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Summary

Obesity, hypertension, high blood glucose and triglycerides, and low HDL cholesterol are
more likely to occur together. A clustering of these risk factors is defined clinically as the
metabolic syndrome and indicates high risk of type 2 diabetes and cardiovascular disease.
Using data from the nation-wide Australian Diabetes, Obesity and Lifestyle (AusDiab)
study, and a comparable study in Mauritius, this thesis examined 1) the prevalence of the
metabolic syndrome in Australia, i1) whether obesity is the precursor to the development of
the multiple abnormalities of the metabolic syndrome, iii) the health consequences of
obesity, iv) whether waist cut-points for Europid and South Asian populations used in
clinical definitions of the metabolic syndrome adequately reflect risk for type 2 diabetes
and v) whether the metabolic syndrome is a valid and useful tool for the prediction of future
type 2 diabetes. The AusDiab and Mauritius studies are both national, prospective cohort
studies of adults. The AusDiab study involved 11,247 participants in 1999 with 6,537 of
these followed-up five years later in 2004. The Mauritius study involved both five year
(n=3,771) and eleven year (n=2,802) follow-up of a 1987 baseline cohort. The research
reported here confirms 1) a prevalence of the metabolic syndrome greater than 25% among
Australian adults, regardless of the definition used, ii) that central obesity precedes the
development of the other components of the metabolic syndrome, iii) that obesity confers a
heightened five year risk for each of type 2 diabetes, the metabolic syndrome, hypertension,
dyslipidaemia and cardiovascular disease, iv) that at waist circumference cut-points used in
definitions of the metabolic syndrome, a considerably greater five-year risk of diabetes
exists in South Asians compared to Europids and v) that the metabolic syndrome is a strong
predictor of incident diabetes over five years, but is no better than measurement of fasting
glucose alone or published diabetes risk prediction scores. These findings suggest that the
metabolic syndrome is a highly prevalent condition that confers a considerably increased
risk of type 2 diabetes. The metabolic syndrome is shown here to be no better than other
available tools or fasting glucose for estimation of diabetes risk, although clinical
definitions were not designed solely for this purpose. The status of obesity in the metabolic
syndrome should be as a pre-cursor to the development of the other abnormalities, not
simply as one of several type 2 diabetes and cardiovascular disease risk factors. Finally, the
results here indicate that waist circumference cut-points in current metabolic syndrome

definitions require revision, at least for those of South Asian ancestry.
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Introduction

1.1 The metabolic syndrome and diabetes

Diabetes and the metabolic syndrome have been increasing in prevalence worldwide since
at least the middle of the twentieth century. It appears that this trend is continuing apace
into the new millennium.' The threat to health care systems, health financing and individual
health and wellbeing that these two conditions represent in both developed and developing
nations has been recently recognized in a United Nations resolution on diabetes, making

diabetes only the second disease after AIDS to be recognized in this way.

Diabetes is now one of the most common non-communicable diseases globally, and the
fourth or fifth leading cause of death in most developed countries.” The global prevalence
was estimated to be 5.9% in 2007, representing almost a quarter of a billion people, about
90% of whom have type 2 diabetes. Projections suggest that this number will approach 400
million by 20257, Strikingly, some 80% of those with diabetes in 2007 live in developing
countries,” despite type 2 diabetes and the metabolic syndrome often being perceived as
resulting from a “Western” lifestyle. The global epidemics of diabetes and the metabolic

syndrome rest on the shoulders of an equally significant global rise in obesity.

The diabetes epidemic that many nations are now experiencing,” and which threatens to
undermine the health budgets of most nations in the years to come," has been shown to be
part of a much broader underlying disorder. The core components of this condition include
elevated plasma glucose as well as atherogenic dyslipidaemia, vascular dysfunction and
inflammation, a pro-thrombotic state and a pro-inflammatory state.” Each of these
components has several markers or constituents, as demonstrated in Figure 1. The
metabolic syndrome is a clinical diagnosis designed to identify those with this characteristic

clustering and is fast becoming the new focus for preventive efforts worldwide.



Figure 1. The core components of the metabolic syndrome (adapted from Grundy”)
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Considerable evidence now exists linking the metabolic syndrome and diabetes with an

increased risk of cardiovascular diseases. Various estimates suggest that between one half

and two thirds of deaths among people with diabetes are due to cardiovascular causes such

as ischaemic heart disease and stroke.®® Compared to those without diabetes, the risk of

coronary artery disease, stroke and peripheral arterial disease is two to four times higher in

the diabetic population, more particularly among women. Similarly, risk for cardiovascular

diseases is elevated in those with the metabolic syndrome.” Many now see diabetes as

having an equivalent risk for future cardiovascular disease events as that associated with

: . . 10-12
previously diagnosed coronary heart disease.



1.2 What is the metabolic syndrome?

1.2.1 Insulin resistance and the metabolic syndrome

The relationship of the metabolic syndrome to insulin resistance has been the cause of
considerable controversy and a general misunderstanding of the significance of the
metabolic syndrome. The terms metabolic syndrome and insulin resistance syndrome have
often been used interchangeably, but the different names are a reflection of different
underlying concepts and different goals."® Insulin resistance, which manifests as a reduction
in insulin-mediated glucose disposal, has been recognized to be a precursor of
hyperglycaemia and diabetes since the 1930s."* We now know that considerable variation
exists in the insulin-mediated ability to dispose of glucose within the population.'> Most
insulin-resistant people are able to compensate with the production of extra insulin by the
pancreatic beta cells. Individuals exhibiting otherwise normal glucose levels but
hyperinsulinaemia are in fact not uncommon in the population. When the ability to
compensate for insulin resistance can no longer be sustained, glucose intolerance and type 2

diabetes are the result.

Research has now shown that the hyperinsulinaemia required to maintain normal glucose
levels in those with insulin resistance is actually a mixed blessing. In his 1988 Banting
lecture,'® Reaven spelled out the negative consequences of insulin resistance, which include
an increased risk for glucose intolerance, high plasma triglyceride and low HDL cholesterol
concentrations, and hypertension. Since these abnormalities increase the risk of
cardiovascular disease (CVD), the most common cause of death in people with diabetes, it

is assumed by association that insulin resistance must also have close links with CVD.

The “insulin resistance syndrome” was a label given to the numerous physiologic

abnormalities and the related clinical outcomes that occur commonly in those with insulin



resistance.”” The clinical syndromes associated with insulin resistance include not only type
2 diabetes and cardiovascular diseases, but also hypertension, polycystic ovary syndrome,
non-alcoholic fatty liver disease, sleep apnoea and certain cancers. It is true that those
with insulin resistance do not necessarily develop any of these outcomes, and that all of
these outcomes can occur in the absence of insulin resistance. Whether insulin resistance,
the compensatory hyperinsulinaemia or another element such as obesity are responsible for
the development of the abnormalities and clinical outcomes seen in the insulin resistance

syndrome is gradually being clarified."

The term “metabolic syndrome” has developed to describe those individuals at increased
risk of type 2 diabetes and cardiovascular diseases due to the metabolic dysfunction
apparent in the “insulin resistance syndrome”, but without presuming an underlying cause.
The obvious need for a clinical construct and research instrument has resulted in several
recent clinical definitions of the metabolic syndrome being developed. As clinical
constructs, these do not need to include all of the abnormalities associated with the
metabolic dysfunction characteristic of the syndrome, and even include central obesity
which is more often thought to be a cause rather than a consequence of metabolic
dysfunction. An important goal of these definitions is to identify those individuals who do
not yet have type 2 diabetes or cardiovascular diseases, but who are at high risk for both by
virtue of a commonly observed clustering of metabolic risk factors. This thesis was
designed to address several of the unanswered questions relating to commonly used clinical

definitions of the metabolic syndrome.

1.2.2 Definitions of the metabolic syndrome
The four most widely recognized attempts to define the metabolic syndrome include

proposals by: the World Health Organization (WHO) in 1998'" (finalised in 1999'®); the



European Group for the Study of Insulin Resistance (EGIR) also in 1999'’; the National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) in 2001

(updated in 2005%") and the International Diabetes Federation in 2006.7

The WHO recommendation that formed part of a consultation report on the definition,
diagnosis and classification of diabetes mellitus and its complications was not designed to
be an exact definition. Rather, it was formulated as a working guideline, to be improved
upon in the future, that would enable comparability between studies, which to that time had
been lacking. The WHO definition included a pre-requisite for either insulin resistance
(measured using a euglycaemic clamp) or glucose intolerance (IFG, IGT or diabetes), in
addition to at least two of obesity, hypertension, microalbuminuria and dyslipidaemia
(hypertriglyceridaemia or reduced HDL cholesterol levels). In large scale epidemiology
studies, the euglycaemic clamp method of measuring insulin resistance is impractical. Most
studies therefore substitute this requirement with the calculation of insulin sensitivity using

the HOMA model. >

Acknowledging that for risk prediction there was little point in the identification of those
with the metabolic syndrome who already have diabetes, and that there was no simple way
of measuring insulin resistance in individuals with diabetes, the European Group for the
Study of Insulin Resistance (EGIR) proposed modifications to the WHO definition that
should be used in non-diabetic subjects only. In addition, because of the difficulty in using
a euglycaemic clamp method to measure insulin resistance, the EGIR version
recommended that insulin resistance be defined as the top quartile of fasting insulin values
in the non-diabetic population (a universal cut-off point for insulin measurement being

impossible due to the different standards for assaying insulin). Obesity was defined by



waist circumference rather than BMI or waist to hip ratio (WHR), microalbuminuria was
removed as a component and slightly modified cut-points for hypertension, triglycerides
and HDL-cholesterol were proposed.'® The focus of the proposal by the EGIR was the
centrality of insulin resistance to the metabolic syndrome, arguing that no evidence to the
contrary had as yet been presented. Exclusion of those with diabetes from this definition
means that prevalence statistics cannot include the substantial proportion of the population
with diabetes who also meet the criteria for the other components of the metabolic
syndrome.

The U.S. NCEP Adult Treatment Panel (ATP) III definition of the metabolic syndrome

1?° (and updated in 2005 with ethnicity-specific cut-points for obesity)*’

proposed in 200
was designed to be more amenable to measurement in clinical practice. The management of
the metabolic syndrome according to ATPIII had two objectives: firstly to reduce the
underlying causes (i.e. obesity and physical inactivity) of the components and their
outcomes and secondly, to aid in identification of those requiring treatment for the
component risk factors. A simplified structure included diagnosis with any three of five risk
factors, and no requirement for an oral glucose tolerance test (OGTT), with the glucose
component being based on measurement of fasting glucose only. Furthermore, no

measurement of insulin resistance was included, reflecting the more clinically minded

objectives of the ATPIII definition.

Finally, the International Diabetes Federation (IDF) definition? recognized that none of the
previous recommendations had incorporated obesity criteria relevant to non-Caucasian
populations. The IDF therefore proposed a definition that could be used as a diagnostic tool

in clinical practice worldwide, with components identical to those used by the ATPIII, but



with overweight as a prerequisite component, and with ethnicity-specific cut-points for

overweight.

The WHO, EGIR, ATPIII and IDF definitions are summarized in Table 1 of results chapter

3.1.

1.2.3 Metabolic Syndrome prevalence and choice of cut-points

Just as the prevalence of the component conditions (overweight, hypertension,
hyperglycaemia and dyslipidaemia) is critically dependent on the definitions and cut-points
used, so is the prevalence of the metabolic syndrome as a whole. The purpose of prevalence
statistics for the metabolic syndrome is to provide an estimate of the current risk factor
burden and the likely burden of cardiovascular diseases and type 2 diabetes that will result.
In addition, prevalence statistics are useful for comparisons between populations or sub-
populations, and for examination of trends over time. The existence of four competing

definitions of the metabolic syndrome has been an impediment to these aims.

The prevalence of the metabolic syndrome, as well as its component conditions is entirely
dependent on the choice of cut-points to dichotomize the population into those with and
without the condition. The practice of dichotomizing continuous variables results in a loss
of predictive power, but is necessary for clinical decision making and the creation of
diagnostic categories. Calculation of a continuous metabolic risk score that takes advantage
of the full spectrum of data available has been suggested, however such constructs have

been recommended only for research purposes.”*
Considerations in the choice of cut-points include:

- Whether cut-points should be related to relationships with a particular adverse

outcome



- What that outcome is (or what those outcomes are)

- What percentage of the population is classified

- What statistical technique is most suitable for selecting cut-points
- Whether cut-points should vary by ethnicity, and

- Whether cut-points in the context of the metabolic syndrome should be the same as

when the component is considered as a single risk factor

Given the number of competing priorities, it is not surprising that diagnostic criteria and
cut-points are often chosen somewhat arbitrarily. Clinical definitions of the metabolic
syndrome require cut-points for five or more risk factors as well as the choice of the

structure of the syndrome itself, further complicating the choice of a definition.

The prevalence of the metabolic syndrome is dictated by multiple attributes of the
population, many of which change over time. Genetic predisposition, levels of physical
activity and inactivity, population age and sex structure, levels of over- and under-nutrition
and body composition are all important. Regardless of the environmental and underlying
genetic influences mediating the prevalence of the metabolic syndrome, a higher prevalence
undoubtedly leads to a greater likelihood of undesirable outcomes such as type 2 diabetes
and cardiovascular diseases. The prevalence of the metabolic syndrome in the AusDiab

sample is reported in Chapter 3.1.

1.2.4 Underlying cause of the metabolic syndrome

As discussed earlier (Chapter 1.1.1), insulin resistance has been seen as the underlying
cause of the numerous abnormalities and conditions associated with the metabolic
syndrome. Epidemiologic research attempting to address the plausibility of this theory

suffers from numerous problems,” and must be interpreted in the light of other basic



cellular or physiologic research. Insulin resistance is clearly associated with the clustering
of abnormalities included in the metabolic syndrome, but whether it is the root cause is still
the subject of debate. Obesity is an alternative candidate, but insulin resistance and obesity
are closely linked and are not exactly mutually exclusive candidates for this role. Despite
major advances in the understanding of the relationship between obesity and insulin
resistance and their role in type 2 diabetes and cardiovascular disease, the physiologic
mechanisms that link them are far from clear.”® It is certainly true that both insulin
resistance and obesity are closely linked with each of the component abnormalities of the
metabolic syndrome (and each other). Recent evidence (chapter 3.2) supports the
positioning of obesity at the start of the process that leads toward metabolic deterioration,
and even before the development of insulin resistance. Figure 2 (adapted from Grundy)*’
illustrates the progression and outcomes of the process of metabolic deterioration and is
supportive of the positioning of obesity prior to the development of the cardiovascular

disease and type 2 diabetes risk factors that constitute the metabolic syndrome.

Figure 2. Progression and outcomes of the metabolic syndrome (adapted from Grundy)®
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The recent discovery of novel factors such as inflammatory cytokines and endothelial

dysfunction that are linked to components of the metabolic syndrome has led to the



development of a theory of an inflammation based causal pathway.> Since the
inflammatory process is thought to result from an excess of adipose tissue, obesity remains
as the preceding condition, but the metabolic syndrome components are linked through
their association with pro-inflammatory cytokines rather than insulin resistance (Figure
3).% Further critique of this model will no doubt come with new studies into the role of
inflammation and endothelial dysfunction on deterioration in metabolic syndrome
components. Whether a single mechanism can be identified as responsible for the metabolic
syndrome is doubtful considering the heterogeneity seen in the number and composition of

the constituent abnormalities.*?

Figure 3. An inflammation centred paradigm of the metabolic syndrome (adapted from
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Factor analysis is one epidemiologic approach that lends itself to the exploration of the
underlying cause of the clustering seen in the metabolic syndrome. Factor analysis is a

statistical method that takes a large number of candidate variables and, based on the inter-
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correlations between the variables, derives one or more factors consisting of smaller groups
of related variables. A finding of one factor containing the variables of the metabolic
syndrome may suggest a unifying physiologic mechanism (such as insulin resistance).
Alternatively, if several factors are identified but a unifying factor is found in each factor,

this could also be considered to be support for a common cause.”

Due to differences in methods of measurement, the variables included and also the
populations included, earlier factor analyses varied in the number of factors identified and
the nature in which they clustered together. A common finding was three or four factors.
Insulin variables (as a proxy for insulin resistance) were found to commonly locate in a
glucose and obesity factor, as well as a dyslipidaemia factor, with a separate blood pressure
factor identified.” One of these studies was notable for the use of a euglycaemic clamp to
measure insulin resistance. In this study, two factors were identified that were unified by
the rate of insulin mediated glucose disposal. The fact that insulin resistance has commonly
been found to locate on multiple factors can also be interpreted as evidence that it is a
unifying feature of the metabolic syndrome. More recent work has specifically tested the
hypothesis that a single factor united all of these sub-factors, showing good support for this

30,31
model.”™

Those factor analyses which identified multiple factors may also be explained by the
inclusion of multiple variables representing individual components of the metabolic
syndrome. This can ensure that these variables cluster together, despite the fact that each of
the components could also cluster together as a “second order” factor in a model including

only single variables representing each component.**

If indeed a single unifying factor can explain the frequent clustering of abnormalities seen

in the metabolic syndrome, it has not yet been conclusively identified. The difficulty in
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elucidating the relationships between the components of the metabolic syndrome is a result
of multiple challenges, including the complexity of a condition that involves multiple inter-
connected disorders, the difficulty in accurately measuring insulin resistance in particular,
but also the other components (including obesity), and the fact that environmental and
genetic factors are usually not accounted for in most analyses.” It is likely that the issue of
causation will only be resolved through a combination of approaches, including
epidemiology, human and animal genetic studies and analysis of the physiologic and
biochemical processes involved at the cellular, organ, organism and population levels. The
identification of a causal pathway is important for understanding the pathophysiology of the
metabolic syndrome and therapeutic approaches to addressing it. For clinical definitions,
this knowledge may well be helpful for further refinement, but is not necessarily essential

for their successful implementation.

1.2.5 Criticism of the metabolic syndrome

Clinical definitions of the metabolic syndrome and the concept as a whole have been
heavily criticised.”*** Indeed the research forming this thesis was intended to address
some of the major evidence gaps regarding the syndrome. The major questions relating to

the published clinical definitions of the metabolic syndrome include the following:***>*°

- With four proposed definitions, is there any consensus about what constitutes the

metabolic syndrome?

- Is there any evidence for the composition of clinical definitions, their biological

basis and the cut-points for included components?

- Why have some identified risk factors for cardiovascular disease such as hs-CRP as

an inflammatory marker been excluded?

12



How do clinical definitions of the metabolic syndrome compare to other available
alternatives for the prediction of type 2 diabetes and cardiovascular disease, and

which is easier to use?

Is the risk associated with the metabolic syndrome as a whole any greater than the

sum of the risk related to its component parts?

Does the treatment of the metabolic syndrome differ from the treatment of its

individual components?

Has the metabolic syndrome helped to provide a better understanding of the cause

or pathogenesis of atherosclerotic cardiovascular disease?

Should clinicians make the effort to measure and aggregate the individual

components of the metabolic syndrome and does this improve patient outcomes?

What is the evidence that the metabolic syndrome is a good predictor of long-term

risk for cardiovascular diseases?

Is the metabolic syndrome a useful construct for patients, particularly given the
variation of severity among those who meet the clinical criteria, and does its use

increase the uptake of lifestyle modification measures?

Is it appropriate to introduce a new clinical diagnosis without a thorough evidence
base or a complete understanding of the intentional and un-intentional

consequences?

13



1.2.6 Uses for the metabolic syndrome
Cameron AJ, Zimmet PZ, Shaw JE, Alberti KGMM. The Metabolic Syndrome: in

need of a global mission statement. Diabet Med 2009;26(3):306-9.
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The metabolic syndrome: in need of a global mission
statement.

Cameron AJ, Zimmet PZ, Shaw JE, Alberti KG.

Department of Epidemiology and Clinical Diabetes, Baker IDI Heart and Diabetes
Institute, Newcastle upon Tyne, UK. Adrian.Cameron@bakeridi.edu.au

AIMS: The value of clinical definitions of the metabolic syndrome has been
questioned, with confusion surrounding their intended use and purpose. Our aim was
to construct a mission statement that outlines the value of the metabolic syndrome in
clinical and public health settings. METHODS: Case studies have been used to
demonstrate three key points. RESULTS: We argue here for recognition of obesity as
being a crucial element within the metabolic syndrome but perhaps even more
important before its development. We also contend that the concept does indeed have
arole as a risk prediction tool, and that it could provide a useful metric for the scale
and progress of the looming global epidemic of diabetes and cardiovascular disease.
CONCLUSIONS: Through appreciation of its purpose, and recognition of both its
limitations and those attributes that make it unique and valuable, we believe we have
demonstrated here that the metabolic syndrome deserves its place in the global
toolbox of diabetes and CVD prevention.
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1.3 Risks associated with the metabolic syndrome
A large number of studies have now been undertaken to quantify the major risks of the

9, 44-66,

. . . . 9,49, 54, 55, 58, 59, 61, 63, 67-
metabolic syndrome; for cardiovascular diseases ; type 2 diabetes™ "> 7" 7> 7 T PR R

9, 44-47, 64, 83-86 .
’ o These studies concern the

82. and all-cause and cardiovascular mortality.
various published definitions of the syndrome. Meta-analysis of the predictive ability of the
metabolic syndrome (using the 2001 ATPIII definition) indicate that it is only a modest
predictor of both all-cause mortality (estimated relative risk ~1.2 to 1.4) and cardiovascular
disease (estimated relative risk ~1.7 to 1.9).” Results for all available definitions, however,
suggest it is a stronger predictor of type 2 diabetes (estimated relative risk 3.5 to 5.1).** The
differential in risk associated with cardiovascular diseases and type 2 diabetes is likely due
to the inclusion in clinical definitions of components such as fasting blood glucose and
central obesity that are known to be more strongly associated with diabetes.®” Strong risk
factors for both conditions are missing from the metabolic syndrome, with other available
tools that include these (in particular the Framingham risk algorithms for cardiovascular
disease risk prediction) often shown to be superior for short-term risk prediction.>> Most of
those studies assessing risks associated with the metabolic syndrome have a follow-up
period of less than twelve years. Therefore, predictive ability over the longer term is less
well established. One analysis of total and cardiovascular disease mortality by Sundstrom
over a follow-up of almost 33 years, however, suggests that the metabolic syndrome
predicts mortality independently of other established risk factors such as smoking, diabetes,

hypertension and cholesterol.*® This result may indicate the long-term prognostic value of

the metabolic syndrome over and above that achieved by short-term global risk calculators.
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1.4 Research questions addressed in this thesis

This thesis has been developed as a thorough assessment of the value of clinical definitions
of the metabolic syndrome. Numerous authors have criticised the development of such
clinical definitions, citing a poor evidence base in relation to several of the suggested

attributes of the syndlrome.25 ,33-43

In addition to quantifying the number of Australians who
meet the definition(s) of the metabolic syndrome, the research agenda formulated here was
a response to some of the key questions relating to the aetiology, validity, uses and
consequences of the available clinical definitions (see Chapter 1.2.5). Each of the primary

research questions addressed is listed and expanded upon below, and forms the basis for the

research comprising chapters 3.1 to 3.5.

1.4.1 Prevalence of the metabolic syndrome in Australia

The baseline AusDiab study is the only recent national Australian study to have accurately
measured each of the components of the metabolic syndrome. Estimation of the number of
Australians who meet the criteria for available definitions of the metabolic syndrome, and
are therefore at elevated risk of future cardiovascular disease, is therefore possible using
this dataset and was the primary aim of the first study. The IDF definition of the metabolic
syndrome had only recently been proposed at the time this work was published. This work,
therefore, provided an opportunity to examine the impact of the structure of this definition
on the prevalence of the syndrome and the characteristics of those identified. A secondary
aim of this research was to assess the risk differential between those who did and did not
meet the criteria for the metabolic syndrome with regard to future cardiovascular disease

outcomes (as assessed using equations from the Framingham study).
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1.4.2 Obesity as a determinant of the metabolic syndrome

Epidemiologic evidence directly supporting the positioning of obesity before the
development of the other components of the metabolic syndrome is not substantial. Despite
this, in both inflammatory and insulin resistance-centred models, obesity is commonly
assumed to be a causal factor in the aetiology of metabolic decline. Several longitudinal
studies have examined the role of obesity in the development of the metabolic syndrome or
its components but none has explicitly addressed the question of whether obesity precedes
their development, the primary aim of this second study. Both the five year follow-up of the
AusDiab cohort and the five and eleven year follow-up of a cohort from the Indian Ocean

island of Mauritius have been used to address this question.

1.4.3 Metabolic and other health consequences of obesity
Given the centrality of obesity to the construct of the metabolic syndrome and its aetiology,
this third study aimed to quantify the impact of overweight and obesity on multiple
important clinical outcomes (including type 2 diabetes, the metabolic syndrome and each of
its components and cardiovascular disease) as well as mortality. Obesity-related risks for
these outcomes have not been previously reported for the Australian population, meaning
that quantification of the burden of disease attributed to obesity in this country has relied on
proxy data from other sources. This research project aimed to address this information gap,
and provide further evidence with which to inform efforts aimed at addressing the epidemic
levels of obesity seen in adult Australians.
1.4.4 Validity of ethnicity-specific cut-points for obesity used in the metabolic
syndrome
The inclusion of ethnicity-specific waist circumference cut-points in the IDF definition of
the metabolic syndrome was a recognition that the risk associated with a given waist

circumference varies according to ethnicity. The WHO is yet to publish definitive waist
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cut-points for use in different population groups (either within the construct of the
metabolic syndrome, or independently), and few studies have been published relating
obesity to prospective outcomes such as type 2 diabetes and cardiovascular disease in non-
Caucasian populations. Furthermore, those studies that have sought to determine ethnicity-
appropriate waist circumference cut-points have almost universally utilised receiver
operating characteristic (ROC) curve analysis for this task. The aim of this fourth study was
primarily to assess the appropriateness of the waist circumference cut-points recommended
in the IDF metabolic syndrome definition. A secondary aim was to demonstrate the

deficiencies in the use of ROC curve analysis for this task.

1.4.5 The metabolic syndrome as a tool for prediction of diabetes

While considerable evidence exists supporting the ability of published definitions of the
metabolic syndrome to predict cardiovascular diseases, at the time of publication of this
chapter, studies assessing their ability to predict incident type 2 diabetes were limited and
were limited in their scope. The metabolic syndrome had been compared with a Diabetes
Prediction Model (DPM) only for the (U.S.) National Cholesterol Education Program
(ATPIII) definition of the metabolic syndrome, and little work had been done in comparing
the metabolic syndrome with simpler risk indices such as the FINDRISC risk questionnaire
and even a simple measurement of either fasting glucose or two-hour post load glucose. In
addition, a thorough assessment of whether the metabolic syndrome predicts incident
diabetes independently of its component parts had been lacking. This fifth study aimed to
examine whether the metabolic syndrome is indeed a useful clinical tool for the prediction

of diabetes, utilizing comparable data from both the AusDiab and Mauritius cohorts.
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2 Methods and research design

2.1 Theoretical and conceptual framework

The research reported within this thesis is based on analysis of two epidemiologic research
studies involving national, population-based cohorts in Australia and Mauritius. Analysis of
data from epidemiologic studies allows the estimation of the prevalence and incidence of
disease in defined populations (descriptive epidemiology), as well as the relationships
between risk factors and disease (analytical epidemiology). The unique contribution of
epidemiology is that it is conducted within human populations, meaning that results
obtained are directly relevant to the population being studied.®” Indeed, epidemiology offers
the possibility of altering observed risk through interventions and the monitoring of their
progress at the population level. The uncontrolled nature of epidemiologic research is also a
potential limitation, with an inability to precisely control the environment in which the
research is undertaken. Frequently, epidemiologic analysis relies on statistical adjustment
for potential confounding factors and risk modifiers, which is not usually required in a well

designed randomised clinical trial.

The results from population-based research, including those reported in this thesis, often
include caveats resulting from an incomplete response, response bias, limited follow-up
time and number of cases (and hence limited statistical power) and the changing nature of
populations and risk factors over time. For this reason, the results of population-based
epidemiology studies are not sufficient on their own to answer questions related to the
pathogenesis or underlying cause of the metabolic syndrome,* and are usually interpreted
in the context of more basic, but more controlled research in areas such as genetics,

physiology and molecular biology.
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Cross-sectional epidemiological studies (conducted at a single time point), as long as they
are reasonably representative of the population from which the sample was drawn, enable
the estimation of the prevalence of disease within a population, as well as the investigation
of the association between risk factors and disease. Such studies, however, are limited in
that one cannot be sure that the development of the disease was preceded by the presence of
a putative risk factor. Hence, causality cannot be assumed from a cross-sectional
association. For this reason, studies involving more than one time point (longitudinal
studies) are very important. Such studies enable the investigation of temporal relationships
between risk factors and disease that develop over the course of follow-up. However,
because of the expense and logistic difficulties involved in following population-based
samples up at multiple time points, longitudinal studies are not commonly undertaken. The
AusDiab and Mauritius NCD studies are two of the largest national, population-based
longitudinal cohort studies of diabetes and other non-communicable diseases undertaken.
The datasets from these studies are therefore an important resource for answering many of

the questions relating to the consequences of the metabolic syndrome in populations.

The incorporation of an oral glucose tolerance test (OGTT) in both studies allowed a “gold
standard” diagnosis of diabetes at both baseline and follow-up. Self-report or the use of
medical records cannot provide complete data on abnormal glucose metabolism because the
early stages of these conditions are often asymptomatic. In the baseline AusDiab study, we
found that only half of those with blood glucose levels in the diabetic range had previously

been diagnosed.®

Full details of the sampling frame, methods and response for the longitudinal cohort studies

utilised in the preparation of this thesis have been previously published.**** A summary of
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the methods of each is provided here, with details particular to each results chapter being

presented in the respective methods sections.
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2.2 The Australian Diabetes, Obesity and Lifestyle (AusDiab) study

The AusDiab study is an ongoing longitudinal, population-based national study of diabetes,
pre-diabetes, obesity, heart and kidney disease. The baseline phase of AusDiab, conducted
between 1999 and 2000, was designed to provide the first national Australian prevalence
figures for diabetes and pre-diabetic states using an oral glucose tolerance test.*® In
addition, the AusDiab study has been used to provide benchmark national data on the
prevalence of obesity,” hypertension,”* kidney disease’ and physical activity and

inactivity.”®

The second phase of AusDiab, completed in December 2005, was a five year follow-up of
those who participated in the baseline survey. The results of the follow-up have provided

data on the five-year incidence of those conditions measured at baseline.
2.2.1 Sample selection and weighting of the survey sample

The baseline AusDiab study involved a stratified cluster sample of all non-institutionalised
adults aged 25 years or more in six census collection districts (randomly selected without
replacement and selected proportional to population size) in each of the six Australian
states and the Northern Territory (42 in total). Due to the logistic and economic constraints
of the survey, and to avoid the bias of including an unrepresentative number of high
prevalence groups, collection districts were excluded from the sample frame if they were
classified as 100% rural, contained fewer than 100 eligible adults or if the percentage of
Indigenous people was >10%. This accounted for a total of 5.8% of all eligible Australians.
At the time of the survey, all participants had been usual residents in the household for a

period of at least six months.*
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A total of 20,355 individuals in 11,479 households were interviewed. Of these, 11,247
individuals participated in the baseline physical examination (response 55.3%). After
consideration of non-response to the household interview, response to the physical
examination was estimated to be to be 37% of the total eligible population.*”” Sample
weights were applied to the baseline data to account for the clustered and stratified nature
of the survey design. These weights were initially adjusted to ensure that the weighted
sample matched the age and gender distribution within each collection district as obtained
from the 1996 census. The weights were further adjusted so that the age and gender
distribution within each state (and therefore the national sample) matched the estimated

1998 Australian residential population.®”*®

In 2004-2005, all eligible participants (n=10,788) who were surveyed at baseline were
invited to attend a follow-up survey. Individuals ineligible for invitation to the follow-up
survey included those who had specifically requested no further contact (n=128), those who
were deceased (n=310) and those who were excluded due to having moved into a high care
nursing facility or having a terminal or chronic illness that made their participation
impossible (n=21). Of the eligible participants, 6,400 returned to take part in the 2004-2005
follow-up survey (response = 60.6%). A further 137 attended a local pathology collection
centre for blood testing, but did not complete the full examination. Of those who did not
take part in the physical examination, 2,200 agreed to complete a phone questionnaire on
existing health conditions; including self reported diabetes, stroke, heart problems, kidney

disease, fractures and gout.

Because of the level of non-response to the baseline and follow-up surveys and the
response bias observed in both surveys, the follow-up sample is not considered to be

suitable for estimation of national prevalence statistics. Furthermore, due to the percentage
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of the total eligible population to participate in both the baseline and follow-up surveys

being only 22%, it was not considered valid to weight the follow-up survey to adjust for

this non-response. Rather, results from the follow-up survey should be considered to be

from a national cohort that is not entirely representative of the total Australian population.

2.2.2 Protocols and procedures

The AusDiab physical examination commenced at around 7am each morning for

approximately two weeks in each of the 42 clusters surveyed. Testing took around 2.5

hours, and closely followed the WHO recommended model for diabetes and non-

communicable disease field surveys.” Testing relevant to this thesis included the

following:

Fasting blood sample (after a minimum 10 hour fast) for measurement of
plasma glucose, insulin, HDL and LDL cholesterol, triglycerides and

HbAlc.

Oral glucose tolerance test, with a 75g glucose load following the fasting
blood sample and a further blood sample taken exactly two hours after
administration of the glucose load (pregnant women, and those taking insulin

or oral glucose lowering medications were excluded).
Height, weight, waist circumference and hip circumference.

Blood pressure was measured using a standard mercury sphygmomanometer
in Victoria (the first state studied in AusDiab) with two readings taken
followed by a third if the first two readings differed by >10mmHg.
Thereafter, blood pressure was measured in triplicate using a Dinamap semi-

automatic recorder. Both methods were tested on every 20" participant in the
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last six states (n=469). After a comparison of the two methods, in order to
adjust for observed differences, diastolic blood pressure in Victoria was
adjusted using the following regression equation: Victorian adjusted
diastolic blood pressure = 4.636 + (0.905 * Victorian manual diastolic blood

pressure.

Questionnaires administered by trained interviewers included items
assessing demographic characteristics (age, marital status, ethnicity), socio-
economic status (income, education, occupation), physical activity,
sedentary behavior (television viewing), smoking, alcohol consumption,
dietary patterns, quality of life, health knowledge, attitudes and practices,
diabetes knowledge (for those with diabetes), blood pressure and lipid
lowering medication, health care utilization and previous cardiovascular

diseases.

All participants were sent the results of biochemical tests and physical examinations shortly

after the survey. Results were sent to general practitioners upon request, and significant

abnormal results were flagged with advice to seek appropriate follow-up with their doctor.

Survey methods at the 2004-5 follow-up survey were similar to those used in the baseline

survey, with all pathology and physical examinations repeated. Notable differences

included the method of measurement for fasting insulin.

2.2.3 Cardiovascular disease event and mortality ascertainment

All participants who answered yes to the following question: “have you ever been told by a

doctor or nurse that you have had a heart attack (including a ‘coronary’, coronary

occlusion, coronary thrombosis or myocardial infarction), a stroke, a heart bypass operation
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(including ‘coronary bypass’) or an angioplasty or stent for your heart (including ‘coronary
angioplasty’, ‘coronary stent’ or ‘balloon’)?”” were asked to provide consent to search their
medical records of these events. Those who reported an event between the baseline and
follow-up surveys were included in a medical record review for incident cardiovascular

disease diagnosis.

De-identified information on discharge diagnoses, presenting symptoms, cardiac enzymes
and troponin levels, electrocardiograms, operation reports and physician letters were
abstracted from medical records. Two physicians (including one cardiologist)
independently reviewed these records according to WHO/MONICA criteria'® for
myocardial infarction. Participants were excluded from adjudication if they did not provide
consent to have their medical records reviewed (n=14), if medical records for the event
could not be obtained (n=3) or if the event occurred in a hospital outside of Australia (n=3).
Self-report followed by physician adjudication has been shown to be as accurate as data
linkage to the Western Australian state-wide hospital morbidity database for the
identification of cases (although the use of both techniques identified a slightly larger
number of cases). A low false negative rate is also likely, with only 2% of cardiovascular
disease events identified using data linkage of AusDiab participants from Western Australia

not also self-reported by participants in the AusDiab follow-up survey.'"'

Death was ascertained by linking the AusDiab cohort to the Australian National Death
Index (NDI), as previously reported.6 Name, sex, date of birth, state, date of last contact,
and date of death (if available) were used to match participants to the NDI. People not
matched to the NDI were assumed to be alive. Only high level matches with the NDI
database were accepted as confirmed deaths. Wherever possible, deaths were confirmed by

direct communication with the decedent’s family. The accuracy of the NDI for
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ascertainment of vital status has been established.'®? The follow-up period for all-cause

mortality was to the date of death or April 30, 2008, whichever occurred first.
2.2.4 Sample size and power

The sample size obtained in the baseline AusDiab survey was based on the expected
precision of estimates to identify a national diabetes prevalence of 7.0%.* This figure was
based on results of previous surveys, and the expectation that the diabetes rate had
increased over time. The sample was stratified by state to achieve the secondary objective
of the study, which was to deliver useful state-specific diabetes prevalence estimates. Little
loss of efficiency was expected after accounting for this stratification. Following
consideration of the clustered nature of the survey design (conducted at 42 sites throughout
Australia), a sample size of 10,500 (1500 per state) was predicted to provide 95%
confidence intervals of 6.2 — 7.8, around a diabetes estimate of 7.0%. This level of
precision was considered to be acceptable, and the sample size within the funding and
logistic constraints of the survey.” The final diabetes prevalence and 95% confidence
interval from the baseline survey was 7.4% (5.9-8.8). Confidence intervals were wider than

expected due to a greater than expected design effect for this variable of 8.34.%.

The sample size of the baseline survey was calculated for estimation of total diabetes
prevalence only and may not have been adequate for other outcomes and sub-analyses.
Furthermore, the baseline survey was not designed with the purpose of forming a cohort to
be followed up over time. It is therefore acknowledged that the results of the analyses
presented in this thesis must be interpreted in light of the intended purpose of the study, and
the sample size obtained at both the baseline and follow-up surveys. Specific details of the

sample utilised are contained within the individual results chapters.
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2.3 The Mauritius Non-communicable Disease (NCD) study

Mauritius is an island located in the South-Western Indian Ocean off the East coast of
Madagascar. It has a population of approximately 1.3 million, consisting of 68% of South
Asian origin, 3% of Chinese origin, 27% Creole (mixed African and Malagasy ancestry
with some European and Indian admixture) and 2% Franco-Mauritian. A population-based
baseline study was undertaken in Mauritius in 1987, with follow-up in 1992 and 1998. The
Mauritius NCD study was used in this project as an important comparator for results
obtained within the largely Europid AusDiab study. Many of the questions relating to the
use and validity of the metabolic syndrome have not been addressed previously in
populations of non-Europid ancestry. In particular, no other comparable longitudinal cohort
study conducted in a South Asian population exists with which to assess the ability of the
metabolic syndrome to predict diabetes, or the role of obesity in the pathogenesis of the

metabolic syndrome.
2.3.1 Sample selection and response

In the Mauritius NCD study, all individuals aged 25-74 within ten locations (clusters) were
surveyed in 1987, with three additional areas added in the 1992 and 1998 surveys. As well
as follow-up of those who attended the previous survey(s), all other current residents in
each of the areas tested were invited to attend the 1992 and 1998 surveys. Overall, 9688
individuals participated in the three surveys, with 27% participating in all three surveys.”*
Response to the 1987 survey was 80% of the eligible population (n = 5,083). Of these,
74.2% (n=3,771) were followed up in 1992 and 55.1% (n = 2,802) were followed up in

1998.
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2.3.2 Protocols and procedures

Survey methods in the 1987, 1992 and 1998 Mauritius NCD studies were broadly similar to
those used in the AusDiab surveys, with a 75g oral glucose tolerance test utilised and
fasting blood sample taken for measurement of lipids and insulin. Where differences
existed in the measurement techniques between the AusDiab and Mauritius studies, these

have been highlighted in the methods section of the relevant chapters.

Notable differences in methods between the AusDiab and Mauritius NCD surveys include
different measurement location for waist circumference, and different assay techniques for
several of the biochemical parameters. The impact of the different waist circumference
measurement technique is addressed fully in Chapter 3.4. Microalbuminuria was not
measured in the Mauritius NCD study, meaning that this component of the WHO definition
of the metabolic syndrome could not be assessed in this cohort. Direct comparison of other
biochemical measures between the AusDiab and Mauritius NCD surveys was not

undertaken. Therefore any differences in assay method are not a limitation of this research.
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2.4 Strengths and limitations of the AusDiab and Mauritius NCD studies

The great strength of the AusDiab and Mauritius NCD studies is that they both involve
large, population-based cohorts followed up over time. The AusDiab study is the largest
national and population-based study of diabetes to have used an oral glucose tolerance test,
while the Mauritius NCD study is the only large population-based diabetes study to have
followed up participants over three time points with an oral glucose tolerance test
performed at each. Both studies involve large numbers of participants, providing statistical
power for a variety of multivariable and stratified analyses. The high incidence of diabetes
and obesity seen in both the AusDiab and Mauritius NCD cohorts provides large numbers

of these outcomes, further enhancing statistical power.

The use of an oral glucose tolerance test in both studies at all time points allows a gold
standard diagnosis of diabetes, including identification of both fasting and post-prandial
glucose abnormalities and accurate assessment of those without diabetes or with pre-
diabetes (impaired fasting glucose or impaired glucose tolerance). Accurate assessment of
cardiovascular diseases is also a strength of the AusDiab study, with the validity of the
process of medical record collection and adjudication confirmed through linkage of study
participants from Western Australia to state morbidity databases. The use of similar cohort
studies conducted in populations of different ethnicity ensures that findings observed in

both studies are relevant to a large percentage of the world population.

The modest response rate to the baseline and follow-up surveys is the major limitation of
the AusDiab study, with observed differences in the profile of the baseline cohort in
comparison to the total Australian population aged over 25 years.” Because of this, the
results from this study, despite it being population-based, are not necessarily representative

of the entire Australian population. In addition, the short length of follow-up of the cohort
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(five years for cardiovascular diseases, eight years for mortality) led to relatively low
numbers of these events and limited statistical power for stratified or sub-analyses
involving these outcomes. Because the AusDiab study was population-based with no over-
sampling of minority groups, separate analysis of outcomes in indigenous Australians and

other minority populations was not possible.

The baseline Mauritius NCD study was conducted almost 20 years ago. Therefore, the
prevalence and characteristics of the metabolic syndrome in that population may have since
changed. Furthermore, response to the five year follow-up in 1992 was 74.2%, which
although higher than that achieved in the AusDiab study, still means that this sample was

also population-based, but not necessarily representative of the entire Mauritian population.

The WHO definition of the metabolic syndrome suggests the use of a euglycaemic clamp,
which is not practical in large scale epidemiology studies for practical reasons. The bottom

quartile of HOMA%S was used as a surrogate to estimate insulin resistance.
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2.5 Ethical approval and consent to participate

The Mauritius NCD survey protocols were reviewed and approved by the Alfred
Healthcare Group Ethics Committee (Melbourne, Australia) as well as the Ministry of

Health, Mauritius.

The AusDiab study protocols were approved by the ethics committee of the International
Diabetes Institute (3/99, 3/2002). Additional ethical approval was received from the ethics
committee of the Australian Institute of Health and Welfare (AIHW) for matching of the

AusDiab cohort to the NDI.

Consent to access medical records from hospitals and general practitioners was obtained
from those participants in the AusDiab study who reported a cardiovascular disease event

during the previous five years at the follow-up study.

Approval for the research undertaken in the preparation of this thesis was obtained from the
Monash University Standing Committee on Ethics in Research Involving Humans

(SCERH) (2006/987MC).

Approvals for the work involved in the baseline and follow-up phases of the AusDiab
study, and the work involved in the preparation of this thesis are included in Appendix

5.1.2.

All participants provided informed, written consent to participate at each of the baseline

and follow-up AusDiab and Mauritius NCD studies.
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3 Results of original research

3.1 The metabolic syndrome in Australia

Cameron AJ, Magliano DJ, Zimmet PZ, Welborn T, Shaw JE. The Metabolic Syndrome
in Australia: Prevalence using four definitions.

Diabetes Res Clin Pract. 2007;77(3):471-478.
Introduction

An unfortunate side-effect of the introduction of successive definitions of the metabolic
syndrome is the inability of researchers and clinicians to know which is preferred. The
creation of a definition by the IDF in 2005 was intended to result in a format that
highlighted the importance of obesity in the development of the other abnormalities of the
metabolic syndrome, and could be used globally. This definition, therefore, was designed to
replace, rather than compete with, the three definitions published previously. It is important
to understand how new definitions compare with the old, and whether they indeed are
superior and not just new. Prior to this publication, little was known of how the IDF
definition would perform in real populations with regard to the prevalence and the
characteristics of those identified. For this reason, this research study had the explicit aim
of comparing the IDF definition with those published previously, acknowledging that the
EGIR and WHO definitions in particular were no longer regularly used in research or
clinical work. For a new definition to receive widespread support, it is in fact important that
such thorough comparisons are made. This work provides the first estimates of the
proportion of adult Australians who meet the criteria for the metabolic syndrome, adding to
previous work resulting from the AusDiab study that showed epidemic levels of obesity

and increasing levels of diabetes and pre-diabetes.
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Diabetes Res Clin Pract. 2007 Sep;77(3):471-8.

The metabolic syndrome in Australia: prevalence
using four definitions.

Cameron AJ, Magliano DJ, Zimmet PZ, Welborn T, Shaw JE.

International Diabetes Institute, 250 Kooyong Road, Caulfield, Melbourne, Victoria
3162, Australia.

OBJECTIVE: To compare the prevalence of the Metabolic Syndrome (MetS) defined
by four definitions and to determine which definition best identifies those at high
cardiovascular disease (CVD) risk and with insulin resistance. METHODS: AusDiab
is a population-based survey of 11,247 Australians. Participants had anthropometry,
blood pressure, and fasting biochemistry. Ten-year CVD risk was calculated.
RESULTS: The prevalence of the MetS using the ATPIII, WHO, IDF, and EGIR
definitions was 22.1% (95%CIl: 18.8, 25.4), 21.7% (19.0, 24.3), 30.7% (27.1, 34.3),
and 13.4% (11.8, 14.9), respectively. Comparing those with to those without the
MetS, the odds ratios (95%CI) for having a 10 year CVD risk > or =15% were 6.6
(5.4,8.2),5.5(4.7,6.5),5.6 (4.8, 6.6), and 3.5 (3.0, 4.1), for the WHO, ATPIII, IDF,
and EGIR definitions, respectively. The population attributable risk (PAR) of high
CVD risk due to the MetS was highest for the IDF (23.4%). Insulin resistance was
detected in 56.1, 69.7, 50.9, and 91.1% of those meeting the ATPIII, WHO, IDF, and
EGIR definitions, respectively. CONCLUSION: The WHO definition was associated
with the greatest CVD risk, but is not practical for clinical use. The higher PAR due to
the IDF definition, with only slightly lower CVD risk than WHO, and clinical utility
of the IDF definition, indicates that it may be a useful tool for CVD prevention.
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3.2 Obesity as a determinant of the metabolic syndrome

Cameron AJ, Boyko EJ, Sicree RA, Zimmet PZ, Soderberg S, Alberti KGMM,
Tuomilehto J, Chitson P, Shaw JE. Central obesity as a precursor to the Metabolic

Syndrome in the AusDiab study and Mauritius. Obesity. 2008, 16; 12, 2707-2716.
Introduction

Central obesity is widely acknowledged to be a key part of the pathogenic process resulting
in the abnormalities of the metabolic syndrome. The concern with which rates of childhood
and adolescent obesity are viewed is an implicit acknowledgement that the obesity seen in
children and young adults can have deleterious effects in later adulthood. Physiological
evidence linking obesity with the outcomes of the insulin resistance syndrome is growing,
even though the precise mechanisms involved are not entirely clear. Little evidence exists
from epidemiology studies, however, that obesity is actually a precursor to the development
of the component abnormalities of the metabolic syndrome, and does not simply develop
concurrently. The scarcity of studies addressing this question is likely to be due, at least in
part, to the lack of large-scale population studies that measure each of the components of
the metabolic syndrome at multiple time points. Both the AusDiab follow-up study and
studies conducted in Mauritius over three time points are an ideal setting to address this
question, utilising data drawn from three different ethnic groups. If central obesity were to
be shown to precede the development of the other components of the metabolic syndrome,
this would have significant implications for the interpretation of existing clinical
definitions. In particular, obesity would then be viewed not simply as one of multiple

component abnormalities, but as a precursor that, even in the absence of any other obvious
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metabolic deterioration, is a significant risk factor for future development of the metabolic
syndrome and its serious clinical consequences. Furthermore, such a finding would
emphasize the need for diabetes and cardiovascular disease prevention efforts to begin with
attention to the epidemic levels of obesity seen in many developed, and increasingly
developing nations. This research was explicitly designed to answer this important

question.
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Central obesity as a precursor to the metabolic
syndrome in the AusDiab study and Mauritius.

Cameron AJ, Boyko EJ, Sicree RA, Zimmet PZ, Sdderberg S, Alberti KG,
Tuomilehto J, Chitson P, Shaw JE.

Baker IDI Heart and Diabetes Institute, Melbourne, Victoria, Australia.
acameron@idi.org.au

Evidence from epidemiologic studies that central obesity precedes future metabolic
change and does not occur concurrently with the appearance of the blood pressure,
glucose, and lipid abnormalities that characterize the metabolic syndrome (MetS) has
been lacking. Longitudinal surveys were conducted in Mauritius in 1987, 1992, and
1998, and in Australia in 2000 and 2005 (AusDiab). This analysis included men and
women (aged > or = 25 years) in three cohorts: AusDiab 2000-2005 (n = 5,039),
Mauritius 1987-1992 (n = 2,849), and Mauritius 1987-1998 (n = 1,999). MetS
components included waist circumference, systolic blood pressure, fasting and 2-h
postload plasma glucose, high-density lipoprotein (HDL) cholesterol, triglycerides,
and homeostasis model assessment of insulin sensitivity (HOMA-S) (representing
insulin sensitivity). Linear regression was used to determine which baseline
components predicted deterioration in other MetS components over 5 years in
AusDiab and 5 and 11 years in Mauritius, adjusted for age, sex, and ethnic group.
Baseline waist circumference predicted deterioration (P < 0.01) in four of the other six
MetS variables tested in AusDiab, five of six in Mauritius 1987-1992, and four of six
in Mauritius 1987-1998. In contrast, an increase in waist circumference between
baseline and follow-up was only predicted by insulin sensitivity (HOMA-S) at
baseline, and only in one of the three cohorts. These results suggest that central
obesity plays a central role in the development of the MetS and appears to precede the
appearance of the other MetS components.
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3.3 Metabolic and other health consequences of obesity
Cameron AJ, Dunstan DW, Owen N, Zimmet PZ, Barr ELM, Tonkin AM, Magliano DJ,
Murray SM, Shaw JE Health and mortality consequences of obesity: evidence from the

AusDiab study. In press, Med J Aust.
Introduction

The baseline AusDiab study demonstrated that the prevalence of overweight and obesity
among adult Australians was around 60% in 1999-2000. The central place of obesity in the
most recent IDF definition of the metabolic syndrome is recognition of its importance to the
pathogenic process involved as well as the high risk for the metabolic syndrome and its
outcomes that it conveys. In Chapter 3.2, obesity was demonstrated to be a precursor to the
development of the other abnormalities of the metabolic syndrome. The completion of a
physical follow-up of the AusDiab cohort in 2004-2005, as well as the ongoing linkage of
the cohort to the National Death Index, allows for an assessment of the impact that the
epidemic obesity observed at baseline has had on health and mortality outcomes in this
cohort. The quantification of accurate risk estimates for the many outcomes associated with
overweight and obesity is required for the calculation of the burden of disease for which
they are responsible. Accurate risk estimates for many of the most important outcomes
associated with obesity had not previously been published for the Australian population.
Their calculation as part of this study will enable the more accurate assessment of the
financial and health effects of obesity on Australians. Furthermore, the demonstration that
overweight and obesity have multiple, serious negative health outcomes can be used as
evidence for the regulatory and societal changes required to prevent or reverse the epidemic

levels of obesity now apparent.
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Abstract

Objective: To provide an estimate of the morbidity and mortality due to abdominal

overweight and obesity in the Australian population.
Design and Setting: Prospective, national, population-based AusDiab study.
Patients, Participants: Men and women aged >25 years at study entry in 1999/2000.

Main Outcome Measure(s): Five year follow-up (2000 to 2005) for incident health
outcomes (type 2 diabetes, hypertension, dyslipidaemia, the metabolic syndrome and
cardiovascular diseases) and eight year mortality follow-up. Logistic and Cox-
proportional hazards regression was used to assess risk for incident health outcomes and
mortality among those classified as abdominally overweight or obese compared to those
with a normal waist circumference at baseline, and across quintiles of waist

circumference and (for mortality only) waist to hip ratio.

Results: Abdominal obesity was associated with odds ratios of between 2 and 5 for
incident type 2 diabetes, dyslipidaemia, hypertension and the metabolic syndrome. The
risk of myocardial infarction among the obese was similarly increased in men (HR =
2.75 (95%CI 1.08-7.03)), but not women (HR=1.43 (0.37-5.5)). Abdominal obesity-
related population attributable fractions for these outcomes ranged from 13% to 47%
and were highest for type 2 diabetes. No significant associations were observed between

all-cause mortality and increasing quintiles of abdominal obesity.

Conclusions: These findings confirm the considerably heightened risk conferred by
abdominal obesity for type 2 diabetes, the metabolic syndrome (as well as its
components) and cardiovascular disease, and provides important information with
which to more precisely estimate the burden of disease attributable to obesity in

Australia.
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Introduction

Reports from the national Australian Diabetes, Obesity and Lifestyle (AusDiab) Study
have previously been used to highlight the alarming levels of overweight and obesity
now prevalent among adult Australians.' Overweight and obesity are increasingly
common® and contribute significantly to multiple adverse health outcomes, including
type 2 diabetes, cardiovascular diseases (CVD), the metabolic syndrome, hypertension

and dyslipidaemia, as well as premature mortality.*®

An absence of country-specific relative risk data has been identified by the World
Health Organization (WHO) as a major limitation in the preparation of accurate
estimates of burden of disease. Follow-up of the AusDiab cohort has now allowed an
assessment of the strength of associations between abdominal obesity and each of type 2
diabetes, the metabolic syndrome and its components, myocardial infarction and all-

cause mortality among a contemporary national sample of Australian adults.

Methods

Survey population

The study methods for the AusDiab study have been described in detail elsewhere.”®
The AusDiab study was a nation-wide population-based stratified cluster survey of
11247 adults (44.9% men) aged >25 years in 1999-2000 (response was 55.3% of those
completing a household interview and estimated to be 37% of the eligible population).
In 2004-2005, 60.6% of the 10788 eligible participants returned for a follow-up
physical examination. After excluding participants aged >75 years (n=285) due to the
established lack of association between obesity and many health outcomes in the
elderly,’ as well as pregnant women (n=42), 6072 participants (54.7% women) were

available for analysis of incident diabetes, metabolic syndrome and its components.lo
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Responders to the follow-up physical examination were more likely than non-

responders to be non-smokers, tertiary educated, married and speak English at home.®

Survey methods

Waist circumference was measured twice, halfway between the lower border of the ribs
and the iliac crest on a horizontal plane. If measurements varied by >2 cm, a third was
taken. The mean of the two closest measurements was calculated. A 75g oral glucose
tolerance test (OGTT) was conducted at baseline and follow-up surveys in all non-
pregnant participants not using insulin or taking oral hypoglycaemic drugs. Biochemical
parameters, height, weight and blood pressure were measured as previously described.®

Diabetes was classified according to WHO criteria' " "2

and the metabolic syndrome
defined according to the International Diabetes Federation (IDF) definition."
Hypertension and cut-points for elevated triglycerides and low high-density lipoprotein
cholesterol (HDL-C) were as described in the IDF definition of the metabolic syndrome.
WHO waist circumference cut-points representing “increased” and “substantially
increased” risk of obesity-associated metabolic complications in Europids were used to
represent “overweight” (men 94cm; women 80cm) and “obesity” (men 102cm; women
88cm) respectively.14 One week recall of leisure-time physical activity was assessed via
the interviewer-administered Active Australia questionnaire, previously shown to have
good test-retest reliability.'> '® Self-reported television viewing time over the previous

week, smoking status and highest level of education achieved were assessed by

interviewer-administered questionnaire.
Myocardial infarction and mortality follow-up

Of the 10242 eligible participants aged <75 years at baseline, 8396 completed an
interviewer-administered CVD history questionnaire at the 2004-2005 physical
examination, or by telephone. Those who did not consent to medical record adjudication

or without complete myocardial infarction data (n=14) were excluded, leaving 8382
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(81.8% of those eligible) available for analysis of incident myocardial infarction.
Average follow-up time for myocardial infarction was 60.8 months, with 45 non-fatal

events occurring during the follow-up period.

Incident myocardial infarction was ascertained by physician adjudication of medical
records according to WHO/MONICA criteria for myocardial infarction'’, as previously

described.'® These methods have been validated against a hospital morbidity database.

18

Death was ascertained by linking the AusDiab cohort to the Australian National Death
Index (NDI), as described previously.'” The accuracy of the NDI for ascertainment of
vital status has been established.’ The follow-up period for all-cause mortality was to
the date of death or April 30, 2008, whichever occurred first. All those who died within
two years of the baseline survey were excluded (n=107). Average mortality follow-up

was 95.8 months, with 316 deaths occurring during the follow-up period.

AusDiab survey protocols were approved by the ethics committee of the International
Diabetes Institute, Monash University’s Standing Committee on Ethics in Research
involving Humans and the Australian Institute of Health and Welfare. Informed consent

was obtained from all participants.
Statistical methods

To test for linear trends in means and linear associations in proportions of baseline
characteristics among normal, overweight and obese groups, one-way ANOVA (with a
linear polynomial term) and chi-square tests for linear trend were used, respectively.
Age-adjusted logistic regression was used to calculate odds ratios (OR) for incident
diabetes, elevated triglycerides, hypertension, metabolic syndrome and reduced HDL-C,

comparing those classified at baseline as overweight and obese with normal, and for
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quintiles of waist circumference. The population attributable fraction (AF,), was

calculated for each gender using the following formula:*'
AF, = p(RR-1)/p(RR-1)+1

where p is the gender-specific proportion of obesity in the baseline AusDiab cohort'.
Risk ratios (RR) were estimated from the calculated odds and hazard ratios (HR) for
incident events using the method of Zhang and Yu**. Cox proportional hazard models
were used to estimate all-cause mortality HR for quintiles of waist circumference and
waist to hip ratio (included because it was shown in two other Australian cohorts to be

23,24
*“*and to

more strongly associated with mortality than was waist circumference)
estimate HR for myocardial infarction among those classified as overweight or obese
compared to normal. For mortality analyses, the lowest adjusted risk for mortality was
observed in the second quintile for waist to hip ratio. This group was therefore chosen
as the reference group, with the higher mortality risk in the first quintile most likely due
to weight-loss inducing conditions such as respiratory diseases and cancer.
Proportionality of hazards was assessed with log-log plots of the relative hazards by
time and Kaplan Meier plots of the observed versus predicted survival curves using

Stata 10 (StataCorp, College Station, Texas, USA). All other analyses were conducted

with SPSS 15.0 (SPSS Inc., Chicago IL, USA).

Results

Risk related to categories of abdominal obesity

Baseline physiological and demographic characteristics of the cohort stratified by
baseline waist circumference categories are presented in Table 1. Strong linear
associations (p<0.0001) were seen between abdominal obesity and education, physical
activity, television viewing, all lipid, glucose and blood pressure parameters, type 2

diabetes, the metabolic syndrome and history of CVD in both men and women.
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Abdominal obesity-related adjusted ORs for the development of various clinical
outcomes are shown in Figure 1. Among those classified as obese, compared to those
with a normal waist circumference, the risk of type 2 diabetes, dyslipidaemia,
hypertension and the metabolic syndrome was increased by between 2 to 5 times in
women and men. The risk of myocardial infarction was similarly increased in men (HR
=2.75 (95%CI 1.08 — 7.03), p=0.035), but not women (HR=1.43 (95%CI 0.37 —5.5),
p>0.05). Those with waist circumference in the overweight range were at increased risk
of the metabolic syndrome and its three components (hypertension, elevated
triglycerides and low HDL-C). Risk for type 2 diabetes in men only, and myocardial
infarction in women only was increased in the overweight, however this did not reach
statistical significance. Since a larger cohort was available for analysis of myocardial
infarction than other outcomes, we repeated this analysis after excluding those who only
participated in the phone based follow-up of myocardial infarction (n=2069; 13/45
myocardial infarction events). HRs for overweight and obesity were 1.77 (0.3-10.6) and

2.06 (0.4-9.9) in women and 0.7(0.2-2.6) and 1.9 (0.7-5.1) in men (all p>0.05).
Risk over the range of waist circumference

To assess risk over the continuum of waist circumference, odds ratios for incident type
2 diabetes, the metabolic syndrome, hypertension and dyslipidaemia were plotted
against quintiles of waist circumference. Myocardial infarction was not included
because of the small number of cases in each gender-specific waist quintile. Increases in
risk begin below the cut-point for overweight (Figure 2), with statistically significant
increases in the odds of all outcomes in men, and elevated triglycerides, reduced HDL-
C and the metabolic syndrome in women being observed by the second quintile of waist

circumference (73.7-80.3cm in women; 88.2-94.2cm in men).

Mortality risk related to abdominal obesity
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HRs for all-cause mortality over eight years of follow-up were plotted against quintiles
of waist circumference and waist to hip ratio, adjusted for age, history of CVD, non-
skin cancer and smoking status (Figure 3). Even though a weak J-shaped relationship
between increasing levels of obesity and mortality was evident for waist to hip ratio in
women, this did not reach statistical significance in any quintile. No trend of increasing
risk of death with increasing obesity was evident for waist circumference in women, or
either measure in men. Similar results were obtained after excluding smokers and those
reporting a history of CVD or cancer; or when deaths in only the first year (rather than

two years) of follow-up were excluded or when no deaths were excluded.
Obesity-related population attributable fraction

The obesity-related population attributable fraction was estimated for each non-fatal
outcome. This was highest for type 2 diabetes (47.4% in men, 38% in women), similar
for elevated triglycerides, reduced HDL-C and hypertension (all >30% in women and
around 17% in men), and for myocardial infarction was higher in men compared with

women (31.9% vs. 12.8%).

[Note: Results for Figure 1, as well as the risk per unit of BMI and per cm of waist

circumference, are provided in tabular form as an online appendix]

Discussion

These findings provide further evidence of the serious negative health effects resulting
from the high and increasing rates of overweight and obesity in Australia. Previous
reports from the AusDiab study revealed that in 2000, 60% of adult Australians were
overweight or obese', with the prevalence of obesity in Australia among the highest of
any developed country.”® Follow-up of the AusDiab cohort has now allowed us to report
on the impact of what has been described as an obesity epidemic. The results presented

here confirm that abdominal overweight, and more particularly obesity, are significant
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risk factors for multiple negative health outcomes, and demonstrate the serious health

consequences of the obesogenic environment in which we live.

We could not fully cover the spectrum of ill-health associated with obesity, with several
conditions including osteoarthritis, cancers, chronic obstructive pulmonary disease
(COPD), gall bladder disease, sleep apnoea and depression not assessed in the AusDiab
study.®?® We do however include four of the top five conditions for which obesity
resulted in disability adjusted life years lost in the 1996 Australian Burden of Disease
Study.”’ Indeed, CVD, hypertension and type 2 diabetes were responsible for 68% of
the obesity-related burden of disease. A recent report estimated the annual direct and
indirect financial costs of obesity in Australia to be AUD$3.8 billion, with over half of
this borne by Government and society.”®

A WHO report into the consequences of obesity highlighted a lack of relative risk data
as a major evidence gap preventing more accurate burden of disease estimates.?
Obesity-related risk is related to the demographic, behavioural and biomedical risk
factor profile of the population, which differs between countries and over time. It is
therefore difficult to extrapolate estimates from other populations to the Australian
situation. The results presented here help to address this identified evidence gap, and are
the first estimates of obesity-related relative risk for these conditions from a national
Australian sample. Furthermore, they provide valuable evidence with which to more
precisely calculate the total economic and health burden attributable to obesity , and to

inform initiatives for addressing the already high levels of obesity present in Australia.

The population attributable fraction estimates presented require careful interpretation.
These figures effectively compare the incidence observed in the AusDiab sample with a
hypothetical population in which obesity is totally absent. Since no intervention
currently exists to eliminate obesity, they must be thought of as purely theoretical.”’

Indeed, national obesity rates have not fallen through the use of targeted interventions in
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any country.”® A more detailed case study of the impact of obesity reduction
interventions is obviously required. The risk estimates presented here will help to

inform such endeavours in the Australian context.

Although body mass index (BMI) is the most frequently reported index of obesity, and a
measure routinely used in WHO obesity surveillance initiatives, the recently announced
Australian national obesity campaign (“Measure Up”) is based on the promotion of
waist circumference measurement to identify obesity.’' Waist circumference is easily
measured and has been shown to be both a better indicator of abdominal adiposity as

2 2 .
1.>-2%32 Evidence based

well as a stronger predictor of many health outcomes than is BM
cut-points for waist-circumference in different ethnic groups are lacking, and therefore
those used in this report are appropriate only for Europid populations. For comparative
purposes, analyses using BMI to categorize obesity are presented in an online appendix.
Waist to hip ratio has been included in the analysis of mortality because it has been
shown in two other population-based Australian cohorts to be more closely associated

23-24 This trend was also present in the

with mortality than was waist circumference.
AusDiab cohort, even though the increased hazard ratios did not reach statistical

significance, most likely due to a follow-up period of only eight years.

It is important to interpret this work in the context of the inherent limitations of the
survey. Firstly, the risks associated with lesser degrees of overweight and obesity,
particularly for myocardial infarction and mortality, may not become apparent without
considerably longer follow-up than the five years (and eight years for mortality) used
here. Other appropriately conducted and analysed studies with longer follow-up and
more deaths have shown a strong and independent relationship between abdominal
obesity and mortality.**** ** Secondly, non-response to the baseline and follow-up

surveys means that the results are from a population-based, but not necessarily
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representative sample of Australians. Finally, due to small numbers of indigenous

Australians in the sample, obesity-related risks for this population cannot be estimated.

Previous reports from AusDiab have demonstrated strong associations between
abdominal obesity and time spent in both physical activity and television viewing', as
well as the effects of these behaviours and sedentary time on markers of cardio-
metabolic risk.>>>’ To address the obesity epidemic will require environmental and
policy initiatives that provide realistic and achievable opportunities for Australians to be
more active, to avoid too much time spent sitting and to avoid obesogenic food
environments.*® A recent report from the Obesity Working Group of the Australian
National Preventative Health Taskforce has highlighted the multi-sectoral approach

required to achieve the goal of preventing unhealthy weight gain in Australia.”
Conclusions

Follow up of the AusDiab cohort over five years has allowed us to simultaneously
assess the impact of obesity on multiple health outcomes in adult Australians. We have
confirmed here the considerably heightened risk for type 2 diabetes, the metabolic
syndrome, hypertension, dyslipidaemia and CVD associated with abdominal obesity.
This work now allows more precise estimation of the total financial and health burden
attributable to obesity in Australia, and more accurate assessment of the impact of
obesity prevention initiatives. Furthermore, it provides evidence with which to advocate
for the environmental, policy and behavioural changes required to address obesity in

this country.
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Table 1: Cross-sectional associations of health and demographic characteristics with gender and waist circumference categories at
baseline among non-pregnant adults aged <75 years who attended both baseline (1999-2000) and follow-up (2004-2005) AusDiab surveys
and had waist circumference data.

V.

Waist category
Women Men

AL womn e oo ChnedT T obee T Nome Ot O
n 6072 3321 2751 1336 783 1202 1100 794 857
Age (years) 50.5(11.7) 50.3 (11.7) 50.9 (11.8) 46.9 (11.5) 51(11.2) 53.6 (11.3)T 48 (11.8) 52.3(11.4) 53.2 (11.2)f
BMI (kg/m?) 26.9 (4.9) 26.7 (5.5) 272 (4) 22.5(2.3) 26 (2.4) 31.9 (5.)f 24.1 (2.2) 27 (2) 31.3 (3.5)F
Weight (kg) 76.9 (16) 70.7 (14.9) 84.4 (13.9) 59.4 (6.9) 68.8 (6.8) 84.5 (13.9)F 74 (8.1) 83.8(7.4) 98.2 (12.5)F
Waist circumference (cm) 90.5 (13.8) 84.9 (13.3) 97.2 (11.1) 72.8 (4.6) 83.8(2.3) 99.2 (9.5)F 87(5.2) 97.6 (2.2) 110.1 (7.5)1
Hip circumference (cm) 104.8 (9.8) 105.3 (11.3) 104.3 (7.5) 96.8 (5.8) 104.1 (5.5) 115.4 (10.7)F 98.8 (4.7) 104.2 (4.1) 111.3 (6.8)F
Serum HDL-C (mmol/L) 1.4 (0.4) 1.6 (0.4) 1.3(0.3) 1.7 (0.4) 1.6 (0.4) 1.4 (0.3)1 1.4 (0.3) 1.2 (0.3) 1.1 (0.3)}
Serum triglycerides (mmol/L)' 1.3(1.8) 1.2 (1.7) 1.4 (1.8) 0.9 (1.6) 1.2 (1.6) 1.6 (L.7)T 1.2 (1.7) 1.5 (1.7) 1.8 (L.7)T
Fasting plasma glucose (mmol/L)" 5.5(1.2) 53(1.2) 57(01.2) 5.1(1.1) 53(.1) 5.7 (1.2)F 5.5(1.1) 5.6 (1.1) 5.9 (1.2)f
2hr plasma glucose (mmol/L)' 5.9(1.4) 5.9(1.3) 5.8(1.4) 5.3(L.3) 5.9(1.3) 6.7 (1.4)T 5.4 (1.4) 5.8(1.4) 6.4 (1.4)T
Metabolic syndrome (IDF definition %) 33 27.9 39.2 0 28.1 59.3% 0.8 55 74.1%
Diabetes (%) 6.5 5.4 7.7 1.4 2.7 12.17 3.7 6.3 14.8%
Hypertension (%)’ 29.6 26.7 33.1 12.9 25.3 43.17 20.9 34.8 46.7%
Systolic blood pressure (mmHg) 128.1 (17.4) 125.2 (17.8) 131.7 (16.1) 118.5 (15.4) 125.7(16.7)  132.3(18.2)f  127.2(15.2) 132.8 (15.9) 136.4 (16)t
Diastolic blood pressure (mmHg) 70.3 (11.6) 66.5 (10.9) 74.9 (10.7) 64.2 (10.4) 66.7 (10.1) 69 (11.4)t 72 (10.4) 75.5(10.6) 78 (10.1)f
Previous CVD* 6.2 44 8.4 2.8 2.2 7.6 5 9.3 1.7+
Current smoker (%) 11.9 10.4 13.8 10.8 8.9 11 14.3 13.5 13.2
Tertiary education (%)’ 41.6 37.2 46.8 43.8 35.6 30.9t 53.3 44.8 40.6F
TV viewing (hours/wk) 12.5(9.2) 11.8(9) 13.3(9.4) 10.2 (8) 11.6 (9) 13.7 (9.5)1 12 (8.9) 13.1 (8.6) 15 (10.5)F
Physical activity (hours/wk) 4.7(5.5) 4(4.9) 5.5(6.1) 4.6 (5.2) 4.1(5) 3.3 (4.4)F 6.4 (6.6) 5.2(5.6) 4.8 (5.9)F

Data are:
!'Geometric mean and standard deviation

? Diabetes based on WHO criteria, includes previously and newly diagnosed diabetes, excludes type 1 diabetes
* Hypertension defined as blood pressure greater than 130/85mmHg or on medication for hypertension

* Previous cardiovascular disease (CVD) includes self-reported stroke, heart attack or angina
> Higher education defined as education beyond high school (university or technical and further education)

T p<0.0001 (test for linear trend)
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Table 2. Estimated fraction of incident outcomes that would not have occurred in
the AusDiab population if no obesity was present (Population Attributable
Fraction, AFp).

Estimated RR' AF,
Women Men Women Men
Type 2 Diabetes 3.6 33 47.4 38.0
Elevated triglycerides 32 1.7 43.1 16.7
Reduced HDL 2.3 1.8 30.3 17.5
Hypertension 2.6 1.8 355 17.0
Myocardial infarction 1.4 2.7 12.8 31.9

T Risk ratio (RR) estimated from observed odds ratios and hazard ratios (Figure 1) using the
method of Zhang and Yu.*” These are presented because the calculation of AF, is based on RR,
not odds or hazard ratios.”'

Cut points: HDL-C <1.0 mmol/l (M), <1.3 mmol/l (F); Triglycerides >1.7 mmol/l; Hypertension
defined as >140/90 mmHg or reporting antihypertensive use.

HDL-C — high density lipoprotein cholesterol.
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Odds/Hazard Ratio

Odds/Hazard Ratio

Figure 1. Gender-specific, adjusted odds/hazard ratios' among Australian adults

aged 25 to 75 years for the development of various clinical outcomes over five

years in those classified as obese and overweight using waist circumference at

baseline, compared to those with a normal waist circumference at baseline.
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'0dds ratios for all outcomes, with the exception of myocardial infarction for which hazard
ratios are reported. Analysis adjusted for age and smoking status (current or ex/never), and in
the case of myocardial infarction, self-reported history of cardiovascular disease.

*Metabolic Syndrome defined as >2 of the non-obesity components of the International Diabetes
Federation definition."

Cut points: HDL <1.0 mmol/l (M), <1.3 mmol/I (F); Triglycerides >1.7mmol/l; Hypertension
defined as >140/90 mmHg or reporting antihypertensive use.

HDL - high density lipoprotein cholesterol.
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Figure 2. Gender-specific, adjusted odds ratios' for the development of various
clinical outcomes and biomedical markers of cardiometabolic risk over five years
by quintiles of waist circumference* at baseline among Australian adults aged 25 to

75 years.
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"Analysis adjusted for age and smoking status (current or ex/never).

*Quintiles of waist circumference (cm.) — Women: 1 (<73.7); 2 (73.7-80.3); 3 (80.4-87.0); 4
(87.1-96.2); 5 (>96.2). Men: 1 (<88.2); 2 (88.2-94.2); 3 (94.3-99.3); 4 (99.4-106.2); 5 (>106.2).

Cut points: HDL <1.0 mmol/l (M), <1.3 mmol/I (F); Triglycerides >1.7mmol/l; Hypertension
defined as >140/90 mmHg or reporting antihypertensive use. Metabolic Syndrome defined as
>2 of the non-obesity components of the International Diabetes Federation definition."

HDL — high density lipoprotein cholesterol.
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Figure 3. Adjusted hazard ratios and 95% confidence intervals' for all-cause
mortality over eight years according to quintiles of baseline waist to hip ratio and

waist circumference in Australian adults aged 25 to 75 years.
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Adjusted for age, self-reported history of cardiovascular disease (either angina, myocardial
infarction or stroke), self-reported cancer (excluding skin cancer) and smoking status (current
smoker vs. ex/never smoker). Those who died within two years of attending the baseline survey
excluded from analysis.

*Quintiles of waist circumference (cm.) — Women: 1 (<73.7); 2 (73.7-80.3); 3 (80.4-87.0); 4
(87.1-96.2); 5 (>96.2). Men: 1 (<88.2); 2 (88.2-94.2); 3 (94.3-99.3); 4 (99.4-106.2); 5 (>106.2).
Quintiles of waist to hip ratio — Women: 1 (<0.75); 2 (0.75-0.79); 3 (0.80-0.82); 4 (0.83-0.87);
5 (>0.87). Men: 1 (<0.88); 2 (0.88-0.91); 3 (0.92-0.95); 4 (0.96-0.99); 5 (>0.99).
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Appendix 1. Gender-specific, adjusted odds/hazard ratios’ among Australian

adults aged 25 to 75 years for the development of various clinical outcomes over

five years in those classified as obese and overweight at baseline compared to those

who at baseline had a normal waist circumference and BMI respectively, and per

unit of BMI or per cm. of waist circumference. [To be published online only]

OR/HR for overweight and obese compared to normal, and per cm. of waist
circumference or per unit of BMI

Waist circumference BMI
Men Women Men Women

Overweight 1.7 (0.9,3.0) 0.9 (0.4,1.8) 2.1(1.1,3.8) 1.6 (1.0,2.8)

Diabetes Obese 3.5(2.1,5.9) 3.8(2.3,6.3) 5.1(2.8,9.5) 3.6 (2.2,6.0)
Per ci/BMI unit  1.06 (1.04,1.08)  1.05(1.03,1.06)  1.17(1.12,1.23)  1.11 (1.07,1.14)

Elevated Overweight 2.3(1.7,3.1) 2.2(1.6,3.1) 2.3(1.7,3.0) 2.9 (2.1,3.9)

triglycerides Obese 2.1(1.5,2.8) 4.0 (3.0,5.4) 2.4 (1.7,3.5) 3.6 (2.6,5.0)
Per c/BMI unit  1.03 (1.02,1.04)  1.05(1.04,1.05)  1.08 (1.05,1.11)  1.09 (1.07,1.11)

Overweight 1.6 (1.1,2.1) 1.9(1.4,2.7) 1.5(1.1,2.1) 2.1(1.6,2.8)

Hypertension Obese 2.1(1.5,3.0) 33(24,44) 3.5(2.3,5.2) 4.4 (3.1,6.2)
Per c/BMI unit  1.04 (1.02,1.05)  1.04 (1.03,1.05)  1.12(1.07,1.16)  1.11 (1.09,1.14)

Metabolic Overweight 2.6 (1.9,3.6) 2.4(1.7,3.3) 2.2(1.6,2.9) 2.6 (1.9,3.5)

Syndrome Obese 3.0(2.1,4.3) 4.7 (3.5,6.4) 4.0 (2.6,6.0) 4.4(3.2,6.2)
Per ci/BMI unit  1.05 (1.04,1.07)  1.06 (1.05,1.07)  1.14(1.10,1.19)  1.13 (1.10,1.16)

Reduced Overweight 1.7 (1.3,2.5) 1.8 (1.3,2.5) 2.0(1.4,2.7) 1.6 (1.2,2.2)

HDL Obese 2.0 (1.4,2.7) 2.6 (1.9,3.6) 1.9 (1.3,2.9) 2.0 (1.4,2.8)
Per c/BMI unit  1.02 (1.01,1.04)  1.03 (1.02,1.04) 1.06 (1.03,1.1) 1.07 (1.04,1.09)

. Overweight 1.1(0.4,3.4) 1.5 (0.3,6.6) 2.9 (0.8,9.9) 1.8 (0.5,7.3)

Myocardial

Infarction Obese 2.8 (1.1,7.0) 1.4 (0.4,5.5) 4.7(1.3,17.1) 2.5(0.6,9.9)

Per cm/BMI unit  1.03 (1.00,1.06)  1.04 (1.00,1.07)  1.10(1.02,1.18)  1.07 (0.99,1.16)

Odds ratios for all outcomes, with the exception of myocardial infarction for which hazard
ratios are reported. Analysis adjusted for age and smoking status (current or ex/never), and in
the case of myocardial infarction, self-reported history of cardiovascular disease.

*Metabolic Syndrome defined as >2 of the non-obesity components of the International Diabetes
Federation definition."”

Cut points: HDL <1.0 mmol/l (M), <1.3 mmol/l (F); Triglycerides >1.7mmol/l; Hypertension
defined as >130/85 mmHg or reporting antihypertensive use.

HDL-C - high density lipoprotein cholesterol.
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3.4 Validity of ethnicity specific cut-points for obesity used in the

metabolic syndrome

Cameron AJ, Zimmet PZ, Alberti KGMM, Sicree RA, Tonkin AM, Balkau B, Tuomilehto
J, Chitson P, Shaw JE. Cut-points for waist circumference in Europids and South Asians.

Submitted, The Lancet.
Introduction

The introduction of cut-points for waist circumference specific to particular population
groups in the IDF definition (and later in revisions of the ATPIII definition) of the
metabolic syndrome was an acknowledgement that the metabolic syndrome is a global tool
that should be applicable to all populations. Unfortunately, the evidence base available for
the selection of appropriate waist cut-points for different ethnic groups was not substantial,
and the cut-points chosen did not necessarily reflect differences in the risk for common
outcomes of the metabolic syndrome such as type 2 diabetes and cardiovascular diseases. In
particular, little evidence existed from population-based longitudinal research studies of
non-Caucasian populations. This study was designed to address this question through
examination of the relationship between waist circumference levels and incident type 2
diabetes in the Caucasian AusDiab cohort, and South Asian participants from the Mauritius

studies.

Almost universally, previous studies attempting to define optimal waist circumference cut-
points (in both Caucasian and non-Caucasian populations) have been cross-sectional in
design, and have relied on analytic techniques that identify the optimal combination of
sensitivity and specificity on receiver operating characteristic (ROC) curves. This study

was used as an opportunity to address the analytic flaws inherent in the use of ROC curves
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for this purpose through demonstration of the link between optimal waist cut-points chosen

and the underlying prevalence of obesity in the population.
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Abstract

Background:

Differences in waist circumference cut-points for different ethnic groups reflect the
higher risk of obesity-related outcomes at a given level of adiposity in certain ethnic
groups. However, little evidence exists as to whether currently recommended Europid
and South Asian cut-points for waist circumference are in fact associated with similar

degrees of risk for type 2 diabetes. We sought to provide such evidence.
Methods:

Data were from 5515 Europid participants in the Australian AusDiab study (2000-2005)
and 2214 ethnically South Asian participants in the Mauritius Non-Communicable
Disease Study (1987-1992). Age-standardized diabetes incidence per cm of waist
circumference was calculated and the Youden Index used to calculate waist

circumference cut-points.
Findings:

At currently recommended cut-points (80 cm in South Asian and Europid women, 90
cm and 94 cm in South Asian and Europid men respectively), estimated annual diabetes
incidence for a 50 year old Europid was < 0-6% for both sexes, and for a 50 year old
South Asian, 5:3% for men and 2-2% for women. Annual diabetes incidence of 1% was
observed for a 50 year old at a waist circumference approximately 40 cm greater in
Europids compared to South Asians for both men (103 ¢m vs. 63 cm) and women (99

cmyvs. 61 cm).

Waist circumference cut-points chosen by maximizing the Youden Index were shown to

be dependent on the underlying level of obesity in the population.
Interpretation:

Based on considerably greater five-year risk of diabetes in South Asians compared to
Europids at current waist circumference cut-points, the difference between cut-points in
these ethnic groups should be greater. Approaches that select waist circumference cut-

points using the Youden index are inappropriate and should not be used for this

purpose.
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Introduction

The continuing rise in the proportion of adults who are overweight and obese observed
in most developed countries over the past three decades is now also being seen in
developing countries.! The increasing global burden of chronic non-communicable
diseases has been described as setting the agenda for global public health, with
pandemics of obesity and type 2 diabetes threatening progress toward achievement of
the Millennium Development Goals.” Obesity is associated with an increased risk of
many diseases including type 2 diabetes, cardiovascular diseases and several cancers as
well as premature mortality,” and is a precursor to the development of the components
of the metabolic syndrome.® Because obesity is modifiable and often occurs many years
before the development of the associated negative health outcomes, it is an ideal target

for chronic disease prevention.

Increasingly, abdominal obesity has been shown to be a stronger indicator of associated
risk than overall body fatness as measured by the body mass index (BMI).I’ ™ Waist
circumference is easily determined and the most commonly used and valid surrogate
measure of abdominal adiposity. Evidence-based cut-points for abdominal obesity are

therefore important for both clinical and public health uses.

The cut-points of waist circumference for overweight and obesity recommended by the
World Health Organization (WHO) (men 94/102 cm; women 80/88 cm)' were those
statistically corresponding to a BMI of 25 and 30 kg/mz, respectively in a small study
involving a largely Europid population.10 Specific cut-points for other ethnic groups
have been published by some organizations,'' but not the WHO. A large number of
studies have attempted to define waist circumference cut-points related to ethnicity,
mostly using approaches based on Receiver Operating Characteristic (ROC) curves.

Little evidence exists from longitudinal studies with incident outcomes such as type 2
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diabetes and cardiovascular disease. Despite an abundance of reports from cross-
sectional studies, there remains a need for evidence to inform waist circumference cut-

points in different ethnic groups.12’ 13

Using data from two national, longitudinal cohort studies, our primary aim was to
determine whether differences in currently recommended waist circumference cut-
points between Europids and South Asians are an adequate reflection of the differences
in risk for incident type 2 diabetes related to obesity between the two populations. We

compared the following between the two populations:

1. The incidence of diabetes at currently recommended waist circumference cut-
points.

2. The waist circumference at which the age-adjusted annual incidence of diabetes
is 1%. This method compares the two populations at a fixed level of absolute
risk.

3. The waist circumference at which diabetes incidence increases by 50%, 100%
and 200% above that observed for the 10™ percentile of waist circumference.
This method compares the two populations at fixed levels of relative risk.

4. The age and waist circumference profile of those who developed diabetes in the

two populations.

Finally, we assessed if determination of waist circumference cut-points by the Youden
index (the waist circumference at which sensitivity + specificity for incident diabetes is

maximized) was affected by the prevalence of obesity in the population.
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Methods and Procedures

Population-based surveys

The study methods and response rates for both the AusDiab and Mauritius surveys have

been described in detail elsewhere.'* 1

The AusDiab study was a nation-wide population-based stratified cluster survey of
11247 Australian adults (45% men) aged >25 years in 1999-2000. The response rate
was 55% of those completing a household interview, estimated to be 37% of the eligible
population. In 2004-2005, 59% (n=6400) of the 10788 eligible participants returned for

a follow-up physical examination.

The Mauritius non-communicable disease survey began in 1987 and included all
persons aged >25 years living in 10 randomly selected population clusters and a
purposely selected area of Chinatown in Port Louis. Response rate was 80% (n=5083).

Of those surviving and eligible, 74% (3771) were followed up in 1992.

Survey procedures

Those individuals with diabetes at baseline, pregnant women and those without data on
waist circumference or diabetes status at baseline or follow-up were excluded from all
analyses. Only those defined as having Europid ancestry in AusDiab, and South Asian
ancestry in Mauritius were included. Ancestry was based on country of birth and
language spoken at home in the AusDiab study, and self-reported ethnicity in Mauritius
(Chinese, Creole or South Asian). After exclusions, the number available for
longitudinal analyses in Mauritius 1987 to 1992 was 2214; and in AusDiab from 2000

to 2005, 5515.
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In both studies, and at both time points, a 75g oral glucose tolerance test (OGTT) was
performed on all non-pregnant participants, except those taking insulin or oral
antidiabetic drugs. For the purpose of this report, diabetes was classified according to

the WHO criteria.'¢

Biochemical measures and blood pressure for all surveys were obtained as previously
described.'” '® In the AusDiab study, waist circumference was measured mid-way
between the lower border of the ribs and the iliac crest on a horizontal plane. In
Mauritius, waist circumference was measured as the minimum value of the horizontal
plane between the xiphisternum and umbilicus.'® In both surveys, two measurements to
the nearest 0-5 cm were recorded. If the measurements varied by more than 2 cm, a
third measurement was taken and the mean of the two closest measurements calculated.
The AusDiab survey protocols were approved by the Ethics Committee of the
International Diabetes Institute and the Monash University Standing Committee on
Ethics in Research involving Humans (SCERH). The Mauritius survey protocols were
reviewed and approved by the Alfred Healthcare Group Ethics Committee (Melbourne,
Australia) as well as the Ministry of Health, Mauritius. Informed consent was obtained

from all participants.
Statistical Analysis

Statistical analysis used SPSS 15-0 (SPSS Inc., Chicago IL, USA). Means (+=SD) or
proportions of various physical and demographic characteristics were calculated.
Geometric means and geometric standard deviations were calculated for skewed
variables (triglycerides, fasting and 2-hour post load plasma glucose). Gender- and
population-specific logistic regression adjusted for age and age squared was used to
estimate diabetes incidence for a 40, 50 and 60 year old, at 1 cm intervals of waist
circumference. Improvement in the model after inclusion of a waist squared term was

tested using a post-estimation likelihood ratio test. A similar logistic regression
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including interaction terms of waist circumference and both sex and ethnicity was
modelled in a dataset including participants from both surveys. The 10" percentile of
waist circumference and the diabetes incidence for a 50 year old at this waist
circumference were calculated for men and women in both populations. The waist
circumference at which diabetes incidence was 50%, 100% and 200% greater than that
seen at the 10" percentile of waist circumference was calculated in order to assess the
strength of the relationship between waist circumference and diabetes in each
population.

ROC curves for the prediction of diabetes were constructed and the waist circumference
that maximised the sum of sensitivity and specificity (the Youden Index) calculated."’
To assess the impact of the prevalence of obesity on the value of the Youden Index,
ethnically and culturally similar populations with differing levels of obesity were
required. Two approaches were used. Firstly, cut-points were calculated for prevalent
diabetes (screen detected and diagnosed) in the 1987 and 1992 Mauritius surveys,
regarded as separate cross-sectional surveys, and only including those who attended
both surveys. The cohort attending the two Mauritius surveys was chosen because of the
sharp increase in obesity levels between 1987 and 1992. Secondly, cut-points were
calculated from two cohorts with “high” and “low” average waist circumference created
from Europids in the AusDiab cohort. This was done by random selection of individuals
within each decile of waist circumference, with the proportion included in the “high”
cohort increasing from 30% of the lowest decile to 75% of the highest decile (and vice

versa for the “low” cohort).

Role of the funding source
The study sponsors had no role in study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the decision to submit the paper

for publication.
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Results

The baseline physical and demographic characteristics of those who attended both
surveys in the AusDiab and Mauritius studies are shown in Table 1. At baseline,
Europid subjects from AusDiab were on average older, and had higher BMI, waist
circumference, fasting plasma glucose and systolic blood pressure levels and a higher
percentage reported tertiary education. Mean waist circumference was 19 cm greater in
Europid than South Asian men (97 cm vs 78 cm) and 11 cm greater in Europid than
South Asian women (84 cm vs 73 ¢cm). Smoking was more common in men than

women, and strikingly so among South Asians (56:8% in men vs. 1-4% in women).
[Insert Table 1 here]

Relationship between waist circumference and diabetes

Five year diabetes incidence was 3-8% (n=210) among Europid AusDiab participants,
and 9-4% (208) in South Asian participants in the Mauritius study. Models predicting
incident diabetes did not improve following the inclusion of a waist squared term
(p>0-05) for either the South Asian or Europid populations (or in a combined dataset),
suggesting a log-linear relationship between waist circumference and diabetes. In a
combined dataset containing cases from both studies, interactions of waist
circumference and sex and of waist circumference and ethnicity were not statistically
significant (p>0-05). Relative to annual diabetes incidence at the 10* percentile of waist
circumference (0-96% and 1-27% in South Asian women and men respectively, 0-25%
and 0-35% in Europid women and men respectively), the increment in centimetres of
waist circumference over which incidence increased by 50%, 100% and 200% was
identical for Europid and South Asian women (9 cm, 15 cm and 24 cm respectively). In
men, diabetes incidence increased by 50%, 100% and 200% over 7 cm, 12 cm and 20
cm in Europids and 6 cm, 10 cm and 17 cm in South Asians. The similar relationship

between diabetes incidence and waist circumference in these populations is also
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reflected in similar age- and sex-adjusted odds ratios of developing diabetes (1-:05/ cm

of waist circumference in Europids and 1-:06/ cm in South Asians).

Difference in age-adjusted risk

Five-year incidence of diabetes (for a 50 year old) was higher among South Asian men
and women at any level of waist circumference (Figures la and 1b), with a 1% annual
incidence of diabetes occurring at a waist circumference approximately 40 cm greater in
Europids compared to South Asians for both men (103 ¢m vs. 63 cm) and women (99
cm vs. 61 cm). Similar results were observed when the relationship was modelled for a

40 or 60 year old respectively.

Risk at currently recommended cut-points

At the currently recommended waist circumference cut-points (94 cm and 90 cm in
Europid and South Asian men respectively; 80 cm in both Europid and South Asian
women), estimated annual diabetes incidence for a 50 year old was 0-6% and 0-4% in
Europid men and women, respectively, and 6:3% and 2:4% in South Asian men and
women, respectively. The magnitude of difference was similar when the relationship

was modelled for a 40 or 60 year old respectively.

Waist circumference and age profile of those developing diabetes

The 210 Europid participants who developed diabetes over five years were on average
older (mean age 54 and 57 years for women and men respectively) and with a larger
waist circumference (mean 93 cm and 104 cm for women and men respectively) than
their 208 South Asian counterparts (mean age 44 years and 47 years; mean waist 83 cm

and 79 cm for women and men respectively).
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Effect of obesity prevalence on the Youden Index
To determine whether cut-points based on maximizing the Youden Index are affected
by the prevalence of obesity in the population, we calculated such cut-points among

ethnically and culturally similar populations with differing levels of abdominal obesity.

Figure 2a shows the mean waist circumference and cut-points calculated from the 1987
and 1992 Mauritius surveys, analysed cross-sectionally with the outcome of prevalent
diabetes. Obesity levels and the corresponding cut-points identified were considerably

greater in the 1992 cohort.

Figure 2b (using the 1999/2000 AusDiab survey for cross-sectional analysis)
demonstrates that both the mean waist circumference and “optimal” cut-points
calculated were greater in the sub-group selected to have higher average waist

circumference than among those with lower average waist circumference.

Discussion

These results demonstrate that the difference between recommended waist
circumference cut-points in Europid and South Asian populations (4 cm in men, no
difference in women) does not lead to similar diabetes risk at the cut-points. High risk
for diabetes in the South Asian population studied was observed at what have been
traditionally regarded as normal waist circumference values (even for this ethnic group),
suggesting that waist circumference cut-points in South Asians should be lower than

currently recommended, for both men and women.

Our observations add to the accumulated evidence suggesting that people of South
Asian ancestry develop risk factors for cardiovascular disease and type 2 diabetes at

lower levels of waist circumference than Europids.*’
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Should the Youden Index/ROC curves be used to determine waist circumference

cut-points?

Approaches based on ROC curve analyses have been used almost exclusively in studies
aiming to choose waist circumference cut-points in different ethnic groups, although a
few studies have used other methods.”' Maximizing the Youden Index'® has been
recommended to determine an “optimal” point on a ROC curve, minimising the impact
of the prevalence of the outcome while obtaining the cut-point with the optimal (equally

weighted) combination of sensitivity and specificity.*

A serious, and largely ignored, limitation of the Youden Index for the selection of
“optimal” waist cut-points is that such cut-points are linked to the prevalence of the risk
factor (in this case, obesity) in the population. We have now demonstrated this in both
the Mauritius and AusDiab studies. The Youden Index is simply the most efficient way
of dividing a specific population, rather than reflecting the nature of a biological
association between a risk factor and a disease. The cut-point identified will be
particular to the tested population and its risk factors levels, and is unlikely to be the

most efficient cut-point in another population, even one of the same ethnicity.

Our analysis of Europid and South Asian populations demonstrates that in them, the
greater the level of abdominal adiposity, the greater the Youden Index-derived waist
circumference cut-point. Similar results have been observed in immigrant populations in
the United States and the United Kingdom, who demonstrate consistently higher
Youden Index-derived waist circumference cut-points than ancestrally similar but
slimmer populations living in either their native countries or countries with lower levels
of adiposity.”** ** Furthermore, Youden Index-derived waist circumference cut-points in
older populations have been shown to differ considerably from those obtained in
younger, less obese populations.”® Intuitively, cut-points should not change with the

prevalence of obesity in a population. Therefore, the changeable nature of Youden
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Index-derived cut-points means they are inappropriate for use beyond the specific

population in which they were generated, and at that specific time.

Challenges in the choice of waist circumference cut-points

While there are obvious benefits in establishing waist circumference cut-points
appropriate for different ethnic groups, the increasingly multi-cultural nature of many
communities means that problems such as communicating the use of multiple cut-points
within a single population and the calculation of cut-points for individuals of mixed
ethnicity will become increasingly common. Furthermore, a method for recognising the
age-dependency of the relationship between obesity and cardiovascular disease risk

factors (often absent in the elderly)* has thus far not been developed.

The relation between waist circumference and diabetes risk is continuous. No natural
cut-point exists, meaning that the choice of cut-point is essentially arbitrary and should
account for both scientific and economic considerations. Demonstration of differences
in risk at currently recommended cut-points as we have done here can help to inform
this endeavour. Similar data utilising other outcomes and in other South Asian
populations would also be helpful. The prevalence of obesity in different countries and
the implications of a low cut-point for service provision and screening activities are
financial considerations that should be taken into account. Different cut-points for a
“healthy” waist circumference and the point at which country-specific decisions relating

to service provision and screening are made may be required.

Limitations of this work and prospects for future data

The impact of different waist circumference measurement techniques in the AusDiab
and Mauritius surveys is likely to be minimal. A study of mean waist circumference in a
multi-ethnic population found the difference between measurements taken at the mid-
point between the ribs and the iliac crest and the narrowest waist to be only 1-5 cm in

men and 2-7 cm in women.”’ The particularly high incidence of diabetes in the South
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Asian population in Mauritius may have affected the findings. The same study in a
different South Asian population with a lower diabetes incidence and different exposure
to diabetes risk factors may have resulted in less extreme differences than those
observed here. Despite this, the extremely high incidence of diabetes at comparatively
low levels of waist circumference in the South Asian population studied demonstrates
that diabetes risk can increase at what have been traditionally thought to be very low
levels of waist circumference. This message should in some way be reflected in the
choice of cut-points for this population group. Finally, the South Asian participants in
the Mauritian study who developed diabetes were considerably younger than those
developing diabetes in the AusDiab study. Whether this is simply a reflection of the
impact of obesity at a younger age in this population, or whether other factors are
influencing this is unknown. The age standardisation of the South Asian and Europid
population at age 50 may therefore have impacted the findings, although diabetes
incidence for a 40 year old South Asian at currently recommended waist cut-points was
still at least eight times higher than for a 50 year old Europid. Even if the South Asian
population studied developed diabetes at a younger age, and this partly explained the
high diabetes incidence at low levels of waist circumference, this does not change the
conclusion that waist cut-points for the South Asian population should be lower than is

currently the case.

Prospective studies such as those used here are the ideal setting in which to determine
cut-points for waist circumference. Few similar studies in South Asians and other non-
Europid populations exist. Therefore, similar cross-sectional studies in South Asians
and other ethnic groups, and studies using outcomes other than incident diabetes may
help inform the revision of ethnicity-specific waist cut-points. Two large, multinational
studies that are as yet un-reported (the International Study of Prediction of Intra-

Abdominal Adiposity and its Relationships With Cardiometabolic Risk [INSPIRE ME]
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and INSPIRE ME IAA [Intra-Abdominal Adiposity study]) are likely to add to the

evidence base in this area.

Conclusions

The purpose of cut-points for waist circumference is to identify those individuals at
increased risk for obesity-related negative health outcomes in order to allow
implementation of prevention strategies. Obesity is a precursor to the components
of the metabolic syndrome,’ and is important before the development of co-
morbidities, not simply as a correlate for existing disease. As a preventive strategy,
the choice of cut-points for obesity is therefore particularly important. The large
increases in the prevalence of obesity and diabetes seen in South Asians in
Mauritius and among South Asian immigrants to the UK*® is now being seen

throughout Asia due to swift economic development.**’

A consensus of opinion suggests that waist circumference cut-points should differ
according to ethnicity. The results presented here suggest that currently
recommended cut-points for South Asians have been set too high. Since most
studies on this topic have used the Youden Index, which we demonstrate is
inappropriate for this purpose, this work adds significantly to the evidence on which

to base appropriate ethnicity-appropriate waist circumference cut-points.
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Tables and Figures

Table 1. Baseline characteristics' of Europid participants in the AusDiab study (2000 to 2005); and

South Asian participants from Mauritius (1987 to 1992) longitudinal studies

AusDiab (2000 to 2005)

Mauritius (1987 to 1992)

Total Men Women Total Men Women
n 5515 2511 3004 2211 1014 1197
Age (years) S51e1 (12+6) 514 (12¢8) 5049 (12°5) 407 (12+0) 401 (11+5) 412 (12+3)
Weight (kg) 7646 (15+6) 842 (13+5) 7043 (143) 571 (11+9) 616 (11-1) 534 (11+2)
Waist Circumference ( cm) 90+1 (13+4) 97 (10+7) 844 (12+7) 750 (10+2) 7746 (8+8) 7249 (108)
BMI (kg/m2) 2648 (4+6) 271 (3+8) 2625 (5°2) 2343 (4+2) 2248 (3°5) 2347 (4+6)
Waist:Hip ratio 0486 (0+09) 0493 (0+06) 048 (0+07) 0284 (0+08) 089 (0+06) 080 (006)
Systolic Blood Pressure (mmHg) | 1281 (17¢3) 1318 (16°1) 125 (17+6) 1223 (17+4) 12423 (16°9) 1205 (17+7)
Fasting plasma glucose (mmol/L)> 54 (1-1) 55 (1-1) 52 (1-1) Se1 (1-1) 5¢2 (1-1) Se1 (1-1)
2hr Plasma glucose (mmol/L)? 5¢7 (1+3) 546 (1+3) 5¢8 (1+3) 61 (13) 5¢7 (13) 64 (13)
Serum Triglycerides (mmol/L)> 123 (1+7) 1+4 (1+7) 11 (1+7) 122 (18) 125 (1+9) 140 (1+7)
Serum HDL cholesterol (mmol/L) 14 (0+4) 13 (0+3) 16 (0+4) 13 (0+3) 123 (03) 13 (0+3)
Higher education® 408 45+6 367 2.1 39 046
Smokers 11+4 127 102 2648 568 1+4
Incident diabetes” 38 43 3¢4 9e4 111 749

Data are:

! Means (standard deviation) or percentages

2 Geometric mean and standard deviation

* Higher education defined as education beyond high school (University or Technical and Further Education college)
4 Diabetes diagnosed between baseline and follow-up, based on WHO criteria
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Figure la. Estimated annual diabetes incidence for Europid and South
Asian men at age 50 according to waist circumference, based on data from
studies in Australia (2000-2005) and Mauritius (1987-1992) (Note —

distribution curve of waist circumference also plotted).
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Figure 1b. Estimated annual diabetes incidence for Europid and South
Asian women at age 50 according to waist circumference, based on data
from studies in Australia (2000-2005) and Mauritius (1987-1992) (Note —

distribution curve of waist circumference also plotted).
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Figure 2a. Mean waist circumference and “optimal” waist circumference
cut-points chosen based on cross-sectional relationships with prevalent
diabetes in Mauritius 1987 and 1992".
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' Analysis only includes individuals who attended both the 1987 and 1992 Mauritius surveys.
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Figure 2b. Optimal waist circumference cut-point based on relationships
with incident diabetes among cohorts with high and low waist
circumference’ in the AusDiab study 1999-2000.
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' Two equally sized cohorts with “high” and “low” average waist circumference respectively were created by
random selection of individuals within each decile of waist circumference. The proportion chosen for the “high”
cohort increased from 30% in the lowest waist decile to 75% in the highest waist decile. Conversely, the
proportion of those chosen for the “low” cohort ranged from 30% in the highest waist decile to 75% in the
lowest waist decile.
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3.5 The metabolic syndrome as a tool for prediction of diabetes

Introduction

A key justification for the introduction of clinical definitions of the metabolic syndrome
was to identify a population at high risk of Type 2 diabetes and cardiovascular disease. The
various definitions were not intended solely to be risk prediction tools, however, given the
absence of acknowledged risk factors for these conditions such as family history, smoking,
ethnicity, age and sex. Several studies had previously shown the metabolic syndrome to be
inferior to existing tools for cardiovascular disease risk prediction such as the Framingham
algorithms. Less information existed regarding the ability of clinical definitions to identify
those at high risk of future type 2 diabetes, particularly in non-Caucasian populations. No
thorough comparisons had previously been made of the metabolic syndrome with other
available tools such as the non-invasive FINDRISC diabetes risk questionnaire and diabetes
risk prediction models such as that developed from the San Antonio Heart study. Whether
the metabolic syndrome was any better than simple measurement of fasting glucose (or
two-hours post glucose load) had also not been examined. The two studies reported here
had similar aims, but were conducted in ethnically distinct populations (Caucasian and
mixed South Asian/Creole/Chinese). Both provide a thorough assessment of the ability of
available definitions of the metabolic syndrome, as well as other existing tools and glucose
measurement, to predict incident type 2 diabetes. The Mauritius study further highlights the
impact that definitions of obesity in this non-Caucasian population have both on the
prevalence of the syndrome, and by extension, on its ability to identify those at high risk of
future type 2 diabetes. A secondary aim of these studies was to address the question of

whether the metabolic syndrome as a whole is any better than the combination of its
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component parts for the prediction of diabetes. The insulin resistance syndrome, and
following it, the metabolic syndrome, were both based on evidence suggesting that the
component abnormalities clustered together, being more commonly observed together than
would be expected by chance. This was thought to be suggestive of a common
pathophysiology underlying their development, that if present, conferred an even greater
risk for type 2 diabetes and cardiovascular disease than would be expected from the
individual abnormalities themselves. No previous evidence that the clustering of
abnormalities symptomatic of the metabolic syndrome conveyed an increased risk for

diabetes had been published.

3.5.1 The metabolic syndrome as a tool for predicting future diabetes. The AusDiab

study.

Cameron AJ, Magliano DJ, Zimmet PZ, Welborn TE, Colagiuri S, Tonkin AM, Shaw JE.

J Int Med. 2008; 264:177-186.
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The metabolic syndrome as a tool for predicting
future diabetes: the AusDiab study.

Cameron AJ, Magliano DJ, Zimmet PZ, Welborn TA, Colagiuri S, Tonkin AM,
Shaw JE.

International Diabetes Institute, Caulfield, Vict., Australia. acameron@idi.org.au

OBJECTIVE: To compare the ability of the metabolic syndrome (MetS), a diabetes
prediction model (DPM), a noninvasive risk questionnaire and individual glucose
measurements to predict future diabetes. DESIGN: Five-year longitudinal cohort
study. Tools tested included MetS definitions [World Health Organization,
International Diabetes Federation, ATPIII and European Group for the study of
Insulin Resistance (EGIR)], the FINnish Diabetes RIsk SCore risk questionnaire, the
DPM, fasting and 2-h post load plasma glucose. SETTING: Adult Australian
population. SUBJECTS: A total of 5842 men and women without diabetes > or =25
years. Response 58%. A total of 224 incident cases of diabetes. RESULTS: In
receiver operating characteristic curve analysis, the MetS was not a better predictor of
incident diabetes than the DPM or measurement of glucose. The risk for diabetes
among those with prediabetes but not MetS was almost triple that of those with MetS
but not prediabetes (9.0% vs. 3.4%). Adjusted for component parts, the MetS was not
a significant predictor of incident diabetes, except for EGIR in men [OR 2.1 (95% ClI
1.2-3.7)]. CONCLUSIONS: A single fasting glucose measurement may be more
effective and efficient than published definitions of the MetS or other risk constructs
in predicting incident diabetes. Diagnosis of the MetS did not confer increased risk for
incident diabetes independent of its individual components, with an exception for
EGIR in men. Given these results, debate surrounding the public health utility of a
MetS diagnosis, at least for identification of incident diabetes, is required.
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3.5.2 The metabolic syndrome as a predictor of incident diabetes mellitus in

Mauritius.

Cameron AJ, Zimmet P, Soderberg S, Alberti K, Sicree R, Tuomilehto J, Chitson P, Shaw

J. The metabolic syndrome as a predictor of incident diabetes mellitus in Mauritius. Diabet

Med. 2007; 24(12):1460-9.
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The metabolic syndrome as a predictor of incident
diabetes mellitus in Mauritius.

Cameron AJ, Zimmet PZ, Soderberg S, Alberti KG, Sicree R, Tuomilehto J,
Chitson P, Shaw JE.

International Diabetes Institute, Melbourne, Australia. acameron@idi.org.au

AIMS: To assess the utility of the metabolic syndrome (MetS) and a Diabetes
Predicting Model as predictors of incident diabetes. METHODS: A longitudinal
survey was conducted in Mauritius in 1987 (n = 4972; response 80%) and 1992 (n =
3685; follow-up 74.2%). Diabetes status was retrospectively determined using 1999
World Health Organization (WHO) criteria. MetS was determined according to four
definitions and sensitivity, positive predictive value (PPV), specificity and the
association with incident diabetes before and after adjustment for MetS components
calculated. RESULTS: Of the 3198 at risk, 297 (9.2%) developed diabetes between
1987 and 1992. The WHO MetS definition had the highest prevalence (20.3%),
sensitivity (42.1%) and PPV (26.8%) for prediction of incident diabetes, the strongest
association with incident diabetes after adjustment for age and sex [odds ratio 4.6
(3.5-6.0)] and was the only definition to show a significant association after
adjustment for its component parts (in men only). The low prevalence and sensitivity
of the International Diabetes Federation (IDF) and ATPIII MetS definitions resulted
from waist circumference cut-points that were high for this population, particularly in
men, and both were not superior to a diabetes predicting model on receiver operating
characteristic analysis. CONCLUSIONS: Of the MetS definitions tested, the WHO
definition best identifies those who go on to develop diabetes, but is not often used in
clinical practice. If cut-points or measures of obesity appropriate for this population
were used, the IDF and ATPIII MetS definitions could be recommended as useful
tools for prediction of diabetes, given their relative simplicity.
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4 General discussion

4.1 Summary of main findings

Chapter 3.1. Results from the AusDiab study indicate that in 1999-2000, over one quarter
of adult Australians met the criteria for either the IDF or ATPIII clinical definitions of the
metabolic syndrome. The prevalence of each increases with age in both men and women to
over 40% in middle age. Those who meet the IDF or ATPIII clinical criteria for the
metabolic syndrome are at least five times more likely than those who do not to be
classified as high risk (>15% over the coming ten years) for cardiovascular diseases

according to algorithms from the Framingham study.

Chapter 3.2. Central obesity, measured using waist circumference, was shown to be a
predictor of deterioration in each of six components of the metabolic syndrome tested.
Increases in waist circumference were not similarly predicted by the baseline values of the
metabolic syndrome components. This result is suggestive of a temporal relationship in
which central obesity is the precursor to the development of the other components of the
metabolic syndrome, and plays a key role in their development. This is the first such
epidemiologic research to explicitly address the question of temporality in the development
of the components of the metabolic syndrome. The results were confirmed in two
population-based studies of ethnically diverse populations conducted in Australia (five year
follow-up) and Mauritius (both five and eleven year follow-up). The reduction or
prevention of central obesity should therefore be seen as the primary goal in the prevention

of the metabolic syndrome.
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Chapter 3.3. Obesity, and to a lesser degree overweight, have been shown to confer a
heightened risk for each of type 2 diabetes, the metabolic syndrome, hypertension,
dyslipidaemia and cardiovascular disease. The risk for each of the components of the
metabolic syndrome, as well as type 2 diabetes, was shown to increase with increasing
waist circumference, with elevated risk well below currently recommended waist
circumference cut-points. No clear associations between obesity and mortality were
observed, most likely due to the short length of mortality follow-up. These results provide
important information with which to more precisely estimate the burden of disease

attributable to obesity in Australia.

Chapter 3.4. The validity of ethnicity-specific waist circumference cut-points in clinical
definitions of the metabolic syndrome was assessed through examination of the relationship
between waist circumference and incident diabetes among a Europid population (the
AusDiab study) and an ethnically South Asian population from Mauritius. The difference
between recommended cut-points for these two groups (4cm higher for Europid men,
identical for women) was shown to underestimate the difference in obesity related risk of
diabetes and therefore should be greater. Additionally, this paper demonstrates, using
examples from the AusDiab study and Mauritius, that approaches using ROC curve
analysis to select waist circumference cut-points are dependent on the level of underlying

obesity. Such methods are therefore inappropriate for this purpose.

Chapter 3.5. In similar studies conducted in Australia and Mauritius, the metabolic
syndrome was shown to be a strong predictor for incident diabetes. In both studies, the IDF
and ATPIII clinical definitions of the metabolic syndrome were shown to be no better than
measurement of fasting glucose alone or published diabetes risk prediction scores for the

prediction of incident diabetes over five years. In the Mauritius study, the waist
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circumference cut-points used in the IDF and ATPIII metabolic syndrome definitions were
shown to be set too high in this population of low mean waist circumference but high
diabetes incidence. The metabolic syndrome was shown to be independent of its component
parts as a predictor of diabetes only for the WHO definition in males in Mauritius and for

the EGIR definition in males in AusDiab.
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4.2 Limitations of the studies

4.2.1 Selection bias

The issue of selection bias needs to be considered separately for Chapter 3.1 and Chapters
3.2 to 3.5 due to the different research goals and study designs of these studies. Chapter 3.1
reports the prevalence of the metabolic syndrome among the baseline AusDiab sample, and
is based on a cross-sectional research design. The goal of this study was to provide accurate
national estimates of the prevalence of the metabolic syndrome. The presence of significant
selection bias in the baseline AusDiab cohort would therefore invalidate this research,
meaning that the results could only be reported as being representative of the cohort
sampled, rather than the entire adult Australian population. Two methods of testing for the
presence of selection bias in the AusDiab cohort are comparison of the cohort to the entire
Australian population (from census data), and comparisons between responders and non-
responders to the survey. The demographic profile of the cohort who attended the baseline
survey was older and included a higher proportion of females compared to the 1998
demographic profile of all adult Australians obtained from the Australian Bureau of
Statistics.*” As reported in chapter 2.2.1, however, these age and sex differentials between
the baseline AusDiab cohort and the adult Australian population were countered by
weighting of the sample according to gender and age deciles of the estimated 1998 resident
Australian population aged over 25 years. A second method of testing for response bias is
to compare responders to the survey with non-responders. In this case, the term non-
responders refers to those who completed a household interview but did not go on to
undertake physical examination at the testing site. It is acknowledged that the profile of
those non-responders who did not complete the household interview is unknown. Upon

comparison of responders and non-responders, it was found that responders were more
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likely to have suspected that they had diabetes, be born in the United Kingdom, speak
English or have completed high school, technical education or University.* The differences
in the percentage of responders and non-responders born in the United Kingdom (10.3 vs.
8.8%) and who speak English (96.1 vs. 93.6%) were small, despite being statistically
significant, and would not be expected to affect prevalence estimates of the metabolic
syndrome. Larger differences were noted for those who completed high school or further
education (58.2 vs. 51.3%), and for those who suspected they had diabetes (1.5% vs. 0.5%).
The education differential means that responders were likely to have been from a higher
socio-economic strata, which could potentially bias metabolic syndrome prevalence
estimates. Most cardiovascular disease risk factors, however, (i.e. glucose intolerance,
dyslipidaemia, physical activity, alcohol consumption and smoking) are negatively
associated with socio-economic status,'®> meaning that if a socio-economic response bias
exists, it would likely result in an under-estimate of true prevalence rates. The difference
between responders and non-responders in rates of suspicion of diabetes is suggestive of a
respondent population with higher rates of diabetes. Analysis of the actual diabetes rate
(based on the results of an oral glucose tolerance test), however, showed that of those who
suspected they had diabetes, only one in twelve were subsequently found to meet the
criteria for diagnosis. This compares with one in 25 of those who did not suspect they had
diabetes. Given the low prevalence of undiagnosed diabetes in the sample, the effect of this
bias on rates of diabetes and the metabolic syndrome is expected to have been negligible.®
The decision to exclude all census collection districts classified as 100% rural, and those
with an indigenous Australian population greater than 10% introduces an additional,
unavoidable response bias. The decision to exclude rural collection districts was made
because of the logistical difficulties involved in conducting household interviews and

setting up a local testing site in such locations. The decision to exclude those districts with

136



a high proportion of indigenous Australians (as reported in Chapter 2.2.1), was made
because of the known extremely high rates of diabetes in this population.'® Because of the
relatively small number of clusters (n=42) included in the survey, the chance inclusion in
the sample of district(s) with a high proportion of indigenous Australians may have resulted
in an inflated national diabetes prevalence rate. It is unlikely that this decision would have
had any significant impact on rates of the metabolic syndrome, given that indigenous
Australians comprise only 2% of the total population. The proportion of indigenous
Australians in the AusDiab study was 0.8%. For the estimation of rates of diabetes or the
metabolic syndrome in the Australian indigenous population, a dedicated survey or sub-
survey including larger numbers from both urban and rural areas is required.

The studies reported in Chapters 3.2 to 3.5 do not aim to report national prevalence
estimates, but rather use data from the longitudinal studies conducted in Australia and
Mauritius to examine the impact of obesity and the metabolic syndrome on multiple health
outcomes, including diabetes. As noted in Chapter 2.2.1, the percentage of the total eligible
population included in the baseline AusDiab sampling frame to have been examined in both
the baseline and follow-up surveys was 22%. Due to this low overall response, the cohort
included in the follow-up AusDiab survey is not likely to be representative of adult
Australians. This caveat is included as a limitation in the discussion of each of the relevant
chapters. A low overall response to the AusDiab follow-up study does not invalidate the
research reported. The major research questions considered were 1) Comparison of
definitions of the metabolic syndrome and other tools as a predictor of diabetes, 2) Whether
central obesity predicts deterioration in other components of the metabolic syndrome (and
not vice versa), 3) The relationship of central obesity to incident diabetes in Europids vs.
Asian Indians and 4) Health and mortality outcomes among the overweight and obese

compared to normal weight individuals. While a greater response would increase the ability
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to generalize the results to the entire populations from which the samples were drawn (at
least at the time points at which the surveys were undertaken), for none of these questions

does the representativeness of the sample invalidate the results.
4.2.2 Measurement bias/error

Full details of the protocols and procedures used in both the AusDiab and Mauritius studies
have been provided in Chapter 2.2.2. A particular strength of the research on which this
thesis is based is the gold standard measurement of diabetes status using a 75g oral glucose
tolerance test at both baseline and follow-up. Furthermore, the ascertainment of
cardiovascular disease events between baseline and follow-up in the AusDiab study using
self-report followed by physician adjudication has been shown to be as accurate as data
linkage to medical records databases,'*! and is likely to have resulted in a low false positive

rate as discussed in Chapter 2.2.3.

Specific limitations relating to the physical and biological measurements undertaken in the
AusDiab and Mauritius studies have been discussed in the relevant chapters. The most
important of these include 1) the absence of microalbuminuria assessment (a required
element of the WHO definition of the metabolic syndrome) in the Mauritius cohort, 2) the
difference in waist circumference measurement technique in the AusDiab and Mauritius
studies, 3) the estimation of insulin resistance using calculation of the HOMA model rather
than direct measurement using a euglycaemic insulin clamp method, and 4) a change from
manual to automated blood pressure measurement mid-way through the baseline AusDiab

study (discussed in Chapter 2.2.2).

A potential bias related to measurement error is regression dilution. The measurement of a
parameter at a single point in time (as is the case in the AusDiab and Mauritius studies) is

unlikely to represent the true or usual value for an individual because of day-to-day
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variation. The usual measurement can be thought of as the average of multiple
measurements. The impact of regression dilution is to reduce the strength of positive
associations observed. An analysis of blood cholesterol and blood pressure measurements
in biennial measurements over 30 years in the Framingham study and single follow-up at
26 years in the Whitehall study suggested that regression dilution could cause the strength
of associations to be under-estimated by one third in the first decade of follow-up, one half
in the second decade and around two thirds in the third decade.'®Therefore, the strength of
associations observed in Chapters 3.3 to 3.5 may be underestimates of the true effects. Even
though correction for the presence of regression dilution is possible,'” it would require the
regular measurement of a sub-sample of the population between baseline and follow-up,

which did not occur in either the AusDiab or Mauritius studies.
4.2.3 Study/Research design

As for selection bias, any limitations of the research design need to be considered
separately for each of the studies reported in Chapter 3. For estimation of the prevalence of
the metabolic syndrome among Australian adults, a cross-sectional, population-based,
stratified cluster survey is the most efficient and accurate research design. The limitations
of this research design, however, include its cross-sectional nature, which means that the
results are relevant to the Australian population at the time of the survey, seven years prior
to the publication of Chapter 3.1. Furthermore, as discussed in Section 4.2.1, the exclusion
from the sampling frame of districts with a high proportion of indigenous Australians or
100% rurality, as well as institutionalised individuals and those not physically able to
attend a testing site means that the results of this survey, while applicable to the majority of

Australians, are not applicable to all.
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Chapter 3.2 involved the estimation of obesity and overweight-related risk for multiple
health outcomes and mortality. The prospective nature of the study design was an
appropriate method of assessing such risk, in that it avoids the doubt over temporal
sequence or causality inherent in cross-sectional association studies. The major limitation
inherent in the study design utilised was the limited period of follow-up (five years for all
health outcomes and to April 30", 2008 for mortality). While significant associations
between overweight, obesity and many health outcomes were observed, several risk ratios
tended toward an association, but did not reach statistical significance. Furthermore, no
clear trends were observed for the association of obesity and mortality. Longer follow-up
increases the number of cases of incident disease or death, thereby increasing the power of
the study and allowing more precise estimation of effect sizes, and the ability to examine
the effects of lesser levels of overweight and obesity on health and mortality outcomes. The
strength of associations between obesity and mortality are known to increase with longer
follow-up time due to confounding factors affecting the association in the years
immediately following the study, and the fact that the effect of obesity often takes many
years to manifest as actual health or mortality outcomes. Furthermore, the associations
between obesity in early to middle age and mortality will not be apparent without much

longer follow-up of the cohort.

The use of a prospective study design to assess the relationship between waist
circumference cut-points (Chapter 3.4) and the metabolic syndrome (Chapter 3.5) with
incident diabetes was the most appropriate research design for these studies. As discussed
in Chapter 3.4, the majority of studies attempting to define ethnicity-appropriate waist cut-
points have been cross-sectional in design, and therefore not prospectively related to

clinical outcomes such as diabetes or cardiovascular diseases. Despite the prospective
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nature of the study design and the gold standard measurement of the outcome (type 2
diabetes), the study design has several limitations. The first of these is the restriction to a
single population comparison (South Asians living in Mauritius and Caucasians living in
Australia). Confirmation of the results is required in different Asian populations, with
different risk factor profiles and different rates of diabetes incidence. The differences in
obesity related risk for incident diabetes at a particular waist circumference may not be as
extreme in populations with lower diabetes incidence than that observed in Mauritius.
Relating to both Chapters 3.4 and 3.5, the baseline Mauritius study was conducted over
twenty years ago, and it is likely that the risk factor and obesity profile of the South Asian
population on Mauritius will have changed considerably since that time. This should not
necessarily affect the interpretation of the results observed in these chapters, however, since
the results focus on the strength of the association between obesity/metabolic syndrome and
diabetes, which should not be intimately related to the underlying risk factor profile of the

population.
4.2.4 Chance and confounding

By their nature, chance findings are always possible in the results of epidemiological
surveys. Unless the entire population or at least a very large proportion is surveyed, one
cannot be sure that the results obtained are truly generalisable to the whole population
under study. Chance effects are always possible, reflected in the use of confidence intervals
and probability values to report results. Both techniques provide an estimation of the
likelihood that the observed result is due to chance (or to be more precise, the likelihood of
the observed finding being repeated). The choice of an appropriate sample size for the
question under study is intended to minimise to a realistic level the possibility of a type 1

error (finding of an association when none actually exists) or type 2 error (not finding an

141



association when one does exist). Statistical significance (usually defined as being met
when a p-value of less than 0.05 is achieved) is in reality an essentially arbitrary
designation that does not give a thorough indication of the clinical importance of the
result.'”” The inclusion of confidence intervals around an estimate, in addition to indicating
how likely the results observed are to be real, also shows the range within which the “real”
result is likely to sit.'”” The sample size of the two populations studied in this research were
based on estimation of cross-sectional diabetes prevalence. As noted in Chapter 2, this
therefore means that the results of other analyses need to be interpreted in the light of the
sample size available. Prevalence estimates for each of the ATPIII, IDF and WHO
definitions of the metabolic syndrome reported in Chapter 3.1 are each greater than 20%,
with confidence intervals that go no lower than 18.8%. Therefore, the possibility that these

high prevalence figures were a chance finding is remote.

For Chapters 3.3 to 3.5, which each include the assessment of outcomes over the course of
the respective prospective studies, it is the number of outcomes observed, rather than the
overall sample size that determines the precision of the observed estimates. The primary
outcome in Chapters 3.4 and 3.5 was type 2 diabetes, while multiple outcomes including
cardiovascular disease, the metabolic syndrome and mortality were assessed in Chapter 3.3.
The absence of a statistically significant association between baseline overweight and each
of type 2 diabetes and myocardial infarction in Chapter 3.3 are instances in which a greater
number of events (via longer follow-up) may have resulted in statistically significant
findings. The influence of follow-up time on the power of the studies has been discussed

more fully in Chapter 4.2.3.

An additional factor influencing the possibility of type 1 or type 2 error is the number of

statistical tests conducted. 95% confidence intervals and a p-value of <0.05 are appropriate
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indications of the statistical significance of a single test or comparison. When multiple tests
are undertaken, however, the likelihood of a chance finding increases accordingly. If 100
tests each had a p-value of 0.05, we should expect five percent to actually be cases of type 1
error (a significant finding when none truly exists). In Chapter 3.2, the number of
individual regression analyses reported is considerable. For the AusDiab five year follow-
up and both the five and eleven year follow-up of the Mauritius cohort, each of the seven
metabolic syndrome components is included as a predictor of each of the other six
components respectively. The total number of regression analyses reported is therefore
42x3 or 126. To account for the multiple comparisons undertaken, statistical significance

was set at p<0.01.

Chapters 3.5.1 and 3.5.2 both include an assessment of the independence of the metabolic
syndrome from its component parts in the prediction of incident diabetes. One of the
persistent questions relating to the metabolic syndrome is whether it is any more useful to
collect the components into a syndrome than it would be to consider the components
individually. Previous studies have addressed this question both incidentally and explicitly.
One study in the elderly appeared to suggest that the metabolic syndrome predicted a
composite cardiovascular disease endpoint independently of its components.'® Sundstrom
addressed this question more fully in cohorts of males at age 50 and 70, with follow-up
over 32 years and in cohorts both with and without pre-existing diabetes, stroke and
cardiovascular disease. The ATPIII definition of the metabolic syndrome did not predict
cardiovascular mortality independently of its individual components at any age and with or
without the inclusion of those with pre-existing condition.'” Our finding of an independent
association with incident diabetes for the EGIR definition in men in AusDiab and the WHO

definition in men in Mauritius suggests that there is a possibility that clinical definitions of
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the metabolic syndrome may indeed reflect a construct that is more than just the sum of its
parts, at least for the prediction of type 2 diabetes. The absence of a significant association
for the IDF and ATPIII definitions in men and all definitions in women, however, reflects
the fact that as defined, the metabolic syndrome may not identify a phenotype that is the
best reflection of the acknowledged clustering of its components. As discussed in the
respective results chapters, limitations of these analyses include the inability to discern true
independence from the effect of non-linearity in the continuous variables included in the
model (i.e. a threshold effect), sub-optimal measurement of the component variables or a

reduction in measurement error from the pooling of multiple risk factors.''
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4.3 Implications of the findings and recommendations

4.3.1 Implications for clinical definitions of the metabolic syndrome

The findings from this set of studies have direct implications for clinical definitions of the
metabolic syndrome. In particular, Chapter 3.2 suggests that obesity should be thought of
as a precursor to the metabolic syndrome, rather than simply as one of several type 2
diabetes and cardiovascular disease risk factors (as is suggested by the structure of the
ATPIII definition). The IDF definition prioritises obesity by making it a required
component. Critics of this definition are quick to point out that some individuals can have
all the hallmarks of the metabolic syndrome without meeting the obesity criteria, and these
individuals are excluded in this version of the syndrome. In reality, the majority of
individuals meeting the criteria for either the ATPIII or IDF definitions of the metabolic
syndrome will also meet the obesity criteria, whether it is a required component or not. In
the AusDiab study, only 2.6% of those not meeting the IDF metabolic syndrome criteria
would meet the criteria if obesity were not a required component (unpublished
observation). Therefore, whether central obesity is a required component or not, the
emphasis in clinical definitions needs to be on the fact that obesity is important in its own
right (and in isolation) as a precursor to the development of the syndrome, not merely as

one of several risk factors.

Chapter 3.4 is a direct assessment of the validity of the waist circumference cut-points for
South Asians in the IDF definition of the metabolic syndrome. This study strongly suggests
that based on the relationship between central obesity and the development of type 2
diabetes, the cut-points for South Asians as currently defined are set considerably too high.
Further support for this suggestion comes from Chapter 3.5.2, where the ability of the

metabolic syndrome to predict future diabetes in Mauritius was hampered by a very low
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prevalence, resulting from the low prevalence of obesity in this population using the cut-
points suggested. Furthermore, the influence of the underlying obesity prevalence on the
choice of optimal cut-points using ROC curve based techniques is highlighted in studies
assessing change in cut-points over time in Mauritius, and in subgroups with high and low
obesity levels in AusDiab. Since the majority of studies attempting to define appropriate
cut-points are based on ROC curve based analyses, this study suggests that the current
evidence base with which to establish ethnicity-based waist circumference cut-points is

minimal.
4.3.2 Implications for the metabolic syndrome as a concept

In both the largely Europid AusDiab study and the Mauritius NCD study, the metabolic
syndrome, however defined, was found to be a strong predictor of future type 2 diabetes
(Chapter 3.5). A stated key use for the metabolic syndrome is to help identify those at risk
for type 2 diabetes and cardiovascular diseases, and this result further affirms this role. The
comparison of the metabolic syndrome with other available diabetes risk prediction tools
(both invasive and questionnaire based), however, confirms that the metabolic syndrome is
not the best tool for this purpose. The fact that simple measurement of fasting glucose was
shown to be as efficient as published definitions of the metabolic syndrome is evidence of
the fact that, despite conferring increased risk for type 2 diabetes (and cardiovascular
diseases), the metabolic syndrome was not designed as an optimal risk prediction tool. This
finding, however, should not necessarily be interpreted as a suggestion that the metabolic
syndrome is useless for the purpose of risk prediction. In fact, in Chapter 1.2.6, the
metabolic syndrome was demonstrated to be a particularly useful tool for this purpose. As
importantly, however, Chapter 1.2.6 highlights several other uses for the metabolic

syndrome, suggesting that if the mission statement for the metabolic syndrome is correctly
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interpreted, it should be a valuable tool in the campaign to prevent the devastating future

burden of a global diabetes and cardiovascular disease epidemic.

4.3.3 Public health implications

The studies reported represent responses to several questions of public health interest.
Firstly, Chapters 3.5.1 and 3.5.2 suggest that the metabolic syndrome should not be used in
isolation as a device for prediction of future type 2 diabetes. The presence or absence of the
metabolic syndrome is certainly a valuable piece of information, but must be considered
only in relation to the presence and strength of other risk factors. Chapter 1.2.6 uses the
results of Chapters 3.2 and 3.5 to place the metabolic syndrome firmly in context. Criticism
of the metabolic syndrome (Chapter 1.2.5) has certainly been useful in stimulating research
to answer many outstanding questions, and in many cases has raised valid concerns. The
resultant confusion about the purpose of a clinical definition will hopefully subside with
stronger evidence to support the concept and a unified definition based on data such as that
presented in Chapters 3.2, 3.4 and 3.5.

The strong conclusion to be drawn from Chapters 3.2 and 3.3 is that obesity is a major risk
factor for the development of the metabolic syndrome (in addition to other health
outcomes) and should be the focus of public health interventions in isolation, as well as
when accompanied by markers of metabolic deterioration. The important public health
message is therefore to prevent the development of obesity, and to attempt this among those
who have not yet developed additional components of the metabolic syndrome. Evidence
now exists that lifestyle intervention is an effective means of preventing diabetes among
those at high risk.""" The results of several large randomised controlled and long-term trials
examining the impact of lifestyle changes on the progression from pre-diabetic states to

type 2 diabetes have been reported. Studies from China (Da Qing Study), the USA
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(Diabetes Prevention Program or DPP), Finland (Diabetes Prevention Study or DPS), Japan
(Japanese Diabetes Prevention Trial) and India (Indian Diabetes Prevention Program or
IDDP-1) have all shown that effective lifestyle change can lead to a significant reduction in
the incidence of type 2 diabetes among a high risk, pre-diabetic population.''*''® Relative
risk reductions of up to 58% (observed in both the Finnish and American studies) were
observed. Since most individuals with the metabolic syndrome and type 2 diabetes have
similar metabolic abnormalities and the modifiable risk factors for both are analogous, it is
reasonable to assume that such interventions would also be effective in reducing diabetes
incidence among those with the metabolic syndrome. Indeed, these studies also show that
prevention of the metabolic syndrome is possible. Reductions in the incidence of the
metabolic syndrome have now been observed in both the DPP and DPS intervention
groups. Among those without metabolic syndrome at baseline, reduction in metabolic

syndrome incidence of approximately 40% was observed compared to the control

117,118
group.

In addition to the observations of reduced diabetes incidence following lifestyle
intervention, considerable evidence of the effects of lifestyle intervention and a reduction in
time spent in sedentary pursuits on the individual metabolic syndrome components

exists.' %1%,

Whether the highly intensive, supervised and fairly costly protocols employed in large
randomised controlled trials can be translated from research into practice is thus far an
unanswered question. Furthermore, no evidence currently exists to show that lifestyle
intervention has any long-term effect on incidence of, or mortality from cardiovascular
diseases, although this may change with longer-term follow-up.

An irony of the current epidemic of obesity and the metabolic syndrome is that under-

nutrition has been, and in some cases continues to be, the focus of public health efforts in
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the developing world. While hunger and malnutrition remain as enormous problems facing
many under-developing nations, the rapid transition from traditional to western diets and
lifestyles means that food insecurity and under-nutrition are present in the same countries
where the metabolic syndrome and diabetes are on the rise.'*® Chapters 1.2.6 and 3.2
strongly suggest that obesity (even in isolation) is a key indicator of future metabolic
deterioration, and that both obesity and the metabolic syndrome may be valuable as metrics
for the future burden of type 2 diabetes and cardiovascular disease. These simple tools may
be more applicable and successful for the prevention of future diabetes and cardiovascular
disease than are sophisticated short-term risk algorithms, particularly in developing

countries.
4.3.4 Recommendations for future research

The studies reported here have raised some questions relating to the use and make-up of
clinical definitions of the metabolic syndrome suitable for further research. Suggestions of

future research directions include:

- Evaluation of the predictive power of obesity and the metabolic syndrome for future
diabetes and cardiovascular diseases with long-term follow-up, and the difference in
predictive capacity over short, medium and long-term follow-up, and among those

of different ages.

- Confirmation of the differences in obesity-related risk for future diabetes between
Europids and South Asians in other cohorts, and the extension of this work to other

ethnicities.

- Investigation of the possible uses of a continuous metabolic risk score, not as an

alternative to dichotomous clinical definitions, but for use in a research context.
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Evaluation of whether the metabolic syndrome is indeed a useful construct to
patients and clinicians. How do health care providers interpret a metabolic

syndrome diagnosis given the variation of severity among those so defined?

Does the diagnosis of metabolic syndrome increase uptake of lifestyle modification

measures by patients?

Confirmation of the findings in Chapter 3.2 of a temporal association between
obesity and the other components of the metabolic syndrome in other cohorts
(preferably with multiple follow-up tests), and using more advanced statistical

methods such as discrete-time survival modelling.

Re-evaluation of the prevalence of the metabolic syndrome in Australia and

comparison with the estimates for 1999-2000 presented here.

Assessment of the relationship between obesity and the metabolic syndrome with
cardiovascular disease, kidney disease and particularly mortality in the AusDiab

study but with longer-term follow-up than that used here.
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4.4 Conclusions

This thesis was developed with the intention of adding to the evidence base for the use of
clinical definitions of the metabolic syndrome. The primary findings are that the metabolic
syndrome is a common condition in Australian adults; that it is related to a considerably
increased risk for future diabetes; that in determining risk for future diabetes, other tools are
more efficient than the metabolic syndrome; that obesity is a predictor of the development
of the other components of the metabolic syndrome and therefore appears to precede their
development; that obesity predicts not only the metabolic syndrome and its components but
also other negative health outcomes; and that the waist circumference cut-points for South
Asians used in the IDF and ATPIII definitions of the metabolic syndrome require revision
based on comparisons of the associations with incident diabetes among South Asian and
Europid populations. In summary, the metabolic syndrome is a useful concept and clinical
tool, that with appropriate supporting research evidence and a clear framework for its use
and implementation, should be helpful in efforts to reduce and prevent the burden of type 2

diabetes and cardiovascular disease with which it is associated.
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5 Appendices

5.1.1 Appendix 1: Publications produced during candidature relevant to the thesis,

but not forming part of the thesis.

Cameron AJ, Zimmet PZ. Expanding evidence for the Multiple Dangers of Epidemic

Abdominal Obesity. Circulation. 2008;117;1624-1626.
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http://www.ncbi.nlm.nih.gov/pubmed/18378623?0ordinalpos=3&itool=EntrezSystem?2.PEntre
z.Pubmed.Pubmed ResultsPanel.Pubmed DefaultReportPanel.Pubmed RVDocSum

Circulation. 2008 Apr 1;117(13):1624-6.

Comment on:
Circulation. 2008 Apr 1;117(13):1658-67.

Expanding evidence for the multiple dangers of
epidemic abdominal obesity.

Cameron AJ, Zimmet PZ.
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2 January 2007

2006/987MC - The epidemiology of the metabolic syndrome in Australia

Dear Researchers,

The above research project has been considered by the Standing Committee on Ethics in Research
Involving Humans and approval has been given. This approval will be ratified at meeting A1/2007 on
5 February 2007. It is possible that issues may be raised by the Committee at that meeting. [f you do
not hear anything further you may assume that approval for the project is confirmed.

Terms of approval

1. This project is approved from 2 January 2007 to 30 June 2010 and this approval is only valid whilst you hold
a position at Monash University.
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Request for Amendment form to SCERH and must not begin without written approval from SCERH.
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Please provide the Committee with an Annual Report determined by the date of your letter of approval.
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2004.
‘-Addxtlonal Ques’clonnan‘es (birth wexght and health care use)
‘ Study ExtenSIon to 13/6/2006 '

' Following recent consideration of your study amendmen L.
“application, I am pleased to advise that the Commlttee has
o recommended that the above be approved :

- Thank you for submlttmg your research proposal to the Ethics
' ‘Commlttee o

Yours sincerely -

Professor Paul Komesaroff
Chair.IDI Ethics’Committee

N p/'lp/apdsapproval ’ : - o .A : . v . ‘

250 ¥ooyong Rd, CAULFIELD VI ?4?;&, ALUSTR L‘l@'éez o Tel (+513) 9258 5055 s Fax {+613) 9258 5080 o wrw.dishefes.cosn. an
’ INCOP.POF(ATI\IG = WHO Coliaboraung Cenire for Diabetes and Health Promotion » MOW Diabetes Education’ Centre
IN AEFILIATION WITH Deakin University = IN ASSOCIATION WITH o Caulﬂeld General Medical Centre and’ Monash Umversny
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20" November 2006 -

ABN 16 007 342 412

Assoc Professor Jonathan Shaw
Co-Investigator ADPS

IDI, 250 Kooyong Rd
CAULFIELD 3162 '

Dear -Jonathan,
RE: A.P. D S (Vlctorlan Prlvacy Leglslatlon)

In reply to your request for an exemptlon under with the Vlctorlan
Privacy Legislation, for matching the National Death Index to the
APDS cohort, I wish to inform you this has been approved.

It has been noted that researchers Adrian Cameron, Elizabeth Barr,
-and Professor ‘Andrew Tonkin are to be included on the APDS
(3/2002) submission.

. Kind 'regards :

Professor Paul Komesaroff
‘Chair. IDI Ethics Committee
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'250 Kooyong Rd, uAULFiELD VICTORIA, AUSTRALIA 3162 » Tel (+813) 9258.5050 » Fax (+813) 9258 5090 o www.diabetes.com.au

INCORPORATING » WHO Collaborating Centre for Diabetes Mellitus and Health Promotion for Non Communicable
Disease Control ¢ MOW Diabetes Education Centre
IN AFFILIATION WITH o Deakin University ¢ IN ASSOCIAT]ON WITH e Caulfield General Medical Centre and Monash Unlversxty
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A/Prof Jonathan Shaw
Director Research
IDI, 250 Kooyong Rd
CAULFIELD 3162

Dear Jonathan,

RE; Project No 3/2002 The Australian Prospective Diabetes
Study. (APDS) :

PROTOCOL AMENDMENT Dated 8™ May 2007

Following consideration of your request for approval of an
amendment to the above study by the Ethics Committee, I am
pleased to advise that the amendment has been approved.

Thank you for bringing these changes to the Committee’s attention

Kind regards

Professor Paul Komesaroff
Chair
IDI Ethics Committee

P/Ip/amendapprove

PO BOX 227, CAULFIELD SOUTH, VICTORIA 3162, AUSTRALIA

250 Kooyong Rd, CAULFIELD, VICTORIA 3162, AUSTRALIA e Tel (+613) 9258 5050 ¢ Fax (+613) 9258 5090 ¢ www.diabetes.com.au
INCORPORATING ¢ WHO Collaborating Centre for Diabetes Mellitus and Health Promotion for Non Communicable
Disease Control « MOW Diabetes Education Centre

IN AFFILIATION WITH e Deakin University ® IN ASSOCIATION WITH e Caulfield General Medical Centre and Monash University 5
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