour) if you could notthet second sample of blood for glucose
try the other arm.

If it was difficult to take blood from patient, tfirst hand, then second...if you still can’t
STOP and drop this step.
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Appendix XI: National Institute of Health Stroke Severity Score

N I I I Patient Identification. __ _ - -
STRO KE PtDateofBith [ _ [

Hospital (

S C A L E Date of Exam / /

Interval: []Baseline  []2 hours post treatment [] 24 hours post onset of symptoms +20 minutes  [] 7-10 days
[13 months [] Other

)

Time:___ . [Jam []pm

Person Administering Scale

Administer stroke scale items in the order listed. Record performance in each category after each subscale exam. Do not go
back and change scores. Follow directions provided for each exam technique. Scores should reflect what the patient does, not
what the clinician thinks the patient can do. The clinician should record answers while administering the exam and work quickly.
Except where indicated, the patient should not be coached (i.e., repeated requests to patient to make a special effort).

Instructions Scale Definition Score

1a. Level of Consciousness: The investigator must choose a | 0= Alert; keenly responsive.
response if a full evaluation is prevented by such obstacles as an | 1= Not alert; but arousable by minor stimulation to obey,

endotracheal tube, language barrier, orotracheal trauma/bandages. A answer, or respond.
3 is scored only if the patient makes no movement (other than reflexive | 2= Not alert; requires repeated stimulation to attend, or is
posturing) in response to noxious stimulation. obtunded and requires strong or painful stimulation to

make movements (not stereotyped).
3= Responds only with reflex motor or autonomic effects or
totally unresponsive, flaccid, and areflexic.

1b. LOC Questions: The patient is asked the month and his/her age. | 0= Answers both questions correctly.
The answer must be correct - there is no partial credit for being close.
Aphasic and stuporous patients who do not comprehend the questions | 1= Answers one question correctly.
will score 2. Patients unable to speak because of endotracheal
intubation, orotracheal trauma, severe dysarthria from any cause, | 2= Answers neither question correctly.
language barrier, or any other problem not secondary to aphasia are
given a 1. Itis important that only the initial answer be graded and that
the examiner not "help" the patient with verbal or non-verbal cues.

1c. LOC Commands: The patient is asked to open and close the | 0= Performs both tasks correctly.
eyes and then to grip and release the non-paretic hand. Substitute
another one step command if the hands cannot be used. Credit is | 1= Performs one task correctly.
given if an unequivocal attempt is made but not completed due to
weakness. If the patient does not respond to command, the task | 2= Performs neither task correctly.
should be demonstrated to him or her (pantomime), and the result
scored (i.e., follows none, one or two commands). Patients with
trauma, amputation, or other physical impediments should be given
suitable one-step commands. Only the first attempt is scored.

2. Best Gaze: Only horizontal eye movements will be tested. | 0= Normal.
Voluntary or reflexive (oculocephalic) eye movements will be scored,
but caloric testing is not done. If the patient has a conjugate | 1= Partial gaze palsy; gaze is abnormal in one or both eyes,
deviation of the eyes that can be overcome by voluntary or reflexive but forced deviation or total gaze paresis is not present.
activity, the score will be 1. If a patient has an isolated peripheral
nerve paresis (CN IIl, IV or VI), score a 1. Gaze is testable in all | 2= Forced deviation, or total gaze paresis not overcome by the
aphasic patients. Patients with ocular trauma, bandages, pre-existing oculocephalic maneuver.

blindness, or other disorder of visual acuity or fields should be tested
with reflexive movements, and a choice made by the investigator.
Establishing eye contact and then moving about the patient from side
to side will occasionally clarify the presence of a partial gaze palsy.

Rev 10/1/2003
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N I H Patient Identification. __ _ - -
ST R O KE Pt.DateofBith [ |

Hospital (

SCALE vatEan____|

Interval: []Baseline  []2 hours post treatment [] 24 hours post onset of symptoms £20 minutes  [] 7-10 days
[13 months [] Other )

3. Visual: Visual fields (upper and lower quadrants) are tested by | 0= No visual loss.
confrontation, using finger counting or visual threat, as appropriate.
Patients may be encouraged, but if they look at the side of the | 1= Partial hemianopia.
moving fingers appropriately, this can be scored as normal. If there is
unilateral blindness or enucleation, visual fields in the remaining eye | 2= Complete hemianopia.
are scored. Score 1 only if a clear-cut asymmetry, including
quadrantanopia, is found. If patient is blind from any cause, score 3. | 3= Bilateral hemianopia (blind including cortical blindness).
Double simultaneous stimulation is performed at this point. If there is
extinction, patient receives a 1, and the results are used to respond to
item 11.

4. Facial Palsy: Ask - or use pantomime to encourage - the patient | 0= Normal symmetrical movements.
to show teeth or raise eyebrows and close eyes. Score symmetry of | 1= Minor paralysis (flattened nasolabial fold, asymmetry on

grimace in response to noxious stimuli in the poorly responsive or smiling).

non-comprehending patient. If facial traumalbandages, orotracheal | 2= Partial paralysis (total or near-total paralysis of lower _
tube, tape or other physical barriers obscure the face, these should face).

be removed to the extent possible. 3= Complete paralysis of one or both sides (absence of

facial movement in the upper and lower face).

5. Motor Arm: The limb is placed in the appropriate position: extend | 0= No drift; limb holds 90 (or 45) degrees for full 10 seconds.
the arms (palms down) 90 degrees (if sitting) or 45 degrees (if | 1= Drift; limb holds 90 (or 45) degrees, but drifts down before

supine). Drift is scored if the arm falls before 10 seconds. The full 10 seconds; does not hit bed or other support.
aphasic patient is encouraged using urgency in the voice and | 2= Some effort against gravity; limb cannot get to or
pantomime, but not noxious stimulation. Each limb is tested in turn, maintain (if cued) 90 (or 45) degrees, drifts down to bed,
beginning with the non-paretic arm. Only in the case of amputation or but has some effort against gravity.

joint fusion at the shoulder, the examiner should record the score as | 3= No effort against gravity; limb falls.

untestable (UN), and clearly write the explanation for this choice. 4= No movement.

UN = Amputation or joint fusion, explain:
5a. Left Arm

5b. Right Arm

6. Motor Leg: The limb is placed in the appropriate position: hold | 0= No drift; leg holds 30-degree position for full 5 seconds.
the leg at 30 degrees (always tested supine). Drift is scored if the leg | 1= Drift; leg falls by the end of the 5-second period but does

falls before 5 seconds. The aphasic patient is encouraged using not hit bed.
urgency in the voice and pantomime, but not noxious stimulation. | 2= Some effort against gravity; leg falls to bed by 5
Each limb is tested in turn, beginning with the non-paretic leg. Only seconds, but has some effort against gravity.

in the case of amputation or joint fusion at the hip, the examiner | 3= No effort against gravity; leg falls to bed immediately.
should record the score as untestable (UN), and clearly write the | 4= No movement.

explanation for this choice. UN = Amputation or joint fusion, explain:
6a. LeftLeg -
6b. Right Leg
Rev 10/1/2003
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NI H
STROKE
SCALE

Interval: []Baseline
[13 months [] Other

Patient Identification. -

Hospital (

Date of Exam /

[12 hours post treatment [ ]24 hours post onset of symptoms +20 minutes  []7-10 days

)

7. Limb Ataxia: This item is aimed at finding evidence of a unilateral
cerebellar lesion. Test with eyes open. In case of visual defect,
ensure testing is done in intact visual field. The finger-nose-finger
and heel-shin tests are performed on both sides, and ataxia is scored
only if present out of proportion to weakness. Ataxia is absent in the
patient who cannot understand or is paralyzed. Only in the case of
amputation or joint fusion, the examiner should record the score as
untestable (UN), and clearly write the explanation for this choice. In
case of blindness, test by having the patient touch nose from
extended arm position.

0= Absent.
1= Present in one limb.
2= Present in two limbs.

UN = Amputation or joint fusion, explain:

8. Sensory: Sensation or grimace to pinprick when tested, or
withdrawal from noxious stimulus in the obtunded or aphasic patient.
Only sensory loss attributed to stroke is scored as abnormal and the
examiner should test as many body areas (arms [not hands], legs,
trunk, face) as needed to accurately check for hemisensory loss. A
score of 2, “severe or total sensory loss,” should only be given when
a severe or total loss of sensation can be clearly demonstrated.
Stuporous and aphasic patients wil, therefore, probably score 1 or 0.
The patient with brainstem stroke who has bilateral loss of sensation
is scored 2. If the patient does not respond and is quadriplegic, score
2. Patients in a coma (item 1a=3) are automatically given a 2 on this
item.

0= Normal; no sensory loss.

1= Mild-to-moderate sensory loss; patient feels pinprick is
less sharp or is dull on the affected side; or there is a
loss of superficial pain with pinprick, but patient is aware
of being touched.

2= Severe to total sensory loss; patient is not aware of
being touched in the face, arm, and leg.

9. Best Language: A great deal of information about comprehension
will be obtained during the preceding sections of the examination.
For this scale item, the patient is asked to describe what is happening
in the attached picture, to name the items on the attached naming
sheet and to read from the attached list of sentences.
Comprehension is judged from responses here, as well as to all of
the commands in the preceding general neurological exam. If visual
loss interferes with the tests, ask the patient to identify objects placed
in the hand, repeat, and produce speech. The intubated patient
should be asked to write. The patient in a coma (item 1a=3) will
automatically score 3 on this item. The examiner must choose a
score for the patient with stupor or limited cooperation, but a score of
3 should be used only if the patient is mute and follows no one-step
commands.

0= No aphasia; normal.

1= Mild-to-moderate aphasia; some obvious loss of fluency
or facility of comprehension, without significant
limitation on ideas expressed or form of expression.
Reduction of speech and/or comprehension, however,
makes conversation about provided materials difficult
orimpossible. For example, in conversation about
provided materials, examiner can identify picture or
naming card content from patient's response.

2= Severe aphasia; all communication is through fragmentary
expression; great need for inference, questioning, and guessing
by the listener. Range of information that can be exchanged is
limited:; listener carries burden of communication. Examiner
cannot identify materials provided from patient response.

3= Mute, global aphasia; no usable speech or auditory
comprehension.

10. Dysarthria: If patient is thought to be normal, an adequate
sample of speech must be obtained by asking patient to read or
repeat words from the attached list. If the patient has severe
aphasia, the clarity of articulation of spontaneous speech can be
rated. Only if the patient is intubated or has other physical barriers to
producing speech, the examiner should record the score as
untestable (UN), and clearly write an explanation for this choice. Do
not tell the patient why he or she is being tested.

0= Normal.

1= Mild-to-moderate dysarthria; patient slurs at least some
words and, at worst, can be understood with some
difficufty.

2= Severe dysarthria; patient's speech is so slurred as to be
unintelligible in the absence of or out of proportion to
any dysphasia, or is mute/anarthric.

UN = Intubated or other physical barrier,
explain;

Rev 10/1/2003
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NI H

Patient Identification. ___ __ - -

STRO KE Pt.DateofBith__ __ /[

Hospital -
S C A L E Dateof Exam__ _ /|
Interval: []Baseline  []2 hours post treatment [] 24 hours post onset of symptoms +20 minutes [] 7-10 days

[13 months [] Other

)

11.  Extinction and Inattention (formerly Neglect): Sufficient
information to identify neglect may be obtained during the prior
testing. If the patient has a severe visual loss preventing visual
double simultaneous stimulation, and the cutaneous stimuli are
normal, the score is normal. |If the patient has aphasia but does
appear to attend to both sides, the score is normal. The presence of
visual spatial neglect or anosagnosia may also be taken as evidence
of abnormality. Since the abnormality is scored only if present, the
item is never untestable.

0= No abnormality.

1= Visual, tactile, auditory, spatial, or personal inattention
or extinction to bilateral simultaneous stimulation in one
of the sensory modalities.

2= Profound hemi-inattention or extinction to more than
one modality; does not recognize own hand or orients
to only one side of space.

Rev 10/1/2003
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Appendix XII: Malnutrition Universal Assessment Tool

) ‘Malnutrition Universal Screening Tool’ M/\(

Malnutrition Advisory G
A Standing Committee of |

B A P E N BAPEN is registered charity number 1023927 www.bapen.«

www.bapen.org.uk

‘MUST’

‘MUST’ is a five-step screening tool to identify adults, who are malnourished, at risk of malnutrition

(undernutrition), or obese. It also includes management guidelines which can be used to develop
a care plan.

It is for use in hospitals, community and other care settings and can be used
by all care workers.

This guide contains:

A flow chart showing the 5 steps to use for screening and management

BMI chart

Weight loss tables

Alternative measurements when BMI cannot be obtained by measuring weight and height.

The 5 ‘MUST’ Steps
Step 1

Measure height and weight to get a BMI score using chart provided. If unable to obtain
height and weight, use the alternative procedures shown in this guide.

Step 2

Note percentage unplanned weight loss and score using tables provided.

Step 3

Establish acute disease effect and score.

Step 4

Add scores from steps 1, 2 and 3 together to obtain overall risk of malnutrition.

Step 5

Use management guidelines and/or local policy to develop care plan.

Please refer to The ‘MUST’ Explanatory Booklet for more information when weight and height cannot be measured,

and when screening patient groups in which extra care in interpretation is needed (e.g. those with fluid disturbances,
plaster casts, amputations, critical illness and pregnant or lactating women). The booklet can also be used for training.
See The ‘MUST’ Report for supporting evidence. Please note that ‘MUST’ has not been designed to detect deficiencies
or excessive intakes of vitamins and minerals and is of use only in adults.

© BAPEN
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Step 1 - BMI score (& BMI)

Height (feet and inches)
4'9% 4'10+4'11 5'0 5'0% 5'1% 5'2 5'3 5'4 5'4% 5'6% 5'6

5'7

5'7w 5'8% 5'9x 5'10 5'11 5'116'0x 6'1l 6'2 6'3 6'3x 6'4x

100| 47 46 44 43 42 41 40 39 38 37 36
99|46 45 44 43 42 41 40 39 38 37 36
08|46 45 44 42 41 40 39 38 37 36 36
O7|46 44 43 42 41 40 39 38 37 36 35
38 37 36 35
37 36 35 34
36 35 34
3% 35 34
3% 34 33
3% 34 33
34 33 33
34 33 32
34 33
33 32
33 32
32 32
32 31
32 31
31 30
31
30

Weight (kg)

35
35
35
34
34

35
34
34
34

34 33
33 33
33 32
33 32

32 32
32 3
32 31
31
31
31
30

O

BAPEN

www.bapen.org.uk

(spunod pue sauoj}s) YIIGM

1.46 1.48 1.50 1.52 1.54 1.56 1.58 1.60 1.62 1.64 1.66 1.68 1.70 1.72 1.74 1.76 1.78 1.80 1.82 1.84 1.86 1.88 1.90 1.92 1.94
Height (m)

Note : The black lines denote the exact cut off points (30,20 and 18.5 kg/m?), figures on the chart have been rounded to the nearest whole number.
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O

Stepl 4+ Step2 + Step3 U

BMI score Weight loss score Acute disease effect score

( \ r Unplanned N o )

BMI kg/m? Score weight loss in If patient is acutely ill and

>20 (>30 Obese) =0 past 3-6 months there has been or is likely

18.5-20 =1 % Score to be no nutritional

<1é 5 p <5 = intake for >5 days

' - 5-10 = Score 2

\_ Y. \ >10 =2

If unable to obtain height and weight, see Acute disease effect is unlikely to
reverse for alternative measurements and apply outside hospital. See ‘MUST’

use of subjective criteria 4 Explanatory Booklet for further
e p information

Overall risk of malnutrition

Add Scores together to calculate overall risk of malnutrition
Score O Low Risk Score 1 Medium Risk Score 2 or more High Risk

Step 5

Management guidelines

0 1 2 or more
Low Risk Medium Risk High Risk
Routine clinical care Observe Treat*
o Repeat screening e Document dietary intake for o Refer to dietitian, Nutritional
Hosol 3 days Support Team or implement
ospital — weekly ) local polic
Care Homes — monthly o If adequate - little concern and policy
Community — annually repeat screening e Set goals, improve and increase
for special groups o Hospital - weekly overall nutritional intake
e.g. those >75 yrs o Care Home - at least monthly ) )
« Community — at least every . Monlt.or and review care plan
2.3 months Hospital — weekly
Care Home — monthly
o If inadequate - clinical concern Community — monthly
— follow local policy, set goals, . ) .
improve and increase overall Unless detnmenta} or no benefit is
s . X expected from nutritional support
nutritional intake, monitor and ¢.g. imminent death
k J kreview care plan regularly Yy, k e ' J

ﬁll risk categories: N
« Treat underlying condition and provide help and Obesity:
advice on food choices, eating and drinking when » Record presence of obesity. For those with
necessary. underlying conditions, these are generally
« Record malnutrition risk category. controlled before the treatment of obesity.
k. Record need for special diets and follow local policy. J

Re-assess subjects identified at risk as they move through care settings

See The ‘MUST’ Explanatory Booklet for further details and The ‘MUST’ Report for supporting evidence. © BAPEN
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Current weight

Step 2 - Weight loss score

Score 1
Wt loss
5-10%

Weight loss in last

3 to 6 months

(kg

)
| 2.6-5.4 |

©

www.bapen.org.uk

Score 1
Wt loss
5-10%

Weight loss in last
3 to 6 months

(kg)

© BAPEN
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Alternative measurements and considerations BAPEN

www.bapen.org.uk
Step 1: BMI (body mass index)

If height cannot be measured

o Use recently documented or self-reported height (if reliable and realistic).

o |f the subject does not know or is unable to report their height, use one of the alternative
measurements to estimate height (ulna, knee height or demispan).

Step 2: Recent unplanned weight loss

If recent weight loss cannot be calculated, use self-reported weight loss (if reliable and realistic).

Subjective criteria

If height, weight or BMI cannot be obtained, the following criteria which relate to them can assist your
professional judgement of the subject’s nutritional risk category. Please note, these criteria should be
used collectively not separately as alternatives to steps 1 and 2 of ‘MUST’ and are not designed to
assign a score. Mid upper arm circumference (MUAC) may be used to estimate BMI category in order to
support your overall impression of the subject’s nutritional risk.

1. BMI
o Clinical impression - thin, acceptable weight, overweight. Obvious wasting (very thin) and obesity
(very overweight) can also be noted.

2. Unplanned weight loss

o Clothes and/or jewellery have become loose fitting (weight loss).

o History of decreased food intake, reduced appetite or swallowing problems over 3-6 months and
underlying disease or psycho-social/physical disabilities likely to cause weight loss.

3. Acute disease effect
o Acutely ill and no nutritional intake or likelihood of no intake for more than 5 days.

Further details on taking alternative measurements, special circumstances and subjective criteria can be
found in The ‘MUST’ Explanatory Booklet. A copy can be downloaded at www.bapen.org.uk or purchased
from the BAPEN office. The full evidence-base for ‘MUST’ is contained in The ‘MUST’ Report and is also
available for purchase from the BAPEN office.

BAPEN Office, Secure Hold Business Centre, Studley Road, Redditch, Worcs, B98 7LG. Tel: 01527 457 850. Fax: 01527 458 718. bapen@
sovereignconference.co.uk  BAPEN is registered charity number 1023927.  www.bapen.org.uk

© BAPEN 2003  ISBN 1 899467 90 4  Price £2.00
All rights reserved. This document may be photocopied for dissemination and training purposes as long as the source
is credited and recognised.

Copy may be reproduced for the purposes of publicity and promotion. Written permission must be sought from BAPEN if reproduction or
adaptation is required. If used for commercial gain a licence fee may be required.
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© BAPEN. First published May 2004 by MAG the Malnutrition Advisory Group, a Standing Committee of BAPEN.
Reviewed and reprinted with minor changes March 2008, September 2010 and August 2011.

‘MUST' is supported by the British Dietetic Association, the Royal College of Nursing and the Registered Nursing Home Association. © BAPEN

398



Appendix XllI: Short form Survey 36v2 (SF36v2)

Your Health and Well-Being

This survey asks for your views about your health. This information will help
keep track of how you feel and how well you are able to do your usual activities.
Thank you for completing this survey!

For each of the following questions, please tick the one box that best describes
your answer.

1. In general, would you say your health is:

‘ Excellent Very good Good Fair Poor ‘

v v v v v
P HE Ll P s

2. Compared to one vear ago, how would you rate your health in general

now?
Much better Somewhat About the Somewhat Much worse
now than one better same as worse now than one
year ago now than one  one year ago now than one year ago
year ago year ago

v v v v v
P [ HE L1 s

SF-36v2% Health Survey © 1992, 2002, 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SF-36v2® Health Survey Standard. United Kingdom (English))
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3. The following questions are about activities you might do during a typical
day. Does your health now limit vou in these activities? If so, how much?

Yes, Yes, No, not
limited limited limited
a lot a little at all

. Vigorous activities, such as running, lifting
heavy objects, participating in Strenuous SPOILS ........cccverveenen. I (I E— Ll

» Moderate activities, such as moving a table, pushing

a vacuum cleaner, bowling, or playing golf ............ccccvevvrnen. I [ E— HE
¢ Lifting O Carrying @roCeries . .......o.oovwvrverererereereererereesnens (I (I HE
¢ Climbing several flights of StairS.........cccceeeevieveeriesieeieeieeens I [ ET—— [1:
e Climbing one flight of Stairs........ccccevieriireeriiieeieeeeeie e I T [ ]
¢ Bending, kneeling, or StOOPING.......cceverierieriiniiiieieiieeeeine [ [ HE
¢  Walking more than a mile..........ccoeviiieiieniiienieiciceece I RO [ HE
»  Walking several hundred yards ..............cocoevveveeeeeveeeereennnn. I T [ ]
i Walking one hundred vards .............cccoooveveeveereerereeeeeeeenn [ —— [ e
j. Bathing or:dressing yourself..........cc.cciiiicisoeisniincaasisasisasasosasss I E— (I HE

SF-36v2* Health Survey © 1992. 2002. 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SF-36v2* Health Survey Standard. United Kingdom (English))
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4. During the past 4 weeks, how much of the time have you had any of the
following problems with your work or other regular daily activities as a
result of vour physical health?

All of Most of Some of A little of  None of
the time the time the time the time the time

v v v vV Vv

. Cut down on the amount of
time you spent on work or

other actiVities ......oeevvveeeiieeeeieeenns [ R I [ I PO s

»  Accomplished less than you

WOUld K€ o D Leessessessoass I:I D sessnnssosenss I:] Bleesssnnssnssns D . D 5

< Were limited in the kind of

work or other activities.................... [ R I E— [ T [ PO s

« Had difficulty performing the
work or other activities (for

example, it took extra effort) ........... I T I [ - I P P

5. During the past 4 weeks, how much of the time have you had any of the
following problems with your work or other regular daily activities as a
result of any emotional problems (such as feeling depressed or anxious)?

All of Most of Some of A little of  None of
the time the time the time the time the time

v v v vV Vv

. Cut down on the amount of
time you spent on work or

Other aCtiVIties .......oeevvveeeinieeeeieeenns I T [ E— [ - I PO s

» Accomplished less than you

Would lIKe ...oooovviieiiiccieeceee I T I E— [ T [ - s

< Did work or other activities

less carefully than usual................... I T I E— [ I PO s

SF-36v2* Health Survey © 1992, 2002. 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SF-36v2* Health Survey Standard. United Kingdom (English))
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6. During the past 4 weeks, to what extent has your physical health or
emotional problems interfered with your normal social activities with
family, friends, neighbours, or groups?

| Not at all Slightly Moderately Quite a bit Extremely |

v v v v v
p HE HE g g

7. How much bodily pain have you had during the past 4 weeks?

‘ None Very mild Mild Moderate Severe Very severe

v v v v v v
0. O o o o O

8. During the past 4 weeks, how much did pain interfere with your normal
work (including both work outside the home and housework)?

| Not at all A little bit Moderately Quite a bit Extremely |

v v v v v
L1 HE HE 1. HE

SF-36v2® Health Survey © 1992. 2002. 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SE-36v2* Health Survey Standard. United Kingdom (English))
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9. These questions are about how you feel and how things have been with you
during the past 4 weeks. For each question, please give the one answer that
comes closest to the way you have been feeling. How much of the time

during the past 4 weeks...

All of Most of Some of  Alittle of  None of
the time the time the time the time the time

Did you feel full of life? .................. e [ [ I O s
Have you been very nervous?.......... I T I T [ O s

Have you felt so down in the
dumps that nothing could

Cheer JOUMP?s::.oossissesasssnsesesaesonssases I [ [ I s

Have you felt calm and

peaceful‘? .......................................... |:| Bressonasnasans D Zvecerennruanos |:| Biunemamonunnnes D TR I:l 5

»

-

o

a

« Did you have a lot of energy?.......... HE
+ Have you felt downhearted

and 1ow?......cceveeeneenenreneeennne
¢« Did you feel worn out? ..........c.c.... HE
» Have you been happy?........cccceeeene e
i Did you feel tred? . siuimsisesassissin HE

10. During the past 4 weeks, how much of the time has your phyvsical health or
emotional problems interfered with your social activities (like visiting with
friends, relatives, etc.)?

All of Most of Some of A little of None of
the time the time the time the time the time

v v v v v
Ll HE HE L. O

SF-36v2® Health Survey © 1992. 2002. 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SF-36v2® Health Survey Standard. United Kingdom (English))
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11. How TRUE or FALSE is each of the following statements for you?

Definitely ~ Mostly Don’t Mostly  Definitely
true true know false false

v vV Vv v A 4

. Iseem to get ill more

easily than other people.................. I [ [ I HE

» [ am as healthy as

Anybody I KNOW .....c..ssmmsmssnessios [ R [ P [ I []s

< Texpect my health to

BOLWOLSC......vruieeevmuessansvsacsonssansranenses D losssessesssions ':] Rivsiws sswevene [:l Bl csvsnssonsvens |:| - D 5
¢ My health is excellent..................... [ [ [ I s

Thank you for completing these questions!

SF-36v2® Health Survey © 1992, 2002. 2009 Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36" is a registered trademark of Medical Outcomes Trust.
(SF-36v2® Health Survey Standard. United Kingdom (English))
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Appendix XIV: Stroke Impact Scare (SIS)

Stroke Impact Scale

The purpose of this questionnaire is to evaluate ko stroke has affected your health and life.
We want to know from YOUR POINT OF VIEW how stroke has affected you. We will ask
you questions about impairments and disabilities assed by your stroke, as well as how stroke
has affected your quality of life. Finally, we willask you to rate how much you think you have
recovered from your stroke.

These questions are about the physical problems wii may have occurred
as a result of your stroke.

L. In the past week, how A lot of | Quite a bit of | Some A little No
would you rate the strength strengt
, strength strength strength strength
of you're... h at all
a. Arm that was most affected5 4 3 5 1
by your stroke?
b. Grip of your hand that w?s5 4 3 5 1
most affected by your stroke~
c. Leg that was most aﬂ‘ected5 4 3 5 1
by your stroke?
d. Foot/ankle that was mos
affected by your stroke? t5 4 3 2 1
These questions are about your memory and thirdapgcities.
2. In the past week, how Not difficult | A little | Somewhat | Very Extremely
difficult was it to... at all difficult difficult difficult difficult

a. Remember things thit5

people had just told you? 4 3 2 1
b. Remember things that

happened the day before? S 4 3 2 1
C. Remember to do things5 4 3 2 1

(e.q. keep scheduled
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appointments  or  take

medication)?

d. Remember the day of tre5 4 3 5 1
week?

e. Add and subtract5 4 3 5 1
numbers?

f. Concentrate? 5 4 3 2 1
g. Think quickly? 5 4 3 2 1
h. Solve everyday 5 4 3 5 1
problems?

These questions are about how you feel, about ebangm your mood
and about your ability to control your emotionssigour stroke.

3. In the past week, how| None  of| A little of | Some of| Most of | All of the
often did you... the time the time the time the time time
a. Feel sad? 5 4 3 2 1
b. Feel that there wzis5 4 3 5 1
nobody you were close to?

c. Feel that you were g

burden to others? > 4 3 2 1
d. Feel that you had

nothing to look forward to7 ° 4 3 2 1
e. Blame vyourself fo

mistakes on 5 4 3 2 1
mishappenings?

f. Enjoy things as much as5 4 3 5 1
ever?

g. Feel nervous? 5 4 3 2 1
h. Fee_l .that life would be5 4 3 5 1
worth living?

i. Smile and laugh at Ieast5 4 3 5 1

once a day?
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The following questions are about your ability tomomunicate with other people, as well as

your ability to understand what you read and wluat lyear in a conversation.

4. In the past week, how|
difficult was it to...

Not
at all

difficult

A little
difficult

Somewhat
difficult

Very
difficult

Extremel
y difficult

a. Say the name d
someone who was in frof
of you?

f
nits

b. Understand what wd
being said to you in i
conversation?

n

c. Reply to questions?

d. Correctly
objects?

name

e. Participate in @
conversation with a grou
of people?

f. Have a conversation o
the telephone?

g. Call another person @
the telephone, includin
selecting the correg
phone number an

dialing?

The following questions ask about activities you nght do

during a typical day.

5. In the past 2 week

how difficult was it to...

Not
at all

difficult

A little
difficult

Somewhat
difficult

Very
difficult

Cannot do
at all

a. Cut your food with a

knife and fork?

5

4

3

b. Dress the top part (fror

the waist up) of you
body?

=
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c. Wash yourself (bath

shower...)? ° 4 3 2

d. Clip your toenails? 5 4 3 2 1

e. Get to the toile 5 4 3 5

quickly?

f. Control your bladde

(not have an accident)? ° 4 3 2

g. Control your bowels

(not have an accident)? S 4 3 2

h. Do light householg

tasks/chores? ° 4 3 2

i. Go shopping? 5 4 3 2 1

j- Handle money (e.g

count out money)? > 4 3 2

k. Manage finances (e.Q.

pay monthly bills, manage5 4 3 2

a bank account)?

|. Do heavy household

tasks/chores? ° 4 3 2

The following questions are about your ability to ke mobile,

at home and in the community.

6. In the past 2 weeks| Not difficult | A little | Somewhat | Very Cannot

how difficult was it to... at all difficult difficult difficult do at
all

a. Stay sitting without 5 4 3 2 1

losing your balance?

b. Stay standing withouts 4 3 2 1

losing your balance?

c. Walk without losing| g 4 3 2 1

your balance?

d. Move from a bed to ag 4 3 2 1

chair?
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e. Get out of a chaik5 4 3 2 1
without using your hands
for support?
f. Walk one hundred g5 4 3 2 1
yards?
g. Walk fast? 5 4 3 2 1
h. Climb one flight of| g 4 3 2 1
stairs?
I. Climb several flights of g 4 3 2 1
stairs?
J. Getin and out of a car?| g 4 3 2 1
The following questions are about your ability to e
your hand that was MOST AFFECTED by your stroke.
7. In the past 2 weeks
how difficult was it to use N.OF A little | Somewhat | Very Cannot do
your hand that was most| difficult at - - -
difficult difficult difficult at all
affected by your stroke| all
to...
a. Carry heavy objects? 5 3 2 1
b. Turn a doorknob? 5 3 2 1
c. Open a can or jar? 5 3 2 1
d. Tie a shoe lace? 5 3 2 1
e. Pick up a small coin? 5 3 2 1

The following questions are about how stroke has fifcted your ability

to participate in the activities that you usually d, things that

are meaningful to you and help you to find purposén life.
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8. During the past 4

weeks, how much of the None  of | A little of | Some of| Most of [ All of the
time have you been thetime the time the time | the time | time
limited in...

a. Your work (paid,| 5 4 3 2 1
voluntary or other)?

b. Your social activities? | g 4 3 2 1
c. Quiet recreation? 5 4 3 2 1
d. Active recreation? 5 4 3 2 1
e. Your role as a family 5 4 3 2 1
member and/or friend?

f. Your participation inf 5 4 3 2 1
spiritual  or  religious

activities?

g. Your ability to show g 4 3 2 1
your feelings to those

close to you?

h. Your ability to control| 5 4 3 2 1
your life as you wish?

I. Your ability to help| g 4 3 2 1

others?
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9. Stroke Recovery

On a scale of 0 to 100, with 100 representingriettiovery and O representing no recovery, how
much have you recovered from your stroke?

100 Full Recovery

90

80

70

60

50

40

30

20

10

0 No Recovery
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Appendix XV: Barthel Index Score

THE BARTHEL INDEX

Date:

Activity Score

FEEDING

0 = unable

5 = needs help cutting, spreading butter, etaequires modified diet
10 = independent

BATHING

0 = dependent

5 = independent (or in shower)

GROOMING

0 = needs to help with personal care

5 = independent face/hair/teeth/shaving (implemprasided)
DRESSING

0 = dependent

5 = needs help but can do about half unaided

10 = independent (including buttons, zips, lacks) e
BOWELS

0 = incontinent (or needs to be given enemas)

5 = occasional accident

10 = continent

BLADDER

0 = incontinent, or catheterized and unable to marsdone
5 = occasional accident

10 = continent

TOILET USE

0 = dependent

5 = needs some help, but can do something alone

10 = independent (on and off, dressing, wiping)
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TRANSFERS (BED TO CHAIR AND BACK)

0 = unable, no sitting balance

5 = major help (one or two people, physical), dan s
10 = minor help (verbal or physical)

15 = independent

MOBILITY (ON LEVEL SURFACES)

0 = immobile or < 50 yards

5 = wheelchair independent, including corners, y&@s

10 = walks with help of one person (verbal or pbghi> 50 yards

15 = independent (but may use any aid; for exangiek) > 50 yards
STAIRS

0 = unable
5 = needs help (verbal, physical, carrying aid)

10 = independent

TOTAL (0-100):

Provided by the Internet Stroke Center — www.strokecenter.org

413



Appendix XVI: Request for Hologic Discovery DXA asessment.
Study name:Body Composition changes after acute stroke and tiemy outcomes

LREC number: 10/H0304/18

Principal Investigator (requestor): Dr Phyo Myint

Referrer: Professional healthcare

qualification/registration:

(by signing referrer hereby confirms that subject neets inclusion criteria and that there is no
possibility that female subject could be pregnant)

Subiject details: Verified by operator (initials)

Name:

Study number:

DoB:

Address:

Telephone: Email:

For females, no possibility of pregnancy confirmed

For all subjects, absence of metal implants etc toned

DXA examination requested (please tick appropriatdox):

Whole body \

Spine

Hip

Forearm

Analyses required (in accordance with LREC):

Bone

Body composition N

Segment/region

Specific/other details

Operator:

(by signing, operator hereby authorizes that the DA assessment is appropriate)
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Appendix XVII: Hologic Discovery dual energy X-ray absorptiometry
(DXA) body composition and bone assessments: radiah exposure

confirmation of directed dose and appropriate appreals checklist.

(N.B. Radiation directed by the DXA procedure for @ch scan type is invariable and adherence to
scans specified in the Local Research Ethics Comn@e (LREC) and its approval is mandatory.)

Study details

Study name:Body Composition changes after acute stroke and tiemy outcomes

Sponsor:Res., Enterprise & Engagement Office for Universitfast Anglia
Principal investigator and/or local lead: Dr P Myint / Mr M. Kafri
R & D reference number: 2010MFE10S (116-08-10).

LREC number: 10/H0304/18

LREC approval date: 12-10-2010

Confirmations

Medical physics expert:Stuart Yates Approved signatory

Clinical radiation expert: Andoni Toms Approved signatory

DXA examination indicated on LREC approval:

\/
Whole body
Spine
Hip
Forearm
Radiation exposure appropriate as specified in LREG v

Is the proposed DXA scan appropriate to address thparticular research questiol v
Body composition practitioner approval for study togo ahead in Clinical ResearchTrials
Unit
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Appendix XVIII: Hologic Discovery (Wi) dual-energy X-ray

absorptiometry (DEXA) operating procedure for wholebody scan
Preliminary DXA set up prior to patient/subjectieaf

1 Turn on DXA
2 Run QC
3 Run radiographic uniformity, if indicated

Patient preparation

1 Confirm that identity of patient/subject matclsésdy identifiers and scan(s) required.
2 Obtain and record patient/subject details, asfdh@spital number etc.

3 Patient/subject to undress and put on gown.

4 Obtain and record patient/subject weight andhtesg ensure that the nurse has
measured these on the day.

Use checklists to ensure patient/subject suitglaihd safety

Pregnancy for females

. Metal objects for all subjects

(62}

Whole body DXA scan procedure

Click ‘Patients’ in the main window

Click patient’s name or, if it their first scaslick ‘New patient’.

Edit or create a patient record according totiédPa records’ as set out in the
Discovery Operator’s Manual.

4  Use checklists to confirm patient/subject sultgband safety

. Pregnancy for females

. Metal objects for all subjects

5 Confirm that the subject is below the weightitiof 204 kg.

6 Click ‘Perform scan’ and check all details

7 Select ‘Scan type’
8

9

wWN P

Select ‘Whole body’
Position patient (top of head located at end wfime marker on table, arms at side
and toes pointed inwards as in Discovery Operatdgsual)

10 Start scan — runs for about 7 mins.

11 Help patient from table and allow to dress.

Warning if control panel X-ray indicator fails to shutfafithin 10 secs of the end of the
scan then press thied emergency stoputton immediately. Call service engineer (Vertec
Ltd) before resuming operation.

12 Analyze scan as described in Discovery Opeatdenual.

13 Generate reports anecord patient exposure
14  Fully complete patient and scan record in logkbo
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Appendix XIX: Patient safety and DXA operational canpliance:
checklist questions
For females ask if there is there any chance that they might bpregnan®

If so, postpone scan

For all subjects/patients:

Ask if the patient/subject has had any medical @doce within the last 7 days involving:
Contrast media?
Arterial?
lodine?
Barium?

A nuclear medicine isotope study? If so, contalgtvant practitioner/department to establish
whether or not the DXA can/should be performed.

Ask if the patient/subject is wearing any metalidewr metal objects?

Buttons, zips, belts etc?
Jewellery?
An ostomy device?
Phones, money, in pockets etc?
If so, remove them if at all possible.
Ask if the patient has had any surgery that mehag have metal somehow associated with their
body?
Pacemaker leads?
Radioactive seeds?
Metal implants?
Hip replacements?
Surgical staples?
Foreign bodies, e.g. shrapnel?
Radio-opaque catheters or tubes?
Bullets?

If so, it is not an issue for the patient but inscessary to assess the extent that it mightfeneer
with the scan.
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Appendix XX: Consent form for adults and children over 16 years of age

Dual energy X-ray absorptiometry (DXA) measuremenfor project

entitled:

Please initial box

1. | confirm that | have read and understood mi@rmation

sheet dated ..../..../120.... for the above study ane een
given the opportunity to ask questions.

2. | confirm that | understand that the study imes the direction

of a low level of X-ray radiation, exposing meattevel of

radiation which is equivalent to about 1 day ofimnmental

or background exposure.

3. lunderstand that my participation in the DXAaserement

part of this study is voluntary and that | am fteevithdraw
at any time and without giving a reason and withoy
medical care or legal rights being affected.

4. | agree to my physician being notified of mytmapation and

also being given any findings that may requirdhfer

investigation.

5. | agree to take part in the DXA measurememqiaasof the

StUdy entitled Body composition changes after acute stroke andtiemg outcomes.

Name of Participant: Date: Signature:
Name of Researcher: Date: Signature:
Researcher:

Supervisor:

* Copy to participant
e Copy to researcher
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Glossary of Body Composition terms
B

Body cell mass (BCM): mass of all the metabolicalttive cells in the body which
constitute of muscles cell mass and organs cels {2&3)

E

Extracellular water (ECW): water volume in extragkr space only

F

Fat Free Mass: total mass of skeletal muscles,dydmoely organs, and total body water

Fat mass: mass of adipose tissue only

Intracellular water: total water available in irdedlular space

M

Muscle mass: skeletal muscle mass only

P

Protein mass: total protein mass available in bpsikeletal muscles, and body organs
T

Total Body Water: the sum of extracellular andaoéllular water volume
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