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1.1 Introduction
The burden of chronic disease in Aboriginal and Torres Strait Islander peoples is high and in
part contributes to the significant life expectancy gap between Indigenous and non-Indigenous
Australians (1). Disparities in nutrition contribute to this unequal burden of disease and
mortality, including chronic kidney disease (CKD) (2).
Studies that describe the nutritional status of non-Indigenous Australians may not be
applicable to Indigenous Australians (3). Similarly there is likely to be differences that exist
between Aboriginal and Torres Strait Islander people. Little evidence exists about these
differences and similarities. Therefore there is a clinical need for research within this area.
This includes anthropometric and biochemical indicators of nutritional status in both
Aboriginal and Torres Strait Islander people.
The data for this analysis are those from The eGFR Study. The eGFR study assessed skin fold
measurements, biochemical markers of nutritional status, fat mass from bioelectrical
impedance and thereby provided some information to inform the current evidence gap.
1.2 Hypothesis
Variation in markers of nutritional status exists between genders and ethnicities in a
population of Aboriginal and Torres Strait Islander people who participated in the eGFR
Study.
1.3 Aims
To describe the anthropometric and biochemical markers of nutritional status in Aboriginal
and Torres Strait Islander participants of The eGFR Study.
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2.1 Nutritional Status
“Nutritional status is defined as the health status of individuals or population groups as
influenced by their intake and utilisation of nutrients”(4)
Clinical nutrition assessment seeks to categorise and describe ‘nutritional status’ through the
use of indirect measures of nutrient intake and metabolic processes (4). The purpose of
articulating ‘nutritional status’ is to define where inadequacies exist, as is the case for
malnutrition, or where excess nutrition has initiated a disease process, for example in obesity
(5). Nutritional status can also have a significant impact on the health of an individual or a
population (6). Food security is said to be a social determinant of health and is associated with
nutritional status (6).
When assessing the nutritional status of an individual, a range of indicators are generally
collated to provide an integrated picture (4).

These could include body composition,

biochemical, clinical and dietary intake measures (7).
with triangulation and is considered best practice (4).

Using multiple markers can assist
For assessment of a population

however a smaller number of markers may have relevance in defining some characteristics of
any particular group (8).
Biochemistry has also been shown to both define and be affected by nutritional status. For
example release of inflammatory markers can impair anabolism including muscle production
and repair (9). Conversely white adipose tissue (WAT) secretes a hormone, leptin, that has
appetite suppressing properties thereby functioning to reduce calorie intake (10). WAT is the
main adipocyte which stores fat in the human body and is located predominately under the
skin and around internal organs (11). Brown adipose tissue also contributes to fat storage but
to a much lesser extent, mainly functioning for heat production and occurring at very low
levels in human adults (11).
Nutritional status varies due to a multitude of factors such as ethnicity, geography, social and
economic factors as well as gender (12). Various disease states are also likely to cause
changes to nutritional status (13). The implications of this variability is that while nutritional
status may have been studied extensively in some ethnic groups, geographical locations and
4

disease states (14) the information does not necessarily provide results that are broadly
applicable to all groups.

Furthermore convenient surrogate markers for nutritional status

may need to be interpreted differently for various groups.
Nutritional status can be assessed by several tools: for example a subjective global assessment
(SGA), patient generated subjective global assessment (PG-SGA), food frequency
questionnaire (FFQ) or diet history are used to assess nutritional status. SGA and PG-SGA
tools have been validated in the assessment of nutritional status for patients at risk of
malnutrition in people with diabetes mellitus and chronic kidney disease (15). SGA and PGSGA assessment tools may be more difficult to use in populations where English is not the
first language such as those considered in this study.
questionnaires may have limited applicability (16).

Similarly FFQ and diet history

SGA and PG-SGA have not been

directly validated in Australian Indigenous populations although in the literature there are
reports of their successful use in this cohort (16).
2.2 Nutritional Status in Indigenous Australians
Studies that describe the nutritional status of non-Indigenous Australians may not be
applicable to Indigenous Australians. Colonisation is a major factor affecting the health and
wellbeing of Australian Indigenous peoples (3).

One component of the multi-factorial

consequences of colonisation is the impact on nutritional status through enforcing
urbanisation (3). The pre-colonisation diet consumed by Indigenous Australians was highly
nutritious; being high in micronutrients and low in energy dense macronutrients and a
lifestyle with a high level of physical activity (17). It is thought that the relatively rapid
uptake of a much less healthy Western model of dietary intake (17) combined with relatively
low availability of nutritious foods in remote community stores (18) may be one of the many
potential factors contributing to the high rates of diseases in remote Indigenous communities.
The burden of chronic disease is higher in Indigenous Australians when compared to nonIndigenous Australians (2). This burden results in a significant life expectancy gap between
these two groups. Low fruit and vegetable intake and high Body Mass Index (BMI) account
for 5% and 16% of the gap in life expectancy respectively (2). Piers et al. (19) showed that
body composition of Australians of Indigenous descent varied significantly from Australians
of European descent.

Furthermore chronic diseases are unexpectedly high in Indigenous
5

Australians with relatively “healthy” BMI 20-25kg/m2 compared to non-Indigenous
Austrlians within the same BMI group (20). For this reason exploration of nutritional status in
Indigenous Australians has the potential to inform public health policy necessary to improve
the health status of Indigenous Australians. For example measures of nutritional status of
Indigenous Australians may need to follow different reference points compared to nonIndigenous Australians.
2.3 Nutritional Status in Chronic Kidney Disease
Chronic kidney disease (CKD) is defined by a chronic impairment to the capacity of the
kidney to act as a filter as defined by the estimated glomerular filtration rate (eGFR) (21).
CKD is associated with impaired excretion of body water and end-products of metabolism.
Nutritional status is likely to be impaired in people living with ESKD (22). This deficit can
contribute to the increased morbidity and mortality observed within this group (22). Protein
energy wasting as well as micronutrient deficiencies are a component of this multifaceted
impaired nutritional status (23). Conversely over-nutrition in the form of obesity can also be
higher in people who have CKD (24).
There are various factors that may contribute to the development of impaired nutritional status
in people living with CKD. Taste changes and reduced appetite are likely to occur in late
stage disease and may relate to electrolyte imbalances and anaemia caused by impaired
kidney function (25). Furthermore it may be necessary to recommend food restrictions to
counteract these electrolyte imbalances and this can have the effect of reducing an
individual’s desire to eat (25). Additionally, increased systemic inflammation associated with
CKD caused by reduced excretion of toxic end products of metabolism is linked to net
catabolism and therefore protein energy wasting (23). The higher risk of a poor nutritional
status in adults with CKD provides emphasis for the need to investigate this link further.
2.4 Chronic Kidney Disease and Indigenous Australians
Late stage CKD where GFR is substantially impaired is classified as end stage kidney disease
(ESKD). The burden of ESKD among Aboriginal and Torres Strait Islander peoples is very
high and accounts for a large number of deaths (1).

The mortality rate from CKD in

Indigenous Australians is 4 times greater than among non-Indigenous Australians (1).
6

Incidence rates of ESKD are also much higher in Aboriginal Australians. Indigenous
Australians aged 44-55 years old are 10-15 times more likely to have ESKD that nonIndigenous Australians of the same age group (26). Furthermore Indigenous Australians are
more likely to be diagnosed with the disease at a younger age (27).
Rates of ESKD are 30 times higher in remote Indigenous communities (1). In the Northern
Territory the incidence of ESKD among Aboriginal and Torres Strait Islander people is 743
people per million persons of population (1). This is the highest per capita rate out of all
Australian states and territories (1). Cass et al. (2001) reported the distribution patterns of
ESKD may be linked to other independent factors such as variability in socioeconomic status.
Cass et al. (2001) reports that if Indigenous Australians were able to achieve the same basic
level of health as non-Inidgenous Australians, 87% of cases of ESKD could be avoided.
2.5 The eGFR Study
The eGFR Study was a cross sectional stratified study of more than 600 Indigenous
Australian adults participants (29).

It was funded by the National Health and Medical

Research Council (NH&MRC). The baseline phase of research was conducted between 2008
and 2011. The key goal of the baseline eGFR study was:
To evaluate and improve if necessary the accuracy and precision of eGFR estimates in
Indigenous Australians, taking into account the heterogeneity in body build and body
composition across different populations.
Participants were recruited from regions of Australia known to have the greatest burden of
ESKD (29). Participants within The eGFR Study cohort have been well characterised for
indicators of CKD, including low eGFR, albuminuria and type 2 diabetes mellitus (T2DM).
The eGFR Study reported the accuracy and superiority of the CKD-EPI equation for
estimating eGFR among Indigenous Australians compared to the then existing MDRD based
formula (30). Other information relating to the nutritional status of the study participants may
enrich public health information available about consenting participants of this unique cohort.
That is, of Aboriginal and Torres Strait Islander peoples with and at high risk of developing
T2DM and CKD.

7

2.6 Assessment of Nutritional Status through Body Composition
Measurement
Nutritional status has an integrated relationship with body composition. Thus changes to
body composition occur as a result of changes to nutrient intake patterns (5).

Conversely

body composition changes will affect metabolic activity thereby affecting nutrient
requirements. An example of the former is that a diet high in caloric load will facilitate the
production of white adipose tissue which is the main energy storage cell in the human body.
In contrast to this, increases in lean body mass will increase basal metabolic rate thereby
increasing caloric requirements (31).
An ideal measurement of nutritional status would quantify actual fat, visceral fat,
subcutaneous fat, muscle, bone density, fat free mass and total body water (32). These
measures of body composition would have significant clinical and public health value. Total
fat and visceral fat have been related to mortality and chronic disease incidence (33).
Subcutaneous fat is thought to be a relevant indicator for assessing risk and progression of
malnutrition (34), quantifying muscle mass as a component of fat free mass is relevant when
defining functional capacity, and bone density can predict fracture risk (35). Finally total
body water can be used to determine hydration status (36).
The anatomical distribution of adipose and non-adipose tissues as well as their relative
proportion is also important. For example visceral fat which are the adipose cells surrounding
internal organs otherwise known as ‘central fat’ is more strongly associated with mortality
and chronic disease risk compared to subcutaneous fat (37). Therefore subcutaneous or
‘peripheral fat’ is thought to be less metabolically harmful than centrally distributed fat.
There are several practical challenges to accurately measuring body composition. There is no
practical or possible measure to directly quantify body composition in vivo. Several indirect
or in vitro methods have been proposed as gold standards such as post vitro analysis,
underwater weighing, air displacement plethysmography and whole body Dual-energy X-ray
absorptiometry (DXA) which are only likely to be possible in some circumstances for
example when appropriate equipment is available and can be transported practically to the
location where it is needed (38). It is necessary therefore to use simple practical
measurements that can be completed in clinically relevant settings.
8

Anthropometric measures are frequently used as surrogates for estimating body composition.
Anthropometric measures are generally simple and practical however some may have a closer
relationship to actual body composition than others.

Anthropometric measures of body

composition, including BMI, waist to hip ratio (WHR) and skin fold thickness (SFT)
measurements, can be useful in clinical practice, such as to determine risk of type 2 diabetes
mellitus occurrence (39).

Anthropometric assessment has been used to define body

compartments. This may be as part of a 4 compartment model (fat: muscle: water: bone) or as
a 2 compartment model (fat free mass: fat mass).
BMI is one of the most simple and broadly used anthropometric tools in clinical practice. It is
derived by dividing weight in kilograms by height in meters squared. BMI values have been
correlated with mortality in a J or U shaped function (40). This J shaped curve means that
people at the very upper and lower ends of the BMI spectrum are at greater risk of death (40).
It has been suggested that this may be attributed to BMI’s value as a surrogate measure of fat
mass (19).
Since body composition differs between ethnic groups, measures of overweight such as BMI
thresholds for health and disease may need to be interpreted differently. Wang and Hoy (41)
observed that a group of Indigenous Australians were shorter, as well as heavier for any given
height compared with Australians of European descent. Both these factors would affect their
BMI.

Sellers et al. (42) showed in a group of Indigenous children, the prevalence of

metabolic syndrome was high even where prevalence of ‘overweight’ and ‘obesity’ as defined
by the standard cut-offs for BMI was low. They also showed children with higher proportion
of body fat also had a low prevalence of BMI ‘at-risk’ for elevated fat proportions (30).
Therefore BMI which provides the currently accepted method of defining healthy weight
range in use in Australia may have limited value as a surrogate measure of healthy weight and
healthy fat mass in Indigenous Australians. Many argue that it may not be appropriate to use
the same healthy weight BMI cut offs that are appropriate for people of European descent.
Friedman (43) found that a higher BMI may result in longer survival in dialysis patients
however this may be influenced by survival bias and also by larger BMI relating to greater
lean body mass.
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SFT is another potentially clinically relevant anthropometric measure of body composition.
SFT measurements are values which represent the summation of a double layer of skin added
to a double layer of subcutaneous adipose tissue. Accuracy of skin fold measurements can be
improved when measurements are taken from multiple anatomical sites (24). Skin fold
measurements are particularly relevant in measurement of under-nutrition (44).
SFT measurements correlate with total body fat (TBF) (45). Furthermore it is thought that
subcutaneous fat at particular anatomical locations may correlate with central or peripheral
fat. This comparison however may be too simplistic. Subcutaneous fat has been shown to
increase as a percent of total fat as adiposity increases. In contrast subcutaneous fat decreases
as a percent of total fat as a person ages (45). Gender may also affect subcutaneous fat as a
percent of total fat (45) and the extent to which the skin can be compressed or
“compressibility” in different populations may skew the result (45).
Nevertheless SFT measurements are broadly used and have been shown to have clinical
relevance. For example Sellers et al. (42) showed an association in Australian Aboriginal
children between greater summative skin folds and metabolic syndrome. Piers et al. (19)
observed a greater SFT in Aboriginal adults at the subscapular and suprailiac points and
smaller SFT around the biceps and triceps when compared to a group of non-Indigenous
Australians. In a cohort of Australian Indigenous children (8-14 years) those living in a
remote area had a higher subscapular: triceps ratio than those living in an urban environment
(46). The authors suggest that social and environmental factors resulted in urban living
children having a greater amount of central fat proportionately (46).
Bioelectrical Impedance Analysis (BIA) is a method of body composition measurement
related to electrical conductivity through body tissue. Fat, which is a non-aqueous human
tissue, conducts electricity to a lesser extent compared to fat free mass. Therefore it is
possible to estimate the relative proportion of fat and non-fat components when an electrical
charge is pulsed through the body (47). Clinical benefits associated with the use of BIA are
that it is fast, non-invasive, minimally susceptible to operator skill, and in-expensive in the
case of single frequency BIA. There is a need for a population specific equation to enable
accurate assessment of fat mass from BIA (48). BIA may be affected by food intake,
electrolyte abnormalities as in CKD and ambient temperature. Fat mass estimated using BIA
across single populations is more useful than across different populations (49).
10

Fat mass % (FM%) measured with predictive equations may be superior to more simplistic
one dimension or two-dimension surrogate measure for FM%.

For example BMI only

includes height and weight however a predictive equation can include multiple relevant
factors including race, age and gender. Hughes et al. (50) reported a predictive equation for
fat free mass % (FFM %) in a population of adult Indigenous Australians, the majority of
whom were Aboriginal Australians. Although FFM% cannot be simply correlated to basal
metabolic rate (BMR) there is a strong relationship between FFM and BMR that is likely to
be clinically relevant (51). Given the practicality and clinical use of anthropometric measures
and predictive equations, research into their accuracy and utility is considered clinically
valuable. Within Indigenous Australians with CKD little evidence exists about cut offs used
to define nutritional status and there is a clinical need for future research within this area.
Waist circumference, hip circumference and WHR are other measures of body composition
which may provide information about chronic disease risk (52). A review of 10 prospective
cohort studies reported an inverse link between hip girth size and cardiovascular mortality
(53). The link between cardiovascular disease and hip size may be stronger in women than in
men (54). De Koning et al. (52) reported from a meta-analysis of 15 randomised controlled
trials including a total of over 250 000 participants reported that WHR was associated with
risk of CVD to a greater degree than waist circumference. The absolute value of waist
circumference or WHR may vary across populations and ethnicities (55). Molarius et al. (55)
found that both average waist and average WHR varied to a large extent among the 19
populations within their study. In 11247 Australian adults WHR was more strongly related to
risk of diabetes than was BMI, although this was no longer true when the sample was adjusted
for age related changes in waist circumference (56).

In a cohort study of Australian

Aboriginal participants who were followed up for 8 years, WHR was not found to be as useful
as waist circumference and BMI in predicting cardiovascular events (57). This latter finding
might suggest WHR is a more useful measure of obesity related risk when comparing across
or between populations than assessments in a single ethnic group.
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2.7 Assessment of nutritional status through biochemistry
Serum measures frequently comprise part of a nutritional assessment due to their relative ease
and low cost (4). Furthermore analysis of serum biochemistry is an objective measure that
can be assessed conveniently and tracked meaningfully over time (4). Serial measurements
of multiple biochemical indicators are preferable for use in assessment of individuals.
Individual biochemical markers may be relevant when considering the health of a population
at a single time point. Several biochemical indices were collected in The eGFR Study
including serum albumin, C-Reactive Protein (CRP) and High Density Lipoprotein (HDL).
Serum albumin has been linked with nutritional status (58) but also inversely correlated with
systemic inflammation (59). Albumin is utilised in the liver and hence when acute phase
proteins such as CRP are produced, hypoalbuminemia may also occur (59). Therefore serum
albumin may reflect nutritional status, inflammation or some combination of the two.
Albumin is a useful marker that can be predictive of mortality in people with CKD (58) and
may have some relationship with nutritional status.
CRP has clinical relevance as a marker for nutritional status. CRP is a circulating
inflammatory marker which is released into the blood stream at times of high metabolic
demand such as stress or injury (60). CRP is mainly produced in the liver in response to
Interlukin 6 (IL6) stimulation, and CRP directly acts on the immune system through receptor
interactions with phagocytes (60).

Serum CRP concentration has been reported as a

independent variable predictive of future development of diabetes in a nested case control
study within 27 628 women in the United States of America (61).
Furthermore CRP has been found to be associated with surrogate markers of FM% including
BMI (62). Studies based in Australian Indigenous communities reported high serum CRP
positively relates to markers of higher adiposity, BMI and waist circumference (63), (64).
This positive relationship between CRP and adiposity was also observed in Aboriginal men
and women, though the relationship was held much more strongly for females (65).
Adiposity may exert an effect on mortality risk through the secretion of inflammatory
adipokines due to macrophages within the connective tissue matrix of adipose tissue (66).
CRP may initiate downstream inflammatory processes and increase the risk of certain so
12

called lifestyle diseases including atherosclerosis (67). CRP production may be up-regulated
through the production of IL6 by macrophages (66). Circulating IL6 was found to be 50%
higher in the portal vein of obese adults compared to the IL6 circulating in their peripheral
artery (68).
CRP production may be up-regulated in people with CKD irrespective of their body weight.
Oberg et al. (23) found that markers of inflammation including CRP and (IL6) were
significantly increased, in a cross sectional study of adults with CKD (stage 3-5, GFR <60)
compared to those with normal kidney function.
HDL is a circulating lipoprotein which regulates transport of serum cholesterol as it is
mobilised for hepatic excretion (69). HDL sufficiency has been shown to reduce relative risk
of cardiovascular disease (70) and has also been linked to healthy behaviors including
physical activity and nutritional status (71). O’Neal et al. (72) reported lower HDL levels in
Indigenous Australians when compared with non-Indigenous Australians even when other
confounders were excluded including age, sex, diabetes, WHR, insulin, triglyceride, and low
density lipoprotein size (72). The mechanism of action of HDL may be to dampen down an
inflammatory response (73). Increased HDL cholesterol was achieved with weight loss and
improved glucose tolerance test (GTT) in a group of Indigenous adults from Derby, Western
Australia who lived in a remote area for 7 weeks (74). O'Dea et al. (74) suggested that the
relative proportion of HDL-cholesterol as a percentage of total cholesterol may have been the
preferable indicator to represent cardiovascular risk.
2.8 Conclusion of literature review
The current available evidence does not fully define body composition differences in
Aboriginal and Torres Strait Islander Australians with chronic disease. Surrogate measures of
body composition which have not been validated for Indigenous Australians may not convey
the true nature of health risk for this population.
The eGFR Study data which examined 600 Aboriginal and Torres Strait Islander adults may
offer unique information about the nutritional status of Australians of Indigenous heritage.
The eGFR Study can provide the opportunity to assess skin fold measurements, biochemical
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markers of nutritional status, FM% from BIA and thereby provide some information to
inform the current evidence gap.
2.9 Hypothesis
Variation in markers of nutritional status exists between genders and ethnicities in a
population of Aboriginal and Torres Strait Islander people who participated in the eGFR
Study.
2.10 Aims
To describe the anthropometric and biochemical markers of nutritional status in Aboriginal
and Torres Strait Islander participants of The eGFR Study.
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PAPER
ABSTRACT
Differences in anthropometric and biochemical profile between Aboriginal and Torres
Strait Islander Australians observed in The eGFR Study
Background Indigenous Australians are at greater risk of developing chronic kidney disease
and type 2 diabetes mellitus compared to non-Indigenous Australians. Nutrition is one of the
factors that may contribute to this differential.
Methods This study is an analysis of results from The Estimated Glomerular Filtration Rate
study. Markers of nutritional status were assessed in a group of 653 Indigenous Australians
from varying geographical areas in Australia. Data collected included fat mass % estimated
from bioelectrical impedance as well as anthropometric measures and biochemical markers of
nutritional status.
Results There were 653 participants 72% of whom were Aboriginal, 28% Torres Strait
Islander. When compared to Aboriginal participants Torres Strait Islanders were significantly
heavier for males (84.3kg, 95.3kg p <0.001) and females (78.4kg, 86.6kg p <0.001), had
higher body mass index (male 27.8kg/m2, 31.5kg/m2 p = 0.002, female 29.6 kg/m2, 33.0
kg/m2 p <0.001), greater waist circumference and greater skin fold thicknesses at most sites.
However, Torres Strait Islander participants had a significantly smaller waist to hip ratio than
Aboriginal participants in females (0.89, 0.93 p <0.001) and lower total fat mass %. Creactive protein was positively associated with increased fat mass % in females for both
Aboriginal and Torres Strait Islander Participants.
Conclusions Torres Strait Islander participants in this study appeared to have an overall
healthier anthropometric profile compared to the Aboriginal participants including lower
waist to hip ratio and for female participants having a lower relative fat mass % despite
having apparently higher body mass index and skin folds. Waist to hip ratio and fat mass %
were the only clinical tests to differentiate the metabolic risks between the two ethnic groups.
We propose that waist to hip ratio should be included in routine clinical and nutritional
assessment in both Aboriginal and Torres Strait Islander Australians.
Key words Aboriginal, Torres Strait Islander, Body Composition, Skin Folds, Fat Mass %
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Differences in anthropometric and biochemical profile between Aboriginal
and Torres Strait Islander Australians observed in The eGFR Study
INTRODUCTION
The burden of chronic disease in Aboriginal and Torres Strait Islander peoples is high and in
part contributes to the significant life expectancy gap between Indigenous and nonIndigenous Australians (1). Social determinants of health including differences in the food
supply contribute to this unequal burden of chronic disease, including chronic kidney disease
(CKD) (2). Cass et al. (28) have reported that the distribution patterns of end-stage kidney
disease (ESKD) may be linked to variability in socioeconomic factors. Nutritional status is a
measurable clinical marker that is influenced by the food supply and other social determinants
of health as well as being a potential indicator of chronic disease risk.
Studies that describe the nutritional status of non-Indigenous Australians may not be
applicable to Indigenous Australians (3). Similarly there are likely to be differences that exist
between Aboriginal and Torres Strait Islander people. Little evidence exists about these
differences and similarities. Therefore there is a clinical need for research within this area.
This includes anthropometric and biochemical indicators of nutritional status in both
Aboriginal and Torres Strait Islander people.
The data for this analysis are those from The eGFR Study. This study may offer key
information about the nutritional status of Australians of participants in The eGFR study of
Aboriginal and Torres Strait Islander descent. The eGFR study assessed skin fold thickness
(SFT) measurements, biochemical markers of nutritional status, fat mass % (FM%) from
Bioelectrical Impedance Analysis (BIA) and thereby provided some information to inform the
current evidence gap. The aim of this study was to describe markers of nutritional status in
Aboriginal and Torres Strait Islander participants of different genders.
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MATERIALS AND METHODS
Study population and setting
Methods from The eGFR Study have been reported in detail elsewhere (30). In brief the study
sample was 600 adult Indigenous participants from the Northern Territory (both the Top End
and Central), Far North Queensland and remote Western Australia. The eGFR Study received
ethical approval at each major recruitment site: the Menzies School of Health Research,
Northern Territory Department of Health and Community Services Human research ethics
committee including the Indigenous sub-committee; Central Australian Human Research
Ethics Committee; Western Australian Aboriginal Health Information and Ethics Committee,
Royal Perth Hospital Ethics Committee; and Cairns and Hinterland Health Services District
Human Research Ethics Committee. Recruitment and community engagement in The eGFR
study was enhanced by employment of Indigenous research staff and through developing the
project in partnership with the health centers and communities (75). The aim of the eGFR
study was to determine a validated and practical measure of estimated glomerular filtration
rate suitable for use in all Indigenous Australians. The aim of this sub study is to identify
appropriate anthropometric markers of nutritional status and chronic disease risk in
Aboriginal and Torres Strait Islander participants of The eGFR Study.
Participants were adult volunteers recruited from 4 regions in Australia which were
purposefully selected due to their high burden of chronic disease. This non-random selection
was utilised as it was of key ethical importance to work with communities in partnership in
this study. This non-random sample may have affected the results of the analysis.
Demographic factors
Participant demographic information, age, gender, self-reported ethnicity, self-reported
alcohol intake, current infection status, smoking status and tobacco use were collected as part
of the survey (30).
People identifying as both Aboriginal and Torres Strait Islander were grouped with Torres
Strait Islander participants for the purpose of analysis due to within group similarities in body
composition.
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Anthropometric, clinical and biochemical assessment
The eGFR Study was cross sectional in design. The primary outcome measures for this
analysis were SFT including biceps, triceps, suprailiac, subscapular and FM % as calculated
from Hughes et al. (50) equation based on total body BIA. This predictive equation was
developed in a population of Indigenous Australians, the majority of whom were Aboriginal
Australians (50). FM% was calculated using the FFM% in this equation subtracted from 100.
Other measures of nutritional status assessed included weight, height, BMI, waist to hip ratio
(WHR), serum albumin, self-reported current infection status, serum c-reactive protein (CRP),
serum high density lipoprotein (HDL) and total cholesterol (30).

Diabetes status was also

determined for each participant; diabetes was defined as a previous diagnosis of diabetes or
HbA1c≥6.5%.
Peripheral SFT was calculated by adding triceps SFT to biceps SFT for each participant.
Central SFT was calculated as the sum of supra-iliac and subscapular SFT. Sum of four SFT
measurement was calculated in participants with measurements for all four anatomical
locations by adding peripheral and central SFT measurements.
To minimise the variability between researchers who measured SFT, a strict protocol of
measurement was used (30). Four SFT sites were measured on the left and right side of the
body biceps, triceps, supra-iliac and subscapular. Each participant’s SFT measurement was
consecutively measured at each anthropometric location, and then repeated 3 times. Each of
the 4 sites was measured in turn before repeat measures were taken which allowed
compression of skin folds to be minimised. The data were analysed by averaging the 2
closest values thereby limiting the effect of outlier values. Analysis of SFT data was
performed on right hand side measurements only. It was anticipated that muscle mass may be
greater in the dominant hand side of the body and that this difference could affect the results
of SFT data.

Approximately 90% of participants were right-handed therefore it was

determined that using right-handed data as a standard was suitable.
Statistical analysis
Data were recorded onto individual data collection forms then transcribed into a password
protected Access data base on the secure Menzies School of Health Research server. While
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in Access the data were checked for errors compared to the original data collection forms. 45
measures were excluded prior to analysis due to discrepancies in measures within an
individual.

The variables were checked for normality and CRP was logarithmically

transformed.
A stepwise regression analysis was performed for two dependent variables: sum of four SFT
and FM %. Preliminary analysis of bivariate relationships was used to inform variable
selection for this model. For this analysis p<0.05 was taken as statistically significant. A
multivariate model was used to test the hypothesis that these bivariate relationships were real
and not a statistical artifact. For the multivariate model a bivariate relationship p > 0.1 was
used to exclude from the model and p < 0.1 to include.
RESULTS
Participant characteristics are outlined in Table 1. A greater number of females participated in
the study, Aboriginal females were notably the largest group (299 participants) while only 74
Torres Strait Islander males participated. Overall the subgroups had a similar mean age, the
average age of participant groups ranged from 43 years (Aboriginal males) to 45.5 years
(Aboriginal females).
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Table 1: Characteristics of participants from The eGFR Study by gender and ethnicity (n = 653)
Aboriginal
Females

TSI
Females

n

299

112

Age (years) Mean
(SD)
n
Height (cm), Mean
(SD)
n
Weight (kg), Mean
(SD)
n
BMI (kg/m2), Mean
(SD)
n
Waist (cm), Mean
(SD)
n
Hips (cm), Mean
(SD)
n
WHR, Mean (SD)

45.5 (14.8)

45.0 (14.4)

295
162.6 (6.7)

112
162.0 (5.5)

296
78.4 (19.5)

112
86.6 (19.9)

295
29.6 (7.0)

112
33.0(7.2)

275
99.9 (15.7)

107
101.4 (15.0)

284
108.2 (14.8)

107
113.4(13.5)

274
0.93 (0.09)

106
0.89 (0.08)

p
difference

Aboriginal
Males

TSI
Males

168

74

0.79

43.0 (15.6)

43.7 (15.9)

0.4

165
173.6 (6.1)

74
173.7 (6.3)

167
84.3 (21)

74
95.3 (24.8)

165
27.8 (6.5)

74
31.5 (7.9)

163
99.2 (17.2)

72
103.4 (18.9)

164
101.1 (11.8)

72
107.9 (14.7)

161
0.98 (0.10)

72
0.95 (0.09)

<0.001

*ǂ

<0.001

*ǂ

0.36

0.002

*ǂ

<0.001

*ǂ

p
difference

Aboriginal

TSI

467

186

0.75

44.6 (15.1)

44.5 (15.0)

0.95

0.89

460
166.5 (8.4)

186
166.6 (8.2)

0.86

463
80.5 (20.3)

186
90 (22.4)

<0.001 *ǂ

460
28.9 (6.9)

186
32.4 (7.5)

<0.001 *ǂ

438
99.6 (16.2)

179
102.3 (16.7)

0.07

448
105.6 (14.2)

179
111.2 (14.3)

<0.001 *ǂ

435
0.95 (0.09)

178
0.92 (0.09)

<0.001 *ǂ

<0.001

*ǂ

*ǂ

0.002

0.09

<0.001

0.05

*

*ǂ

p
difference
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n
Fat Free Mass %,
Median (25%, 75%)

264
59.1
(56.1, 63.2)

97
61.3
(57.5, 63.9)

n
Fat Mass %, Median
(25%, 75%)

264
40.9

97
38.7

(36.8, 43.9)
288
41
241
16.2
256
12.1
281
79.4
(25.1,501.2)
287
42.1 (4.0)

n
Current Smoker %
n
Chews Tobacco %
N
Current Infection % #
n
Serum CRP (mg/L),
Med (25%, 75%)
n
Serum Albumin
(g/L), Mean (SD) ^

142
73.4
(68.9, 79.4)

69
73.6
(68.2, 79.4)

142
26.6

69
26.4

(36.1, 42.5)

(20.6, 31.1)

62
33.6
62
2
62
8.2
100
31.6
(4.0, 158.5)
103
42.9 (3.2)

166
50
142
1.4
141
7.1
159
39.8
(12.6, 199.5)
162
43.4 (4.9)

0.04

*

0.04

*

0.23
<0.001 *ǂ
0.29
<0.001 *ǂ

<0.001 *ǂ

406
62.9
(57.5, 71.6)

166
65
(59.5, 73.5)

406
37.1

166
35

(20.6, 31.8)

(28.4, 42.5)

(26.5, 40.5)

51
40.8
50
2.8
48
1.4
67
12.6
(2.0,79.4)
71
42.2 (4.4)

454
44
383
11
397
10
440
61.7
(12.6, 316.2)
449
42.6 (4.4)

113
36
112
2
110
5
167
3.2
(2.7, 125.9)
174
41.2 (4.1)

0.82

0.82

0.14
0.48
0.08
0.01 *ǂ

0.07

0.02 *

0.02 *

0.07
<0.001 *ǂ
0.06
<0.001 *ǂ
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n
HDL:TC, Med (25%,
75%)

275
4.27 (3.4, 5.4)

95
4.7 (3.8, 5.7)

n
Healthy % ^^
n
eGFR CKD-EPI
(mL/min/1.73m2 )
< 60 %
n
stage 1 CKD % ^^^
n
stage 2 CKD %
n
stage 3 CKD %
n
stage 4 CKD %
n
stage 5 CKD %
n
Diabetes % ##
n
Hypertension %

299
2.7
299
17

112
2.7
112
8

289
53
289
27
289
10
289
5
289
4
296
44
285
41

105
62
105
30
105
7
105
0.9
105
0
111
39
107
34

0.05

*

1.0
0.02 *

0.19
0.009 *ǂ
0.42
0.04

*

0.03

*

0.38
0.2

156
4.4 (3.7, 5.5)

71
5.3 (4.1, 6.3)

168
2.4
168
15.5

74
1.4
74
14.9

163
53
163
28
163
10
163
7
163
1
167
40
155
38

71
38
71
46
71
14
71
1
71
0
74
32
73
33

0.007

*ǂ

0.6
0.9

0.03
0.8
0.44
0.08
0.35
0.29
0.45

*

431
4.4 (3.5, 5.4)

166
4.8 (3.9, 6.1)

467
2.5
467
16

186
2.2
186
10

452
53
452
28
452
10
452
6
452
3
463
42
440
40

176
52
176
36
176
10
176
1
176
0
185
36
180
33

0.001 *ǂ

0.75
0.06

0.69
0.05
0.95
0.008
0.01
0.17
0.13

22

*ǂ

*

n
ACR < 2.5 %
(mg/mmol)
N
ACR < 3.5 %
(mg/mmol)

NA

NA

NA

168
49.4

299
50.2

112
64.3

0.01 *ǂ

NA

74
45.5

0.005 *ǂ

NA

NA

NA

NA

NA

NA

# current infection defined by participant self-reporting. ##diabetes status was defined as a previous diagnosis of diabetes or HbA1c≥6.5%. ^serum albumin
^^healthy defined by diabetes, hypertension and CKD not present ^^^stages of CKD defined by CKD-EPI equation. * statistically significant at 5% ǂ statistically
significant at 1%
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Notable findings from Table 1 include that people of Torres Strait Islander ethnicity were
heavier for males and females when compared to Aboriginal participants. Torres Strait
Islander participants also had a comparatively higher BMI across both genders, compared to
Aboriginal participants.

Torres Strait Islander female participants had proportionately less

FM% compared to Aboriginal participants, but this relationship did not reach statistical
significance in males.
Mean hip girth was again smaller in Aboriginal participants across both genders (p = 0.002
females, p < 0.001 males) than the Torres Strait Islander group. Female hip girth were overall
larger compared to the males. Although the Aboriginal female participants had, on average, a
lower waist and hip measurement, Aboriginal female participants had a higher WHR (p <
0.001) when compared to the female Torres Strait Islander participants. This trend appeared
similar in males but was not significant.
Aboriginal participants more often self-reported a current infection however this difference
was not significant. CRP values were also significantly higher in Aboriginal participants in
both females and males (p < 0.001, p = 0.01). It appears that this difference would also be
clinically significant(76). Serum albumin was significantly lower in the female Aboriginal
group compared to the female Torres Strait Islander group however this is unlikely to be a
clinically significant finding given the small absolute differences in mean serum albumin.
HDL:TC appeared to be significantly higher in the Torres Strait Islander groups for both
genders (Table 1).
Table 2 shows variable participation rates across all SFT measures. A sensitivity analysis of
findings was performed for participants who had complete values recorded for measurement
of sum of four SFT (n = 228, 35%). The finding in this sub group were not statistically
significantly different to findings in the overall study sample. That is, Torres Strait Islander
participants were heavier, had a higher BMI, greater waist circumference, greater hip
circumference but smaller WHR. However this sub-group analysis had reduced power and
did not reach significance except with respect to the WHR which was significantly smaller in
both the Torres Strait Islander females (p = 0.02) and males (p = 0.03) compared to
Aboriginal participants.
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As shown in Table 2 SFT measurements were greater in female participants compared to
male participants at all anatomical locations. Torres Strait Islander females had significantly
greater triceps SFT, peripheral SFT and supra-iliac SFT compared to Aboriginal Female
participants (p = 0.02, 0.01, 0.03 respectively). Aboriginal participants appeared to have
smaller SFT at most anatomical locations; though biceps SFT were greater in Aboriginal
males. There was no significant difference in SFT measures between Aboriginal and Torres
Strait Islander participants when gender was excluded from the analysis.
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Table 2: Skin fold measurements by participant gender and ethnicity from The eGFR Study
(n =447).
Aboriginal
SFT variable
Right Biceps

TSI females

females

p

Aboriginal

difference

males

TSI males

p difference

17.2 (8.3)

20.7 (7.9)

0.20

11.3 (7.2)

12.0 (6.7)

0.88

24.6 (8.6)

27.0(7.1)

0.02 *

18.0 (8.4)

17.1 (7.7)

0.50

41.7 (16.1)

46.9 (13.5)

0.01 *ǂ

28.9 (14.0)

29.3 (13.6)

0.86

26.8 (9.0)

28.8 (8.6)

0.20

24.7 (9.3)

24.9 (9.8)

0.88

20.6 (8.3)

23.5 (8.4)

0.03 *

16.0 (8.8)

18.0 (8.8)

0.23

Central ^^ (mm)

45.6 (16.4)

48.7 (16.8)

0.32

39.0 (15.2)

39.0 (16.9)

0.99

Sum of 4 ^^^

80.8 (29.4)

87.5 (29.4)

0.26

63.0 (25.3)

59.7 (23.7)

0.54

1.38 (0.48)

1.28 (0.30)

0.23

1.68 (0.41)

1.78 (0.44)

0.31

(mm)
Right Triceps
(mm)
Peripheral^
(mm)
Right
Subscapular
(mm)
Right Suprailiac
(mm),

(mm)
Central:
Peripheral Ratio
*

statistically significant at 5 %

ǂ

statistically significant at 1% ^Peripheral SFT was

calculated by adding triceps SFT to biceps SFT for each participant. ^^ Central SFT was
calculated as the sum of supra-iliac and subscapular SFT. ^^^ Sum of 4 SFT measurement
was calculated by adding peripheral and central SFT. Data are presented as a mean (standard
deviation). Number of participants for Aboriginal females, Torres Strait Islander females,
Aboriginal males, Torres Strait Islander males and Total participants was as follows for each
variable. Right triceps: 177, 96, 108, 66, 447. Right biceps: 183, 82, 107, 57, 429. Peripheral:
177, 82, 104, 57, 420. Suprailiac: 131, 56, 83, 46, 316. Central: 95, 38, 71, 36, 240.
Subscapular: 118, 51, 86, 48, 303. Sum of 4 SFT: 94, 35, 69, 30, 228. Central to peripheral
ratio: 94, 35, 69, 30, 228.
Log CRP in females was positively associated with higher FM % in both Aboriginal and
Torres Strait Islander participants (Figure 1).

There was a strong positive association

between CRP and FM % in Aboriginal females as well as Torres Strait Islander males and
females.
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Figure 1: Two-way scatter plot depicting relationship for females between log CRP and fat
mass by ethnicity. Aboriginal females (n = 252, p<0.001, R2=16%, correlation coefficient =
0.07) Torres Strait Islander females (n =90, p<0.001). male data not shown as it was not
significant; Aboriginal males (n = 135, p =0.79), Torres Strait Islander males (n = 63, p=0.33,
R2=0.2%, correlation coefficient = 0.005).
A multivariate model analysing sum of 4 SFT with independent variables was developed.
Variables entered into the multivariate analysis: age, gender, ethnicity, diabetes status, current
infection, HDL;TC, serum albumin, log CRP, current smoking status, urine ACR, eGFR by
CKD-EPI. This model explained 44% of the variance in the sum of four SFT (Table 3).
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Table 3: Stepwise multivariate analysis to explain sum of 4 skin fold thickness in participants
in The eGFR study (n =179)
β Coefficient
Age (years)

0.74

95% Confidence Interval

p difference

0.47

,

1.00

<0.001 *ǂ

-29.18

,

-16.05

<0.001 *ǂ

Gender
0 = male

Ref

1 = female

-22.61

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

6.28

-1.22 ,

13.77

0.10

HDL:TC

3.00

0.76

,

5.24

0.009 *ǂ

Log CRP (mg/L)

4.10

-0.20 ,

8.00

0.04 *

-20.88 ,

-7.34

<0.001 *ǂ

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

-14.11

eGFR (mL/min/1.73m2 )

0.33

0.20 , 0.48

<0.001 *ǂ

Diabetes Status ^

*

0= diabetes absent

Ref

1 = diabetes present

6.05

-2.42 , 14.52

0.16

statistically significant at 5% ǂ statistically significant at 1% ^ diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables entered into the multivariate
analysis: age, gender, ethnicity, diabetes status, current infection, HDL;TC, serum albumin,
log CRP, current smoking status, urine ACR, eGFR by CKD-EPI.

Adjusted R2=44%. n =

179.
A multivariate model assessing FM % (Table 4) explained more of the variability (n = 447,
R2 = 60%). Independent variables included in the model were age, gender, ethnicity, diabetes
status, current infection, HDL;TC, serum albumin, log CRP, current smoking status, urine
ACR, eGFR by CKD-EPI. For the model of FM % all independent variables input into the
model appear to be significantly related to the dependent variable.
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Table 4: Stepwise multivariate analysis to explain fat mass % measurement for participants in
The eGFR study (n =447)
β Coefficient
Age (years)

0.21

95% Confidence Interval

p difference

0.26

<0.001 *ǂ

-13.84 , -11.39

<0.001 *ǂ

0.16

,

Gender
0 = male

Ref

1 = female

-12.62

HDL:TC

0.49

Log CRP (mg/L)

1.57

0.11 , 0.87

0.01 *ǂ

0.95

,

2.19

<0.001 *ǂ

-2.67

,

-0.20

0.02 *

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

-1.44

Diabetes Status#

*

0= diabetes absent

Ref

1 = diabetes present

2.76

1.43

,

4.09

<0.001 *ǂ

eGFR (mL/min/1.73m2 )

0.05

0.03

,

0.08

<0.001 *ǂ

statistically significant at 5% ǂ statistically significant at 1% #diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables entered into in the multivariate
analysis: age, gender, ethnicity, diabetes status, current infection, HDL;TC, serum albumin,
log CRP, current smoking status, urine ACR, eGFR by CKD-EPI. Adjusted R2=60%.
Finally a multivariate analysis was performed to explain WHR (Table 5). Independent
variables entered into in the model were age, gender, ethnicity, diabetes status, HLD:TC,
serum albumin, smoking status, urine ACR, self-reported current infection, eGFR by CKDEPI, log CRP. This model included 463 participants and explained 43% of the variability in
WHR.
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Table 5: Stepwise multivariate analysis to explain WHR measurement for participants in The
eGFR study (n = 436)
β Coefficient

95% Confidence

p difference

Interval
Age (years)

0.002

0.001 , 0.002

<0.001 *ǂ

0.05 , 0.08

<0.001 *ǂ

Gender
0 = male

Ref

1 = female.

0.07

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

-0.04

-0.05 , - 0.02

<0.001 *ǂ

HDL:TC

0.009

0.004 , 0.01

<0.001 *ǂ

Serum Albumin

-0.004

-0.006 , - 0.002

<0.001 *ǂ

0.004 , 0.013

<0.001 *ǂ

Diabetes Status^

*

0= diabetes absent

Ref

1 = diabetes present.

0.05

statistically significant at 5% ǂ statistically significant at 1% ^ diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables included in the multivariate
analysis: age, gender, ethnicity, diabetes status, HLD:TC, serum albumin, smoking status,
urine ACR, self-reported current infection, eGFR by CKD-EPI, log CRP. Adjusted R2 =
43%. n = 463.
DISCUSSION
This analysis demonstrated anthropometric variability in body composition among adult
Aboriginal and Torres Strait Islander Australians due to age, gender and ethnicity. WHR
measurements were useful in differentiating participants with greater central adiposity
between the two populations in this study. Our findings from The eGFR Study highlighted
anthropometric variability in body composition explained by age, gender and ethnicity, which
is consistent with other reports (19).
The World Health Organisation has defined a fat mass of >25% as obese (24). The average
FM% of each subgroup in the present analysis was 25% or more therefore in the obese range.
This is consistent with a reported high prevalence of obesity in Aboriginal (90) and Torres
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Strait Islander (91) people which exceed prevalence rates of obesity in non-Indigenous
Australians.
Waist circumference and WHR were different across genders and ethnicity in this study. This
is consistent with other reports (55). Torres Strait Islander participants had larger waist and
hip circumferences compared to Aboriginal participants in the study. Waist circumference is
said to be a good measure of central adiposity within a population (102) and therefore a
surrogate indicator of chronic disease risk. It has been shown that a higher degree of central
adiposity is a more unhealthy distribution of fat in terms of metabolic health (52). Greater hip
circumference, however, may be metabolically protective through the benefits of greater
central muscle and greater leg fat (77) and may also therefore differentiate chronic disease
risk within populations.
WHR is a useful tool for making comparisons across populations of different body build
where the absolute value of waist circumference may differ (77). WHR may also define
chronic disease well. For instance, there was a strong link between WHR and risk of
myocardial infarction in a large international study (103).

In The eGFR study, WHR was

useful to differentiate between Aboriginal and Torres Strait Islander people and differentiate
chronic risk. We found that WHR values differentiated between study subgroups; Torres
Strait Islander participants had a lower WHR than the Aboriginal participants, which was
statistically and clinically significant in females. This pattern of subgroup obesity is different
to what was observed in average BMI and FM%. These anthropometric observations support
the view that WHR may be a better indicator of chronic disease risk than waist circumference
alone (52).
Our data showed Torres Strait Islander participants who had a higher body weight and had
higher BMI values than Aboriginal participants also had a more favorable risk profile due to
lower central and relative total adiposity. We propose that by using WHR cut off values that
are specific for Aboriginal and Torres Strait Islander Australians the predictive value of WHR
may be increased.
Aboriginal participants had lower SFT measurements compared to Torres Strait Islander
participants at all distinct anatomical locations. Possible explanations for differences across
ethnic groups include: different relative distribution of subcutaneous and intra-abdominal fat,
variations in skin thickness, blood vessel volume or connective tissue (78), compressibility of
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SFT being influenced by genetic factors, hydration status, skin strength, gender, age and
connective tissue volume (79). A sensitivity analysis of those participants with complete SFT
data only appeared to support the robustness of the findings from the larger group. However
multiple confounding factors including socioeconomic status and social determinants of
health may have affected the between-group variability in body composition.

Detailed

analysis of these factors was beyond the scope of this paper.
SFT measurements relate to subcutaneous fat mass much more closely than to central fat
mass because they measure the former. The Torres Strait Islander participants had a smaller
FM% with larger skin folds and therefore likely had greater percent subcutaneous fat,
consistent with a more favourable health profile compared to the Aboriginal participants in
this study. SFT measurements have practical limitations in a clinical environment.
While 447 of the 653 study participants (68%) agreed to participate in the BIA and (94%) had
their WHR measured only 179 of the 653 study participants (27%) had all SFT measurements
recorded. Part of the reason for this difference is that research assistants were asked to
complete SFT measures last and only if there was adequate time remaining. However a it
appears that there was also a bias towards certain groups of participants completing the SFT
measures.
There were fewer SFT measurements in participants with a higher BMI and relative FM%.
This was particularly true for central SFT. Thus people with greater FM% may have found
the skin fold measures invasive or uncomfortable in a way that slim participants did not.
Differences in numbers of measures taken may also represent the greater physical difficulty of
operators to accurately measure larger people, such that calipers were more likely to slip or be
too small for the volume of fat at each SFT location for larger people.
SFT measurements may be more informative and reliable in assessing under-nutrition (80).
The cohort assessed in The eGFR Study were a group characterised for chronic disease and
most would be considered overweight or obese by the standard definition used by WHO (24).
Ideally a single operator would complete all SFT measurements thereby minimising interoperator bias (66). However this was not practical due to the large geographical distribution
of study participants and a recruitment period of 3 years (2007-2010).
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Despite these limitations there are some benefits of using skin fold measurements which were
observed in this study. Skin fold calipers are inexpensive and portable which is relevant
when working in remote locations. Furthermore, the calipers could easily be washed and
used hygienically on multiple participants.
Single-frequency BIA (SF- BIA) was used in this study however has its own limitations in a
population with kidney disease (48). Kyle et al. (48) indicated that SF- BIA can be greatly
affected by hydration status as well as by ratios of intracellular water to extracellular. In
patients with CKD hydration and fluid distribution may be different to healthy people and
furthermore serum electrolytes may be affected.

Martinoli et al. (81) reported results from

meta-analysis of BIA in patients with chronic renal falure show that multi-frequency BIA
(MF-BIA) may be less likely to overestimate TBW. MF-BIA therefore may be preferable to
use in future studies within this population.
People who experience chronic diseases may have many interactions with the health system.
It is important that these interactions between patient and clinician are made as easy as
possible to encourage continued collaboration between patient and health provider (82).

If

BIA is a tool which patients are routinely happy to engage with then the benefit to
practitioners is encouraging patients to regularly connect with their health centre. BIA was
found to be easy to use and fast.
All anthropometric methods currently available have some limitations. Thus a combination
of methods provides a more integrated picture of body composition that may overcome some
of these limitations (83). This idea has been developed further into presenting combined
anthropometric cut offs to determine chronic disease risk (84). The eGFR Study utilised
multiple methods to triangulate data and give the most comprehensive perspective of body
composition within the population of interest.
CRP was examined in this study as a marker of systemic inflammation. Log CRP was
positively associated with higher fat mass in Torres Strait Islander participants and Aboriginal
female participants. We hypothesise this relates to adipocytes releasing pro inflammatory
adipokines thereby starting a cascade of pro-inflammatory reactions (66). We propose this
could be one possible reason for increased fat mass contributing to increased risk of
cardiovascular disease at greater body weights. Therefore this study supports cross sectional
associations reported by others that systemic inflammation may be related to adiposity (68).
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Understanding the contribution of fat mass to increased risk of cardiovascular disease is
critical.

Future research into interventions that have the potential to reduce systemic

inflammation could be beneficial towards a goal of reducing mortality from cardiovascular
disease.
A number of limitations to the data are acknowledged; incomplete data for all variables may
have limited generalisability of our key findings. Low response rates for some measurements,
such as SFT, may be biased to those who participated. It is likely that this is the case given
that people with lower BMI values were systematically more likely to allow 4 SFT measures
to be recorded. If it was possible to have information from all study participants this would
enhance our ability to define the nutrition related characteristics of the population under
investigation. However it was necessary to allow participants to choose what elements of the
study they would like to participate in to allow for an ethical approach to this study.
Another limitation of this study was that participants were volunteers, and there was an
unequal participation between ethnic groups as well as and unequal representation of genders.
Low response rates by participants for some measurements such as SFT may therefore have
resulted in bias accordingly to those who participated. The study data collected may have
also been influenced by where it was geographically collected as this was based on volunteers
rather than a population specific ratio.
In conclusion we have reported that WHR and BIA were suitable tools to identify nutritional
status and chronic disease risk in Aboriginal and Torres Strait Islander participants of The
eGFR Study. WHR was able to differentiate central adiposity from overall greater body mass
in these 2 ethnic groups of different body build. WHR is a practical measure in the clinical
environment. We propose use of WHR in routine clinical, nutritional and metabolic
assessment in both Aboriginal and Torres Strait Islander Australians. Additional markers of
nutritional status that have been validated specifically in Aboriginal and Torres Strait Islander
people would enhance assessment of nutritional status. Determining appropriate reference
ranges for standard clinical markers for Aboriginal and Torres Strait Islander people may be a
key component of this future work.
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3.1 Introduction to methods
The data for this analysis are those of The eGFR Study. Methods from The eGFR Study have
been reported in detail elsewhere (29). The following is a summary of the methods which are
particularly relevant to this data analysis. The analysis is of experimental data from a cross
sectional study and is of an anthropometric and biochemical nature.
3.2 Participants
The population under consideration are Indigenous Australians aged 16 years and above from
regions of Australia where rates of end-stage kidney disease (ESKD) are highest. Therefore
the sample was derived from Indigenous participants in the Northern Territory (both the Top
End and Central), Far North Queensland and remote Western Australia.

The specific

Aboriginal Health Centres that participated in the study have been reported in The eGFR
Study methods paper (29).
The target for inclusion was 600 Indigenous participants. This sample size was determined
considering the primary aim of The eGFR Study which was to assess the accuracy of
estimating equation of glomerular filtration rate (GFR) in Indigenous Australians against
reference measures of kidney function. Participants were recruited across the following strata
of health
(i)

“healthy” group: nil diabetes, hypertension, CKD, albuminuria;

(ii)

participants with diabetes* or albuminuria & eGFR >90 ml/min/1.73 m2 (using the
CKD-EPI study equation for eGFR calculation)

(iii)

eGFR 60-90 ml/min/1.73 m2;

(iv)

eGFR 30-59 ml/min/1.73 m2;

(v)

eGFR <15-29 ml/min/1.73 m2, not including persons on dialysis

*diabetes was defined as a previous diagnosis of diabetes or HbA1c≥6.5%.
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The national Australian census method was used to define Indigenous people who were
eligible to participate (29). That is “a person of Aboriginal or Torres Strait Islander descent,
who identifies as being of Aboriginal or Torres Strait Islander origin and who is accepted as
such by the community with which the person associates”. Participants were excluded if they
were younger than 16 years, if their kidney function was fluctuating rapidly, if they were
receiving dialysis, pregnant or breast feeding and those with a history of allergy to the iodine
based contrast medium used in this study.

These exclusions were necessary as there is

known variability in body composition and biochemistry within pregnant and pediatric groups
which may have biased the results.

Furthermore it would be unsafe and ethically

irresponsible to include those with a contrast allergy in the study as the assessment of kidney
function involved administration of a radiological contrast agent to calculate the reference
measurement of GFR.
Recruitment and community engagement in The eGFR Study was enhanced by ensuring the
employment of Indigenous research staff and community facilitators (75). Furthermore the
project was developed in partnership with the health centers and communities (75). There
may have been some bias in the locations that volunteered and agreed to participate. For
instance it is possible that communities that had a systematically different level of chronic
disease were more likely to participate. However it was of key ethical importance to involve
the community in the decision whether or not to participate.
3.3 Ethical Considerations
The eGFR Study received ethical approval at each major recruitment site which included the
following ethics committees: the Menzies School of Health Research, Northern Territory
Department of Health and Community Services Human research ethics committee including
the Indigenous subcommittee; Central Australian Human Research Ethics Committee;
Western Australian Aboriginal Health Information and Ethics Committee, Royal Perth
Hospital Ethics Committee; and Cairns and Hinterland Health Services District Human
Research Ethics Committee.

There were a broad number of considerations of ethical

relevance. Some ethical considerations relevant specifically to this analysis are discussed
below.
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In any research project where the participants are Indigenous the project plan should be
developed in view of the historical context. That is; Australian colonialism and subsequent
related harms have resulted in a significant power imbalance between Indigenous and nonIndigenous Australians. This power imbalance can be said to result in a potentially unequal
relationship between participants and the research team. Historically this power imbalance
has resulted in oppression. This research sought to empower Indigenous peoples by providing
data needed to improve health outcomes for Indigenous people and to collect the data with a
view to maintain reciprocity and respect throughout. Facilitating a system of informed
consent was an essential part of bridging the gap between “expert” and “participant” (29).
Potential participants were provided with written information about the study, face-to-face
discussion with a staff member, and given an opportunity to ask questions. If required, an
interpreter was employed to explain all information relating to the study. Those who indicated
that they wished to participate were then asked to complete and sign a consent form. Consent
was obtained using the NHMRC Guidelines on Ethical Matters in Aboriginal and Torres
Strait Islander Health Research. All participants were informed that their participation was
voluntary and that they could refuse or withdraw from participating and need give no reasons
nor justification for their decision and that it would not affect their medical care. A parent or
guardian was asked to sign the form as well if the participant was under 18 years old.
The eGFR Study considered respect for Indigenous people and culture as a central theme of
the research proposal. Indigenous researchers and research assistants were centrally involved
and informed development of the proposal development and implementation thereby ensuring
a focus on cultural integrity was paramount. Furthermore the research was implemented in a
culturally sensitive way including providing professional support and up-skilling for
Indigenous staff. One example of this is work was completed by Maria Nickels who is a
senior Aboriginal Health Worker. Mrs Nickels worked as a project officer with The eGFR
Study and through her work completed additional training including an advanced information
skills workshop (75). Mrs Mary Ward community facilitator and enrolled nurse on Thursday
Island was sponsored to participate in “Indigenous Health: Action on Prevention, the 50th
Annual Australian Society for Medical Research National Scientific Conference.”
It was also necessary to show that the potential benefits of this research were greater than the
potential costs to participants.

This is a requirement because without justification for
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research, unnecessary harm may be inflicted on participants. In this case the likely benefit
was improved knowledge about the accuracy of the standard test of kidney function in this
high risk population. The baseline data has been published and already informed guidelines
changes within Australia including Royal Australasian College of General Practitioners CKD
Management in General Practice Red book 2012 and NT Pathology reporting approaches
(30). These clinical service outcomes have already assisted standard patient care while the
negative consequences, which were to provide serial blood measured over 4 to 5 hours, were
considered small in comparison.
The data was collected, handled, stored and presented with integrity. The welfare of the
research participant was always maintained as the first priority.

Potential negative

consequences included risks to invasion of privacy. Risks to privacy were minimised to
ensure confidentiality at all times. The data was recorded confidentially, securely and
independently of identifying features. Study findings were presented as group data without
any identifying information. Individual participant results were provided to participants, and
where participants consented, to their treating health team.
There is also the risk that blood samples could be used in a way that was not intended. This
risk was minimised by careful storage and disposal of the samples. Blood sampling also
carries a small risk of infection or bleeding for each individual participant.

This was

considered to be acceptable where people were providing informed consent given the
potential benefits of the study were improved treatment pathways for them and others while
the risk of infection or uncontrolled bleeding was very small.
The anthropometric tests could be considered invasive in some cases.

The SFT

measurements can be uncomfortable and even mildly painful for some participants.
Furthermore taking weight records or circumference measurements could present
psychological discomfort for people who felt this challenged their sense of themselves.
Again informed consent was the primary way this risk was minimised. In any test or
circumstance participants could decline to participate and some did for a particular
anthropometric measure or repeat test.
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3.4 Study Design
The eGFR Study described here was cross sectional in design. Samples and measurements
were taken at a single time period. Longitudinal data may have provided more information
about the population for the purpose of this specific analysis, but was not feasible within the
allocated budget. A cross sectional study design was most appropriate to allow for the study’s
primary aim to be met which was to assess the accuracy of the standard test of kidney
function, that is eGFR, in Indigenous Australians.
3.5 Anthropometric assessment methods
The eGFR Study methods have previously been described in detail and a summary below
outlines the anthropometric measures used in this analysis (29). Information taken directly
from that publication is noted in italics.
3.5.1 Height
Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. The
participants feet and head were aligned in the Frankfurt plane. Participants were shoeless
and wore light clothing. Following the measurement of weight (as described below), a second
height measurement was obtained and recorded, again to the nearest 0.1 cm. If the two height
measurements differed by more than 0.5 cm, a third measurement was taken and recorded.
3.5.2 Weight
Weight in kilograms was measured using a calibrated Seca digital portable scale (Model 767
and 841, Seca Deutschland, Hamburg, Germany). Participants were asked to remove shoes,
heavy garments, heavy jewellery, belts, loose change, keys, mobile phones, and other items
from pockets. Weight was recorded to the nearest 0.1 kilogram. Two separate measurements
of weight were recorded and if the first two differed at all then a third measurement of weight
was taken and recorded.
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3.5.3 Waist and hip circumference
Waist and hip circumference were measured in centimetres using a 2-metre non-stretch
flexible steel tape (Model W606PM Lufkin, Texas USA). Following removal of outer clothing,
tight-fitting garments, belts and heavy items from pockets, participants were asked to stand
comfortably erect in a relaxed manner, breathing normally, with weight balanced evenly on
both feet, feet about 25-30 cm apart, and arms folded across the chest.
Waist and hip measurements were taken alternately, with a minimum of two measurements
for each. All measurements were taken and recorded to the nearest 0.1 centimetre. If the first
two measurements of either waist or hip circumference differed by more than 1.0 cm, then a
third measurement was taken for waist or hip, as relevant. Waist measurements were taken
directly on the participant’s skin. Hip measurements were taken over the participant’s
clothing, unless it was too tight or too baggy, in which case the participant was asked to
remove it. The waist was defined as the midway point between the iliac crest and the costal
margin in the mid axillary line. These two landmarks were identified and marked using a felt
tip pen, and the distance between them measured, with the midpoint marked. Once the tape
was around the participant’s body at the appropriate height and the tape was horizontal, the
participant was asked to breathe out gently. The measurement was taken at the end of a
normal expiration, with the tape pulled snug but not compressing the underlying soft tissue. If
landmarks were unable to be identified (in very obese participants), waist measurements were
omitted.
The hip circumference was defined as the widest projection circumference over the buttocks
and below the iliac crest when viewed from the side. The hip circumference was measured at
the widest circumference. Fatty aprons were not included in the measurement of the hips. The
measurement was taken with the tape in a horizontal position, and the tape was pulled to
allow it to maintain its position without causing indentation.
2.5.4 Skin fold thickness
SFT assessment was performed using Holtain calipers (Holtain Ltd, Crosswell
Pembrokeshire, United Kingdom) at 4 sites bilaterally at peripheral (biceps, triceps) and
central (subscapular, suprailiac) locations using a two handed technique. Bilateral skinfold
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measurements were performed in all participants to ensure a site availability of longitudinal
follow up in the event of an arterio-venous fistula insertion in CKD participants. The skinfold
site was marked using a felt-tip pen and each site was identified as follows: biceps, anterior
surface of the biceps midway between the acromial process and the elbow (antecubital fossa);
triceps, posterior surface of triceps at midpoint from the acromial process (the most lateral
and superior aspect of the acromial head) to the olecranon subscapular, 2.5 cm inferomedially along a 45 degree line from inferior angle of the scapula; suprailiac, 2.5 cm superomedially along a 45 degree line from where the medial border of the iliac crest tips in to the
pelvis. The skin fold calipers had a range of 0-46mm, therefore skin folds larger than 46mm
could not be measured accurately.
The skin fold was then firmly grasped by the thumb and index finger, using the pads at the tip
of the thumb and finger, and the skin fold gently pulled away from the body. The caliper was
placed perpendicular to the fold, on the site marked, at approximately 1 cm below the finger
and thumb. While maintaining the grasp of the skin fold, the caliper was released so that full
tension was placed on the skin fold. The dial was read to the nearest 0.20 mm, 2 seconds after
the grip was fully released. Three measurements were taken at each site were possible. The
maximum inter-operator differences, in circumference measurements, were as follows: waist
3.1%; hip 2.1%.
There were 3 researchers who completed all SFT measures in The eGFR study. To minimise
the variability between researchers a strict protocol of measurement was undertaken. One
researcher was selected as the primary SFT measurer and did the majority of SFT
measurements. In all cases the researcher who measured the skin folds was documented
within the data base so that this could be referred to later if necessary. Both these steps
enhanced the reliability but not necessarily the accuracy of measurements. The inter-operator
range of the average difference between each researcher when compared to an expert was
4.7% - 10.2%.
SFT measurement as a body composition modality is prone to bias. Even skilled practitioners
may obtain a different reading for the same measurement on the same participant. Therefore
each participant’s skin fold measurement at every anthropometric location was repeated 3
times in this study. The method reduced the effect of possible outliers of data. The data were
analysed by averaging the 2 closest values. Eight SFT sites were measured. Four SFT sites
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were measured on each side at the biceps, triceps, suprailiac and subscapular region. Each
participant’s SFT measurement was repeated 3 times. Each of the 4 sites were measured once
first before repeat measures were taken which minimised compression of skin folds between
repeat measurements.
It was anticipated that muscle mass may be greater in the dominant hand side of the body and
that this difference could affect the results of SFT data. SFT values were also more likely to
be missing for left sided measurements compared to right-sided measurements.
Approximately 10% of participants were left hand dominant. Therefore for consistency in
data analysis only right-handed SFT data was assessed in this analysis.
Participants identifying their ethnicity as both Aboriginal and Torres Strait Islander were
classified as Torres Strait Islander for the purposes of analysis. It is acknowledged that
ethnicity is a complex construct which includes race, lifestyle culture and other practices.
Grouping people who identified as both Aboriginal and Torres Strait Islander with Torres
Strait Islanders was made on the basis of similarities of anthropometric features and
furthermore as people identifying as both Aboriginal and Torres Strait Islander had a clear
majority of Torres Strait Islander grandparents. This re-categorisation of ethnicity was
necessary to minimise the effects of difference in body composition. We acknowledge and
respect distinctive and unique features between groups identifying as both Aboriginal and
Torres Strait Islander compared to those identifying as Torres Strait Islander people.
SFT data were more frequently recorded as missing for the second and third repeat of the
particular measurement. This is likely due to either participant fatigue or time limitations to
complete all data collection for participants in The eGFR Study. There was a higher number
of missing central SFT data compared to peripheral SFT data. Biceps and triceps SFT were
more likely to be missing for participants who had a greater FM%.

Subscapular and

suprailiac SFT were also more likely to be missing for participants who had a higher FM%
and this group was also more likely to have a higher BMI compared to those who had
completed SFT data for all anatomical landmarks. Overall missing values for peripheral SFT,
that is biceps and triceps, appeared similar across the range of fat mass and BMI participants
who had data missing for central and sum of four SFT were more likely to also have high
BMI and FM% than others without complete SFT data.
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3.5.5 Bioelectrical impedance
Whole body and segmental BIA were performed at a single frequency (50 kHz) using a fourterminal impedance plethysmograph (Model DF50, ImpediMed, Brisbane). At study sites
where a multi-frequency bioimpedance spectroscopy instrument (BIA, Model SFB7,
ImpediMed, Brisbane) was available, this was used. BIA technology allowed prediction of
body fluid volumes (intra- and extracellular water as well as total body water) at the
theoretically optimal frequencies, providing precision and accuracy not achievable using the
simpler BIA device that operates at a single compromise frequency. Prediction of body fluid
volumes is particularly important in this study population at all stages of CKD – from
hyperfiltration with “normal” renal function to ESKD (excluding dialysis).
Data in the present analysis were based on a validated equation of BIA determined FFM%
measured by whole body DXA and any participants who had both whole body DXA and BIA
(50). The development of this equation formed a specific sub-study of The eGFR Study. BIA
was not performed if a participant had a contraindication for using the BIA device including
an indwelling electrical device (such as cardiac pacemaker). Participants were asked to void
(empty bladder) prior to the assessment. Impedance Assessment was performed after 5
minutes rest in the supine position with limbs abducted away from the trunk, ensuring that
thighs were not touching. Eight electrodes (electrocardiograph-style gel electrodes) were
placed on the bilateral dorsal surfaces of hands and feet (two electrodes on each hand and
foot); after the surface was cleansed with an alcohol wipe. At the wrist, the proximal
electrode was placed in the midline of the ulnar styloid process and the distal electrode was
placed 5 cm distal to the proximal electrode. At the ankle, the proximal electrode was placed
at the midpoint between the medial and lateral malleoli and the distal electrode was placed 5
cm distal to the proximal electrode.
3.6 Biochemical assessment methods
3.6.1 Blood sample collection
As previously reported (29) a non-fasting blood sample was taken with the 120 minute
venous sample to measure: HbA1c, serum albumin, serum electrolytes, urea, creatinine, lipids
(total and HDL cholesterol), high sensitivity CRP. These samples were analysed by local
laboratories. The method and instrument used for measurement of each biochemical measure
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performed at each site have been described previously (29). Blood samples were centrifuged
for 10 min at 3000 revolutions per min (RPM) within 4 hours of collection. If unable to be
centrifuged immediately, blood was stored in a cool environment (fridge or esky) until
centrifugation occurred. Following centrifugation, samples were transported on ice to be
stored at -80 degree freezer. For samples collected in remote locations, storage for
transportation was either on dry ice or in liquid nitrogen (“Biological Shipper”, CryoPak
Series, Taylor- Wharton, AL, USA). Samples collected on Thursday Island, Queensland were
stored in a -30 degree freezer within the Pathology Department of the regional Thursday
Island hospital for 2-14 days prior to transportation on dry ice to a -80 degree freezer in
Cairns. The creatinine assay at each centre was confirmed as traceable to the Isotope Dilution
Mass Spectrometry (IDMS) reference method.
3.6.2 Urine Analysis
Urine sample was collected for microscopy and culture and determination of the albumin to
creatinine ratio (ACR), performed as standard clinical care and analysed by local care
providers.
3.6.3 Calculation of eGFR
The eGFR was calculated using the CKD EPI equation which is as follows eGFR = 141 ×
min(Scr × 0.0113/k, 1)α × max(Scr × 0.0113/k, 1)-1.209 × 0.993Age × 1.018 [if female] × 1.159
[if black], where Scr is serum creatinine, k is 0.7 for females and 0.9 for males, α is -0.329 for
females and -0.411 for males, min indicates the minimum of Scr/k or 1, and max indicates the
maximum of Scr/k or 1. As the correction factor “if black” applies to African-Americans this
was not used for Indigenous Australians.
3.7 Survey questions
Participant demographic information was collected as part of the survey data. Alcohol intake,
smoking status and tobacco use were also surveyed. The questions related to frequency and
volume of alcohol consumption as a multiple choice question. It was beyond the scope of the
study to determine high risk lifestyle factors, substance dependence or reasons for substance
use. Participants reported if they had a current infection as part of the survey. The question
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was “Do you have a current infection?” Their answer was used to define whether a current
infection was present
3.8 Statistical analysis
Data were recorded onto individual data collection forms then transcribed into a password
protected Access data base on the secure Menzies School of Health Research server. While
in Access the data were checked for errors utilising the original data collection forms. The
first check of data quality was completed on random 10% of participant’s SFT. An error rate
(<5%) was found and this was determined to be acceptable so that re-entry of all values was
not needed.

The following are findings from database analysis; 45 SFT measurements

appeared illogical compared to the data collection form. Of these 13 SFT measurements had a
large discrepancy (>[15mm]) between the left and right side, 19 measurements were found to
have great discrepancy (>[5mm]) between the repeat measurement. As a result these 45
measurements were excluded in Access prior to undertaking the present data analysis. The
remaining SFT data were then uploaded into Stata 13 (85) software package for statistical
analysis. All analysis were performed in Stata 13 (85).
The primary outcome measures utilised in this analysis were WHR, the sum of four SFT
measurements (comprised of biceps SFT, triceps SFT, peripheral SFT, suprailiac SFT,
subscapular SFT, central SFT) and FM% as calculated from Hughes et al. (50) equation.
Independent variables considered include self-reported age, gender and ethnicity, weight,
height, BMI, WHR, smoking status, alcohol intake, diabetes status, serum albumin, serum
CRP and serum HDL cholesterol.
Variables were assessed for normality of distribution. Age, SFT (excluding biceps), weight,
height, BMI, albumin, HDL and WHR had a normal distribution and therefore were reported
as mean and standard deviation. CRP had a non-parametric distribution (skewed) and was
therefore logorithmically transformed. Following analysis results were converted back to
non-logarithmic functions to allow clinical significance of the results to be more easily
appreciated.
Biceps SFT had an apparent bimodal property and was therefore reanalysed as a function of
specific genders. This conversion partially improved the normality of the curve. In order to
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minimise confusion by having separate analysis models for the SFT all SFT data were
assessed untransformed.
A number of derived variables were generated in Stata to enhance exploration of this data set.
FM% was equated by subtracting FFM% from weight of the individual based on equation
developed by Hughes et al. (50). The equation estimating FM% and FFM% and was
dependant on resistance, weight, height and gender. FM% was a derived variable and only
available in individuals that had a resistance measured by BIA. BIA results were performed
in clinics where space was available to allow for the measurement. A standard equation for
WHR was defined using recorded waist and hip measurements.
The variable for HDL:TC ratio was generated. This was calculated as the HDL cholesterol as
a percent of total cholesterol and can be assessed on individuals who are in a non-fasted state.
Previous reports have indicated that HDL as a percent of TC may be responsive to health
promotion intervention (74).
Each individual SFT at a particular anatomical location for a given participant was assessed
for outliers.

This was done by measuring the differences between each of the 3

measurements, then determining the largest difference and then removing the outlying value.
An average was then taken of the two remaining values and this new variable was compared
with values for other participants.
The preliminary step of data analysis involved tabulating participant characteristics. SFT
were then described for the study participants. Bivariate analyses was then performed to
determine any possible relationships using a significance test for trend (p<0.05). Normally
distributed data were compared with a t-test of significance at a pre-defined level of (p<0.05).
Stepwise linear regression analysis was then completed to produce a model of the 3 primary
outcome measures; FM%, WHR and sum of 4 SFT. The goal of this multivariate analysis
was to limit the type 1 errors observed. Type 1 error can also be termed detecting a false
positive as it occurs when a relationship is described that does not actually exist, it is more
likely to occur in analysing single relationships without considering possible confounders.
Many participants in The eGFR Study had a large BMI, large SFT and large FFM % as
measured by DXA (50). Given this, it appeared likely that the nutritional status of this group
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would show factors relating to an unhealthy body composition. Therefore we sought to repeat
the multivariate analysis for a sub group with a lower BMI (<22.5kg/m2) who were more
likely to have better nutritional status. As discussed standard cut offs for BMI in use (86) are
unlikely to be applicable for Indigenous Australians (underweight BMI < 18.5kg/m2, healthy
weight 18.5kg/m2 – 25kg/m2, overweight > 30kg/m2) however it was thought that a BMI cut
off of less than 22.5kg/m2 could capture a relatively healthier subgroup which may have
different characteristics to the total average participants (87).
A stepwise regression analysis was used to determine which factors were associated with
body composition with respect to sum of 4 SFT, WHR and also FM%. Preliminary analysis
of bivariate relationships was used to inform variable selection for this model. Some
independent variables were selected due to their known potential to affect body composition
including age, gender, ethnicity. Additional variables included were; diabetes, HDL:TC,
serum albumin, smoking status were also included. A relationship between log CRP and BMI
has been observed in Aboriginal Women (62). Therefore log CRP was included in this
analysis. CRP raised as part of the acute inflammatory response which may occur in the case
of an infection (88). Hence it was necessary to investigate for an infection. A variable current
infection was defined by participants’ reporting their current infection status. For the
multivariate model a significance of exclusion p>0.1 and significance of inclusion (p< 0.1)
were used.
A sensitivity analysis of findings was performed for SFT measurement data. This was
necessary due to the low numbers participating in this measurement comparative to other
elements of the study for example weight and height measures. A sensitivity analysis allowed
assessment of potential effects of bias which may have occurred if those who accepted SFT
measurements were systematically different to those who did not.
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Multivariate Analysis

4.1 Participant characteristics
Participant characteristics are described in Table 1. There were a greater number of female
participants who partook in this study, Aboriginal females were notably the largest group
(299 participants) while only 74 Torres Strait Islander males participated. Overall the age
distribution of the sample was similar between subgroups, the average age of participant
groups ranged from 43 years (Aboriginal males) to 45.5 years (Aboriginal females).
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Table 1: Characteristics of participants from The eGFR Study by gender and ethnicity (n = 653)
Aboriginal
Females

TSI
Females

n

299

112

Age (years) Mean
(SD)
n
Height (cm), Mean
(SD)
n
Weight (kg), Mean
(SD)
n
BMI (kg/m2), Mean
(SD)
n
Waist (cm), Mean
(SD)
n
Hips (cm), Mean
(SD)
n
WHR, Mean (SD)

45.5 (14.8)

45.0 (14.4)

295
162.6 (6.7)

112
162.0 (5.5)

296
78.4 (19.5)

112
86.6 (19.9)

295
29.6 (7.0)

112
33.0(7.2)

275
99.9 (15.7)

107
101.4 (15.0)

284
108.2 (14.8)

107
113.4(13.5)

274
0.93 (0.09)

106
0.89 (0.08)

p
difference

Aboriginal
Males

TSI
Males

168

74

0.79

43.0 (15.6)

43.7 (15.9)

0.4

165
173.6 (6.1)

74
173.7 (6.3)

167
84.3 (21)

74
95.3 (24.8)

165
27.8 (6.5)

74
31.5 (7.9)

163
99.2 (17.2)

72
103.4 (18.9)

164
101.1 (11.8)

72
107.9 (14.7)

161
0.98 (0.10)

72
0.95 (0.09)

<0.001

*ǂ

<0.001

*ǂ

0.36

0.002

*ǂ

<0.001

*ǂ

p
difference

Aboriginal

TSI

467

186

0.75

44.6 (15.1)

44.5 (15.0)

0.95

0.89

460
166.5 (8.4)

186
166.6 (8.2)

0.86

463
80.5 (20.3)

186
90 (22.4)

<0.001 *ǂ

460
28.9 (6.9)

186
32.4 (7.5)

<0.001 *ǂ

438
99.6 (16.2)

179
102.3 (16.7)

0.07

448
105.6 (14.2)

179
111.2 (14.3)

<0.001 *ǂ

435
0.95 (0.09)

178
0.92 (0.09)

<0.001 *ǂ

<0.001

*ǂ

*ǂ

0.002

0.09

<0.001

0.05

*

*ǂ

p
difference

52

n
Fat Free Mass %,
Median (25%, 75%)

264
59.1
(56.1, 63.2)

97
61.3
(57.5, 63.9)

n
Fat Mass %, Median
(25%, 75%)

264
40.9

97
38.7

(36.8, 43.9)
288
41
241
16.2
256
12.1
281
79.4
(25.1,501.2)
287
42.1 (4.0)

n
Current Smoker %
n
Chews Tobacco %
n
Current Infection % #
n
Serum CRP (mg/L),
Med (25%, 75%)
n
Serum Albumin
(g/L), Mean (SD) ^

142
73.4
(68.9, 79.4)

69
73.6
(68.2, 79.4)

142
26.6

69
26.4

(36.1, 42.5)

(20.6, 31.1)

62
33.6
62
2
62
8.2
100
31.6
(4.0, 158.5)
103
42.9 (3.2)

166
50
142
1.4
141
7.1
159
39.8
(12.6, 199.5)
162
43.4 (4.9)

0.04

*

0.04

*

0.23
<0.001 *ǂ
0.29
<0.001 *ǂ

<0.001 *ǂ

406
62.9
(57.5, 71.6)

166
65
(59.5, 73.5)

406
37.1

166
35

(20.6, 31.8)

(28.4, 42.5)

(26.5, 40.5)

51
40.8
50
2.8
48
1.4
67
12.6
(2.0,79.4)
71
42.2 (4.4)

454
44
383
11
397
10
440
61.7
(12.6, 316.2)
449
42.6 (4.4)

113
36
112
2
110
5
167
3.2
(2.7, 125.9)
174
41.2 (4.1)

0.82

0.82

0.14
0.48
0.08
0.01 *ǂ

0.07

0.02 *

0.02 *

0.07
<0.001 *ǂ
0.06
<0.001 *ǂ
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n
HDL:TC, Med (25%,
75%)

275
4.27 (3.4, 5.4)

95
4.7 (3.8, 5.7)

n
Healthy % ^^
n
eGFR CKD-EPI
(mL/min/1.73m2 )
< 60 %
n
stage 1 CKD % ^^^
n
stage 2 CKD %
n
stage 3 CKD %
n
stage 4 CKD %
n
stage 5 CKD %
n
Diabetes % ##
n
Hypertension %

299
2.7
299
17

112
2.7
112
8

289
53
289
27
289
10
289
5
289
4
296
44
285
41

105
62
105
30
105
7
105
0.9
105
0
111
39
107
34

0.05

*

1.0
0.02 *

0.19
0.009 *ǂ
0.42
0.04

*

0.03

*

0.38
0.2

156
4.4 (3.7, 5.5)

71
5.3 (4.1, 6.3)

168
2.4
168
15.5

74
1.4
74
14.9

163
53
163
28
163
10
163
7
163
1
167
40
155
38

71
38
71
46
71
14
71
1
71
0
74
32
73
33

0.007

*ǂ

0.6
0.9

0.03
0.8
0.44
0.08
0.35
0.29
0.45

*

431
4.4 (3.5, 5.4)

166
4.8 (3.9, 6.1)

467
2.5
467
16

186
2.2
186
10

452
53
452
28
452
10
452
6
452
3
463
42
440
40

176
52
176
36
176
10
176
1
176
0
185
36
180
33

0.001 *ǂ

0.75
0.06

0.69
0.05
0.95
0.008
0.01
0.17
0.13
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*ǂ

*

n
ACR < 2.5 %
(mg/mmol)
n
ACR < 3.5 %
(mg/mmol)

NA

NA

NA

168
49.4

299
50.2

112
64.3

0.01 *ǂ

NA

74
45.5

0.005 *ǂ

NA

NA

NA

NA

NA

NA

# current infection defined by participant self-reporting. ##diabetes status was defined as a previous diagnosis of diabetes or HbA1c≥6.5%. ^serum albumin
^^healthy defined by diabetes, hypertension and CKD not present ^^^stages of CKD defined by CKD-EPI equation. * statistically significant at 5% ǂ statistically
significant 1%
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Female participants were shorter than male participants across both ethnicity groups. There
was no significant difference observed between average height in participants of the same
gender but different ethnicities. Torres Strait Islander participants were significantly heavier
(p<0.001) across both genders when compared to Aboriginal participants. BMI was again
significantly higher in the Torres Strait Islander group for both males and females (p = 0.002,
p < 0.001). The mean BMI for Aboriginal males and females was in the overweight range
while it was in the obese range for both Torres Strait Islander males and females (Table 1).
The BMI result was also higher in females when compared to males within each ethnic group.
Differences in waist circumference appeared to follow a similar pattern, females having a
larger waist circumference compared to males and Torres Strait Islander participants having
larger waist circumference to the Aboriginal participants but this effect did not reach
statistical significance.
Hip girth measurements were again significantly smaller in the Aboriginal participants across
both genders compared to the Torres Strait Islander groups. Hip girth of females was larger
compared to the males. Although the Aboriginal female participants had, on average, a
significantly lower waist measurement and hip measurement, the WHR of this group was
significantly greater when compared to the female Torres Strait Islander participants.

This

trend appeared similar in males but was not significant. FM% was significantly greater in
Aboriginal females compared with Torres Strait Islander females, though there appeared to be
little difference in fat mass percent between the male groups.
CRP values were significantly higher in Aboriginal participants in both females and males.
Serum albumin was statistically significantly lower in the female Aboriginal group compared
to the female Torres Strait Islander group but was not statistically significant. Smoking
prevalence was higher in the Aboriginal participants surveyed however this difference was
not significant. HDL:TC appeared to be slightly higher in the male groups (Table 1) but was
not significantly different within genders.
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4.2 Skin fold measurements
As shown in Table 2 Torres Strait Islander female participants had significantly greater right
triceps, peripheral skin folds and right suprailiac skin folds compared to the Aboriginal
Females (p = 0.02, 0.01, 0.03 respectively). Aboriginal participants had smaller skin folds at
most anatomical locations but this was a non-significant trend. SFT in Aboriginal males did
not differ significantly Torres Strait Islander males.
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Table 2: Skin fold measurements by participant gender and ethnicity from The eGFR Study
(n =447).
SFT variable

Aboriginal

TSI

p

Aboriginal

females

females

difference

males

Right Biceps (mm)

17.2 (8.3)

20.7 (7.9)

0.20
*

TSI males

p
difference

11.3 (7.2)

12.0 (6.7)

0.88

18.0 (8.4)

17.1 (7.7)

0.50

Right Triceps (mm)

24.6 (8.6)

27.0(7.1)

0.02

Peripheral^ (mm)

41.7 (16.1)

46.9 (13.5)

0.01 *ǂ

28.9 (14.0)

29.3 (13.6)

0.86

Right Subscapular

26.8 (9.0)

28.8 (8.6)

0.20

24.7 (9.3)

24.9 (9.8)

0.88

Right Suprailiac (mm),

20.6 (8.3)

23.5 (8.4)

0.03 *

16.0 (8.8)

18.0 (8.8)

0.23

Central ^^ (mm)

45.6 (16.4)

48.7 (16.8)

0.32

39.0 (15.2)

39.0 (16.9)

0.99

Sum of 4 ^^^ (mm)

80.8 (29.4)

87.5 (29.4)

0.26

63.0 (25.3)

59.7 (23.7)

0.54

Central: Peripheral

1.38 (0.48)

1.28 (0.30)

0.23

1.68 (0.41)

1.78 (0.44)

0.31

(mm)

Ratio
*

statistically significant at 5 %

ǂ

statistically significant at 1% ^Peripheral SFT was

calculated by adding triceps SFT to biceps SFT for each participant. ^^ Central SFT was
calculated as the sum of supra-iliac and subscapular SFT. ^^^ Sum of 4 SFT measurement
was calculated by adding peripheral and central SFT. Data are presented as a mean (standard
deviation). Number of participants for Aboriginal females, Torres Strait Islander females,
Aboriginal males, Torres Strait Islander males and Total participants was as follows for each
variable. Right triceps: 177, 96, 108, 66, 447. Right biceps: 183, 82, 107, 57, 429. Peripheral:
177, 82, 104, 57, 420. Suprailiac: 131, 56, 83, 46, 316. Central: 95, 38, 71, 36, 240.
Subscapular: 118, 51, 86, 48, 303. Sum of 4 SFT: 94, 35, 69, 30, 228. Central to peripheral
ratio: 94, 35, 69, 30, 228.
4.3 Bivariate Relationships
4.3.1 Age, inflammation and obesity risk factors
Among females, log CRP was positively associated with higher FM% and WHR in both
Aboriginal and Torres Strait Islander participants (Figure 1). Log CRP in males rose less
steeply with increases in FM% for Torres Strait Islander participants and do not rise notably
in Aboriginal male participants. Log CRP was also positively associated with WHR in Torres
Strait Islander males but not in Aboriginal males
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Figure 1: Two-way scatter plot depicting relationship for females between log CRP and fat
mass by ethnicity. Aboriginal females (n = 252, p<0.001, R2=16%, correlation coefficient =
0.07) Torres Strait Islander females (n =90, p<0.001). Male data not shown as it was not
significant; Aboriginal males (n = 135, p =0.79), Torres Strait Islander males (n = 63, p=0.33,
R2=0.2%, correlation coefficient = 0.005).
In Figure 2 the relationship between BMI and log CRP was analysed. In females there was a
significant association between BMI and log CRP (p < 0.001). Log CRP and BMI were not
significantly related in male participants (p = 0.41).
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Aboriginal Male Par4cipants
log CRP

4
3
2
1
0
BMI <20

BMI 20-25

BMI 25-30

BMI >30

BMI Category

Log CRP

TSI Male Par4cipants
3
2
1
0
-1

BMI <20

BMI 20-25
BMI 25-30
BMI Category

BMI >30

Log CRP

Aboriginal Female Par4cipants
4
2
0
BMI <20

BMI 20-25

BMI 25-30

BMI >30

BMI Catagory

TSI Female Par4cipants
Log CRP

4
2
0
-2

BMI <20

BMI 20-25
BMI 25-30
BMI Category

BMI >30

Figure 2: Log CRP by BMI group separated by gender and ethnicity. Aboriginal males (n =
157, p =0.49), Torres Strait Islander males (n = 67, p=0.25), Aboriginal females (n = 280,
p<0.001) Torres Strait Islander females (n =100, p<0.001).
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There was a significant positive association between WHR and log CRP for Torres Strait
Islander females (Figure 3). This relationship appeared to be similar in Aboriginal females
but was weaker and not statistically significant. There did not appear to be a relationship
between WHR and log CRP for males in this study.

Figure 3: Two-way scatter plot depicting relationship between logCRP and WHR for females
by ethnicity. Aboriginal females (n = 262, p=0.06, R2=6%, correlation coefficient = 2.8)
Torres Strait Islander females (n =97, p<0.001), Aboriginal males (n = 154, p =0.74), Torres
Strait Islander males (n = 66, p=0.13, R2=0.8%, correlation coefficient = 0.93),
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As shown in Figure 4 FM% was greater at older ages in all sub groups of this study.

Figure 4: Two-way scatter plot depicting relationship between age to FM %. Aboriginal
males (n = 142, p<0.001, R2=10%, correlation coefficient = 0.60), Torres Strait Islander males
(n = 69, p=0.003, R2=13%, correlation coefficient = 0.67), Aboriginal females (n = 264,
p<0.001, R2=12%, correlation coefficient = 0.85) Torres Strait Islander females (n =97,
p<0.001, R2=11%, correlation coefficient = 0.75).
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There was a small positive correlation between age and HDL:TC in Torres Strait Islander
males but not in females (Figure 5).

Figure 5: Two-way scatter plot depicting relationship between age and HDL cholesterol to
total cholesterol ratio in males by ethnicity. Aboriginal males (n = 156, p=0.50, R2=0.6%,
correlation coefficient = -0.007), Torres Strait Islander males (n = 71, p=0.05, R2=1.3%,
correlation coefficient = 0.01), Aboriginal females (n = 275, p=0.34, R2=2.4%, correlation
coefficient = -0.02) Torres Strait Islander females (n =95, p=0.62, R2=0.7%, correlation
coefficient = 0.01).
4.3.2 Skin Fold Thickness
Sum of 4 SFT did not correlate strongly with a range of independent variables as shown in
Table 6. There was a moderate negative relationship (R2 = - 0.32, p<0.001) between sum of 4
SFT and gender indicating that skin folds were likely to be greater in females. There were
also weak positive relationships between sum of 4 SFT and age and diabetes status (R2 = 0.23,
R2 =0.23) indicating that older participants and participants with diabetes were likely to have
larger skin folds. There was a weak negative relationship between smoking and sum of 4 SFT
indicating that non-smokers had generally higher skin folds in this sample.
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Table 6: Bivariate associations of sum of 4 skin fold measurement with independent variables
in participants of The eGFR study (n = 304).
n

Age (years)

304

Sum of 4 skin folds (ß

p difference test for

coefficient)

independence

0.23

<0.001 *ǂ

-0.32

<0.001 *ǂ

0.02

0.82

Gender
0 = male

Ref

1 = female

304

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

228

Current Infection^
0 = no current infection

Ref

1 = current infection

269

-0.002

0.94

HDL:TC

285

0.16

0.005 *ǂ

Log CRP (mg/L)

296

0.17

0.002 *ǂ

-0.24

<0.001 *ǂ

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

304

Diabetes Status#
0= diabetes absent

Ref

1 = diabetes present

303

0.23

0.0001 *ǂ

Albumin (g/L)

297

-0.17

<0.001 *ǂ

eGFR (mL/min/1.73m2 )

297

0.09

0.12

ACR (mg/mmol)

286

-0.01

0.84

Variables entered into the multivariate analysis: age, gender, ethnicity, diabetes status,
HDL:TC, log CRP, current smoking status and serum albumin. * statistically significant at 5%
ǂ

statistically significant at 1% ^ current infection defined by participant self-reporting

#diabetes status was defined as a previous diagnosis of diabetes or HbA1c≥6.5
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4.3.3 Fat mass percent
FM % (Table 7) showed a similar relationship to the same independent variables as described
for SFT. Age and diabetes status were both positively correlated to FM % (R2 = 0.26,
p<0.001 R2 = 0.23 p<0.001). Female gender was more strongly associated with FM % (R2 = 0.67) than BMI (R2 = - 0.32). Log CRP was weakly associated with FM % (R2 = 0.27) that is
people with greater adiposity having a higher CRP.

There was also a weak negative

relationship between serum albumin and FM % (R2 = - 0.21).
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Table 7: Bivariate associations of fat mass % with independent variables in participants of
The eGFR study (n = 637).
n

Age (years)

637

Fat Mass %

p difference test for

(ß coefficient)

independence

0.26

<0.001 *ǂ

-0.67

<0.001 *ǂ

-0.09

0.02 *

Gender
0 = male

Ref

1 = female.

637

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

572

Current Infection^
0 = no current infection

Ref

1= current infection

563

0.05

0.32

HDL:TC

592

0.04

0.43

Log CRP (mg/L)

604

0.27

<0.001 *ǂ

-0.19

<0.001 *ǂ

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

673

Diabetes status ^^
0= diabetes absent

Ref

1 = diabetes present

636

0.23

<0.001 *ǂ

Albumin (g/L)

619

-0.21

<0.001 *ǂ

eGFR (mL/min/1.73m2 )

621

-0.01

0.90

ACR (mg/mmol)

601

-0.06

0.18

Variables entered into the multivariate analysis: age, gender, ethnicity, diabetes status, current
infection, HLD:TC, log CRP, current smoking status and serum albumin.* statistically
significant at 5% ǂ statistically significant at 1% ^ current infection defined by participant selfreporting ^^diabetes status was defined as a previous diagnosis of diabetes or HbA1c≥6.5%.
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4.3.4 Waist to Hip Ratio
As shown in Table 8 WHR was positively correlated with age. Males and Torres Strait
Islander participants were significantly more likely to have a greater WHR. Other variables
that were significantly positively correlated with WHR were HDL:TC, log CRP, diabetes
status and urine ACR. Smoking was significantly inversely correlated with WHR. An inverse
association was observed between eGFR and WHR.
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Table 8: Bivariate associations of WHR with independent variables in participants of The
eGFR study (n = 725).
n

WHR (ß coefficient)

p difference test for
independence

Age (years)

725

0.39

<0.001 *ǂ

0.34

<0.001 *ǂ

-0.14

<0.001 *ǂ

Gender
0 = male

Ref

1 = female

725

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

613

Current Infection^
0 = current infection

Ref

1 = no current infection

643

-0.03

0.34

HDL:TC

679

0.13

<0.001 *ǂ

Log CRP (mg/L)

688

0.13

<0.001 *ǂ

-0.08

0.05 *

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

725

Diabetes Status^^
0= diabetes absent

Ref

1 = diabetes present

724

0.42

<0.001 *ǂ

Albumin (g/L)

702

-0.23

<0.001 *ǂ

eGFR (mL/min/1.73m2 )

705

-0.29

<0.001 *ǂ

ACR (mg/mmol)

684

0.16

<0.001 *ǂ

Variables entered into the multivariate analysis: age, gender, ethnicity, diabetes status, HDL
as a percent of total cholesterol, log CRP, current smoking status and serum albumin.

*

statistically significant at 5% ǂ statistically significant at 1% ^ current infection defined by
participant self-reporting ^^ diabetes status was defined as a previous diagnosis of diabetes or
HbA1c≥6.5%.
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4.4 Multivariate Analysis
The information from this bivariate analysis was used to develop the multivariate analysis
model. Table 3 shows multivariate analysis to explain sum of 4 skin folds. Variables entered
into the multivariate analysis: age, gender, ethnicity, diabetes status, current infection,
HDL;TC, serum albumin, log CRP, current smoking status, urine ACR and eGFR by CKDEPI explained 44% of the variance in the sum of 4 skin folds. Table 3 shows a multivariate
analysis used to explain sum of 4 skin fold measurements in a population of 179 study
participants (R2= 44%).
Table 3: Stepwise multivariate analysis to explain sum of 4 skin fold thickness in participants
in The eGFR study (n =179)
β Coefficient
Age (years)

0.74

95% Confidence Interval

p difference

0.47

,

1.00

<0.001 *ǂ

-29.18

,

-16.05

<0.001 *ǂ

Gender
0 = male

Ref

1 = female

-22.61

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

6.28

-1.22 ,

13.77

0.10

HDL:TC

3.00

0.76

,

5.24

0.009 *ǂ

Log CRP (mg/L)

4.10

-0.20 ,

8.00

0.04 *

-20.88 ,

-7.34

<0.001 *ǂ

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

-14.11

eGFR (mL/min/1.73m2 )

0.33

0.20 , 0.48

<0.001 *ǂ

Diabetes Status ^

*

0= diabetes absent

Ref

1 = diabetes present

6.05

-2.42 , 14.52

0.16

statistically significant at 5% ǂ statistically significant at 1% ^ diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables entered into the multivariate
analysis: age, gender, ethnicity, diabetes status, current infection, HDL;TC, serum albumin,
log CRP, current smoking status, urine ACR, eGFR by CKD-EPI. Adjusted R2=44%.
n = 179.
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A second multivariate analysis was performed to explain FM % (Table 4). Independent
variables included in the model were age, gender, ethnicity, diabetes status, current infection,
HDL;TC, serum albumin, log CRP, current smoking status, urine ACR, eGFR by CKD-EPI.
For the model of FM% all dependent variables were significantly related to the independent
variable. This model included 447 participants and explained 60% of the variability in FM%.
Table 4: Stepwise multivariate analysis to explain fat mass % measurement for participants in
The eGFR study (n =447)
β Coefficient
Age (years)

0.21

95% Confidence Interval

p difference

0.26

<0.001 *ǂ

-13.84 , -11.39

<0.001 *ǂ

0.16

,

Gender
0 = male

Ref

1 = female

-12.62

HDL:TC

0.49

Log CRP (mg/L)

1.57

0.11 , 0.87

0.01 *ǂ

0.95

,

2.19

<0.001 *ǂ

-2.67

,

-0.20

0.02 *

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

-1.44

Diabetes Status#

*

0= diabetes absent

Ref

1 = diabetes present

2.76

1.43

,

4.09

<0.001 *ǂ

eGFR (mL/min/1.73m2 )

0.05

0.03

,

0.08

<0.001 *ǂ

statistically significant at 5% ǂ statistically significant at 1% #diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables entered into in the multivariate
analysis: age, gender, ethnicity, diabetes status, current infection, HDL;TC, serum albumin,
log CRP, current smoking status, urine ACR, eGFR by CKD-EPI. Adjusted R2=60%.
A multivariate analysis was performed to explain WHR (Table 5). Independent variables
entered into in the model were age, gender, ethnicity, diabetes status, HLD:TC, serum
albumin, smoking status, urine ACR, self-reported current infection, eGFR by CKD-EPI, log
CRP. This model included 463 participants and explained 43% of the variability in WHR.
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Table 5: Stepwise multivariate analysis to explain WHR measurement for participants in The
eGFR study (n = 436)
β Coefficient
Age (years)

0.002

95% Confidence Interval

p difference

0.001 , 0.002

<0.001 *ǂ

0.05 , 0.08

<0.001 *ǂ

Gender
0 = male

Ref

1 = female

0.07

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

-0.04

-0.05 , - 0.02

<0.001 *ǂ

HDL:TC

0.009

0.004 , 0.01

<0.001 *ǂ

Serum Albumin

-0.004

-0.006 , - 0.002

<0.001 *ǂ

0.004 , 0.013

<0.001 *ǂ

Diabetes Status^

*

0= diabetes absent

Ref

1 = diabetes present.

0.05

statistically significant at 5% ǂ statistically significant at 1% ^ diabetes status was defined as

a previous diagnosis of diabetes or HbA1c≥6.5%. Variables included in the multivariate
analysis: age, gender, ethnicity, diabetes status, HLD:TC, serum albumin, smoking status,
urine ACR, self-reported current infection, eGFR by CKD-EPI, log CRP. Adjusted R2= 43%.
n = 463.

A sensitivity analysis was performed, and limited to participants with a BMI < 22.5 kg/m2 to
examine if independent variables were similar in leaner individuals. The study numbers for
sum of 4 SFT were not sufficient to describe the model with the number of variables being
used (n = 50). Table 9 outlines the multivariate model for 73 study participants 29% of the
variability of fat mass in lean participants. Interestingly the variables in the model are
somewhat different to those in the model for all BMI levels. Age, gender and smoking status
are in all models however the model in Table 9 does not include log CRP, HDL:TC or
diabetes status. Furthermore FM% in this leaner group was positively associated with serum
albumin (r = 0.24).
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Table 9: Stepwise multivariate analysis to explain fat mass % measurement for participants
with a BMI of < 22.5 kg/m2 from The eGFR study (n =73)
β Coefficient
Age (years)

0.20

95% Confidence Interval

p difference

0.13 , 0.27

<0.001 *ǂ

-17.28 , -13.15

<0.001 *ǂ

Gender
0 = male

Ref

1 = female

-15.22

Ethnicity
0 = Aboriginal

Ref

1= Torres Strait Islander

-3.50

-6.06 , -0.934

0.008 *ǂ

Serum Albumin (g/L)

0.24

-0.013 , 0.50

0.06

-3.92 , 0.35

0.10

Current Smoking Status
0 = current non-smoker

Ref

1 = current smoker

-1.79

Stepwise multivariate analysis to explain fat mass % for people with a BMI < 22.5 kg/m2 by:
age, gender, ethnicity, diabetes status, HDL:TC, serum albumin, log CRP, current smoking
status and eGFR. Adjusted R2 = 29%. * statistically significant at 5% ǂ statistically significant
at 1%
A second sensitivity analysis of findings was performed as shown in Table 10, for
participants who had values recorded for SFT at all anatomical locations (n = 228, 35%).
This smaller group showed similar trends to the original analysis, that is, Torres Strait
Islander participants were heavier, had a higher BMI, greater waist circumference, greater hip
circumference but smaller waist to hip ratio. However this sub-analysis had reduced power
and did not reach significance except with respect to the WHR ratio which was significantly
smaller in both the Torres Strait Islander females (p=0.02) and males (p=0.03) compared to
Aboriginal females and males.

72

Table 10: Sensitivity analysis, participant characteristics for those participants from The
eGFR study with recorded skin fold measurements at all anatomical locations (n = 228)

Age , (years

Aboriginal

TSI

p

Aboriginal

TSI

p

females

females

difference

males

males

difference

N = 94

n = 35

n = 69

n = 30

44.5 (15.4)

42.7 (13.5)

0.55

42.8 (15.6)

44.1 (18.7)

0.73

161.6 (6.9)

162.1 (5.9)

0.71

173.8 (6.8)

172.1 (7.5)

0.27

67.0 (14.9)

72.5 (16.0)

0.07

77.6 (16.7)

81.3 (15.7)

0.30

25.6 (5.4)

27.6 (5.7)

0.07

25.6 (4.9)

27.4 (4.9)

0.09

90.7 (13.5)

101.4 (15.0)

0.90

94.7 (14.7)

94.0 (14.5)

0.81

100.8 (11.1)

104.9 (11.7)

0.07

97.9 (9.4)

101.6 (10.1)

0.09

0.90 (0.09)

0.86 (0.07)

0.02 *

0.96 (0.09)

0.92 (0.08)

0.03 *

40.9

38.7

0.17

26.2

26.4

0.71

(36.8, 43.9)

(36.1, 42.5)

(20.6, 31.1)

(20.3, 31.8)

)Mean (SD)
Height (cm),
Mean (SD)
Weight (kg),
Mean (SD)
BMI (kg/m2),
Mean (SD)
Waist (cm),
Mean (SD)
Hips (cm), Mean
(SD)
WHR, Mean
(SD)
FM %, Median
*

statistically significant at 5% ǂ statistically significant at 1%

As shown in Table 11, approximately 90% of participants were right-handed indicating
suitability of using only right-handed data as a standard. As displayed missing skin folds
were greater for second and third measurements, for left side and for central skin folds.
Table 11: Analysis of handedness for participants in The eGFR Study (n =653).
Handedness

n

Left-handed

62

Right-handed

586

Dominant side not recorded

5

As shown in Table 12, there were a large number of people who did not have skin fold
measurements taken for the four anatomical locations. The majority of these did not have a
code assigned as the cause. Table 13, analyses the missing skin fold measurements with
reference to the side of the body as well as the anatomical locations. As shown in Table 13
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there are more missing skin fold measurements on the left-side, on the second and third repeat
measure and also more missing values for central anatomical locations when compared to
peripheral locations.
Table 12: Causes of missing right-sided skin fold measures from The eGFR Study (n = 653)
Number Coded as

Coded as

Coded as

Coded as

No Code

Missing Refused

Slipping

Not

Not

Assigned

Possible

Possible

Due to

Due to

Calliper

Participant

Biceps

205

4

0

2

0

199

Subscapular

377

4

1

2

3

367

Suprailiac

364

4

1

2

3

354

Triceps

219

4

1

2

0

212

Table 13: Number of missing skin fold thickness measurement at each anatomical location
for first, second and third repeat measurement at each site, results from The eGFR Study (n =
653)

Biceps
Triceps
Subscap
Suprailiac
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Measurement

Measurement

Measurement

1

2

3

Left

208

216

244

Right

207

215

241

Left

219

224

250

Right

218

221

249

Left

361

363

382

Right

363

363

381

Left

378

381

396

Right

376

383

398
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5.1 Summary of Key findings
This analysis demonstrated anthropometric variability in body composition among adult
Aboriginal and Torres Strait Islander Australians due to age, gender and ethnicity. Low
participation in SFT measurement as compared to other measures was observed, which may
infer client preference with BIA or WHR as a body composition assessment modality in The
eGFR Study. WHR measurements were useful in differentiating participants with greater
central adiposity between the two populations in this study.
5.2 Barriers to using skin fold measurements in clinical environments
SFT measurements may be difficult to use as standard markers in a clinical environment.
While 447 of the 653 study participants (68%) agreed to participate in the BIA and (94%) had
their WHR measured only 179 of the 653 study participants (27%) had all SFT measurements
recorded. This a low participation rate for SFT in this study compared to other components of
the study. Part of the reason for this difference is that research assistants were asked to
complete SFT measures last and only if there was adequate time remaining. However, it
appears that there was also a bias towards certain groups of participants completing the SFT
measures. Therefore we propose SFT may be a more clinically challenging anthropometric
tool in standard clinical care.
There were several reasons coded for skin fold measurements not being taken.

These

included participant refusal, slippage of the caliper, the caliper being too small or physical
impossibility (Table 12). Notably many of the reasons for missing are not coded and
therefore it is not possible to be certain as to which reason was most important. Overall the
number of SFT measurements taken varied depending on anatomical location, participant
characteristics and measurement number. Overall, we suggest participant refusal may have
been a significant factor for lack of complete SFT data in this analysis. This is an important
consideration as a clinical practice tool for assessment of nutritional status.
There were fewer SFT measurements in participants with a higher BMI and relative FM%.
Thus people with greater FM% may have found the skin fold measures invasive or
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uncomfortable in a way that slim participants did not. Differences in numbers of measures
taken may also represent the greater physical difficulty of operators to accurately measure
larger people, such that calipers were more likely to slip or be too small for the volume of fat
at each SFT location for larger people.
The difference in numbers of SFT measurements taken based on BMI was particularly true
for the central skin fold measures (that is suprailiac and subscapular sites). Fat deposits are
greater around the central region in participants with missing SFT values. These SFT values
may be missing due to greater physical difficulty in measurement of the central body region.
We cannot discount the influence of participant concern around body image which may have
prevented those participants feeling comfortable in having SFT measures taken. The research
team attempted to minimise this by ensuring that discomfort was reduced to the greatest
degree possible.
All possible care was taken to ensure that people felt comfortable with participating in the
SFT measurements. This included arranging a private location, using specifically made gowns
to allow access to body landmarks while protecting modesty and minimising discomfort and
also having operators available who were both male and female. Comfort, modesty and
cultural sensitivity were of primary concern when the measurements were being taken.
Despite this participation rate in SFT was very low.
SFT measurements may be more informative and reliable in assessing under-nutrition (80).
The cohort under examination in The eGFR Study were a group characterised for chronic
disease and are considered overweight or obese by standard cut off values (average BMI 27.8
kg/m2 Aboriginal males, 29.6 kg/m2 Aboriginal females, 31.5 kg/m2 Torres Strait Islander
males, 33 kg/m2 Torres Strait Islander females).

Other authors have found SFT

measurements informative in defining nutritional status (80) however their cohorts had
smaller skin folds (triceps skin fold average 4.8-10.4 mm (80) compared to 17.1-27.0 mm in
The eGFR study).
SFT measures are prone to inter-rater disagreement and thus may be difficult to use in clinical
environments. Kispert and Merrifield (89) stated that inter-rater disagreement was mainly due
to researchers putting the skin fold calipers in somewhat different anatomical location.
Furthermore, they found that the difference between measurements was large relative to the
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absolute measurement size and that SFT measures may not be sensitive to track changes in
body composition. They suggested only one researcher perform all measurements that are to
be compared. In The eGFR Study it was not possible to have only one researcher to perform
all of the skin fold measurements due to the large geographical distribution of study
participants and a recruitment period of 3 years (2007-2010). Considering the measurements
were taken at times by different people there may be some level of bias in this data which is
related to inter-rater differences in SFT measurements (66). In a clinical environment it may
be even more difficult to always have the same person available to take the SFT
measurements and therefore this would present limits to the use and applicability of this
technique.

To minimise the variability between researchers who measured SFT a strict

protocol of measurement was undertaken (29).
SFT are a reflection of subcutaneous adiposity while metabolic issues are more likely to be
associated with central adiposity. If it were possible to report the true SFT measurement for
all study participants this value may not closely describe quantities of central adiposity.
Therefore SFT may be a less useful measure in explaining patterns of chronic disease.
Despite the limitations in taking SFT measurements there are some benefits of using SFT
measurements which were observed in this study. Skin fold calipers are inexpensive and
portable. In cases where study participants were living in remote areas where health clinics
had limited facilities the calipers could easily be brought to a location convenient for the
study participant. Further the calipers could easily be washed and used hygienically on
multiple participants.
5.3 Between group anthropometric differences
The World Health Organisation has defined obesity as a fat mass of > 25% (24). The average
FM% of each subgroup in the present analysis had at least 25% FM and was therefore in the
obese range. This is consistent with a reported high prevalence of obesity in Aboriginal (90)
and Torres Strait Islander (91) people which exceed prevalence rates of obesity in nonIndigenous Australians.
Among participants, an overall higher weight and FM% was associated with older age. We
also observed that older age was positively associated with higher BMI, larger sum of 4 SFT
and greater WHR. Our data is thus consistent with other observations and has several possible
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explanations (92). It has been documented that people gain body mass and particularly FM as
they age. Accumulation of FM could be related to reduced physical activity and thus energy
expenditure in older age groups, hormonal changes related to aging or other factors (92).
There may also be age related sarcopenia which occurs within existing muscle tissue thereby
increasing FM % (93).
Recent lifestyle change has resulted in substantial change in observed body composition.
Norgan (94) reported the average BMI for over 1000 Australian Aboriginal people assessed
prior to 1970 at various locations, was between 17.5 kg/m2 and 23.8 kg/m2. Other authors
have also reported Australian Aboriginal people to be lean compared with non-Aboriginal
Australians prior to 1970 (95). Our contemporary sample is different as it includes adults with
chronic disease and much higher BMI averaging 27.8 - 33.0 kg/m2. We propose it is likely
that our sample had an average higher BMI because the BMI of the population is increasing
as this has been shown to occur in many other populations (96).

The temporal change in

BMI likely follows social and lifestyle change resulting in changes in body composition and
nutritional status.
As expected, sexual dimorphism in anthropometric markers was also evident in this study.
Our data showed that females on average weighed more, were shorter and consequently had a
greater BMI. This was the case for both Aboriginal and Torres Strait Islander groups.
Touraille and Gouyon (97) propose that gender related height differentials may be explained
by the selective evolutionary pressure. They suggest that males need to be larger to fight and
successfully reproduce. Furthermore Touraille and Gouyon (2008) report that larger females
are disadvantaged as they need more food to survive in a gender hierarchical environment
where males are allowed to eat first.
Furthermore females also had a substantially greater FM% but had a lower WHR when
compared to male participants.

This data supports well documented conclusions where

women are known to have a greater relative adiposity compared to men (98) and great
absolute amount and also as a percent of total body weight (99). Males however may have
more visceral fat which therefore results in a greater metabolic risk (100) .
Participants of The eGFR Study have provided additional evidence to define differences in
body composition between peoples of Aboriginal and Torres Strait Islander descent. There
are numerous reports highlighting differences in body composition between people of
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different ethnicity including Indigenous Australians (101). This study was able to describe
what those differences were in the case of the Aboriginal and Torres Strait Islander people
who participated in this study.
This analysis showed Torres Strait Islander participants were heavier and also had larger BMI
compared to Aboriginal participants in the study. Similarly Schutte et al. (101) reported
Torres Strait Islander participants had a greater BMI compared to Aboriginal participants in
their study which is consistent with the results of this study.
Considering these factors alone it would appear that the Torres Strait Islander participants
were in a greater risk category of being overweight or obese. However Torres Strait Islander
participants in this analysis had a lower FM%. Therefore Torres Strait Islander participants
had a greater FFM%. This could indicate higher components of total body water, bone density
connective tissue and muscle mass which do not increase risk of chronic disease.
This finding could be further supported by results of SFT measurements in this study.
Aboriginal participants had smaller SFT measures compared to Torres Strait Islander
participants at most distinct anatomical locations, although this was not significant. Martin et
al. (78) has noted that skin fold callipers do not just measure fat but also skin thickness, blood
vessel volume and other elements of connective tissue. Himes et al. (79) proposes that SFT
measurements may be biased by the compressibility of the SFT and that compressibility may
be influenced by genetic factors, hydration status, skin strength, gender, age and connective
tissue volume.
Therefore there are several possible explanations as to why the SFT were observed to be
larger in the Torres Strait Islander participants. For instance, SFT measurements observed in
the Torres Strait Islander group may have contained a greater proportion of FFM in terms of
connective tissue, blood vessels or water.

Alternatively, it may be that the skin fold

compressibility in the Aboriginal participants in this study was greater than the Torres Strait
Islander participants due to genetic factors. Finally, it is possible that Torres Strait Islander
participants in this study may have had a greater amount of subcutaneous fat compared to the
Aboriginal participants. In this case the Torres Strait Islander participants in this study may
be said to have a smaller FM % but a relatively greater percent subcutaneous fat and therefore
better health profile compared to the Aboriginal participants in this study.
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Waist circumferences were different across genders and ethnicity in this study and this is
consistent with other reports (55). Torres Strait Islander participants had larger waist and hip
circumferences compared to Aboriginal participants in the study. Waist circumference is said
to be a good measure of central adiposity within a population (102) and therefore a surrogate
indicator of chronic disease risk. It has been shown that a higher degree of central adiposity is
a more unhealthy distribution of fat in terms of metabolic health (52).

Greater hip

circumference, however, may be metabolically protective through the benefits of greater
central muscle and greater leg fat (77) and may also therefore differentiate chronic disease
risk within a population.
WHR is a useful tool for making comparisons across populations of different body build
where the absolute value of waist circumference may differ (77). WHR may also define
chronic disease well. For instance, there was a strong link between WHR and risk of
myocardial infarction in a large international study (103).

In The eGFR study, WHR was

useful to differentiate between Aboriginal and Torres Strait Islander participants. We found
that WHR values differentiated between study subgroups; Torres Strait Islander participants
had a lower WHR than the Aboriginal participants, which was statistically and clinically
significant in females. This pattern of subgroup obesity is different to what was observed in
average BMI and FM%. These anthropometric observations support the view that WHR may
be a better indicator of chronic disease risk than waist circumference alone (52).
Our data showed Torres Strait Islander participants who had a higher body weight and had
higher BMI values also had a more favorable risk profile in relation to lower central and
relative total adiposity. We propose that by using WHR cut off values that are specific for
Aboriginal and Torres Strait Islander Australians the predictive value of WHR may be
increased.
Of the three multiple linear regression models analysed in this thesis the model analysing
independent variables relationship to FM% had the highest R2 (Adjusted R2 = 60%, n = 447).
The multivariate analysis related to SFT however contained a much smaller sample size (n =
179) so it may be that with increased power a more predictive model could be defined.
Although the multivariate analysis of WHR by independent variables included a relatively
large sample size (n = 436) the adjusted R2 value was lower than fat mass % which was 43%.
This is similar to findings of a large multicentre trial investigating WHR in 19 populations
where the majority of the variation in WHR was not explained by demographic or
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anthropometric variables (55). However we propose WHR is a relevant tool for analysing
variation in body composition and nutrition status across populations as it is more practical
compared to the assessment of fat mass %.
Social determinants of health are likely to impact body composition differences and
differences in nutritional status. Analysing this relationship in detail was outside the scope of
this thesis. However, in brief, the Torres Strait Islander participants were more likely to live
the business capital of Thursday Island where The eGFR Study recruited and have a higher
socioeconomic status compared to outer islands. There was limited scope in the original study
to recruit Torres Strait Islander participants in remote settings though many more remote
living Aboriginal people were recruited. There were likely multiple confounding factors
including socioeconomic factors and social determinants of health which may have affected
the between group variability (6). Detailed analysis of these factors was also beyond the
scope of this thesis.
An alternative explanation for between ethnic group body composition differences is that
variability is related to metabolic differences due to evolutionary pressures. Lindeberg et al.
(104) proposes that populations have adapted their metabolic function to the diet that was
available to various generations during human evolution. If this is the case it would appear
that the relatively greater FM% observed in Aboriginal populations could have developed to
support traditional hunter gatherer lifestyle and therefore adapted to store excess energy in the
form of fat to be made available at times of famine (105).
5.4 Anthropometric tools in a clinical environment
BMI is generally used as a marker of fat mass and marker for chronic disease risk factors,
however there are significant limitations of this practice. Clarys et al. (99) found in a study
of cadavers that BMI was a poor predictor of FM %. In their study two thirds of the BMI
variability was not related to adiposity (99). Furthermore, BMI cannot provide information
about where body fat is distributed (24) and this is of key metabolic importance. In The eGFR
Study, Torres Strait Islander participants had a greater BMI despite having a smaller FM %
and WHR. This was verified in a sub-study of The eGFR Study using whole body DXA
(106) where Aboriginal women had less lean mass than Torres Strait Islander women.
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Since many more participants completed BIA this supports the view that BIA had high
clinical applicability in analysis of body composition. The equation used to predict FM %
from BIA had previously been specifically validated in a group of Aboriginal and Torres
Strait Islander adults (50). This is important because predictive equations may need
adjustment for ethnic variability in body composition (50).
One of the benefits of using BIA was, as discussed earlier, a high number of study
participants found BIA acceptable. This is a benefit from the perspective of research but
could also be useful in a clinical environment. People who suffer from chronic disease may
have many interactions with the health system. It is important that these interactions between
patient and clinician are made as easy as possible to encourage continued collaboration
between patient and health provider (82). BIA appears to be well accepted by participants and
not a perceived barrier to clients accessing care while it may also impart clinically valuable
information. BIA is a simple and rapid tool. Again onerous tools are unlikely to be practical
in a busy clinical environment.
Single-frequency BIA (SF- BIA) used in this study may have significant limitations in
populations with significant kidney impairment (48). Kyle et al. (48) have discussed that SFBIA can be greatly effected by hydration status as well as by ratios of intracellular water to
extracellular. In patients with chronic renal disease hydration and fluid distribution may be
different to healthy people and furthermore serum electrolytes may be affected These
concerns may be more successfully overcome by multi–frequency BIA (MF-BIA). Results
from meta ananalysis of BIA in patients with chronic renal falure report that MF-BIA may be
less likely to overestimate TBW (81). MF-BIA therefore may be preferable to use in future
studies within this population despite MF-BIA being more expensive (24).
All anthropometric methods available at the present time have some limitations which have
been presented. The use of multiple indicators together to develop an integrated picture has
been recommended as a way to overcome these substantial limitations (83).

Utilising

combined modalities has been developed further into presenting combined anthropometric cut
offs to determine chronic disease risk (84). Multiple methods were used in this analysis to
triangulate data and give the most comprehensive appraisal of body composition within and
between these Aboriginal and Torres Strait Islander participants.
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5.5 The relationship between biochemical markers and adiposity
Log CRP was examined in this study as a surrogate of systemic inflammation. Log CRP was
positively associated with higher FM% in Torres Strait Islander participants and Aboriginal
females. It is proposed that higher fat mass contributes to increased risk of chronic disease
associated with greater body weights through adipocytes releasing pro-inflammatory
cytokines thereby starting a cascade of pro-inflammatory reactions which include circulating
CRP (66).
In contrast, BMI was not as strongly related to log CRP. The reason for this could be that
BIA is a better marker of total adiposity than BMI.

Neither FM% nor BMI address the

critical contribution of regional, particularly central, adiposity as it relates to chronic disease
risk.
FM% was not strongly explained by HDL:TC in this analysis. HDL has been found to be
characteristically low in Australian Indigenous populations (72). We propose that serum
HDL levels may relate to some other unmeasured factor rather than adiposity and that the
weak relationship observed in The eGFR Study may be related to an unmeasured confounding
factor. Daniel et al. (87) have related low HDL to psychosocial factors such as higher rates of
depression. HDL has also been shown to be inversely related to inflammation and therefore
CRP (107) but this was not observed in our data.
5.6 Implications of Findings
Ethnicity is a major determinant of anthropometric profile (49) specific analysis of both
Aboriginal and Torres Strait Islander participants in this study provide further evidence as to
the anthropometric and nutritional profile of these groups. WHR should be incorporated in
nutritional and clinical assessments of both Aboriginal and Torres Strait Islander people.
Furthermore additional studies utilising longitudinal analysis with mortality end points would
be valuable to support hypotheses drawn from this analysis.
5.7 Limitations of this study
A number of limitations are acknowledged in this analysis. The eGFR Study was cross
sectional in design. Nutritional status of the populations may change over time due to a
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variety of factors that were not possible to be measured by The eGFR Study.

Ideally

longitudinal assessment will provide a more greatly enriched picture of the relationships
discussed above.
Incomplete data for all variables may have limited generalisability of our key findings. Low
response rates for some measurements, such as SFT, may be biased to those who participated.
It is likely that this is the case given that people with lower BMI values were systematically
more likely to allow 4 SFT measures to be recorded. If it was possible to have information
from all study participants this would enhance our ability to define the nutrition related
characteristics of the population under investigation. However it was necessary to allow
participants to choose what elements of the study they would like to participate in to allow for
an ethical approach to this study.
Furthermore the missing data in some cases, such as SFT measurements, highlights future
issues around transferability of research tools in clinical settings. We suggest SFT measures
may less useful in a clinical population, such as the one studied, here as many people are
likely to find it uncomfortable and invasive. We considered imputing for missing data based
on available data for participants with all four skin fold values. The reason for this is that the
data set was not a healthy group with optimal body composition. Therefore we feel any
imputation of values may magnify unhealthy characteristics.
The eGFR Study was not designed to recruit equal numbers of Aboriginal and Torres Strait
Islander participants and this is a recognized limitation in the present analysis. There were
more Aboriginal females (n = 299) compared to Aboriginal Males (n =168), Torres Strait
Islander females (n = 112) and Torres Strait Islander males (n = 74). There may some factors
which would be considered clinically significant if the sample size was larger or more evenly
distributed across the groups.
The study data collected may have also be influenced by data collection sited. In some
population groups there was more data collected from participants in urban than remote
settings or visa versa. For instance there were a greater number of Torres Strait Islander
females as a proportion recruited in an urban environment.

Thus other lifestyle factors

relating to living in urban or remote environments and socio economic status differences may
have correlated with between group differences and therefore affected the results of this
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study. The study sample was intentionally not population representative. Participants were a
sample of volunteers who were specifically targeted for inclusion based on their health strata
per the aims of the main study to validate the accuracy of indirect measures of kidney
functional assessment over different health strata. Naturally these factors are likely to have
some implication on their markers of nutritional status that are here in reported.
5.8 Areas for future investigation
It would be clinically valuable to have a marker for nutritional status or anthropometric
marker for risk of chronic diesease which has been validated in Aboriginal and Torres Strait
Islander people. Determining appropriate reference ranges for standard clinical markers
which have been adjusted for Aboriginal and Torres Strait Islander people may be a key
component of this. Daniel et al. (87) propose that among healthy Aboriginal people a BMI <
22 kg/m2 was more strongly associated with diabetes free survival. However the optimal BMI
for people with known chronic disease risks is unclear (87).
This study also supports other suggestions which indicate that systemic inflammation may be
related to adiposity. It remains valuable to consider whether total and central adiposity is a
key way in which obesity contributes to increased risk of chronic disease. If this is confirmed
by future studies then research translation, into interventions that have the potential to reduce
systemic inflammation would be expected to be beneficial towards a goal of reducing
mortality from chronic disease.
Presently there is no Medicare rebate for weight loss therapies and initiatives. For Aboriginal
and Torres Strait Islander population who are at high risk of mortality from chronic disease at
a lower BMI this may be one component of an important population health strategy,
particularly addressing current health inequality between Indigenous and non-Indigenous
Australia.
Adiposity was positively associated with age however this study has not been able to explain
a mechanism for this. Further investigation as to how or why weight increases with age
would be beneficial. Again this may or may not be related to systemic inflammation and
chronic disease risk.
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As this study is cross sectional a cohort study tracking changes in body composition and
nutritional status over time was not possible but would be beneficial. Tracking nutritional
status and relating this to rate of progression of renal disease may also inform interventional
pathways. In future studies information from MF-BIA may provide more accurate estimations
of TBW and therefore adiposity in people living with CKD.
5.9 Conclusions
In conclusion, we have reported that WHR and BIA were suitable tools to identify nutritional
status and chronic disease risk in Aboriginal and Torres Strait Islander participants of The
eGFR Study. WHR was able to differentiate central adiposity from overall greater body mass
in these 2 ethnic groups of different body build. WHR is a practical measure in the clinical
environment. We propose use of WHR in routine clinical, nutritional and metabolic
assessment in both Aboriginal and Torres Strait Islander Australians. Additional markers of
nutritional status that have been validated specifically in Aboriginal and Torres Strait Islander
people would enhance assessment of nutritional status. Determining appropriate reference
ranges for standard clinical markers for Aboriginal and Torres Strait Islander people may be a
key component of this future work.
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