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Preface

The start of 2012 is marked by the establishment of the Charles Perkins Centre
at the University of Sydney, with Professor Stephen J Simpson as Academic Di-
rector, to support research and education programs that will lead to real-world
solutions for obesity, diabetes and cardiovascular disease. The centre is the result
of a remarkable conversation where groups of diverse researchers and educators
have come together to consider how they might combine forces and contribute
real-world solutions to mitigate the growing impacts of these chronic diseases
that are of increasing global concern.

The conversation was stimulated in part by the commitment of the Uni-
versity, with a A$95m grant from the Australian Government, to a A$395m
infrastructure investment that will provide state-of-the-art education and research
facilities that will serve the centre. The year 2011 was marked by some memo-
rable milestones in support of this compelling vision. We broke ground on the
new 45,000 square metre building that will become the hub for the academic
program, which is now under construction in a strategic position next to the
Royal Prince Alfred Hospital and Centenary Institute. We celebrated the sale
of Picasso’s portrait of Marie-Thérèse Walter at Christie’s auction house. The
funds (A$20.3m) generated through the generous act of an anonymous donor
will support chair appointments in disciplines supporting the academic program’s
strategic goals.

A series of workshops including ‘The mind-body interface’, ‘E-health and
social media’, and ‘Corporate social responsibility and obesity, diabetes and car-
diovascular disease’ have brought focus to the conversation in high priority areas.
More than 300 academics worked together during the genesis of our centre, led
by Professor David Ian Cook with support from many, but especially from Pro-
fessor Warwick Britton and Dr Mark Ainsworth. These researchers created the
first draft strategic plan for what has become a truly Universitywide academic
program – bringing together the excellence and breadth needed to realise an am-
bitious and timely vision.

This volume is the product of the passion and commitment of the contribut-
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ing researchers to push forward the frontier of knowledge, and ensure the new
knowledge impacts on the health and quality of life for individuals and our com-
munities in the future.

Jill Trewhella
Deputy Vice-Chancellor (Research)
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Introduction

In 2006, Sydney University Press and Sydney University Research Portfolio be-
gan a collaboration to produce a series of books containing multidisciplinary
perspectives on issues of global importance. Because diabetes, obesity and their
related diseases place a high burden on individuals, the community and the
healthcare system, this topic was an obvious choice for the second book in this
series. In this book, researchers and clinicians from the University of Sydney and
beyond have joined forces to tackle this major health challenge.

Type 2 diabetes and obesity share common risk factors, including insuffi-
cient physical activity, and the over-consumption of energy-dense, nutrient poor
foods. Obese individuals are at an increased risk of developing chronic health
problems including cardiovascular disease and type 2 diabetes. These diseases are
not just problems for the individual, but create psychological and relational prob-
lems within families, reflect environmental problems within communities, and
ultimately carry economic consequences for entire nations. The solutions, there-
fore, need to be equally wide-ranging, and accessible to all.

As well as affecting the adult population, obesity and diabetes are increas-
ingly seen in childhood and adolescence. Obesity is associated with a range of
psychosocial problems such as depression and low self-esteem, and discrimina-
tion. Often an individual does not perceive their weight accurately and tends to
either over- or underestimate it. However the solutions to the diabetes and obesity
epidemic require more than just changes in the perceptions and behaviours of in-
dividuals. Obesity and diabetes are environmental health problems and effective
solutions will require policies that target the entire population, regardless of their
current health status. Cultural differences, food production and supply, urban de-
sign and transportation are important factors to consider. In addition, new kinds
of interventions will be needed in key settings including schools, workplaces, pri-
mary healthcare, pharmacies and hospitals.

Acknowledging this, the authors write about risks, causes and consequences,
as well as prevention and treatment: how to identify and mitigate the risk factors,
deliver targeted and effective healthcare, and formulate national and global strate-
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gies to ultimately turn the tide on some of the 21st-century’s most devastating
diseases. Contributors to this book are necessarily diverse and include endocri-
nologists, pharmacists, haematologists, biologists, paediatricians, psychologists,
health policy experts, lawyers, nutritional scientists, nurses, health promotion ex-
perts, exercise and sports scientists, and dietitians. By drawing from a range of
specialties these authors present new insights and hope to present a more holistic
understanding of the challenges faced by individuals and societies.

This book brings together new research in obesity and diabetes from a range
of perspectives. Drawing from the fields of medicine, the biological sciences,
health science, business, law, social sciences, pharmacy, education and nursing,
the authors first define the nature and scale of the obesity and diabetes crisis, and
then explore possible solutions. In the first section, researchers explore the prob-
lems of obesity and diabetes at the cellular or physiological level. The issues that
these conditions raise are not the same for everyone. Hence, in the second section,
the authors turn to specific risk groups and settings. The third section considers
options for regulatory approaches as well as the ethics of policy interventions. Fi-
nally, in section four, researchers discuss treatment, prevention and management
strategies for both diseases.

Some important findings presented in the book include the following:

• Healthy behaviours established in young people tend to translate into healthy
habits in adulthood, which are subsequently modelled and passed on to the fol-
lowing generations.

• Eating according to hunger results in loss of excess weight.
• An individual genetically predisposed to obesity requires an obesogenic diet in

order to manifest the genetic blueprint via gene-environment interactions. Epi-
genetics suggests that obesogenic diets not only render individuals incapable
of losing excess weight, but may also have adverse impacts on the health of
future generations.

• Discrimination against obese individuals is evident in all areas of life includ-
ing social life, parenting practices, education, employment and healthcare. The
stress which obese individuals are exposed to as a result of negative societal
attitudes and behaviours can lead to further weight gain, and worse health out-
comes.

• Regular physical activity and exercise, independent of weight loss, are ef-
fective in both prevention and treatment of diabetes. Prolonged sitting time
might be associated with the risk of developing type 2 diabetes, independent
of leisure-time physical activity.

• Obesity is linked to changes in the nutritional balance of our diet, with a pri-
mary role for protein appetite driving excess energy intake. Small changes in
the percentage of protein in the diet can potentially yield big effects on intake,
with consequences – both good and bad – for weight management.

• In considering approaches to the prevention of obesity, there are distinct and
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overlapping ethical concerns at both individual and population levels; at both
levels moral compromise is necessary.

• School-based health promotion programs can have a positive and lasting
impact on body image, eating behaviours, attitudes, and the self-image of
adolescents. So promoting a healthy body image, establishing positive food
habits and encouraging involvement in sport and physical activity at school
can be catalysts for behavioural changes to improve health globally and reduce
healthcare costs.

• Diabetes complications occur to some degree in practically every person who
develops diabetes, although severe complications occur in only a minority.
Because it has a high prevalence in Australia however, diabetes is the sin-
gle commonest cause of endstage kidney disease and the commonest cause of
working-age blindness. Evidence from clinical trials indicates that by using
current healthcare and therapy standards, much can be done to prevent the on-
set and progression of diabetes complications. Prospective therapies to prevent
and treat complications in diabetes include the agent fenofibrate and stem cells
to treat diabetes and the organ affected by complications.

• A considerable body of evidence highlights the significant adverse health-
related impact of childhood and adolescent obesity. Moreover, childhood
obesity may track into adulthood, with further increased obesity-related mor-
bidity and mortality.

• Organised high-quality diabetes care needs to be accessible and affordable to
an increasing number of people with diabetes. Community pharmacists are a
valuable resource of trained healthcare professionals that can be utilised to
provide prevention and care services as part of an integrated primary care sec-
tor approach.

• Childhood obesity has become a major public concern in developing countries
where the absolute number of children who are overweight or obese is now
much higher than in developed countries.

• A holistic approach that considers how an individual configures their mas-
culinity or femininity may assist in promoting and maintaining weight loss in
obese individuals as it addresses the struggle in society experienced by many
obese people. Weight-loss approaches that recognise the individual struggle
with gender and the influence of other social structures may be an alternative
to current, largely unsuccessful treatments of obesity.

• While weight loss can be achieved, the major issue in the treatment of obesity
remains weight maintenance. Those individuals who lose weight and suc-
cessfully keep it off undertake lifestyle changes that includes high levels of
physical activity, eating breakfast and regular meals, and a diet that is low in
fat. Self-monitoring is an important way of catching ‘slips’ early and correct-
ing them.

• Promising societal and environmental responses to overweight and obesity in-
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clude redesigning the built environment, providing active transport options,
promoting the availability and accessibility of healthy food choices, restricting
promotion of unhealthy foods, and implementing ongoing social marketing
strategies to influence sustained healthy eating and physical activity behav-
iours. Achieving these things is a massive challenge. Government leadership,
social planning and urban renewal that engages communities, businesses and
other relevant stakeholders are fundamental to the process.

Editors: Louise A Baur, Stephen M Twigg and Roger S Magnusson
Book Project Manager: Kerrie Legge
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The physiological level





1
The biology of weight control

Amanda Sainsbury1,2,3

Many clinical and commercial weight-loss programs use external controls
such as kilojoule allowances to reduce energy intake. While this results in
weight loss, it is not necessarily suitable for people prone to disordered
eating, nor is it feasible for public health initiatives opposing obesity. In
this chapter I cover the endogenous biological systems that enable humans
to attain and maintain a healthy body weight – without kilojoule count-
ing – and how genetic variations and our obesogenic environment can
compromise them. These endogenous weight-control mechanisms allow in-
dividuals who don’t respond well to external controls about how much to
eat, to lose excess weight and keep it off, provided that the endogenous sig-
nals are heard and heeded, and the environment is conducive to doing so.
These mechanisms are also suitable for community interventions.

When it comes to losing excess weight, many people utilise methods such as
‘kilojoule counting’ and weighing or measuring portion sizes in order to reduce
their energy intake. For people not inclined to count or measure their food, struc-
tured programs are available that provide ‘pre-counted’ reduced energy intakes,
such as specific diet menus, meal replacement programs and home-delivered
meals. These are all examples of weight reducing diets in which energy intake
is externally prescribed. For many people, the clear directives about what and
how much to eat provided by such regimes impart knowledge about healthy
foods choices and reasonable portion sizes. This is particularly important in the
current obesogenic environment, where default food choices, portion sizes and
the physical environment have led many adults to become overweight or obese.
Weight-loss programs with externally prescribed energy intakes have helped

1 Neuroscience Research Program, Garvan Institute of Medical Research, Sydney.
2 Sydney Medical School, University of Sydney.

3 School of Medical Sciences, University of New South Wales.
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many people to lose excess weight efficiently and – in a proportion of cases – sus-
tainably. In fact, a recent study showed that a commercial weight-loss program
involving food counting outperformed individualised attention from general prac-
titioners in terms of helping overweight and obese adults to reduce body weight
over a one-year period [1].

Despite their effectiveness for a proportion of people, weight-reducing diets
with externally prescribed energy intakes are not suitable for everyone. Examples
include people with higher or lower energy requirements than those stipulated by
the diet, or those prone to disordered eating. For these reasons, in addition to the
high level of support required for adherence to such diets, they are not suitable
for community initiatives against obesity. In this chapter I explore an alternate
solution for weight management in these people, drawing on the function of bi-
ological weight-control systems. Because these endogenous weight management
systems appear to be intact in a significant proportion of people, they are poten-
tially amenable to community-level interventions against obesity.

ONE SIZE NEVER FITS ALL
Most clinical and commercial weight-loss programs use standardised energy in-
takes, with some programs offering two or three options for people with lower
or higher energy requirements (eg diets providing 1200, 1500 or 1800 kilocalo-
ries per day). However, many people have energy requirements for weight loss
that are different from these standardised levels, at least at times, due to intra-
and inter-individual variations in factors such as body size and composition, age,
sex, physical activity levels, phase of the menstrual cycle, as well as prevailing
climatic conditions. This means that, for a proportion of people, weightreducing
diets with defined levels of energy intake are either ineffective or unsustainable,
as outlined below.

When dietary energy intake is too high
I found that in order to eat all of the allocated food on that diet’s menu
plan, I was often eating when I wasn’t hungry, and I actually gained weight.
(Maria, 49 years of age and 1.52 metres tall)

Losing body fat is a question of consuming less energy than the amount of energy
used for basal metabolic processes, digestion, adaptive thermogenesis and physi-
cal activity. Some people’s energy requirements are so low that even adherence to
a 1200 kilocalorie per day diet will not result in weight loss. It is not uncommon
to hear of people who started and apparently followed a weight-loss diet with a
defined energy intake, only to achieve either very slow or no weight loss. While it
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is often assumed that the person ‘must be doing something wrong’, the standard-
ised energy intakes of many weight-loss diets can be too high to produce negative
energy balance in people with low energy requirements, as in older women with
low muscle mass and a low level of physical activity, for example.

When dietary energy intake is too low
With uni study, social life and trying to exercise regularly, it was not possi-
ble for me to ‘diet’ and ‘live’ at the same time. (Sabrina, 21 years of age)

A more common limitation of weight-loss diets with standardised kilojoule al-
lowances is that people with higher energy requirements – such as younger, larger
or more active individuals – can be left with inadequate energy with which to
live full and active lives. A woman once told me that she often stopped going to
the gym when following a commercial weight-loss program because she felt she
didn’t have enough energy for the vigorous workouts she otherwise enjoyed. This
may be due to physical and psychological effects.

Physical effects of energy deficit
Energy deficit is known to cause adaptive responses that inhibit ongoing weight
loss and which promote fat regain [2]. Emerging evidence suggests that the
greater the deficit between energy requirements and intake, the greater the mag-
nitude of these adaptive responses [3, 4, 5]. Such adaptations have been observed
in overweight and obese humans and animals in response to even moderate en-
ergy restriction, and include increased appetite, reduced energy expenditure [2],
a possible reduction in spontaneous physical activity [2, 5, 6, 7, 8], and an increase
in skeletal muscle work efficiency [9]. Additional adaptations include changes
in endocrine status that would tend to promote the accretion of fat (particularly
visceral fat) at the expense of muscle and bone, as recently reviewed [10]. For
instance, energy deficit has been shown to decrease circulating levels of thyroid
hormones, sex hormones, insulin like growth factor-1 and gut-derived satiety hor-
mones such as peptide YY, in addition to increased circulating cortisol levels
[10].

As larger energy deficits appear to induce stronger adaptive responses [3,
4, 5], and as the magnitude of the deficit-induced increase in appetite [11, 12]
or decrease in energy expenditure [11, 12, 13, 14] predicts subsequent weight re-
gain, the widespread use of standardised energy intakes in weight-reducing diets
could be inadvertently promoting a situation where the large get larger. For in-
stance, a 1500 kilocalorie per day diet would produce a greater energy deficit in
a woman weighing 100 kgs than in a woman weighing 80 kgs, all other things
being equal. As such, the more overweight woman could be expected to exhibit a
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greater adaptive response to weight loss in response to the standardised diet, po-
tentially putting her at greater risk of rebound weight gain.

Psychological effects of energy deficit
As well as having effects on physical predictors of weight regain, notably appetite
and energy expenditure, energy deficit affects psychological determinants of
feeding behaviour. For instance, energy restriction in rodents up-regulates hypo-
thalamic brain expression of dynorphins [

15
,,

16
], which are endogenous opioids

that induce dysphoria (an emotional state characterised by anxiety, depression,
or unease). Moreover, blocking endogenous opioids with non-specific opioid an-
tagonists such as naloxone or naltrexone has been shown to reduce binge-eating
behaviour and food intake in bulimia nervosa [17] and in obese women [18]. These
findings suggest that energy deficit may be contributing to changes in the brain
that promote binge eating. In keeping with this, restricting energy intake to levels
dictated by external factors rather than physiological needs (as in dieting) con-
tributes to binge eating and other eating disorders in some people. Indeed, 100%
of patients with bulimia and anorexia nervosa have followed restrictive diets in
the past, and abstaining from such practices is part of the established treatment
for eating disorders.

In light of the limitations of weight-reducing diets with standardised energy
intakes, as well as the impracticality of determining energy requirements tailored
to the individual needs of millions of people who need to lose excess weight, what
are the alternatives?

TAPPING INTO BIOLOGICAL WEIGHT-CONTROL
SYSTEMS FOR INDIVIDUAL AND COMMUNITY

SOLUTIONS
Many members of the public and health practitioners alike do not realise that
mammals such as humans are equipped with physiological systems that enable
individuals to attain and maintain an optimum weight – without the need to fol-
low externally prescribed kilojoule allowances – provided that the types of foods
eaten are generally healthy, and provided that the endogenous hunger and satiety
signals about when and how much to eat are heeded. In this and the next sec-
tion I will outline how these physiological weight-management systems work,
as well as the evidence that they function even in modern society, where the
current obesity epidemic might suggest otherwise. An advantage of tapping into
these endogenous weight-management systems is that they offer the potential
for personalised solutions, where energy intake can be automatically matched to
the optimal level for weight loss in each individual every day, without the need
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to measure actual energy requirements. These biological weight-control systems
are also amenable to community interventions against obesity because – when
combined with population-wide strategies facilitating healthy food and activity
choices – the associated public health message could be reduced to a single in-
struction: eat according to your physical needs.

Pathways that prevent excessive weight gain
When an individual consistently consumes a greater number of kilojoules than
that which is used by the body, the result is storage of excess energy, predom-
inantly in the form of triglycerides (fat) in white adipose tissue. When total
body energy stores exceed the level that the body defends (often referred to as
the ‘set point’), physiological changes that promote restoration of the set point
ensue. These changes include decreased appetite, increased physical activity, en-
hanced energy expenditure and hormonal alterations, as evidenced below. While
the appetite-inhibiting effects of energy excess are easy to override, as described
later in this chapter, research suggests that these adaptive responses to energy ex-
cess occur nonetheless in up to 84% of individuals [19], making them potential
targets for community-based interventions against obesity.

Positive energy balance reduces appetite
The most obvious sign of the adaptive responses opposing excessive weight gain
is a reduction in appetite. Anecdotally, many people notice this after a spate of
particularly heavy eating or inactivity or both (eg after holiday overindulgences),
when they may not feel as drawn to as abundant or as rich foods as usual. This
phenomenon has been measured in clinical trials. When healthy young male vol-
unteers were instructed to overeat by 4200 kilojoules (1000 kilocalories) a day
for three weeks and were then asked to eat ad libitum, they voluntarily consumed
2000 kilojoules (480 kilocalories) fewer per day than they were consuming before
the experiment began [20]. Moreover, they voluntarily chose to eat foods that
were lower in fat than those they normally ate [20]. Similar results have been
observed in lean rodents, which exhibit spontaneous reductions in food intake in
response to exposure to a high-fat diet [21], probably driven by changes in the
hypothalamus of the brain as described below. Further research is required to de-
termine whether the effect of short-term energy excess to inhibit appetite is also
apparent in all people, particularly those who are overweight or obese, as a recent
study has suggested that this response may be impaired in some [22].

Positive energy balance increases physical activity
In addition to reducing appetite, energy excess increases physical activity, the
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amount of energy used to perform physical activity, or both [8, 9, 23], thereby
helping to allay fat accumulation. Lean volunteers were asked to overeat by
4200 kilojoules (1000 kilocalories) each day for eight weeks [23]. They were
specifically instructed not to increase the amount of exercise they did during the
experiment, and they stringently maintained a low level of voluntary physical ac-
tivity throughout the eight-week overfeeding period. Remarkably, the volunteers
displayed a massive increase in non-exercise activities such as spontaneous mus-
cle contractions, posture maintenance and fidgeting. In fact, the average increase
in energy spent on these types of non-volitional physical activities – termed non-
exercise activity thermogenesis, or NEAT – added up to 1425 kilojoules (340
calories) a day. One volunteer even burnt up 2900 additional kilojoules (700 calo-
ries) a day, which he achieved without meaning to by pacing for about 15 minutes
of every waking hour. This spontaneous increase in the amount of energy ex-
pended on physical activity in response to energy excess has been confirmed in
other studies in humans [9]. It is a change that has been suggested to oppose
weight gain, because spontaneous physical activity in mice and rhesus monkeys
negatively correlates with weight gain, consistent with human epidemiological
data [24]. Not only does energy excess increase the volume of physical activ-
ity performed, it also appears to decrease muscle work efficiency in humans [9],
thereby further increasing the amount of energy expended on physical activity
and decreasing that available for storage.

Positive energy balance may increase energy expenditure
In addition to decreasing appetite and stimulating the amount of energy expended
on physical activity, some studies have shown that energy excess leads to an in-
crease in total daily energy expenditure or basal metabolic rate in humans [22, 25,
26, 27], albeit this has not been observed in all studies, as recently reviewed [28].
Such a change would be expected to further increase energy dissipation and help
to prevent weight gain.

Neuroendocrine responses to positive energy balance
The changes in food intake, physical activity and possibly also total energy ex-
penditure that occur in response to energy excess are likely to be mediated by
associated effects on neuroendocrine status. For instance, feeding rodents a high-
fat diet for eight weeks reduces expression of orexigenic peptides that promote
food intake, notably neuropeptide Y (NPY) [21]. As NPY has been shown to
stimulate feeding, reduce physical activity and decrease metabolic rate [2], such
a change in its hypothalamic expression could contribute to effects of energy ex-
cess on appetite, physical activity and energy expenditure.

While it is not possible to measure dynamic changes in hypothalamic peptide
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expression in response to energy excess in humans, investigation of human body
fluids or peripheral tissues provides indirect evidence of similar brain changes to
those that have been measured in rodents. For instance, overfeeding increases ac-
tivity of both the hypothalamopituitary thyroid axis and the sympathetic nervous
system in humans, as evidenced by measurements of serum thyroid hormone and
catecholamine levels [29] or muscle sympathetic nerve activity [30]. Both of these
changes would be expected to result from decreases in orexigenic peptide ex-
pression in the hypothalamus of the brain [10, 31], and could in turn contribute
to the adaptive changes opposing weight gain in response to energy excess. For
instance, induction of hyperthyroidism in rats leads to an increase in physical ac-
tivity and NEAT [8, 32]. Additionally, thyroid hormones are classically known
for their effect to stimulate energy expenditure by acting on peripheral tissues to
directly influence cellular metabolism [33], and they have recently been shown
to act in the hypothalamus of the brain to stimulate sympathetic nervous activity
[34], which in turn is known to stimulate energy expenditure [35].

Changes in gut hormone secretion could also contribute to the effects of en-
ergy excess on energy intake and expenditure. Short-term energy excess in lean,
overweight and obese males increases circulating concentrations of the gut-de-
rived satiety hormone peptide YY (PYY) [36]. As PYY has been shown to reduce
appetite and food intake in lean and obese humans and rodents [37, 38, 39], this
change could contribute to the associated reduction in appetite seen after energy
excess. Increased PYY levels could also contribute to observed increases in en-
ergy expenditure during energy excess, since PYY has been shown to increase
energy expenditure in lean and obese men [40], and to decrease energy efficiency
and increase core body temperature in rodents [41].

EVIDENCE THAT BIOLOGICAL
WEIGHT-CONTROL SYSTEMS CAN LEAD TO

LOSS OF EXCESS WEIGHT
In light of adaptive responses to energy excess such as those described above, it
would be expected that eating according to individual physical hunger and sati-
ety signals would result in reversal of past overindulgences. Energy intake would
be reduced on account of the associated reduction in appetite, and increases in
physical activity levels or the energy cost of physical activity, combined with a
possible increase in total energy expenditure, would further facilitate loss of ex-
cess weight and restoration of the defended ‘set point’. But what is the evidence
that eating according to individual hunger and satiety cues – without external pre-
scriptions on energy intake – does indeed result in loss of excess weight in lean,
overweight and obese people?

1 The biology of weight control
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Effectiveness of biological weight-control systems in lean
people

In a classic overfeeding study [42], 12 pairs of lean young identical male twins
were instructed to stop exercising and to overeat by 4200 kilojoules (1000 kilo-
calories) a day, six days a week, for 12 weeks. Every single man gained weight
during the study, with a mean weight gain of 8.1 kg. As might be expected based
on anecdotal observations that some people can ‘gain weight just by looking at
food’ and others ‘can eat anything they want and never gain weight’, the range of
weight gain was wide (4.3 to 13.3 kg), and there was a markedly greater similarity
within each twin pair than among pairs with respect to weight gain. This finding
shows that genetics play a significant role in determining the ability of endoge-
nous weight-control systems to cope with energy excess. Intriguingly, despite this
wide range of weight gain among twin pairs, when the volunteers resumed their
regular lives at the end of the study, all of them spontaneously returned to within
one kilogram of their original weight within four months [42, 43]. This finding
provides indirect evidence that even those individuals with a genetic propensity to
gain the most weight during periods of energy excess can reverse those excesses
by eating according to appetite, without the need for diets with an externally pre-
scribed energy intake.

Similar spontaneous returns to initial body weight have been seen in men
from Cameroun after four to six months of fattening by massive carbohydrate
overconsumption for the traditional Guru Walla session [44]. However, a recent
study of 12 lean men and six lean women showed that a four-week period of
hyper-alimentation and limited physical activity resulted in increases in body
weight and adiposity that were almost – albeit not completely – reversed within
12 months of return to ad libitum food intake and usual activity patterns [22]. It
is thus likely that the homeostatic control mechanisms that contribute to reversal
of energy excesses are not impervious, at least in some individuals.

Effectiveness of biological weight-control systems in
overweight and obese people

It might be expected that lean young men and women would reverse energy
excesses reasonably efficiently without the need for fixed energy intake prescrip-
tions. However, evidence that homeostatic regulatory systems can also contribute
to reversal of excess weight in overweight, obese or severely obese people comes
from weight-loss studies involving ad libitum intake of a modified diet. When
obese [45] or severely obese [46] men and women limited carbohydrate intake
without restricting consumption of fat and protein, they lost at least as much
weight after six to 12 months (~4% to 7% of body weight) as people in a con-
trol arm who consciously restricted total daily energy intake via calorie counting.
Additionally, overweight or obese young men and women lost an average of
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~5% of their body weight in a 12-week intervention involving the instruction to
‘eat to appetite’, choosing from lists of appropriate meals and snacks that would
result in modification of glycaemic load and/or protein intake [47]. Similar ef-
fects on body weight are seen when the fat intake of the diet is modified without
prescribing energy intake [48]. Indeed, the Clinical Practice Guidelines for the
Management of Overweight and Obesity in Adults from the National Health and
Medical Research Council (NHMRC) of Australia provides evidence that low-fat
diets consumed ad libitum can lead to weight and waist circumference losses of
2– 6 kg and 2–5 cm after one year, and that these diets – if intensively monitored
– may be more effective for maintaining weight loss than more prescriptive low-
energy diets [48].

Potential significance for the treatment of overweight and
obesity

It has been estimated that these endogenous weight regulatory mechanisms are
effective in up to 84% of people [19]. This number is derived from observations
that up to 84% of people tested in several independent overfeeding studies gained
less weight than expected, indicating adaptive metabolic processes that dissipated
part of the energy excess [19]. This means that for situations where rigid prescrip-
tions of energy intake are impractical or contraindicated, it can still be possible
for people to lose excess weight and keep it off, provided that endogenous sig-
nals of hunger and satiety are heard and heeded, and provided that healthy foods
are easily accessible and chosen. Such situations include people who eat outside
the home frequently or who have a propensity for disordered eating, as well as
for community interventions where it is unfeasible to mass-prescribe kilojoule
allowances. There are, however, circumstances that appear to render these bio-
logical weight-control systems ineffective, at least in some people, and these are
discussed below.

FACTORS THAT INTERFERE WITH BIOLOGICAL
WEIGHT-CONTROL SYSTEMS

There are multiple factors that interfere with the body’s innate ability to defend
a healthy set point weight. These include congenital disorders associated with in-
creased appetite, such as Prader Willi syndrome, or mutations of critical genes
involved in the regulation of body weight, such as leptin, the leptin receptor or
the melanocortin 4 receptor. Additionally, certain medications such as cortisol
and insulin can interfere with the function of endogenous weight-control systems,
leading to increased hunger and weight gain unless energy intake is deliberately
restrained. In this section however, I will deal with two situations that threaten the
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functionality of endogenous weight-control systems in the majority of – if not all
– people living in obesogenic environments such as Australia. The first of these
involves situations that encourage people to eat when they are not hungry, and
the second involves the types of foods that are available to most people.

Environmental triggers for non-hungry eating

Availability of food in excess
In modern society, eating often occurs independently of biological hunger and
satiety signals. With so many delicious, varied and affordable foods and bev-
erages readily available, how many people stop to question whether they are
physically hungry before hoeing in? We often eat irresistible foods at the moment
they are offered to us. I for one find it exceedingly difficult to save a biscuit, bun
or chocolate for later if a colleague brings one to my office when I am not hungry.
We often eat meals simply because it is mealtime, regardless of whether or not
we have an appetite. And people commonly eat out of pure boredom, joy or other
emotional triggers, even in the complete absence of physical hunger. These are
all examples of non-hungry eating, an everyday occurrence for most people. As
such, the ability of biological weight-control systems to work effectively is com-
promised, even in people in whom the appetite-reducing effects of these systems
are perfectly functional.

In addition to increasing the number of eating and drinking episodes per day,
our environment readily offers excessively large portions at each sitting, and this
appears to compromise the satiety signals that tell us when to stop eating. Re-
search volunteers were invited to eat from a bowl of soup until they felt satisfied
[49]. Unbeknown to any of the volunteers, some of them were eating soup from
bowls that were slowly and imperceptibly refilling as their contents were con-
sumed. Uncannily, these people ate a massive 73% more than volunteers who had
eaten from normal soup bowls. What is even more fascinating is that the volun-
teers who had eaten from the surreptitiously rigged bowls didn’t feel any more
satisfied or oversatisfied than those who had eaten from normal bowls, demon-
strating that we use visual as well as physical cues to determine when we have
had enough to eat. This effect of larger portion sizes appears to be prolonged.
When normal-weight and overweight adults were served 50% larger portions
for 11 days, they ate an average of 423 additional kilocalories per day over the
11-day test period compared to an 11-day control period two weeks earlier or
later in which they ate standard-sized portions [50]. This consistently increased
energy intake occurred despite the fact that the volunteers reported feeling signif-
icantly less hungry and significantly more satiated during the overfeeding period
than during the control period [50]. These results collectively imply that unless
deliberate attempts are made to control portion sizes and heed endogenous hunger
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and satiety signals, then even if an individual is in energy excess with a subse-
quently reduced appetite, they will eat more than their physical needs dictate, and
their biological weight-control systems will not have the opportunity to function
optimally in the defence against excessive weight gain.

Health messages that inadvertently discourage eating according
to physical hunger

It may seem obvious that our obesogenic environment pushes people to overeat
when not hungry. However, even amongst people who are trying to lose weight,
there is a disconnect between eating and biological hunger.

The diet specified that you have to eat at least six times a day, as this is
supposed to keep the metabolism of premenopausal women high. (Maria,
49 years of age and 1.52 metres tall)

People wishing to lose excess weight frequently seek knowledge about how to
do so from the media, from books and from gyms. Unfortunately, these avenues
often provide weight-loss directives that can inadvertently encourage non-hun-
gry eating. Examples of such directives include ‘eat little and often to keep your
metabolism high’ and ‘you must eat within 30 minutes after a workout to build
muscle’ or ‘never skip a meal’. While the importance of regular consumption of
nutritious foods is acknowledged, it must be balanced with the likelihood that
many people seeking to lose excess weight will have a reduced appetite due to
effects of their biological weight-control systems. Encouraging eating without re-
gard to hunger signals prevents these people from listening to the innate systems
that could actually help them to lose excess weight, if heeded.

Diets high in sugar and/or fat
It is well accepted in the scientific literature that feeding rodents a diet high in
sugar and fat (or high in fat) for several months results in approximately 30% of
animals becoming apparently permanently obese [12, 51, 52, 53]. When switched
to an ad libitum low-fat diet, these diet-induced obese rodents maintain the same
elevated body weight. When placed on an energy-restricted low-fat diet, they lose
weight, but once ad libitum access is reinstated, body weight rebounds to the el-
evated level. Whereas these animals would never have become obese if they had
not been fed the obesogenic diet – as indicated by the fact that littermate controls
maintained on the low-fat diet remain lean throughout life – the high-fat diet in-
duces a shift in ‘set point’ such that a higher body weight is defended.

Genes load the gun, the environment pulls the trigger. (Quote attributed to
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George Bray)

Genetic blueprint is a major determinant of whether or not an individual animal
will be susceptible or resistant to diet-induced obesity. However, having the
genes for obesity is not enough; an individual genetically predisposed to obesity
requires an obesogenic diet in order to manifest this genetic blueprint via
gene–environment interactions. So what are the effects of obesogenic diets on bi-
ological weight-control systems? This question has been addressed in studies in
which diets that are either high in fat, or high in fat and sugar, have been fed to
animals.

Obesogenic diets induce leptin resistance
One clear effect of long-term exposure to an environment rich in dietary fat is the
development of leptin resistance [21, 54, 55, 56]. The hormone leptin is a key reg-
ulator of biological weight-control systems. It is secreted in large part from white
adipose tissue (body fat). Under normal circumstances, a gain in body fat leads to
an increase in circulating concentrations of leptin, which in turn acts on the hypo-
thalamus of the brain to contribute to effects of energy excess as discussed above,
namely inhibition of appetite, stimulation of physical activity and enhancement
of energy expenditure. However, after several months on a high-fat diet, there is
a decrease in the ability of leptin to induce its effects, possibly via changes such
as a decrease in the number of leptin receptors in the brain. This change in turn
leads to ineffectiveness of the endogenous weight-control mechanisms, with sub-
sequently accelerated weight gain.

Obesogenic diets induce changes resembling ‘food addiction’
Constant exposure to, and overconsumption of, a high fat–high sugar diet triggers
similar changes in the brain to those seen in drug addiction. These changes
can override the biological weight-control systems, driving the development of
compulsive overeating and excessive weight gain. When adult rats were given
unlimited access to bacon, sausages, cheesecake, pound cake, frosting and choco-
late (as well as normal low-fat chow) for about 20 hours a day for 40 days, they
rapidly developed a preference for the high-fat foods [57]. Moreover, the rats ex-
hibited compulsive-like feeding behaviour, demonstrated by the fact that they
kept eating even in adverse conditions that normally cause rats to cease eating. At
the end of 40 days, the animals had gained significant amounts of excess weight.
Genetic techniques revealed that this drive to eat ‘compulsively’ was likely due
to a decrease in the amount of dopamine D2 receptors in the striatum, a part of
the brain involved in the development of addictive behaviours [57]. Dopamine is
a neurotransmitter that is released in the brain in response to pleasurable stimuli
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such as eating, sex, or use of addictive drugs like cocaine. By acting on dopamine
D2 receptors, dopamine induces changes in mood. Intriguingly, this reduction
in dopamine D2 receptors in the brain is also seen in the brains of people who
are addicted to drugs, as well as in people who have a body mass index in the
obese range [57]. These findings may help to explain the observation that despite
the presence of endogenous weight-control systems, many people overeat in our
current obesogenic environment, where foods such as sausages, pound cake and
frosting are easier – and cheaper per kilojoule – to procure than fruits and vegeta-
bles.

Reversibility – or not – of diet-induced brain changes that
predispose to obesity

A plethora of studies such as the ones cited above unanimously show that over-
consumption of a diet high in sugar and/or fat leads to changes in the brain that
compromise the functionality of biological weight-control systems, at least in an-
imals. What is not known from this research is whether such changes occur in
people who have been exposed to similarly obesogenic diets for a long time, and
whether any such changes are reversible in humans or animals, particularly in
those with a genetic propensity for diet-induced obesity.

New evidence points to the possibility that at least some of the effects of a
high-fat diet on the brain may be reversible. In one study, the severe leptin resis-
tance seen in the hypothalamus of mice on a high-fat diet was reversed after two
weeks on a low-fat diet [56]. Exercise has also been shown to alleviate the effects
of a high-fat diet on the defended set point. As mentioned above, diet-induced
obese rats with a strong genetic propensity for weight gain lose weight when put
on a low-fat/low-energy diet, but they regain their pre-diet weight within eight
weeks of ad libitum access to low-fat food [52]. In contrast, diet-induced obese
rats that ran on a treadmill for half-an-hour a day, six days a week, regained sig-
nificantly less weight than the sedentary control rats, weighing approximately
10% less, and having approximately 13% less body fat, than non-exercising con-
trols [52]. In fact, the total body fat of the exercising rats was no different from
that of lean rats that had never been obese in their lives. This beneficial effect of
exercise was due to inhibition of the drive to eat rather than an increase in energy
expenditure. Circumstantial evidence also suggests that effects of obesogenic di-
ets on addiction-like changes in the brain may be reversible. Just as the low levels
of the dopamine D2 receptor in the brain of people who are addicted to drugs ap-
pear to be increased upon abstinence from the drug to which they are addicted,
the low levels of D2 receptor seen in postmortem brains of obese people are not
apparent in brains from formerly obese people who had lost weight following
gastric surgery [57]. Collectively, these findings raise the hopeful possibility that
environmental and behavioural changes leading to a better diet, increased phys-
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ical activity and weight loss can reverse the brain changes that compromise the
effectiveness of biological weight-control systems.

More research into the potential reversibility – or not – of diet-induced brain
changes is urgently needed. Of particular concern is the observation that a high-
fat diet has been shown to cause epigenetic changes in the gene for leptin [58].
Epigenetic changes are changes to the DNA structure that are not encoded by the
DNA sequence itself but which are nonetheless transmitted to subsequent gener-
ations. Examples include the addition of methyl groups to regions of the DNA,
resulting in alterations to the expression of nearby genes. Feeding lean rats a
high-fat diet resulted in methylation of DNA in the promotor region controlling
the expression of leptin [58]. The link between epigenetic changes and obesity
is an expanding area of research. It raises the troubling possibility that obeso-
genic diets not only render individuals incapable of losing excess weight, but they
can also lumber ensuing generations with residual environmentally induced prob-
lems. Circumstantial evidence for this comes from the finding that the sons and
grandsons of men who had been exposed to overabundant food at around the time
of puberty in Overkalix, an isolated region in Sweden, lived significantly shorter
lives than the progeny of men who had not been exposed to a rare period of food
overabundance in their pre-pubertal development [59].

Implications for human obesity
With these rodent diet-induced obesities in mind, it is deeply concerning to see
people consuming high-fat or high-fat and high-sugar diets – with little fruits and
vegetables – from an early age onwards. Is our environment robbing their bod-
ies of the natural ability to guard against excess weight, thereby setting them and
their progeny up for permanent obesity? Outstanding research questions are listed
below. Sadly, we will probably have the answers to these questions when the first
generation of children who have grown up almost exclusively on junk food come
of age.

• Does overconsumption of an obesogenic diet induce brain changes in humans
that predispose to overeating and obesity, as has been observed in rodents?

• If so, how many months or years on an obesogenic diet are required to induce
such brain changes in humans?

• Are such effects of an obesogenic diet on the brain permanent, or can switch-
ing to a healthy diet, exercising and losing weight reverse them?

• What are the genotypes or epigenotypes that increase the susceptibility to diet-
induced obesity in humans?

• Can we identify diagnostic biomarkers to identify children with such geno-
types or epigenotypes, so that they can be protected from obesogenic diets,
just as children with nut allergies are vehemently protected from nuts in the
environment?
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CONCLUSION
In modern society, the process of eating is becoming increasingly disconnected
from the physical need to replenish fuel supplies. We consume highly palatable
foods and beverages because they are readily available in large quantities, and
lack of physical hunger is all too rarely an impediment to eating. When weight
gain ensues, many people and their health practitioners resort to external direc-
tives about what, when and how much to eat. While this approach – where energy
intake is determined externally – helps a proportion of people to lose excess
weight and keep it off, it also results in a proportion of people eating too little
or too much for effective weight loss, potentially exacerbating their overweight
or obese conditions. Moreover, such methods are not suitable for everyone, es-
pecially people whose lifestyles do not afford the rigidity required to count or
measure foods or eat separate meals to their family and friends, and those prone to
eating disorders. Additionally, such weight-loss strategies are not suited to public
health campaigns to promote healthy weight.

The body is equipped with endogenous systems to control excess weight.
There is evidence that these biological weight-control systems are active in the
majority of people and can enable loss of excess weight and/or maintenance of a
healthy weight if the signals are heard and heeded. These biological control sys-
tems allow for individualised solutions to weight management, because energy
intake is tailored to each person’s individual needs at any particular time. How-
ever, unless public health measures are implemented to improve food supply and
portion sizes, and thus allow these systems to work as effectively as they are able,
it will be difficult for many people to listen to the signals. This is particularly
true of people with a genetic propensity for obesity. Moreover, continuation of
the current obesogenic environment may lead to irreparable brain changes that
make it impossible for certain people to lose excess weight, with changes po-
tentially being transmitted to subsequent generations. While intense lobbying to
change our environment via public health measures continues, benefits could be
obtained now by helping people to learn to eat according to internal hunger and
satiety signals. This could be achieved via commercial weight-loss programs,
health practitioners, or potentially also via public health campaigns, thus enabling
more people to benefit from the biological systems that naturally control body
weight.
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2
The geometry of human nutrition1

Stephen J Simpson2 and David Raubenheimer3

This chapter is an excerpt from a forthcoming book, titled ‘The nature
of nutrition: a unifying framework from animal adaptation to human obe-
sity’ by Stephen J Simpson and David Raubenheimer (Princeton University
Press, 2012). In the book we present a graphical approach, the ‘geometric
framework’, which we believe can help to integrate nutrition into the
broader biological sciences and introduce generality into the applied nutri-
tional sciences. In the present chapter we use this approach to show that the
epidemic of human obesity and metabolic disease is linked to changes in
the nutritional balance of our diet, with a primary role for protein appetite
driving excess energy intake on a modern Western diet.

THE MODERN HUMAN NUTRITIONAL DILEMMA
It is conservatively estimated that more than one billion people worldwide are
overweight or obese. Rates of obesity are increasing, notably among the young,
and the associated disease burden is immense [1, 2, 3]. Figure 1A plots the relative
risk of dying prematurely as an adult against body mass index (BMI), which ap-
proximates to body fatness and is calculated as body mass in kilograms divided
by the square of height in metres. Clinicians categorise adults as underweight if
they have a BMI of less than 18.5, as overweight if they have BMI values be-
tween 25 and 30, and as obese if they exceed 30. The curve is U-shaped, with the
risk of dying prematurely increasing at both low and high values of BMI, and the
target zone for health and longevity lying in between.

The relationship between body fat content and risk of premature death in hu-
mans is very similar to what we have observed in the locust, Figure 1B. This is

2 School of Biological Sciences and Charles Perkins Centre, University of Sydney.
3 Institute of National Sciences, Massey University, Auckland, New Zeland.
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a species that defends a target intake of macronutrients [4], and Figure 1B sug-
gests a reason why that target is defended: because doing so minimises the risk of
dying early. We have encountered similar ‘nutritional wisdom’ in caterpillars, as
well as fruit flies and field crickets [4].

Regrettably, the same cannot be said for our own species. Take as an exam-
ple the US, where approximately 65% of adults are overweight or obese, while
30% are clinically obese. And the US is not atypical – the same trend is seen in
all developed countries and increasingly in developing countries, too. Why have
we gone so badly wrong? The answer lies in the interplay between the nutritional
environment and regulatory physiology.

1 We are grateful to Princeton University Press for permission to include this chapter
from the author’s forthcoming book: Simpson SJ and Raubenheimer D (2012). The
nature of nutrition: a unifying framework from animal adaptation to human obesity,
Princeton: Princeton University Press.

2 The geometry of human nutrition1

25



Figure 1A. The relative risk of dying prematurely as an adult
against body mass index (BMI) in US adults (based on Calle
et al. [72]); and B. an equivalent plot for locusts [73].

As summarised in Figure 2, the human nutritional environment has changed
considerably over the past 35,000 years since the Upper Palaeolithic. Anthro-
pologists and archaeologists have reconstructed the nutritional ecology of our
forebears during this period [5]. The main conclusion is that people then were
probably energy-limited, because sources of simple sugar, fat and starch were
rare. In contrast, protein was relatively abundant in the form of lean game ani-
mals. Skeletal analyses indicate that people were large, lean and healthy under
such an environment [5].
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Figure 2. A summary timeline for the changing human nutritional environment
since the Paleolithic.

A major transition in human nutrition occurred with the shift from hunter-gath-
erer lifestyle to agriculture. This took place at different times in different parts
of the world, but the results were similar: there was an increase in the amount of
readily available carbohydrate, particularly starch from grains, in the diet. This
may have been associated with protein limitation and also micronutrient imbalan-
ces, and probably led to increased problems of famine as well as a greater disease
burden as populations became more concentrated and sedentary [6, 7, 8]. As a re-
sult, people were, on average, smaller than in the Upper Palaeolithic, lean and
less healthy.

The incorporation of carbohydrate into the diet increased further during the
Industrial Revolution, due to the bulk refining and efficient transport of grains
and sugar. Around that time, most people were small and lean, with corpulence
being largely restricted to the wealthy few.

Since the Industrial Revolution, there has been a further major nutritional
transition, between and following the two world wars. Today in the developed
world, we have an unprecedented general access to all manner of foods and nutri-
ents. We in the Western world are large and live long, but are also suffering the
obesity epidemic and an upsurge in a new set of chronic diseases associated with
our modern lifestyle.

In contrast to the changing nutritional environment, our physiology seems to
have remained much more constant over the same timescale. There is evidence of
genetic adaptation in human populations to changed patterns of food availability
since the Upper Palaeolithic [8] – for example, the evolution of lactose tolerance
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among human populations with the advent of dairy herding and, possibly also
the selection of genes that confer resistance to diabetes [9]. However, the pace
at which our nutritional environment has changed is considerably faster than the
rate at which our metabolism can evolve: we are caught in a time lag, in which
our physiology is poorly adapted to our lifestyle.

If we are to understand how our ‘outdated’ physiology interacts with our
changed nutritional environment, we must answer three fundamental questions:

1. Do humans regulate intake of multiple nutrients to an intake target (sensu
Simpson and Raubenheimer [4])?

2. How do humans balance eating too much of some nutrients against too little
of others when faced with an imbalanced diet – ie what is the rule of com-
promise for humans (sensu Simpson and Raubenheimer [4])?

3. How do humans deal with nutrient excesses?

We will deal with these questions in turn, restricting our discussion to the three
macronutrients – protein, carbohydrate and fat. Of these nutrients, we argue that
protein has played a pivotal role in the development of the obesity epidemic.

DO HUMANS REGULATE TO AN INTAKE
TARGET?

As yet, no properly controlled geometric experiment, along the lines described in
[4] for numerous other animals, has been published for humans. Partly for this
reason, it remains contentious whether humans are able to regulate their intake of
different macronutrients [10, 11, 12]. There are, nonetheless, three sources of infor-
mation that suggest that we can regulate the intake of specific nutrients.

1. Comparative data from rodents and other omnivores
Rodents are widely used as models for human nutritional physiology. From a nu-
tritional perspective, there is some rationale to this because, like humans, rodents
are broad-scale food generalists. Reinterpreting published data on rats showed
convincingly that these mammals have the capacity to regulate their intake of
protein and carbohydrate [13]. An example is shown in Figure 3A, in which we
replotted data collected by Theall et al. [14]. Rats were provided with one of eight
different complementary food pairings, and in every case converged on the same
intake of protein and carbohydrate, indicating that these animals regulated their
intake of both macronutrients. Subsequently, Sørensen and colleagues [15] con-
ducted a full geometric analysis of protein and carbohydrate regulation in another
model rodent, the mouse, and showed unequivocally that mice, too, regulate pro-
tein and carbohydrate to an intake target (Figure 3B).
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2. Studies on human macronutrient appetite
There are data which indicate that we have some capacity to regulate our intake
of macronutrients, notably protein, despite the extreme complexity of our social
and nutritional environments [12, see 16]. It appears that macronutrient-specific
feedbacks operate over a period of one to two days, and that, at least for protein,
we subliminally learn to associate foods with the nutritional consequences of eat-
ing them [17, 18].

Figure 3. Rats and mice possess separate appetites for protein and carbohydrate. A. Data
for rats provided with one of eight different complementary food pairings (food rails not
marked except for the two most extreme ratios). Rats converged on a point of pro-
tein–carbohydrate intake, indicating tight regulation of both macronutrients to an intake
target. (Data from Theall et al. [14], reanalysed in Simpson and Raubenheimer [13]). B.
Cumulative protein– carbohydrate intake trajectories for mice offered one of five food
pairings. Mice converged significantly relative to a common (target) intake trajectory.
Had they fed indiscriminately between foods in each pairing, trajectories would have di-
verged markedly, as shown in the lower insert. (From Sørensen et al. [15], with
permission).

3. Population-level data
A striking feature of the human diet is that the proportion of protein in the diet is
highly consistent across populations and across time, comprising around 15% of
total energy, whereas fat and carbohydrate vary [19] (Figure 4). And not only the
proportion of protein, but also the amount is consistent, at least in some popula-
tions. Figure 5 plots estimates for per capita intake for the UK population from
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1961 until 2000, taken from the Food and Agriculture Organization of the United
Nations (FAOSTAT) database [20]. According to these data (which are based on
nutrient supply rather than measures of actual intake), intake of protein and also
fat and carbohydrate have remained remarkably stable since 1961. Not only that,
they appear to have been ‘defended’. If we first take the case of dietary fat sup-
ply and break down the total into fats derived from animal and vegetable sources,
it is apparent that during the mid 1980s intake of animal fats fell precipitously,
presumably in response to the public health campaign urging people to eat less of
these fats. Thus, at this time there was a perturbation in the nutritional environ-
ment – was there a compensatory change to counterbalance this? Yes – as can be
seen in Figure 5, the intake of vegetable fats rose in direct proportion to falling
intake of animal fats, leading to maintenance of total fat intake at a constant level.
Similar substitutions between food groups were also seen over the same period
for protein and carbohydrate. Sugar intake fell and was compensated for by in-
creasing consumption of complex carbohydrates (starches, fruit and vegetables).
Declining consumption of beef, pork and lamb was compensated by increased
poultry consumption, reflecting increasing availability and cheapness of the latter
with increased industrialisation of poultry production.

Figure 4. Ratios of average macronutrient intake (scaled in units of energy) in various
human societies during the late 1950s and early 1960s. (Based on data from Westerterp-
Plantenga [19] and the FAOSTAT database [20]).

But regulation of macronutrient intake is not always perfect, as strikingly illus-
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trated by the US, where carbohydrate and fat intake (as again estimated from
FAOSTAT data) have risen substantially over the period 1961 to 2000 (Figure 6).
However, protein intake has risen to a lesser degree over the same period. As a
result, in the US there has been a shift in diet composition towards a lower ratio
of protein to carbohydrate and fat, with protein comprising 12.5% as compared
with 14% of total energy intake. Almost certainly this shift has been away from
the intake target ratio. Data from the National Health and Nutrition Examination
Survey (NHANES) in America indicate a similar pattern: a small decline in per-
cent dietary protein, caused largely by increasing fat and especially, carbohydrate
intake [21, see also 22, 23]. Understanding the effect of such a change requires
knowledge of the rule of compromise.

Figure 5. Changing patterns of macronutrient supply (from which in-
take can be approximated) in the UK from 1961 to 2000, based on
FAOSTAT data. Macronutrient intake remained stable and seemingly
regulated. See text for interpretation.
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Figure 6. Data as in Figure 5, for the US. Intake of
carbohydrate and fat rose faster than that for protein
and as a result the percentage of protein in the daily
diet fell.

WHAT IS THE HUMAN RULE OF COMPROMISE?
To address this question, we used the geometric framework to explore the human
rule of compromise [16]. Our initial study was a short-term experiment, involving
ten subjects incarcerated in a chalet in the Swiss Alps, focusing on intake of pro-
tein vs carbohydrate and fat combined. We decided to treat fat and carbohydrate
as a single dimension (carbohydrate and fat) scaled in energy units since the ex-
isting evidence from humans, rodents and other omnivorous animals suggested
that the key interaction was between protein and non-protein energy in the diet.

Subjects were housed together for six days. For the first two days, they were
provided with the opportunity to select their breakfast, lunch, afternoon snack
and dinner from a buffet of items comprising a wide range of macronutrient com-
positions. Everything they ate was weighed and their macronutrient intake was
estimated from food composition tables. For the next two days, one group of sub-
jects (treatment 1) was restricted to foods that were high in protein and low in
carbohydrate and fat, while the remaining subjects in treatment group two were
provided with only low-protein, high-fat + carbohydrate items. For the final two
days of the experiment (days five and six), all subjects were given the same free
choice of foods as on days one and two. The results are summarised in Figure
7. The overriding message of the experiment was that when subjects were re-
stricted to a diet that contained either a higher (treatment 1) or lower (treatment
2) ratio of protein to carbohydrate and fat than they had self-selected during days
one and two, they maintained their intake of protein at the expense of the reg-
ulation of carbohydrate and fat intake. Thus, treatment group one underingested
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carbohydrate and fat rather than overate protein, while treatment group 2 overate
carbohydrate and fat to gain limiting protein.

Figure 7. Results from our Swiss study [16]. See text for details. (After Simpson et al.
[16], with permission).

From these data, we derived an indication of the form of the human rule of com-
promise for protein vs carbohydrate and fat, which is that, when forced to trade
off intake of protein vs carbohydrate and fat, humans prioritise protein intake. We
termed this the ‘protein leverage hypothesis’ [24].
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Figure 8A. Protein intake is more tightly regulated than non-protein intake in humans.
Protein versus non-protein intakes from a meta-analysis of 23 studies measuring ad libi-
tum daily intake on diets of different macronutrient compositions for time periods
ranging from less than two months (circle), two to four months (upwards triangle), six to
eight months (downwards triangle) and 12 months (square). The rails represent 10%,
15% and 25% protein diets. The inset shows that as the percentage of protein in the diet
increases, non-protein (carbohydrate and fat) intake decreases but protein intake re-
mains relatively constant. The dashed line is the mean protein intake for all studies (1.52
MJ). The solid line is calculated as the non-protein (carbohydrate and fat) intake given
the percent protein intake in each study but assuming protein intake was equal to the
mean (1.52 MJ); in other words, the case where protein leverage is complete and regula-
tion of absolute protein intake dominates total energy consumption. B. Three published
weight-loss studies, each showing changes in weight between baseline (circle), two
months (square), six months (diamond) and 12 months (triangle). In each study partici-
pants were prescribed one of the following weight-loss regimes: the Atkins (black); Zone
(grey); and Ornish (white) diets. Percent of dietary protein vs weight (kg) was plotted for
each time point in each study. As percent of protein of the diet increases as a result of the
Atkins and Zone regimes during the first two months (1) body weight decreases (2). Be-
tween six and 12 months the weight loss that occurred on the Atkins and Zone diets is
maintained but no further weight loss occurs (3). The inset shows percent dietary protein
vs (i) protein intake (dashed line: mean of protein intakes) or (ii) carbohydrate and fat
(non-protein; solid line calculated as above) intake information for the three studies.
From Gosby et al., unpublished.

To examine whether other experimental data supported this result, we plotted
the data from our experiment along with data recast from several earlier exper-
iments. The signature pattern of protein leverage emerged [24]. A more recent
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update including 23 separate studies measuring ad libitum intake on diets of dif-
ferent macronutrient compositions for time periods ranging from several days to
12 months, shows the pattern very strongly indeed (Figure 8). As predicted by
the protein leverage hypothesis, in cases where subjects were restricted to a diet
comprising a fixed ratio of protein to carbohydrate and fat, either in the short or
long term, they maintained daily protein intake at a more constant level than that
of the other two macronutrients.

Two other notable features appeared from the compilation of data in Figure
8. First, stable patterns of energy intake in response to altered dietary protein de-
velop within one to two days and persist over at least 70 days thereafter (eg the
study by Weigle et al. [18]). Second, there is evidence of an asymmetry in protein
leveraging in humans. Hence, humans appear to be more willing to overeat low-
protein diets to gain limiting protein than to limit intake to avoid ingesting excess
protein [25]. This asymmetry may reflect the fact that the evolutionary costs of
eating too little protein exceed those of eating too much. Hence, underconsump-
tion is costly because protein is the only macronutrient to contain nitrogen, which
is essential for growth and reproduction. On the other hand, excess protein con-
sumption has been shown to have associated performance costs in some animals
[eg 26, 27] – and perhaps also in humans, and suggested risks include increased
insulin resistance, kidney damage, bone decalcification, ketoacidosis, cardiovas-
cular disease and some cancers [28, 29, 30, 31].

Also consistent with the protein leverage hypothesis are comparative data
from rodents and other omnivores such as chickens and pigs [13, 15, 32, 33,
34] – and even from herbivorous and omnivorous insects such as locusts and
cockroaches. Hence, rats and mice confined to a diet containing a lower pro-
tein–to–carbohydrate ratio than at the intake target, maintained protein intake
near constant and in so doing overeat carbohydrate. In contrast, rodents provided
with a high-protein diet did not substantially overeat protein to gain their intake
target level of carbohydrate (although the asymmetry in protein leverage, alluded
to above for humans, is apparent) (Figure 9). More strikingly still, data for an-
other primate, the spider monkey, show the signature of extreme protein leverage
in which protein intake is maintained near constant and non-protein energy intake
allowed to vary freely to attain the protein target [35].

AN ACID TEST OF PROTEIN LEVERAGE:
DISGUISING THE MACRONUTRIENT

COMPOSITION OF THE DIET
All of the studies summarised in Figure 8 involved offering subjects diets com-
posed of varying numbers of types of familiar foods. There was therefore the
possibility that changes in the proportion of protein in the diets were confounded
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by other factors, such as differences in the palatability of the treatment foods, the
variety of options available within each treatment, and prior experience. An acid
test of the protein leverage hypothesis requires that these potentially confounding
effects are controlled for. Recently, Gosby and colleagues [36, 37] set out to do
just that.
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Figure 9. The rule of compromise in rats, mice and chicken. These om-
nivores prioritise protein intake when confined to diets (dashed rails)
requiring them to tradeoff protein versus non-protein energy intake. IT
indicates the position of the intake target ratio, as derived from experi-
ments in which animals were offered one of eight (A), five (B) or four
(C) complementary food pairings and demonstrated tight convergence
to a nutrient intake point. The dotted line indicates isocaloric intakes,
to emphasise the point that as percent of dietary protein fell, total daily
energy intake rose (ie the intake arrays have slopes steeper than –1). A.
After Simpson and Raubenheimer [13], derived from data by Theall et
al. [14], with extra data (grey points) added from a study by Tews et al.
[74]. The grey dashed curve is an interpolation between the two experi-
ments. B. From Sørensen et al. [15]. C. From Raubenheimer and
Simpson [34], based on data from Shariatmadari and Forbes [75].
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Figure 10. The Sydney protein leverage trial in which subjects were
confined to four-day menus in which protein content of all foods was
the same but disguised. Each participant spent three four-day periods
in the trial. In one, all foods for the period contained 10% protein, in
another all foods were 15% protein and in the third they were all 25%
protein. Foods were matched for pleasantness and variety. A. An exam-
ple of a lunch from the 10% protein week and its equivalent in the 25%
protein week. Participants were provided with a selection of sweet (ap-
ple crumble muffins) and savory (Teriyaki sushi rolls and Mexican
wraps) foods to choose from as well as a serving of salad leaves and
dressing. Participants were asked to eat until they felt comfortably full.
B. Cumulative daily bi-coordinate means for protein and non-protein
(carbohydrate and fat) intake (MJ) for participants during the four-day
10% (light-grey circles), 15% (grey triangles) and 25% (black squares)
protein study periods. The dashed lines represent the nutrient rails par-
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ticipants were restricted to during the 10%, 15% and 25% study peri-
ods. The dotted lines represent intakes that may occur on the 10%, 15%
and 25% foods if intake was regulated to energy requirements. The in-
set shows total energy intake (MJ) for participants over the four-day
10% (white), 15% (grey) and 25% (black) periods. Bi-coordinate
means for ‘anytime’ and ‘meal time’ savory (C) and sweet (D) foods as
a percent of total intake for participants over the four-day 10% (white
circles), 15% (grey triangles) and 25% (black squares) ad-libitum
study periods. As the percent of protein in the diet fell, not only did to-
tal energy intake rise, also the proportion of intake from savory snack
foods rose, indicating protein-seeking behaviour (From Gosby et al.
[37], with permission).

We began by designing a series of experimental foods that were disguised in their
macronutrient composition. The recipes were manipulated to produce three ver-
sions of each food, containing 10%, 15% or 25% protein. Dietary fat was kept
constant at 30%, and carbohydrate was adjusted to be 60%, 55% or 45% of to-
tal energy. Some of these foods were designed to be sweet, others savoury; some
were to be presented as part of a main meal (breakfast, lunch or dinner) and oth-
ers available between meals. Volunteers were recruited to taste-test the foods to
make sure that the 10%, 15% and 25% protein versions of each food were equally
palatable. As a result, we ended up with three versions of a four-day menu com-
prising 28 foods. For one version, all foods contained 10% protein, another 15%
protein and the third 25% protein. An example of a 10% and the equivalent 25%
protein lunch is shown in Figure 10A.

Lean adult subjects were next recruited who spent three four-day periods
confined in an apartment at the Woolcock Institute Sleep Study Centre at the Uni-
versity of Sydney. Subjects were given breakfast, lunch and dinner each day and
also offered free access to snack foods throughout the day. For one of the four-
day periods every food eaten contained 10% protein; during another all foods
contained 15% protein; and for the third period all foods were 25% protein. Sub-
jects could eat as much as they liked and their food intake was measured. Because
macronutrient composition was disguised and palatability, availability, variety
and sensory aspects of foods were matched between treatment periods, the exper-
iment provided a strong test of the effect of protein leverage on energy intake.

As predicted by the protein leverage hypothesis, reducing the protein content
of the diet from 15% to 10% resulted in subjects increasing total energy intake.
The extent of the increase was 12% over the four-day trial (Figure 10B); which
if continued, would be expected to promote an increase in body fat of one kilo-
gram per month. The increased energy intake was already evident within the first
day and was mainly due to eating more of foods available between meals (Figure
10 C, D), with a predilection for savoury over sweet-tasting foods (although re-

2 The geometry of human nutrition1

39



member that all foods were actually the same in their macronutrient composition
within the four-day trial). This preference for savoury-flavoured foods is strongly
suggestive of protein-seeking behaviour.

In contrast to previous studies using undisguised foods (Figure 8), increasing
the percent protein from 15% to 25% did not result in a lowering of energy intake
(Figure 10B). This result suggested that continual access to a variety of energy-
dense foods may counteract the inhibition of energy intake due to elevated dietary
protein [37]. We return to this important point below.

WHAT ARE THE IMPLICATIONS OF PROTEIN
LEVERAGE?

The implications of such a rule of compromise are considerable when considering
the modern nutritional dilemma. To illustrate this, we will consider four scenarios
for the case of a 45-year-old, moderately active adult male 1.8 ms tall and stably
weighing 76 kg (BMI 23.5). His total daily energy requirements to remain in en-
ergy balance are 10 700 kJ. Achieving a diet comprising 14% protein requires
him to eat 1500 kJ per day of protein and 9200 kJ of carbohydrate and fat
combined. This represents a daily intake of 88 g protein and a total mass of car-
bohydrate and fat eaten that will depend on the relative proportions between the
two in the diet, given that fat has twice the energy density of carbohydrate. As
before, we will combine fat and carbohydrate into a single value for energy, since
their relative contributions are not germane to the logic of our argument.

The four scenarios are:

1. There is a shift to a diet containing a higher percentage
of carbohydrate and fat

This could occur where fat- and/or carbohydrate-rich foods are more accessible,
more affordable, in greater variety, or more palatable than alternatives [3, 38],
leading to people being effectively trapped on a suboptimal diet. Under such cir-
cumstances, maintaining the amount of protein eaten requires overconsumption
of carbohydrate and fat.

Since protein is a minor component of the total diet, only a small decrease
in the percentage of protein results in a substantial excess of carbohydrate and fat
eaten: the protein leverage effect. Let us return to the above example of the US
(Figure 6), where the FAOSTAT data suggest that, since 1961, the average diet
composition has changed from 14% protein: 86% carbohydrate and fat to 12.5%
protein: 87.5% carbohydrate and fat [20]. Maintaining protein intake under these
circumstances required a 14% increase in the carbohydrate and fat eaten (Figure
11A). The implications for body weight regulation are clear: unless the excess
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carbohydrate and fat ingested to maintain protein intake is removed through in-
creased physical or metabolic activity, body weight will rise, predisposing to
obesity.

One important caveat that must be considered here is that the opportunity to
overeat carbohydrate and fat to an extent sufficient to reach the protein intake tar-
get will depend on the energy density of the foods available. Where the ratio of
protein to carbohydrate and fat is lower than the intake target ratio, but nutrient
density is low (eg in the diets of macrobiotic vegetarians), physical bulk may in-
hibit reaching the protein intake target [see 39], thus leading to cessation of intake
before the protein target is reached. In contrast, the fact that modern packaged
and convenience foods are often energy-dense makes it easy to achieve the pro-
tein target on a diet with a lower than optimal ratio of protein to carbohydrate and
fat.

Figure 11. The consequences of four nutritional scenarios, given a rule
of compromise that is to maintain protein intake. See text for details.

Additionally, having 24-hour access to food in the modern world, rather than re-

2 The geometry of human nutrition1

41



stricting food to meal times, allows people the opportunity to ‘snack’ and ‘graze’,
ie to increase the number of eating episodes in a day [40]. Hence, in the study
by Alison Gosby et al. [37], subjects achieved greater consumption of the 10%
protein diet not by eating more during main meals, but by increasing intake be-
tween meals (Figures 10C, D). In free-living individuals in the US the number
of eating episodes per day is on the increase [41]. To make matters worse, in-
creased food variety may also play a role in helping reach the protein target by
stimulating increased intake on low-protein diets [37]. Variety can increase total
energy intake independently of macronutrient composition [42], which may be an
evolved response to ensure that we eat enough different foods to achieve our re-
quirements for various micronutrients [43] and to overcome boredom effects and
‘sensory specific satiety’ [44, 45, 46].

2. There is a shift to a diet containing a higher percentage
of protein

If humans are restricted to a diet that contains a higher percentage of protein, yet
the absolute amount of protein eaten were regulated to the intake target, the result
will be that carbohydrate and fat intake would fall, bringing the body into en-
ergy deficit and promoting weight loss. For example, a 1.5% increase in dietary
protein from 14% to 15.5% would result in an 11% decrease in the carbohydrate
and fat eaten (Figure 11B). As seen in Figure 8, available data suggest that some
overconsumption of protein is tolerated, but not sufficient to maintain carbohy-
drate and fat intake. This explains why high-protein diet regimes promote weight
loss and improve weight-loss maintenance [29, 30, 47, 48, 49]. It also explains why
the most successful fad diets in terms of proponents and product sales over recent
years have been those containing an elevated percentage of protein. Irrespective
of the supposedly scientific claims made, and whether these diets promote omit-
ting carbohydrates, reducing fat intake, or both, the primary reason why they
encourage weight loss is simply because people eat less.

Perhaps then, augmenting the proportion of protein in the daily diet offers
a means of ameliorating obesity by taking advantage of the inhibition of intake
once the protein target is reached? Three things take some of the gloss from this
optimistic suggestion. First, as we mentioned above, Gosby et al. [37] (Figure 10)
did not find a decrease in intake when the diet contained 25% rather than 15%
protein and concluded that

it appears that the benefits of protein leverage – reduced intake on high
percent protein diets – may be circumvented in [W]esternised countries
in which the variety and availability of foods, especially snack foods, is
greater than it has ever been in our evolutionary history [37]
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Consistent with this conclusion, it is commonly reported that when subjects begin
on a high-protein dietary regime they initially lose weight as a result of eating
less, but over time the temptations of the modern nutritional environment lead to
a gradual reduction in the percentage of protein in the diet, with associated cessa-
tion of weight loss (Figure 8B).

A second difficulty with increasing dietary protein is that, as well as the ben-
efits in terms of weight loss, eating too much protein (even though this is resisted
by protein regulatory feedbacks) may come at a cost to health (see above). A third
problem is that increasing the proportion of protein in the diet has economic and
potentially also environmental costs.

Brooks et al. [38] conducted an analysis of the economic costs of macronu-
trients in relation to the biology of protein leverage. We partitioned the energy
content of supermarket foods and demonstrated that increasing overall energy
content only modestly raises the cost of foods, largely because carbohydrate and
fat are cheap. In fact, lower food prices were associated with higher carbohy-
drate content; whereas higher food prices were associated with increased protein
content. It follows that the different costs of protein and carbohydrates may bias
consumers – especially those on limited incomes [2, 50] – towards diets higher in
carbohydrate and lower in protein energy content, which will then cause them to
eat excessive energy to meet their dietary protein needs via the protein leverage
effect. It also follows that there is economic pressure on processed food manufac-
turers to substitute protein in their products with cheaper energy sources, thereby
driving increased energy intake in consumers via protein leverage. Such an eco-
nomic pressure acts not only upon the manufacturers of human foods, but also
upon those producing feeds for domestic animals [4]. In the case of food animal
production, the result is to further increase the lipid content of the human diet
through production of fatty meat.

Brooks et al. [38] used estimates of the strength of protein leverage from a
compilation of published studies (an earlier version of Figure 8, from Simpson
and Raubenheimer [24] and analysed further by Cheng et al. [25]) to estimate
the extent to which dietary protein would need to be augmented to achieve a re-
duction in levels of obesity in a population, and the cost of this to the economy.
Under the assumptions used (which in light of the results of Gosby et al. [37] may
have overstated the inhibitory effect of protein on long-term intake), the cost of
providing the extra protein needed to reduce intake was substantially less than the
health costs of obesity.

There are, of course, important environmental implications for raising pro-
tein supply, especially when that comes from animal sources. However, an
increase in dietary percentage of protein may be more effectively achieved by re-
ducing consumption, and therefore production, of non-protein energy, rather than
by increasing intake and production of protein. For example, taxation of foods
rich in sugar (or starch or fat) but poor in protein could simultaneously reduce the
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need for large increases in protein production and reduce the land used for sugar
(or starch or oil) crops, therefore helping to offset the environmental costs of in-
creasing protein supply [38].

3. There is an increase in the requirement for protein
If diet composition remains unchanged, yet protein requirements increase, then
overconsumption of carbohydrate and fat will result (Fig 11C). For example,
shifting the intake target ratio from 14% to 15.5% protein in the diet leads to a
13% increase in the carbohydrate and fat eaten – with attendant risks of weight
gain. But under what circumstances might this occur?

One source of protein loss is hepatic gluconeogenesis, whereby amino acids
are used in the liver to produce glucose. This is inhibited by insulin, as is the
breakdown of muscle proteins to release amino acids, and therefore usually oc-
curs mainly during periods of fasting. However, inhibition of gluconeogenesis
and protein catabolism is impaired when insulin release is abnormal, insulin re-
sistance occurs, or free fatty acids circulate in the blood at high levels. These are
interdependent conditions that are associated with overweight and obesity and
are especially pronounced in type 2 diabetes [51, 52]. The result is an increased
requirement for ingested protein. Unless either more high-protein, low-carbo-
hydrate and fat items are included in the diet (ie scenario 2 above) or rates of
removing excess co-ingested carbohydrate and fat are increased, weight gain will
occur. And the system becomes unstable – the increased fat deposits (especially
abdominal fat [51]) will further increase protein needs, which will in turn drive
even greater weight gain [24, 27] (Figure 12). Data from rodents also support
such a scenario – a vicious cycle to morbid obesity [53, 54]. Further evidence in
support of our ‘vicious cycle’ come from Newgard et al. [55], who discovered that
obese humans are distinguished from lean subjects by a metabolic signature indi-
cating elevated protein catabolism.
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Figure 12. The vicious cycle by which protein appetite may drive obesity.

Another reason why protein needs may increase is during periods of lean muscle
growth, for example during adolescence, accompanying weight training, or after
a period of starvation. The effect of an increased protein requirement will depend
on the extent to which requirements for non-protein energy change as well, but
if the net movement of the target is to the right on a carbohydrate + fat vs pro-
tein intake plot (as in Figure 11 C), placing such a person onto a low-protein diet
would predispose to excessive energy consumption and weight gain. This might
help explain the ‘yo-yo’ diet effect, whereby subjects regain weight rapidly fol-
lowing a period on a crash diet [56]; and perhaps also why some athletes are prone
to weight gain once they cease training.

A corollary is that we might predict that individuals and populations with an
elevated intake target for protein should be more prone to developing obesity on
a low-protein diet than those with a lower protein target [24]. Organisms evolve
such that their intake target reflects the composition of their natural diet [4]. Hu-
mans too adapt to their current diet, genetically, developmentally and culturally
[7, 57, 58, 59]. Perhaps populations that have traditionally eaten a high-protein diet
have an elevated protein target, and therefore suffer increased susceptibility to
obesity and metabolic disease when making the transition to a modern Western
diet in which carbohydrate-rich foods are cheap and abundant [24]? The preva-
lence of obesity and type 2 diabetes among Oceanic populations is particularly
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telling, since such populations have until recently remained on a protein-rich
marine-based diet, rather than having shifted like many others to terrestrial agri-
culture in the Neolithic with a consequent increase in dietary carbohydrate [60, 61,
62].

A particularly striking example is the Kosrae district of Micronesia, where
nearly 90% of adults are overweight and 53% are obese. Here, the recent develop-
ment of a wage-based economy has led to altered eating habits from a traditional
diet high in fish, fruit and vegetables to a diet based on imported packaged food
[39, 62].

4. Diet remains unchanged but energy expenditure declines
We must take account of changes to the demand side of the energy budget when
considering the implication of protein leverage. Because much of our metabolic
fuel comes from carbohydrate and fat, the result of lowered levels of exercise and
other forms of energy expenditure is, in effect, to lower the position of the intake
target on the carbohydrate and fat axis (Figure 11D). Unless the diet changes to-
wards a higher percentage of protein, the result will be weight gain.

As we discussed above, unlike the US where intake has risen (Figure 6), in
the UK macronutrient and energy intake appear to have remained relatively stable
over the period from 1960 to 2000 (Figure 5); yet obesity rose rapidly, in direct
correlation with causes of declining activity levels, such as the use of cars and
television viewing [50]). As well as spending more time inactive, many of us now
live (and drive around) within temperature controlled environments – cooled dur-
ing summer and warmed during winter – with consequent metabolic savings for
thermoregulation, especially in higher latitudes [8].

To make matters worse, as well as lowering the demand for fuel, decreasing
the level of exercise has a direct influence on metabolic physiology, associated
with increased resistance to insulin and thus enhanced gluconeogenesis [63]. As
we saw above (scenario 3), insulin resistance and its consequences will cause an
increased need for protein, shifting the intake target towards an even higher per-
centage of protein that results from the lowered need for carbohydrate and fat to
fuel metabolism under a low-exercise regime.

And to compound matters, while humans respond by increasing intake fol-
lowing high levels of energetic expenditure, we tend not to compensate fully by
eating less when our energy needs fall [63]. Possibly our intake target has evolved
to ‘assume’ a certain level of energy expenditure based on our ancestral lifestyle,
and we may therefore be ‘hard wired’ to eat that amount, even if we do not use it
[24].
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INTERACTING CONSEQUENCES
The scenarios introduced above interact with one another. Either shifting the diet
composition to a lower percentage of protein (scenario one), or effectively do-
ing the same by having low levels of energy expenditure (scenario four), will
result in overconsumption of energy to maintain protein intake. This in turn will
predispose towards weight gain and insulin resistance, leading to disinhibition
of protein breakdown and gluconeogenesis, which will increase protein demand
(scenario three). Unless this increased demand is met by shifting to a higher per-
centage protein diet, protein appetite will drive increased energy intake, resulting
in further weight gain, and so on in a vicious cycle leading to obesity, metabolic
disease and associated pathologies (Figure 12).

One nagging question remains. If humans do regulate protein intake, why do
we not simply select protein-rich foods to rebalance our diet, as a locust would?
It seems that we are led astray by our sweet tooth. For most of our evolutionary
history the human diet consisted of a high proportion of animal foods [64, 65, 66].
Simple sugars were rare, and wild animals typically have much lower fat content
than modern commercial meat (4 g compared with 20 g fat per 100 g meat) [67,
68]. Hence, hunter-gatherer peoples around the world go to considerable risks to
collect honey from tall trees and cliff faces, and fat is highly prized. A history
of short supply of simple sugars and fat has been proposed as an explanation for
their high palatability, which may predispose towards the overconsumption of fat
and carbohydrate-rich foods even when these are not required [69]. Similar ar-
guments have been put to explain aspects of human metabolic physiology, most
notably the ease with which we store rather than eliminate excess ingested energy
[70] (see below). Because it appears that we have limited evolutionary experience
of excess carbohydrates (especially simple sugars) or fats, it seems reasonable to
infer that natural selection against their overconsumption would not have been
strong.

These evolutionary predispositions interact with the modern nutritional en-
vironment to misdirect our regulatory physiology. As we have seen, highly
energy-dense, fat- and carbohydrate-rich foods are constantly available and af-
fordable, and levels of energy expenditure are lower than it is anticipated by our
ancestral physiology. It is also telling that taste stimuli naturally associated with
protein-rich foods, such as sodium and umami stimulants, are extensively used in
low-protein processed foods, and may as a result subvert protein regulatory sys-
tems and lead to overconsumption of fat and carbohydrates [24]. For example,
Americans increased intake of salty snack foods between 1977 and 1996 [71] –
perhaps as part of a subliminal effort to gain protein, but in fact exacerbating the
problem.
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HOW DO HUMANS DEAL WITH NUTRIENT
EXCESSES?

We return finally, and briefly, to the third of our initial questions: having eaten
excess energy, what happens to it? The extent to which weight gain occurs fol-
lowing ingestion of excess nutrients depends on what happens to such excesses
once they enter the body. There is a clear relationship between the priority with
which surplus nutrients are voided from the body through being metabolised and
excreted, and the extent to which they are stored [10]. Excess carbohydrates are
readily metabolised and excreted, and stores are minimal (in the form of glycogen
in the liver and muscles). Surplus protein is also metabolised and excreted with
high efficiency and little if any is stored. In marked contrast, ingested fat is the
last fuel to be burned, and excesses are mostly stored in adipose tissue – a store
with virtually unlimited capacity. These metabolic patterns are consistent with
our having evolved in an environment where energy was limited and periods of
food scarcity were not uncommon, especially since the post-agricultural era [7].

CONCLUSIONS
An analysis of the modern human nutritional dilemma using the geometric frame-
work leads to the following conclusions.

1. The intake target
The available evidence suggests that humans can regulate macronutrient intake,
but that the intake target contains a built-in component for fat storage. This has
probably evolved to ‘anticipate’ energetic demands for activity and thermoregu-
lation, and also periods of food shortage. Failure to use this stored fat promotes
obesity.

2. Rule of compromise
When faced with imbalanced diets, protein intake is prioritised. Therefore, on
low-protein/high-carbohydrate and fat diets, carbohydrate and/or fat are
overeaten; and on high-protein/low-carbohydrate and fat diets, carbohydrate and/
or fat are undereaten. When the ratio of protein to carbohydrate in the diet is
lower than optimal, it is easier to gain the required amount of protein – and
hence overconsume fat and carbohydrate – when foods are high in energy den-
sity, present in great variety, and easily available throughout the day. These are
defining features of the modern Western nutritional environment. Regarding di-
etary causes of obesity, most emphasis in research over the past 40 years or more
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has been on changing patterns of fat and carbohydrate consumption. In contrast,
the role of protein has largely been ignored because it typically comprises only
15% of dietary energy and protein intake has remained near constant within and
across populations throughout the development of the obesity epidemic. We have
shown that, paradoxically, these are precisely the two conditions that provide pro-
tein with the leverage both to drive the obesity epidemic through its effects on
food intake and potentially (with caveats) to assuage it.

3. Post-ingestive regulation
Regulation of nutrient intake has evolved ‘assuming’ a higher level of energetic
expenditure than is usual today. Energy limitation in our ancestral nutritional en-
vironment may well explain our predisposition to store fat and poor ability to void
excesses. The combined consequences of the interactions between our regulatory
physiology and our changing nutritional environment can be seen in Figure 1.

Whereas it is not our intention here to give detailed dietary recommen-
dations, our hope is that we have provided an awareness of the unconscious
appetites that shape our feeding behaviour. Managing diet and health, whether
at the level of individuals, societies or nations, requires such an understanding if
we are to work with, rather than against, biology; otherwise, biology will always
win. The evidence indicates that efforts to fight our powerful protein appetite will
be bound to fail. As can be seen in Figure 11, small changes in the percentage of
protein in the diet can potentially yield big effects on intake, with consequences –
both good and bad – for weight management. Diluting protein with fat and sugar
will drive excess energy intake and promote weight gain, because more must be
eaten to reach the protein target. In the extreme, sugary beverages (carbonated
drinks or fruit juice) and many high-fat and carbohydrate snack foods take the
consumer up the Y-axis in Figure 11 to infinity and no closer to the protein intake
target, leaving the protein appetite unsatisfied. In contrast, a modest reduction in
fat, sugar and other readily digested carbohydrates in the diet will make it far eas-
ier to limit energy intake and lose weight, by effectively concentrating protein in
the diet and allowing the protein target to be achieved at lower total energy in-
take.
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3
Insulin resistance pathogenesis in

visceral fat and gut organisms
Yan Lam,1 Connie Ha2 and Andrew Holmes

Epidemiological work has shown that visceral adiposity is strongly related
to metabolic disorders including insulin resistance. What regulates visceral
fat deposition and why it is so metabolically deleterious remains largely un-
clear. Recent data suggest that the gastrointestinal tract may be a central
player in the development of visceral fat accumulation and metabolic syn-
drome. An impaired gut barrier function, as a consequence of inflammation
and/or altered microbiota composition, increases the leak of microbial mol-
ecules and their metabolites to the adjacent mesenteric fat resulting in
hypertrophy and inflammation of the fat depot. Subsequently, the increased
efflux of fatty acids and pro-inflammatory factors in the portal vein leads to
liver dysfunction and systemic insulin resistance.

Obesity is a condition in which fat accumulation in adipose tissue is in excess to
an extent that health may be impaired. Obese individuals are at an increased risk
of developing chronic health problems including cardiovascular disease, type 2
diabetes, hypertension, non-alcoholic fatty liver disease and certain cancers [1].
A subset of obese individuals, classified as ‘metabolically healthy obese’ (MHO)
account for ~20% of the obese population, remain insulin-sensitive and appear
to be less susceptible to obesity-related metabolic complications [2]. It has been
estimated that type 2 diabetes and cardiovascular disease is six- and twofold re-
spectively more common in ‘at-risk’ obese as compared to MHO individuals [3].
An important feature of MHO individuals is they have proportionally less vis-
ceral fat (the abdominal fat within the visceral cavity). This is consistent with
recent data suggesting that regional fat distribution is an important determinant
of insulin sensitivity and metabolic risk [4]. What regulates visceral fat deposi-
tion and why it is so metabolically dangerous remains largely unclear. This article

1 Boden Institute of Obesity, Nutrition, Exercise and Eating Disorders, University of
Sydney.

2 School of Molecular Bioscience, University of Sydney.

56



summarises literature on underlying mechanisms of visceral adipose dysfunction
and the emerging role of the gut, and its resident microbes, as a central player in
metabolic disorders (Figure 1).

Figure 1. Overview of interconnections between lifestyle factors, host factors and gut mi-
crobiota in metabolic health. Refer to the text for a more detailed explanation and
description of terms used.

REGIONAL FAT DISTRIBUTION
The distribution of adipose tissue varies considerably among individuals even
with similar total body fat. What regulates regional fat deposition is not entirely
clear but is at least known to be affected by gender, age and ethnicity. Men tend
to have more visceral fat and have at least twice the proportion of fat localised in
the intra-abdominal depot as compared to women [5, 6]. The gender-specific dif-
ference in fat distribution, however, appears to diminish in older age as females
tend to develop central adiposity after menopause [7]. Ethnicity also affects re-
gional adiposity. Aboriginal men and women in Australia have been shown to
have greater waist-to-hip ratio as compared to their European Australian coun-
terparts and the difference is observed across all BMI levels up to 30 kg/m2 [

8
].

Central obesity is also more common in Hispanic as compared to white women
in early adulthood [9].

Epidemiological data suggest a relationship between central adiposity and
metabolic risk factors including elevated blood pressure, fasting plasma glucose
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and triglycerides [10]. Visceral fat accounts for ~50% of the variance in insulin
sensitivity [11, 12] and has been shown to be a predictor for future insulin re-
sistance [13]. The accumulation of visceral fat is strongly related to reduced
insulin responsiveness irrespective of adiposity [6, 14]. Conversely, the associ-
ation between visceral fat reduction and improved insulin sensitivity has been
consistently demonstrated in obese [15], glucose intolerance-impaired [16] and
type 2 diabetic [17] individuals.

In contrast to visceral fat, the relationship between subcutaneous fat and
metabolic risk is less clear-cut. Wagenknechi and co-workers [18] reported that
both visceral and subcutaneous adiposity were inversely associated with insulin
sensitivity; Cnop et al. [19] estimated that subcutaneous fat only accounted for 5%
of the variance in insulin sensitivity; in patients with type 2 diabetes, Miyazaki
and colleagues [20] reported that insulin-stimulated glucose disposal was in-
versely correlated with visceral but not subcutaneous fat area; data from the
Framingham Heart Study even suggested a protective effect of subcutaneous
fat against metabolic and cardiovascular risk in individuals in the highest tertile
of visceral adiposity [21]. Some attributed the inconsistent relationship between
subcutaneous fat and insulin sensitivity to different metabolic effects of the subdi-
visions of the fat depot [22], with the deep subcutaneous adipose tissue exhibiting
a secretory profile similar to that of visceral fat [22]. It has also been proposed
that once the accumulation of visceral adipose tissue exceeds a certain threshold,
the contribution of the depot to insulin resistance would overwhelm that of ab-
dominal subcutaneous fat regardless of subdivisions [23].

It is logical to hypothesise that the intrinsic difference(s) between visceral
and subcutaneous adipocytes (fat cells) may contribute to the region-specific
metabolic effects of fat depots. Indeed, visceral adipocytes are shown to be both
structurally and functionally distinct. For example, they are larger in size, less
insulin-sensitive and have a greater lipolytic activity as compared to subcuta-
neous adipocytes (for details please refer to a comprehensive review by Ibrahim
[24]). These characteristics, however, do not appear to completely account for the
deleterious nature of visceral fat.

OBESITY, INFLAMMATION AND INSULIN
RESISTANCE

Over the past decade it has been increasingly recognised that adipose tissue is a
complex endocrine organ secreting, inter alia, a range of cytokines [25]. Together
with the well-characterised state of low-grade chronic inflammation in obesity
[26], this points to an entirely novel angle to investigate regional metabolic effects
of fat depots. Adipose tissue produces a range of protein factors including cy-
tokines, chemokines and growth factors. Leptin and adiponectin increase insulin

A modern epidemic

58



sensitivity; tumor necrosis factor (TNF)-alpha, interleukin (IL)-1beta, IL-6, IL-8
and monocyte chemoattractant protein (MCP)-1 are pro-inflammatory, either by
direct activation of the inflammatory signalling pathway or by promoting the
migration of immune cells; IL-10, which inhibits the production of pro-inflam-
matory cytokines, is one of the main adipose-derived anti-inflammatory factors.

Epidemiological data indicate an association between chronic inflammation
and decreased insulin sensitivity. Circulating levels of inflammatory markers are
increased in individuals with type 2 diabetes, insulin resistance or the metabolic
syndrome [27]. In a prospective case-control study, elevated plasma levels of IL-6
and C-reactive protein were shown to be associated with an increased risk of de-
veloping type 2 diabetes independent of BMI, physical activity and other lifestyle
factors [28]. The role of inflammation in the pathogenesis of insulin resistance is
further supported by the effect of high-dose aspirin, an anti-inflammatory drug
commonly used to treat rheumatoid arthritis, in reducing fasting blood glucose
and improving insulin-stimulated peripheral glucose uptake in type 2 diabetic pa-
tients [29].

More importantly, there is evidence supporting inflammation as the major
determinant of the deleterious metabolic effects of visceral fat. Compared to
people with normal fat distribution, the plasma concentrations of inflammatory
mediators are up to ~50% higher in centrally obese individuals [30]. Direct com-
parison of cytokine production using adipose tissue explants in vitro revealed that
visceral fat released higher concentrations of pro-inflammatory cytokines includ-
ing IL-6, IL-8 and TNF-alpha as compared to subcutaneous fat [31, 32]. Using
adipose tissue-conditioned media, we provided direct evidence for visceral fat
induction of insulin resistance in skeletal muscle in vitro [33]. Individual pro-in-
flammatory cytokines, specifically IL-6 [33] IL-1beta [34] and TNF-alpha [35],
have been shown to inhibit insulin signalling. Further, our data suggest that the
sequential activation of nuclear factor kappa B (NFκB) and mammalian target of
rapamycin complex 1 (mTORC1) may be the common pathway which mediates
visceral fat-induced insulin resistance [33]. Briefly, pro-inflammatory cytokines
phosphorylates inhibitor of kappa B kinase (IKK) and activates mTORC1. Ribo-
somal S6 kinase 1, a downstream effector of mTORC1, phosphorylates insulin
receptor substrate-1 and inhibits its interaction with the insulin receptor and/or
p85 subunit of phsophatidylinositol 3-kinase. Also, activated IKK degrades in-
hibitor protein inhibitor kappa B. The subsequent nuclear translocation of NFκB
induces the transcription of pro-inflammatory cytokines and therefore provides a
positive feedback to the inflammation cascade.
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MACROPHAGE INFILTRATION IN ADIPOSE
TISSUE

Ameliorating fat inflammation has thus become a major focus in both prevention
and treatment of type 2 diabetes. It is now recognised that in adipose the majority
of cytokines originate from ‘non-fat’ cells [36]. Obesity is characterised by an
increased accumulation of adipose tissue macrophages (ATMs) [37] which have
been identified as the major contributor of both pro- and anti-inflammatory cy-
tokines. Further, Harman-Boehm et al. [38] reported that the number of ATM
was approximately two- to fourfold higher in omental (a major visceral fat depot
in human) as compared to subcutaneous fat irrespective of levels of adiposity.
A causal relationship between ATM infiltration and insulin resistance has been
demonstrated in animal studies. Attenuating ATM infiltration, by genetic mod-
ification or pharmacological treatment, partially improved glucose homeostasis
and insulin sensitivity in diet-induced obese mice, an effect associated with
reduced expression of pro-inflammatory cytokines [39]. Conversely, over-expres-
sion of MCP-1, a major chemokine which promotes macrophage infiltration, in
adipocytes increased ATM abundance and induced insulin resistance without af-
fecting adipose tissue weight [40].

Mechanisms of macrophage infiltration
The mechanisms by which ATM infiltration occurs, however, are not entirely
clear. It has long been proposed that macrophage infiltration is part of an immune
response to adipose dysfunction in obesity. A credible hypothesis is that chronic
energy excess and increased lipid accumulation leads to adipocyte hypertrophy.
Limited lipid storage capacity then induces oxidative stress, which results in
necrotic-like cell death and subsequently triggers an inflammatory response [41].

The increased susceptibility of visceral adipocytes to cell death may lead
to differential ATM infiltration. The majority of ATMs aggregate around dead
adipocytes and form the characteristic ‘crown-like structures’ (CLS). In geneti-
cally (ob/ob and db/db) and diet-induced obese mice, both dead adipocytes and
CLS are more abundant in visceral as compared to subcutaneous fat [42, 43]. A
linear correlation between adipocyte size and CLS density has been demonstrated
in all fat depots, suggesting that visceral adipocytes may have a smaller critical
size triggering death and therefore promotes the migration of macrophages into
this fat depot [43].

Adipocyte hypertrophy: the role of extracellular matrix
It is tempting to hypothesise that ATM infiltration, and therefore the associated
deleterious metabolic consequences, may be preventable if the fat depots could
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expand indefinitely. The ability of adipocytes to expand is partly restricted by the
extracellular matrix (ECM) and the abundance of ECM proteins determines the
physical limit to cell growth. An increased area of fibrosis has been shown in adi-
pose tissue from obese individuals as compared to lean controls [44]. More impor-
tantly, the mRNA (Messenger RNA) expression of collagen VI alpha3-subunit,
the predominant ECM component in adipose tissue, is positively correlated with
visceral fat content but no such relationship exists with the subcutaneous depot
[45]. Khan and colleagues [46] used a genetic model of collagen VI disruption and
demonstrated that the weakening of ECM structure allowed ‘stress-free’ expan-
sion of adipocytes during high-fat feeding, an effect associated with a reduction
in ATM infiltration and an improvement in glucose tolerance. In support, correla-
tion between collagen VI and macrophage expression in adipose tissue and their
inverse relationship with insulin sensitivity has also been recently demonstrated
in humans [46].

The fact that obesity is characterised by both an increase in adipocyte size
and ECM protein abundance in the adipose tissue, however, is intriguing and ap-
pears to work against the above-mentioned hypothesis. It is possible that, in the
case of obesity, the increase in ECM component is a secondary effect from the
already hypertrophic adipocytes in an attempt to restrict further lipid accumula-
tion in the tissue. Mere adipocyte expansion is not physiologically viable in the
long term due to excessive demands on the endoplasmic reticulum (ER) for pro-
tein folding, lipid esterification and nutrient-sensing results in ER stress [47]. This
triggers an inflammatory response including the activation of the mitogen-acti-
vated protein kinase (MAPK) signalling pathway which has been linked to insulin
resistance [48]. Further, unresolved ER stress and elevated intracellular levels of
free fatty acids generate oxidative stress in the mitochondria which further im-
pairs cellular function of adipocytes and may eventually induce apoptotic and/or
necrotic cell death [49].

ECM regulates adipocyte size, and there is some evidence that ‘healthy’ hy-
pertrophy may ameliorate adipose inflammation and obesity-associated insulin
resistance. Thus, modulating ECM may provide some benefits during early obe-
sity – when intervention precedes the stage at which adipocyte expansion be-
comes dangerous. However, such an approach would only achieve maximal
long-term benefits when treatments to prevent further energy surplus and adipose
expansion are in place.

Phenotypic switching of macrophages
The metabolic effects of ATMs are specific to their phenotypes. Macrophages
are broadly classified as M1 (classically activated) or M2 (alternatively activated)
based on the expression of cell surface markers. M1 macrophages produce pri-
marily pro-inflammatory cytokines, eg IL-1beta, IL-6 and TNF-alpha, whereas
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M2 macrophages (which may be further subdivided into M2a, M2b and M2c)
are generally responsible for tissue remodelling and down-regulation of an in-
flammatory response [50]. Obese mice exhibited an increased M1:M2 ATM ratio
in visceral as compared to subcutaneous fat [51] and similar findings have also
been reported in humans [52], suggesting the predominant effect of M1 ATMs in
the pro-inflammatory nature of visceral fat. Recent data, however, challenge the
simple M1/M2 classification system. For instance, CD11c has long been recog-
nised as a typical M1 marker. In a study by Li and colleagues [50] in which mice
were switched from a high-fat to a normal chow diet, the abundance of CD11c+

ATMs remained unchanged despite a reduction in the release of pro-inflamma-
tory cytokines. Similar alterations in gene expression profile of CD11c+ ATMs
have also been observed during the course of high-fat feeding [53], suggesting that
such macrophages may exhibit a spectrum of functionality. Accordingly, the in-
creased ATM infiltration in visceral fat does not necessarily, by itself, result in a
‘pro-inflammatory’ fat depot.

What further complicates our understanding of ATMs is their plasticity.
The secretory function of macrophages is dependent on the specific microen-
vironment. It has been shown that macrophages activation, as defined by the
expression of both cell surface markers and chemokines, is plastic and fully re-
versible depending on the presence and withdrawal of specific stimuli [54]. As
in the case of chronic systemic inflammation in viscerally obese individuals, this
would implicate the presence of factors that activate and maintain the ATMs in
the pro-inflammatory phenotype. The nature and range of these factors is cur-
rently only poorly understood.

THE ROLE OF GUT IN METABOLIC
DYSFUNCTION

From leaky gut to visceral adipose expansion
The role of the gut in adipose physiology has long been recognised in patients
with Crohn’s disease (a condition characterised by severe gut inflammation).
These patients have an increased ratio of intra-abdominal to total abdominal fat
as compared to healthy individuals [55]. The excess accumulation of mesenteric
fat around the inflamed gut, known as ‘fat wrapping’, is associated with the
prognosis of the disease [56] and is characterised by the increased infiltration of
immune cells (eg macrophages and T-cells) and production of pro-inflammatory
factors (eg IL-6 and MCP-1) [57]. Data from experimental models suggest causal-
ity between gut inflammation and mesenteric fat dysfunction – rats with induced
colitis have 35% more mesenteric fat as compared to controls [58]. Using a similar
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model, Thomaz and colleagues [59] showed that mesenteric fat in the colitis ani-
mals had increased expression of F4/80 (a macrophage marker) and TNF-alpha.
Importantly, it has been shown that the effect of gut inflammation on adipose tis-
sue is localised [58] and therefore implicates anatomical proximity as important
for gut-visceral fat interactions.

Indeed, there is some evidence suggesting that gut-induced adipose dys-
function may be a consequence of the direct ‘leakage’ of luminal antigens,
microbiota and their metabolites through the gut wall into the adjacent mesenteric
fat. Gut barrier integrity is normally maintained by multiple mechanisms. First,
tight-junction proteins (eg zona occludens [ZO]-1, occludins and claudins) form
multi-protein complexes to seal the space between neighbouring epithelial cells
and therefore act as a physical barrier [60]. Second, intestinal epithelial cells
produce a wide range of anti-microbial peptides, including defensins and cathe-
licidins, which serve as an immunological barrier to protect the mucosal surface
from microbial pathogens [61]. Inflammation impairs gut barrier function, as ev-
ident by the increased gut permeability in patients with Crohn’s disease [62] and
animal models of induced inflammation [63]. In vitro, activation of the inflam-
matory NFκB pathway (eg by TNF-alpha [64] and IL-1beta [65]) has been shown
to disrupt tight-junction integrity by increasing the expression and activity of
myosin light chain kinase, leading to the contraction of peri-junctional actin-
myosin filaments and opening of the tight-junctions. This may result in a ‘leak’ of
bacteria and their products, as demonstrated by the translocation of bacteria into
the mesenteric fat in mice with induced-gut inflammation [63].

Mesenteric fat, therefore, is left to cope with an increased microbial load
from the ‘leaky’ gut. Lipopolysaccharides (LPS), a major bacterial cell com-
ponent derived from the cell wall of Gram-negative bacteria, induce insulin
resistance in adipocytes [66]. Further, LPS induces the release of MCP-1 and
pro-inflammatory cytokines in adipocytes [67, 68] and promotes the ‘pro-inflam-
matory’ polarisation of macrophages (ie increase production of IL-1, IL-6 and
TNF-alpha and reduce that of the anti-inflammatory IL-10 [69]) and, therefore
results in an inflamed fat depot. The chronic stimulation from the bacterial anti-
gens also leads to activation and the subsequent enlargement of lymph nodes
[70, 71], which together with the direct effect of bacterial stimuli on activating
peroxisome proliferator-activated receptor-γ and then on to adipogenesis [71], re-
sults in mesenteric hypertrophy and/or hyperplasia. Mesenteric fat expansion as
a consequence of the microbial leak from the inflamed gut however, may be an
important defensive mechanism to prevent further translocation of bacteria and/
or their products into the visceral cavity, which in extreme cases, can be fatal.

From leaky gut to systemic dysfunction
Unfortunately the metabolic consequences of a leaky gut do not stop at visceral
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adipose dysfunction. Following on from the inflamed and hypertrophic mesen-
teric fat, more pro-inflammatory factors and free fatty acids (as a result of
increased lipolysis of insulin-resistant adipocytes) enter the portal circulation and
subsequently lead to an inflamed, steatotic and insulin-resistant liver [72]. The
deleterious effects of a diseased liver on carbohydrate and lipid homeostasis are
obvious – reduced glucose uptake, impaired suppression of postprandial glucose
release and over-production of fatty acids [73].

There is also the effect of bacterial components and metabolites on systemic
host metabolism when they enter the circulation. Under normal circumstances,
only a very small amount of endotoxins (primarily LPS) pass through the gut
barrier and reach the liver in which they are detoxified [74]. An impaired gut bar-
rier function, however, will see an increased delivery of LPS into the liver. This
may saturate the hepatic detoxification capacity and result in an ‘overflow’ of
LPS into the systemic circulation [75]. A study by Pastor Rojo et al. [76] showed
that 48% of patients with Crohn’s disease had an increased serum concentration
of endotoxins. Recently, there is also some evidence for an elevated circulating
level of endotoxins in overweight/obese individuals [77] and patients with type 2
diabetes [78]. This phenomenon, often referred to as ‘metabolic endotoxemia’, is
associated with insulin resistance, chronic systemic inflammation and increased
cardiovascular risk [79]. The metabolic consequence of endotoxemia is directly
demonstrated in a study by Mehta and co-workers [80], in which intravenous LPS
administration in healthy humans resulted in elevated plasma concentrations of
inflammatory markers and a 35% reduction in insulin sensitivity. The molecular
pathways by which LPS induces inflammation are detailed in a comprehensive
review by Lu and colleagues [81]. Briefly, LPS is first recognised in the circula-
tion by the LPS-binding protein and is then transported to the target cells, where
LPS binds to CD14 and the toll-like receptor (TLR)-4/MD-2 receptor complex.
After interacting with a series of adaptor proteins including myeloid differenti-
ation primary response gene (MyD)-88, the net response to LPS is activation of
both the NFκB and the MAPK signalling pathways and subsequently induction
of the expression of pro-inflammatory cytokines. It should be noted that TLR4 is
ubiquitously expressed in insulin-targeting tissues, eg adipose tissue, liver, skele-
tal muscle and pancreatic beta-cells, and there is evidence for TLR4-induced
inflammation to inhibit insulin signal transduction (for details please refer to a re-
view by Kim and Sears [82]).

In summary, the initially ‘localised’ inflammation of the gut may have
deleterious consequence on whole-body metabolism. Inflammation and the asso-
ciated insulin resistance, eg in liver, adipose tissue and skeletal muscle, will then
stimulate insulin secretion from the beta-cells and subsequently results in periph-
eral insulin resistance and a vicious cycle of systemic metabolic dysfunction. This
inflammatory response involves interaction with the gut microbiota.

A modern epidemic

64



GUT MICROBIOTA
Available evidence indicates that gut microbiota influence metabolic health in
a variety of ways. The gastrointestinal tract (GIT) harbours a large microbial
community (total of ca 1014 cells) with very high microbial cell densities in the
ileum and large intestine [83, 84]. Many of the processes that occur in the GIT
are either encoded by microbial genomes, or strongly influenced by microbial
activity, and our physiology is a convergent of human and microbial traits [85,
86]. Accordingly, we need to consider the role of gut microbial community in the
pathogenesis of metabolic disorders. Each individual’s gut microbiota is unique.
While 80%–90% of the gut bacteria belong to the phyla Firmicutes and Bac-
teroidetes, the species involved and their relative abundances vary from person to
person [87]. This variation in microbiota composition is widely accepted to be a
contributing factor to differences in host physiological outcomes.

Gut microbiota and barrier function
Functional disruptions to the epithelial lining of GIT is characterised by an altered
microbial community. In fact, epithelial cells and resident bacteria are thought to
be synergistic partners in modulating gut barrier function. Gut microbiota con-
tributes to barrier function through three different mechanisms. Firstly, normal
mucosal resident bacteria competitively exclude other, potentially pathogenic
bacteria, from attachment to the epithelial mucosa. Secondly, some gut bacteria
have been shown to promote tight-junction integrity by inducing the expression
levels of tight-junction-related genes [88] and/or by promoting the localisation of
proteins (eg ZO-1 and occludin) in the tight-junctions [89]. Thirdly, gut bacteria
produce substrates for the maintenance of enterocytes. Butyrate, for example, is
the primary energy source for colonic epithelial cells. In germ-free mouse mod-
els, the absence of microbial butyrate resulted in the depletion of ATP level and
induced autophagy, an effect reversed by introducing exogenous butyrate or by
colonising germ-free mice with butyrate-producing bacteria [90]. These data sup-
port the notion that gut microbes are directly involved in the normal functioning
of epithelial cells and maintenance of gut barrier integrity.

It has long been postulated that the beneficial effect of gut bacteria is not
universal but is confined to specific species with other species being detrimental.
To date only very few species are thoroughly investigated. Initial studies fo-
cused on organisms commonly isolated from the gut epithelium, eg Lactobacillus
and Bifidobacterium. In gnotobiotic studies, Lactobacillus acidophilus has been
shown to inhibit cell association and the invasion of flagellated bacteria, there-
fore ameliorating inflammation and improving gut barrier function [91]. Similarly,
Bifidobacterium infantis increased epithelial integrity and was protective against
inflammation-induced impaired gut barrier function both in vitro and in an exper-
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imental model of spontaneous colitis [92]. The effect of the described species (and
strains) on maintaining epithelial barrier integrity in simple models (eg monoas-
sociated gnotobionts), however, does not necessarily translate to physiological
benefits in the natural gut system with its complex community. Lactobacillus and
Bifidobacterium only account for a small proportion of the gut microbial commu-
nity and therefore their metabolic effects may be relatively minor as compared to
that of the more abundant genera such as Clostridium.

Recent studies have focused on investigating the function of gut microbiota
at a systems level. Using real-time quantitative polymerase chain reaction (PCR),
Cani and colleagues [93] measured gut bacterial populations in ob/ob mice which
also exhibited impaired gut permeability. They demonstrated an association be-
tween systemic metabolic dysfunction (including endotoxemia and inflamma-
tion) and alternations in the abundances of Bifidobacterium, Lactobacillus and
Clostridium coccoides-Eubacterium rectale cluster. Importantly, this study iden-
tified the relationship between Clostridia and metabolic dysregulation, which has
not been previously noted in monocolonisation studies. The role of Clostridia in
gut inflammation and barrier function is further substantiated by metagenomic
analysis which examines the genomic profile of the entire gut microbial commu-
nity. Metagenomic studies of gut microbiota showed that patients with inflamma-
tory bowel disease had a lower relative abundance of Clostridial cluster IV and
XIVa as compared to healthy controls [94]. This suggests that the absence of these
Clostridial clusters may enhance gut permeability and subsequently increase host
susceptibility to chronic inflammation. There is also some evidence suggesting
that bacteria in Clostridial cluster IV and XIVa are potent inducers of gut regu-
latory CD4 T cells, which are important modulators in the initiation of immune
responses [95].

In summary, numerous studies revealed the role of certain gut microbes in
modulating intestinal permeability. The effect of bacteria on gut health appears to
be highly species- and even strain-specific. Identifying beneficial strains will be
important for developing nutraceutical, and even pharmaceutical, interventions to
improve gut health.

Gut microbiota and energy homeostasis
Gut microbiota influence host energy metabolism by modulating nutrient absorp-
tion and energy storage. There is some evidence suggesting that gut bacteria
stimulate angiogenesis in the small intestine epithelium and therefore increase the
efficiency of nutrient absorption [96]. It is also well documented that gut micro-
biota ferments dietary compounds, which are otherwise indigestible by the host,
and therefore increases energy harvest.

The effect of gut microbiota on host energy homeostasis is primarily a con-
sequence of short-chain fatty acids (SCFAs) production. Bacterial enzymes, eg
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glycoside hydrolases, break down dietary polysaccharides to SCFAs such as bu-
tyrate, acetate and propionate [97]. While butyrate is the primary energy substrate
for colonocytes and is important for fortification of the GIT epithelial barrier, ac-
etate and propionate are delivered to the liver for de novo lipogenesis through
acetyl-CoA carboxylase and fatty acid synthase. The direct effect of gut micro-
biota on hepatic lipid metabolism is demonstrated in conventionalisation studies,
in which the colonisation of germ-free mice with cecal content of conventionally
raised animals increased fatty acid and triglyceride synthesis in the liver and pro-
moted peripheral fat storage [98]. Bacterial SCFAs may also directly modulate the
signalling pathways involved in host fat storage. SCFAs are specific ligands for
at least two G protein coupled receptors, GPR 41 and GPR 43, which when defi-
cient ameliorate microbe-associated energy harvest [99] and diet-induced obesity
[100].

It is important to note that the interactions between gut microbiota, GIT and
liver are part of the normal physiological processes in the host. Disturbances or
alterations to the microbial community (collectively known as microbial dysbio-
sis) however, are likely to shift the energy balance in favour of nutrient recovery
and storage. This notion is best illustrated in a series of studies by Turnbaugh,
Gordon and colleagues. Germ-free mice receiving an obesity-associated micro-
biota (OAM, from diet-induced obese mice) had increased fat deposition as
compared to those transplanted with a lean-associated microbiota (LAM) [101].
Further, it has also been shown that OAM is enriched for genes that encode
enzymes involved in starch, sucrose, and galactose metabolism to breakdown
otherwise indigestible polysaccharides [102]. These data suggest that OAM has a
higher energy harvesting potential. The increased influx of SCFAs into the sys-
temic and, more importantly, the portal circulation may increases lipid load in the
liver and predispose hepatic insulin resistance.

The research of gut microbiota currently focuses on unravelling microbial
populations affected in microbial dysbiosis and the associated metabolic seque-
lae. A feature of many human [103] and experimental models of obesity [104], is
that an OAM is characterised by a lower Bacteroidetes:Firmicutes ratio as com-
pared to an LAM. Whether this is a generic trend across the obesity-associated
metabolic disorders is not entirely clear. For example, patients with type 2 dia-
betes have been shown to have similar Bacteroidetes:Firmicutes ratio as healthy
controls but the proportion of bacteria represented within Bacteroidetes differed
in the two cohorts [105]. To date there is limited evidence suggesting the predom-
inant role of a particular microbe or a specific group of bacterial species in the
events leading up to metabolic disorders. Experimental data however, strongly
indicate that the composition of gut microbiota is an important aspect of host
metabolic phenotype. Microbial dysbiosis, therefore, should be considered as an
additional risk factor in the pathogenesis of insulin resistance and systemic meta-
bolic dysregulations.
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FUTURE DIRECTIONS: FOCUS ON IMMUNE AND
GUT SYSTEMS

The discovery of the involvement of the immune and gut systems in obesity-re-
lated metabolic dysfunctions identify a subset of at-risk individuals who would
benefit from novel immune- and gut-targeted therapies to improve metabolic
health. Here we highlight some recent data to identify potential therapeutic tar-
gets.

Immunomodulators
A logical approach to prevent inflammation-associated metabolic sequelae is to
block the initiation of an immune response. The chronic use of agents which non-
selectively antagonise the key pro-inflammatory pathways (eg glucocorticoids),
however, are often associated with immunosuppression-related side effects [106].
Attempts to develop interventions to reduce localised inflammation have also
proven to be impractical. In the gut system, inhibiting the signalling of spe-
cific TLRs interferes with mucosal repair [107] and has even been shown to
induce ‘hallmark features of metabolic syndrome’ including insulin resistance,
hyperlipidemia and increased adiposity [108, 109]. It then becomes apparent that
a specific TLR functional deficiency is compensated by the activation of other
TLRs [108]. Further, this feedback loop appears to modulate gut microbiota
profile [109] and therefore may subsequently lead to metabolically deleterious
phenotypes.

Promoting resolution has recently been appreciated as an alternative way to
minimise the deleterious effects of inflammation. Rather than directly interfering
with the inflammatory signalling pathways, pro-resolving mediators reduce the
infiltration and, at the same time, enhance the clearance of immune cells at the
site of inflammation [106]. Accordingly, these mediators promote tissue recov-
ery and therefore prevent unnecessarily prolonged inflammation. Resolvins are a
family of endogenous pro-resolution molecules which have received much of the
attention. N-3 polyunsaturated fatty acids have long been recognised as anti-in-
flammatory due to the preferential production of less inflammatory eicosanoids
[110]. The recent discovery of the D- and E-series of resolvins, derived from do-
cosahexaenoic acid (DHA; 22:6n-3) and eicosapentaenoic acid (EPA; 20:5n-3)
respectively, suggests that the pro-resolving nature is another important aspect
of n-3 polyunsaturated fatty acids to modulate inflammation. Human clinical tri-
als of resolvins to treat inflammatory diseases including rheumatoid arthritis and
inflammatory bowel disease are already underway. Consistent with the further
role of inflammation in obesity/diabetes, resolvin D1 administration has recently
been shown to reduce CLS-localised ATMs in visceral adipose tissue and im-
prove insulin sensitivity in db/db mice [111]. Taken with the protective effect of
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fish oil feeding against LPS-induced inflammation and insulin resistance [112],
these results also point to the potential of resolvins as a pharmacological target
for obesity and diabetes.

Probiotics, prebiotics and resistant starches
The compelling evidence of the role of gut microbiota in gut functions and energy
metabolism clearly indicates manipulating the microbial community as an im-
portant avenue to improve metabolic health. Probiotic supplementation, which
involves the ingestion of live micro-organisms, is the most direct way to intro-
duce specific beneficial bacteria into the gut system. Strains of several species of
Lactobacillus and Bifidobacteria, eg L. plantarum [113] and B. bifidum [114] are
probiotics with consistently demonstrated health benefits. There is an emerging
literature supporting the use of probiotics supplementary to standard treatment
for inflammatory bowel disease [115] and irritable bowel syndrome [116]. Dietary
probiotic supplements and food fortified with probiotics (eg dairy products and
infant formulas) are also widely available for general consumption. There have
been concerns however, about the efficacy of probiotic supplementation as the
effective dose of beneficial bacteria reaching the GIT may be highly variable and
it is likely to account for only a relatively small proportion of the entire micro-
bial population. Also little is known about the duration of effect so dosage may
be critical for long-term health benefits.

Supplementation of prebiotics in combination with resistant starch is an
alternative way to manipulate gut microbiota profile. Prebiotics are oligosaccha-
rides which serve as substrates for specific gut microbes. For example inulin is
a fructan preferentially used by Lactobacillus and Bifidobacteria [117]. Resistant
starch is defined as starch and/or products of starch degradation, which are not
absorbed in the small intestine, and therefore enters the colon with butyrate as
a predominant product from microbial fermentation [118]. While each bacterial
genus or species has its own preferential substrates, prebiotics and resistant starch
promote the growth of specific beneficial bacterial populations and subsequently
shifts the balance of microbial communities in a way that favours gut and meta-
bolic health.

The use of food ingredients to manipulate gut microbiota composition is
advantageous to probiotics supplementation. Bioavailability becomes less of an
issue, but perhaps what makes prebiotics and resistant starch a really appealing
option is their ability to modify, long term, autochthonous microbial communities
and therefore increase the likelihood of having persisting health benefits. There
is also the possibility of engineering dietary components to facilitate colonisation
of specific microbial populations and/or to produce specific species of SCFAs
to serve particular therapeutic purposes. Rats fed with diet containing 10% bu-
tyrylated high-amylose maize starch, for example, had increased total SCFAs
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and in particular butyrate content in the colon as compared to those which con-
sumed non-butyrylated carbohydrates [119]. Finally, the notion of synbiotics (a
combination of probiotics and prebiotics), which potentially introduce and, at the
same time, maintain beneficial microbes in the gut system, may well be the most
promising intervention to modify gut microbiota profile and achieve maximal
health benefits.

Gut mucosal defence
Strengthening the innate defence mechanisms against pathogens is critical to
maintain gut health. The gastrointestinal tract is coated with a mucus layer, as
the first line of defence, to protect the epithelium from both physical and chem-
ical damage. Mucins, the major component of the overlaying mucus layer, are
glycoproteins produced primarily by goblet cells. The highly complex oligosac-
charide side-chains of mucins form a viscous lining which interacts with and
trap microbes and subsequently prevent direct contact of epithelial surface with
pathogens [120]. The interaction between mucins and bacteria has also been
shown to facilitate specific patterns of bacterial colonisation [134]. A study by
An et al. [121] provided direct evidence for the role of mucins in gut function, in
which mice deficient in the biosynthesis of core 3 O-glycans (the predominant
component of mucins) had increased gut permeability and were more susceptible
to experimental colitis and colorectal adenocarcinoma. Similarly, mice deficient
in Muc2 (the most abundant mucin) exhibited signs of spontaneous colitis and
growth retardation [122].

Dietary supplementations to induce mucins expression may be important to
ameliorate metabolic sequelae associated with gut inflammation. Probiotics (eg
specific strains of Lactobacillus) have been shown to increase mRNA levels of
mucins in colonic cells in vitro [123, 124]. There is also some evidence for the
ability of probiotic administration to induce gene expression of mucins in animal
models of colitis [125]. Similarly, dietary supplementation of amino acids specific
to mucins production restores the colonic protein level of mucins to that in the
controls and promotes epithelial repair in rats with experimental colitis [126].

Trefoil factors (TFF) are another group of important proteins involved in the
maintenance of the mucosal barrier. Among this family of small peptides, TFF3
is one of the most abundant secretory products from goblet cells. TFF3 works
synergistically with mucins to strengthen the structural integrity of the intestinal
mucosal barrier [120]. TFF3 is also critical in aiding epithelial repair following
injury by promoting epithelial restitution via the TGF-beta-dependent pathway
[127]. When subjected to experimental colitis, mice deficient in TFF3 are more
susceptible to mortality and exhibit delayed mucosal healing as a consequence of
inhibited anti-apoptosis during acute inflammation [128].

TFF3 serves as a critical molecular link between microbiota and intestinal in-
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tegrity. Commensal bacteria activate many members of the TLR family (eg TLR2
and TLR4), which subsequently induce the expression of TFF3 via the Ras/MEK/
MAPK and PI3K/Akt pathways [120]. Accordingly, TFF3 is the downstream ef-
fector of the microbiota-initiated innate immune response. Manipulating TLRs,
as we have argued earlier, might be a dangerous impairment of the innate immune
system. However, modulating TFF3 may offer an alternate opportunity to de-
velop interventions to improve gut health while bypassing the upstream effects of
microbiota and inflammatory and/or stress-activated pathways on epithelial func-
tion. This notion is best-illustrated in a study by Podolsky and colleagues [128],
in which administration of a TLR2 agonist in TFF3-/- mice and oral supplementa-
tion of recombinant TFF3 in TLR2-/- mice both confer protection of the intestinal
mucosa during experimental colitis.

Figure 2. The role of gut in the development of systematic in-
flammation and metabolic dysfunctions.
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CONCLUSION
Insulin resistance is central to obesity-associated metabolic dysfunctions. The lit-
tle success we have in reversing the insulin-resistant state clearly suggest the need
to focus on preventative measures to achieve maximal metabolic health. Recent
advances in understanding the metabolic sequelae of visceral fat deposition and
gut dysfunction, summarised in Figure 2, provide unprecedented opportunities
to both prevent and treat metabolic disorders. What is critical now is to develop
biomarkers for large-scale population screening to identify individuals with high
metabolic risk and offer early preventative interventions. Dietary modifications
via the development of fortified and functional foods, perhaps in combination
with novel pharmaceuticals, are also promising avenues to improve metabolic
health at the population level.
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4
Pancreatic beta-cell failure in the
pathogenesis of type 1 diabetes

Alexandra Sharland1

In essence, it is the failure of the cell known as the pancreatic beta cell
to make and secrete adequate insulin, that leads to the development of all
forms of diabetes mellitus. Type 1 diabetes is caused by immune destruc-
tion of pancreatic beta cells. While multiple pancreatic beta-cell autoanti-
body positivity is strongly associated with the progression to diabetes, it
is not clear whether autoantibodies can cause initial beta-cell destruction,
or whether antibody production is only triggered after episodes of beta-cell
death have already occurred leading to clinical onset of type 1 diabetes. In-
deed even though many of the major T cell autoantigens are derived from
the same proteins recognised by the immune cells known as B cells, it is
currently thought that type 1 diabetes is mainly mediated by subsets of
effector T cells. Documented epidemiological data suggest environmental
factors act upon a background of genetic susceptibility to establish pan-
creatic islet inflammation known as ‘insulitis’ and subsequent beta-cell
dysfunction and loss. Understanding the nature of the environmental fac-
tors contributing to insulitis, beta-cell loss and the development of type
1 diabetes may provide the key to developing interventions to prevent
or delay onset in at-risk individuals. To date, no clinical trials including
immune-based approaches aimed at preventing type 1 diabetes onset in
high-risk individuals have proven effective. This chapter will focus upon
the evidence for genetic susceptibility, and some of the putative environ-
mental triggers in type 1 diabetes which may ultimately lead to methods to
protect beta cells, and to stimulate residual beta-cell function or regenera-
tion without ongoing immune destruction.

Type 1 diabetes mellitus is an autoimmune disease with very well-defined genetic
susceptibility. Individuals with a strong genetic predisposition to type 1 diabetes

1 Collaborative Transplantation Research Group, University of Sydney.
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typically develop one or more autoantibodies against islet antigens, and grum-
bling islet inflammation or insulitis ensues, with slow destruction of the islets and
attrition of the islet cell mass over a number of years. In most cases, clinical di-
abetes develops before the complete destruction of islet beta cells has occurred,
whereas absence of functioning beta cells is the rule in longstanding type 1 dia-
betes.

Although this pathway represents the characteristic pattern of disease pro-
gression, many aspects of the pathogenesis of type 1 diabetes are incompletely
understood. Not all individuals with a genetic predisposition develop diabetes.
Disease incidence can be influenced by additional genes inherited concurrently
with the known high-susceptibility alleles, and by environmental factors. Insulitis
can be difficult to detect, and when present, is often patchy. Whilst most patients
with type 1 diabetes have one or more pancreatic islet autoantibodies detectable
at the time of diagnosis, and the risk of developing diabetes increases with the
number of autoantibodies an individual is producing, a small number of patients
never have detectable islet autoantibodies. The progression from susceptibility to
autoantibody production and beta cell loss is usually steady and inexorable, yet
some elements of this process may be reversible. Animal studies have demon-
strated the potential for islet beta cells to regenerate after the onset of clinical
diabetes – such regeneration may be possible in humans as well, and offers a po-
tential target for therapeutic intervention. These and other areas of current interest
and controversy will be discussed further in the following sections.

GENETIC SUSCEPTIBILITY TO TYPE 1 DIABETES
Over 40 gene loci have now been identified as being linked to the risk of de-
veloping type 1 diabetes [1]. Consistent with the notion of type 1 diabetes as an
autoimmune disease, essentially all these genes influence the immune system at
some level, thus affecting its ability to mount a response against islet autoanti-
gens. The strongest predisposition to diabetes development is conferred by genes
found in the Human Leucocyte Antigen complex on the short arm of chromosome
6, particularly the HLA class II loci, DR and DQ [2]. The highest-risk genotype
includes some combination of HLA DR3 or DR4 with HLA DQ2 or DQ8. This
genotype is present in around 2.4% of newborns, but its representation is much
greater amongst individuals with diabetes [3]. Infants with this gene combination
have a greater than 50% chance of developing type 1 diabetes by age 12, and this
risk is increased further if an HLA-identical sibling is already affected by diabetes
[3]. Conversely, other class II alleles such as DQ 0602, are associated with dom-
inant protection from diabetes, even amongst autoantibody-positive first-degree
relatives of patients with type 1 diabetes [4]. The function of HLA DR and DQ
molecules is to present antigens to CD4-positive helper T cells, thus initiating a
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cognate immune response. Structural and computational studies of susceptibility
and protective alleles have revealed a number of shared features which modify
the ability of these class II molecules to present peptides derived from islet au-
toantigens to responding T cells [5]. Charged residues at critical positions within
the peptide binding groove allow diabetogenic peptide epitopes to bind strongly
with slow dissociation kinetics, promoting the priming of a range of autoreac-
tive CD4+ T cells [5]. Consistent with these observations, possession of particular
HLA DQ alleles is linked to antibody specificity, such that DQ8 is associated
with the presence of insulin autoantibodies, and DQ2 is found in subjects with
antibodies against glutamic acid decarboxylase (GAD65) [6]

HLA class I genes are also associated with diabetes susceptibility, and the
presence of the common HLA A2 allele further increases the likelihood of de-
veloping diabetes in individuals with high-risk class II alleles [7, 8] Possession of
HLA B39 increases overall risk, and is linked with earlier onset of disease [9].
HLA class I molecules present antigens to CD8+ T cells, the cell subset directly
implicated in the final phase of islet destruction. A growing body of evidence
supports a functional role for HLA-A2 in the display of antigenic peptides de-
rived from insulin precursors and GAD on the beta-cell surface, thus triggering
beta-cell killing by CD8+ T cells which recognise these antigens [10, 11, 12].

Autoimmunity arises from a failure of development or maintenance of self-
tolerance, where either the deletion of potentially autoreactive T cells in the
thymus, or the generation of regulatory T cells which can suppress autoreactivity
in the periphery, is inadequate. Two rare single gene (or monogenic) disorders
which affect these processes result in severe generalised autoimmunity, with
diabetes as one manifestation. These conditions are known as IPEX (immune
dysregulation, polyendocrinopathy, enteropathy, X-linked) in which regulatory T
cells fail to develop appropriately due to a mutation in the FoxP3 transcription
factor [13, 14], and APECED (autoimmune polyendocrinopathy – candidiasis – ec-
todermal dystrophy) where a defect in the protein AIRE prevents expression of
otherwise tissuespecific genes (such as insulin) in the thymus, and blocks gener-
ation of self-tolerance to the proteins encoded by those genes [15]. Reminiscent
of the mechanism underlying APECED, polymorphisms in the promoter of the
insulin gene confer susceptibility to type 1 diabetes if they bind poorly to AIRE,
and reduce insulin expression in the thymus [16, 17].

Recent advances in high-throughput sequencing technology have enabled
genome-wide association studies (GWAS) to be performed in type 1 diabetes and
other common disorders. These studies have confirmed that a number of other
loci involved in the regulation of T cell function influence the likelihood of de-
veloping diabetes [18]. Such genes include PTPN 22, which encodes a tyrosine
phosphatise which regulates T cell receptor signalling, and the genes encoding
interleukin 2 receptor alpha chain and the co-inhibitory molecule CTLA4 [19].
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Genes involved in innate immune responses to microorganisms have also been
linked with diabetes susceptibility in recent studies, and intriguingly, these find-
ings suggest one mechanism whereby genetic susceptibility can interact with
environmental exposures to result in disease. IFIH1 is a gene which encodes the
intracellular pathogen receptor MDA5 [19, 20]. MDA5 triggers immune responses
to viral RNA derived from the enterovirus family, of which Coxsackie viruses are
a member, and there is considerable circumstantial evidence linking Coxsackie
infection with diabetes onset. Other intracellular nucleic acid receptors recently
mapped in type 1 diabetes include the toll-like receptors TLR7 and TLR8 [21].

ENVIRONMENTAL FACTORS AND TYPE 1
DIABETES

Whilst the growing epidemic of type 2 diabetes is common knowledge, it is less
well appreciated that worldwide incidence of type 1 diabetes has been rising over
the past few decades as well [22, 23]. Moreover, there has been a shift towards
onset of clinical diabetes at an earlier age, such that the prevalence rate in indi-
viduals aged younger than 15 years is projected to increase by 70% between 2005
and 2020 [24]. These rapid changes in incidence and in age of onset, along with
the lower than expected concordance between monozygotic twins, are character-
istic of the operation of environmental factors upon a background susceptibility
[25]. Consistent with the idea that the highest-risk genotypes require the least en-
vironmental pressure to result in overt diabetes, the changes in incidence have
been most pronounced amongst those with moderate, rather than extreme ge-
netic susceptibility [26]. In Australia, the incidence of type 1 diabetes in children
with the highest risk alleles has remained stable over time, as has age at diag-
nosis. Conversely, a greater proportion of children with moderate-risk alleles is
developing diabetes, and is doing so at a younger age [27]. Other hallmarks of en-
vironmental influence, such as seasonal variations in onset of clinical diabetes,
are also largely confined to those at moderate genetic risk [28]. Understanding the
nature of the environmental factors contributing to the development of overt dia-
betes may provide the key to developing interventions to prevent or delay onset in
at-risk individuals, and there is considerable research concentration in this area.
In this section, we will discuss the evidence for some of the putative environmen-
tal triggers of diabetes.

Viral infections
Infections with several viruses have been plausibly associated with the devel-
opment of type 1 diabetes. 22% of children infected with rubella in utero later
developed type 1 diabetes [29], and cross-reactivity between T cells recognising
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both rubella and GAD-derived peptides was demonstrated [30]. However, it now
appears that impairment of islet development following pancreatic infection with
rubella, rather than islet autoimmunity, may be the mechanism of rubella-associ-
ated type 1 diabetes [31].

Data linking infection with enterovirus or rotavirus to diabetes onset are tan-
talising, and evidence to support a potential pathogenetic role for these infections
exists. Nevertheless, these findings have not been consistent across all groups
studied, perhaps reflecting the complexity of the interactions between individual
susceptibility and environmental factors as well as differences in study method-
ology.

In the longitudinal Diabetes Prediction and Prevention (DIPP) study from
Finland, enterovirus infections were reported in the majority of subjects devel-
oping islet autoantibodies in the six months preceding initial antibody detection,
whereas significantly fewer children without autoantibodies had been infected
[32]. Other large longitudinal studies of genetically at-risk cohorts did not confirm
these findings [33, 34]. Seemingly conflicting results may arise because different
substrains of the same virus may not be differentiated by routinely available sero-
logical testing, and yet may have different diabetogenic potential. In addition,
identical viruses could have different effects upon progression if encountered at
different stages in the natural history of the disease [35].

Fulminant type 1 diabetes is an entity described in Japan, where direct in-
fection of the islets and exocrine pancreas with enterovirus leads to upregulation
of chemokine and cytokine secretion by islets, triggering infiltration with aggres-
sive T cells and macrophages, and islet destruction within a matter of days [36].
However, pancreatic infection with enterovirus family members is also reported
in diabetes cases with a less dramatic onset. Coxsackie virus is tropic for human
beta cells, and virus-positive beta cells have been demonstrated in pancreas spec-
imens from studies in children succumbing to severe metabolic complications of
diabetes close to diagnosis, but not from control pancreata [37]. At symptom on-
set, multiple enterovirus nucleic acid sequences were identified in the peripheral
blood cells of 50% of subjects, compared with 0% of age and sex-matched con-
trols [38]. Moreover, T cells from a majority of recent-onset subjects proliferated
in response to Coxsackie viral lysates [39]. One criticism of these data was that the
controls were not matched with respect to diabetes risk, but recent reports from
both the Diabetes Autoimmunity Study in the Young (DAISY) and DIPP stud-
ies have addressed these concerns. Amongst high-risk children with multiple islet
autoantibodies, progression to clinical diabetes was significantly more frequent
in those with evidence of a recent enterovirus infection than in those without [40,
41]. In addition to direct infection of the pancreas with enteroviruses such as Cox-
sackie, molecular mimicry between viral antigens and islet autoantigens has been
postulated to trigger T cell reactivity against islets (discussed in [42]). The P2C
non-structural protein of a diabetogenic strain of Coxsackie virus B4 shares ex-
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tensive sequence similarity with GAD65, and virtually identical highly antigenic
peptides can be derived from the two proteins [43].

Rotaviruses are double-stranded RNA viruses belonging to the Reovirus
family. They are ubiquitous in the environment, and are the most frequent cause
of gastroenteritis in young children [44]. The first indication that these agents may
contribute to the development of type 1 diabetes came from studies demonstrating
strong sequence homology between the rotavirus VP7 antigen and two epitopes
recognised by islet-reactive T cells, one in GAD and one in IA-2 [45]. Longitudi-
nal studies attempting to determine whether rotavirus exposure is associated with
diabetes development have yielded varying results. The Australian BabyDiab
study of at-risk children reported strong concordance between the appearance of
islet autoantibodies and the detection of rotavirus-specific antibodies. Repeated
rotavirus infection appeared to boost levels of anti-islet antibodies and coincided
with epitope spreading and an increase in the number of autoantibody specifici-
ties present [46]. A later Finnish study failed to confirm these observations [47].
However, differences in the methodology used for determining rotavirus expo-
sure may have contributed to this negative finding.

Lifestyle factors
Various other aspects of the modern lifestyle could be influencing the rise in
incidence of type 1 diabetes (reviewed in [48]). Many of these (increased con-
sumption of high-energy foods and foods containing trans-fatty acids, fructose or
advanced glycation end-products, reduced energy expenditure due to declining
levels of physical activity and maintenance of ambient temperatures within the
thermoneutral zone for most of the time, reduced sleep duration) act through
the mechanism of increasing insulin resistance, which will be discussed further
below. In a seeming paradox, although exposure to some pathogenic viruses is
linked to the development of type 1 diabetes, widespread adoption of clean liv-
ing conditions with prevention or delay of exposure to environmental pathogens
has also been implicated in the rise of autoimmune and allergic conditions, a the-
ory termed the ‘hygiene hypothesis’ [49]. Changes in commensal gut bacteria, by
increasing energy extraction from the diet, may also predispose to obesity and in-
sulin resistance [50]. Finally, exposure to sunlight and consequent generation of
vitamin D has progressively declined in many developed and developing coun-
tries over the past few decades. Several epidemiological studies have shown an
inverse correlation between vitamin D intake and the incidence of type 1 diabetes
[51, 52], and this link has been strengthened by the demonstration of protection
against type 1 diabetes development by vitamin D administration in primary pre-
vention studies in at-risk populations [53, 54].

A modern epidemic

90



Insulin resistance and type 1 diabetes
Insulin resistance in children and adults in the developed and developing world
has been increasing in parallel with the rise in overweight and obesity, and could
be making a significant contribution to the rising incidence of type 1 diabetes, in
addition to its acknowledged role in type 2 diabetes. Analyses of a number of in-
dependent cohorts from Europe, the US and Australia have demonstrated that age
at onset of type 1 diabetes was inversely proportional to body mass index (BMI)
[55]. Not surprisingly, BMI was higher in subjects with moderate genetic risk,
compared to those with high risk, and direct measurements of insulin sensitiv-
ity during metabolic testing confirmed that insulin resistance was an independent
risk factor for progression to clinical type 1 diabetes in individuals with islet
autoimmunity [56]. There are several ways in which insulin resistance could ac-
celerate the development of type 1 diabetes in those with an underlying genetic
predisposition. Insulin resistance means that the beta cells are obliged to increase
insulin production in order to maintain blood glucose within the physiological
range. Metabolic upregulation results in increased production of insulin precur-
sor proteins as well as the cellular enzymes GAD and IA-2. Increased production
results in increased presentation of peptides derived from these molecules on the
surface of the beta cell, thereby increasing the chances of the beta cell being de-
stroyed by a cytotoxic T cell which recognises these peptides. Insulin resistance
per se ‘accelerates the rate of beta-cell apoptosis through glucotoxicity and lipo-
toxicity’ [57]. Furthermore, patients would be expected to cross the threshold at
which remaining beta-cell function is no longer able to maintain glucose home-
ostasis at an earlier stage of beta-cell loss, in the presence of insulin resistance.

PATHOGENESIS AND DISEASE PROGRESSION

Beta cells and autoantibodies in type 1 diabetes
The principal autoantibodies in type 1 diabetes recognise four islet autoantigens:
insulinoma-associated antigen-2 (I–A2), insulin (micro IAA or mIAA), the 65
kD isoform of the enzyme glutamic acid decarboxylase (GAD65) and zinc trans-
porter 8 (ZnT8) [58]. Whilst autoantibody positivity is strongly associated with
the progression to diabetes, especially when antibodies against multiple islet
determinants are present [59], it is not clear whether autoantibodies can cause
beta-cell destruction, or whether antibody production is only triggered after
episodes of beta-cell death have already occurred [60]. Antibody-producing B
cells may also play a role in the pathogenesis of type 1 diabetes as professional
antigen-presenting cells for T cells. In this regard, B cells can use their surface
antibody to capture islet autoantigens before processing and presenting them to
CD4+ T cells. B cells in turn receive help from the T cells which culminates in in-
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creased antibody secretion. This role of B cells is consistent with the observation
that many of the major T cell autoantigens are derived from the same proteins
recognised by B cells [61, 62, 63].

Insulitis
Infiltration of the pancreatic islets with lymphocytes (‘insulitis’) in patients who
succumbed to diabetic complications close to the time of presentation was first
noted in the 1960s [64] and has since been considered a hallmark of type 1 di-
abetes. Cross-sectional studies of tissues obtained close to diagnosis can yield
important information about the final pre-clinical stages of the disease. Advances
in the management of metabolic complications of diabetes mean that patients now
rarely die with ketoacidosis, and most data are derived from historical collections
of tissue [65]. Painstaking re-analysis of one such large cohort affirmed earlier
observations that the degree of insulitis varied not only between patients but be-
tween regions of the pancreas and between individual islets [63, 65, 66, 67]. The
investigators subdivided islets according to the percentage of remaining insulin-
positive cells. The numbers of infiltrating cells increased as insulin-positive cell
numbers declined, reaching a peak when less than 10% of insulin-containing cells
remained. The density of infiltrate was then dramatically reduced in islets lack-
ing insulin positivity. Although this was a cross-sectional study, the different
categories of islets were interpreted as representing stages in the progression to
beta-cell destruction, which was proceeding asynchronously [68]. At all stages,
CD8+ T cells predominated in the infiltrate. B cells were preferentially found in
more inflamed islets, whilst macrophages were a constant presence, albeit less
frequent than CD8+ T cells. In this study, at least some degree of insulitis was
found in all pancreas specimens, and overall, insulitis was detected in 12% of
islets examined [68]. The observation that the density of the infiltrate increases
substantially once beta-cell loss has reached a critical threshold is consistent with
the idea that the drive to maintain glucose homeostasis upregulates the metabolic
activity of the remaining beta cells, causing antigenic peptides to be produced
and displayed on the cell surface in increasing amounts. This increases beta-cell
susceptibility to CD8+ T cell-mediated killing and hastens the decline of the re-
maining beta-cell mass.

Much could be learned from the systematic histological study of the pancreas
in at-risk and pre-diabetic individuals, as well as those with clinical diabetes of
varying durations. However, obtaining tissue samples from these groups has pre-
viously been all but impossible. Recent initiatives have aimed to fill this void in
our knowledge by screening organ donors for the presence of islet autoantibod-
ies, and examining specimens of the pancreata of antibody-positive subjects. One
such study of 62 antibody-positive donors found evidence of insulitis in only two
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individuals, a surprising result which led researchers to question the central role
of islet inflammation in progression to diabetes [69]. Closer examination of the
study cohort reveals that the two donors with insulitis were the only subjects with
≥3 autoantibodies, and also possessed high-risk HLA-DQ alleles. The increased
age of this donor population compared with the usual age of onset of type 1 DM,
single and low-titre antibody positive status of most of the subjects and relatively
small number of islets examined per pancreas may all have contributed to the
paucity of insulitis noted, and may mean that these findings do not reflect the gen-
eral situation in prediabetes.

Efforts to gather pancreatic tissue from deceased organ donors of all ages
have continued, largely under the auspices of the network for pancreatic organ
donors with diabetes (nPOD), a program established by the Juvenile Diabetes
Research Foundation. One of the first studies to be reported as a result of this
initiative revealed that 30% of pancreata from donors with longstanding type 1
diabetes still contained numerous insulin positive cells in at least some islets [70].
Two distinct histological patterns were detected – one with patchy distribution
of insulin-positive cells in a fraction of islets, co-incident with the upregulation
of pro-survival signals in these islets. The second pattern was characterised by
the presence of residual insulin-positive cells in 100% of islets. Subjects with
this pattern were typically islet autoantibody-negative, and lacked high-risk HLA
class II alleles, yet their disease displayed metabolic hallmarks of type 1 diabetes,
including episodes of ketoacidisis [70]. These studies suggest that the pathogen-
esis of type 1 diabetes may be more heterogeneous than previously appreciated,
and, at least a subset of patients have the potential to benefit from treatment ap-
proaches which stimulate residual beta-cell function or regeneration. More than
60 projects are currently underway using tissues collected through nPOD, and
hopes are high that further new insights into diabetes pathogenesis will soon
emerge from these.

Non-invasive imaging and monitoring of T cell function
Imaging of pancreatic islets and cells in vivo has to date proven very difficult
in humans. The capacity to non-invasively screen for and sequentially monitor
islet inflammation in at-risk, pre-diabetic, or type 1 diabetes patients would allow
much greater refinement of risk stratification as well as enabling direct and timely
assessment of the effect of interventions. In animal models of type 1 diabetes,
the onset of insulitis is accompanied by increased ‘leakiness’ of the small blood
vessels supplying the islets [71]. Magnetic Resonance Imaging (MRI) can be used
to capture signals from injected magnetic nanoparticles, which exit the circula-
tion through the leaky vessels and are engulfed by infiltrating macrophages in the
pancreas. A recent report demonstrates that this imaging method can be adapted
for use in humans, and is able to differentiate between subjects with recent-onset
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diabetes and controls [71]. Further development and more widespread adoption
of this and other non-invasive imaging techniques, such as positron-emission to-
mography [72], have the potential to greatly increase our understanding of type 1
diabetes pathogenesis.

Efforts are being made to develop and validate assays of cell-mediated anti-
islet reactivity which might be used to monitor changes in T cell function in
those at risk for type 1 diabetes development, and subjects in prevention and early
intervention trials of immunomodulation. A recent workshop sponsored by the
Immune Tolerance Network evaluated two such assays for CD4+ T cells, a cel-
lular immunoblot and a T cell proliferation assay [73]. Overall, these assays per-
formed reasonably well in distinguishing patients with new-onset diabetes from
normal controls with sensitivities of 94% and 58%, and specificities of 83% and
91%, respectively. Combination of the assays improved sensitivity, whilst main-
taining specificity [73]. For CD8+ T cells, an islet-specific ELISPOT assay has
been developed (ISL8SPOT, [74]). This assay measures interferon gamma-pro-
ducing T cells in response to stimulation with a mixture of HLA-A2-restricted,
beta cell-derived peptide epitopes. Beta cell-specific CD8+ T cells can thus be
quantitated directly from unfractionated peripheral blood mononuclear cells. IS-
L8SPOT responses were clearly detectable in newly diagnosed patients with type
1 diabetes, but waned rapidly over the following six to 12 months as the rate of
beta-cell destruction declined. Autoantibody levels remained constant over this
period, suggesting that the T cell functional assays were more likely to reflect
the patients’ current immunological status than autoantibody titres [75]. HLA-A2
tetramers loaded with beta cell antigenic peptides are another tool which can be
used to detect and quantitate islet-reactive CD8+ T cells [

76
]. These various as-

says are currently being evaluated for their suitability in monitoring responses to
immunomodulatory treatments, and further information about these applications
should soon become available.

On the opposite side of the T cell balance from the destructive effector cells
are regulatory T cells, and attempts have also been made to assess regulatory T
cell activity in type 1 diabetes. No consistent difference in the numbers of periph-
eral blood regulatory T cells have been identified between subjects with type 1
diabetes and normal individuals. Nonetheless, natural T regs isolated from type 1
diabetes patients are less potent suppressors than those isolated from control sub-
jects, suggesting that function, rather than absolute number of these cells makes
the paramount contribution to the disease state [77].

Interventions in at-risk individuals
The idea of being able to intervene in at risk or pre-diabetic individuals to
prevent the onset of clinical diabetes is enormously appealing. Even with the
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most accurate predictive identification of high-risk groups, it should be remem-
bered that not all members will develop diabetes. As a corollary, such trials must
involve large numbers of subjects, and are very costly to conduct. Any inter-
ventions tested must be inherently very safe to maintain a balance between the
risks and potential benefits to the participants. Interventions can be categorised
as either non antigen-specific, or specific to various islet autoantigens. Dietary
modifications are non antigen-specific interventions, and dietary substitutes and
supplements studied in this way include hydrolysed cows’ milk formula (Trial
to Reduce IDDM in Genetically at Risk (TRIGR) study, [78]), vitamin D3 [79],
Omega-3 fatty acids [80] and nicotinamide [81]. Another subgroup of prevention
trials has aimed to induce specific tolerance to islet autoantigens by administer-
ing them via a route that is generally non-immunogenic. Accordingly, insulin has
been given orally or intranasally to at-risk subjects. Whereas nicotinamide has
been ineffective, early studies of vitamin D supplementation and of hydrolysed
cow’s milk formula have shown some benefit [82] and these interventions are now
undergoing further evaluation. Results of insulin administration have been equiv-
ocal thus far [83].

The honeymoon phase and beta-cell regeneration
Up to 60% of patients newly diagnosed with type 1 diabetes achieve some im-
provement in functional beta-cell mass as measured by secretion of c-peptide and
reduction in exogenous insulin requirement, after the initiation of insulin replace-
ment therapy [84]. This period is often referred to as the ‘honeymoon phase’. The
mechanisms governing this short-lived improvement in function are incompletely
understood, but probably involve restoration of function to insulin-depleted beta
cells, perhaps accompanied by some true expansion of beta-cell mass [85].

A subset of patients with type 1 diabetes maintains small populations of
functioning beta cells for many years after the onset of clinical type 1 diabetes
[85], and these patients may be particularly amenable to therapies which aim to
restore or improven glucose homeostasis via regeneration of existing beta-cell
mass. In mouse models, three different mechanisms have been shown by different
groups to result in the generation of new beta cells [87]. Replication of existing
beta cells was responsible for beta-cell regeneration after subtotal ablation of beta
cells in a transgenic mouse model [88], while recent reports have demonstrated
that both beta-cell neogenesis from ductal precursors [89] and transdifferentiation
from glucagon-secreting islet alpha cells [90, 91] can also occur under some cir-
cumstances. In the human pancreas, staining for the nuclear proliferation marker
Ki-67 suggests that mature, differentiated beta cells can replicate, though the
basal rate of replication is low (reviewed in [92]). Data supporting the existence
of the other two mechanisms in humans are scant.

Arresting autoimmune islet destruction may allow beta-cell regeneration to
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emerge, but in adult humans, it is not clear whether this alone could be sufficient
to reconstitute beta-cell mass and restore glucose homeostasis. In order to harness
the potential of beta-cell regeneration, it is essential to understand how beta-cell
turnover is controlled, and whether this could be manipulated in such a way as to
produce a net accumulation of functional beta-cell mass. Murine studies indicate
that a critical driver of beta-cell replication is glycolytic flux in the beta cell it-
self, reflected in the activity of the enzyme glucokinase [93]. Under physiological
conditions, this is proportional to blood glucose levels, but glucokinase activity
can be modified by a novel class of small-molecule drugs, the glucokinase ac-
tivators, and thus represents a potential target for intervention [94]. Glucokinase
activators are currently under development for the treatment of type 2 diabetes.
They act by increasing the glucose affinity and maximum velocity of glucoki-
nase [94]. Administration of glucokinase activators could eventually be used to
enhance the low basal rate of beta-cell replication in vivo, thus permitting grad-
ual regeneration of sufficient beta-cell mass from the remaining viable beta cells
after the onset of clinical type 1 diabetes.

Gastrointestinal hormones (incretins) also play a role in regulation of beta-
cell mass [95]. Glucagon-like peptide 1 (GLP-1) and glucose-dependent in-
sulinotropic peptide (GIP) are produced and secreted by intestinal cells in re-
sponse to dietary fat and carbohydrate. They increase insulin secretion by the
beta cell via binding to G protein-coupled receptors (discussed in [96]). GLP-1
reduces beta-cell apoptosis [97], and may also stimulate beta-cell proliferation
via the mitogen-activated protein (MAP) kinase [98] and Wnt [99] pathways, thus
shifting the balance of beta-cell turnover towards accumulation. Treatment with
currently available GLP-1 agonists such as exendin-4, or with inhibitors of the
enzyme dipeptidyl peptidase 4 (DPP-IV), which degrades GLP-1 and GIP, in-
crease beta-cell mass in diabetic rodents [100, 101]. These agents may have similar
beneficial effects in humans if used in conjunction with treatments which target
autoimmunity.

CONCLUSIONS
This is an exciting time for research in type 1 diabetes. Recent technological
advances such as the ability to conduct genome-wide association studies or to
undertake non-invasive imaging of the pancreas, coupled with initiatives such as
nPOD, are greatly increasing our understanding of the aetiology and pathogenesis
of type 1 diabetes. These insights will continue to suggest ways in which it might
be possible to intervene in the course of the disease, both prior to and following
the onset of clinical diabetes. Growing appreciation of the heterogeneity of type
1 diabetes will allow tailoring of treatment modalities to the particular subgroups
of patients most likely to benefit from each type of intervention, while improved
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assays for monitoring anti-islet immune reactivity and response to treatment will
inform clinical decisions and permit fine adjustment of immunomodulatory ther-
apies.
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5
Pancreatic beta-cell failure in the
pathogenesis of type 2 diabetes

Jenny Gunton1, 2 and Christian M Girgis1, 2

As the worldwide prevalence of type 2 diabetes continues to rise, there is
mounting evidence that failure of the cells which make insulin – termed
pancreatic beta (or β) cells, play a fundamental role at all stages in the
pathogenesis. Beta-cell defects such as loss of the initial (first) phase of in-
sulin secretion and inefficient insulin synthesis are seen years prior to the
onset of type 2 diabetes. Later, it is the failure of beta cells to adequately
respond to the demand for high insulin requirements that determines the on-
set of hyperglycaemia leading to the clinical diagnosis of type 2 diabetes.
In this chapter, we will discuss the various proposed mechanisms of beta-
cell failure in type 2 diabetes and address recent controversies in this field
of research.

The prevalence of type 2 diabetes is rising at an alarming rate. In Australia alone,
those affected by type 2 diabetes doubled from 3.4% in 1981 to 7.4% in a national
sample of 11 247 adults in 1999 to 2002. An additional 16.4% of participants
showed symptoms of prediabetes in this study, a sign of imminent trouble.

On a global scale, the International Diabetes Foundation projected that by
2030, up to 438 million people may be affected by this disease, accounting for
more than 4.5% of the world’s projected population [3]. China, the world’s most
populous nation, has not been spared as a recent survey reported a remarkably
high diabetes prevalence of 9.7% (92.4 million adults) [4].

The burden of diabetes spans beyond the threat it poses to the individual
sufferer and includes the greater effect on communities, the health economy and
workforce. The estimated financial cost of type 2 diabetes in Australia is A$10.3
billion per annum which includes costs for carers (>A$4 billion), productivity
losses (A$4.1 billion), direct costs to the healthcare system and the estimated di-

1 Diabetes and Transcription Factors Group, Garvan Institute of Medical Research,
Sydney.

2 Sydney Medical School, University of Sydney.
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rect costs of obesity (A$2.2 billion) [5].
Modern life is largely to blame for this surge in diabetes prevalence with the

abundance of calorie-rich foods, the gross reduction in energy expenditure result-
ing from the use of cars and other labour-saving devices, the hours spent sitting
in front of television or computer screens and the avoidance of outdoor activities.
As described in earlier chapters, it is the collusion of such environmental factors
with an individual’s genetic predisposition that lead to pancreatic beta-cell failure
that is characteristic of type 2 diabetes. However, the precise pathologic processes
by which beta cells fail in their essential role in glucose homeostasis are incom-
pletely understood and contentious.

This chapter will outline some of the proposed mechanisms of beta-cell fail-
ure in type 2 diabetes and touch on a couple of controversial issues that have
characterised this field of research. However, it will first lay the groundwork with
some basic principles in beta-cell physiology.

THE BETA CELL
Since the initial description of the pancreatic islet by Paul Langerhans in 1869 as
‘a network of small cells, almost perfect in homogeneity and structure, arranged
in groups, scattered amongst the acinar cells of the pancreas’ [6], understanding
of this highly complex miniorgan has increased greatly. Five different endocrine
cell types are found within the pancreatic islet, namely alpha cells that make
glucagon, beta cells that make insulin, delta cells that make somatostatin, PP cells
that make pancreatic polypeptide and epsilon cells that make ghrelin [7].

Although islets cells account for only 1%–2% of the pancreatic mass [8, 9],
they receive 10% of the total pancreatic blood flow and are surrounded by a
highly specialised system of fenestrated endothelial cells which provide critical
signals for cell differentiation, development and function [10]. Other extracellu-
lar components, including extracellular matrix and neurons also play critical roles
in influencing the behaviour of islet cells [11]. Beta cells are the dominant cell
type of the human islet, accounting for 50% to 70% of islet cells [12]. Their main
function, namely regulated insulin secretion, involves the integration of several
stimuli which activate secretion when challenged and others that switch it off
when the stimuli are no longer present. Whilst there is general agreement that
the entry of glucose into the beta cell via specialised glucose transporters leads
to a cascade of events including glucose phosphorylation by glucokinase and the
closure of potassium-ion channels leading to membrane depolarisation and in-
sulin secretion [13], the process is more complex. Following glucose entry into
beta cells, insulin is secreted in two distinct phases and in an oscillatory, rather
than a linear, pattern [14]. Further complexity can be found in the presence of
secondary pathways of insulin secretion independent of ion channels [11], in-
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teractions between beta cells which influence behaviour [15] and the effect of
gut-derived hormones, known as incretins, on beta-cell function [16]. The major
steps in glucose-stimulated insulin secretion have been summarised in Figure 1.

However our understanding of beta-cell physiology is incomplete, with lack
of understanding of the roles of a broad system of G-protein coupled receptors
on the beta-cell surface [17], the effect of other nutrients such as amino acids and
fatty acids on beta-cell function [18] and the role of vitamin D activating enzymes
and receptors within the beta cell [19]. In seeking answers to these and many other
questions, researchers in this field face a number of challenges. Significant inter-
species differences in islet architecture [20] and responses to hyperglycaemia [21]
pose a challenge that has made direct extrapolation of disease-related pathophysi-
ology from rodents to humans tricky. Furthermore, the study of human pancreatic
specimens, whilst insightful, does not always reflect in vivo beta-cell behaviour.

Figure 1. Steps involved in glucose-stimulated insulin secretion by the pancreatic beta
cell. Following entry of glucose via GLUT transporters, phosphorylation by glucokinase
occurs and pyruvate is formed via the process of glycolysis. This leads to increased activ-
ity of the TCA cycle within the mitochondria by which adenosine diphosphate (ADP) is
converted to adenosine triphosphate (ATP). This causes closure of ATP-sensitive potas-
sium channels, a wave of membrane depolarisation and the subsequent activation of
voltage gated calcium channels. The entry of calcium into the cell is followed by vesicle
docking and insulin granules are released into the circulation. Other factors play a role
such as glucagon-like peptide 1 which has unique receptors in the beta-cell membrane.
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There is no doubt that beta cells play an important role in the pathogenesis of type
2 diabetes but the complex nature of these cells and the difficulties encountered in
‘unlocking’ some of these complexities have inevitably led to some controversy
in our understanding of the precise nature of this role.

INSULIN RESISTANCE OR DEFECTIVE BETA
CELLS?

A controversial issue for many years has been whether insulin resistance or im-
paired beta-cell function is the primary cause of type 2 diabetes. This controversy
seems to have resulted from the complex interaction between both defects present
early in the disease and the relative ease in measuring in vivo insulin resistance as
compared to beta-cell function [22].

A 1992 study examining non-diabetic subjects at high risk of developing
type 2 diabetes (ie women with prior gestational diabetes, high risk ethnic groups,
people whose parents were both affected by type 2 diabetes) reported that insulin
resistance was the predominant feature [23]. This was based on a glucose tol-
erance test which demonstrated supraphysiological insulin levels required to
maintain normal glucose at two hours following a 75 gm oral glucose load. How-
ever, by only obtaining two-hour measurements, the high insulin levels were
misinterpreted as representing normal beta-cell function compensating for a state
of insulin resistance. As discussed above, insulin secretion is normally biphasic
and the first phase of insulin secretion, maximal at 30 minutes following a meal,
appears to be the first casualty of the beta cell in type 2 diabetes [12] Therefore, if
values were measured at 30 minutes following the glucose load, different levels
may have been found which would match the early rise in glucose, then followed
by compensatory insulin hypersecretion at two hours.

A prospective study of 200 non-diabetic Pima Indians, which is a group with
a very high risk of type 2 diabetes, also reported that insulin resistance was the
earliest feature in the 38 patients who went on to develop diabetes [24]. Lifestyle
factors, such as obesity, sedentary lifestyle and high-fat diets correlated closely
with this state of insulin resistance which was detected by the gold-standard
technique, the hyperinsulinaemic-euglycaemic clamp. However, as the disease
developed, the degree of insulin resistance did not change significantly but rather,
a dynamic pattern of beta-cell activity emerged with early hyperinsulinaemia to
maintain normoglycaemia being followed by a significant drop in insulin levels
resulting in hyperglycaemia. It was therefore proposed that beta-cell failure was
the final determinant in the development of hyperglycaemia in these patients.

For some time, ‘beta-cell exhaustion’ was the sole explanation for the failure
in insulin secretion [20]. This is the concept that after a prolonged period of pro-
ducing high amounts of insulin in order to overcome an insulin resistant state,
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otherwise normal beta cells eventually ‘burn out’ and permanently fail. Propo-
nents of this hypothesis also describe distinct stages in the evolution of beta cells
from a state of compensation to severe decompensation [25]. But the exhaus-
tion concept has some limitations. Most patients with conditions characterised by
insulin resistance – such as pregnancy, morbid obesity, Cushing’s disease and
acromegally – do not develop diabetes. Furthermore, studies in humans and rhe-
sus monkeys suggest that the early hyperinsulinaemia may occur independently
of insulin resistance and rather reflect ‘beta-cell hyper-responsiveness’ [26]. In ad-
dition, patients with mutations in the insulin receptor, who have severe insulin
resistance from birth do not develop diabetes until their beta cells fail, usually in
their teens or 20s [27]. Therefore, intrinsic defects in susceptible beta cells appear
to be important both early in the development of diabetes and later when the cells
undergo critical failure in their compensatory capacity.

Another five-year prospective study involving non-diabetic Pima Indians
confirmed dual pathology involving both the beta cell and peripheral insulin sen-
sitivity in the development of diabetes [28]. Amongst 48 non-diabetic subjects
who were roughly equal for parameters of obesity and insulin resistance, the 17
who progressed to diabetes failed to increase their insulin secretion in response
to progression of insulin resistance. Furthermore, they showed signs of defective
beta-cell function even before the onset of impaired glucose tolerance. The 31
subjects who did not progress to diabetes demonstrated appropriate increases
in insulin secretion as they gained weight and became more insulin resistant.
Therefore, it was beta-cell function that determined the progression from insulin
resistance to frank diabetes in this high-risk group.

A useful way to understand the interaction between insulin sensitivity and
beta-cell function can be found in the disposition index [29]. In normal subjects,
beta-cell function varies according to the degree of insulin sensitivity so that
when non-diabetic individuals enter a phase of greater insulin resistance, such
as in puberty, pregnancy or aging, beta cells ‘rise to the occasion’ and produce
greater insulin as required. The relationship follows a hyperbolic pattern as seen
in Figure 2, indicating a continuum of beta-cell responsiveness to variations in
insulin sensitivity. The dotted, downward line in this figure represents the pro-
gression to diabetes as was displayed in the previous study [25] – while still
glucose tolerant, susceptible individuals began to ‘fall below the curve’ with the
inability of beta cells to respond appropriately to the degree of insulin resistance.
The downward, rather than horizontal, trajectory of this dotted line indicates that
deterioration in beta-cell function was of greater importance than the reduction
in insulin sensitivity in the development of hyperglycaemia [20]. Therefore, in
essence, type 2 diabetes may be considered a failure of beta-cell compensation.

Beta-cell failure and insulin resistance however need not be considered as
separate entities. Pathways are emerging by which these otherwise disparate con-
ditions may be linked. Striking examples exist in the insulin signalling pathway.

5 Pancreatic beta-cell failure in the pathogenesis of type 2 diabetes

111



For example, insulin receptor substrate-2 (IRS-2) promotes both cell growth, in-
sulin secretion and plays a well-recognised role in insulin sensitivity [30]. Mice
with IRS-2 mutations in their beta-cells develop diabetes. In addition, people with
Akt2 mutations develop diabetes due to the combination of severe insulin re-
sistance and impaired beta-cell dysfunction [31]. Insulin receptor mutations also
associate with diabetes, both in people, and in mice. The transcription factor
NF-kappaB plays an important role in both insulin resistance [32] and beta-cell
behaviour [33]. Furthermore, complex processes which alter the behaviour of the
mitochondria, the cell’s own ‘energy plant’, are similar in insulin-resistant tissues
and defective beta cells. Therefore, insulin resistance and beta-cell dysfunction
may be aetiologically related and rather than predominating over the other, ap-
pear to conspire together in the development of diabetes.

REDUCED BETA-CELL MASS OR FUNCTION?
Currently, there is a debate concerning the relative roles of decreased beta-cell
mass compared with decreased beta-cell function in diabetes pathogenesis [34].

Proponents of the reduced beta-cell mass argument refer to postmortem stud-
ies which demonstrate up to 40% reduction in the number of beta cells in subjects
with prediabetes versus weight-matched non-diabetic individuals [35]. In addi-
tion, mutations of genes known to control beta-cell mass such as the pancreatic
and duodenal homeobox 1 (Pdx-1) result in monogenic forms of diabetes, such as
Maturity Onset Diabetes of the Young [36].
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Figure 2. The ‘disposition index’ is a useful way to consider the rela-
tionship between insulin secretion and insulin sensitivity in both
physiologic (ie curved line) and pathologic states (ie dotted line). This
is based on data from a number of studies and has been adapted from
Kahn et al. [26]. Individuals who develop type 2 diabetes head in a
downward trajectory below the curve indicating that deterioration in
beta-cell function (and thus less insulin secretion) is the main factor in
the development of hyperglycaemia.

However, there are some limitations to this argument. Firstly, not all autopsy
studies in diabetic subjects demonstrate relative reductions in beta-cell mass [37].
Secondly, beta-cell mass is highly variable even in normal individuals and may
undergo substantial changes throughout a person’s life [7]. Thirdly, it is difficult
to see how a reduction of less than 50% of otherwise healthy beta cells could
cause diabetes in the light of a recent in vivo islet donation from 50% of a healthy
human pancreas which resulted in diabetes cure in the recipient and the absence
of diabetes in the donor [38]. Furthermore, normal rats that underwent a 60%
pancreatectomy remained normoglycaemic due to partial beta-cell regeneration
and hyperfunction of remaining beta cells [39]. However, when these rats were
challenged by the addition of 10% sugar to their water supply, impairment of
the residual beta-cell mass and subsequent hyperglycaemia ensued. Therefore, in
isolation, reduced beta-cell mass was insufficient to cause diabetes but rather re-
quired the presence of environmental factors to unmask the effect.

There are well-described functional defects in the beta cells of subjects with
diabetes. As mentioned earlier, the loss of first phase insulin secretion is a partic-
ularly early defect [12]. Another is the loss of oscillations in insulin secretion, the

5 Pancreatic beta-cell failure in the pathogenesis of type 2 diabetes

113



importance of which relates to the regulation of hepatic glucose production under
physiological conditions [40]. This may occur early in the disease, being found
in non-diabetic relatives of people with type 2 diabetes [41]. Thirdly, inefficient
conversion of the precursor peptide, pro-insulin, into insulin results in a four to
fivefold increase in pro-insulin levels in the beta cells of patients with type 2 dia-
betes [42].

Defects within the incretin system may also result in early beta-cell dys-
function [14]. The incretins are a pair of gut hormones, namely glucagon-like
peptide 1 and glucose-dependent insulinotropic polypeptide, which are released
into the bloodstream after meal ingestion and stimulate insulin secretion in a
glucose-dependent manner. The incretins increase the expression of genes im-
portant for insulin secretion, such as the GLUT2 and glucokinase genes, and
beta-cell proliferation, such as PDX-1. Subjects with type 2 diabetes may display
down-regulation of incretin receptors on the surface of beta cells [43], impaired
incretin-induced insulin secretion [44] and increased degradation of incretin hor-
mones [45]. Non-diabetic relatives of those with diabetes [46] and people with
impaired glucose tolerance [47] may also display defects in the incretin system.

A whole range of gene expression defects are also associated with beta-cell
dysfunction. My research group have previously demonstrated that proteins vi-
tal to beta-cell function and insulin secretion, known as the transcription factors
HIF-1a [48] and ARNT [49], have significantly less expression in the pancreatic
islets of diabetic versus non-diabetic subjects. Knockout mice lacking the genes
for these proteins in insulin expressing cells develop glucose intolerance and im-
paired insulin secretion [44, 45]. In fact, the advent of genome-wide association
studies (GWAS) in 2007 has led to an explosion of data on the possible genetic
background of type 2 diabetes [20]. GWAS uses thousands of small nucleotide
sequences throughout the genome to search for patterns linked to disease, us-
ing the human genome sequencing project as reference. The transcription factor
7-like 2 (TCF7L2) is to be most strongly linked to type 2 diabetes with impor-
tant effects on beta-cell proliferation and function [50], incretin-related insulin
secretion [39] and insulin secretion [51]. Polymorphisms in TCF7L2 are thought
to account for ~20% of the population attributable risk of diabetes [52]. The im-
portant point here is that the genetic determinants of beta-cell function and mass
appear closely linked.

Some investigators now refer to ‘reduced functional beta-cell mass’ rather
than debating the predominance of reduced mass or defective function in diabetes
causation [53]. The ‘plasticity’ of the functional beta-cell mass, that is, the concept
that beta cells can undergo adaptive changes in both mass and function when
challenged by insulin resistance has also received some attention.
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MECHANISMS OF BETA-CELL FAILURE
If defects in the functional beta-cell mass play such a critical role in diabetes
pathogenesis, what are some of the mechanisms responsible for these defects?
These have been summarised in Figure 3.

Figure 3. Proposed mechanisms of pancreatic beta (beta) cell dysfunction and death in
type 2 diabetes. This flow-chart depicts the complex and multifactorial nature of cell dys-
function in this condition. For a description of the concepts and terms see the text.

PANCREATIC ISLET INFLAMMATION
There is mounting evidence that chronic low-grade inflammation of the pan-
creatic islet can cause insulin secretory dysfunction and beta-cell apoptosis [54].
Most striking is the macrophage infiltration seen in the islets of mice and humans
with type 2 diabetes prior to the onset of beta-cell death [55]. It is also known that
islets and ductal cells respond to metabolic stress, such as hyperglycaemia [56]
and exposure to fatty acids, by expressing cytokines particularly IL-1beta. While
this may initially be protective, chronic expression of this cytokine may result in
the production of reactive oxygen species, inflammation and eventual beta-cell
death [49]. Furthermore, the use of anti-inflammatory therapies, such as an IL-1
receptor antagonists [57] or non-steroidal anti-inflammatory drugs [58] results in
small improvements in beta-cell function independent of an effect on insulin re-
sistance. Inflammatory markers, such as the serum leukocyte count and c-reactive
protein, are also elevated in patients with type 2 diabetes and in those at risk of
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diabetes [59].
There is emerging evidence linking obesity and beta-cell failure via an in-

flammatory pathway. Leptin, a hormone secreted by fat cells to control appetite,
is often found in high levels in type 2 diabetes [60] and at such levels, has negative
effects on insulin secretion [61] and may induce beta-cell apoptosis [62]. Con-
versely, adiponectin which has anti-inflammatory and insulin sensitising effects,
appears to be down-regulated in diabetes [63]. In addition, fat-derived cytokines,
fatty acids and lipoproteins may all have adverse effects on beta-cell function,
suggesting a common inflammatory link between the various components of the
metabolic syndrome.

Figure 4. Islet amyloid deposition in a human with type 2 diabetes In the islet of this pa-
tient with diabetes, amyloid infiltration is seen as bright plaques in this grey scale image,
thioflavin S stain.

ISLET AMYLOID
Although islet amyloidosis has long been associated with beta-cell loss in type 2
diabetes [64], its precise role is uncertain. At postmortem, more than 90% of type
2 diabetic subjects have amyloid deposits in at least one islet compared to 12% of
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age-matched non-diabetic patients [65]. However, the number of islets affected is
highly variable [66] and there is no relationship between duration of diabetes and
the presence or severity of islet amyloid [67].

Islet amyloid fibrils are composed of amylin, a normally occurring peptide
of the beta cell co-stored with insulin, which has folded abnormally and is ini-
tially deposited around islet capillaries but later within the islet space [30]. The
increased production of pro-amylin accompanies the higher pro-insulin levels
characteristic of type 2 diabetes and may be the first step to developing islet amy-
loid [68].

Although synthetic amyloid fibrils induce early beta-cell death in vitro [69],
it is unclear whether amyloidosis is the direct cause of beta-cell failure in vivo
or rather, the end-result of several distinct processes including inflammation, ox-
idative stress and mitochondrial damage. It is also currently debated whether the
amyloid plaques per se are cytotoxic or rather small intracellular molecules that
are precursors in the development of such plaques [70].

ENDOPLASMIC RETICULUM STRESS
The endoplasmic reticulum (ER), a highly developed organelle that resides within
the cell, is responsible for protein handling and packaging. Due to the high secre-
tory demand placed on beta cells in type 2 diabetes, the endoplasmic reticulum
may become overwhelmed by the production of high level of proteins [71]. A
process called ER stress ensues whereby intracellular signals intending to protect
the beta cells from the effects of inflammation [72] may eventually lead to the im-
pairment of beta-cell function, the morphological appearance of ER swelling as
proteins accumulate and subsequent beta-cell death.

ER stress may be mediated via genetic and environmental factors. Mice with
mutations in proinsulin develop diabetes with morphological evidence of ER
stress [20]. Exposure of islets to high glucose levels, cytokines and fatty acids
may also lead to signs of ER stress [73].

GLUCOSE TOXICITY
Glucose is the key physiological regulator of insulin secretion. Chronic hy-
perglycaemia is associated with impaired insulin secretion [74] and restoring
normoglycaemia in subjects with diabetes has a clearly positive effect on beta-
cell function [75].

There are several ways by which the exposure of beta cells to high glucose
levels has toxic effects (glucotoxicity). The term ‘beta-cell dedifferentiation’
refers to an altered pattern of gene expression that results in substantial functional
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defects related to chronic hyperglycaemia [76]. Changes in beta-cell signalling
and architecture are also possible effects of high glucose exposure [77]. The over-
production of reactive oxygen species, known as oxidative stress, is related to
mitochondrial metabolism of high glucose levels and may result in beta-cell dys-
function or death [20].

Support for the oxidative stress hypothesis has come from a number of ani-
mal and human studies. The beta-cell over-expression of glutathione peroxidase,
the enzyme that protects cells from oxidative damage, improved beta-cell mass
and function in diabetic mice [78]. Higher concentrations of oxidative stress mark-
ers were found in islets from human subjects with type 2 diabetes and marked
improvement in insulin secretion followed 24 hours of exposure to glutathione
[79].

The failure of the beta cell’s adaptive response to high glucose levels may
precede dysfunction. The Fas-FLIP pathway involves a series of factors which
are upregulated in response to high glucose levels and which result in greater
beta-cell differentiation, proliferation and function [80]. However, in chronic hy-
perglycaemia, this adaptive pathway may eventually fail resulting in deterioration
in beta-cell function and reduced survival [49].

LIPOTOXICITY
Whilst effective insulin secretion requires the presence of fatty acids [81], long-
term exposure to excessive levels of this nutrient may also result in beta-cell
toxicity [30]. The precise mechanism of so-called lipotoxicity is unclear but it
may be due to genetic alterations in the expression of insulin and enzymes con-
trolling insulin secretion [82], metabolic disturbances and ultimately, beta-cell
death.

Studies in the Zucker diabetic fatty rat, considered a good model for obesity-
related type 2 diabetes, have shown that the development of hyperlipidaemia
parallels inadequate insulin secretion and the onset of diabetes [83]. However the
lipid levels in this animal model are often extreme, so whether this reflects the
human condition is debatable. Furthermore, fewer than 12% of obese hyperlipi-
daemic human subjects become diabetic [84], suggesting that lipotoxicity may be
just one component in the development of beta-cell failure in type 2 diabetes.

BETA-CELL EXHAUSTION
It is speculated that after a prolonged period of insulin hypersecretion, depletion
of readily available insulin granules may occur, thereby reducing the insulin
secretory response [20]. Although we previously discussed the limitations of
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beta-cell exhaustion as the sole pathogenic mechanism, it may play a role in the
wider, multifactorial setting of diabetes pathogenesis.

The strongest support for the exhaustion concept comes from studies ex-
amining the benefits of ‘beta-cell rest’ strategies. When inhibitors of insulin
secretion, such as diazoxide or somatostatin, are given to animals or humans
with diabetes, paradoxical increases in beta-cell function are observed following
a period of ‘rest’ [85, 86]. Furthermore, human subjects with poorly controlled dia-
betes demonstrate a dramatic improvement in beta-cell function following a brief
period of intensive glycaemic control [67]. A multicentre, randomised study of
over 350 newly diagnosed patients confirmed that early intensive insulin therapy
may facilitate recovery and maintenance of beta-cell function and protracted gly-
caemic remission better than oral hypoglycaemic agents for at least one year after
diagnosis [87].

This leads to the discussion of the therapeutic implications of beta-cell fail-
ure and the possibility of reversing this complex process. Although a highly
controversial and evolving area of research, the use of certain sulfonylureas such
as glibenclamide has been linked to beta-cell death [88], while there is mounting
evidence that incretin-based therapy and insulin replacement increase beta-cell
mass in mice and have a positive effect on function [89]. However, a discussion
on the nuances of beta-cell preservation in type 2 diabetes is beyond the scope of
this chapter. For such a discussion, we refer the reader to a recent review on this
topic [81].

CONCLUSION
Pancreatic beta-cell dysfunction plays a vital and complex role in the pathogen-
esis of type 2 diabetes. Ultimately, it is the failure of beta cells to respond to the
insulin requirements posed by the prevailing level of insulin resistance that leads
to the development of type 2 diabetes. We have discussed the evidence in support
of various genetic and environmental factors that conspire together in this state
of beta-cell susceptibility and ‘decompensation’. The precise role of each and the
search for a hypothesis which may unify these disparate concepts into a single
paradigm is highly contentious and under active investigation. However, there
is no doubt that beta-cell demise occurs in stages with early defects in beta-cell
dysfunction, such as loss of first phase insulin secretion resulting in post-pran-
dial hyperglycaemia following which progressive rises in glucose levels, fatty
acids and insulin resistance place further stress on the beta cell, leading to even-
tual decline in its secretory capacity. Subtle components of the beta-cell stress
mechanism, initially adaptive, such as changes to the endoplasmic reticulum and
mitochondrium also eventually exacerbate the situation. Recent evidence sug-
gests that early intervention to improve glycaemic control may improve beta-cell
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function and for at least a limited time period, may retard progression to beta-cell
failure. Further research into the complex mechanisms of beta-cell failure may
therefore offer hope in our collective fight against the global epidemic of type 2
diabetes.
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Specific risk groups and settings





6
Gender and obesity

Murray Fisher1 and Natalie Chilko

Multiple factors contribute to the development, maintenance and treatment
of obesity. Viewing obesity through a gender relations approach helps to
understand how an individual’s interactions with others and society con-
tributes to health opportunities and constraints, resulting in excess body
weight. In gender relations theory, the body is viewed as both an agent
and a product of social practice, whereby lifestyle behaviours influenced
by an individual’s context may impact on the physical body. This chapter
presents life histories of two men in their 20s who have experience with
obesity. Analysis of the production and power relations, relationships and
symbolism reveal the marginalising effect of their obesity, and how gender
interacts with other social structures including ethnicity and class. A holis-
tic approach that considers how an individual configures their masculinity
or femininity may assist in promoting and maintaining weight loss in obese
individuals as it addresses the struggle in society experienced by many
obese people.

Despite significant advances in nutrition, health and weight-loss treatments, there
is a global epidemic of overweight and obesity [1]. Obesity is the result of sig-
nificantly greater energy consumption than expenditure, and it is associated with
long-term health problems including diabetes, cardiovascular disease, high-blood
pressure, high cholesterol and some cancers [2]. Excess body weight has also
been associated with depression, anxiety and low self-esteem [3]. Colagiuri and
colleagues [4] estimate that the total direct cost of overweight and obesity in
Australia was a substantial A$21 billion in 2005. Obesity is a serious issue and
current treatment strategies are modest at best with limited long-term success [5],
making it critical to investigate new approaches to the prevention and treatment
of obesity.

1 Sydney Nursing School, University of Sydney.
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Gender research provides a new approach to understanding obesity. It is
generally recognised that multiple factors contribute to excess weight, and med-
ical, nursing and psychological literature have all considered this issue. The rapid
increase in obesity rates worldwide suggests genetic causes alone are not suffi-
cient to account for the epidemic and the importance of technology and sedentary
lifestyles is well recognised [6]. Gender research has the potential to investigate
the heterogeneity between and amongst men and women that may explain or give
insight into why lifestyle behaviours are generally not altered by obese people.
Consideration of an individual’s experience of obesity will enable the develop-
ment of tailored weight-loss programs, rather than treatments that treat all men
and all women as a collective group.

THE GENDER RELATIONS APPROACH
The contemporary theory of gender is gender relations, where gender is defined
as ‘a structure of social relations that centres on the reproductive arena, and the
set of practices (governed by this structure) that bring reproductive distinctions
between bodies into social processes’ [7, p10]. Gender is an internally com-
plex social structure that is actively constructed and comes into being as people
(inter)act. An individual’s gender is dynamic and constantly configured as it
interacts with other social structures including ethnicity, sexuality and class. Mul-
tiple femininities and masculinities exist, and these are viewed as gender projects
that can be challenged, reconstructed and contested [8, 9]. An individual’s gen-
der is considered relational to other’s constructions of gender and thus people
are positioned within a gender order. Hegemony, for example, is an idealised
and dominant form of masculinity that is powerful, influential and strong. Other
types of masculinity include complicit, marginalised and subordinated masculin-
ities [6].

The body is a reproductive arena through which social practice occurs and
gender is constructed. The body is both a recipient of social practice as well as an
agent in social practice. As embodied beings we are recipients of emotions from
others’ actions, while simultaneously able to act in ways that create emotions in
others. Social embodiment refers to the way bodies, as agencies, participate in
society, and how in turn society affects bodies [10]. Some bodies for example en-
counter violence, accidents and sickness as a result of social practices, and this
contributes to their configuration of gender [10]. To this end, obese bodies are
constituted in social processes that are created in history and subject to change,
and therefore could be explored as patterns of gendered social embodiment.
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Gender, health and obesity
From the perspective of a gender relations approach, research on obesity demon-
strates the validity of gender as a concept that manifests in social practice. For
example, differences and inequalities between genders may help to explain gen-
eral health differences among men and women. For example men are less likely
to receive health screens, report symptoms and attend medical services than
women [11, 12], and are more likely to engage in risky behaviour [13]. However
not all men engage in risky behaviour and not all women have regular medical
check-ups. Societal norms can influence the health of different genders beyond
any biological sex differences, although there are differences in how people are
affected. A gender relations approach focuses on how an individual’s interactions
with others and society significantly contribute both to opportunities for and con-
straints on health [14]. These, in turn, can give insight into the cause, maintenance
and treatment of obesity.

The focus in the empirical literature on sex differences in obesity is a starting
point for understanding the impact of gender on health behaviours. There are
complex sex differences in the prevalence, effects and treatment of obesity. A
growing number of studies for example suggest sex differences in rates of obesity
exist in a dynamic relationship with ethnicity, age, geography and socioeco-
nomic status worldwide [15, 16, 17]. Wang and Beydon’s [15] systematic review
and meta-regression analysis of obesity prevalence studies in the US reported
large ethnic differences in obesity prevalence, especially among women. Minor-
ity groups, including non-Hispanic blacks and Mexican Americans, had a higher
combined prevalence than non-Hispanic whites. Non-Hispanic blacks overall had
the highest prevalence of obesity which, in women, was 20 percentage points
higher than obesity prevalence among white women [15]. Prevalence was also
affected by socioeconomic status (SES) and the effect differed by ethnic group.
Less educated persons were more likely to be obese than their more educated
counterparts, except amongst black women where higher education was associ-
ated with a higher rate of obesity [15].

The complex dynamic between sex, SES, ethnicity and obesity prevalence
also exists in Australia. Obesity prevalence is higher among men and women
from lower socioeconomic status, less educated people, Aboriginal and Torres
Strait Islander peoples, and among migrants [18]. Data from the 2004 to 2005
National Health Survey indicate that people born overseas are more likely than
people born in Australia to be overweight or obese, and within this group, men
are more likely to be overweight or obese than women (58% compared to 43%).
Indigenous Australians have nearly double the likelihood of non-Indigenous Aus-
tralians to be obese, and are almost three times more likely to be morbidly obese
[18].

The differences between males and females and the effects of obesity also
appear to be complex. A recent meta-analysis of cross-sectional studies of de-
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pression and obesity (defined by BMI) in the community found a significant
positive association for women but not men [19]. However another systematic re-
view and meta-analysis of longitudinal studies revealed a reciprocal link between
depression and obesity (n = 58 745) in both men and women [20]. This study also
found a potential cultural influence as the risk of developing depression when
obese was more pronounced in the American subjects compared to their Euro-
pean counterparts [20]. This complexity also exists in research on sex differences
in obesity and anxiety, body image, quality of life [21, 22, 23, 24], and weight loss.
Considerable individual differences exist in the efficacy of weight-loss interven-
tions, however this is often concealed by reporting mean differences [5]. Rates of
dropout in weight-loss studies are also high (30%–60%) [5]. A range of behav-
ioural, physiological and inherited factors have been put forward to explain the
relative success of different individuals in losing weight through exercise [25].

Gender theory can help untangle the inconsistencies in the literature as it re-
frains from categorising men and women into groups, as gender is dependent on
an individual’s social and historical context. The failure to account for within-
group and within-person variability has been suggested to be partially responsible
for inconsistencies within the literature on sexual differences in other areas
including healthcare utilisation [26]. Categorising by sex does not adequately ex-
plain why only some men and some women become obese, nor does it explain
why only some obese men and some obese women lose a significant amount of
weight. Biological and inherited characteristics are known to contribute to adi-
pose profile [6] and the propensity to lose weight [25]; however social factors of
obesity are also strongly acknowledged. Gender relations theory focuses on how
the body navigates through and how it is affected by society.

THE STUDY AND ITS METHOD
While there is growing research investigating sex differences in obesity, there is
a paucity of studies investigating the role of gender. Gender as configurations of
social practice may influence the lifestyle behaviours people engage in. It could
be hypothesised that a person’s positioning within the gender order will influence
their ability to alter lifestyle behaviours (eating habits, smoking, diet and exer-
cise), thus influencing their weight.

We conducted a study to examine, using a gender relations approach, the
lived experience of men who are or have been obese. We investigated the impact
obesity has on identity, social practice and gender relations in order to discover
why individuals are successful (or not) in changing their lifestyles and behav-
iours. Life history methodology was used to collect personal narratives from
obese men, two of which are presented here. The life history method is used to
explain an individual’s understanding of social events, movements and political
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causes, and how individual members of groups or institutions see, experience and
interpret those events [27]. It is thus a useful way to gain a perspective on and un-
derstanding of the gendered experiences of obese men.

Data analysis consisted of the identification of patterns of social response to
trace a historical dynamic of gender. A progressive-regressive method of analy-
sis was employed where the life story provides the personal link to wider issues
of history and culture [27]. In the first phase of analysis, a four-dimensional
structural model of gender relations (production, power, emotion and symbolism)
described by Connell [9, 10] was used to ascertain the informant’s experience of
gender and their position in the gender order. Each transcript was then analysed
to map the informant’s gender project – the construction and reconstruction of
masculinity. Gender starting points and the trajectories of the gender projects
are highlighted. These case studies were re-analysed to explore similarities and
differences in the trajectories. These methods are consistent with those used in
critical studies of men and masculinities [8, 28].

Group and context
Both men whose life stories are the subject of this study, have been significantly
affected by their obesity throughout the course of their life and both are currently
trying to lose weight. Lukman (24 years old) and Justin (25 years old) have
similar starting points for their construction of masculinity and a strikingly sim-
ilar gender project. They have a similar family history, both growing up in the
middle class with relatively conservative parents. Both families were quite reli-
gious; Lukman’s family was Coptic Christian and Justin’s was Catholic. Lukman
was born in Jordan and moved with his family when he was in Year 11 at
school. Justin’s background is Spanish (his mother) and Italian (his father). Both
participants grew up in families with a conventional division of labour and a con-
ventional power structure. They shared a closer relationship with their mothers
than fathers. The mother was often quite involved in the participants’ life while
communication with the father was generally avoided and the relationship was
tense. Lukman’s father was obese and died two and a half years ago due to com-
plications after surgery. Lukman has a family history of diabetes, cardiovascular
disease, high-blood pressure and cancer. Both Justin’s parents are alive and his
mother struggles to lose weight. Both participants live at home and have been
overweight since childhood.

Lukman and Justin appear to be at different points on the weight-loss trajec-
tory. Although they currently weigh similar amounts, Justin, the heavier of the
pair, became committed to weight loss at an earlier age. Lukman is 183 cm tall
and weighs approximately 147 kg. Justin is 189 cm tall and weighs 136 kg. Their
respective BMIs are 43.9 and 38.1. Lukman underwent gastric-sleeve banding
two weeks prior to the interview and has so far lost 20 kg. His weight-loss ef-
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forts prior to surgery were minor, with his only significant attempt at the age of
13, when his family forced him to lose weight to make him more presentable for
his sister’s wedding. His father’s health complications associated with the obesity
have prompted Lukman’s recent commitment to weight loss.

Justin has a longer weight-loss history, undergoing lap-band surgery after
graduating high school at age 18. He weighed 250 kg at this point, and lost 40 kg
in the following year. He comments that although he initially reduced his portion
size and fat intake, no lifestyle changes were made and the weight-loss even-
tually plateaued at approximately 180 kg. Justin tried other methods of weight
loss while at university, however these were largely unsuccessful. A significant
change occurred when a friend introduced him to a weight-loss retreat, which
he visited several times. This experience and access to information on nutrition,
health and exercise inspired Justin to focus on his eating habits and caloric intake.
He has been exercising regularly and closely monitoring his diet since then. He
graduated from university in 2009 and spent the following year exercising and
focusing on weight loss. He has a personal trainer, visits the gym regularly and
has so far lost 114 kg. Although his BMI is still classified as obese, much of his
weight is due to muscle mass and his latest visit to a physician reported that he
was in good health.

GENDER SUBSTRUCTURES ANALYSIS
The construction of masculinity of Lukman and Justin was analysed using Con-
nell’s [10] substructures of gender relations: a) Gender production relations: the
gender division, allocation and organisation of labour; b) Gender power rela-
tions: the organisation of power, the way power is contested and the way groups
mobilise to counteract power inequalities; c) Cathexis or gender emotional re-
lations: a person’s emotional attachment with another (or an object), including
desire, sexuality and sexual relations; and d) Symbolism: the communication of
gender ideologies.

Production
Lukman and Justin are situated in a similar subordinated position in production
relations. They have an unimpressive work history, are currently unemployed,
rely on other family members for financial support, and have limited qualifica-
tions and skills. They both experienced times at university that were difficult and
resulted in failed subjects, and Justin partially attributes this to a low mood be-
cause of his weight. Both participants have a transient work history and no skills
available to sell, resulting in a limited position in the labour market. Lukman has
worked primarily in temporary jobs in the fast food industry, for the local council,
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in administrative roles, and for an IT company assembling computers for private
use. Justin has worked at a call centre and recently in an IT sales job. They both
lack any affection for these positions, and being relatively unskilled, they remain
replaceable employees in the workplace.

Both Lukman and Justin have acknowledged a role of their weight in limiting
their employment options. Lukman comments that for many jobs you ‘need to
look good in a shirt’ and he believes he is not ‘employable-looking’. Justin also
indicates how his weight has affected his work: he resigned from his call centre
position after believing staff perceived him as ‘a grumpy person who couldn’t
talk to other people and couldn’t relate and didn’t have time for anybody’, as he
was struggling with severe back pain. His relationship with staff prior to the on-
set of back pain had been friendly and warm. Justin further indicates that working
reduces time spent on weight loss,

I found that the only way to lose weight is if you fully dedicate yourself to
it, which means you can’t have a job. (Justin)

He left his last job of three months because he was unhappy in the position and
found this affected his eating habits and potential to gain weight.

Although Lukman and Justin have worked in abstract labour positions, they
both express dissatisfaction with these roles and have a positive attitude to their
future role in the labour market. They appear eager to support themselves. Justin
is committed to ‘find something I love doing and do it’. Lukman expresses feel-
ing ‘terrible’ about having to rely on the financial support of his sister and her
husband, and indicates his goals are to find work, finish uni, complete any post-
graduate qualifications in psychology that may be necessary, and to eventually
support himself and his mother. Justin intends to complete a personal training
qualification and to pursue work in the fitness industry. Although these men are
currently dispensable in the workplace, they express motivation to becoming a
valuable contributor to the labour market.

Power
There have been significant issues of power in the lives of Lukman and Justin.
They both cite an estranged relationship with their fathers from an early age. Both
fathers were perceived as aggressive, with rare occasions of violence, and the
mothers were the more approachable parent. They both believe however that their
mothers also perceived them as powerless. Lukman labels his mother as the ‘dot-
ing’ mother, always involved and always enquiring about his wants and needs,

I go to sleep and I wake up and all the clothes that are on my floor are gone
and washed and waiting outside the room. (Lukman)
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Justin acknowledges a more general perceived powerlessness because of his
weight,

I think that people saw that [the weight] and empathised and it just turned
into a ‘everyone has to take care of Justin’ kind of thing … I was so over-
weight at one point that, you know, if I can’t help myself, how can I help
other people? (Justin)

They both believe their weight has significantly contributed to a powerlessness
and marginalisation in society.

They also acknowledge their own role in power relations by recognising their
chosen submissiveness in relationships. Justin comments that he was ‘friendly to
everyone so they would be friendly to me’. He used humour to be likeable and to
avoid being the victim of bullying,

Humour was a really big part of how I came to relate to people all through
high school and further on. (Justin)

Lukman comments that he transformed from being ‘a very social animal … a
very involved person to more of an introvert.’ He is unsure why this change
occurred, but believes his obesity played a role in the transformation. He did ex-
perience some bullying during high school but nothing he couldn’t really ‘shrug
off’. He believes his weight may have some role in it as ‘first appearances mean
a lot’, but he says that the bullying disappeared when he was one-on-one with the
perpetrators.

Importantly, both participants express a desire to increase their power. Luk-
man says that he wishes to ‘survive without’ the help of his doting mother and
that he wishes to ‘become more of an extrovert’ so that he can advance in his ca-
reer and in relationships. Justin is dedicated to training and eating nutritiously so
that he can ‘inspire people and eventually raise some money for some charities.’
A key weight-loss trigger for both these men has been a desire to increase their
power, and thus to improve their position in the gender order.

Cathexis: emotion and relationships
Relationships have been significantly affected by the obesity of these two men.
Within the family unit, tension often arose because of weight,

I felt like a lot of their fights started from arguments about me and my
weight and how hard Dad was on me and how my Mum [was] giving me
everything I want[ed]. (Justin)
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Justin believes his dad may have felt ‘helpless’ and was unsure how to handle his
increasing weight, resulting in their tense relationship. Obesity similarly affected
Justin’s ability to communicate with his father.

Obesity has also affected the friendships of the two men, however in a less
overt way to relationships with their parents. Both men report having few sound
friendships. Lukman believes he is more of ‘a deep friendship kind of person’ as
he prefers close, intimate relationships over a ‘legion of friends.’ Obesity though
has affected the activities that the men can participate in with friends. Justin com-
ments that he ‘wasn’t really doing the same kind of things that other kids were’
because he ‘wasn’t able to’,

I seemed to always be in a bit of a state of anxiousness or anxiety about …
just about everyday things like if someone invited me out, would they be
driving a sedan or a hatchback? Would I be able to fit in the passenger seat
or the backseat? Would I be able to do the seatbelt up? (Justin)

He ‘felt it was easier just to stay home than to be bothered with it because of all
the things that I would have to encounter throughout the day.’ Lukman also limits
his social activities, avoiding going to the beach and places where he would have
to take his shirt off. He feels more comfortable around people who are aware he
is trying to lose weight; otherwise he becomes very self-conscious.

Obesity has also had a major role in the sexual relations of the two partici-
pants. Both participants reported having had a few, short-term relationships with
a female partner that broke up primarily because of their low self-esteem.

I don’t feel confident enough to approach many people that I do find attrac-
tive and I do find that I’d like to get to know. And then, if I do get over
that, if I do ask someone out, and then we do the relationship for a couple
of months – I don’t see myself as good enough, a lot of the time. (Lukman)

Justin also comments that he did not want to be seen with a girl because he was
concerned about his appearance and he did not want to be an embarrassment.
Despite losing a significant amount of weight, he still feels this way. His first girl-
friend since the weight loss had also experienced a significant drop in weight and
he comments that this made it easier to have a sexual relationship, as they felt less
judgemental about the other’s body. Justin however realises that he was insecure
in the relationship,

I was still really insecure about having a girlfriend. I had kind of come to
the point in my life at one stage where I would be single for the rest of my
life and I was fine with it. So I had thought. (Justin)
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Lukman struggles with his sexuality and he believes his obesity has limited his
sexual opportunities and ability to explore this. Although he believes he is a het-
erosexual, his first sexual encounter was with a gay man who he met through a
friend. He is unsure if this was due to a ‘lack of long-term success with females’
or homosexual tendencies of his own:

I figured what the hell, this might be the case. But I don’t know if it’s due
to the lack of success, lack of long-term success, or is it just an individual
thing? (Lukman)

He indicates that because of his obesity he has been prevented in investigating
his sexuality further, noting this as one of the reasons for undergoing weight-loss
surgery. He believes his attraction to men may be just sexual, and he thinks he
may be ‘bi-sexual with a heterosexual skew’.

Symbolism
The symbol of obesity in society has affected both participants and has had a
role in triggering their weight loss. Lukman acknowledges that his decision to un-
dergo gastric-sleeve surgery was partially due to a desire to ‘fit in’. He comments
that he wants to ‘look normal’. Justin uses the train as an example,

Getting on a train would always be difficult. Especially if it was busy or
hot. I couldn’t stand for too long so I’d need to find a seat but there’s that
whole thing where people don’t really want you to sit next to them or don’t
want to sit next to you. There’s that, there’s the people watching you all the
time, looking at what you do and making judgements. (Justin)

These men are aware of their marginalisation by others because of their weight.
Justin believes many people judge obese people as selfish and lazy,

I think people see overweight people like they only think about themselves.
That they haven’t got time for other people … It’s like you think about
feeding yourself before doing anything else. (Justin)

Both participants are aware of the symbolic meanings that subjugate the body
and place stress on the construction of gender. The body is inextricably linked to
gender, and as Parker [29] notes, a healthy looking physique is associated with a
sense of respect for oneself and a commitment to health and fitness – the converse
of the perception of obesity, as experienced by these men. The stigma associated
with obesity is considerable [30].
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Discussion
The two life histories presented here are valuable to the study of gender and
health as they highlight the significant effect of the body on one’s construction
of masculinity. The weight of the participants has affected their position in the
labour market, their power relations and their emotional and sexual relationships.
This has resulted in their marginalisation and thus the construction of a margin-
alised masculinity.

The life-history methodology allows the dynamic of gender to be traced
across the life course and the study of obesity serves as an interesting example
of embodied masculinity developing over time. Both participants believed they
would improve their position in the gender order by losing weight. Both men
believe their weight loss will allow them to ‘advance’ in society, which is syn-
onymous to being closer to achieving the hegemonic dividend, that is, being
complicit with patriarchy and receiving its rewards. There is a sense that things
will improve when they weigh less,

I guess I keep thinking that if I lose weight or if I get to a certain point I’m
going to be happy and everything is going to be fine. (Justin)

Weight loss is an embodied transformative process in these cases, essential for
the reconfiguration of one’s masculinity. Physicality is closely tied with gender
and the desire to achieve a more powerful, athletic body is a trigger for weight
loss.

One’s position in the gender order, however, is not solely determined by
the physical body. Social practices have a role in shaping an individual’s body
which exists in a reciprocal relationship with the individual’s production, power,
cathexis and symbolism. Justin, who is further along the weight-loss journey than
Lukman, appears to be realising that his change in physical size is not matched
with a change in positioning in the gender order,

I still feel like a child. I don’t feel like a man. I’m still living at home and
my parents still see me the same way, as they always have. So they still
treat me the same way with everything … I feel like I haven’t grown up, I
haven’t been given responsibilities and I haven’t learnt to do things for my-
self … I find myself 15 years old. If you were to look at me, you would see
a man. But I don’t feel that way … I don’t feel like I’ve lived in the world.
Until this point. (Justin)

Justin is struggling to reconfigure his masculinity despite weight loss. The mar-
ginalisation of obese people in terms of power, production and emotional and
sexual relations has been well researched. A large study (n = 12 364) using tele-
phone interviews found sexual behaviour differed for obese people compared to
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normal weight [31]. Obese women were less likely than women of normal weight
to report having a sexual partner in the previous 12 months, and obese men were
more likely to suffer from erectile dysfunction than normal weight men, and had
fewer sexual partners [31]. Obesity has also been found to affect employment op-
portunities. A high BMI is associated with an increased likelihood of receiving a
disability pension [32]. The evidence that obesity impacts negatively on job eval-
uations and hiring has also been rated as strong [30]. The stigma associated with
obesity is considerable [30], comparable to racial discrimination [33], and this has
a marginalising effect for many individuals.

Consideration of embodied masculinities and femininities in weight loss has
the potential to contribute to individualising weight-loss plans. Justin commented
that although surgery was necessary to lose the initial weight, he did not learn
sustainable healthy behaviours from this process. His education in nutrition and
lifestyle came from his time spent at a weight-loss retreat that focused on the
personal experience in the weight-loss journey. Lukman, who has recently under-
gone gastric-sleeve surgery, recognises that his eating habits preceding surgery
were unhealthy, but he did not indicate a desire to increase his exercise or en-
gage in a healthy lifestyle now that he has had the surgery. Shah and colleagues’
[34] review found weight-loss surgeries were associated with significant initial
weight reduction, but that this was not maintained long term [34]. Douketis and
colleagues’ [5] systematic review of weight loss in obesity found weight loss of
25 kg to 75 kg in the two to four years following surgery, which was higher than
the other interventions (eg diet therapy, pharmacologic therapy). Current weight-
loss treatments overall for obese persons are modestly successful [35], however a
focus on mean values may conceal individuals who do lose a significant amount
of weight [5]. Justin comments:

What I’ve started to realise is that there is no point that you can get to where
things just change. It’s what you do right now and what you do in your life
as this weight loss is taking place that shapes how people react to you and
how you react to others. So then it becomes your life. Rather than wait till I
weigh 100 kilos and then my life will be like this. As you go, your life starts
to build and it incorporates all of this and it’s not like you can put your life
on hold, lose weight and then come back to it. (Justin)

It is an empirical question if an intervention involving a discussion about gender,
personality and weight loss earlier in the weight-loss journey would facilitate
quicker and sustained weight loss.
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CONCLUSION
The life histories presented demonstrate the value of gender relations theory in
analysing the obesity issue. Life-history methodology has the potential to shed
light on the inconsistencies in data on the prevalence and effects of obesity by fo-
cusing on the individual experience. The cases presented highlight how the body
is integral to constructing gender, but also how social aspects of ethnicity and
class, as well as aspects of production, relationships and power, shape the body
and contribute to the gender project. These preliminary results suggest that the
construction of masculinity of an individual who is attempting to lose weight is
closely tied with the body and that a trigger for weight loss may be a desire to
improve one’s position in the gender order. Challenges to maintaining this weight
loss may however include the realisation that physical changes to the body are
not the only obstacle to achieving a dominant form of masculinity or femininity.
Weight-loss approaches that recognise the individual struggle with gender and
the influence of other social structures may be an alternative to current, largely
unsuccessful treatments of obesity.
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7
Preventing chronic disease to close
the gap in life expectancy for In-

digenous Australians
Alan Cass,1, 2 Paul Snelling3 and Alex Brown4

Prevention of disease is a major aim of the Australian health system.
Chronic diseases are responsible for approximately 80% of the burden of
disease and injury in Australia, account for around 70% of total health ex-
penditure, form part of 50% of GP consultations, and are associated with
more than 500 000 person/years of lost full-time employment each year [1].
A small number of modifiable risk factors are responsible for the major
share of the burden of preventable chronic disease. This chapter focuses on
chronic kidney disease as an example of a preventable chronic disease that
impacts heavily on the indigenous community, causing major morbidity
and mortality. Key modifiable risk factors for chronic kidney disease in-
clude tobacco smoking, physical inactivity, poor nutrition, obesity and high
blood pressure. Amongst Indigenous Australians, poor access to necessary
preventative care, combined with the broader social determinants of health,
acting across the life-course, contribute to the excess burden of chronic
disease, including diabetes and chronic kidney disease. Improvements in
maternal and early childhood health and development, educational attain-
ment outcomes and access to safe and secure housing are critical ‘building
blocks’ in national efforts to reduce the burden of chronic disease and to
close the gap between the health status of Indigenous and non-indigenous
Australians.

1 Sydney Medical School, University of Sydney.
2 George Institute for Global Health, Sydney.

3 Royal Prince Alfred Hospital, Sydney.
4 Baker IDI Heart and Diabetes Institute, Central Australia.
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BURDEN OF DISEASE
The most recent estimates of the gap in life expectancy between Indigenous and
non-Indigenous men and women are 12 and ten years respectively [2]. However,
the true life expectancy of Indigenous Australians remains a matter of dispute.
Research has shown a lower life expectancy in states or territories with more
complete reporting of Indigenous deaths [3]. Amongst people aged 35 to 74 years,
80% of the mortality gap is attributable to chronic diseases. The inextricably re-
lated chronic diseases of blood vessels and metabolism – heart disease, diabetes,
stroke and kidney disease – constitute half of this gap [2].

There are almost 20 000 Australians with severe or end-stage kidney disease
(ESKD), who require ongoing dialysis or have received a kidney transplant. The
incidence rate of ESKD among Indigenous Australians contrasts dramatically
with that for non-Indigenous Australians. There is a steep gradient in the burden
of kidney disease from urban areas, where rates are three to five times the na-
tional average, to rural areas where rates are ten to 15 times higher, to remote
areas where rates are up to 30 times the national average [4, 5]. Between 2007 and
2008, there were almost 115 000 hospitalisations for regular dialysis for Indige-
nous Australians. This constitutes more than 40% of all hospital admissions for
Indigenous Australians and dialysis hospitalisations occur at a rate 11 times that
of non-Indigenous Australians [6]. While the burden of earlier stages of chronic
kidney disease (CKD) amongst Indigenous Australians is less well documented,
it is known to occur commonly. People with earlier stages of CKD are at high
risk of death due to heart disease and at high risk of progression to ESKD.

Based on data from the AusDiab study, which surveyed the health of a large
and representative sample of the adult population, about one in nine Australians
aged 25 years and over have early CKD [7]. However, comprehensive population-
based data for the national burden of CKD among Indigenous Australians are not
available. Between 2004 and 2006 in Queensland, South Australia, Western Aus-
tralia and the Northern Territory, CKD was recorded as the underlying cause of
death in nearly 4% of all Indigenous deaths, a rate seven to 11 times higher than
for non-Indigenous males and females respectively [8]. CKD was an associated
cause in a further 12% of deaths [8]. Surveys in individual remote Aboriginal
communities have documented high rates of early stages of CKD and its cardinal
markers – reduced kidney function measured with a simple blood test and pro-
tein leakage into the urine from damaged kidneys. An audit of the screening and
management of chronic disease in Aboriginal primary care, undertaken through
the Kanyini Vascular Collaboration, has confirmed that more than 40% of regular
adult attendees at Aboriginal primary care services who receive recommended
screening tests have reduced kidney function or proteinuria [9]. This health ser-
vice, rather than population-based data, underscores the burden of CKD which
needs to be addressed.
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RISK FACTORS
Risk factors for CKD can be categorised as fixed and modifiable. Fixed-risk
factors include a family history, genetic predisposition and increasing age [8].
Modifiable risk factors include low birthweight, socioeconomic disadvantage, di-
abetes, high-blood pressure, overweight and obesity, tobacco smoking, physical
inactivity and poor nutrition [8, 10, 11]. Amongst Indigenous Australians, factors
that arise early in the lifecourse, including poor maternal health and low birth-
weight and the burden of childhood infection and chronic inflammation, have
been associated with increased risk of developing CKD [12, 13]. The associations
between markers of socioeconomic disadvantage, including leaving school early,
unemployment, low household income and house crowding, and ESKD rates, are
particularly strong for Indigenous Australians [14].

INTERVENTION ACROSS THE LIFE-COURSE
Reducing the burden of CKD will require targeted interventions across the life-
course, from before birth through childhood to adulthood (Figure 1). Whole of
government interventions are required to address social disadvantage, and pri-
ority areas around housing, food supply and tobacco control can be directly
related to CKD. Within the health sector, targeted screening, early intervention
and evidence-based management to prevent the progression of kidney disease are
required [15]. Although this chapter will focus on prevention, equitable access to
necessary kidney disease treatment services must also be provided. Key service
delivery issues that must be addressed by health providers and systems in order to
better respond to the health, social and cultural needs of Indigenous Australians
with kidney disease include:

1. Poor access to home- and community-based dialysis forcing the majority of
patients from remote areas to relocate permanently to urban areas for treat-
ment

2. Low kidney transplant rates
3. Making health services easier for Indigenous patients to navigate: key factors

here include proximity to health services, availability of transport, minimal
out-of-pocket costs for attendance and treatments, after-hours access, out-
reach services and mobile clinics, welcoming physical spaces and Indige-
nous staff as a critical point of contact

4. Inadequate provision of trained interpreters in Aboriginal languages
5. Pervasive miscommunication between Indigenous kidney patients and their

healthcare providers (Figure 1) [16, 17, 18, 19].
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PRIMARY PREVENTION OF KIDNEY DISEASE
Primary prevention initiatives are required from the antenatal period with the
aim of preventing the development of CKD. High-quality evidence from con-
trolled trials conducted within the Indigenous population, on the effectiveness of
interventions to prevent the development of CKD is not currently available. Nev-
ertheless, evidence indicates that the following initiatives would have a positive
health impact generally and would affect intermediate outcomes known to be as-
sociated with the development of CKD:

1. Increased access to antenatal services to improve fetal and maternal health,
and reduce the rates of low birthweight

2. Screening and intensive management of diabetes in pregnancy [20] and en-
couragement of breastfeeding [21] to help prevent the development of obesity
and early onset of type 2 diabetes

3. Prevention of obesity in early childhood, particularly due to ‘catch up
growth’ in those with low birthweight, as these people are at greatest risk of
developing diabetes [22] and CKD [23]

4. Early childhood development initiatives to improve educational achievement
and lifeskills

5. Training community members to improve housing infrastructure and to
maintain improvements [24]

6. Installing swimming pools in remote communities to reduce the prevalence
of skin, middle ear and respiratory tract infections [25]

7. Community-based scabies control programs
8. Food supply initiatives to improve access to affordable healthy food [26]
9. Culturally appropriate healthy nutrition, physical activity and quit smoking

programs and legislative initiatives to regulate tobacco advertising.
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Figure 1. A life-course approach to CKD prevention and management (Refer to the text
for specific approaches as they relate to Indigenous Australians).

PRIMARY CARE-BASED SCREENING AND EARLY
INTERVENTION TO PREVENT DISEASE

PROGRESSION
Screening tests for CKD in primary care should include:

1. A urine test for protein – specifically indicated is a first morning urine spec-
imen tested for albumin. Albumin is an abundant protein in the blood. If
detected in the urine, it indicates kidney damage. (If a first morning urine
specimine cannot be obtained, a urine specimen obtained when a patient is
attending primary care is acceptable.)

2. A blood test to measure serum creatinine – a breakdown product of muscle,
usually produced in the body at a constant rate and filtered out of the body
through the kidneys. Where kidney function is reduced, the filtration rate
falls and blood levels rise. The blood test result is used to estimate kidney
function – commonly termed as estimated glomerular filtration rate or eGFR.

The Kanyini Vascular Collaboration (KVC), established in 2006, brings together
Indigenous and non-Indigenous researchers, health providers and policy-makers
in a research program aiming to improve the health outcomes of Indigenous Aus-
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tralians with heart disease, diabetes and kidney disease (www.kvc.org.au). The
KVC Audit Study showed that approximately 40% of those people attending
Aboriginal primary-care services, who are indicated for CKD screening, have the
results of these tests entered into their medical record [9]. Primary care-based
screening to facilitate early detection and evidence-based management of CKD
has been shown to be cost-effective in the general population [27]. Evidence sup-
ports targeted screening of people at high risk of CKD – including Indigenous
Australians aged 35 years and over; people with diabetes, high blood pressure or
heart disease; smokers; people with a family history of CKD; and people who are
overweight or obese. A comprehensive CKD screening program, if implemented
as part of a coordinated chronic disease strategy, should have benefits both in
terms of prevention of heart attacks, stroke and cardiac deaths as well as preven-
tion of ESKD [27].

Modelled analyses utilising best Australian evidence regarding the popula-
tion burden of diabetes and high-blood pressure, current practice patterns and
randomised controlled trial-based evidence regarding the effectiveness of inter-
ventions, have demonstrated that primary care–based screening for CKD and its
major risk factors, followed by evidence-based management of high blood pres-
sure, diabetes and proteinuria, is likely to be highly cost-effective [27]. The KVC
Audit Study has revealed evidence–practice gaps in the management of blood
pressure and cholesterol in Aboriginal primary care, similar to gaps in main-
stream primary care, which, if closed, would improve heart and kidney health
outcomes for Indigenous Australians [9].

Substantial evidence underlines that lowering blood pressure is effective in
reducing heart attacks, stroke and cardiac death [28] and favours the use of treat-
ment regimens which include a particular class of drugs, ACE inhibitors, in
slowing the progression of CKD [29]. Such evidence is most compelling for pa-
tients with kidney disease due to diabetes [30]. Diabetes is the leading cause of
ESKD in many countries and is the primary cause or an associated condition
for the vast majority of Indigenous Australians commencing dialysis for ESKD.
As described in other sections of this book that address diabetes organ compli-
cations, large trials in people with diabetes have provided strong evidence that
intensive control of blood glucose delays the onset or progression of diabetic kid-
ney disease, particularly in its early stages [31]. Despite a lack of controlled trials
indicating benefit within the Australian Indigenous population, chronic disease
management programs in remote Aboriginal communities, which compared pro-
gram results with disease rates for the population prior to the program, indicate
the heart and kidney benefits from intensive management regimens [32].
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THE NEED FOR MONITORING
Recent research has confirmed the lack of reliable, population-representative data
for Indigenous Australians regarding the burden of CKD and related chronic con-
ditions, risk factors for the development and progression of chronic disease, and
utilisation of relevant preventative and treatment services. As concluded in the
AIHW report on prevention of cardiovascular disease, diabetes and CKD [33]:

There is clearly a need for ongoing monitoring in the area of prevention.
However, better data are needed, in particular those based on measurement
rather than self-reported data, as well as systematic data on population-level
initiatives.

The Australian Health Survey (AHS), which commenced in 2011 and aims to
involve around 50 000 Australians, will include an Aboriginal and Torres Strait
Islander wave in 2012 [34]. This is a key step towards filling this data gap.
Amongst its objectives, the AHS aims to estimate the prevalence of certain
chronic conditions and selected biomedical and behavioural risk factors. In-
formed and consenting participants in the AHS, from a representative household-
based sample of the population, will answer questions about their health; have
their height, weight, waist circumference and blood pressure measured; and will
be asked for separate consent to give blood and urine samples to measure markers
of chronic disease including heart disease, diabetes and CKD. Such monitoring
will form one necessary part of a coordinated prevention strategy aiming to re-
duce the burden of complex chronic disease amongst Indigenous Australians.

CONCLUSION
The National Indigenous Health Equality Summit, held in Canberra in March
2008, proposed a set of key targets to achieve the COAG commitment of closing
the Aboriginal and Torres Strait Islander life expectancy gap within a generation.
With the major contribution of premature death due to chronic diseases, we
must comprehensively address chronic disease prevention and management using
appropriate, sustainable and cost-effective strategies. The summit promulgated
a prevention target relevant to CKD: ‘Stabilize all-cause incidence of ESKD
within five to ten years’ [35]. Although ESKD directly affects fewer than 1500
Indigenous Australians [36], the impact of this chronic disease on families and
communities is profound. Key findings of the recent Department of Health and
Ageing Central Australia Renal Study [17] regarding the social and cultural im-
pacts of ESKD include:

• For Aboriginal patients [in remote regions], uptake of treatment for ESKD has
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generally necessitated permanently moving away from kin and community.
Consequences have included loss of social and cultural connectedness, loss of
autonomy and control, and loss of status and authority.

• Key family and cultural leaders having to move away has profoundly affected
communities.

• Patients moving to town for treatment are generally accompanied by immedi-
ate family carers and dependents. Research has estimated that as many as five
people may follow a person going for dialysis. This has implications for ac-
commodation, social support services, employment and education.

These findings are relevant to the experiences of Indigenous Australians across
remote Australia [37]. The devastating impact of ESKD was confirmed by many
people interviewed for the Central Australia Renal Study. Their experiece under-
scores the imperative to prevent and optimise the management of CKD [17]:

When my husband went onto dialysis, he got really angry and depressed …
It was really hard. We had to move into town. There was no support to help
us cope. He lost everything … he felt useless. (Wife of a dialysis patient,
October 2010)

I was born and bred on these lands. How on earth could I go all the
way to the city, away from my family and country, knowing there was no
possibility for them to come down and stay with me, no accommodation,
no facilities … There’s no way I could think about being so far away … I’d
just be in total despair all the time. (Senior community member, September
2010)
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8
The case for and against the regula-

tion of food marketing directed
towards children

Bridget Kelly,1 Rohan Miller2 and Lesley King
Authoritative and comprehensive reviews of studies on the nature and ex-
tent of food marketing to children indicate that children are exposed to
high levels of food marketing and that the ‘marketed diet’ typically com-
prises energy-dense, micronutrient-poor foods. However, the implication
of causality between marketing, product exposures and childhood obesity
is not universally accepted. A vigorous discussion rages about appropriate
policy responses to children’s exposure to food marketing. The advocacy
by many health and consumer groups for tighter government restrictions on
food marketing is juxtaposed to the views held by many in the food and ad-
vertising industries. Pivotal in this debate is the role of evidence in policy
decisions and the appropriateness of industry self-regulation versus govern-
ment intervention in food marketing. This chapter will explore the dietary
and health implications of children’s exposure to unhealthy food marketing
and present arguments for and against regulations to restrict this marketing.

Unhealthy food marketing to children has become a highly politicised debate in
Australia and internationally. Health and consumer groups cite substantial bodies
of research that children’s exposure to unhealthy food marketing is a contribut-
ing factor in the development of children’s food preferences and purchases, and
hence plays a role in rising rates of childhood obesity. As such, these groups have
called on government to restrict marketing as an obesity prevention initiative. At
the same time, the food and advertising industries rebut these claims, and pro-
mulgate the relative benefits of industry self-regulatory mechanisms. This chapter
presents both public health and marketing perspectives, in the form of a ‘head to
head’ debate presenting arguments for and against regulation of food marketing.

A key driver in this debate comes from psychological research that children

1 Prevention Research Collaboration, Sydney School of Public Health, University of
Sydney.

2 University of Sydney Business School.
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are highly vulnerable to advertising promotions and consequently require protec-
tion from this form of marketing. One reason for this is because young children,
especially those less than five years of age, are unable to distinguish commercial
content from non-commercial content [1]. For example, when viewing television,
very young children are unable to differentiate between a program and an ad-
vertisement break. For older children, despite being able to identify advertising,
these children still have an impaired ability to interpret marketing messages crit-
ically as they lack the necessary cognitive skills and experience. Up until the
age of eight years, most children are unable to recognise the persuasive nature
of advertising effectively, and tend to accept advertising as truthful, accurate and
unbiased [1].

While children’s vulnerability to some forms of marketing has been recog-
nised, the effect of marketing and the most appropriate approach to limit chil-
dren’s marketing exposure is contested by health and industry groups. The key
points of debate covered in this chapter concern the quality and sufficiency of ev-
idence which underpins any regulatory initiative, the range of media that would
need to be covered by any regulation, and the quality and type of foods that are
advertised and potentially subject to regulation.

THE CASE FOR REGULATING FOOD MARKETING
DIRECTED TOWARDS CHILDREN

The effect of marketing on children’s food choices and
habits

There is a large and accumulating body of research to support the association
between the marketing of energy-dense nutrient-poor (‘unhealthy’) foods and
beverages, and childhood obesity. This includes at least seven major systematic
reviews synthesising the scientific evidence on the impact of food marketing to
children [2, 3, 4, 5, 6, 7, 8]. Most of these systematic reviews have been commis-
sioned by key health organisations, such as the Institute of Medicine in the US
and the World Health Organization, and have been updated regularly to include
new evidence. Such reviews take into account the quality of evidence, by consid-
ering methodological limitations and consistency between studies.

The most recent systematic review, commissioned by the World Health Or-
ganization in 2008, found that food advertising has a modest impact on children’s
nutrition knowledge, their food preferences and their consumption patterns, with
subsequent implications for weight gain and obesity [8]. In particular, research
indicated that children are able to recall a high number of food advertisements
and that these advertisements were enjoyed and discussed amongst their peers [9,
10, 11]. Further, advertisements created a desire in children to purchase food prod-
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ucts, and the majority of children either purchased these products themselves or
asked their parents to buy these products for them [12, 13, 14].

Importantly, food marketing is thought to operate at both the brand and the
food category level [8], thereby influencing not only the particular product brands
that children choose but also their broader consumption patterns. For example,
advertisements for a particular brand of confectionery will not only generate a de-
sire for that brand but also for confectionery in general [8].

Contribution of food marketing to childhood obesity
The causes of obesity are many and complex, comprising an array of sociological,
environmental and genetic influences. Unhealthy food marketing is only one
such environmental factor that contributes to the obesity-promoting environment.
Other factors, such as family and peer networks, engagement in physical activity,
and socioeconomic status also influence children’s food choices and risk of
weight gain and obesity [5].

In the context of the full range of contributing factors, the specific contribu-
tion that television food advertising makes to childhood obesity is estimated to be
small to moderate in size, with some studies estimating that 2% of the variation
in food choice and obesity is attributed to this advertising [15]. However, even
small effects in statistical terms can have an appreciable effect when they influ-
ence a large population and are ongoing. These estimated effects are based on
the contribution of television food advertising alone, and may be increased when
marketing from other forms of media are included [5]. Given that the majority of
advertised foods are energy dense and nutrient poor, this advertising encourages
additional consumption of these food types that are already consumed in excess
by Australian children [16]. Data from the 1995 National Nutrition Survey iden-
tified that energy-dense, nutrient-poor foods contribute 41% of children’s daily
energy intake, while dietary recommendations allow for between 5%–20% of en-
ergy from these discretionary foods [16]. In addition, the act of television viewing
itself contributes to sedentary lifestyles and obesity, independent of the effects of
food advertising [17].

Researchers have predicted that the magnitude of the specific effect of food
advertising on food behaviours and weight is at least the same as that of many
other determinants of obesity, including family and parents, peers and socioeco-
nomic status [8]. Therefore, food marketing has as much impact on obesity as
these other factors and is amenable to intervention, making it one of a number of
potential levers for change.

Nature and scope of food marketing to children
Evidence on the effect of food marketing on children’s food preferences and con-
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sumption is concerning as the majority of advertised foods are high in fat, sugar
and/or salt. Indeed, the top products that are advertised to children internationally
on television are sugar-sweetened breakfast cereals, soft drinks, confectionery
and high-fat savoury snacks, while the promotion of healthy food choices, in-
cluding fruit, vegetables, whole grains and milk is virtually non-existent [8]. The
frequency of advertisements for fast food restaurants is also increasing [8]. One
study from Australia identified that even during a A$5 million government cam-
paign promoting fruit and vegetable consumption, television advertisements for
healthy foods only contributed to 5% of all food advertisements across the whole
study period, while 82% were for high-fat/high-sugar foods [18]. The heavy and
ubiquitous marketing of these unhealthy food and beverage products assists in
promoting these products as normal and desirable.

Most of the research and attention on children’s exposure to food marketing
has been directed to television food advertising. However, it is widely acknowl-
edged that food marketing encompasses a range of different media platforms and
food marketing campaigns are increasingly integrating these different marketing
channels to more widely promote their messages [19].

These marketing channels include: broadcast media (eg television, cinema
and radio); new technology (eg the internet and SMS/text messaging); print
media (eg magazines and newspapers); promotions (eg premium offers, celebrity
endorsements, cartoon characters, health and nutrient claims and product place-
ments); places (eg school canteens and vending machines, sporting events and su-
permarkets); price where products are sold at cheaper prices to make them more
available and appealing to children; packaging that is appealing to children; prod-
uct expansion by selling multiple variations of a product; and public relations by
sponsoring television programs, sporting events, fundraising and establishing or
donating money to charity.

Data on industry marketing expenditure can be used to assess the spread of
media used by food marketers. While available Australian information is limited,
data from the UK indicate that between 2003 and 2007 there was a 19% increase
in industry expenditure on food and beverage advertising, from £704m to £838m
[20]. Over the same time period, expenditure on print advertising increased the
most, with an increase of 159% or £107m. By comparison, expenditure on televi-
sion food advertising increased by only 6% or £34m [20]. From this expenditure
information, it appears that food marketers are shifting away from traditionally
used advertising modes, such as television. Of concern is that these other forms
of media are often used by children without parental supervision, making them
more difficult for parents to monitor and control.

Some examples of integrated marketing campaigns by food companies pro-
moting products high in fat, sugar, and/or salt have included the Nestle Smarties
8 Colours of Fun campaign (www.smarties-australia.com.au, accessed 20 June
2011). This campaign involved the creation of multi-media clips featuring eight
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young children teamed up with musicians, sculptors, dancers, photographers and
installation artists to create an artwork inspired by each of the eight different
Smarties colours. These clips were then broadcast through the Smarties website
and online social networking sites, including YouTube and Facebook, as well
as through television, press and in-store promotions. The Streets Paddle Pop
Elemagika Lick-a-Prize campaign is a further example of integrated marketing
(www.paddlepop.com.au, accessed 20 June 2011). This campaign incorporated
a short film starring the Paddle Pop Lion, a website featuring branded games,
a Facebook page, and a competition requiring the purchase of Paddle Pop ice-
creams to uncover prize codes listed on ice-cream sticks. Additional codes for
prizes could be found in television and magazine advertisements.

The power of pestering
The raison d’être of marketing is to create a desire for advertised products. In
the case of children, marketing can influence their own food purchases, as well
as the purchase behaviour of parents [21]. Children’s purchase requests, often re-
ferred to as ‘pester power’ or ‘purchase influence attempts’, can create tension
in child–parent relationships and result in the purchase of these products de-
spite parents’ awareness of their poor nutritional quality [22]. As such, advertising
commentators have claimed that ‘by advertising to children, companies are en-
couraging the child to nag their parents into buying something that is not good
for them, they don’t need or the parent cannot afford’ [23]. This phenomenon of
children ‘nagging’ for advertised products has been repeatedly reported by par-
ents [8].

In the supermarket setting, children employ various techniques to encourage
parents to purchase food items. For example, in a qualitative study from the UK,
children reported that they kept on requesting products until their parents con-
ceded. This is typified in the response from one child, who was reported as saying
‘you just keep saying please mum, please mum, please mum, and then she gets it’
[24].

Research also indicates that children’s purchase requests often result in ac-
tual product purchases. In a review of studies on the effect of children’s purchase
requests on parents’ purchasing responses, children were found to request prod-
ucts an average of 15 times per supermarket visit (around one request for every
two minutes spent in the supermarket), and around half of all children’s requests
were successful [22]. Further, children’s exposure to food marketing increased
their purchase requests for advertised foods [22].

Parents’ responses to children’s purchase requests are also likely to be in-
fluenced by their socioeconomic status. In interviews conducted with over 1000
parents and their children in the UK, the most socially disadvantaged parents
were more open to persuasion by children and were more likely to agree to the
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statement ‘I buy what the children want’, compared to less disadvantaged parents
[25].

As such, the marketing of unhealthy food to children impedes the ability of
parents to promote and support healthy eating. This appears to be particularly
the case for socially disadvantaged families, who are also the most vulnerable to
excessive weight gain and obesity [26]. In the face of exceedingly sophisticated
and integrated food marketing campaigns, spanning multiple media platforms,
parents’ ability to subjugate children’s purchase requests are likely to be further
diminished.

The role of industry self-regulation in minimising harm to
children from unhealthy food marketing

In recent times, there has been vigorous discussion regarding appropriate policy
responses to the issue of children’s high and diversifying exposure to the mar-
keting of unhealthy food and beverages. In particular, there has been significant
advocacy from health and consumer groups calling for government restrictions
to protect children from these promotional messages. Meanwhile, the food and
advertising industries have been actively involved in promoting self-regulatory
approaches to limit this marketing. These may be seen as good corporate re-
sponsibility, or more likely, as a means of diverting criticism and impeding
government regulations.

In an analysis of available regulations to restrict unhealthy food marketing
to children across 73 countries between 2004 and 2006, most new regulations
came from the food and advertising industries [27]. The number of countries with
industry self-regulations increased from 11 in 2004 to 23 by the end of 2006, in-
cluding the revision and extension of industry codes in Australia, Canada and the
US [27]. These regulatory codes are typically overseen by an industry body and
participation by individual food companies is voluntary.

In Australia, the Australian Food and Grocery Council, the national body
representing food and grocery manufacturers, introduced the Responsible Chil-
dren’s Marketing Initiative in 2009, which aims to ‘provide a framework for food
and beverage companies to promote healthy dietary choices and lifestyles to Aus-
tralian children’ [28]. As well, the Australian Association of National Advertisers
introduced a similar initiative in 2009 relating to the quick service (fast food) in-
dustry [29].

Independently conducted evaluations of the Australian Food and Grocery
Council code have compared the amount of television advertising from compa-
nies participating in this self-regulatory initiative before and after its introduction
[30]. These evaluations show that overall unhealthy food advertising did not de-
crease following the introduction of the codes, despite a reduction in television
advertisements for unhealthy food items by participating companies. The main
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reason for the ineffectiveness of this self-regulation was the limited participation
in these codes by food companies [30]. As at May 2011, only 17 food companies
had signed up to this initiative.

As well, in an analysis of the nutrition criteria used to define foods as ap-
propriate to be marketed to children, industry-developed nutrition criteria vary
between companies and tended to be more permissive than independently devel-
oped standards [31]. Of the 52 food products that were assessed, only 38% were
considered healthy by independent criteria, although 83% were deemed appro-
priate using industry standards including items such as chocolate, confectionery,
sugary drinks and ice-cream [31].

The findings of these evaluations indicate that self-regulatory initiatives, in
their current form, are insufficient to curb the amount of unhealthy food market-
ing that children are exposed to and the effect of this marketing. By comparing
successful and less successful self-regulatory initiatives across a range of indus-
tries, including tobacco, alcohol, fisheries and forestry industries, Sharma and
colleagues proposed eight standards that should be met if self-regulation is to be
effective [32]. These included input from all stakeholders, transparency, mean-
ingful objectives, objective evaluation and public reporting, and oversight [32].
In the case of food and beverage marketing, self-regulatory initiatives would re-
quire: the input of health and consumer groups as well as government and the
food and advertising industries; transparency in developing standards on how
breaches can be reported; be targeted towards reducing children’s exposure to
unhealthy food marketing and the persuasiveness of this marketing; be regularly
evaluated for their effectiveness; involve public reporting on industry’s adher-
ence to regulations; and be overseen by an appropriate regulatory or health body.

The role of government in creating real and sustainable
change in children’s exposure to unhealthy food marketing

Governments have a clear leadership role, particularly in relation to the protection
of children, protecting public health, overseeing broadcast and non-broadcast
information environments and balancing the operation of free markets in the pub-
lic interest. In the case of food marketing to children, government can provide
leadership through statutory regulation or through co-regulation with industry.
Statutory regulation has been most commonly called for by health and consumer
advocates, as this has the benefit of being independent, having greater account-
ability, ensuring unilateral compliance across all industry groups and of operating
within the public interest.

In 2010, the World Health Organization released a set of recommendations
for limiting the marketing of foods and non-alcoholic beverages to children [33].
One recommendation was that government should play a lead role in developing,
monitoring and evaluating regulations to limit children’s exposure to unhealthy
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food marketing.

Evidence of the effectiveness of statutory regulations to
reduce children’s exposure to unhealthy food marketing

Government restriction on television advertising to children has been a long-
standing policy in Sweden (since 1991), Norway (since 1992), and across all
media in Quebec, Canada (since 1980). While no systematic evaluations of the
effectiveness of these regulations have been conducted, there is a small amount
of research to indicate that these regulations have been effective in reducing chil-
dren’s exposure to unhealthy food advertising and the effect of this marketing.

One study from Quebec examined household purchases of breakfast cereals
between English-speaking children, exposed to American television, and French-
speaking children who tended to watch more French-language television. At
the time of this research, French-language television channels banned adver-
tisements targeting children whereas television broadcast from the US was not
subject to these restrictions. Findings from this study indicate that English-speak-
ing children, who had a higher exposure to advertisements for children’s cereals,
had significantly higher household purchases of advertised cereals compared to
French-speaking children [34]. Research also indicates that children in Quebec
have the lowest prevalence of obesity across all Canadian provinces, and the sec-
ond lowest prevalence of overweight [35].

Additionally, in 2008 the Office of Communications in the UK introduced
restrictions on the scheduling of television advertising of food and drink products
to children. Under these regulations, advertisements for unhealthy food and
beverage products were precluded from being shown in or around programs
specifically designed for children or of appeal to children less than 16 years of
age, and on dedicated children’s channels. An evaluation of the impact of these
regulations on children’s exposure to unhealthy food advertising found that, com-
pared to 2005, children saw around 34% fewer unhealthy food advertisements in
the year following the introduction of regulations [36]. As such, these government
regulations have been effective in reducing children’s exposure to unhealthy food
and beverage advertising and reducing the effect of this marketing on food pur-
chases.

THE CASE AGAINST REGULATING FOOD
MARKETING DIRECTED TOWARDS CHILDREN

A complex array of rules and regulations already exists governing food marketing
across multiple tiers of government. Social contract theory has long acknowl-
edged the need for common rules in order for people to protect themselves and

A modern epidemic

166



one another from harm. That food marketing should be regulated is not an issue;
however, questions need to be asked about the veracity and standard of evidence
that justify changes to the existing legislation and self-regulation frameworks,
how the outcomes of the new laws will be measured, what will happen if the new
laws don’t have the desired effect, and what other implications will additional
regulations present to our market economy. Any proposed change to the regula-
tion of food marketing should be realistic and likely to be effective in behavioural
change. Considerable doubt exists that even the most extreme restrictions to the
existing level of Australia’s commercial speech will render the desired behav-
ioural change.

What is marketing: now and in the immediate future?
The overwhelming body of academic literature discussing food marketing is
embedded in the era of television dominated mass marketing characterised by
the Mad Men television series (see www.amctv.com/shows/mad-men). However,
television advertising is no longer omnipotent; marketing professionals, regu-
lators and consumers face increasingly fragmented media. Experience is king.
Companies seek to engage with consumers by offering elements of emotions,
logic and general thought processes to connect with the consumer. Pushing a
message is passé: consumers are the recipients of thousands of commercial mar-
keting messages, each day. There is no way that consumers can react to all of the
advertising or marketing communications they receive and they have become ex-
pert at filtering out unwanted messages.

In the Mad Men era of mass media primacy it was commonly assumed there
was a linear relationship called a purchase funnel that was also encapsulated
in hierarchical advertising models. These simple advertising models generalised
that brand awareness led to familiarity with the brand, then to consideration for
purchase, the act of purchase, and thereafter, repeated purchase. However, as
categories and brands matured, new empirically based behavioural models of
consumer behaviour were proposed suggesting habits were a major consideration
in stable markets [37].

Consistent with the behavioural models, streetwise marketers sought to influ-
ence purchase decisions at or immediately before the point of purchase; in effect,
to encourage brand switching. This shift largely explains the ascent of marketing
techniques such as sampling, premiums, coupons, discounts, in-store radio, signs,
and shelf space (slotting) in the marketing mix in order to influence short-term
purchase behaviour, and ideally leading to repeat purchase or habit. It also pro-
vides historical context to the contemporary view that consumers undertake an
increasingly sophisticated and technologically driven journey along many brand
touch-points rather than being causally influenced by single or multiple forms of
media. These marketing tactics, however, are not always successful, nor do they
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typically deliver long-term behavioural change [38].

Causality: silver or rusting bullet?
The case for regulating food marketing to children is based on assumptions that
food advertising has a causal influence on children’s food choices and that this
contributes to rising rates of childhood obesity. It is also assumed that regulatory
restrictions or bans on food advertising will reduce rates of obesity and associated
health problems. These assumptions appear to be unwarranted due to a lack of
evidence and the continued evolution of communications practice. Holland et al.
comment that the perceived threat of obesity is deemed to be so great that efforts
to contain it may be subjected to less scrutiny than they warrant [39]. Suggested
remedies based on incorrect assumptions are likely to be ineffective [40].

There are a number of possible causal relationships between television view-
ing and obesity. Critics of food advertising assume that more television viewing
leads to more exposure to food advertising which in turn leads to purchase
requests and hence increased consumption of unhealthy advertised foods. Tele-
vision viewing might also lead to increased snacking and reduced family meal
times. Increased television viewing may also be associated with a more sedentary
lifestyle and hence reduced physical activity. Research linking television viewing
with obesity and health outcomes generally do not attempt to distinguish between
these three possible explanations of the relationship [5].

Correlational studies do not show causation
It is a fallacy of logic that correlational studies can show a causal relationship
between marketing or advertising and obesity. Most of the reviews alleging that
food advertising causes obesity have been largely based on correlational studies
examining television viewing. For example, the US Institute of Medicine Com-
mittee on Food Marketing and the Diets of Children and Youth published a report
cited by Livingstone [5] concluding, on the basis of 123 studies, that television
advertising influences the food and drink preferences, purchase requests, and
short-term consumption of children aged two to 11 years.

Livingstone [5] noted that the typical research designs linking marketing to
behaviour/diet and to health outcomes were mostly surveys with low quality mea-
sures and low causal inference validity. Ecological validity was mostly high as
these surveys considered real world behaviour. Most of these studies assessed
exposure to advertisements through assessing general television viewing. Liv-
ingstone noted that only five findings from four published studies combined
high causal inference validity and high ecological validity. None of these four
studies demonstrated that exposure to advertising causes obesity. One study
using a quasi-experimental design found that advertising exposure produced
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more favourable evaluations of products compared to non-exposure, but this did
not affect purchasing decisions [41].

Much recent research on the link between advertising and obesity has largely
been correlational in design because researchers have assumed that there is suf-
ficient evidence of a causal link between the two [5]. However, this assumption
seems inappropriate as research has not been able to disentangle confounding fac-
tors, such as lack of physical activity, or parental factors, that could plausibly
have much larger effects on obesity. For example, there is research suggesting
that higher levels of television watching are associated with permissive parent-
ing styles that may be associated with less parental control over children’s dietary
behaviours [42]. The relevance of this causal assumption must also be questioned
with the decline in television viewing and the proliferation of other ‘screens’ in-
creasingly used by children, adolescents and adults.

Mass media impact: going down
Technology evolves constantly, and rapidly. Moore’s law predicts technological
changes will occur at an exponential rate (approximately). Marketing commu-
nications are at the cutting edge of the technological development, often under-
pinning the commercial business model for change. Moreover, internet-based
communications are increasingly integrated with other media, other forms of
promotion, and even product offerings. From a research perspective, the rapid
evolution of technologically based innovations in marketing makes their impact
hard to assess, especially in a timely way, and also suggests evidence-based reg-
ulations will lag considerably behind marketing practice.

If advertising causes obesity through its influence on consumption of un-
healthy foods then it would be reasonable to assume that rising rates of obesity
would be accompanied by a rise in children’s exposure to advertising and an
increase in consumption of advertised foods [42]. Conclusions that advertising
leads to obesity have been based largely on studies of television advertising [1,
2, 3, 4, 5, 6, 7, 8]. However, children’s television viewing has declined rather
than increased over the last two decades [42]. Furthermore, due to the widespread
diffusion of cable television, an increasing number of children spend more time
watching channels with little or no outside product advertising than watching
broadcast television programs.

Expenditure on television advertising for food is only one indicator of pos-
sible advertising influence and should not be assumed a measure of behavioural
change. Moreover, advertising expenditure needs to be considered against
changes in the cost for advertising, real dollar changes and declining audience
levels (implying higher costs for a consistent level of reach and frequency). This
means it costs considerably more in real dollars to have the same reach and fre-
quency in 2012 than in 1992. Data from the UK suggest that food advertising on
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television declined from 34% of advertising in 1982 to 18% in 2002 [43].
Technological innovations have also reduced how much attention children

pay to advertising. For example, the use of remote controls encourage channel
surfing, and the introduction of video recorders, themselves largely rendered ob-
solete by the digital innovations TiVo and Foxtel, mean that viewers can record
then zip (fast forward) or zap (switch to another channel) with minimal ad-
vertising exposure. In fairness, however, television ratings in Australia suggest
only a very small percentage of viewers presently do this. As digital television
broadcasting increases, the percentage of viewers who pre-record shows for later
watching will likely increase, further leading to declining levels of advertising
impact.

Technology is shifting traditional free-to-air television from omnipotence to
a background media (similar to the audience shift from radio following the in-
troduction of television). Accompanying the decline in television viewing led by
younger demographics, there appears to be an increase in non-television ‘screen
time’, such as computer use, videos, DVDS and video games [42]. Time play-
ing video games is positively associated with risk of obesity [42] as is computer
usage time [44], and yet video games are largely advertisement free and what ad-
vertising they have is not usually food related. There has also been an increase
in media multi-tasking (such as computer, iPad, SMS or Facebook use) during
television viewing times, meaning that children pay less attention to commercials
[42]. Additionally, studies of television suggest viewing might also conflate time
spent watching videos and DVDs with time watching commercial television [7].
These factors together suggest that children’s exposure and susceptibility to food
advertising, and particularly televised advertising, has significantly decreased
while obesity rates are claimed to be increasing. None of these moderating devel-
opments have been factored into research based in the Mad Men era.

It is also largely unexplained why television is claimed to lead to a causal
relationship when other media do not. For example, a study on magazine adver-
tisements for healthy and less-healthy foods found no effects on hunger or food
preferences in pre-adolescent children [45]. Clearly more research on non-televi-
sion food marketing is required in order to make informed decisions as to why
regulation should occur primarily in one form of media rather than all media,
and why advertisements on television are assumed to be problematic yet those in
other media are ignored.

The advertising–obesity causality argument also ignores culturally based
consumption habits. For example, in New Zealand, demand for fish and chips,
an unadvertised product, is substantially larger than demand for heavily adver-
tised fast foods such as hamburgers [40]. It is also argued that demand for a
product can be primarily influenced by price and consumer wealth [40]. Re-
ductions in advertising may lead to cost-based competition that could be passed
on to consumers through price reductions and can have the effect of increasing
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consumption. Therefore, restricting food advertising could actually increase con-
sumption of unhealthy foods, unless measures to increase the price, such as a ‘sin
tax’ were introduced.

OBESITY: EVOLVING, BUT NOT NECESSARILY
GROWING

Research from the UK suggests that dietary energy intake has declined between
1983 and 1999 [43]. Similarly, US data show that Americans decreased their con-
sumption of fat between 1965 and 1995 [40]. If advertising caused obesity due
to increased consumption of unhealthy foods there would logically only be ev-
idence of increased energy consumption. The findings that energy consumption
has decreased while obesity has risen suggest the cause of obesity is not necessar-
ily increased energy input. Rather, there may be an under-addressed issue related
to decreasing energy output, that is, decreased physical activity and lifestyle.

The importance of decreased physical activity needs to be considered when
interpreting findings that exposure to television advertising is modestly correlated
with obesity. Cross-sectional studies have found that children’s television view-
ing is positively associated with increased consumption of fat, sweet and salty
snacks and carbonated beverages. Researchers assume that television exposure
affects food consumption via advertising and consequent purchase requests to
parents [46]. Studies finding a correlation between television watching and obe-
sity/health outcomes often understate other potential explanatory variables, in-
cluding the nature of any assumed causal relationship [5]. Excess television
watching might be a symptom, rather than a cause, of a sedentary lifestyle leading
to obesity [45]. Obesity might cause a sedentary lifestyle in a reciprocal manner.
Most studies do not distinguish between whether it is hours of watching televi-
sion, or amount of advertising seen, that leads to unhealthy eating behaviour [5],
although the 1983 study by Bolton [15] is a notable exception. Bolton found that
exposure to food advertising had a significant although small effect on snacking
(explaining 2% of the variance) but did not have a significant direct effect on en-
ergy intake. Bolton found that the influence of parental snacking frequency was
stronger than that of food advertising. Food advertising did not have a significant
effect on nutrient balance (deviation from percentage of Recommended Daily In-
take) for specific nutrients. Parent nutrient balance explained 9% of the variance
in nutrient balance.

Interestingly, an intervention to reduce time spent viewing television and
playing video games was successful in reducing these behaviours and participants
did have a reduction in body mass index (BMI) compared to a control group [47].
However, there was no reduction in high-fat foods or daily servings of highly
advertised foods in the diet of the experimental group. Therefore, reducing ex-
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posure to television advertising did not appear to have an impact on diet. The
authors suggested that decreases in BMI associated with reduced television view-
ing were due to increases in low-intensity physical activity. One of these studies
did find that advertising affected consumption of orange juice (but not of un-
healthy foods), but another of these studies found no effect of advertising on
purchasing behaviour. Furthermore, reducing television viewing, and presumably
exposure to food advertising, did not produce dietary changes but may have in-
creased physical activity. Therefore, the apparent link between food advertising
and obesity might be due largely to the associated sedentary lifestyle, a finding
supported by Wong et al. [48]. Additionally, the correlation between television
viewing and obesity might also be due to unobserved confounding factors [40].
For example, parents who restrict children’s hours of television viewing might
also encourage healthier diets and lifestyles.

Additional support for the role of lifestyle factors relating to lack of physical
activity on obesity is drawn from findings from New Zealand that television
viewing was inversely correlated with parental socioeconomic status (SES) [40].
The authors suggested that higher SES families could afford more after-school
activities, such as sports electives to keep children occupied. Low SES families
often left children unsupervised during after-school hours as it was common for
both parents to be working. Children might therefore have tended to occupy
their time watching television rather than engaging in outdoor activities. Fear
of ‘stranger danger’ for children playing with little or no supervision, and other
possible physical harm through participation in sports, reinforces the view that a
sedentary lifestyle may be safer than a more physical lifestyle.

Critics of food advertising have argued that even though the amount of vari-
ance in BMI explained by exposure to food advertising appears to be small, the
cumulative effects are sufficiently important to warrant restricting or banning
food advertising aimed at children. Implementing such restrictive policies might
be misguided. Sweden introduced a comprehensive ban on all television ad-
vertising aimed at children in 1991 and childhood obesity rates in that country
continued to rise [49].

IS THE PROBLEM TOO MUCH FOOD, OR ONLY
THE WRONG FOOD?

It has been argued that imposing restrictions on advertising of unhealthy foods
would be unfair because unhealthy foods have not been clearly defined [50].
Critics of food advertising complain that advertised foods do not match ‘recom-
mended diets’ [7], yet there is a lack of expert consensus about what constitutes
a healthy diet [49]. Proponents of the traditional ‘food pyramid’ recommend that
people derive most of their energy from carbohydrates, yet an increasingly popu-
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lar alternative view is that energy should be obtained mostly from protein and fat
[49].

Developing guidelines for ‘acceptable’ foods to be advertised would appear
to be highly complicated. It is clear that research is continually evolving: perfect
knowledge about the perfect diet does not yet exist. Therefore a simpler alter-
native would be to ban all food advertising altogether. However, banning all
food advertising would make it impossible to use television and other media to
promote healthy food choices. An experimental study comparing the effects of
advertisements for either healthy or junk foods found that, contrary to expecta-
tions, advertisements for junk foods did not enhance attitudes or intentions to
these foods. On the other hand, advertisements for healthy foods actually did en-
hance attitudes and intentions to these foods in children who had seen these ads
compared to children not exposed to them. This experiment suggests that ad-
vertising of healthy foods could actually have a beneficial impact on children’s
dietary habits [51].

Evidence that advertising of healthy foods can have a beneficial impact on
diet was shown by research into the advertising of high-fibre cereals. Advertis-
ing containing information that high-fibre foods can reduce the risk of cancer was
followed by an increase in market share for these products [42]. Regulations may
prohibit certain truthful claims about foods that might be useful to consumers, eg
calorie reductions can only be advertised if they are greater than 25% compared
to a reference food. Producers might therefore lack incentives to reduce calorie
content if they cannot meet this threshold.

CONCLUSION
The debate about the appropriateness and efficacy of any additional regulation of
advertising of unhealthy foods to children centres around key themes: the defi-
nition of ‘unhealthy’ foods, the range of media that would be encompassed by
any regulation, and importantly, the interpretation of available evidence. Public
health, and food and marketing industries draw from overlapping bodies of ev-
idence regarding the impact of food marketing on children’s food consumption
and obesity patterns, but draw different conclusions. The complexities of defin-
ing both the unhealthy foods and range of media (including new social media) to
be covered by any regulation are widely recognised.

The potential of regulatory initiatives to reduce children’s exposure to food
marketing to some extent is also widely recognised, with debate focused on who
should control such regulations. The further impact of this on children’s diets and
obesity levels is more uncertain, given the broader obesity-promoting environ-
ment in which we live. There is scope for the debate to broaden, for example,
to introduce regulation to encourage the marketing of healthier foods and im-
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prove food product formulation. Or to foster a new approach to self-regulation
which has full industry participation and consistent standards for defining un-
healthy foods. Future work in this area should focus on estimating the actual
impact of food marketing on children’s food consumption patterns and obesity,
and the development of transparent and meaningful regulations (either statutory
or self-regulatory) which truly seek to improve the healthiness of the marketing
environment for children.
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9
Benefits of developing a whole-

school approach to health promotion
Jenny O’Dea1

This chapter examines the school experience as a determinant of future
health, including discussion of how broad dimensions such as physical
health, emotional wellbeing, cultural identity and psychosocial develop-
ment, may be developed and enhanced within a whole-school health-pro-
moting context. Healthy behaviours can be established in young people,
and these behaviours tend to translate into healthy habits in adulthood,
which are subsequently modelled and passed on to the following gen-
erations. In this chapter, the salience of health promotion in schools is
presented in terms of preventing obesity and type 2 diabetes by promoting
a healthy body image, establishing positive food habits and encouraging in-
volvement in sport and physical activity. The potential ‘ripple effect’ that
school health promotion can have via families and communities is also ad-
dressed as an additional avenue which can be utilised and embraced by
teachers, health professionals and communities.

LINKS BETWEEN HEALTH AND EDUCATION
OUTCOMES

One way to promote health in schools is to highlight the important links between
a child’s health status and their academic achievement. As recently as 2010, the
United Nations’ 2010 Human Development Report clearly reiterated the predic-
tive nature of health and education variables by stating that ‘education, health,
nutrition and sanitation complement each other, with investments in any one
contributing to better outcomes in the others’ [39]. Other researchers agree and
demonstrate how literacy and numeracy are inextricably interwoven with educa-
tion, and education is concurrently a key predictor of life opportunities, including

1 Faculty of Education and Social Work, University of Sydney.
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economic development, psychological wellbeing, health status and social spheres
[4, 33]. It is recognised that healthy students are more able and ready to learn [25],
and that improving the health of students and the school environment has positive
outcomes for learning and academic results.

An example of this important association is given in some recent studies
which clearly demonstrate the predictive relationships between physical activity
and educational performance and achievement, and show that physical activity is
positively related to brain function and cognitive performance [14, 37]. Positive re-
lationships have also been documented between academic achievement and both
physical activity [5, 20] and sports participation [10, 11]. Field and colleagues [11]
found that students who reported having high physical activity and exercise par-
ticipation also reported having higher grade point averages (GPAs), better family
relationships, lower levels of drug use and better mental health, than those who
reported participating in physical activity and exercise less often. Vigorous levels
of physical activity are also positively associated with overall grade score [6, 7, 12,
16, 35].

Similarly, recent studies of nutrition and cognitive function also reinforce
earlier reports that dietary components favourably influence cognitive function
and academic achievement in children and adolescents. For example, compar-
isons of studies among school-aged children indicate that breakfast consumption
is more beneficial to cognitive function and academic performance than skipping
breakfast, particularly in those whose nutritional status is already compromised
by social disadvantage and poverty [3, 15, 23]. Recent reviews and experimental
studies present a working hypothesis that a breakfast of low-glycaemic index is
beneficial to the blood glucose supply to the brain, and that this effect is likely
to explain the positive relationship between breakfast consumption and the cog-
nitive and academic performance of schoolchildren [24, 36].

Other studies provide ongoing evidence for the link between the academic
achievement and health status of children, with a recent report also proposing
clear pathways between socioeconomic position, physical activity, mental health
and educational performance in adolescents [19].

A WHOLE-SCHOOL, HEALTH-PROMOTING
SCHOOLS FRAMEWORK

Whilst the links between child health and academic achievement become more
cemented in the recent international research literature, governments, schools and
local communities have become increasingly perceived as having the major re-
sponsibility for child health promotion, childhood obesity and type 2 diabetes
prevention. Much of the resultant pressure placed on governments has been in the
area of providing procedures and resources for health promotion.
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One way of ensuring a collaborative and developmental process on which
to base health promotion is the World Health Organization (WHO) health-pro-
moting schools framework [43]. This framework outlines a holistic approach to
foster health within a school and its local community by engaging health and ed-
ucation officials, teachers, students, parents, health professionals and community
leaders in making common, coordinated and sustained efforts to promote health.
A ‘whole-school’ or health-promoting school approach is one which has an or-
ganised set of policies, procedures, activities, and structures designed to protect
and promote the overall health and wellbeing of students, staff, and wider school
and community members.

The health-promoting schools concept is based on the previously outlined
premise that education and health are inseparable and that health supports suc-
cessful learning, and successful learning supports health [39, 43]. The ideology
of the health-promoting schools framework states that the whole school and its
surrounding community must implement policies, practices, and other measures
that respect individual self-esteem, are culturally appropriate, provide multiple
opportunities for success, and acknowledge group efforts and intentions as well
as personal achievements. A health-promoting school also strives to improve the
health of school personnel, families, and community members as well as students,
and it works with community leaders to help them understand how the commu-
nity and environment is influential in affecting health and education.

The WHO guiding principles for developing health-promoting schools in-
clude the holistic nature of health, gender equity, involvement and ownership of
the whole-school community, participatory decision-making, sustainability, cul-
tural appropriateness, and inclusion of measures to increase health literacy. WHO
defines health literacy as the cognitive and social skills that determine the motiva-
tion and ability of individuals to gain access to, understand, and use information
in ways that promote and maintain health [43]. Thus, the health-promoting school
promotes empowerment of students, teachers, parents, school staff, and commu-
nity members because they learn to obtain and use health information.

The framework focuses on three areas of intervention within the school and
its local community: 1) School curriculum, teaching, and learning; 2) School
ethos, environment, and organisation; 3) School–community partnerships and
services.

The overall guiding principles for the development of health-promoting
schools include the following:

• Good health supports lifelong learning, living and wellbeing.
• Students grow and learn in a safe, caring, responsive and empowering envi-

ronment.
• Health-promoting schools view health holistically, addressing the physical,

social, cultural, mental, intellectual and spiritual dimensions of health compre-
hensive programs.
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• Equal access by male and female students from all population groups to edu-
cational opportunities is essential for promoting quality of life.

• Health-promoting schools ensure a coordinated, comprehensive approach to
health and learning by linking curriculum with the school ethos/environment
and the community.

• Health-promoting schools are inclusive – the whole community of students,
parents, staff and local agencies are engaged in school activities.

• Active participation is based on respecting skills, values and experiences of
parents, students and staff.

• Collaborative, participatory decision-making and personal action provide the
conditions for the empowerment of individuals and the school community.

• Staff and parent wellbeing is an integral part of health-promoting school activ-
ity.

• Partnerships result in action which is more effective, efficient and sustainable.
• Addressing health literacy is an important component of a health-promoting

school.
• The contribution of diverse cultures and groups is supported and valued.

In a recent report of a health-promoting schools project in Africa, MacNab and
colleagues [21] demonstrate how these basic principles can have wide relevance
and application in multiple international settings. In this oral health and nutrition
project, the researchers demonstrate how health-promoting schools provide in-
formation and support systems that can be catalysts for behavioural changes to
improve health globally and reduce healthcare costs [21].

Unfortunately, school-based health education programs face many chal-
lenges such as inconsistent health messages in the child’s home or community
environment, coupled with communication barriers between the health and edu-
cation communities [25]. Health-promoting schools practitioners can overcome
these issues by collaborating with community representatives, opening the lines
of communication, distributing clear messages to the community and engaging
students, parents, teachers, and health and education professionals. Health-pro-
moting schools can empower students to make positive decisions about their
health and allow them to take such knowledge home to their families.

Inchley and colleagues [17] expressed concern that a common approach to-
ward health promotion and education in a school setting had been a focus on
specific, short-term interventions that produce observable change in students’
health related behaviours. Such short-term initiatives neglect to fully embrace
the philosophy behind health-promoting schools, which states that long-term
gains will only follow if initiatives are integrated into a more diverse, multifac-
eted health-promotion strategy that supports sustained change [17]. This is in
accordance with the concept of a whole-school and community approach that en-
compasses a combined and collaborative effort.

A successful whole-school approach to health promotion must also provide
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opportunities to utilise broader social, economic and environmental factors as cat-
alysts for positive behavioural change [34]. Further successes can be attributed
to drawing connections between curriculum and learning imperatives within the
school environment as well as placing value on the partnerships between the
school and community [34].

FACTORS THAT AFFECT HEALTH PROMOTION IN
A POSITIVE AND NEGATIVE WAY

The delivery of health education and promotion is a very important factor to be
considered, as there are many components that can impact the way health educa-
tion is received by its target recipients.

Potential resistance to the messages presented in health interventions is often
reported among adolescents [40]. School students often do not respond well to
the paternalistic nature of health-education interventions and can have an op-
positional response if they see the intervention as a threat to, or removal of,
their freedom to determine their own health status [41]. Whitehead [40], however,
explains a continuum to counter this, whereby the less educating a health inter-
vention is, and the more health promoting it becomes, the less likely the strategy
is to be rejected by its target group.

Alternatively, a program that is properly planned, implemented and delivered
can have a profoundly positive impact, as recently demonstrated in the Brighter
Smiles Africa oral health program which generated more positive attitudes to-
wards health-related practices for the wider community [21].

A recent study conducted by Xin-Wei and colleagues [44] discusses the de-
velopment of an overall health-promoting school program in a province of China.
It was reported that with community collaboration, it was feasible to imple-
ment the health-promoting schools concept in rural and urban schools in both
resource-poor and adequately resourced schools. This study subsequently re-
ported enhanced student educational outcomes as well as improvement in the
emotional and social wellbeing of students and the broader school community
[44].

DEVELOPMENT OF HEALTH-PROMOTING
SCHOOLS

The long-term planning and partnerships required to produce health-promoting
schools do not develop overnight and it is unrealistic to assume that such ini-
tiatives will lead to immediate change. Inchley and colleagues [17] suggest that
there are four themes that should be given the major focus in planning and de-
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velopment of school health promotion programs. These include: 1) recognition –
ownership and empowerment, 2) leadership and management, 3) collaboration,
and 4) integration [17]. Deliberately utilising these major themes in health-pro-
motion activities reduces barriers to implementation, promotes ease of access
beyond narrow individual behavioural outcomes, and aims instead to improve the
school as a whole organisation, whilst supporting teachers and facilitating sus-
tainable long-term health improvement.

Rowe and colleagues [34] also recognise the importance of school leadership
and management naturally forming from within the school environment, rather
than being imposed from outside of the school or the local community. The role
of such leadership is critical in engaging others in the program implementation.

There are many factors that influence whether a school will be able to adopt
and implement a health-promoting schools approach. A recent Canadian study
found that there were four predictors relating to school organisational character-
istics that carried great weight in determining the adoption of a health-promoting
schools approach: 1) the presence of leaders within schools, 2) perceived school
contextual barriers, 3) school investment in healthy lifestyles, and 4) belief in
collective efficacy [8]. These findings imply that emphasis should not be placed
solely on strategies designed to ‘sell’ the health-promoting schools concept to
schools, but also on strategies that support the organisational change required to
incorporate it within schools [8].

The health-promoting schools framework involves shifting from practices
that rely predominantly on classroom-based health education to a more integrated
construct of health promotion that encompasses both children’s attitudes and be-
haviours as well as their environment [8]. The framework outlines requirements
for a planned and sequential health-education curriculum across all age groups
and the need for inter-sectoral and cross-curricular approaches.

An example of this concept in regard to obesity prevention, would be a co-
ordinated, cross-curricular approach using a deliberate focus on promotion of
healthy eating habits and prevention of fad dieting and subsequent weight-gain
cycles in health-education classes (skill development to reduce the influence
of peer-group pressure), English classes (the impact of persuasive advertising),
and science (normal composition and nutritional needs of the human body). The
cross-curricular approach ensures health messages remain balanced and consis-
tent across subject areas. In addition, the utilisation of a health-promoting schools
framework emphasises teacher training in specific areas and the opportunity for
teachers to reflect on their own values, beliefs, prejudices and life experiences
in order to be effective role models. In regard to the long-term prevention of
body image problems, promotion of lifelong physical activity, healthy eating, and
obesity and diabetes prevention, teachers and other school and community per-
sonnel are likely to require training to better understand these problems, training
in effective and safe preventive strategies, and access to counselling and referral
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services.

FIRST, DO NO HARM
Before governments and other agencies leap into actions that they assume to be
beneficial in the promotion of child and adolescent health and the prevention of
childhood obesity and type 2 diabetes, we must remember to employ one of the
most important principles of modern medicine and prevention science, ‘First, do
no harm’.

Programs aimed at healthy eating or increased physical activity that are not
adequately planned, pre-tested or inappropriately delivered, have the potential
to do more harm than good [28]. Those who work with young people in any
health-promoting capacity need to recognise the vulnerability of children and
adolescents of both genders to body image and eating concerns and that weight-
focused programs are already known to result in further feelings of shame, guilt
and hopelessness and a subsequent low participation in physical activity [31].

The ‘First, do no harm’ approach is not just salient for obesity, diabetes and
other disease prevention, but rather an imperative that should be actively consid-
ered for all health-education and promotion campaigns. The potential to cause
inadvertent and undesirable outcomes when delivering obesity or type 2 diabetes
prevention activities should be a serious consideration for all health profession-
als, teachers and educators. Such risk can be summarised in the following four
major points:

• Implementation of ‘treatment’ rather than ‘prevention’: for example, measur-
ing and diagnosing student overweight or obesity based only on a one-off BMI
measure that does not take into account many factors such as pubertal stage,
ethnicity, muscularity or adiposity; or providing weight-loss advice.

• Inadvertent suggestion of fad dieting and other weight-loss techniques that
are likely to be unsupervised and thereby fail: for example, discussing weight
loss and inadvertent promotion of dieting rather than promoting weight main-
tenance or a healthy lifestyle; inadvertently encouraging disordered eating or
suggestion that dieting behaviour is normal and/or desirable.

• Creation of stigmatisation, prejudice and discrimination: for example, suggest-
ing that health is exclusively associated with slimness, weighing students and
having them plot their BMI on a chart, inadvertently encouraging weight and
BMI comparisons, focusing on weight rather than growth as evidenced by
height, fitness and overall health markers, labelling and shaming overweight
and obese students. This can also stigmatise overweight or obese students as
having a ‘problem’, being a ‘failure’ and promote the idea that in order to be
‘healthy’, students must lose weight.

• Undesirable outcomes of unplanned approaches. Inadvertently creating weight
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concerns can lead to weight-loss attempts that are particularly unhealthy and
harmful such as smoking for weight control, vomiting, laxatives, excessive
exercise or avoidance of exercise, shame of body, social isolation and depres-
sion. In some recent literature, researchers have identified the link between
eating disorders and obesity, particularly in young women seeking bariatric
surgery [13]. In these research reports the obesity is the likely result of a binge-
eating disorder which ought to be treated by psychiatric and psychological
interventions, rather than by simplistic surgical intervention or health pro-
motion. The obvious link between eating disorders and weight gain require
further recognition and research.

NUTRITION PROMOTION IN SCHOOLS
It has long been recognised that schools have the potential to make significant
and long-lasting contributions to promoting healthy eating habits in children and
adolescents [34]. Sound child nutrition offers many varied benefits, including
growth, brain function, intelligence, immunity to infections, energy regulation,
better concentration and behaviour, dental health, prevention of lifestyle diseases
and the development of good eating habits, many of which are likely to continue
into late adolescence and adulthood. School students who are properly nourished
tend to demonstrate better classroom learning behaviours, fewer disciplinary
problems, better attention and increased attendance [26].

Normal growth and weight control are other benefits of a nutritious diet, but
these factors are often not considered most important to parents. Hence, the fo-
cus on other important positive benefits as outlined above which are crucial in
the engagement of families in health promotion. An interesting point related to
child and adolescent nutrition is that the food habits learned at theses stages of
life are often carried on and taught to future generations of children. This can en-
sure healthy food habits for the next generation of children or, conversely, the
continuation of poor eating habits and the risk of adult ill-health.

Food and nutrition are very interesting and relevant topics for children and
adolescents of all ages, but all too often this material is taught in a very nega-
tive way. Teachers and other health educators often focus on telling students what
NOT to eat rather than encouraging them to enjoy healthy options. This approach
is negative and unnecessarily narrow because the key components of human nu-
trition are balance, variety, enjoyment and moderation. In this regard, there is no
one food that cannot be included in a balanced diet. School personnel and health
professionals need to approach the topic of nutrition education using the ‘balance,
variety, moderation’ messages in a consistent manner.

While nutrition has long been included in health-education curricula in West-
ernised nations, there has been a recent increase in the recognition of the social
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and environmental factors that influence food choice, which has extended the fo-
cus to include the whole-school community, rather than narrowly approaching
nutrition education from just one avenue [34].

As an example of a health-promoting schools approach, a primary school in
the UK developed an approach called Kids Café which empowered the students
to prepare, sell and serve nutritious food to staff and students. This initiative is an
example of how the health-promoting schools approach can be utilised to insti-
gate changes in the school environment that support and encourage healthy eating
habits among children [34]. Further, the Kids Café initiative provides an exam-
ple of how to promote the availability, affordability and accessibility of nutritious
foods in the school environment.

Other examples of positive, health-promoting schools nutrition activities in-
clude the following:

• School gardens – students grow fresh vegetables; examine environmental fac-
tors in food production; demonstrate the affordability of and accessibility to
nutritious foods; learn about nature, nutrition and health; create recipes for
vegetables; develop a sense of ownership of the health promotion initiative;
become empowered to make choices regarding their project; raise funds. This
kind of mutual support where the students are contributing to the public com-
munity and the local shops are supporting their schools is a good example of
a whole-school approach having a positive impact beyond the school environ-
ment.

• Cookery sessions – students learn about an array of foods from multicultural
origins; develop recipe-modification skills; enjoy healthy eating in a social sit-
uation; develop budgeting and consumerism skills; master cooking skills.

• Healthy school canteen – students learn to choose healthy options; teachers
model healthy eating; pricing policies demonstrate influences on food choices.

• Shopping/supermarket tours – students learn consumerism skills, value for
money, budgeting, how to interpret food packaging and labels, food law, food
safety, how to decipher advertising messages, the food supply and the food
distribution chain.

• Classroom food tasting activities – students have a set class break for fruit and
vegetable snack; school programs provide milk, breakfast, fruit, water bottles
or water fountains/dispensers; local vendors provide food products.

• Environmental initiatives – soft-drink machines removed, water fountains in-
stalled and regularly maintained; marketing initiatives scrutinised; canteens
implement healthy food and drink policy, canteens provide healthy choices,
sponsorship by food companies should be scrutinised, local food producers
and media are utilised to reinforce program aims.

For further reading on this topic please see the book by Worsley [47].
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PROMOTION OF A HEALTHY BODY IMAGE
The promotion of a healthy body image is desirable because it impacts on many
aspects of adolescent health including self-image, psychological health [31], par-
ticipation in physical activity [9], avoidance of dangerous dieting and it is part of
the array of self-concept factors that promote and protect general child health sta-
tus [22].

The evidence presented by Canadian researcher Niva Piran and her col-
leagues [32] recognises that teachers are on the ‘frontline’ with students and in a
position of power to convey critical information, values, norms and other cultur-
ally encumbered material. This position of intensive interaction allows teachers
great potential to become involved in the prevention and treatment of eating dis-
orders and childhood obesity, and should be geared towards health education and
promotion [32]. School-based health-promotion programs can have a positive and
lasting impact on body image, eating behaviours, attitudes, and the self-image of
adolescents [30]. There is also great potential to address the surrounding issues of
body dissatisfaction, self-esteem and self-efficacy in a safe and health-promoting
environment.

The environment in which issues such as obesity, eating disorders and un-
healthy weight-loss practices, are didactically taught via classroom ‘lessons’,
is considered to be a ‘toxic’ environment which has the potential to cultivate
these problems [18]. Such programs, like the information-giving approach, can
glamourise and normalise eating disorders and disturbances, as well as introduce
young people to methods of fad dieting and weight control that are dangerous
and health harming, such as laxative abuse and starvation. Unintentional harmful
effects have been reported when teachers and school staff inadvertently transfer
their own poor body image, lack of interest in sport or physical activity or
weight prejudices to the impressionable young people in their care. Piran [32,
p4] discussed teachers being role models and the importance of examining their
own past body-anchored experiences and attitudes, including ‘weightism’. This
critical consciousness could reduce the potential for inadvertent transference of
misinformation, prejudices and inappropriate advice from teacher to student.

Suggestions for body image improvement initiatives in schools include the
following:

• Design of school uniforms and sports uniforms in which students feel comfort-
able, fashionable, culturally appropriate and less concerned about their body
image. An example of this is a sport/swim uniform that is designed for use by
Muslim girls.

• Implementation of a ‘free’ physical education uniform so that students can be
active in their own choice of clothing or swimwear. For example, students are
allowed to wear board shorts and rash vests to swimming.

• Implementation of a policy that allows students to wear their sports uniform to
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school on the day of sport or physical education to avoid having to change in
school changing rooms.

• Addressing privacy/modesty issues such as placing doors on school change
cubicles and covering school showers with curtains.

• Implementing body image promotion activities for both girls and boys.

PROMOTING PHYSICAL ACTIVITY
The health benefits of regular physical activity in children and adolescents have
been well established in the research literature for many decades [26, 47] as have
the health risks of physical inactivity or a sedentary lifestyle [1, 2, 27]. Promoting
physical activity is a clear public health policy objective [42] and one which lends
itself to school-based promotion.

Physical activity among children and adolescents can be basically divided
into organised and non-organised activities and the promotion of both is impor-
tant for children’s health and wellbeing.

The promotion of physical activity within a health-promoting schools frame-
work would incorporate some of the following strategies:

• Promoting opportunities for children and adolescents to be physically active
as part of daily life eg walking or riding bikes to school, providing play time
at school, providing play time before and after school, planning specifically
targeted physical activity programs that are supervised before and after school

• Assisting school teachers in the delivery and resourcing of school sport and
physical activity

• Promoting non-competitive, cooperative games and physical activity environ-
ments

• Offering non-structured options such as walking, martial arts, free play or gar-
dening in school physical activity programs

• Providing structural enablers at school such as safe bike routes, secure bike
racks or lock-up areas for bicycles

• Restructure playgrounds by using colorful markings and providing different
types of game equipment

• Avoid or reduce the time required for uniform changing and showering at
school sport or physical education classes. Allow sports uniforms to be worn
to school on the day of sport or physical education

• Avoid activities in which students wait for their turn in a queue – find an ac-
tivity to keep all students active during the whole class

• Produce innovative activity areas including climbing equipment, rock walls,
skate areas and free play materials

• Designing modest and/or self-selected sports uniforms and swimwear to en-
courage participation and reduce body consciousness
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• Providing same gender physical activities as an option in order to reduce com-
petitive behaviours and self/body consciousness

• Implementing environmental changes to enable more physical activity and to
address barriers to physical activity eg providing safe public spaces for phys-
ical activity, providing seasonally appropriate activities in the community,
such as indoor heated swimming pools, providing play areas and equipment in
high-rise housing areas

• Involve parents in monitoring sedentary time and promoting adequate sleep
and daily physical activity of their children

• Provide teacher training to update skills, knowledge and resources.

CONCLUSIONS
Research reinforces the suggestion that educators need preventive strategies that
encompass objectives of holistic health promotion including healthy eating, im-
proved body image, increased physical activity as well as prevention of obesity
and type 2 diabetes. School-based programs may provide an efficient and ef-
fective way to approach these problems utilising a health-promoting schools
framework which encompasses a range of influences internal and external to the
school environment. The holistic focus of the framework targets numerous as-
pects of promoting a healthy lifestyle including school curricula, policies and
attitudes as well as the local environment and community activities, services and
resources. Collaboration among school, home and community, which is central
to implementing the framework, enables a shared language and a shared way of
working and understanding each other [43].

The school environment is crucial in determining future health as it com-
plements the classroom learning and provides a basis for knowledge, beliefs,
attitudes and behaviours that will almost certainly be carried into the young per-
sons’ future life.
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10
Health implications of overweight
and obesity in children and adoles-

cents
Shirley Alexander1,2

Overweight and obesity has been associated with a wide range of health
and psychosocial problems that impact negatively on quality and length of
life. The exact relationship between obesity and premature mortality is con-
trovertible but there are strong and clear associations between increasing
weight and risk of most major chronic diseases. Obesity is now the most
common chronic disorder of childhood, and may adversely affect a child’s
health with immediate medical and psychosocial consequences. However
the more significant risk in children and adolescents who are obese is the
tendency for obesity to persist in adulthood leading to greater potential for
the early development of chronic disease and reduced life expectancy.

The validity of adverse health implications in relation to excessive body fat in
childhood and adolescence has come into question in recent years, with warn-
ings that exaggeration of risk may lead to potential increases in eating disorders
or body image problems [1, 2]. However, a substantial body of research exists
demonstrating that both overweight and obesity can have profound effects on the
health of a child or adolescent [3, 4].

Childhood obesity is a multisystem disease with significant immediate and
long-term medical and psychosocial complications, which were previously as-
sociated with onset in adulthood. Ethnic origin, cultural background, genetic
susceptibility, environmental factors and socioeconomic status contribute to the
risk of developing obesity-related complications. Furthermore, childhood over-
weight and obesity tracks into adolescence and adulthood. A recent systematic
review found that persistence of overweight and obesity was greater with increas-
ing weight status and age [5]. For overweight children (under 12 years of age),
the risk of becoming an overweight adult ranged from two- to tenfold compared

1 Discipline of Paediatrics and Child Health, Sydney Medical School, University of
Sydney.

2 Weight Management Services, Children’s Hospital, Westmead.
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with normal weight children. For obese children the relative risk for becoming
an obese adult was in the higher range. Similarly, for overweight/obese adoles-
cents (aged 12 to 18 years), the risks of becoming overweight/obese as an adult
was higher than in younger children, with between 24%–90% of overweight ado-
lescents becoming overweight/obese adults. Risk of persistence of obesity is also
greater if at least one parent of the child or adolescent is obese [6]. Obesity early
on in life is a predictor of later morbidity and mortality [6]. Given that obesity
during adolescence increases the risk for chronic disease and premature death in
adulthood, independently of adult obesity, forecasts of potential decline in life
expectancy of current and future generations are perturbing and plausible [7, 8].

The following gives an overview of clinically important medical and psy-
chosocial complications associated with childhood and adolescent overweight
and obesity. Table 1 provides a summary of these complications.

Table 1. Potential obesity-associated complications among children and adolescents

System Health problems

Psychosocial Social isolation and discrimination, decreased self-esteem, learning
difficulties, body image disorder, bulimia

Medium and long term: poorer social and economic ‘success’, bulimia

Respiratory Obstructive sleep apnoea, asthma, poor exercise tolerance

Orthopaedic Back pain, slipped femoral capital epiphyses, tibia vara, ankle sprains,
flat feet

Hepatobiliary Non-alcoholic fatty liver disease, gallstones, gastro-oesophageal reflux

Reproductive Polycystic ovary syndrome, menstrual abnormalities

Cardiovascular Hypertension, adverse lipid profile (low HDL cholesterol, high triglyc-
erides, high LDL cholesterol), raised inflammatory markers

Medium and long term: increased risk of hypertension and adverse
lipid profile in adulthood, increased risk of coronary artery disease in
adulthood, left ventricular hypertrophy

Endocrine Hyperinsulinaemia, insulin resistance, impaired glucose tolerance, im-
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paired fasting glucose, type 2 diabetes mellitus

Medium and long term: increased risk of type 2 diabetes mellitus and
metabolic syndrome in adulthood

Neurological Benign intracranial hypertension

Skin Acanthosis nigricans, striae, intertrigo

PSYCHOSOCIAL IMPACT
The most prevalent of obesity-related complications are related to psychosocial
consequences, with risk being greater in girls compared to boys, and increasing
with age [6]. Childhood obesity is highly stigmatised, with affected children
being seen by other children as young as four years, as lazy, unhygienic and
socially incompetent [9]. Peer-relationship problems are more prevalent in over-
weight and obese children, adolescents and even preschool-aged children [10].
Low self-esteem, anxiety and depression, and social isolation are more common
in overweight and obese children and adolescents who may also suffer high levels
of teasing and bullying [9]. Weight-based teasing may further contribute to nega-
tive psychosocial behaviour, including disordered eating, depression and suicidal
ideation [11]. Overweight school-aged children are more likely to be bullied than
normal-weight peers with obese children even more so [12, 13]. Bullying may take
the form of physical aggression (overt bully) or what is termed relational bul-
lying (eg withdrawing friendship or spreading lies). Bullying reportedly reduces
throughout adolescence but whether this also occurs in relation to overweight/
obesity is undetermined, though Janssen and colleagues report an association be-
tween weight status and peer victimisation in 11 to 14 year olds but not in 15 to
16 year olds [13]. Differentiation in relation to bullying, gender and weight is also
unclear. There is a suggestion however that overweight/obese boys tend to suffer
overt bullying whereas overweight/obese girls are victims of relational bullying
[14]. Furthermore, presumably because of increased size in relation to peers thus
enabling physical dominance, obese boys are more likely to be overt bullies [12].

Overweight and obese children tend to have reduced athletic ability, poten-
tially leading to exclusion from physical activities and contributing to a vicious
cycle of reduced opportunity to improve gross motor skills, further exclusion and
inactivity [15]. Similarly, weight status may have a negative influence on aca-
demic achievement. Poorer school performance may result from a combination
of factors. An increase in absenteeism has been noted in overweight and obese
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children compared with normal-weight peers, and reduced school attendance is
associated with negative academic outcomes [16]. Absenteeism may be as a result
of obesity-related ill-health or from school avoidance, which may be secondary to
victimisation. Furthermore, difficulties with concentration secondary to sleep de-
privation from obstructive sleep apnoea (see below) may also contribute to poor
academic performance.

Many obese children have good self-esteem with few or no psychological
issues. However, a systematic review of cross-sectional, longitudinal and inter-
vention studies found strong evidence of a negative impact on global self-esteem
and quality of life in obese children and adolescents compared with healthy-
weight peers, with no clear differences in age groups [17]. Moreover, in the
severely obese treatment-seeking child, the psychosocial impact of obesity can be
profound, with studies indicating a significant reduction in health-related quality
of life, with impairment equating to that of a child diagnosed with cancer [15,
17]. In addition, the psychosocial problems may persist into adulthood, particu-
larly for obese adolescent girls. Longitudinal data indicate young obese women
are less likely to marry, have fewer years of higher education, and have higher
rates of poverty with lower levels of income compared with normal weight peers
[18].

OBSTRUCTIVE SLEEP APONEA (OSA)
Obesity is a major risk factor for sleep-disordered breathing, particularly ob-
structive sleep apnoea (OSA), a condition characterised by recurrent prolonged
episodes of partial and/or complete upper-airway obstruction resulting in disrup-
tion of normal breathing and sleep patterns. The prevalence of OSA in the normal
paediatric population is around 2%; however in children and adolescents with
obesity the prevalence is significantly higher, ranging from 13% to 59%, depend-
ing on diagnostic criteria, age, ethnicity and pubertal status [19, 20]. For every 1
kg/m2 increment in body mass index beyond the mean for age and sex, the risk
of OSA appears to increase by 12% [21]. The underlying mechanisms for this in-
creased risk are unknown. It is not simply related to enlargement (hypertrophy)
of the tonsils, as, even after adeno-tonsillectomy (first line treatment in OSA in
children and adolescents), residual OSA persists in around 50% of obese children
compared with only 10%–20% of non-obese children [22].

Untreated OSA is associated with attention and behavioural problems (found
in up to 58% of obese children, compared with 10% of the general paediatric
population [23]), cognitive impairment and poor school performance, in part as a
result of disturbed sleep and even recurrent low level hypoxia. Furthermore, OSA
has been associated with cardio-metabolic complications, such as hypertension,
ventricular hypertrophy, insulin resistance and abnormal blood lipid profile. The
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common pathway appears to be induction of chronic inflammation, the process
beginning in childhood and persisting into adulthood, particularly if the OSA is
left untreated [24].

INSULIN RESISTANCE AND TYPE 2 DIABETES
MELLITUS

Childhood obesity is associated with a number of metabolic complications, in-
cluding insulin resistance (IR), a pre-diabetic state. The presence of insulin
resistance increases the risk of developing type 2 diabetes mellitus and cardio-
vascular disease, and also appears to predict future cardiovascular risk [25]. The
prevalence of insulin resistance is difficult to ascertain as there is no single sim-
ple reliable marker to determine a universal cut-point. Furthermore ethnicity and
age (in particular pubertal status) influence insulin levels. However, studies us-
ing a simple blood marker of insulin resistance (homeostasis model of insulin
resistance) have found a prevalence of IR ranging from 45%–80% in obese chil-
dren, 10%–60% in overweight children and 2%–20% in normal-weight children
[26]. Similarly, in the 2004 New South Wales Schools Physical Activity and Nu-
trition Study, in which fasting blood from randomly sampled 15-year-old school
students was analysed, raised levels of fasting insulin (another marker of insulin
resistance) were found in 68%, 30% and 7%, of obese, overweight and healthy-
weight boys respectively, and in 44%, 42% and 11% of obese, overweight and
healthy-weight girls respectively [27]. Increasing body mass index and deep ab-
dominal fat are associated with increasing insulin resistance and there is a degree
of heritability with an increased risk of developing insulin resistance in those with
a strong family history of type 2 diabetes.

The number of cases of type 2 diabetes has been increasing in the paediatric
population over the past couple of decades in parallel with the rise in paediatric
obesity. The overall prevalence of children and adolescents with type 2 diabetes
is 1%–4%, with rates being much higher in certain racial and ethnic groups,
including Native American, African American, Hispanic, Indian sub-continent
and Indigenous Australian populations, and lower in northern European countries
[28]. Type 2 diabetes in childhood can present with life-threatening ketoacidosis
(around 10% of cases) or hyperglycaemic hyperosmolar non-ketotic syndrome
(3.7% of cases) [29, 30]. The consequences of type 2 diabetes in young people
may be more marked than in adults. Disease progression is normally related to
decline in beta-cell function and altered insulin sensitivity. The decline in gly-
caemic control following initial diagnosis of type 2 diabetes tends to occur over a
period of ten to 12 years in adults, but appears to evolve more rapidly in children,
within two to four years of diagnosis, with those presenting in diabetic ketoaci-
dosis manifesting greater and more rapid decline [31]. In addition, cardiovascular
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fitness is significantly impaired in comparison with obese youth who do not have
type 2 diabetes.

HYPERTENSION, CARDIOVASCULAR DISEASE
AND THE METABOLIC SYNDROME

Obesity in childhood, and especially adolescence, is associated with the devel-
opment of cardiovascular abnormalities, including atherosclerotic changes in the
aorta and cardiac vasculature, and decreased arterial distensibility. Furthermore,
obese children are more likely to develop such changes at an earlier age than
normal-weight children [32, 33]. Both left ventricular hypertrophy and arterial hy-
pertension are significantly more prevalent in obese children and adolescents,
with the prevalence of hypertension increasing progressively with body mass in-
dex. Adolescents with obesity are three times more likely to be hypertensive than
those in lower weight ranges [34, 35]. Arterial hypertension is a highly preva-
lent cardiovascular risk factor in young obese individuals and is predictive of
sustained hypertension and end-organ damage in early adulthood [36]. In the pre-
viously mentioned 2004 NSW Schools Physical Activity and Nutrition Survey,
high blood pressure was found in 37%, 36% and 14% of obese, overweight and
healthy-weight boys, respectively, and in 22%, 7% and 5% of obese, overweight
and healthly-weight girls, respectively [27].

The clustering of cardiovascular risk factors (insulin resistance, hyperten-
sion, abdominal obesity and dyslipidaemia – also termed the metabolic syn-
drome) are predictors of adult cardiovascular disease. Clustering of two or more
cardiovascular risk factors is more prevalent in obese children and adolescents,
and, depending on the definition used, 1.2%– 22.6% of children and adolescents
have the metabolic syndrome, with rates ranging from 30% up to 60% observed
in those who are overweight or obese [36, 37, 38]. Moreover, mid-childhood obe-
sity is associated with a sevenfold increased chance of developing cardiovascular
disease risk factors in adolescence [39].

DYSLIPIDAEMIA
Dyslipidaemia, most commonly raised serum concentrations of low-density
lipoprotein (LDL) cholesterol and triglycerides and reduced concentrations of
high-density lipoprotein (HDL) cholesterol, occurs in overweight and obese chil-
dren and adolescents, particularly those who have abdominal obesity. Up to 50 %
of obese adolescents may have some degree of dyslipidaemia [40, 41].
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FATTY LIVER DISEASE
Paediatric obesity is associated with a spectrum of liver abnormalities known as
non-alcoholic fatty liver disease (NAFLD).The disease ranges from simple fatty
infiltration of the liver (hepatic steatosis), to fatty liver with inflammation and
fibrosis (non-alcoholic steatohepatitis). NAFLD is the most common paediatric
liver abnormality, related to the increasing childhood obesity epidemic and is
associated with the metabolic syndrome (central obesity, hypertension, dyslipi-
demia and insulin resistance). The true prevalence and severity of NAFLD is
unknown because of problems with standardisation of disease definition, diag-
nostic modalities and variations by ethnicity. However, prevalence ranges from
3%–77% in obese children and adolescents have been quoted [42]. Additionally,
the natural history of paediatric NAFLD is not established as long-term stud-
ies are lacking. Current evidence suggests that a minority of adolescents with
NAFLD develop progressive liver disease, leading to liver failure or transplanta-
tion, and this is most likely in patients with advanced fibrosis at baseline [43].

MUSCULOSKELETAL COMPLICATIONS
There is increased awareness that child and adolescent obesity may not only lead
to major orthopaedic complications, such as slipped capital femoral epiphyses
(where the developing head of the femur shifts backwards resulting in a weak-
ened hip joint) and tibia vara (Blount disease, progressive bowing of the legs),
but also a number of other issues involving the whole of the musculoskeletal sys-
tem. Compared with normal-weight peers, obese children and adolescents have
a higher incidence of musculoskeletal pain (eg back pain, lower limb pain es-
pecially knees and feet), and genu valgum (knocked knees), greater hinderance
to lower limb functioning and gait, and increased risk of fractures (as obese
children generally have reduced bone mass after adjusting for size and often vit-
amin D deficiency as well) [44]. Slipped capital femoral epiphyses, a debilitating
condition of the hip joint requiring surgical intervention, is significantly associ-
ated with obesity: up to 80% of cases of slipped capital femoral epiphyses are
associated with obesity. Unfortunately, weight loss does not resolve the condi-
tion, although it helps alleviate the severity and potential for developing bilateral
disease. Likewise Blounts disease is strongly associated with increased weight
whereby weight loss alleviates but does not resolve the condition [44].

POLYCYSTIC OVARY SYNDROME
Obese adolescent girls are at risk of polycystic ovary syndrome (PCOS), a syn-
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drome of elevated androgen levels and ovulatory dysfunction. The prevalence
appears to be increasing. It is associated with obesity, insulin resistance, and
other elements of the metabolic syndrome. It should be suspected in girls, with
hirsutism or severe acne and/or menstrual irregularity, especially if they have
obesity and insulin resistance [45]. There is mounting evidence that females with
PCOS are at increased long-term risk of endometrial cancer (if PCOS is un-
treated), cardiovascular and metabolic complications later in adulthood. PCOS is
also the most common cause for infertility.

IDIOPATHIC INTRACRANIAL HYPERTENSION
Idiopathic intracranial hypertension (also known as pseudotumour cerebri), is
more prevalent in obese children and adolescents, although more so in obese ado-
lescents rather than younger children [46]. It is a rare condition which can cause
severe visual impairment or blindness and presents with headaches and a range
of potential symptoms.

SKIN PROBLEMS
Obesity is associated with a number of skin manifestations, including acanthosis
nigricans, in association with insulin resistance. Acanthosis nigricans appears as
hyperpigmented, velvety-thickened skin most often seen on the neck, in the ax-
illae, groin, knuckles or knees. It may be mistaken for a dirty neck and may
be a cause of embarrassment in more marked cases. Treatment of the insulin
resistance, either by weight loss or pharmacologically, results in reduction or res-
olution of the manifestation. Other skin complications associated with obesity
include striae (stretch marks) and a tendency for fungal infections (intertrigo) in
areas where moisture is trapped, such as in skin folds.

OTHER MEDICAL COMPLICATIONS
The above list of obesity-associated complications is not exhaustive. Additional
complications such as gastro-oesophageal reflux disease, constipation, daytime
wetting and nocturnal enuresis (bedwetting), nutritional deficiencies, gallstone
formation and bulimia are all problems that are either exacerbated by the associa-
tion of obesity or have an increased prevalence in overweight and obese children
and adolescents. Moreover, seemingly less major difficulties, such as an inability
to attend to personal hygiene or reach to tie one’s shoelaces, can result from be-
ing obese and have a major impact on quality of life.
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CONCLUSION
Childhood and adolescent obesity is a multifactorial, multisystem disease, the
prevalence of which has been rising exponentially in recent decades. A consid-
erable body of evidence exists highlighting the significant adverse health-related
impacts of childhood and adolescent obesity. Recognised obesity-related com-
plications range from psychosocial issues, these being the most prevalent, to
medical ailments such as insulin resistance, hypertension and non-alcoholic fatty
liver disease. Importantly, the adverse effects may not only have immediate im-
plications but also can affect health in the longer term, independent of adult
obesity. As childhood obesity tends to persist into adulthood, the risk of obesity-
related morbidity and mortality is further increased. However, a reduction in total
body fat has the potential to alleviate or resolve the adverse health outcomes, thus
appropriate assessment and management of such children and adolescents is war-
ranted.
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11
Child and adolescent obesity in Asia

Mu Li1 and Michael J Dibley

Childhood obesity is a rapidly growing public health problem in developing
countries. World Health Organization estimated that in 2010, of 43 million
overweight/obese children worldwide, about 35 million of them were living
in developing countries. In this chapter we will present case studies on
what is happening in Vietnam, Indonesia, Thailand and China, the devel-
oping countries in the Southeast and East Asia that are undergoing rapid
socioeconomic development and urbanisation. We will also explore the
possibilities of what the governments and communities can do to address
the emerging childhood obesity epidemic in these countries.

Although high rates of childhood obesity have been evident for some time across
North America, Europe, and parts of the Western Pacific, including Australia [1],
in recent years lower- and middle-income countries have joined the trend. As a
result, the absolute number of children who are overweight or obese is now much
higher in developing than developed countries [2]. At the end of 2010, 43 million
preschool-aged children were overweight or obese – a prevalence of 6.7%, up
from 4.2% in 1990 globally [3]. The World Health Organization (WHO) has de-
clared childhood obesity ‘one of the most serious public health challenges of the
21st century’ [4]. Overweight and obesity in childhood are not simply ‘shrugged
off’ in adulthood. Longitudinal studies show that when acquired early, over-
weight and obesity can have serious adverse effects in later life, such as metabolic
and cardiovascular risks [5, 6, 7]. Importantly, obese children have a 25%–50%
risk of progressing to obesity in adulthood, and this risk may be as high as 78%
in obese adolescents [5].

This chapter reports on the background of a Regional Collaboration for
Childhood Obesity Prevention Research program, funded by AusAID (the Aus-
tralian Government’s Overseas Aid Program), with participants from China,

1 Sydney School of Public Health, University of Sydney.

209



Vietnam, Indonesia and Thailand. These countries have enjoyed rapid economic
growth in recent decades (Table 1), with increased gross national income and
family disposable income which are accompanied by a shift from under- to over-
nutrition [8, 9, 10, 11, 12]. Childhood obesity has become a major public concern
in these countries. In this chapter we will review prevalence and trend data from
these four countries, discuss the similarities and differences, and highlight so-
cial, behavioural and environmental factors associated with the rapid growth of
childhood obesity. We will also explore intervention strategies for the East and
Southeast Asia region.

Table 1. Income (GNI per capita) and level of urbanisation by country*

Thailand China Indonesia Vietnam

Income level Upper Mid-
dle

Upper Mid-
dle

Lower Mid-
dle

Lower Mid-
dle

GNI per capita 4210 U$ 4260 U$ 2580 U$ 1100 U$

2009 Urban population
(%)

34 44 53 28

* Based on World Bank 2010 data

DEFINITIONS OF CHILD AND ADOLESCENT
OVERWEIGHT AND OBESITY

Unlike the situation in adulthood, body mass index (BMI; weight/height2) dif-
fers, physiologically, by age, sex and development stage in children and adoles-
cents. Thus, BMI rises in the first year, falls during preschool years, reaching its
lowest point between four to seven years, before rising once more into adoles-
cence and adulthood. Because of this, the standard definition of overweight and
obesity in adulthood cannot be used when describing the paediatric population.
Several different ways of defining child and adolescent overweight and obesity
are commonly used (Table 2), with no one universal consensus definition hav-
ing been agreed upon. Some of the currently used international definitions are
described below. They are mainly based upon BMI, but have used somewhat dif-
ferent approaches for defining the cut-off points for healthy weight, overweight
and obesity.

Table 2 Different definitions of child and adolescent overweight and obesity

International Obe-
sity Task Force

World
Health Or-

World Health
Organization

World Health Orga-
nization
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ganization

IOTF reference
(Cole et al, 2000)

WHO refer-
ence (WHO
1995)

WHO refer-
ence (WHO
2006)

WHO reference
(WHO 2007)

Age Age 6-19 y 0-5 y 5-19 y

Data and
reference
populations

Survey data from
the US, Brazil,
Britain, Hong Kong,
Singapore and the
Netherlands

US
NHANES I
data based
on NCHS
1977 refer-
ence

Data from
Brazil,
Ghana, India,
Norway,
Oman, and
the US

US NHANES I data
based on NCHS 1977
reference + < 5 child
growth standards
samples

Overweight BMI-for-age cut-
offs derived from
BMI – age curves
passed BMI of 25 at
age 18

BMI 85th
percentile

BMI > =+
2SD

BMI > =+ 1SD

Obesity BMI-for-age cut-
offs derived from
BMI – age curves
passed BMI of 30 at
age 18

BMI 95th
percentile

BMI > =+
3SD

BMI > =+ 2SD

The International Obesity Task Force definition
The International Obesity Task Force (IOTF) has recommended BMI cut offs-
based on the centile curves that at age 18 pass through the adult cut-off points
of 25 kg/m2 and 30 kg/m2 to define overweight and obesity among children and
adolescents. In 2000, Cole and his colleagues, on behalf of the IOTF, published
a table of age- and sex-specific cut-off points based upon a compilation of na-
tionally representative cross-sectional growth studies from six countries – Brazil,
UK, Hong Kong, the Netherlands, Singapore, and the US [13]. These cut-off
points are useful in epidemiological research to classify overweight and obesity
and for international comparison of trends in overweight and obesity. This IOTF
definition also provides continuity between the childhood and adulthood defini-
tions of overweight and obesity.

The World Health Organization reference
In 1995 a WHO Expert Committee recommended that the sex- and age-specific
BMI 85th and 95th percentiles in the BMI for age reference charts developed by
Must et al. [14] be used to define overweight and obesity for adolescents aged ten
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to 19 years, and that obesity in children aged less than ten years be defined as
weight-for-height z-score >2 [15]. This definition has now been superseded, al-
though published papers may refer to it.

The WHO Child Growth Standard and the WHO growth
reference for school-aged children and adolescents

The WHO has subsequently recommended two other approaches to defining
overweight and obesity in the paediatric population, depending upon the age of
the child. For children aged from birth to 59 months, the new WHO Child Growth
Standard for children [16] is based on the WHO Multicentre Growth Reference
Study which looked at the growth of healthy children from Brazil, Ghana, India,
Norway, Oman, and the US. Overweight and obesity are defined as the pro-
portion of children with BMI-for-age values >2 standard deviations (SDs) and
greater than 3 SDs, respectively, from the WHO Child Growth Standard median
[17].

For five- to 19-year-olds, the WHO growth reference (2007) is a reconstruc-
tion of the 1977 National Center for Health Statistics/WHO reference [18, 19].
Overweight, obesity and severe obesity are defined as the proportion of children
with BMI-for-age values >1 SDs, >2 SDs and >3 SDs respectively, from the
World Health Organization Growth Reference median [19].

Thus, there remains considerable variation in the approaches to defining
overweight and obesity in the paediatric age group. And, as you will see below,
other definitions are also being used in individual countries. This highlights the
importance of knowing what definition is being used, especially if comparisons
are made between different countries or different studies. Importantly, when
looking at trends over time, then it is important to use the same definition at the
different time points.

WHAT’S HAPPENING? CHILDHOOD OBESITY
SITUATION BY COUNTRY

THAILAND: CHILDHOOD OBESITY PREVALENCE
AND TRENDS

There have been two nationally representative surveys for obesity in children
aged two to 12 years in Thailand, the Second National Health Examination Sur-
vey in 1997 and the National Child Health Survey in 2001 [20]. Over these four
years, there was a substantial rise in obesity prevalence, as defined using the Thai
growth reference (developed in 1995 and based on weight-for-height percentile)
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[21]. Obesity prevalence in preschool-aged children (two to five years) increased
from 5.8% in 1997 to 7.9% in 2001. It increased to a lesser degree in children
aged six to 12 years: from 5.8% to 6.7% [20]. Obesity was much more prevalent
in children living in urban areas.

A recent nationwide survey involving 47 389 grade six primary school chil-
dren in urban settings found that 16.7% children were overweight or obese [21].
The results were echoed by a study of preschool-aged children (four to six years)
in central Thailand. Using the Thai growth reference, the prevalence of over-
weight (defined as BMI between the 90th and 97th percentile) was 16.1% in the
urban group and 8.7% in rural group, and the prevalence of obesity (BMI greater
than the 97th percentile) was 22.7% in the urban group compared with 7.4% in
the rural group [22].

The prevalence of childhood obesity appears to be relative to the level of de-
velopment of the region. For example, the prevalence of childhood overweight
(defined this time as weight-for-height z-score greater than 2 SDs) in seven-
to nine-year-old school children in Knon Kaen Municipality, in northeast Thai-
land, was 10.8% [23], compared with 15.6% in children (six to 12 years old; this
time defined as BMI >85th percentile for age and sex) from Hat Yai, in south-
ern Thailand, an economically advanced metropolitan region [24]. It is noticeable,
however, that different references were applied in these studies, and hence direct
comparisons cannot be made.

In a five-year follow-up study tracking overweight from childhood to adoles-
cence in Hat Yai, Mo-Suwan et al. [25] found that children who were overweight
in childhood were more likely to be overweight as adolescents. Overall 11.8%
children remained overweight, with a higher proportion of boys (13.9%) than
girls (10.1%).

Social, behavioural and environmental factors associated
with childhood obesity

Several studies have examined the social determinants of childhood obesity in
Thailand. Socioeconomic status (SES), as measured by parents’ education levels
and monthly household income levels, are positively associated with increased
risk [22, 25, 26]. Thus, children of parents with high education levels or high
household incomes are more likely to have a high BMI. Other factors such as a
high BMI for father or mother, a family history of obesity and physically inactiv-
ity are also associated with increased child BMI [25].
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CHINA: CHILDHOOD OBESITY PREVALENCE
AND TRENDS

School-aged children and adolescents
In China, there are two nationally representative data collection systems. The
China National Survey on Students’ Constitution and Health (CNSSCH) is a na-
tional initiative by the Ministries of Education, Health, Science and Technology,
State National Affairs and State Sports Administration. It started in 1985 and is
repeated every five years for school-aged children and adolescents (aged seven to
18 years). The available data from the 1985, 1995, 2000 and 2005 surveys show
that the prevalence of overweight and obesity (using the Group of China Obesity
Task Force definition, BMI 85th to 95th and BMI greater than 95th percentile)
[27] has steadily increased from 1985. The changes were particularly remarkable
in seven- to 12-year-old boys from urban settings, with the prevalence of over-
weight increasing dramatically from 1.7% to 25%, and that of obesity from 0.1%
to 11.7%, between 1985 and 2005 [28]. A geographic gradient has also emerged
from the CNSSCH data. The prevalence of overweight and obesity is highest in
children from the most advanced metropolitan centres such as Beijing and Shang-
hai and other coastal large cities, followed by the medium/small coastal cities,
then the inland big cities, and finally the medium/small inland cities [29]. This
suggests that the childhood obesity epidemic in China is largely driven by eco-
nomic and social development, and it is still at its early stage. The China National
Nutrition and Health Surveys (CNNHS) have been carried out every ten years
since 1982. The 1982, 1992 and 2002 data (analysed using the IOTF definition
for obesity) for school-aged children (aged seven to 17 years) revealed very simi-
lar results to the CNSSCH. The prevalence of childhood obesity was low in early
1980, but there was a threefold increase over the subsequent 20 years [30].

The China Health and Nutrition Survey (CHNS) is a longitudinal subnational
study carried out in nine provinces in the eastern part of China since 1991 with
the most recent data being from 2006. The trend data show that the mean BMI
of seven- to 17-year-old Chinese children and adolescents has increased steadily
from 17.4 kg/m2 (95% CI: 17.3, 17.5) in 1991 to 18.3 kg/m2 (95% CI: 18.1, 18.5)
in 2006, after adjusting for age, sex and urban/rural residence. There was a corre-
sponding increase in overweight and obesity prevalence (IOTF definition) during
the same period, from 5.2% to 13.2% [31]. The results from this dataset were
higher than those obtained from the CNNHS, despite the same reference cut-off
points being used. One of the explanations is that this is not a nationally represen-
tative sample, and that the economic development in the provinces in the eastern
part of China sampled is relatively advanced.

A number of provincial and municipal levels studies have also shown similar
patterns. Based on analysis of the CNSSCH data, the overall prevalence of over-
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weight and obesity in seven- to 18-year-olds from Shandong Province, in eastern
China, increased from 2.2% in 1985 to 31.2% in 2010 for boys and from 2.3%
to 19.1% for girls, using the Chinese weight-for-height criteria [32]. In a cross-
sectional survey conducted in 2004 [33] among 1800 junior high school students
(aged 11 to 17 years) in Xi’an Metropolitan area, in northwest China, the overall
overweight and obesity prevalence (using the IOTF definition) was 16.3%, with
a significant sex difference: 19.4% for boys and 13.2% for girls. The prevalence
was higher in children living in urban area and from rich families.

Preschool-aged children (under seven years)
Although there are no national representative data for assessing childhood obesity
in younger children, the nine cities epidemiological surveys, carried out by the
Coordinating Group of Nine Cities Study on the Physical Growth and Develop-
ment of Children in 1986, 1996 and 2006, provide trend data on children under
seven years of age [34].The nine cities are Beijing, Harbin and Xi’an in the north,
Shanghai, Nanjing and Wuhan in the central region and Guangzhou, Fuzhou and
Kunming in the south. The 2006 survey included 112 945 children. Using the Na-
tional Centre for Health Statistics/WHO reference (weight-for-height >10% and
>20%), the overall prevalence of overweight and obesity was 6.3% (6.6% for
boys and 5.9% for girls) and 3.2% (3.8% for boys and 2.5% for girls) respectively
[34]. Compared with the 1986 results, the prevalence of overweight nearly tripled
in 20 years, with an average annual increase of 6.9% [34].

Another subnational survey began in 1986 in children aged zero to six years
covering 11 cities in the east, central and southern regions. There have been two
subsequent surveys with a ten-year interval. The most recent survey was in 2006,
with total sample size of 84 766 [35]. The prevalence of overweight and obesity
(WHO Child Growth Standard; BMI greater than 1 SD and greater than 2 SD)
was 19.8% (22.2% for boys and 17% for girls) and 7.2% (9.9% for boys and 5.3%
for girls), respectively. Due to the different definitions used, the data for similar
age groups in the two 2006 surveys are not comparable. In fact, there was a three-
fold difference for the overweight prevalence and more than twofold difference
for obesity prevalence. Nevertheless, both surveys have consistently shown that
overweight and obesity prevalence is higher in boys than in girls.

A similar sex difference was found in Shanghai; the obesity rate (National
Centre for Health Statistics /WHO reference, with weight-for-height greater than
20%) in 5188 kindergarten children (aged from three to six years) was 8.3%, with
10.3% for boys and 7.1% for girls [36].

In a large sample study involving 262 738 preschool children (aged from 3.5
to 6.4 years) in three provinces (Hebei in the north, Zhejiang and Jiangsu in the
south), the overall prevalence of overweight and obesity (IOTF definition) was
7.4% [37]. However, unlike the findings in the two large scale subnational surveys
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described above, the prevalence of overweight/obesity was higher for girls (7.8%,
95% CI: 7.1, 8.0) than for boys (6.9%, 95% CI: 6.8, 7.1). An interesting finding
from this survey is that the children residing in rural areas, both north and south,
had a relatively higher risk of being overweight/obese compared with children
from urban settings in the south (adjusted relative risk = 2.58, 95% CI: 2.43, 2.73;
and relative risk = 1.15, 95% CI: 1.09, 1.21; respectively). The possible explana-
tions of the difference of the prevalence of overweight/obesity between children
from rural areas of north and south include differences in genetic factors and di-
etary habits. Furthermore, Zhejiang and Jiangsu are two of the most developed
coastal provinces. The small difference in overweight/obese prevalence between
rural and urban children from the south may be attributed to the narrowing gap
of living standards and lifestyle between rural and urban population in the more
economically advanced areas in China.

Social, behavioural and environmental factors associated
with childhood obesity

In general, due to the disparities in economic and social development, childhood
obesity prevalence is higher in urban than rural settings [28, 29, 38]. A study
from Xi’an reported that adolescents from wealthier families, or whose parents
were overweight or obese, or those who had permission to purchase snacks with
pocket money, were 1.7, 1.8 and 1.5 times more likely to be overweight/obese,
respectively, than their counterparts [38]. Risk factors identified in boys included
consuming sweetened soft drink four or more times/week (odds ratio [OR] = 1.6)
or more than 1100 ml/day (OR = 1.9) and higher levels of energy consumption
(medium to high-energy intake OR = 1.5 and 1.9, respectively) [38, 39]. Inter-
estingly, having a mother with tertiary education was associated with a higher
prevalence of overweight/obesity in boys (OR = 2.2) but not in girls [38]. Having
breakfast outside the family home was a stronger dietary risk factor in girls only
(OR = 1.7, 95% CI 1.1–2.3) [39].

In the 2004 study on obesity and metabolic syndrome among 21 198 children
(two to 18-year-old) in Beijing [40], obesity (after adjustment for age, sex, puberty
and residential area) was significantly associated with a range of factors. These
include: being physically inactive (less than one hour/day physical activity, in-
cluding physical education class, physical activities after school, walking or bike
riding to and from school), spending two or more hours per day watching TV, on
the computer or playing video games, snacking frequently (three or more times/
week), consuming Western fast foods or having reduced hours of sleep (<10
hours for six- to 12-year-olds and <8.5 hours for 13- to 18-year-olds). However,
there was no significant association between obesity and consumption of sweet-
ened beverage [40].

The reported risk factors from the nine cities epidemiological survey and
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other studies for obesity in preschool-aged children (birth to seven years) in-
cluded having a good appetite and fast eating [34], high parental BMI or parental
overweight [34, 41], maternal overweight [41], watching more than two hours a
day of TV [34, 41], lower maternal education level [41, 42] and a lower paternal
education level [42]. In infants and young children (aged one to 35 months), a
higher total energy intake, formula feeding in the first four months and introduc-
tion to semi-solids before four months of age were significantly associated with
overweight [42]. Other factors such as caesarean section birth [34], birth weight
more than 3000 grams [43], sleeping less than 11 hours/night [44] were associated
with overweight or obesity in children in this age group.

INDONESIA: CHILDHOOD OBESITY PREVALENCE
AND TRENDS

Data from the National Basic Health Research in 2007 showed that overnutrition
existed among all age groups in Indonesia [12]. In children under five years, 12%
were overweight (WHO Child Growth Standard BMI >2 SD), which was very
close to the prevalence of undernutrition in the same age group (14 %, WHO
weight-for-height less than –2 SD). In six to 14-year-olds, the prevalence of obe-
sity (WHO Growth Reference BMI greater than 2 SD) was 10% and 6% for boys
and girls, respectively. In the 15 years and above age group, the combined over-
weight and obesity (defined as BMI between 25 to 27 kg/m2 and >27 kg/m2

respectively) was 19%. As found in other countries, in the six- to 14-year-old age
group, the prevalence of overweight was higher in children living in urban areas
than in their rural counterparts: 11% for urban boys vs 9% for rural boys, and 7%
for urban girls vs 6% for rural girls [12].

Although these nationally representative data were only collected recently,
overweight and obesity among primary school-aged children have been docu-
mented earlier [12, 45]. In a cross-sectional study involving 3000 pre-pubertal
school-aged children from Central Java, the overall prevalence of overweight
was 2.7% (IOTF definition). The prevalence of overweight in the non-poor urban
group was 4.9%, which was five times higher than the rural group [46]. Obesity
prevalence was higher for boys than for girls, but no sex difference for over-
weight prevalence was found. The Yogyakarta five-year (1999 to 2004) tracking
study from pre-pubertal children to adolescents found that the prevalence of over-
weight (US Centers for Disease Prevention and Control reference BMI 85th to
95th percentile) and obesity (BMI ≥95th percentile) increased from 4.2% and
1.9%, to 8.8% and 3.2% respectively, over this time [47]. Moreover, all obese
children stayed obese over the five-year period, and 85% of the overweight chil-
dren remained overweight [47].
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Social, behavioural and environmental factors associated
with childhood obesity

The reported factors associated with overweight and obesity from Indonesia in-
clude urban (versus rural) residence and higher family income levels, as seen in
Thailand and China. Children from non-poor urban families had a higher risk of
becoming overweight or obese [46].

VIETNAM: CHILDHOOD OBESITY PREVALENCE
AND TRENDS

Adolescents
Systematic national data on the prevalence of child and adolescent obesity are not
available in Vietnam. The reported studies are from Ho Chi Min City (HCMC), in
adolescents as well as preschool-aged children. Two recent epidemiological sur-
veys conducted in 2002 and 2004, in junior high school students (aged from 11
to 16 years) that revealed a rapid decline in the prevalence of underweight (US
Centers for Disease Prevention and Control growth reference BMI Z-score less
than −2 SD) halved in just these two years. At the same time, the overall preva-
lence of overweight and obesity (IOTF definition) more than doubled, from 5.9%
to 11.7% and from 0.7% to 2.1%, respectively [48]. The increase in prevalence of
overweight and obesity was particularly marked in boys, from 7.8% (95 CI: 3.2,
17.9) and 1.2 (95% CI: 0.3, 4.0) in 2002 to 16.2% (95% CI: 13.3, 19.5) and 3.1
(95% CI: 2.2, 4.4) in 2006, especially in the younger age groups. Furthermore,
the largest increase was seen in boys from wealthiest families. These findings are
similar to results from the study in Xi’an, China [33].

Preschool-aged children
The 2005 cross-sectional survey of a representative sample of 670 preschool-
aged children (aged from 48 to 65 months) in urban areas of HCMC [11] found
a remarkably high prevalence (IOTF definition) of overweight (20.5%, 95% CI:
17.5, 24.3) and obesity (16.3%, 95% CI: 13.2, 20.4). The prevalence trend be-
tween 2002 and 2005 in preschool-aged children in HCMC are consistent with
the findings for adolescents [48]. The total prevalence of overweight/obesity in
preschoolers almost doubled from 2002 to 2005 (21.4%, 95% CI: 17.5, 25.8 and
36.8% 95% CI: 32.0, 41.8 respectively). The increase was greater for boys (from
22.6% to 40.8%) than for girls (from 20.4% to 32.8%) and of particular interest
was the increase in the less wealthy districts: from 16.9% (95% CI: 13.3, 21.2)
to 35.9% (95% CI: 29.4, 42.9) in three years [49]. However, unlike the findings
reported by Hong et al. [48] for adolescents, there was no significant difference
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in the level of overweight/obesity for children from poor and rich families.

Social, behavioural and environmental factors associated
with childhood obesity

Significant associations have been demonstrated between childhood overweight/
obesity and family social status (fathers having secondary school or above ed-
ucation, fathers working as professionals, and mothers having government em-
ployment), both parents having a BMI ≥23 kg/m2 [

50
], one or both parents being

overweight [49], children being from wealthy families and having a birth weight
≥4000 grams [11]. Prolonged breastfeeding and longer duration of sleeping at
night have a protective effect [11]. Many of these factors have also been identi-
fied in studies from Thailand and China.

COMMON CHARACTERISTICS OF CHILDHOOD
OBESITY AMONG THE FOUR ASIAN COUNTRIES

AND DIFFERENCES FROM THE WEST
The common characteristics of childhood overweight and obesity in Thailand,
China, Indonesia and Vietnam include the:

• rapid increase in prevalence, especially in younger age groups
• sex difference in prevalence, highest in younger boys
• rural/urban residence differences in prevalence of overweight/obesity
• higher prevalence of overweight and obesity amongst children from house-

holds with higher economic status.

However, since the definitions used to define overweight and obesity vary from
country to country, and from study to study, direct comparison of epidemiological
data across countries is extremely difficult.

In contrast to what has been shown in these four Asian countries, the preva-
lence of childhood obesity appears to be plateauing in a number of developed
countries, including Australia [51, 52, 53]. No sex differences in the prevalence of
overweight/obesity in children and adolescents have been found in the UK [54],
US [52] and Sweden [55]. It has been suggested that the higher prevalence in boys
in Asia is at least partially related to a societal view that favours boys over girls
[48] and the traditional cultural belief that a fat child symbolise the prosperity of
the family [31]. The socioeconomic gradient in relation to prevalence, including
the urban/rural disparity, suggests that the childhood obesity epidemic in coun-
tries undergoing economic transition is driven by the environment and lifestyle
to which the children are exposed. For instance, in urban areas of Asian coun-
tries it is common for both parents to work fulltime, having little time to prepare
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nutritious foods. In particular, children from higher income families tend to eat
out more, including Western-style fast food, and often have pocket money to buy
snacks [38]. This is a different pattern from developed countries where childhood
obesity is more prevalent in lower socioeconomic status families [54, 56].

DISEASE CONSEQUENCES OF CHILDHOOD
OBESITY

In adults, the cut-off values defining overweight or obesity are based on the
related disease risk. There are no risk-based BMI values for children and ado-
lescents, largely due to the time span between childhood obesity and when the
adverse outcomes may occur [57]. Nevertheless, a body of evidence has shown
a strong association between childhood obesity and major cardiovascular dis-
ease risk factors, such as diabetes, hypertension and metabolic syndrome (MetS)
in children and adolescents. The tracking studies from Thailand and Indonesia
clearly demonstrate that there is a strong tendency for overweight and obese chil-
dren to remain overweight or obese into adolescence. This tendency, of course, is
not confined to Asian countries [58, 59].

In a study that reviewed medical records of diabetic patients in the Division
of Paediatric Endocrinology, Faculty of Medicine, Siriraj Hospital in Hat Yai,
south Thailand, children and adolescents diagnosed with type 2 diabetes in-
creased from 5% in the mid 1980 to mid 1990s to 17.9% in the late 1990s [60].
This coincided with the increase of obesity prevalence from 5.8% to 13.3% [60].
The mean age of diabetic children was 11.6 years with a mean BMI of 27.8 kg/m2

[60]. In the 2006 nine cities epidemiological survey conducted in China, both the
systolic (SBP) and diastolic (DBP) blood pressure of children aged three to six
years were higher in obese children than in children of normal bodyweight [35].
Based on data analysis from the 2002 Chinese National Health Survey, over-
weight and obese adolescents (aged 15 to 17.9 years, the Group of China Obesity
Task Force definition) were 3.3 and 3.9 times more likely, respectively, to have
high blood pressure than their normal-weight peers, with systolic and diastolic
blood pressure being about ten and five mmHg higher than in those of normal
weight [61, 62]. Type 2 diabetes was found in 0.2% of seven-to 12-year-olds and
0.4% of 12-to 18-year-olds. As many as 62% of children and adolescents had dys-
lipidaemia or other lipid profile abnormalities [62]. Overweight was a risk factor
for hyperglycaemia (OR = 2.3, 95% CI: 1.0, 5.4). More alarmingly, overweight
and obesity were associated with high dyslipidaemia (OR = 1.5, 95% CI: 1.2, 1.9
and OR = 1.8, 95% CI: 1.3, 2.5 respectively), high triglyceride (OR = 1.9, 95%
CI: 1.5, 2.4 and OR = 3.3, 95% CI: 2.4, 4.5 respectively), high SBP (OR = 3.4,
95% CI: 1.5. 7.5 and OR = 5.0, 95% CI: 1.5, 16.4 respectively), high DBP (OR =
2.7, 95% CI: 1.5. 4.8 and OR = 3.1, 95% CI: 1.2, 8.1 respectively) and MetS (OR
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= 15.4, 95% CI: 6.8. 34.8 and OR = 47.9, 95% CI: 16.0, 143.1 respectively) [62].
Two recent publications reported on survey results of MetS, using the In-

ternational Diabetes Foundation definition [63], in children and adolescents from
Guangzhou, China [64] and HCMC, Vietnam [65]. The overall prevalence of the
metabolic syndrome in seven- to 14-year-olds from Guangzhou was 6.6%, and
much higher in overweight (20.5%) and obese (33.1%) children [64]. Similarly,
the metabolic syndrome was more prevalent in overweight/obese children from
HCMC. Being physically active was associated with a lower odds of develop-
ing the metabolic syndrome [65]. These findings illustrate that childhood obesity
poses immediate consequences to child and adolescent health.

THE POSSIBILITY FOR INTERVENTION: WHERE
TO START?

Childhood obesity is a complex problem with no easy solution. The results of
many intervention studies aimed at preventing obesity in school-aged children
remain inconclusive due to lack of long-term follow-up [66]. Indeed, Li et al.
[67] conducted a systematic review of school-based intervention studies for the
prevention or reduction of excess weight gain among Chinese children and ado-
lescents and found that most of the published studies (lasting between ten weeks
to three years) were uni-dimensional, mostly focusing on improving knowledge,
physical activity levels and/or diet. None of the trials demonstrated convincing
efficacy. In 2009 WHO published a systematic review, ‘Interventions on diet and
physical activity: what works?’ [68], which examined close to 400 publications
between 1995 and 2005. The authors showed that multi-component interventions
involving the family, school, community and government, and interventions that
are adapted to the local context were the most successful [68, 69, 70]. Unfortu-
nately, the representation of studies from low-middle income countries in the
WHO review was extremely low (less than 13%). This highlights the urgent need
for well-designed intervention programs to be implemented in low and middle-
income countries. In the meantime, the extent to which examples of successful
programs for reducing childhood obesity in developed countries could be adapted
to the context of low- and middle-income countries, should be explored.

At the national level, Singapore’s experience can provide some insight into
national intervention programs within an Asian country that shares a similar so-
cial and cultural background and dietary patterns. Although the prevalence of
childhood obesity in Singapore was not as high as in the countries described in
this chapter, concerns about obesity-related morbidities had prompted the gov-
ernment to introduce national health promotion and disease prevention policies
and programs from the early 1990s [71]. Specific policies and programs were de-
veloped for populations in different settings, including schools, communities and
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workplaces. Several programs were targeted at school-aged children. The Trim
and Fit program was one of the longest running programs (1992 to 2006), and
aimed to reduce obesity prevalence and to increase children’s fitness level. Al-
though the program achieved its overall goals, it also raised concerns about the
extra pressure that overweight and obese students were subjected to, as well as
stigmatisation towards them, as a result of the way in which that particular pro-
gram was implemented. The program was terminated in 2006 and replaced by
the Holistic Health Framework program [72]. The important point here is that na-
tionwide programs in Singapore were implemented by government in order to
prevent and control overweight and obesity in the population, in a similar man-
ner to national strategies for controlling communicable diseases [71]. The Thai
government has recently endorsed its national obesity prevention plan. This na-
tionwide approach to the problem is a step in the right direction.

At the community level, one successful Australian example of an obesity
prevention program is the Romp & Chomp project. This four-year obesity
demonstration program was targeted towards preschool children aged less than
five years, and their families, in two communities in Victoria [69]. It was de-
signed, planned and implemented as a partnership by a range of government and
non-government organisations [73].The intervention led to a significantly lower
intake, by children, of packed snacks and sweet drinks, as well as a significantly
higher frequency of vegetable intake. An evaluation of early childhood environ-
ments undertaken as part of this study found that no sweet drinks were being
offered in any of the early childhood settings. Healthy eating policies and healthy
food guidelines were implemented, and there was an increase in the availabil-
ity of nutrition and physical activity resources [73]. This project demonstrated
that a whole-community and settings-based approach can create environments for
young children that are less obesogenic and that promote healthy weight from
early age. More importantly, it shows that actions can be taken to prevent child-
hood obesity.

CHALLENGES AND OPPORTUNITIES
There are a number of challenges and opportunities in addressing the rising
prevalence of overweight and obesity among children and adolescents in Asia.

1. There is an important need to gather quality nationally representative epi-
demiological data in all countries in order to monitor trends over time and to
inform decision-making in policy development and intervention programs.
Currently, China has national data collection systems in place; while Thai-
land and Indonesia have collected nationally representative data through the
Thai National Child Health Survey (2001) and the Indonesian Basic Health
Research (2007); Vietnam has the national child nutrition surveillance pro-
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gram, which is still orientated towards the surveillance of under-nutrition in
children aged <5 years. The challenge is to achieve a robust national data
collection system that can monitor the trends regularly and consistently.

2. It is important to determine the applicability of the international definitions
of overweight and obesity for Asian children and adolescents. Work is under
way to collate and analyse childhood obesity epidemiological data from the
four countries. The data and the national growth references (Thailand and
China) will be evaluated against the WHO Child Growth Standards and the
WHO Growth Reference for five to 19-year-olds, as well as the IOTF defin-
ition.

3. One of the biggest challenges is to determine the value of the current defin-
itions of childhood overweight and obesity in predicting disease risks. This
will need a monitoring system to track the development of non-communica-
ble diseases from childhood right into adolescence and adulthood.

4. Because countries in the region are facing similar issues, a regional approach
to prevention may be warranted. One of the opportunities for reseach collab-
oration is to gain a better understanding of the causative factors of childhood
obesity in Asian countries. We have already identified the role of food and
beverage marketing targeted at children as a research priority.

5. Evidence of effective intervention strategies and programs in countries un-
dergoing economic and nutrition transition is urgently needed. Further re-
search is needed to evaluate obesity prevention interventions in different age
groups and settings in transition countries. These interventions will need to
address the risk factors found in these countries.

CONCLUSION
As illustrated by data from Thailand, China, Indonesia and Vietnam, the child-
hood obesity epidemic in transition nations shows no signs of slowing down.
Although undergoing rapid economic growth these countries share with more de-
veloped countries some common social, behavioural and environmental factors
that are associated with a higher prevalence of childhood overweight and obesity.
There are also characteristics that are unique to the region, such as higher rates
of obesity in boys from wealthier families. It is important, therefore, to develop
policies and intervention programs that are culturally appropriate to prevent and
reduce rates of childhood obesity for the region.
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Ethics, policy and regulation





12
The ethical implications of interven-

ing in bodyweight
Stacy M Carter,1,2 Ian Kerridge, Lucie Rychetnik and Lesley King3

This chapter is about the ethical implications of health sector actions in-
tended to change individuals’ or communities’ weight. We consider these
implications using two hypothetical cases. The first is Megan, a 15-year-
old girl whose BMI is in the range defined as obese. She has been unable to
lose weight and her parents are considering seeking clinical help. The sec-
ond case is the population of the state where Megan lives, in which 35% of
adults and 15% of children are reportedly overweight, and 17% of adults
and 5% of children obese. The minister for health, prompted by these sta-
tistics, is determined to take action. What ethical issues are relevant for
Megan, her parents, and the health professionals they may consult? What
ethical issues are relevant for the citizens of the state, their minister for
health and their bureaucrats? How does a focus on the care of individu-
als impact on public health, and how might community-level interventions
affect people like Megan? Interventions designed to treat and prevent obe-
sity in individuals and in communities raise important ethical issues. These
issues are both distinct and overlapping; because the interventions have dif-
ferent goals, risks and benefits, moral compromise is always necessary. The
central task is to think through the ethical and philosophical issues before
action is taken: whether in clinical medicine or in public health. We present
ethical approaches that can assist in such reasoning.

In this chapter we examine the ethical implications of intervening in weight, and
the ethical difference between intervening in the weight of individuals and the
weight of populations. We discuss these issues via two cases: Megan, a hypothet-
ical 15-year-old girl, and Australia, the country where Megan lives. We conclude

1 Centre for Values, Ethics and the Law in Medicine, University of Sydney.
2 Sydney School of Public Health, University of Sydney.

3 Prevention Research Collaboration, Sydney School of Public Health, University of
Sydney.
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that there are distinct and overlapping ethical concerns at individual and popula-
tion levels, and that at both levels moral compromise is necessary. Both clinicians
and public health professionals need to consider the ethical issues and implica-
tions before action is taken. Using our two cases, this chapter provides examples
of such reasoning.

MEGAN
Megan is 15 and a high-school student. She is technically ‘overweight’: 165 cm
tall and 76 kg, with a body mass index of 27.9 kg/m2. Megan has always been
larger than many of her peers. As a young child Megan wasn’t aware of her
weight, but began to be self-conscious in primary school after being teased by a
fellow student for being fat. Since then she has become increasingly fearful of
bullying. Megan has two close friends, but other students often tease her during
breaks at school. In physical education classes she is often overlooked in team
selections and teased by fellow pupils.

Megan’s parents became worried about her weight when she was six. They
enrolled Megan in several team sports over the years, but she begged to be al-
lowed to discontinue each one: she felt uncoordinated and awkward and was
resented by teammates, who saw her as a liability. When she was ten, her parents
began putting her on diets. In the last four years she has tried a meal replace-
ment product, Weight Watchers, a grapefruit diet and the Atkins diet: each time
Megan lost weight but regained it. Friends, family members, teachers, or even
complete strangers frequently comment about Megan’s weight. When this hap-
pens, she thinks: ‘Don’t they realise? I already know I’m fat and I’m trying to
fix it!’ Megan’s parents worry about her future; they hear constant media reports
about health risks, depression and other problems associated with higher weights.

Someone suggests Dr Jim Spright – a general practitioner experienced in
managing overweight in adolescence – as a good starting point to ‘do something’
about Megan’s weight, and Megan’s parents decide to seek his professional ad-
vice.

The population in which Megan lives
Megan lives in a metropolitan city in Australia, where approximately 21% of
adults are considered obese and 35% overweight, and 25% of children aged
five to 17 overweight or obese [1]. The hypothetical health minister, prompted
by these statistics, public health officials and academics, decides that she wants
a formal overweight and obesity strategy. An Obesity Summit is convened to
discuss policy options. Academics, public servants, public health officials, com-
mercial weight-loss service providers, exercise industry representatives, food
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industry manufacturing and retail representatives, surgeons, endocrinologists and
general practitioners – including Dr Spright – are all invited.

Over the course of the summit, participants discuss many options. How
should food be labelled and marketed? Should marketing for some foods be
banned? Should healthy behaviours be mandated? Should health department
money be spent on projects with departments of public transport and urban plan-
ning? Should spending be focused on kids or on adults? What should be done in
schools? Should bariatric surgery be publicly funded, how and for whom? How
should social marketing be used, and what can it achieve? Their goal is to produce
feasible, acceptable recommendations for actions that will reduce the population
prevalence of overweight and obesity significantly by 2020.

INDIVIDUALS AND POPULATIONS AS A FOCUS
FOR ACTION

A distinction between intervening in the lives of individuals – like Megan – and
intervening in populations – like Australia – is fundamental to public health prac-
tice. An iconic statement of this was made by Geoffrey Rose in his 1985 paper
‘Sick individuals and sick populations’ [2]. Rose noted that within our population,
we tend to treat average states as ‘normal’, and deviation from such states as ‘ab-
normal’ [2]. We present to doctors as patients because we perceive ourselves to
be ‘abnormal.’ The goal of clinicians is to determine whether we are ‘abnormal’,
and if so, explain why. Rose argued that this is an investigation of why variation
occurs within a population [2]; in the case of weight, for example, a doctor tries
to determine why a patient is fatter than the rest of the population. This is done
through direct clinical interaction – a relatively intimate and proximal exchange.
The clinician’s problem-solving is based on examination of the patient and listen-
ing to the patient’s story, and can take into account many aspects of their lives.
The clinician attempts to determine causes for that individual, and achieve the
best outcome for them. This might require advocacy for that person against sys-
tems designed to ration services.

Rose argued that this important clinical process provides only partial under-
standing of health problems. If a causal factor is distributed evenly throughout a
population, everyone in that population is equally exposed to it. Thus a clinician
is unlikely to ‘see’ it as a causal factor for a patient like Megan, because, within
the doctor’s population of patients, it does not explain why some patients are thin
and others fat. The only way we can ‘see’ the effect of such an omnipresent fac-
tor is to compare a whole population that is heavier on average – say Australia
– with one that is leaner on average – say Japan [3]. To make such a compari-
son changes the key question from ‘Why do some Australian individuals weigh
more than their peers?’ to ‘Why is overweight more common in Australia and less
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common in Japan?’ These two explanations, Rose argued, may rest on different
causal factors [2]. This led Rose to distinguish between two kinds of interven-
tion: the ‘high-risk’ strategy, in which individual cases in the high-risk ‘tail’ of
a distribution were identified and treated, and the ‘population strategy’ where
root causes were identified and altered to potentially shift the entire distribution
slightly towards lower risk [2]. Although Rose noted strengths and weaknesses
of each, he proposed that the ‘population strategy’ could lead to a greater average
improvement in health because of its radical intervention in root causes for whole
populations.

Clinicians must act in the best interests of a patient, within a health system
inevitably constrained by resource limitations. In contrast, population health in-
terventions focus on whole populations, and public health policy-makers on
allocating resources to maximise efficiency; this means such policy-makers may
need to be less sensitive to the complexities of individuals’ lives, and more con-
scious of equity and opportunity cost across whole populations. In the clinical
case, the patient presents to the clinician and asks for treatment. In the case of
public health, the population is unlikely to have asked to have its ‘incidence’ re-
duced, making the rights and responsibilities of all involved less clear.

CLINICAL ETHICS AND PUBLIC HEALTH ETHICS
Ethics is the study of what should be done: a prescriptive, systematic analysis of
what is required for human wellbeing [4]. The descriptions above reveal the po-
tential for incompatibility between the ethics of clinical medicine and the ethics
of public health. They occur in a different milieu, take different objects, seek dif-
ferent objectives, and work from different information. It is perhaps unsurprising
then that the development of clinical ethics has been reasonably distinct from the
development of public health ethics.

Ethics has been a concern of the medical profession for over two millennia:
in this sense, medical ethics is not new. However the focus on ethical analysis and
reform of clinical medicine and biotechnology has intensified since the develop-
ment of bioethics in the 1960s [5]. Clinical ethics grew and developed during the
second half of the 20th century but during this period public health ethics was
relatively neglected [6, 7, 8]. Systematic attempts to establish an ethic for public
health began in earnest in the 21st century producing, for example, a specialist
journal [9], full-length books [10] and technical reports [11, 12].

APPROACHES TO CLINICAL ETHICS
A number of moral frameworks have been proposed to guide clinical decision-
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making, including casuistry (case-based reasoning), narrative ethics and the
ethics of care [4]. The most dominant framework, however, has been principle-
based ethics (sometimes referred to as ‘principlism’ [12]. Much-criticised, much-
revised and extremely influential, it focuses on four central and two derived
principles for ethical conduct (hence the name): respect for the autonomy of the
patient, beneficence (doing good for the patient), non-maleficence (not doing
harm to the patient), ensuring justice, veracity (practicing honestly) and respect
for the patient’s privacy and confidentiality. While each of these principles is im-
portant, they are, in themselves, not action-guiding and must always be specified
and balanced and supported by rules that describe their scope, authority and rele-
vant processes. Respect for autonomy, therefore, requires that a patient’s consent
is sought before commencing treatment, but does not demand that a patient’s de-
cisions always be respected, irrespective of the cost. Likewise, rules for consent
must be clearly articulated to outline who can consent, what capacities are re-
quired before one can consent, and what should be done where a person is unable,
because of illness, to consent. While this approach is deceptively simple, and may
obscure considered ethical critique, the fact that it provides a moral framework
that appears consistent with clinical practice has led to its widespread adoption
by the health professions.

APPROACHES TO PUBLIC HEALTH ETHICS
In contrast to clinical ethics, there is little consensus on the best approach to
ethics in public health, except for a general agreement that public health ethics
requires its own framework [7, 13]. To date the literature has suggested five key
issues in evaluating public health actions: benefits and harms of intervention (or
non-intervention), problem definition and telos (ultimate purpose), fairness and
distributive justice, process and procedural justice, and rights [5, 11, 14, 15, 16, 17,
18, 19, 20].

Maximising benefit, minimising harm
The framework most commonly associated with public health is utilitarianism,
a consequentialist and welfarist philosophical position that emphasises achieving
the greatest good for the greatest number of people. Utilitarians are firstly con-
cerned with the effectiveness or benefit of an intervention [5, 14, 17, 19, 21] and
the balance of any benefits to the attendant burdens [5, 14]. Possible concerns
here include coercion, infringement, intrusion or undermining of human rights
(see below) [11, 14, 16, 17] whether the response is proportional to the problem
[14], whether the action is necessary [14, 19], and the cost of the intervention,
including the opportunity cost [17, 19]. It is also important here to consider the
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quality of evidence on matters of ethical concern [15, 19, 20].

Problem definition and telos
Some writers emphasise the severity of the problem or risk addressed [17] and the
goals of intervention as key issues for ethical evaluation. More ethical interven-
tions are thought to relate to severe problems, fundamental causes, conditions and
environments, and/or to address the ill-health that people impose on each other
rather than the ill-health people impose upon themselves, because this is more re-
spectful of the autonomy of individuals [5, 15].

Increasing fairness or distributive justice
Other writers have argued that social justice, community, common good and/or
recognition of mutual vulnerability are the best basis for public health ethics [6,
22, 23]. These writers suggest that it is most important to evaluate the fairness of
goals and interventions, and the distribution of benefits and burdens, especially
with regard to vulnerable groups and health inequalities [5, 11, 14, 15, 17, 19,
21]. For these writers, goods in public health may be more valuable if they can be
obtained only, or more efficiently, through collective action or if benefits pertain
to whole communities [5, 14, 17, 19, 21], such as through provision of supportive
environments or assisting communities to act [11, 16].

Process and procedural justice
Another approach is less concerned with principles, values or justifications, and
more with processes and procedural justice. This approach values collaboration
and participation [14, 15], transparency and accountability (including informing
or disclosing, speaking truthfully, and providing public justification) [14, 15, 16,
19, 20] acknowledging and accommodating diversity, applying fair process when
consensus cannot be reached [14, 15], obtaining consent, determining community
acceptance or ensuring adequate mandate for intervention [11, 15, 19], and build-
ing and maintaining trust [14, 15].

Rights as a basis for public health
The final domain argues – broadly – that human rights provide the most coherent,
egalitarian, universalisable and critical framework for public health [7, 17]. These
rights generally include protection of privacy and confidentiality [15] and re-
specting the ‘right to health’ enshrined in some international agreements, which
entails a ‘positive right’ to health improvement [7, 17, 24]. Limiting an individ-
ual’s freedoms is justified only to prevent harm to others, that is, respecting their
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‘negative right’ to non-interference – sometimes called the Millian harm princi-
ple, after John Stuart Mill [7, 16, 21, 24].

A central problem for all approaches to public health ethics
Consideration of each of these domains is necessary for a comprehensive account
of any public health intervention. All approaches, arguably, can inform decisions
regarding a key problem in public health ethics: the degree to which coercion –
forcing someone to act against their own will – or paternalism – interfering with
someone’s liberty or autonomy without their consent to make them better off –
are ethically permissible in public health [25, 26]. This is a central issue because
degrees of coercion and paternalism have been key to the successes of public
health [7, 11, 21] – think of seatbelt laws, gun control, fluoridation, sanitation and
food hygiene regulations. A central challenge for public health is thus to define
exactly when paternalism and/or coercion are permissible, and under what condi-
tions, and what responsibilities this may entail for governments and individuals
[18].

Some public health actions are justified by qualifying the paternalism in-
volved. Three justificatory qualifications are made. The first is that the paternal-
ism is ‘soft’ – that is, that it restricts only ill-informed and involuntarily actions.
The second is that the paternalism is ‘weak’ – that is, that it interferes only when
a person’s actions are inconsistent with their own goals. The final justification is
that the paternalism is ‘welfare oriented’ – that is, that those intervening are con-
cerned only for a person’s physical and psychological condition, as opposed to
preventing them from being ‘morally corrupted’ [11, 18, 21]. These distinctions
are a matter of degree and need to be argued on a case-by-case basis.

Some, particularly those concerned with rights and with procedural justice,
argue that a simplistic opposition – paternalism or coercion versus freedom – ob-
scures the complex relationship between these concepts, and de-emphasises the
positive freedoms that public health interventions can promote [21]. Although
voluntarism is not always effective [6], freedoms can decrease the need for coer-
cion. If states engage communities, earning trust that negative freedoms will be
respected, individuals may be more likely to seek help; conversely coercive in-
terventions may be less effective or drive epidemics underground [7, 14, 17]. In
addition, even strongly paternalistic actions could be moderated by democratic
oversight or a community-level mandate [27]. These scholars would argue that by
engaging communities paternalism can be lessened and better justified.

We have now considered both clinical and public health ethics. In clinical
ethics, a clinician engages directly with a patient and the problem she presents.
The clinician attempts to act in the patient’s best interests and to advocate on
her behalf. The clinician seeks to determine what has made that individual pa-
tient atypical – ‘high risk’ – in the distribution of her peers. More ethical clinical
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conduct, broadly speaking, will be that which respects the patients’ autonomy,
does her good, does not harm her, treats her justly and honestly, and respects her
privacy and confidentiality. In public health, the situation is different. A decision-
maker engages with ‘problems’ that are most likely to be defined statistically by
the state, and may not be priorities for the community. The public health profes-
sional – if applying a ‘population’ strategy – will seek to determine what makes
this population different from other populations in regard to that problem, and
to intervene in these ‘root causes’, ideally in a way that maximises benefit, min-
imises harm, seeks justice, is procedurally transparent, minimises violation of the
rights of individuals, and can justify any coercion or paternalism entailed.

WHAT ETHICAL ISSUES ARE RELEVANT FOR
MEGAN, HER PARENTS AND DR SPRIGHT?

Megan and her parents attend Dr Spright’s office for a long appointment.
Spright’s training, as Rose would say [2], is to find the ‘causes of Megan’s case’,
that is to find a causal explanation for why Megan, as an individual, deviates from
the average or desired weight for her age. During the appointment he asks many
questions about Megan – about her development, diet, exercise, other illnesses,
symptoms, schooling, friends and family. He takes measurements and samples.
He discusses the evidence for, and his experience with, a variety of approaches
and services – dietary regimes, weight-loss clubs, specialist physicians and cen-
tres and exercise programs.

Dr Spright – Jim – has done continuing education courses in clinical ethics.
He is keenly aware that his interactions with Megan and her mother are ethically
charged, and that bioethical principles are expressed daily through the actions of
doctors like him. Jim tries to conduct himself ethically, as he would with any
other patient. In the interests of non-maleficence, he recommends actively against
some programs and services that he thinks are non-evidence based and exploitive.
His beneficence is expressed through offering evidence-based options that he
thinks will help. He tries to respect the autonomy of both Megan and her parents
in their conversation. Jim knows that Megan has her own opinions and goals and
tries to draw her out whenever he can. He tries to inform but not over-inform,
pulling back when they seem to be overwhelmed. He offers his own opinion –
with clear reasons – when Megan and her mother ask for it. He is careful not to
act in ways that could undermine Megan’s self-esteem, and he gently asks ques-
tions about the role of her family in her daily habits, not assuming that she is
completely independent in her choices [28]. Apart from being sensitive to whether
or not Megan’s family can afford private services, and whether they are insured,
Jim doesn’t consider the cost of different treatments when making his recommen-
dations – he considers only whether or not he thinks they are best for Megan.
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In this sense, Megan is like any one of Jim’s patients. However Megan is
also unlike many of Jim’s patients. Megan is apparently well. If she suffers from
any current condition, it is the psychological effects of the stigma commonly
experienced by fat people [29]. Jim is not being asked to treat a current, urgent
medical condition like a broken finger or an acute infection. Instead he is being
asked to ‘treat’ two problems: a future risk (that Megan will experience future
weight-related health problems), and a socially produced psychological condition
(the product of her stigmatisation). Jim does not think about Megan in this way,
however. Because of his expertise and training, because he has read many re-
ports showing that obesity is potentially damaging for health, and because Megan
and her mother are asking him for assistance he defines Megan’s weight as ‘a
problem’. He sets about explaining why she is fatter than other 15-year-olds, and
seeks to provide an individually tailored solution in the most ethical way possi-
ble. This individualism is a natural product of case analysis, attention to ethical
principles and clinical problem-solving. It is, however, very different from what
happens at the Obesity Summit.

WHAT ETHICAL ISSUES ARE RELEVANT FOR
AUSTRALIAN CITIZENS, THEIR MINISTER FOR

HEALTH AND THEIR BUREAUCRATS?
The week after Jim sees Megan, he attends the Obesity Summit. Before he goes
he reads some of the preparatory material, but it doesn’t seem clear to him which
strategies are evidence based and which are not. A lot of evidence is presented for
the prevalence of overweight and obesity, but not much about the effectiveness or
implementation of programs. Megan is on his mind as he travels to the meeting in
Canberra. What good will this do her, he wonders? In fact, what difference will
this make for anyone?

There are several hundred people at the summit. Jim notices that not many
of the participants seem to be obese themselves. After the Welcome to Country
ceremony the health minister is introduced. She stands amid the applause, walks
to the microphone and begins her opening speech.

We face a crisis in this country. Two-thirds of Australian men are over-
weight. Half of Australian women are overweight. A quarter of our children
are overweight. Many of us are dying of the diseases that are complications
of obesity, such as diabetes and cardiovascular disease.

The question is what we do about it. Answering that question is what
we are here for.

Australians are simply eating more kilojoules than they are burning.
Everyday foods that have become part of our daily diet are laden with kilo-
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joules. Most ordinary snacks – ice-creams, chocolate bars, soft drinks –
would require an hour of fast walking to burn off. We are adding these
snacks to our diets and simultaneously doing less and less exercise.

Somehow, we have to find a way to eat less and move around more.
We need to lose some weight. I don’t think the answer is banning things.
We don’t want to shut down industries, or gag their right to advertise. We
don’t want to tell people that they can’t have treats, that they can’t celebrate
with their families. We need to find ways to make people feel responsible
for their own actions. We need to encourage industries to self-regulate. We
need to encourage people to make better choices. We need to give people
better information.

Your job is to work out how best we can do that. It’s the most im-
portant health challenge facing this country today. I will look forward to
receiving the recommendations from the meeting. Thank you for agreeing
to be a part of it.

Over the next few days, health bureaucrats, consumer advocates, representatives
of industry, and experts from public health, epidemiology, nutrition, health eco-
nomics, exercise physiology, health education and law rise to the minister’s
challenge – presenting sometimes conflicting data regarding the costs to the com-
munity, and to individuals, of the ‘obesity epidemic’ and calling for support for a
range of interventions to meet it.

The summit concludes with a resolution calling upon the federal and state
governments to prioritise two strategies: 1) a large, persuasive social marketing
campaign aimed at raising awareness of the problem and motivating individuals
to do something about their diet and sedentary behaviours; and 2) greater funding
for obesity-related medical consultations and for bariatric surgery, including for
adolescents. These recommendations are broadly acceptable to most political in-
terests at the summit. They give something to both public health professionals
and clinicians. They locate the problem and its solution with individual citizens;
they permit egalitarian rhetoric via statistics showing equal ‘reach’ and ‘access’;
they appear to be minimally restrictive on people’s freedoms; and they provide
new income streams for some interests while not limiting the income streams of
commercial interests. And, perhaps most persuasively, they are framed as being
‘evidence based’ – although in reality they are no more or less evidence based
than other possibilities considered at the summit.

In many ways the Obesity Summit is a success. It stimulates passing media
interest in obesity, it brings together a range of disciplinary and sectional interests
into open dialogue about obesity, and it generates clear recommendations for ac-
tion. But closer examination of the summit reveals many of the assumptions that
underpin policy-making around obesity, the limitations of this model of analysis
and decision-making, and the potential value of a framework for explicit consid-
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eration of issues of ethics and evidence in public health.
The minister’s opening speech is familiar to anyone who has been audience

to such occasions. It begins – as such speeches often do – by conflating over-
weight and obesity, associating overweight or obesity with death, and suggesting
a need for weight loss, or at least behaviour change. Although the rhetorical
power of this is clear, the evidence suggests that it is somewhat misleading. Many
systematic reviews distinguish between the health effects of obesity versus over-
weight (showing overweight to be significantly less risky or even, at some ages,
and in some situations, protective) and there are contradictory findings about the
benefits of weight loss [eg 30, 31, 32, 33, 34]. The speech also frames individual
actions as the key problem to be solved, and implicitly advocates a purpose for
intervention: encouraging individuals to change their actions. Indeed, the min-
ister explicitly guards the audience against restriction of trade and commerce,
makes no mention of environmental contributors to obesity and (implicitly) re-
stricts the critique of government. It is easy to argue that this fails to address the
fundamental root causes, conditions and environments that might stimulate such
behaviours, ignores the ill-health that people impose on each other, and in fact
focuses on preventing people from harming themselves.

The speech also emphasises that obesity is harmful and suggests that public
health action will be beneficial. Throughout the summit, experts present com-
peting accounts of the benefits and harms of various interventions, and many of
the small group discussions focus on these evaluations. Such evaluative practices
are fundamental in both public health planning and utilitarianism. Inasmuch as
there is a positive right to health improvement, or responsibility for public health
practitioners to improve health, then advocacy for action – including advocacy
of its benefits – is reasonable and required. Yet while there is much optimistic
talk of benefits, there is often very little focus on potential harms. Jim might well
think about Megan – an overweight but not obese adolescent coping with teas-
ing, anxiety and reduced self-esteem – and wonder how some of the interventions
proposed at the summit might affect her. Interventions such as the withdrawn Sin-
gaporean school-based program Trim and Fit have been empirically associated
with negative outcomes such as bullying and eating disorders for young people
[35], often while producing the desired reductions in weight. This demonstrates
the importance of going beyond ‘effectiveness’ – for example, measures of de-
sired behaviour change – by employing ethical reasoning. It also suggests the
need for better measurement of potential harms, including stigmatisation [20].

Public health decisions should rely on evaluations of harm and benefit [5,
11, 14, 16, 17, 19]. But the utilitarian ideal of balancing all relevant benefits
and harms based on evidence is unlikely to be achieved [36]. Evidence is con-
sumed in the context of political, social, media and lobbying pressures. Our
hypothetical Obesity Summit is a conglomeration of interest groups jostling for
prime position, and threatening harms such as job losses, restrictions on commer-
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cial freedom of speech, or damage to economic productivity. Little wonder then
that public health professionals, with the best intentions, feel a responsibility to
provide the most compelling evidence they can about the health benefits of in-
terventions! Even the purest utilitarian decision-making requires weighing up of
non-equivalent, and perhaps non-comparable, benefits and harms. Simple utili-
tarianism can also be limited by inattention to egalitarian ideals. Fairness is rarely
measured [23] or addressed in mainstream public health strategies [eg 37], de-
spite its rhetorical prominence in public health documents [38]. Although recent
commentaries have asserted Rose’s deep concern for egalitarianism [39], the idea
of shifting an entire population towards slightly lower risk is sometimes used to
justify prioritising utilitarian average benefit over greater fairness in distribution
of benefit. This is a values-based rather than an empirically based commitment
[6, 22, 23]. Regarding weight, empirical evidence suggests that – for example
– higher weight is associated with lower educational achievement [40], that the
poorest Australian neighbourhoods have 2.5 times as many fast-food outlets as
the richest neighbourhoods [41], and that the objective weight and subjective per-
ception of the acceptability of weight in adolescents varies according to their
socioeconomic status [42]. Thus, fair distribution may be at least as ethically im-
portant as average benefit.

And what of rights, freedoms, coercion and paternalism? Although many
scholars interested in these areas have focused on pandemic contagious disease
[16, 43], the issues are also critical in chronic states such as overweight, for which
the threat of harm is less immediate and less certain. Tobacco and alcohol provide
examples of risk factors for which an argument can perhaps be made that behav-
iour constitutes a threat to others (environmental tobacco smoke and violence,
respectively). At the Obesity Summit, economists attempt to provide arguments
about such other-regarding harms, including costs to the taxpayer, caring burdens
on families and work absenteeism. But while each of these issues seem relevant,
for the most part they fail to gain traction in discussions regarding how the gov-
ernment should intervene in response to obesity, in part, because these are; a)
non-health costs; b) based on highly abstracted models; and c) vulnerable to the
way in which overweight versus obese individuals are classified. Any empiri-
cal uncertainties regarding differential risks between these groups become highly
ethically relevant to these debates, raising questions about the basis for justifica-
tion of intervention.

One group of scholars has answered this question with procedural justice.
If, they argue, decision-makers make themselves accountable to communities, or
can demonstrate a community mandate for action, they are justified in acting.
Models for such mandates can range from the most broad (eg democratic election
of a government) to the most specific (eg deliberative processes that actively
inform and engage a representative sample of citizens and seek consensus on
a course of action for a specific problem such as overweight). Summits – like
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our hypothetical one – can help to meet the more limited requirements of trans-
parency in decision-making. However, they also raise questions about the cir-
cumstances under which mandate can be said to have been achieved. If summits
are populated entirely by ‘experts’ – even if that includes ‘expert’ consumer ad-
vocates – can they be said to provide a real mandate? Who should legitimately
make decisions about public health priorities? [44] Is it realistic to expect ordinary
citizens to engage in public health decision-making? Could such engagement be
achieved under the right conditions? These questions are yet to be answered; they
bring us to the relationship between individual and community-level intervention.

INDIVIDUAL AND COMMUNITY-LEVEL
INTERVENTION: THINKING ACROSS

BOUNDARIES
Jim Spright feels strangely unsatisfied with the whole process. It felt to him like
a ‘political exercise’, and he is not convinced by the outcome. He thinks about
what these strategies might do for Megan, and for Australia. The campaign may
increase the stigma that Megan experiences at school. Greater funding for surgery
and consultations may increase healthcare costs, expectations of services and dis-
tribution of services across the population. Spright is conservative with referrals
for surgery, as he’s concerned about potential, as yet unknown, future harms of
the procedure. He’s also concerned that the increased healthcare costs may have
only a marginal impact on the weight or health of the population. In fact, he
muses, the campaign might inspire Megan to assent to more radical interventions,
like surgery, whether or not that is in her best interests. He also thinks about his
poorer patients, because he knows that they are less likely to respond to this cam-
paign, and have less access to surgery. And he wonders whether these strategies
might prove to be of most benefit to those who are already receptive to health
messages, who already think about their health, and who already have reasonable
access to healthcare.

Jim then thinks about how health fits into the lives of his patients. He
has been reading lately about ‘healthism’ [45], the accusation that public health
prioritises health outcomes over other outcomes regardless of the goals of the
individuals and populations they serve. People clearly value their ‘health’, he
thinks, but what does this mean? ‘Health’ and ‘public health’ can be defined very
narrowly or very broadly [44, 46, 47]. Jim can see that these strategies serve narrow
definitions of health as physical health, but he wonders whether they are good
for people’s health more broadly: for their wellbeing. In his consultations with a
patient like Megan, he can carefully explore life goals, values, what her weight
means and how this relates to her emotional wellbeing, fulfilment and happiness.
This is difficult, and time consuming, but it can be done. However Jim knows
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that weight is not simply an individual matter [48]. If we’re going to intervene in
weight in communities, how can we think about the relationship between com-
munity and individual goals and freedoms?

We suggest that the best way of thinking about the ethics of intervening in
individuals’ weight and communities’ or populations’ weight is to think about
both at once, and to consider the relationship between them. This is surprisingly
rare, perhaps because few individuals work across the clinical–population health
boundary. However, as is clear from the summit recommendations to support
both an extensive social marketing campaign and the medical and surgical man-
agement of obesity, it is readily apparent that individuals and communities mutu-
ally interact.

This suggests that it is a mistake to understand issues like obesity, and the
public health responses to them, as simply a contest between respect for indi-
vidual liberty (or autonomy) and our responsibilities as citizens, and that there
is merit in exploring some of the various ‘third way’ positions between individ-
ualism and collectivism that have been suggested in public health ethics [6, 7,
14, 17, 21, 27, 36, 49, 50, 51, 52]. This work suggests several answers for Jim’s
concerns that might help public health strategies to be more ethically justifiable.
Respect for individual autonomy is, largely, a concern with freedom – with the
freedom to be and to do as one wishes. However, as relational approaches to
autonomy have shown us, these freedoms are not a purely individual matter:
they are constituted in relationships. The communities that we belong to produce
goods: things that we value. It been proposed that these goods are of two kinds:
aggregative and corporate [52]. Aggregative goods are simply the aggregation of
individual goods. Corporate goods, however, are an ‘emergent social property’
of communities: they can only be obtained through community collaboration or
cooperation [52]. Corporate goods of public health interventions might include,
for example, the creation of conditions that support sustainable future improve-
ments in health, the development of new shared and valued cultural practices,
or community attributes like solidarity or diversity. Corporate goods have a fu-
ture orientation – rather than simply providing a present benefit, they provide a
benefit available to future communities. This distinction resonates with Munthe’s
call for public health interventions that both 1) promote population health, and
2) promote ‘equal (and real) opportunities for everyone to be more healthy’ [50].
For Munthe, this required providing the freedom to be healthy or unhealthy (in-
cluding by preventing others from constraining our health opportunities), but the
means only to be healthy [50].

To take such a ‘third way’ position on intervention in weight would assist
decision-making for both individual and population-level interventions. It pro-
vides an ethical rationale that resonates with Rose’s concern for intervention in
‘root causes’. Changing the price structure and composition of the food sold
in supermarkets, providing usable public transport, or designing a local com-
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munity to provide healthier food outlets and better opportunities for walking
would be recognisable interventions in root causes – of health, not just of weight.
Critically, they are also corporate goods – the kind that can only be achieved
through collective effort and which provide sustainable future benefit. They pro-
vide opportunities for health and prevent others – like food producers – from
constraining our health opportunities; however they do not constrain individu-
als’ freedoms to live unhealthily if that is what they desire. Mulvaney-Day has
shown, on the basis of social network analyses, that the people one cares about –
that is, one’s affective network – may be a more important influence on weight
than the people who live nearby [53]. They suggest that ethical interventions en-
gage at a meso-level – the level of community – leveraging existing relationship
networks to change the opportunities available to people. This may, at least in
part, explain the popularity of programs such as School Kitchen Gardens [54]
which provide opportunities for existing affective networks to make changes to-
gether. Such programs also potentially provide both opportunities and corporate
goods by changing the norms and practices in a social group, allowing those to
be handed down through generations.

The solutions chosen by the summit provide none of these collective
community-level goods. Instead, the summit used a collective process to support
individualistic solutions, with little evidence of engagement with the important
ethical issues raised for clinical or public health practice. This does not, of course,
suggest that participants were ignorant of, or insensitive to, many of the ethical
issues that underpin medicine and public health, but rather, that these issues were
not explicitly addressed, that the limitations of ‘evidence’ were not made clear,
that the complex relationships between individuals and the communities in which
they live were not fully exposed and that the socio-moral goals of healthcare were
not made explicit. These are important failings, because the values, focus, scope
and goals of clinical medicine and public health are both distinct and overlapping;
because interventions to address problems affecting individuals and communities
may have different goals, risks and benefits, and because moral compromise in
the design and delivery of healthcare is always necessary. For both clinicians and
public health decision-makers, the central task is to think through the ethical and
philosophical basis for actions before they are taken.
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13
How law and regulation can add
value to prevention strategies for

obesity and diabetes
Roger S Magnusson1

Steadily rising rates of overweight and obesity among adults and children
in Australia and elsewhere are fuelling debate about the most effective and
appropriate strategies for obesity prevention. This chapter defends a role
for law in policy efforts to prevent obesity and to improve nutrition at the
population level. Rather than targeting individuals and seeking to directly
influence their dietary choices and patterns of physical activity, I argue that
the best opportunities for law lie in improving the environment in order
to support healthier choices and to reduce exposure to the wide range of
factors that have made weight gain increasingly common. Secondly, this
chapter presents four Australian case studies, with comparisons from the
US and the UK, to illustrate the variety of priority interventions that could
take legal form.

On my first day of law school, I was introduced to the law of contracts and the
law of torts. In five years of lectures, however, never once did I come across the
‘law of obesity prevention’. Hitherto, preventing obesity has never been consid-
ered part of the role of law or lawyers. Lawyers have never been called on to
defend the role of law in obesity prevention, or to identify the content of a pack-
age of legal interventions having that goal. The same might be said about the law
of cardiovascular disease, or diabetes prevention.

Historically, public health law in Australia, Britain and the United States has
been the law of unsanitary premises, abatement, and quarantine. Later, it evolved
to include notifiable diseases, HIV/AIDS, tobacco control, and more recently –
certainly in the United States – the law of public health emergencies and ‘pan-
demic preparedness’. In other respects, public health laws in all three countries
have developed in a reactive and haphazard manner, reflecting successive health
crises, fears and political priorities that vary between jurisdictions. Writing about

1 Sydney Law School, University of Sydney.
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English public health legislation, Robyn Martin argues that it neither has the pro-
motion of health as its primary focus, ‘nor does it particularly address the causes
of ill-health’. Instead, its focus is on inadequate premises, ‘on an understanding
that ill-health results from identifiable bodies escaping from a physical source’
[1]. Only more recently, as Australian public health acts have undergone a process
of renewal, has legislation become more proactive, and less issue-specific. South
Australia’s new Public Health Act is the first such act in Australia to include spe-
cific provisions for the prevention of non-communicable conditions [2].

Quite apart from this, rising rates of overweight and obesity among adults
and children have been fuelling debate about the most effective and appropriate
strategies for prevention. Legal scholarship on obesity prevention, although rel-
atively recent, is increasing in popularity, although with substantial differences
that reflect the constitutional structure and political traditions of each country [3,
4, 5, 6, 7, 8, 9]. Suggested legal strategies are wide-ranging and extend far beyond
the boundaries of the health sector and the traditional ‘turf’ of public health Acts.

This chapter defends a role for law in policy efforts to prevent obesity and
to improve nutrition at the population level. Rather than targeting individuals di-
rectly and seeking to coerce dietary changes, or greater levels of physical activity,
I argue firstly that the best opportunities for law lie in improving the environment
in order to support healthier choices and to reduce exposure to the wide range of
factors that have made weight gain increasingly common. This emphasis is sig-
nificant: by focusing on policy, systems and environmental changes, rather than
behavioural change directly, law can address the factors that shape patterns of
behaviour at a population level, while avoiding the coercive and discriminatory
laws to which an excessive emphasis on ‘personal responsibility’ could lead [10,
11, 12, 13].

Secondly, having set out a philosophy or framework for how law can contrib-
ute to obesity prevention, this chapter presents four case studies to illustrate the
variety of legal interventions in this area. Each case study will be argued through
in sufficient detail to illustrate the contested nature of legal interventions, with
comparisons between regulatory developments in Australia, the US and the UK.

THE TREND TOWARDS POPULATION WEIGHT
GAIN: WHY DOES IT MATTER?

The prevalence of overweight and obesity is based on measurements of body
mass index (BMI), which divides weight in kilograms by height squared (m2).
In Australia, results from the 2007–2008 National Health Survey showed that
68% of men, and 55% of women were either overweight (BMI 25.0–29.9 kg/m2)
or obese (BMI ≥30 kg/m2), based on measured BMI [

14
]. Among children aged
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seven to 15, almost 25% were overweight or obese, rising from 20.7% in 1995,
and 11.5% in 1985 [15]. According to a Victorian government study, if current
trends continue, 83% of males and 67% of females will be overweight or obese
by 2025, as well as over one-third of children [16].

In Australia in 2003, cardiovascular disease (CVD) and cancer accounted for
some 37% of the total burden of disease [17].2 Table 1 illustrates the extraordi-
nary impact of modifiable risk factors on disability-adjusted life years (DALYs)
from all causes in Australia, and on the leading causes of disease burden, includ-
ing CVD and cancer. In 2003, overweight and obesity accounted for 7.5% of the
burden of disease: almost as much as smoking (7.8%).

Table 1. The contribution of behavioural risk factors to the burden of disease in Aus-
tralia, 2003*

Determinant % of DALYS (all
causes)#

% of DALYS (specific
causes)^

Tobacco 7.8% 20.1% of cancer

High blood pressure 7.6% 42.1% of CVD

Overweight & obesity 7.5% 19.5% of CVD

Physical inactivity 6.6% 23.7% of CVD

High blood cholesterol 6.2% 34.5% of CVD

Alcohol harm 3.3% 3.1% of cancer

Alcohol benefit –1.0% –4.7% net benefit on CVD

Lack of adequate fruit, vegetable
intake

2.1% 9.6% of CVD

* Begg S, Vos T, Barker B, Stevenson C, Stanley L & Lopez A (2007). The bur-
den of disease and injury in Australia, 2003. Canberra: AIHW. PHE 82 (p74).

# Disability-adjusted life years

^ Contribution of each risk factor is independent of other risk factors (analysis is
not additive)

2 The term ‘burden of disease’ refers to a combination of years of life lost through
premature mortality, combined with the years of healthy life lost, due to disease.
Typically, the burden of disease is measured in disability-adjusted life years, or
DALYs.
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Overweight and obesity are risk factors for high blood pressure, raised cho-
lesterol, impaired glucose tolerance, a range of chronic conditions including
CVD (coronary heart disease and stroke), type 2 diabetes, a variety of cancers
(including colon, breast and ovarian cancer), as well as gallbladder disease, os-
teoarthritis, gout, and sleep apnoea [18]. Many of these conditions are exacerbated
by high blood pressure (for which excess salt consumption is a risk factor), high
blood cholesterol (for which excess consumption of saturated fat is a risk factor),
and inadequate intake of fresh fruit and vegetables. According to one estimate,
in 2007, around 24% of type 2 diabetes, 21% of cardiovascular disease, 25% of
osteoarthritis, and 21% of colorectal, breast, uterine and kidney cancer were at-
tributable to obesity [19].

In the US, the prevalence of obesity (defined as BMI >30 kg/m2) remained
relatively stable from 1960 to 1980 but climbed sharply thereafter, from 15% in
1976 to 1980, to 34% in 2007–2008 [20, 21]. Over the same period, obesity in chil-
dren and adolescents (aged two to 19 years) tripled from over 5% to 17% [22].
Overall calorie intake, mean intake from carbohydrates, and absolute fat intake
also increased over this period [23, 24]. Some epidemiologists warn that increases
in BMI in the US, and its impact on diabetes, CVD and other conditions, will in-
creasingly outweigh the positive impact on life expectancy of declining smoking
rates, and could cause a decline in life expectancy at birth and at older ages during
the first half of this century [25, 26, 27]. In Australia, D’Arcy, Holman and Smith
have warned that, based on recent trends in population weight gain, by the time
they are 20, the life expectancy of Australian children will fall two years, pulling
them back to 2001 and 1997 levels for males and females, respectively [28].

In 2010, Colagiuri and colleagues estimated the total direct costs of over-
weight and obesity in Australia in 2005 at A$21 billion, with an additional
A$35.6 billion spent by government on pensions and subsidies [29]. Between
2003 and 2033, treatment costs for type 2 diabetes are estimated to increase by
520%, from A$1.3 billion to A$8 billion, largely driven by the impact of rising
obesity rates on diabetes prevalence [30]. In the US, by 2008, annual medical costs
attributable to obesity are estimated to have reached US$147 billion [31]. In 2007,
RAND Corporation estimated that if current trends continue, by 2020 up to one-
fifth of all healthcare expenditures could be obesity related [32].

DEBATES ABOUT THE RIGHT POLICY APPROACH
TO POPULATION WEIGHT GAIN

The susceptibility of individuals to weight gain is influenced both by non-modifi-
able factors such as age, sex and genetics, and by modifiable dietary and physical
activity patterns. Modifiable factors contributing to energy oversupply include
the frequency and energy value of the food eaten (fat and alcohol contain more
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calories per gram than protein and carbohydrates), and the duration and inten-
sity of physical activity. On the other hand, obesity is also a population issue: the
weight distribution of the population as a whole has drifted steadily to the right
over the past two decades.

The rapid changes in national obesity rates over the past few decades suggest
that it is environmental influences upon average eating and physical activity pat-
terns within the population that explain the epidemic, rather than individual or
genetic factors [33, p118]. Previous generations shared our genes and physiology,
but rates of obesity were lower. Explaining the trend towards weight gain solely
in terms of people eating too much and exercising too little is self-evident, but
ignores the impact of environmental and policy factors on changes in average be-
haviour, and hence the causes of the trend itself. The temptation to explain an
emerging epidemic, such as obesity, purely in terms of the private choices of in-
dividuals also obscures the contribution of corporate behaviour (such as the food
industry) to population health trends, as well as the responsibility of governments
to create the conditions for a healthy lifestyle. Understanding this is critical if we
are to develop an effective response.

If Australians, as a population, were to adopt a healthier lifestyle, there is
little doubt that life expectancy, and healthy life expectancy, could dramatically
increase. For example, the INTERHEART study found that over 90% of the risk
of heart attack in men and women, young and old, across all geographical regions
and ethnic groups, could be predicted by eight risk factors, several of which are
certainly modifiable [34]. These are: smoking, physical inactivity, obesity, high
blood pressure, high blood cholesterol, diabetes, inadequate fruit and vegetable
intake, and psychosocial stressors.

Knowing this, however, is not enough. As the trend towards weight gain il-
lustrates, people find it difficult to eat healthily and to maintain energy balance.
In a survey of over 150 000 Americans, 76% were non-smokers, 40% had a
healthy weight, 23% had the appropriate intake of fruit and vegetables, and 22%
exercised regularly. But only 3% of the sample were following all four of these
healthy lifestyle factors [35]. One of the authors of the study said: ‘The effect of
following these [lifestyle guidelines] is greater than anything else medicine has to
offer. I don’t know anything a doctor’s office can do that would reduce your risk
of diabetes or cardiovascular disease by 80% or 90%’ [36]. In Australia, Atlantis
and colleagues found that while 55% of Australians are eating enough fruit, less
than one in four were meeting national guidelines for physical activity (a min-
imum of 2.5 hours per week of moderate-intensity physical activity, including
walking, spread across five or more days per week). Less than 15% were meeting
eating enough vegetables, and less than 5% were doing all three [37].

Faced with policy challenges as complex and contested as obesity, there is
a temptation for governments in liberal, market-oriented societies – facing coor-
dinated pressure from food and beverage manufacturers and retailers – to frame
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the problem as one that individuals face. The answer seems blindingly obvious:
every individual should exercise more ‘personal responsibility’. In well-quoted
comment, Australia’s former health minister, the Hon. Tony Abbott MHR said:

It is estimated that obesity adds about a billion dollars a year currently to
the nation’s health bill. Obviously I would rather that we didn’t have to
spend that money … but in the end if people are obese it’s because they’re
eating too much or they’re exercising too little, and the answer is in the
hands of those individuals [38].

This is wise counsel – for individuals. However, as a conceptual framework for
reducing national healthcare costs and the burden of disease caused by obesity
and diabetes, it will continue to fail.

Unless motivational strategies and health promotion can magically unlock
new personal resources for healthy living that are not already being tapped by
the weight-loss industry, or neutralised by the variety of influences in modern so-
cieties that make healthy living difficult (such as time poverty, long commutes,
loss of cooking skills, food marketing and the ubiquity of cheap, unhealthy food),
then this is a counsel of despair. Governments are often attracted to health promo-
tion campaigns using mass media, which were an effective tool in tobacco control
strategies. As Wakefield and colleagues point out, however, media campaigns
are likely to be more successful when the behaviour that needs to be changed is
‘one-off or episodic’. This is not the case with healthy eating and physical activ-
ity, which requires sustained discipline and daily effort, well after the campaigns
have ended (39]. Furthermore, the norms about ‘normal weight’ are changing.
Surveys indicate that males and females in the US [40] and the UK [41], and
Australian males [42] do not perceive their (over)weight accurately. Unless indi-
viduals recognise when they are overweight, they may have little reason to alter
their lifestyles.

To summarise so far: taking responsibility for health is an excellent idea for
individuals. However, populations cannot necessarily be expected to ‘take re-
sponsibility’ or to ‘shape up’ in the way that individuals (sometimes) can. Mass
media campaigns are part of a comprehensive policy response, but governments
need to be realistic about what they can achieve. To arrest the population-wide
trend towards weight gain, we need to address factors to which the population as
a whole is exposed: the social forces that shape the way people live [43].

WHERE DOES LAW AND REGULATION FIT WITH
OBESITY PREVENTION STRATEGIES?

Most models for understanding the causes of health and disease recognise that
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health outcomes are the result of a complex interplay of environmental, socioe-
conomic, biological and individual behavioural factors, partially modified by
interactions with the healthcare system (Figure 1) [44]. Strategies for obesity pre-
vention tend to reflect different assumptions about the relative importance of the
policy, systems and environmental factors that lie outside of the individual, the
behavioural factors that are the individual, and the biological and genetic influ-
ences that lie within the individual. The discussion above has already pointed out
the limitations of strategies that focus narrowly on the behavioural domain, re-
lying on mass marketing to encourage personal responsibility and motivationally
led, self-directed changes in behaviour. As discussed below, each of the strategic
domains set out in Figure 1 – the environment (from global to local level), indi-
vidual behaviours, and the health system – provide opportunities for regulatory
interventions that could contribute to healthier eating and improvements in phys-
ical activity at a population level. The challenge for public health lawyers is to
identify law reform priorities and to make the case for those interventions which
are best implemented through legal and regulatory processes.

(i) Regulating the healthcare system
Population growth and the ageing of the population mean that Australia’s health-
care system will face a higher burden of chronic disease in future. In 2008, for
example, over one million Australians had type 2 diabetes, and over 242 000
of them had it as a result of being obese (an increase of 137% over 2005 fig-
ures) [19]. Law plays a crucial role in improving the effectiveness of clinical
care; for example, by creating stable rules for the sharing of patient data within
an electronic health records system that enjoys public trust, yet permits optimal
access to a patient’s data at all points of care. In Australia, important elements
towards achieving this include the development of a personally controlled elec-
tronic health records service [45], which builds on the Healthcare Identifiers
Service that uniquely identifies individuals and healthcare providers [46, 47].

In a bold experiment, New York City extended notifiable disease reporting
to chronic disease risk factors, through the mandatory reporting of haemoglobin
A1c (glycated haemoglobin, a measure of blood glucose control). By making di-
abetes a notifiable disease, the New York City Department of Health and Mental
Hygiene is creating a registry that will map the epidemiology of hyperglycaemia
and help to facilitate care for the estimated one-third of diabetics who are un-
aware of their condition [48, 49, 50].3 Although controversial [51], this initiative

3 Following a pilot project in the Bronx, patients in New York City with blood glucose
levels above a certain level receive information (on an opt-out basis) about the
lifestyle changes required to reduce health risks. Treating physicians are given a re-
port which enables them to identify patients whose diabetes is not well controlled,
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deserves careful study elsewhere. Due to the frequent co-location or clustering
of chronic disease risk factors in the same individual [52, 53, 54], the New York
City law could assist in identifying other risk factors for chronic disease in indi-
viduals who – not coincidentally – tend to be of lower socioeconomic status [55,
56, 57]. Ironically, it is this capacity for chronic disease risk surveillance to poten-
tially contribute to reducing health inequalities that also enables this strategy to
be framed as discrimination against poor people of colour.

Figure 1. A simplified, hierarchical model of the determinants of health and disease

In addition to improving diagnosis and treatment, regulation can enhance the
process of integrating secondary prevention within primary healthcare systems.
The Australian Government has taken several initiatives in this direction, includ-
ing the introduction of new Medicare item numbers providing reimbursement for
general practitioners to carry out medical check-ups on patients aged from 45
to 49 who present with identifiable risk factors for chronic disease, and patients
aged from 40 to 49 whose risk factors (including excess weight) put them at risk
of developing type 2 diabetes [58].4 In its comprehensive review of strategies for

and a summary of glycaemic control among patients in the practice which can be
compared with a NYC benchmark.

4 For patients with diagnosed chronic or complex health conditions, Medicare rebates
are payable for a limited number of consultations with allied health professional
services, as part of an Enhanced Primary Care plan coordinated by a general
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chronic disease prevention, the National Preventative Health Taskforce recom-
mended that the Medical Benefits Schedule should support prevention through
practice-level incentive payments or payments to individual medical practition-
ers to support brief interventions and a followup consultation directed to tobacco,
alcohol, obesity, or other risk factors for chronic disease [59, p260]. In the UK,
pay-for-performance contracts have been a feature of general practice reform;
a substantial proportion of GP income depends upon ‘quality points’ that are
earned when practice targets are met, including those for the assessment and man-
agement of risk factors for heart disease, asthma and diabetes [60, 61]. Unlike
Australia, patient registration with local NHS practices facilitates continuity of
care and a stable patient group for measuring performance.

In Australia, the Practice Incentive Program currently supports performance-
based incentive payments to general practices for the successful management of
diabetes patients, amongst other areas [62, 63]. The Australian Primary Care Col-
laboratives program also supports primary practices to improve their capacity to
manage and reduce risk factors in the patient group, and to improve management
of chronic and complex conditions [64, 65].

From July 2011, the Australian Government began to roll out a network of
independent, primary healthcare organisations, known as Medicare Locals [66].
Building on the existing Divisions of General Practice, Medicare Locals iden-
tify service gaps and develop formal and informal linkages to integrate the care
provided by different service providers. Their role also includes the delivery of
health promotion and risk prevention programs targeted to the risk profiles of lo-
cal communities [67, pp8, 48].

(ii) Targeting the behaviours of individuals
Many people would intuitively understand legal strategies for obesity prevention
as crude attempts at behaviour modification, whether through education, financial
incentives and disincentives, or more direct forms of control. More benign in-
terventions include evaluative food labelling initiatives which, quite apart from
encouraging reformulation by food manufacturers, aim to alter purchasing pat-
terns by educating consumers about the nutrient qualities of foods. Less benign
interventions that might be seen as ‘targeting’ the behaviour or weight status of
individuals include restrictions on taxpayer-funded medical procedures for obese
patients and smokers [68, 69, 70], or the elimination of community rating result-
ing in differential premiums for private health insurance, and other restrictions in
coverage, based on one’s obesity or health status.

In April 2008, Japan introduced a legal requirement on companies and local

practitioner: Australian Government Department of Health and Ageing. Enhanced
Primary Care Program, at: www.health.gov.au/epc.
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governments to measure the waistlines of Japanese people aged from 40 to 74 as
part of their annual check-up. Japan has adopted official limits for waistlines –
33.5 inches for men, and 35.4 inches for women, based on International Diabetes
Federation estimates for identifying health risks. Companies and local govern-
ments that fail to meet targets for measuring waistlines will be fined [71]. These
policies raise the question of who should bear responsibility for the rising preva-
lence of lifestyle risk factors, including obesity, not to mention the ethics of
intruding into the lives of individuals and discriminating against them based on
weight [10, 11, 12].

Imposing an additional tax on high-fat or high-salt foods, or eliminating tax
concessions for novated vehicle leases, illustrate policies that aim to ‘nudge’ be-
haviour in a healthier direction by increasing the costs of unhealthy choices and
regulating in order to make the healthy choice the ‘default option’ [12, 72]. These
policies are defended on the basis that people find it difficult to make choices
that are consistent with their longer-term preferences and welfare, for reasons
that include limited willpower, inadequate information and cognitive constraints,
and social and cultural influences, including advertising [12, 73]. People are also
overoptimistic, preferring current consumption while discounting its future, ad-
verse impacts on them personally [74].5 On the other hand, policies can subtly
shape patterns of choice within populations in ways that are not necessarily medi-
ated through the conscious deliberations of individuals. Interventions of this kind
are best understood as being directed at the broader environment, rather than at
individuals.

(iii) Improving the quality of the economic, social, physical
and policy environment

Although debate persists about the underlying drivers of energy imbalance and
weight gain, economic factors are crucial [75, 76]. Relevant factors include the re-
duced cost of food (particularly energy-dense carbohydrates), and the growth of a
commercial food sector marketing processed snack foods (leading to an increase
in snacking). Pre-prepared and pre-packaged foods are ubiquitous and heavily
marketed, and manufacturers compete for market share by satisfying human pref-
erences for energy-dense, fatty, salty, and sweet foods. Boyd Swinburn points out
that the trend towards population weight gain is evidence of commercial success
[77], although weight gain brings longer-term costs that the industry externalises.

5 As Marteau, Oliver and Ashcroft [74] point out, ‘Unfortunately, the health costs
of many behaviours occur in the future, whereas their benefits are enjoyed in the
present. The so-called obesogenic environment reflects the operation of these two
principles – that is, an environment that contains a plethora of readily realized op-
tions that offer immediate gratification but that cause and sustain obesity’.
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In addition to the changing food culture, technological change has resulted in
high levels of car use, and less need for both incidental physical activity and
arduous work. Entertainment is frequently passive; not surprisingly, there is a
correlation between overweight and hours spent watching television [78].

Scholars point out that population weight gain is, in fact, a normal response
to these environmental influences upon diet and physical activity patterns [76].
Two factors follow. Firstly, if the causes of population weight gain lie in the en-
vironmental domain, then mitigation ‘require[s] socioeconomic, not health sector
reforms’ [76, p12]. A feature of so-called population health approaches to obe-
sity prevention is the emphasis on interventions that address these ‘upstream’
environmental and socioeconomic determinants. As Geoffrey Rose stated, a pop-
ulation health approach ‘attempts to remove the underlying causes that make the
disease common’ [79]. To the extent that this can be done successfully, a popu-
lation health approach has the capacity to shift ‘entire risk factor distributions at
the population level, not simply the causes of cases at the individual level’ [80].

On the other hand, this does not mean that obesity prevention is the process
of identifying and seeking to reverse the factors that plausibly explain the popula-
tion trend. Not only would it be impossible to reverse the processes of economic
development and globalisation that have given us higher incomes, labour-saving
devices, television, pre-prepared food, and a higher proportion of women in the
paid workforce, it would also be highly undesirable. Rather than return society
to the Stone Age, the policy priority is to identify feasible, evidence-informed
and culturally acceptable ways of counteracting the impacts of an ‘obesogenic’
environment. Necessarily, this involves finding ways of effectively achieving
population nutrient intake goals: reducing salt, fat and free sugars, improving
intake of fibre and fresh fruit and vegetables, and increasing levels of physical
activity [81].

I would argue that the best opportunities for law lie in addressing the so-
cioeconomic and environmental factors that are driving the increase in average
weight gain. ‘Privatising’ the obesity epidemic – confining it to the healthcare
setting, or emphasising personal responsibility to the exclusion of everything else
– is unlikely to reverse the trend. Until policy-makers focus on the influences to
which populations are exposed, there will be nothing to prevent the occurrence
of new cases [33, p178]. On the other hand, to the extent that societies are suc-
cessful in creating supportive environments that encourage healthier lifestyles, it
will be ‘less necessary to keep on persuading individuals’ [79]. By using legal
and policy levers to alter the obesogenic environment, the goal is to ‘outweigh’
those environmental contributors to energy imbalance that it is not feasible to
change. An environment that better supports healthier choices and lifestyles will
also be a more fertile ground for education strategies and health promotion, and
for targeted strategies pursuing behaviour change and significant weight reduc-
tion among high-risk groups [82, 83, 84, 85].
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A final point to make is that where the absolute risk of the population is too
high – because, for example, average weight, salt or saturated fat intake is too
high – it is not the case that the only ones to benefit from prevention policies are
those who have the highest relative risk by virtue of being on the far right hand
tail of the distribution. The risk of diabetes, for example, rises modestly with BMI
within the normal range, and exponentially at higher levels [86]. Although inter-
ventions may benefit the smaller number of people at highest risk, the greatest
benefit may be among the much larger number of people in the middle part of the
disease distribution who are exposed to a relatively low risk [33, pp176–78, 87].

THE IMPORTANCE OF A ‘PLAUSIBLE POLICY
BASKET’

Before suggesting some law reform priorities for obesity prevention, a dose of
realism is needed. No society has yet succeeded in reversing the future reservoir
of disease and healthcare expenditure that population weight gain will produce
[88]. Given the tenacity of many of the conditions that currently contribute to
poor diet and sedentary lifestyle – from long working hours and lack of time, to
geographically dispersed suburbs – multiple policy changes will be needed. Im-
plementing a sufficiently broad basket of policies through the political process
will be extremely challenging, and incremental progress is the most likely sce-
nario. Nevertheless, serious action on obesity prevention is needed now, before
things get worse, relying on the best available evidence, monitoring the entire
basket of policies, and adding promising new ones as they become feasible. In-
sisting on cast-iron evidence of effectiveness for each new policy is an invitation
to policy paralysis. Sensibly, the National Preventative Health Taskforce called
for a ‘trialling of a package of interventions’ accompanied by monitoring and
evaluation: a ‘learning by doing’ approach [67, p92].

Scholars including Anjali Jain have pointed out that since there are multiple
determinants of population weight gain, ‘solutions are also likely to be multifac-
torial, with no single intervention providing widespread success. Thus it is less
important to isolate why an approach is successful, than it is to find interven-
tions that work’ [89, p1388]. It is the combined impact of a basket of ‘plausible
interventions’ that is likely to make a difference: no single policy is likely to de-
liver a ‘king hit’. At the same time, it is the complex and multi-factorial nature
of population weight gain that makes law reform a constant struggle. In so far as
policy-makers seek to regulate individual behaviours in ways that move beyond
education and advice-giving, they run the risk of offending civil libertarians. In
so far as they adopt a population health perspective and move upstream, seeking
to influence the social and economic determinants of obesity and chronic disease,
they risk offending the free marketeers. Since a population-wide approach nec-
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essarily seeks to achieve changes in the behaviours of large number of people,
policies will inevitably have an impact on those who do not perceive themselves
to be at risk and who may resent the ‘interference’. Selling temperance is difficult
at the best of times, and becomes even harder when the food industry unites in
opposition to a proposed policy initiative, decrying the lack of evidence, in cir-
cumstances when the scale of the benefit to public health is unknown, despite its
likely value as part of a package of interventions. Critics fume that public health
should stick to what it knows best: communicable diseases control, and keeping
bugs out of the food supply. They resent public health becoming a smokescreen
for interference in the market economy, or for policies to redress health inequali-
ties by re-shaping the political economy [90, 91, 92, 93].

OBESITY PREVENTION AND THE STRUGGLE FOR
REGULATORY CONTROL

Ultimately, law’s role in chronic disease and obesity prevention boils down to the
exercise of raw political power. As Stephen Leeder points out, ‘It’s war’ [94]. Un-
derlying reasons for opposing the use of law and regulation as tools for obesity
prevention are not difficult to uncover. Firstly, obesity is neither contagious, nor
readily transmitted to others (notwithstanding evidence that obesity – probably
through its behavioural antecedents – spreads through social ties over significant
periods of time) [95]. It follows that the justification for interfering with individ-
ual preferences in order to protect the population from health risks to which it has
not consented, is absent.

Secondly, the goal that underlies at least some interventions for obesity pre-
vention involves reducing consumption, whether it be total calories, the amount
of saturated fat in the diet, or the habit of snacking. The interests of the food and
beverage industry, on the other hand, lie in avoiding policies that could de-sta-
bilise revenue flows based on consumer preferences and markets – as shaped by
industry.

Thirdly, obesity prevention strategies are often vulnerable to attack by eco-
nomic conservatives and libertarians who frame the prospect of any regulation
– even controls on advertising and clearer nutrition labelling – as evidence of
‘nanny state’ interference with the personal autonomy of consumers and parents
[90, 91, 92, 93, 96, 97].6 The Hon. Tony Abbott MHR stated in 2006:

6 As Joseph Sullum (90) writes, ‘The war on fat … reflects an anti-capitalist perspec-
tive that views people as helpless automatons manipulated into consuming whatever
big corporations choose to produce. The anti-fat crusaders want to manipulate us
too, but for our own good’ (p23).
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I don’t think we can put people in cotton wool. I don’t think we can cover
our population in cling-wrap. I think people need to retain substantial au-
thority over how they live their lives … I think the role of the Government,
in this instance at least, is not so much to regulate, let alone to ban. I think
its role is to encourage, to inform and to give good example [98].

An alternative view would acknowledge that governments are stewards of the
health of the population, and have a responsibility to invest in policies that sup-
port healthier lifestyles in ways that do not unduly burden individual freedom.
To the extent that governments acknowledge this responsibility, a population
health approach offers important advantages. By targeting the influences upon –
and influencers of – behaviour, rather than the behaviour itself, regulatory inter-
ventions can contribute to health improvement without stigmatising individuals,
or micro-managing their lifestyles [99]. Success in tobacco control, for example,
came about while substantially preserving the liberty of adults to smoke where
this does not jeopardise the health of others [100].

The obstacles to effective obesity prevention law reform are not only ide-
ological. Effective structures for facilitating a comprehensive, inter-sectoral ap-
proach do not even exist. Government agencies have their own entrenched cul-
tures: it can be difficult to collaborate with them, difficult to usurp their turf, and
difficult to route around them. Political leadership is required from the top, and
federalism complicates everything [101, 102]. With this in mind, the remainder of
this chapter reviews four case studies for legal and regulatory interventions to
support obesity prevention.

PRIORITIES FOR LAW AND REGULATION IN THE
PREVENTION OF POPULATION WEIGHT GAIN

So far, I have argued that a sustainable approach to reversing the trend towards
population weight gain calls for a ‘plausible policy basket’ that focuses sig-
nificantly – not necessarily exclusively – on creating environments that better
support physical activity and healthy eating. Piecemeal, ad hoc responses are un-
likely to have a major impact, due to the combined force of the many factors that
subtly encourage excess energy intake and a sedentary lifestyle.

The strategies that law can deploy as a tool to prevent obesity and to encour-
age an active lifestyle can be described in different ways [5, 6, 7, 8]. Gostin’s
well-known model [103] includes:

• laws that shape the informational environment, for example, mandatory front-
of-pack nutrition labelling [104], restaurant calorie labelling of ‘standard food
items’ [105, 106, 107], and laws restricting the advertising of energy-poor,
nutrient-poor foods to children;
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• economic policies that alter the costs of behaviour, such as taxes on sugary,
fizzy drinks [108, 109];

• laws that shape the physical environment, for example, through infrastructure
investment, planning controls on the density of fast food outlets [110], or New
York City’s ‘green cart’ permit scheme to increase the availability of fresh
fruit and vegetables [111, 112];

• social policies to address social disparities, for example, subsidising the freight
costs of fresh fruit and vegetables to remote indigenous locations [67,
pp134–35]; and

• prescriptive controls on business; for example, bans on the use of trans fats
[113].

Each of these examples illustrates ways in which regulation can change the ‘ex-
ternal’ environment. In addition, however, regulation has an ‘internal aspect’,
which refers to governance initiatives whose focus is institutional reform, and
structures for improving the strategic and organisational capacity of government
to respond to health challenges. This is the focus of the first of four case studies,
below.

(1) Improving governance structures for cross-sectoral
collaboration and policy leadership

Goal: To deliver an inter-sectoral, whole-of-government approach to policy
development for obesity prevention

In 2008 to 2009, Australia’s federal government spent A$112.8 billion on health,
but only 2% of this (A$2.3 billion) was spent on public health [114]. At present,
public health functions compete for funding within health departments that are
focused on treating the sick. In addition to the difficulty of achieving more ad-
equate investment, however, lies the challenge of achieving a voice in policy
development in sectors beyond health. In the context of obesity prevention, this
means a voice in policies relating to transport and urban development, local gov-
ernment, agriculture and food (production, manufacture, retail, catering, advertis-
ing), education, and taxation [115]. Achieving an inter-sectoral, all-of-government
approach to strategy, policy and program development is perhaps the most im-
portant priority for taking innovative and incremental steps that could reduce the
burden of disease, and healthcare expenditures, in Australia’s ageing population.

Developing architecture to support an inter-sectoral approach to policy de-
velopment requires strategic choices, including between an essentially
government-focused, and a community-focused structure. One model is a ‘polit-
ically owned’ governance structure with a mandate – secured through high-level
(preferably cabinet-level) leadership and support – to forge cross-departmental
links and to develop an integrated response that is consistent with the govern-
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ment’s commitment to act. This model might include inter-departmental task-
forces or standing committees that provide the opportunity for relevant ministries
to consider the negative impact of their policies and programs on shared health
goals, as well as opportunities for a more coherent, all-of-government approach.

The National Obesity Prevention Act of 2008, a federal bill introduced into
the 110th US Congress, illustrates the first kind of structure [116]. This bill would
have established an inter-Departmental Task Force, supported by an Advisory
Committee on Obesity, with a mandate to develop a government-wide strategy
for obesity prevention, supported by goals for each agency, with a requirement
for each agency to review its budgets and programs and to determine their impact
on physical activity, nutrition and obesity rates. The bill would also have required
each agency to report annually on its implementation of the national strategy and
its impact on obesity rates.

Although this bill was never passed, its essential structure is reflected in
President Obama’s more recent National Prevention, Health Promotion and Pub-
lic Health Council [117], which recently published the National Prevention Strat-
egy [118] and is tasked with monitoring the policies of a dozen federal agencies,
reporting annually on progress towards the goals in the strategy, and suggesting
corrective actions to agencies to assist them to achieve the goals. In the UK, the
Blair government adopted a multi-sectoral approach to health inequalities, setting
out the commitments, key actions and spending required for each department as
part of the all-of-government strategy. Importantly, the strategy was overseen by
a Cabinet sub-committee chaired by the deputy prime minister [119].

An alternative model for supporting an inter-sectoral approach is an
independent-of-government structure that is less constrained by party politics, but
nevertheless has a clear mandate to advise on policy options. On the one hand,
the benefits of this second model include its independence from the entrenched
cultures and agendas of existing departments, its likely capacity to engage more
effectively with consumers, business, and the NGO sector, and its ability to per-
form functions governments might wish to avoid, such as evaluating industry
practices. On the other hand, this remoteness and lack of political power could
limit the effectiveness of such a body in genuinely influencing the policy agenda
of departments and in raising the profile of possible solutions.

A third model of particular relevance to Australia is a ‘portfolio agency’ with
a statutory mandate that lies outside the health department, but within the health
portfolio, with executive leadership reporting directly to the minister.7 With ad-
equate resources and a statutory mandate, such an agency may be able to move
more effectively between departments and to assume the role of ‘honest broker’,

7 Examples of portfolio agencies, each with their establishing acts, include the Na-
tional Health and Medical Research Council (NHMRC), Cancer Australia, and the
National Blood Authority (NBA).
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while engaging effectively with business and community groups. The functions
of the CEO of the recently established Australian National Preventive Health
Agency include encouraging partnerships with industry, non-government organ-
isations, and the community sector; developing standards and codes of practice
relating to preventive health matters; advising the minister, and publishing a bian-
nual report on the state of preventive health in Australia. If requested to do so,
the CEO can also make recommendations about preventive health to the fed-
eral health minister, to the Australian Health Ministers’ Conference, to state and
territory governments and the Australian Local Government Association [120]. It
seems clear, however, that the functions of the new agency have been designed
to prevent it from interfering in departmental policies or in the political sphere, as
distinct from engaging in health promotion and on non-legislative and voluntary
actions by business and within the community sector.

In 2009, the National Preventative Health Taskforce proposed a Prime Min-
ister’s Council for Active Living driving the development and implementation of
a National Framework for Active Living encompassing transport, the built en-
vironment, and social engagement [67, pp99–100]. The aim was that the Prime
Minister’s Council would develop a business case for consideration by the Coun-
cil of Australian Governments for a new funding partnership that would link
future infrastructure funding in these areas to the agreed outcomes for active
living. This recommendation was rejected on the grounds that the National
Preventive Health Agency, and other existing mechanisms including Medicare
Locals and the national Partnership Agreement on Preventive Health, could de-
liver appropriate outcomes [59, pp34–35].

Chronic disease prevention competes with many other issues for the attention
and resources of cabinet, ministers and departments. The easier option, as re-
flected in the National Preventive Health Agency, is to create agencies to lead
efforts to encourage behavioural change by individuals through mass media cam-
paigns and voluntary actions. Important as they are, these investments need to
be matched by governance structures that facilitate serious consideration of how
all ministries and sectors can shape their policies in order to encourage and even
privilege healthier food choices and a more physically active lifestyle.

(2) Reducing or eliminating advertising of high-sugar,
high-salt, high-saturated-fat (HSSF) foods to children

Goal: To reduce or eliminate diet-distorting commercial influences on chil-
dren’s diets due to the relentless marketing of energy-dense, nutrient-poor
foods; to reduce ‘pester power’ and to support parents in exercising per-
sonal responsibility to provide a healthy diet for children

The exposure of children to television advertising of energy-dense, nutrient-poor
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foods has become a litmus test for the willingness of governments to use regula-
tion to create a healthier food environment for children [121]. Evidence suggests
that Australian parents are concerned about food advertising to children and
support stronger regulation [122]. On the other hand, due to assumptions about
personal responsibility and commercial freedom, reducing food advertising to
adults is not seriously on anyone’s agenda, even where constitutional constraints
do not preclude it. Overweight and obese children are more likely to remain so
in adulthood [123], and to the extent that unhealthy food advertising could be
reduced, it would not only assist parents to exercise parental responsibility to pro-
vide a healthier diet for children, but would create incentives for the food industry
to improve the nutrition of leading products, or to re-direct advertising dollars to-
wards healthier foods.

In Australia, evidence continues to demonstrate that energy-dense, non-core
foods are heavily advertised during children’s peak television viewing times [124,
125, 126]. In the US, in 2006, 44 food companies spent over US$1.6 billion promot-
ing food and beverages to children and adolescents, predominantly carbonated
beverages, quick-serve restaurant food and breakfast cereals [127].

Although there is a positive association between the amount of television
watched and increased consumption of commonly advertised foods, and between
exposure to television and obesity, both for adults [128, 129] and children [78,
130, 131, 132], the argument that this link is mediated by the impact of food ad-
vertising depends upon a distinct chain of reasoning. For children, this includes
the assertion that food advertising alters preferences and purchase requests [133],
which attach to higher-energy, advertised foods that crowd out and replace the
more energy-dilute foods the child would have eaten if not exposed to advertis-
ing. While it is logical to assume that ‘fast-food restaurants would not choose
to advertise if advertising did not increase the demand for their products’ [134],
proving a causative link – as distinct from demonstrating correlations between a
cluster of behaviours – has not been straightforward. In a recent paper, Boyland
and colleagues reported that children preferred to select high-fat and high-car-
bohydrate foods after viewing food commercials, and that this effect was more
pronounced among children who were habitual television viewers [135]. The au-
thors point out that their findings support the argument that food advertising not
only alters brand choice but alters generic food preferences in favour of energy-
dense, nutrient-poor foods.

A consistent theme in food advertising is the presence of voluntary, industry-
designed schemes that are promoted as accommodating community concerns
about childhood obesity and obviating the need for direct government involve-
ment. In the US, evidence suggests that as a result of pledges made under the
Council of Better Business Bureau’s Children’s Food and Beverage Advertising
Initiative [136], television food advertisements viewed by children aged two to 11
declined by 12% between 2004 and 2008. However, by 2010, exposure to food
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advertising increased by 9% over 2008, and in 2010 children viewed 39% more
ads for fast food and other restaurants than in 2002 [137]. Adolescent exposure to
food advertising increased by 23% during 2004 to 2010; adult exposure increased
at an even higher rate [138]. Another study found that in 2009, over two-thirds of
all food advertising by signatories to the Children’s Food and Beverage Adver-
tising Initiative was for non-core (‘once-in-a-while’) foods, and that healthy food
advertising was invisible [139].

In 2009, the US Congress authorised an appropriation to establish the Intera-
gency Working Group on Food Marketed to Children comprising representatives
of the Federal Trade Commission (FTC), Food and Drug Administration, the
Centers for Disease Control and Prevention, and the Department of Agriculture.
The working group was tasked with developing a set of food marketing princi-
ples to guide industry self-regulation that would improve the nutritional profile
of food marketed to children aged two to 17 years [140]. From 2016, the work-
ing group’s proposed principles would require all food products falling within
the ten most heavily marketed product categories to comply with two nutrition
principles. These set maximum values for ‘negative’ nutrients including satu-
rated fat, added sugars and sodium, and secondly, require all marketed foods to
‘provide a meaningful contribution to a healthful diet’ by containing minimum
amounts of either fruit, vegetables, whole grains, low-fat milk or a number of
other food categories [140]. Although the final principles are voluntary, they will
represent a credible consensus of relevant federal agencies on permissible forms
of food advertising to children, which these agencies will expect the food indus-
try to implement by 2016. If the food marketing principles are widely ignored,
this could encourage the FTC to explore the full reach of its powers to regulate
food marketing to children (subject to First Amendment, tailoring and eviden-
tial challenges) and theoretically, could provide support for the restoration of the
FTC’s rule-making powers under the unfairness doctrine [141]. By setting norma-
tive standards, engaging with the food industry, and monitoring and reporting on
its compliance, the FTC could encourage both improvements in food marketing
practices, and the reformulation of heavily advertised foods.

In its submission to the Interagency Working Group in July 2011, the Chil-
dren’s Food and Beverage Advertising Initiative (CFBAI) announced new uni-
form nutrition criteria, to be implemented by 31 December 2013, which define
the nutritional characteristics for foods advertised to children under 12 across ten
product categories [142]. Arguing that the Interagency Working Group’s proposed
principles are ‘not realistic and thus … not aspirational’ [143], the CFBAI argued
that the application of the Interagency Working Group’s principles to children
and adolescents aged two to 17 is ‘overly broad and inappropriate’, whereas the
CFBAI ‘properly focuses on advertising primarily directed to children under 12’
[143, p23].

Australia’s co-regulatory approach to children’s food advertising begins with
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the Children’s Television Standards 2009 (CTS) prescribed by the Australian
Communications and Media Authority (ACMA) [144, 145]. The CTS apply to the
designated children’s (C) and preschool (P) programming that broadcasters are
required to broadcast under their licences (CTS 6–19). Compliance with the CTS
is a license condition for commercial television broadcasters [146]. The CTS pro-
vide that where advertisements contain premium offers, such as toys offered for
sale with advertised foods, the advertisement must not make reference to the
premium ‘in a way that is more than merely incidental’ to the advertised prod-
uct (CTS 33(2)). The CTS prevent the repetition of advertisements within any
30-minute period (CTS 29), and prohibit the promotion of commercial products
by popular characters, including animated, cartoon and movie characters (CTS
35). Food advertisements may not contain misleading or incorrect information
about the nutritional value of the product (CTS 32(7)).

Evidence suggests that food advertisers have regularly ignored the CTS in
the past [147, 148]. In a review of the 2005 version of the CTS, completed in 2009,
ACMA decided against imposing any additional restrictions on food advertising
during children’s designated programming, concluding that ‘the relative contri-
bution of advertising to childhood obesity is difficult to quantify and the causal
relationship between these may not be possible to determine’ [149, p9]. ACMA
also carried out economic modelling which showed that banning the advertising
of foods high in fat, salt or sugar (HSSF foods) could significantly affect the rev-
enues and profitability of broadcasters [149, p6]. As Ingleby and colleagues point
out, the revenue consequences of restricting unhealthy food advertising ‘becomes
less attractive as a proposition when it is translated into an argument that children
should be exposed to harm as the price of having television programs made for
them’ [150].

The Children’s Television Standards are supplemented by the co-regulatory
Commercial Television Industry Code of Practice [151] which is registered as a
code of practice under the Broadcasting Services Act 1992 [152]. This code pro-
vides that food advertisements directed to children shall not promote an unhealthy
lifestyle, or the excessive or compulsive consumption of foods or beverages [151,
para 6.23]; it also requires compliance with the Code for Advertising & Mar-
keting Communications to Children adopted by the Australian Association of
National Advertisers (AANA Code) [153]. Neither code is designed to restrict
the frequency, timing or placement of advertisements for energy-dense, nutrient-
poor foods directed to children [154]. Leaving aside the fact that both codes rely
wholly on consumer complaints, and lack independent monitoring, both codes
also consist of generally expressed principles which recent practice suggests
are exceedingly difficult to break. Neither code restricts the cumulative impact
of unhealthy food advertising on children’s preferences and expectations [154,
pp134–38].

As evidence and community concern about food marketing to children have
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continued to grow, the food industry has sought to manage the political risk of
regulation by developing additional self-regulatory schemes. Recent initiatives
include the Responsible Children’s Marketing Initiative developed by the Aus-
tralian Food and Grocery Council (AFGC) [155], which came into operation
during the period when ACMA was reviewing the Children’s Television Stan-
dard (2005). The AFGC Initiative applies to designated children’s and preschool
programming, and G-rated programs where >50% of the audience are children
under 12 years, but not other programming where children are nevertheless a sig-
nificant share of the audience. In 2009, when the National Preventative Health
Taskforce recommended phasing out the marketing of energy-dense, nutrient-
poor (ENDP) food on free-to-air and pay TV before 9pm, together with premium
offers and the use of competitions, cartoons and promotional characters, the Aus-
tralian Government responded that it would continue to monitor the effectiveness
of voluntary codes including the AANA Code, the AFGC Initiative, and a similar
initiative by the Quick Service Restaurant Industry [59, pp46–47].

King and colleagues evaluated non-core food advertising before and after the
introduction of the AFGC’s Responsible Children’s Marketing Initiative. They
found that while signatories to the AFGC initiative reduced their rate of non-core
food advertising, there was no reduction in the rate of non-core advertisements
overall (which continue to dominate peak viewing times), since non-signato-
ries to the initiative increased their rate of non-core food advertising [124]. Nor
should it be assumed that exposure would be dramatically reduced if more adver-
tisers implemented the AFGC principles, given their focus on programs directed
to children, rather than children’s peak viewing periods. Hebden and colleagues
found that the introduction, in August 2009, of the children’s marketing initiative
of the Quick Service Restaurant Industry made no difference to the frequency of
non-core fast food advertisements broadcast during peak children’s viewing peri-
ods [156].

Handsley and colleagues have argued that if the goal is to actually reduce
children’s exposure to non-core food advertising, restrictions based on time of
day will be required, not merely restrictions on advertising within designated
children’s programming [157]. In the UK, broadcast advertising is regulated by
the UK Code of Broadcast Advertising (BCAP Code), which was written and is
reviewed by an industry body, the Broadcast Committee of Advertising Practice
(BCAP) under delegation from OfCom, the telecommunications regulator [158,
159]. In 2006, the Food Standards Agency (FSA) advocated a complete ban on
all advertising of foods high in salt, sugar and fat on television before 9pm [160].
After a lengthy inquiry, OfCom did implement a ban on HSSF food advertising
[158, section 32.5], based on the nutrient profiling model developed by the FSA
[161]. The ban applies specifically to advertising of foods high in salt, sugar and
fat in ‘programmes commissioned for, principally directed at or likely to appeal
to’ audiences below the age of 16. OfCom has contracted out the enforcement of
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the BCAP Code to the Advertising Standards Authority [162].
The significant difference between ‘children’s programs’ or ‘programs tar-

geted at children’, and ‘peak children’s viewing periods’ illustrates the political
and philosophical difficulty of implementing an effective ban, which would re-
quire the value of commercial speech to adults to be balanced with the benefits
of encouraging healthier diets for children and adolescents. Other important vari-
ables include whether advertising restrictions apply to children and adolescents,
or only to children; the nutritional parameters of foods that attract any ban; and
whether or not the administering authority is a government agency, industry or in-
dependent body. While there is substantial evidence in Australia showing that the
food advertising children are exposed to does not support a healthy diet, govern-
ments are reluctant to take on the food industry, and regulation will only improve
things to the extent that it addresses the criteria above.

(3) Economic incentives to encourage investment in
workplace-based risk prevention and health promotion

programs
Goal: To exploit the workplace, in both the private and public sectors, as a
setting for disease prevention and health promotion programs encompass-
ing smoking cessation, obesity prevention and healthy eating

Although calls for a ‘fat tax’ are regularly made and are the best-known example
of an economic strategy for obesity prevention [163], there is a wide range of op-
tions for altering the policy environment in ways that could indirectly influence
food consumption patterns at the population level. These include imposing a levy
on television advertising of energy-dense, non-core foods that do not meet mini-
mum nutritional criteria [164], eliminating the tax deductibility of food advertising
costs for non-core foods [134], as well as financing initiatives to make fresh fruit
and vegetables more accessible and affordable to lowincome and remote popula-
tions [165]. In 2010, the Australian Government rejected the recommendation of
the National Preventative Health Taskforce to commission a review of economic
policies, including the use of taxation, grants, pricing, incentives and subsidies to
promote access and consumption of healthier foods and greater levels of physi-
cal activity [59, p37]. The wide-ranging Henry review of Australia’s future tax
system also rejected the notion of a fat tax, because of the difficulty of accu-
rately estimating the health and productivity costs attributable to particular (less
healthy) food or product constituents, and because of the multiple influences –
besides food choices – on obesity, including genetic, social and economic factors
[166]. The population health effects of the dietary changes that could result from
a tax on certain classes of food or food ingredients are also not well understood
[167].
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Like schools, and healthcare encounters, the workplace is an important set-
ting for disease prevention. A growing body of research evaluates the business
case for workplace-based disease prevention and health promotion programs, and
seeks to identify the optimal design elements, spending and managerial require-
ments of successful programs [168, 169]. Since risk reduction and better employee
health offers the promise of reductions in future healthcare costs and sick leave,
and improved productivity and morale, workplace-based risk prevention pro-
grams provide the opportunity for alignment between the economic goals of
business, the public health goals of government, and the interests of individual
employees. At the global level, the World Economic Forum hosts the Workplace
Wellness Alliance and promotes corporate wellness initiatives as an opportunity
for multinational companies to contribute to the prevention of chronic disease
[170, 171].

In the US, employers have a direct financial incentive to invest in evidence-
based wellness programs, not only because absenteeism and low productivity af-
fect the bottom line, but also because employees’ health insurance premiums are
typically paid for or are heavily subsidised by employers. In 2010, 69% of non-
federal private and public employers offered health benefits to employees. Of
these, nearly three-quarters of employers offered ‘wellness programs’. Services
typically included in these programs include: weight-loss and smoking cessation
programs, personal health coaching, gym membership discounts, nutrition and
healthy living classes, and online resources [172, p170]. Increases in healthcare
premiums, including employee contributions [172, pp20–21], combined with the
economic downturn and the imperatives of deficit reduction, are driving a longer-
term trend towards government policies to encourage workplace-based health
promotion programs, with sharper financial incentives for employees to partic-
ipate in them. For employees, this typically means submitting to a health risk
assessment, followed by the development of an individualised risk reduction pro-
gram, with annual review.

President Obama’s Patient Protection and Affordable Care Act (PPACA),
signed in 2010, authorises grants to small businesses (<100 employees) to estab-
lish comprehensive wellness programs [173], and provides for the development of
reporting requirements for group health plans to report on wellness and health
promotion initiatives, including smoking cessation, weight management, diabetes
management and nutrition [174]. It also requires the Centers for Disease Control
and Prevention to conduct a periodic national survey of workplace-based health
programs and to provide technical assistance to employers in evaluating such pro-
grams [175].

Federal law currently restricts employers from varying health insurance pre-
mium contributions according to the health status of the particular employee [176].
However, an important exception permits premium discounts or rewards of up
to 20% of the cost of the employee’s premium contribution where the employee
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has complied with the requirements of a wellness program that is ‘reasonably
designed to promote health or prevent disease’ [177, 178]. From 2014, this incen-
tive is increased to 30%, and up to 50% if the Secretaries of Health and Human
Services, Labor and the Treasury so determine [179, 180]. The point at which fi-
nancial incentives for participation in wellness programs (in both private and
state-funded health insurance schemes) become intrusive and coercive, remains a
matter of debate [181]. From 2014, the PPACA guarantees the availability and re-
newability of health insurance cover for employers and individuals, prescribes the
grounds on which premiums may vary, and further restricts discrimination based
on an individual’s health status [182]. PPACA requires all plans to include an ‘es-
sential benefits package’ (including specified preventive and wellness services
and chronic disease management) [183], and sets up a number of risk adjustment
processes to allocate payments to plans with high-risk enrolees. In this envi-
ronment, the central role of health promotion and risk prevention programs in
reducing healthcare costs, with financial incentives to encourage participation,
seems set to continue.

One bill not passed by Congress in 2009 would have offered tax credits to
businesses setting up comprehensive wellness programs, for a period of ten years
[184]. One of the primary goals of the US-based Workplace Wellness Alliance is
to ‘develop and advocate for tax-credit and other legislation that promotes work-
site health promotion programs and other health management initiatives’ [185].

The twin factors that are helping to drive investment in wellness programs
in the US – that is, the direct financial burden on employers who either self-
insure or pay the larger share of employees’ health insurance premiums, coupled
with financial incentives for employees – are absent in Australia. Australians
enjoy taxpayer-funded, rather than employer-funded, national healthcare cover-
age through Medicare, and private health insurance is community rated [186].
Any reversal of community rating would likely undermine the market for private
health insurance and increase demand for Medicare-funded services, something
the Australian Government would be keen to avoid.

In 2009, the National Preventative Health Taskforce argued that public sector
organisations at all levels of government should lead by example by introducing,
identifying and replicating successful workplace-based health promotion pro-
grams that could serve as ‘models of good practice to the employment sector as a
whole’ [67, p53]. To encourage uptake within the private sector, they suggested
that health promotion programs should be exempt from fringe benefits tax, free
of goods and services tax (GST), and tax deductible. The Australian Government
did not respond directly to these recommendations, although it has indicated it
does not support exempting employer-funded smoking cessation programs from
fringe benefits tax [59, p73].

From 1 July 2011, under the National Partnership Agreement on Preventive
Health [187], the Commonwealth is providing up to A$289 million in funding to
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the states to develop healthy living initiatives in the workplace [188]. The NSW
Healthy Workers Initiatives, for example, will comprise advice, support and re-
sources for businesses (including a website, phone service and onsite assistance),
as well as a coaching service for individuals [189]. For its part, the Commonwealth
is developing a National Healthy Workplace Charter with peak business groups,
national standards, and an awards scheme for best practice in workplace health
programs.

Despite the differences in health insurance arrangements, the US experience
has clear implications for Australia. The workplace offers a rare opportunity for a
win–win partnership between government, business and public health stakehold-
ers, yet what is absent are economic drivers. Australian employers are largely
protected from the direct healthcare costs of employee ill-health, and unless there
is compelling evidence to demonstrate that a healthy workers initiative dramati-
cally improves productivity in the short to medium term, uptake is unlikely to be
on the scale required to substantially contribute to disease prevention goals. What
the current voluntary model overlooks is that workplace-based initiatives are not
merely a vehicle for improving business productivity by enlightened businesses;
rather, the workplace is an important setting for reaching a large proportion of the
working population.

This suggests two priorities. Firstly, the Australian Government should act
on the recommendation of the National Preventative Health Taskforce by recon-
sidering how the taxation system could best support the uptake of healthy worker
programs, encompassing smoking cessation, obesity prevention and improved
nutrition. Secondly, governments, as employers, should lead by example, imple-
menting comprehensive programs for the benefit of government employees, and
using their purchasing and contracting powers to impose accreditation standards
to drive improvements in the nutritional quality of foods sold in government
buildings, hospitals and other public sector settings.

(4) A co-regulatory approach to food reformulation
Goal: To moderate overconsumption of saturated fat, sugar and salt at the
population level by providing a statutory underpinning to food reformula-
tion negotiations encompassing food manufacturers, retailers, government,
and public health stakeholders

The availability of ‘cheap, palatable, energy-dense foods’ that are skilfully mar-
keted and high in fat, sugar or salt, is an important change in the environment
that has driven the upward trend in population weight gain over the past few
decades [190]. Reformulation of food products is a population-level ‘superpolicy’
that could improve nutrition by reducing the amount of overconsumed nutrients.
Some major food manufacturers and retailers, such as Pepsico [191] and Wal-Mart
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[192], are already taking steps to improve the nutritional profile of their portfolio
of products.

Prevailing beliefs about the importance of free markets, limited government
regulation, consumer choice and personal responsibility support the view that it
would be inappropriate for a government agency to prescribe mandatory stan-
dards for nutrients (salt, sugar, saturated fat) for the food sector. A competing
view might hold that regulation has a legitimate role to play in setting the ground
rules for a multi-stakeholder process to drive nutritional improvements within the
food supply. There are several factors that, in combination, suggest a growing
role for government in public health nutrition.

Firstly, although the status of good nutrition, as a value within Australian
food regulation, remains ambiguous, anyone familiar with the Food Standards
Code cannot fail to acknowledge that nutrients in food are already regulated pre-
scriptively and in almost forensic detail, in order to reduce health risks, to set
parameters for health and nutrient claims, and to avoid confusion, misunderstand-
ing and deceptive advertising [193].

Secondly, consumers cannot make healthy choices in circumstances where
only a minority of products (for example, snacks and beverages) meet ‘healthy’
nutritional criteria [194] and where there is no evaluative food labelling scheme to
assist consumers to rapidly distinguish between products based on their nutrition
[104]. Thirdly, in the light of evidence of its role in cardiovascular disease, New
York City, followed by a range of US states and cities, has banned trans fats in
restaurant cooking [195, 196].

Over time, salt reduction also has the potential to significantly re-shape as-
sumptions about the legitimate limits of food regulation. Around three quarters
of salt intake in most high-income countries comes from added salt in processed
foods and pre-cooked meals [197]. This eliminates choice and, since most individ-
uals are unaware of their high-salt intake, hampers personal efforts to moderate
consumption. The benefits of salt reduction in controlling hypertension and re-
ducing cardiovascular disease at the population level is strongly supported by
evidence, but requires gradual – and more than trivial – reductions in salt lev-
els across those product categories that most contribute to excess levels [198, 199].
Many countries have adopted voluntary targets for reductions in population salt
intake, managed by government [200] or, as in Australia, through a Food and
Health Dialogue that includes government, the food industry and public health
groups [201]. A measure of resistance (passive or active) to substantial reductions
in salt targets, by at least some sections of the food industry, is predictable. For
example, evidence suggests that salt reduction will reduce sales of sugar-sweet-
ened soft drinks (which could assist in obesity prevention) [202]. Habituation to
highly salty foods encourages demand for cheaply produced, profitable snacks,
while water-binding chemicals in combination with salt can increase the water
content, and thus the weight, of meat [199, pp377–78].
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In 2009, the UK government set voluntary targets for salt reduction for the
food industry to meet by 2012 [203], while New York City is coordinating a Na-
tional Salt Reduction Initiative that includes 44 cities and states [204]. In Australia,
the National Preventative Health Taskforce recommended that the Australian
Government establish a Healthy Food Compact to drive changes in the food sup-
ply, with voluntary targets for reductions in salt, saturated and trans fats, and
sugar [67, pp106–09, 144]. In a muted response, the Australian Government has
committed A$900 000 over three years to ‘develop the evidence base and ratio-
nale for future food reformulation activities’ under the existing, voluntary, Food
and Health Dialogue [59, pp38–40].

There is growing academic interest in regulatory strategies for reducing salt
intake at the population level [205, 206]. In 2010, the Institute of Medicine recom-
mended that the Food and Drug Administration revoke the ‘generally recognised
as safe’ status of salt and set mandatory national standards for added salt to foods.
These would be implemented in a step-wise manner, allowing consumer taste
preferences to adapt and industry to resolve technical challenges [207].

One way of ensuring that food reformulation negotiations achieve an ad-
equate level of momentum is through a co-regulatory approach that adds a
statutory underpinning to what is currently a purely voluntary process. Consistent
with the prevailing model of ‘responsive regulation’ – which favours ‘soft’,
voluntary measures and only escalates to more direct forms of regulation and
enforcement when voluntary strategies fail [67, pp57–58] – participation in the
food reformulation dialogue could remain voluntary. In the absence of significant
levels of participation from major food manufacturers and retailers, however, a
voluntary process would stall. In that event, there should be a credible expecta-
tion that government will intervene more directly.

While the key components of a co-regulatory framework require further
elaboration, they might begin by enshrining a Healthy Food Compact as a public
process with a formal existence recognised in legislation or, at a minimum, in
a code of practice developed by an appropriate host agency, such as the Aus-
tralian National Preventive Health Agency [208] or Food Standards Australia New
Zealand [209]. The code of practice could set out the goals of the dialogue for
a defined five-year period, together with the roles, and respective obligations of
government, manufacturers, retailers and industry associations, and community-
based organisations, as participants in the dialogue. Major food manufacturers
and retailers whose market share exceeds a prescribed minimum would be ex-
pected to become signatories to this process.

Signatories might also be offered choices; for example, between making
prospective, binding commitments to reduce average levels of salt, saturated fat,
and energy across priority food categories, and to increase levels of fibre and
fruits, vegetables, nuts and legumes – versus participation in the dialogue for the
relevant five-year term. Prospective commitments might be preferable for sig-
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natories that wish to maximise flexibility as well as reduced scrutiny of their
product portfolio and manufacturing processes. Under the negotiated process,
signatories would need to negotiate towards feasible targets for improvements in
the nutrition of products within priority product lines against a credible expecta-
tion that if target levels were not achieved, default levels in some areas might be
set through a government-appointed process. Progress would be monitored with
public reporting.

While the focus of negotiations across the various priority categories within
the food reformulation dialogue would be improved nutrition, the focus of nego-
tiations involving retailers could involve commitments relating to the advertising
and marketing of healthy foods, and increased visibility and shelf space for
healthier products. Both streams would rely on the goodwill of those involved
to work effectively: government, manufacturers, industry associations, consumer
groups, and experts in public health and nutrition. The ground rules for the di-
alogue would need to balance public health goals with technical feasibility and
consumer acceptability, pursuing significant change across the food supply, while
minimising damage to existing brands.

CONCLUSION
I have argued in this chapter that governments have a critical role to play in the
prevention of obesity and diabetes through the development of a ‘plausible policy
basket’ that includes both regulatory and non-regulatory interventions. Signif-
icant improvements in health and wellbeing, not to mention productivity, are
unlikely unless governments acknowledge this leadership role. Effective policies
for obesity prevention require governments, in collaboration with other stake-
holders, to recognise that improving the public’s health is a legitimate goal for
public policy, rather than delegating responsibility for health to individuals and
private markets. At the same time, there is plenty of scope for reasonable people
to disagree about the legitimate boundaries of law reform initiatives, since public
health policies are difficult to keep separate from political philosophies.

Although a multi-level response is needed that addresses environments,
lifestyles and healthcare services, the case studies presented in this chapter –
governance reform, food advertising controls, incentives for disease prevention
within the workplace, and a clearer structure for commercial food reformulation –
are all directed at the environment, rather than at individuals and their behaviours
per se. While this will not satisfy the critics, there is an important distinction here.
Personal autonomy remains an important value in free, market-oriented societies.
On any fair assessment, the case studies presented here do not involve dictating
lifestyles or diets to individuals.

On the other hand, policies that create a more supportive environment for
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healthy living may very well conflict with the economic interests of those busi-
nesses that derive substantial revenues from current patterns of overeating, poor
nutrition and physical inactivity. In tobacco control, public health advocates have
learned that there are few, if any, opportunities for collaboration with tobacco
companies [210, 211]. From a perspective of two or three decades, however, leg-
islatures have literally driven over the top of the tobacco industry, dramatically
reducing the scale of tobacco use (if not the profitability of tobacco companies
themselves) in the process. Reducing the ‘food economy’ is not the goal of obe-
sity prevention. On the other hand, it would be naive of the food industry, looking
towards the next decade or so, to assume that governments will not seek to offset
rising healthcare costs and stagnating productivity by experimenting with regu-
latory measures to reduce the preventable component of chronic disease. While
debate continues about whether the food and beverage industries can be genuine
partners in strategies to improve diet and reduce energy intake [191, 212, 213, 214,
215], the point is that the law of obesity prevention has already arrived and is likely
to stay for some time. Its future remains to be written, debated, implemented and
evaluated. That said, regulatory interventions, like those presented in the case
studies above, may come sooner than many expect.
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14
Whole of society approaches to pre-

venting obesity and diabetes
Philayrath Phongsavan,1 Chris Rissel, Lesley King and Adrian Bauman

The current diabetes and obesity epidemic is largely a societally and envi-
ronmentally constructed health problem. Physical inactivity and excessive
intake of nutrient-poor and energy-dense foods are the two most impor-
tant proximal behavioural contributors to the unprecedented diabetes and
obesity levels currently facing many nations. Traditionally, individual be-
haviour change approaches and counselling, often combined with judicious
use of evidence-based pharmacological agents, have been the mainstay of
efforts to reduce these health risks. A newer socio-ecological approach
refocuses solutions on tackling broader environmental causes of obesity
and type 2 diabetes. This chapter examines promising societal and envi-
ronmental responses that enable and support regular physical activity and
healthy eating across populations. These approaches include redesigning
the built environment, providing active transport options, promoting the
availability and accessibility of healthy food choices, restricting promotion
of unhealthy foods, and implementing ongoing social marketing strategies
to influence sustained healthy eating and physical activity behaviours. Im-
plications for policy development and how public health can work with
various sectors of society to halt the rise in obesity and diabetes are dis-
cussed.

If it takes a village to raise a child, it takes the organised efforts of a society to
ensure that all of its children grow up to be healthy. A public health approach, by
definition, involves ‘the science and art of preventing disease, prolonging life and
promoting health through the organized efforts and informed choices of society,
organizations, public and private, communities and individuals’ [1].

Diabetes mellitus, in its commonest form known as type 2 diabetes, and obe-
sity, share some of the same modifiable risk factors, such as low physical activity,

1 Prevention Research Collaboration, Sydney School of Public Health, University of
Sydney.
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prolonged sitting, and too much energy-dense, nutrient-poor foods. As a society,
we have created a social and physical environment that facilitates being seden-
tary and encourages excessive food consumption. High-kilojoule convenience
foods are readily available and more affordable than fresh food, and heavily mar-
keted to all ages. We have designed transport systems to minimise physical effort,
and prioritised private motor vehicles over public transport by building motor-
ways instead of railways or rapid bus transit corridors. Unchecked development
on urban fringes creates a vast suburban sprawl, making distances too great for
walking and cycling. These structural problems facilitate and reinforce individual
behaviours, with inactive options logistically easier, and unhealthy food choices
cheaper and more accessible. This chapter examines the way this has occurred,
and suggests ways to reorganise the efforts of society to create a healthier physi-
cal and social environment.

A SOCIO-ECOLOGICAL PERSPECTIVE AS A
SOCIETAL SOLUTION TO PREVENTING OBESITY

AND DIABETES
Until recently, most obesity and diabetes prevention strategies have involved
behaviour change programs that focus on the biology and psychology of the indi-
vidual. This approach has some limitations. First, even optimal interventions that
persuade individuals to eat better and be more physically active tend to have ei-
ther weak or short-lived effects [2, 3]. This, together with the rapid rise in obesity
and diabetes globally over the past three decades [4], suggests that the causes of
obesity and diabetes are beyond individual biology and psychology. Second, in-
dividual and education-based programs tend to have low population reach, and
usually enrol motivated individuals or those with already high levels of risk.
While this strategy yields great effects for high-risk individuals, it has minimal
effects on population levels of obesity and diabetes because it does not reach the
largest numbers of people, those who are at average risk. As the causes of obesity
and diabetes are likely to be linked to broader environmental and societal changes
[5, 6, 7] that can impact populations, there is a need for a shift in thinking and so-
lutions to these problems.

To achieve large and sustained public health gains through the prevention of
diabetes and obesity, the whole population needs to be targeted regardless of their
current health status. Even small shifts in the average level of a risk factor within
a population would result in large population effects overall [8]. Optimal public
health strategies then would encourage everyone in the community to make small
shifts in lifestyle habits every day [9].

Socio-ecological perspectives describe the multilevel influences on individ-
ual health behaviour [10, 11]. Figure 1 shows these influences, conceptually drawn
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as concentric circles of influences from proximal to distal. Individual character-
istics, beliefs and attitudes comprise the inner circle, surrounded by immediate
influences of friends and family. Institutional environmental influences then
come into play, such as the food environment and physical environment at work-
places, schools and places where people spend most of their time. Broader outer
circles reflect the urban community environment, and the economic and cultural
environments in which people live; these can influence social norms, food pro-
duction and availability, public open space provision, and the existence of active
transport options in communities and cities.

The socio-ecological perspective posits that prevention programs and poli-
cies that change people’s knowledge, attitudes and skills without changing the
societal and physical environments in which people work, live and play, are
unlikely to be effective. Prevention strategies must operate on multiple levels, in-
cluding individually targeted and tailored behaviour change components, as well
as environment and social support strategies to make it easier for individuals to
adopt healthy practices. Becoming more physically active is easier where there
are safe walking/cycling paths in the neighbourhood, exercise stations or quality
playgrounds in local parks. Healthy food choices are facilitated by neighbour-
hood shops that stock affordable and nutritious food. Interventions that cultivate
social norms about the benefits of physical activity and healthy eating, policies
that ensure physical activity programs are available in parks, or initiatives that
emphasise the provision of comprehensible nutrition information at point of pur-
chase all have potential important benefits. The following sections examine some
promising societal and environmental responses that facilitate regular physical
activity and healthy eating across populations.
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Figure 1. Socio-ecological perspective for obesity and diabetes prevention across soci-
etal levels [10, 11]

PHYSICAL ACTIVITY ENVIRONMENTS

Redesigning the built environment for walking and cycling
Over half the Australian population is not reaching minimal recommendations of
around 150 minutes per week (2.5 hours) of moderate–vigorous physical activity
for health benefits [12]. This equates to approximately half an hour of activity ac-
cumulated over at least five separate sessions on most days each week. The target
amount of 150 minutes per week can also be accrued in short bouts of ten minutes
or more. Recommendations for weight maintenance or weight loss are substan-
tially greater, typically around 60 to 90 minutes daily [13].

A key contributor to decreased daily physical is increased reliance on motor
vehicles. Over 75% of Australians live in an urban setting [14], with a third of all
car trips under three kilometres and a half under five kilometres, distances that
could easily be walked or cycled. Short trips by bicycle can in fact be faster in an

14 Whole of society approaches to preventing obesity and diabetes

303



inner city context than driving [15]. If available, public transport as an alternative
to driving can also provide some physical activity. Catching a bus or train gen-
erally involves a walk at either end of the trip. Walking, cycling or using public
transport is often called ‘active travel’.

Cycling is an important form of active travel. However, while about 10%
of Australians will cycle in any given year, only 1%–2% cycle daily [16]. The
opportunity to cycle depends on good cycling infrastructure, with a network of
well-connected bicycle lanes and routes. This is particularly needed to over-
come the perception of the dangers of cycling, ideally by separating cyclists from
mainstream car traffic [17]. Recent cycling infrastructure development in central
Sydney that applied these guidelines has resulted in an increase in the observed
numbers of daily bicycle trips [18].

It is also important to encourage walking as a form of active travel. Walking
accounts for two-thirds of women’s and one-half of men’s health enhancing phys-
ical activity [19], yet, the built environment in urban areas discourages walking.
More sustained walking and cycling behaviours can be encouraged by urban de-
sign that creates a physical environment more conducive to cycling and walking.
For example, occasional or non-regular riders do not ride long distances for utili-
tarian purposes. One way to reduce trip distances is to develop cities with higher
density and greater mixed land use (having residential zoning near commercial
areas). Urban planners and transport engineers could create more walkable physi-
cal environments through medium-density housing, connection of street networks
and having mixed-use destinations (having local shops, businesses and residen-
tial dwellings in the same neighbourhood) [20]. This means more people can live
near where they work, removing the need to commute long distances. Most peo-
ple will choose the easiest, cheapest and most convenient way to get to work. If
pedestrian and cycling footpaths were available, active transport is more likely.

While there is some truth in the idea of ‘build it and they will come’, the
optimal approach is for good cycling and walking infrastructure to be built and
promoted to the public and prospective users. A community-based project in
Western Sydney to encourage cycling and the use of existing bicycle paths found
a significant increase as a result of social marketing and behavioural programs
[21, 22]. Similarly, there is a need to create and then promote walkable environ-
ments to the community, and change community perceptions around walking as
a mode of transport.

Redesigning public spaces for active living and recreational
activities

Active living refers to opportunities for people to incorporate active travel and
recreational activities into their everyday lives. Town and city residents rely on
public spaces such as natural reserves and public parks as venues for outdoor
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recreational activities [23]. Theoretically, public spaces are more likely to be used
by the general population than indoor sport and exercise facilities such as the gym
[24]. Epidemiological evidence shows that people living in activity-friendly envi-
ronments with green spaces, playgrounds and walking/jogging paths tend to be
more physically active [25, 26, 27, 28], and both adults and children have reduced
obesity risk [29, 30]. A recent systematic review found open space preservation
to be associated with increased physical activity levels, primarily walking [31].
Yet, public spaces such as neighbourhood parks are an underutilised environ-
mental setting for promoting physical activity. This reflects a research area in
evolution, with much research describing associations between park characteris-
tics and physical activity [27]. Limited evidence notwithstanding, the evidence to
date supports the notion of neighbourhood parks as a promising environmental
setting for promoting recreational activities. Since public spaces are amenable to
change, improving their conduciveness to physical activity has good potential to
improve the quality of community life [32].

Two ‘naturalistic’ studies in Sydney evaluated the impact of park improve-
ments on physical activity levels. One study in Western Sydney did not reach
conclusive findings about the impact of improving the environment in three parks
on physical activity participation [33]. Another study in an inner Sydney sub-
urb found improving children’s playgrounds increased usage [34]. Despite their
potential policy implications, intervention evidence from these naturalistic stud-
ies, so called because they aimed to evaluate the effectiveness of environmental
changes opportunistically, remains limited [35, 36].

Even though improving facilities and amenities is an important step, the
socio-ecological perspective would propose that an integrated approach would
comprise promotion to increase awareness, and organised activity programs in
renovated public spaces are also needed to motivate community use [35, 37]. Lo-
cal councils and governments are in the position to define public space (re)design
for supporting community-wide physical activity participation, and ensure that
appropriate recreational programs are provided and promoted to the community.

Narrowing the health inequality gap through environmental
strategies

Health inequalities between neighbourhoods have been well documented in Aus-
tralia [38]. People living in socioeconomically disadvantaged areas have higher
rates of chronic diseases and lower leisure-time physical activity than those in
more affluent neighbourhoods [39]. One benefit of a socio-ecological perspective
in a comprehensive multilevel prevention obesity/diabetes program is that the
interventions can impact whole populations, not just motivated individuals who
attend clinics or specific programs. Based on this perspective, the development of
public infrastructure could contribute to reducing the differences in health behav-
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iours between poor and wealthy areas [40, 41, 42, 43].
Positive relationships between access to quality public spaces and increased

physical activity and reduced obesity risk are most apparent among residents liv-
ing in socioeconomically disadvantaged areas, the elderly and homemakers [27,
30]. This suggests that improving the quality of public spaces (eg access, aes-
thetics, functionality, proximity, perceived safety), may counter the effects of
neighbourhood socioeconomic disadvantage, and contribute to narrowing the di-
abetes and obesity inequality gap between areas [44].

Summary of physical activity environments
Living in activity-friendly communities can facilitate active transport and recre-
ation for every person regardless of their socioeconomic status. Although more
evidence is needed to demonstrate direct links between specific environmental
infrastructure and physical activity, public health experts consider the evidence
sufficient to recommend policy interventions to reshape approaches to urban
planning and built environment designs for supporting active living [45]. Increas-
ing incidental and everyday physical activities through environmental approaches
may contribute sufficiently to increase total energy expenditure, and to have a
role in obesity and diabetes prevention.

FOOD ENVIRONMENTS
Despite living in a society that has a plentiful supply of nutritious foods, the
majority of Australian adults and children do not eat in accordance with dietary
guidelines, and in particular consume excessive amounts of energy-dense,
nutrient-poor (EDNP) foods. Energy-dense, nutrient-poor foods refer to foods
high in total energy, fat and/or sugar and with little positive nutritional value.
Examples include many fast foods, fried foods, fatty meats, cakes, confectionery
and sweetened drinks.

Population increases in the prevalence in overweight and obesity indicate
that a significant proportion of adults and children consume more energy than
they require on a regular basis. In 2007, EDNP foods contributed to 35% of the
daily energy intake of children aged two to 16 years, which is twice the recom-
mended limit of 5%–20% [46]. For adults, EDNP comprised 36% of energy intake
in 1995 [47].

As with physical activity, the science of nutrition education started with
programs and clinicians providing advice to individuals. The approach has broad-
ened to encompass the food environment, social norms and broader environ-
mental influences, as highlighted by the socio-ecological framework. Food con-
sumption patterns reflect the interactions between individual factors, such as
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food preferences and disposable income, and environmental factors, such as food
availability, price and marketing. Despite the positive aspects of our food supply,
our food environment in fact promotes excessive food consumption, particularly
of EDNP foods. Energy-dense, nutrient-poor foods are widely available and ex-
tensively marketed, through multiple media as well as at point of sale [48]. These
environmental influences are particularly strong, as nutrition information about
specific food products is not highly accessible at point of sale. As such, there are
many barriers to ‘making healthy choices easier choices’.

Redesigning environments to improve the availability of
healthy foods

People’s access to healthy foods is influenced by the availability of healthy foods
in their neighbourhood, or their access to transport to travel to more distant food
retail outlets. A landmark study of 221 census areas with over 10 000 residents
in the US found that residents increased their fruit and vegetable consumption by
32% for each additional supermarket in their census area [49]. Further studies in
both Australia and other developed countries have consistently found that super-
markets offer a predictably large range of healthier food items and at lowest costs
[50, 51].

Much of the work exploring food environments has focused on access differ-
entials between more and less socioeconomically advantaged areas as a possible
explanation of social gradients in the prevalence of obesity. This corresponds
to the concept of ‘deprivation amplification’, where disadvantages arising from
poorer quality environments amplify individual disadvantages in ways that are
detrimental to health [52].

Some international studies have described reduced food availability and
quality, and increased price of healthier foods in more disadvantaged neighbour-
hoods and rural areas [53, 54]. However, this has not been a consistent finding, and
healthy food availability probably also depends on other factors such as popula-
tion density and urban planning.

Two studies from the UK prospectively examined the impact of introducing
a supermarket into an area which did not previously have one. Whilst one study
found a substantial increase in nearby residents’ consumption of fruit and veg-
etables [55], the other only found a change in those residents who switched to do
all their shopping at the new supermarket [56]. A US study which followed 5115
people in several cities for 15 years, found that easy access to fresh food stores
did not improve food choices [57]. The study also found that living near fast-food
outlets was associated with increased consumption of fast food. Thus, limiting the
availability and access to fast foods may be as important as increasing the avail-
ability and access of healthy food.

Altogether, the body of research on community food availability reinforces
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the public health value of mixed land use, with convenient location of supermar-
kets, and public transport routes, active transport infrastructure and community
transport options to ensure people have good access to supermarket destinations
[58].

Redesigning the nutrition information environment: food
and menu labelling

People’s access to healthy foods is also influenced by their ability to identify
healthier food products. Thus, nutrition information systems are considered by
public health professionals as important communication tools to inform and po-
tentially influence consumers. They are also of interest to the food industry as
promotional and marketing tools which offer opportunities for communicating
both factually and persuasively.

Recently, front-of-pack (FOP) signposting schemes have been proposed as a
consumer-friendly tool to assist consumers in making at-a-glance decisions about
a product’s nutritional composition [59]. The value of a FOP system has been
clearly identified, and research indicates that shoppers achieve higher accuracy
in determining product healthiness with simpler nutritional formats, particularly
traffic light systems [60]. However, the public health and food industry interests
in nutritional labelling have led to a plethora of FOP labelling systems over re-
cent years, and there is now evidence that the simultaneous operation of multiple
systems creates confusion and lack of trust in such information [61]. The need to
have a single, consistent system in operation provides a strong argument for a
mandatory labelling system. Researchers have also shown that the use of uniform
FOP labelling may have indirect impacts on food supply, and may influence re-
formulation or development of healthier products [62].

As Australians are increasingly purchasing and relying on foods prepared
outside the home, there has also been increased research and policy emphasis
on the provision of nutrition information at point of purchase in food service
outlets, despite inconclusive evidence regarding the effects of such labelling on
purchasing and consumption [63]. In the interests of consumer information, the
New South Wales (NSW) government has introduced legislation requiring all
chain restaurants with 20 or more locations in NSW or 50 or more locations na-
tionally to include kilojoule labelling on their menu boards for all ‘standard menu
items’ from 2012. This follows the introduction of state menu nutrition labelling
policies across the US since 2003, and a national bill in March 2010.

Redesigning the nutrition information environment:
limiting food marketing

Whilst public health seeks to provide consumers with nutrition information, food
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marketing is designed to persuade consumers to buy specific food products, and
tends to undermine public health nutrition efforts. The specific concern arises
as food marketing is highly pervasive and the majority of foods advertised are
EDNP [46].

Australian and international studies indicate that reductions in advertising
of unhealthy foods and beverages are likely to be a cost-effective (and probably
cost-saving) strategy for obesity prevention and chronic disease prevention [64,
65].

Many governments and international agencies have concerns about the mar-
keting of foods and non-alcoholic drinks to children. In May 2010 the World
Health Organization stipulated that governments should develop appropriate poli-
cies and set clear definitions for key components of restrictions on marketing of
foods and drinks to children [66]. On the basis of the evidence, the Australian
Government’s National Preventative Health Task Force (2009) recommended
government restrictions to reduce children’s exposure to advertising of unhealthy
foods [67]. In response, the Australian Government decided it would monitor
the impact of self-regulation on ‘reducing children’s exposure to advertising of
energy-dense, nutrient-poor foods and beverages’, before any further government
action [68].

Since then, studies indicate that industry self-regulation remains inadequate
in reducing Australian children’s exposure to junk food advertising on television,
and children still see the same amount of television advertising for unhealthy
foods as they did before industry self-regulation was introduced in 2009 [69,
70]. The lack of impact partially reflects the voluntary participation and lenient
specifications of the industry self-regulatory standards [71]. For example, food
companies were found to consistently stipulate higher thresholds for negative
nutrients (saturated fats, added sodium and sugars) compared with existing pro-
fessional criteria [72].

The rationale for government action to limit food marketing to children is
gaining momentum. Only government is in the position to set a framework of ad-
vertising standards defining the types of foods and drinks deemed appropriate for
advertising to children based on a food or drink’s nutrient profile, and assessed
using a standardised, independent nutrient-profiling tool; and ensure that these
standards apply to all food companies.

Summary of food environments
Redesigning food environments to make them more conducive to healthy eating
is fundamental to promoting nutrition at a population level. Individuals need
to be informed about healthy food options, but the broader environment that
promotes, advertises and creates accessible food purchasing also need to be influ-
enced, if population dietary patterns are to be changed. Policies can ensure that

14 Whole of society approaches to preventing obesity and diabetes

309



healthy foods are widely available and accessible, that people have easy access
to accurate nutritional information in order to identify healthier foods, and that
this information is not undermined by persuasive marketing. These actions can
contribute to a comprehensive approach to public health nutrition and obesity pre-
vention.

CREATING SOCIETAL NORMS FOR ACTIVE
LIVING AND HEALTHY EATING

Even environmental and policy changes may not be sufficient to motivate people
to become physically active or eat healthily. Cultural values and social norms
also play a key role in the types and quantities of food and drinks consumed; and
how much and where physical activity is incorporated into daily living. When
individuals engage in active modes of travel, some may do so because they see
others doing it, and consider such behaviour the norm in their society. Accordin-
gly, striving for healthy eating habits and regular physical activity can be more
difficult if such practices are not valued or perceived to be desirable within a so-
ciety.

In this context, social marketing is well placed to augment the benefits of
environmental and policy changes in ways that are consistent with a socio-eco-
logical framework [67, 73]. Geoffrey Rose reminded us that ‘It makes little sense
to expect individuals to behave differently from their peers; it is more appro-
priate to seek a general change in behavioural norms and in the circumstances
which facilitate their adoption’ [74]. Diverse and complementary chronic dis-
ease prevention initiatives therefore must be supported by consistent messages to
reshape cultural values and social norms. This includes promoting practical, sim-
ple everyday changes in lifestyles [75], as well as cultivating political and social
movements for active communities and a healthy food supply. In this situation,
social marketing to change social norms has an advocacy component, including
targeting key decision-makers about a policy development or resource allocation
decision [76]. This strategy has been widely used in tobacco control, where there
is already strong community support for tobacco control legislation. In obesity
and diabetes prevention, the goal is to replace the ‘obesogenic’ features of envi-
ronment with environments that make it easier for individuals to be active and
make healthy nutrition choices.

PREVENTING OBESITY AND TYPE 2 DIABETES IS
A SHARED RESPONSIBILITY

The socio-ecological approach provides a framework to implement a broad range
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of environmental and policy initiatives across multiple levels of society. This
involves directing physical activity and nutrition initiatives at infrastructure (eg
active living communities), institutions (eg retail settings, workplaces), policies
and regulations (eg food marketing to children), media (eg coverage of health
issues), and social norms (eg relationships, behaviours). Building footpaths and
regulating availability of fast food outlets are more permanent strategies, and can
impact larger numbers of people than individual-based health education programs
that target smaller numbers of motivated individuals with high risks. Making
these changes at the whole population level is a necessary antecedent to diabetes
prevention and to weight maintenance and obesity prevention.

The reality of widespread societal and environmental initiatives will require
committed and sustained advocacy and resources, with positive population-wide
changes in obesity and diabetes taking several years to manifest. Acknowledging
this complexity, solving the obesity and diabetes ‘epidemics’ will require build-
ing multidisciplinary collaborations between scientists and policy-makers.
Strengthening the research translation pathways, from findings to practice and
policy enactment will be an important component of such collaborations. It is im-
portant to recognise that all tiers of government and various sectors of society
shape beliefs and practices about physical activity and eating. As such, all are
responsible for society’s health. Organised public health efforts involve collab-
orations across government sectors and with different groups in society, such as
industry, consumer groups, civil society and the media. As the City of Sydney has
shown, urban renewal for active living across the life span and for all sub-popula-
tion groups is possible in Australia. Government leadership, social planning and
urban renewal that engages communities, businesses and relevant stakeholders is
fundamental to the process. Only then will a society be able to hardwire regu-
lar physical activity and healthy eating into its everyday fabric and ensure more
sustainable healthy behaviours to prevent obesity, diabetes and other chronic dis-
eases.
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15
How self-perception, emotion and

beliefs influence eating and weight-
related behaviour

Brooke Adam and Elizabeth Rieger
This chapter examines the psychological and environmental factors con-
tributing to the self-perception of obese individuals and its impact on
weight-related behaviour. Emotional functioning, environmental factors,
physical health, eating and weight-related attitudes, beliefs and behaviour
are explored. The impact of these factors on meaningful short- and long-
term treatment outcomes is discussed.

A wealth of knowledge and research exists which attests to the pervasive and of-
ten serious physical consequences of obesity. Examining the health problem of
obesity at a surface level, one might feel puzzled as to why some obese patients
experience marked difficulty, often over an extended period of time, to make rel-
atively modest behaviour change in exchange for significant improvements in
physical and psychological health and associated quality of life. Clinically, obe-
sity is associated with a range of psychosocial problems such as depression, low
self-esteem, guilt, shame, body dissatisfaction, social withdrawal and isolation,
stigmatisation and discrimination [1, 2, 3]. However, not all obese persons will
experience psychological problems. The obese population is heterogeneous in
terms of aetiology, maintaining factors, and psychological and physiological con-
comitants [4, 5]. As such, over recent years the question of whether those who
are obese have psychological difficulties has shifted to who will experience psy-
chological problems and in what ways [1]? This chapter will examine the main
psychological difficulties experienced by obese individuals, some of the factors
known to contribute to these difficulties, and how these difficulties in turn impact
on weight-related behaviours and, as such, should be included as a key compo-
nent of treatment.
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THE RANGE OF PSYCHOLOGICAL PROBLEMS
ASSOCIATED WITH OBESITY

Psychological difficulties are already evident in obese children and adolescents,
a finding which emphasises the importance of preventing and treating paediatric
obesity [6]. Given that obesity is increasing in childhood and adolescence, its
psychological and social consequences (such as teasing, peer exclusion, body dis-
satisfaction and poor self-esteem) are also of rising importance [7].

Clear evidence is emerging of the concerning association between obesity
and the self-perception of children and adolescents. In a 2006 study [8], 2813
children with a mean age of 11.3 years completed self-report measures of self-
perception and body shape perception, and their body mass index (BMI) was
calculated. Results clearly indicated that obesity has a negative association with
self-esteem. Specifically, obese girls and boys possessed lower perceived athletic
competence, physical appearance and global self-worth than their normal-weight
counterparts. The association between obesity and negative self-perception was
particularly evident in girls, with obese girls reporting significantly decreased so-
cial acceptance and satisfaction with physical appearance than healthy weight
peers. Overall, it was found that obese children were two to four times more
likely than normal weight children to have low self-worth.

Given the cross-sectional nature of these data, it is unclear whether negative
self-esteem is a cause and/or consequence of obesity. However, a longitudinal
study by Strauss (2000) [9] was able to provide stronger support for the causal
role of obesity in negatively impacting self-esteem. This study similarly found
that female childhood obesity at nine years of age was associated with impaired
self-esteem. At the four-year follow-up, obese girls experienced significant, de-
creasing self-esteem, which was associated with sadness, loneliness, anxiety and
risk-taking behaviour (eg smoking and alcohol consumption).

In addition to poor self-esteem, adult obese individuals are more likely to
have a psychological disorder, with a higher prevalence of mood, anxiety, alcohol
use, personality and eating disorders among the obese [10, 11]. Of the various psy-
chological disorders, binge-eating disorder (BED) has the strongest connection
with obesity. BED is characterised by frequent episodes of binge eating in which
the person consumes a large amount of food in a discrete period of time, coupled
with a sense of a loss of control. It is very different from an episode of overeating,
in terms of the amount of food consumed and the driven, compulsive nature of
the behaviour [1]. In BED, there is no immediate compensatory behaviour (such
as purging or excessive exercise) as seen in bulimia nervosa. BED is common in
individuals with obesity; estimates are that approximately one-third of the obese
population undergoing treatment for weight-loss experience binge eating sympto-
matology [12]. Similarly, the prevalence of obesity among individuals with BED
may be as high as 65% [13] which is much higher than the prevalence in the gen-
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eral adult population [14].
Yet the most consistent finding in terms of the psychological problems as-

sociated with obesity is that obese individuals experience higher levels of body
image disturbance than their normal-weight counterparts [15]. This may take the
form of experiencing high levels of dissatisfaction with their appearance, being
excessively preoccupied with their appearance, believing that their appearance
proves something negative about their worth as a person, avoiding many social
situations because of their weight, and being overly concerned about hiding or
disguising their body. One of the largest studies to date that has investigated body
satisfaction at various BMI categories was conducted by Frederick, Peplau and
Lever (2006) [16]. This study involved 52 677 men and women who were asked to
rate their level of body satisfaction on a scale ranging from ‘I have a great body’
to ‘I find my body unattractive’. The results indicated that rating one’s body
as unattractive was higher among obese male and female participants compared
with the other BMI categories: 69% of women and 54% of men with a BMI ≥35
felt unattractive compared to 5% of women and 6% of men with a BMI between
18.5 and 21.7. Across most BMI categories, women reported greater body dissat-
isfaction than men except in the underweight categories (due to men’s desire to
be larger). Particularly for women, a desire to lose weight is strongly associated
with a desire to change appearance and physical shape, and in turn feel more at-
tractive or experience greater body satisfaction. Women and men report that one
factor they find motivating to lose weight is to be able to have more choice in the
range of clothing available to wear that they regard as more flattering and fash-
ionable [17].

While not all obese individuals experience elevated body dissatisfaction, two
subgroups of obese individuals who are particularly vulnerable in this regard are
people with BED and those seeking gastric banding [15, 16, 17]. In addition, it
is important to note that factors other than seeking to improve body satisfaction
may drive the desire to achieve a thinner physique (such as the belief that weight
loss will improve the individual’s relationships) and that treatment should assist
individuals to improve these other factors in addition to interventions aimed at
achieving weight loss [18].

FACTORS CONTRIBUTING TO THE NEGATIVE
IMPACT OF OBESITY ON SELF-PERCEPTIONS:
THIN IDEAL INTERNALISATION AND STIGMA

The negative impact of obesity on self- and body-esteem has been attributed in
part to internalisation of Western society’s ‘thin ideal’ [19, 20]. The psychologi-
cal and behavioural consequences of societal pressure to be thin are considerable.
An increasing number of children and adolescents in Western societies report that
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they engage in dieting behaviour to lose or maintain weight [21]. However, diet-
ing in pre-adulthood leaves individuals at greater risk of subsequent weight gain
compared to non-dieters [22]. One explanation is that dieting often precedes the
onset of binge eating, and an increased risk of other eating disorder pathology,
weight gain and obesity in later adulthood [23, 24].

In addition to internalisation of the thin ideal, obese individuals are known to
experience considerable stigma and discrimination which in turn is likely to have
a negative influence on self-perceptions. There is a wealth of data demonstrating
the existence of a pervasive stigma towards obese individuals, with discrimina-
tion documented in all domains of life including social life, parenting practices,
education, employment and healthcare. Indeed, as Puhl and Brownell (2002) [25,
p108] state, negative attitudes and behaviours towards obese people ‘constitute
one of the last socially acceptable forms of discrimination’.

In the social domain, strongly negative attitudes regarding obese individuals
are already evident in pre-school and primary school-aged children. In one study,
Latner and Stunkard (2003) [26] presented ten- and 11-year-old boys and girls
with drawings of six children: a healthy child, a child using crutches, a child in a
wheelchair, a child with no left hand, a child with a slight facial deformity, and
an obese child. The children were asked to rank the drawings in terms of the child
they liked best to worst. It was found that children ranked the healthy child as the
most preferred and the obese child as the least preferred. Compared to when the
same study was conducted in 1961, the obese child was ranked as even less desir-
able by the children in the 2003 study, indicating that negative attitudes towards
obese children have become stronger over time. This study highlights that obese
children and adults are implicitly perceived as a devalued social group.

Parenting practices are another domain in which negative attitudes towards
obese individuals have been documented. For instance, in one study, parents were
given three pictures of children (an average-weight child, an obese child and a
handicapped child) and were asked to tell a story about each picture to their own
child [27]. There were striking differences in the rate of successful outcomes at the
end of each story: the outcome was happy for the average-weight child on 45%
of occasions, 80% for the handicapped child and on zero occasions for the obese
child.

In addition, research has found evidence of negative attitudes and behaviours
towards obese students in their education. For example, obese students are less
likely to be accepted into college than average-weight students despite having
equivalent academic records and making the same number of college applications
[25]. In a prospective study, women who were overweight in adolescence had
completed fewer years of school, were less likely to be married, had lower
household incomes and had higher rates of poverty than women who had not
been overweight in adolescence [28]. Moreover, negative attitudes and practices
have been documented for obese people at virtually every stage of the employ-
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ment process [29]. Overweight applicants are evaluated more negatively than
average-weight applicants and are less likely to be hired. Once employed, neg-
ative attitudes continue, with overweight employees being perceived as lazy,
sloppy, less competent, lacking in self-discipline and disagreeable. They are also
seen as poor role models. At the termination stage, there is evidence from le-
gal case documentation that obese employees have been fired due to their weight
even if they hold positions for which weight is irrelevant (eg computer analysts)
and despite formal recognition for fine job performance.

In the domain of healthcare, negative attitudes towards obese patients have
been found among doctors, nurses and medical students. In one particularly con-
cerning study, 12% of nurses reported that they were reluctant to touch obese
patients while 24% stated that they found obese patients to be ‘repulsive’ [30].
Being aware of negative attitudes towards them may result in obese individuals
delaying seeking medical care (eg obese women delaying getting a breast exami-
nation), which obese patients have attributed to embarrassment about their weight
and previous negative experiences with healthcare professionals.

THE IMPACT OF PSYCHOLOGICAL DIFFICULTIES
ON WEIGHT-RELATED BEHAVIOURS AND

OBESITY
While obesity can result in negative self-perceptions, psychological problems can
in turn influence weight-related behaviours and obesity. One psychological fac-
tor that may result in weight gain and ultimately obesity is if the individual has a
low level of motivation for weight control. A highly influential model in current
understandings of health-related behaviours is the stages of change model [31].
According to this model, there are two main factors that contribute to an individ-
ual’s level of motivation to engage in a healthy behaviour: decisional balance and
self-efficacy. Decisional balance is defined as the relative balance between the
potential gains (pros) and losses (cons) of engaging in a health-related behaviour
such as reducing fat consumption and doing more physical activity. According to
the model, people are motivated to engage in these health behaviours when the
pros of reducing dietary fat or increasing exercise outweigh the cons. This is pre-
cisely what the research shows: for individuals with lower levels of motivation
to engage in these health behaviours, the cons of reducing dietary fat (eg ‘Eat-
ing less fat would mean not eating my favourite foods’) or increasing exercise
(‘Trying to do more exercise would add to my timepressure’) outweigh the pros
(‘Eating less fat and exercising more would help me to feel more energetic and
attractive’) [32]. However, by the time people are highly motivated and are ac-
tively working to reduce their fat consumption and increase their exercise levels,
the pros of these behaviours outweigh the cons [32].
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Self-efficacy is the other main factor contributing to an individual’s motiva-
tion to engage in health-related behaviours. Self-efficacy refers to the individual’s
level of confidence that she/he can successfully engage in a health behaviour,
even in challenging situations where there is a high level of temptation to en-
gage in an unhealthy behaviour. If the individual lacks confidence that she/he can
perform the healthy behaviour, then little or no attempt will be made to do so.
Self-efficacy is a strong predictor of the degree to which people engage in weight-
control behaviours, such as their amount of fruit and vegetable consumption [33]
as well as their success at weight management [34].

In addition to low levels of motivation to engage in weight-control behav-
iours, another psychological problem that may contribute to obesity is negative
affect. According to the affect-regulation model, individuals who are prone to ex-
periencing negative emotions such as depression, anxiety, anger or stress may eat
in an attempt to provide comfort or distraction from these distressing emotions. In
support of the affect-regulation model, Stice and colleagues (2005) [35] conducted
a study in which 496 adolescent girls (aged from 11 to 15 years) were followed
up over four years. Girls who reported higher levels of depression and body im-
age disturbance at baseline were significantly more likely to be obese four years
later.

This finding has been replicated in adults. For example, in a study by Block
et al. [4], 1355 American men and women between the ages of 25 and 64 years
had their BMI and stress levels across various life domains (job-related demands,
relationship strains and financial stress) assessed at baseline and then followed up
over nine years. Stress in certain domains (eg job-related demands and difficulty
paying bills for men and women; strains in family relationships for women) pre-
dicted more weight gain over the next nine years, mainly among individuals who
were already obese at baseline. In contrast, individuals who had a normal BMI
at baseline lost weight or gained less weight as stress increased. This study high-
lights that individuals differ in their appetitive and eating behaviour in response
to life stress. This individual variation may contribute to the inconsistent findings
in the research, with some studies finding that negative emotions predict obesity
[35] while others do not [36].

Given this connection between life stress and weight gain, it is perhaps not
surprising that the stress to which obese individuals are exposed to as a result of
negative societal attitudes and behaviours can worsen their obesity. Adams and
Bukowski [37] found that the victimisation (ie bullying) experienced by obese 12-
to 13-year-old girls predicted a deterioration in their body image by the age of
14 to 15 years which in turn predicted an increase in depression and BMI by the
age of 16 to 17 years. In another longitudinal study examining mood and weight
changes over a 12-month period after controlling for baseline BMI, depression
at baseline was found to be predictive of adolescent obesity one year later [38].
These results are in keeping with the association between negative affect and
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overeating mentioned previously.
Another psychological factor that may result in people becoming obese is

the presence of BED. A five-year prospective study conducted by Fairburn and
colleagues (2003) [39] compared individuals with BED and bulimia nervosa. In
this study, 48 individuals with BED and 102 individuals with bulimia nervosa
who were not in treatment for their disorder were assessed at 15-month intervals
regarding their eating disorder symptoms and general psychiatric symptoms. At
the five-year time-point, a higher proportion of the BED group (39%) was obese
compared to the bulimic group (20%). Indeed the rates of obesity had nearly dou-
bled in the BED group during the five years of the study.

IMPLICATIONS FOR TREATMENT
The effectiveness of interventions for obesity must be assessed based on a com-
prehensive range of outcomes that look beyond weight loss, such as increased
motivation, improved mood and self-esteem, and decreased social isolation. Not
only will attention to these factors improve the individual’s quality of life, but
will directly impact on weight control if these psychological issues are involved
in maintaining the individual’s obesity.

Most patients present for treatment of obesity wanting to lose 20%–30% of
their pre-treatment body weight, which is unrealistic in the context of the modest
weight loss (ie 5%–10% of pre-treatment body weight) that a significant subset
of obese patients have difficulty achieving using behavioural treatments [41]. As
Cooper and Fairburn (2001) [40] point out, obese patients’ weight goals seem en-
tirely reasonable in our Western society which promotes the idea that weight is
highly controllable. In the media we are bombarded with stories and images of
significant weight losses achieved in very short periods of time, from the televi-
sion program The biggest loser through to the increasing obsession with celebrity
post-baby bodies. Further, as mentioned above, the thin-ideal internalisation and
social pressure to be slim also contributes to an expectation of achieving an unre-
alistically low weight in treatment.

Behavioural weight-loss treatment (BWT) addresses eating habits and levels
of physical activity, with an emphasis on making sustainable lifestyle changes
with the aim of resulting in sustained weight loss. The results of group-based
BWL treatment are well established; this form of treatment generally results
in weight loss between 7%–10% of initial body weight over the typical 16- to
24-week treatment period [42]. However, the pattern of weight loss and mainte-
nance in patients who engage in this form of treatment is remarkably consistent:
the point of maximum weight loss is usually reached six months after commence-
ment of treatment, then weight regain begins gradually and consistently until
weight stabilises at around baseline levels by five years for most patients [43, 44].
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To augment successful maintenance of weight losses, motivational enhance-
ment therapy (MET) strategies may prove beneficial as there is a strong theo-
retical and empirical rationale for the role of motivation in successful long-term
weight control. As previously stated, individuals are motivated to change their
behaviour when they experience alterations in decisional balance (ie when the
advantages of change are perceived to outweigh the disadvantages) and self-ef-
ficacy (ie when they are confident that they can successfully change). Compared
to the weight-loss phase, the weight-maintenance phase may have particularly
adverse effects on both decisional balance and self-efficacy and hence moti-
vation for weight control. Firstly, the amount of weight loss achieved during
treatment and its impact on other domains of life (such as improved health,
body satisfaction, and relationships with others) may be less than hoped for,
thereby diminishing the perceived advantages of continuing to engage in stren-
uous weight-control behaviours [41]. Secondly, given the consistent pattern of
weight regain, most patients will have a history of weightcontrol failures, thus un-
dermining a sense of confidence or self-efficacy regarding their ability to achieve
long-term success [5]. Unfortunately, the negative alterations in decisional bal-
ance and self-efficacy associated with weight maintenance occur at a time when
the patient’s self-motivation for weight control is paramount, given the reduction
or cessation in external support from treating clinicians that occurs at this time.
Indeed, research indicates that problems in sustaining motivation are associated
with poorer long-term weight control for obese patients [45]. In addition, over-
weight and obese patients’ levels of motivation to increase their physical activity,
increase their consumption of fruit and vegetables, and decrease their dietary fat
intake are predictors of their level of engagement in these weight-control behav-
iours one year later [46]. Thus, both theoretical and empirical work suggests that
enhancing the motivation of obese patients to control their weight may have ben-
efits for their long-term weight management.

While clinical guidelines highlight the key importance for treatment success
of enhancing patients’ motivation to control their weight [47], the research base
from clinical trials to support such recommendations is sparse. This stands in
marked contrast to the considerable research undertaken on MET in the treatment
of other health behaviours, particularly alcohol problems. In the largest of these
studies, a four-session MET intervention resulted in substantial and sustained
(over three years) reductions in drinking behaviour among patients with severe
drinking problems and achieved comparable effects to interventions of longer du-
ration [48]. One of the few studies to have employed MET in the treatment of
obesity found that the addition of three MET sessions to a standard BWL pro-
gram resulted in significantly better treatment adherence and glucose control at
post-treatment relative to standard treatment in obese women with type 2 diabetes
[49]. In another study, obese patients who received up to 15 MET sessions after
failing to lose a significant amount of weight in a BWL program, subsequently
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lost significantly more weight and engaged in significantly more weekly exercise
than those who did not receive the MET intervention [50]. Yet since neither of
these studies included a follow-up assessment, the effectiveness of MET for the
maintenance of weight loss remains unknown.

In a pilot study assessing the efficacy of MET for weight maintenance in obe-
sity, 22 obese adults (68% of whom were classified in the extreme/severe obesity
range) participated in a 20-session behavioural weight-loss program, which in-
cluded three MET sessions [51]. The patients experienced a significant reduction
in weight from pre- to post-treatment (a mean weight loss of 5% of initial body
weight) with no significant increase in weight from post-treatment to the one-
year follow-up. Patients also reported significant improvements in obesity-related
quality of life, impulsive eating tendencies, body dissatisfaction, and maladap-
tive cognitions at post-treatment that were maintained at the one-year follow-up.
Importantly, reported utilisation of MET strategies by patients was significantly
correlated with the degree of weight-loss maintenance. These results suggest
MET can assist obese patients in maintaining their weight losses and make sus-
tained improvements in terms of quality of life, impulsive eating tendencies, body
dissatisfaction and maladaptive cognitions.

The evidence we have at hand demonstrating the significant association be-
tween obesity and negative self/body-esteem already at a very young age, points
to the need to address this in treatment explicitly. Cooper and Fairburn (2001)
[41] outline promising cognitive behavioural strategies to treat obese patients
who avoid body exposure, engage in frequent body checking, or have ongoing,
frequent critical thoughts about their appearance, with the overarching goal to
foster greater self-acceptance.

CONCLUSIONS
It is clear that there are a range of psychological problems associated with obe-
sity, such as low self-esteem, body dissatisfaction, depression and eating disorder
pathology. Although we are currently unable to identify clear and causal relation-
ships between obesity and the known comorbid psychological problems outlined
in this chapter, we can be certain that the impact of these problems is broad-
reaching. Longitudinal data, in addition to research examining the trajectory of
obesity and psychological comorbidities in older adults given the relatively recent
onset of the obesity epidemic, will be important in uncovering more precisely
the causal relationships and longer-term impacts that exist between these prob-
lems. A growing body of research points to the need to integrate motivational
enhancement therapy and self-acceptance modules into obesity treatment, in or-
der to achieve maintained improvements in the physical and psychological health
of obese patients in the months and years following treatment.
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16
The role of physical activity in the

prevention and treatment of diabetes
Klaus Gebel, Hidde P van der Ploeg, Maria Fiatarone Singh and Adrian

Bauman

This chapter is concerned with the role of physical activity and exercise
prescription as components in the prevention and treatment of diabetes.
First, the evidence for the diabetes-specific health benefits of physical ac-
tivity is summarised and the physiological mechanisms are pointed out.
Studies of medical comorbidities of diabetes are discussed. Recommenda-
tions for physical activity and exercise in the prevention and control of
type 2 diabetes are provided, and challenges in the implementation of such
strategies are discussed.

The health benefits of regular moderate-intensity physical activity are well
known. In particular, epidemiological evidence has shown that an active lifestyle
is beneficial in the prevention and treatment of more than 20 health conditions
including coronary heart disease, stroke, type 2 diabetes and some cancers [1, 2,
3].

Physical activity is defined as body movement produced by skeletal muscle
that results in energy expenditure above resting level [2], and can be accumulated
at any time, for example during work, housework, transportation or during leisure
time. Exercise is a subset of ‘leisure time physical activity’ that is usually struc-
tured, planned, repetitive, and has the purpose of providing recreation, improving
or maintaining physical fitness, or enhancing other components of health or well-
being (see Figure 1). Physical fitness includes cardio-respiratory fitness, muscle
strength, body composition and flexibility [4, 5]. Metabolic fitness is also increas-
ingly recognised as an important component of fitness which is closely related to
physical activity levels, as well as cardiovascular and musculoskeletal fitness [6].

For the general adult population the American College of Sports Medicine
recommends to accumulate at least 30 minutes of at least moderate-intensity
physical activity on five, preferably all, days of the week, or vigorous-intensity
aerobic physical activity for at least 20 minutes on three days per week [1, 3, 7].
However, even though physical activity confers numerous health benefits, large
parts of the adult population are not sufficiently active [8, 9, 10, 11, 12, 13].
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Type 2 diabetes is related to genetic, environmental and behavioural factors.
Particularly, lack of physical activity and visceral obesity are considered to be
major contributors to the global diabetes epidemic.

Figure 1. Energy expenditure in humans subdivided into sedentary be-
haviour, physical activity and the various forms of exercise.

This chapter is concerned with the role of physical activity and exercise prescrip-
tion as components in the prevention and treatment of diabetes [14, 15]. First, the
evidence for the diabetes-specific health benefits of physical activity will be sum-
marised. Recommendations for physical activity and exercise in the prevention
and control of type 2 diabetes will be provided, and challenges in the implemen-
tation of such strategies will be discussed.

PREVENTION OF TYPE 2 DIABETES
Physical inactivity and overweight/obesity are both risk factors for the develop-
ment of type 2 diabetes. Regular physical activity improves insulin sensitivity,
and reduces glucose levels [16]. The role of obesity in the development of diabetes
type 2 is likely to work through adipocytes releasing adipocytokines into the cir-
culation, including leptin, adipsin, resistin and interleukin-6 (IL-6) [17], some of
which are associated with insulin resistance [18, 19]. There are indications that
obesity plays a larger role than physical activity in the development of diabetes
[20, 21, 22]. However, physical activity has been shown to be beneficial in the pre-
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vention of type 2 diabetes independent of weight loss [16]. Besides the beneficial
effects of physical activity on the development of type 2 diabetes, it can also be
effective in prevention of the metabolic syndrome [16, 23], and during pregnancy
in the prevention of gestational diabetes [24, 25], and has independent benefits in
reducing cardiovascular risk [1]. The following sections summarise the evidence
from observational and intervention studies on the role of physical activity in the
primary and secondary prevention of type 2 diabetes.

Diabetes prevention evidence: observational studies
The evidence for primary prevention comes from observational epidemiology;
these are usually from large population-based cohort studies that examined
whether exposure to occupational, commuting and leisure-time physical activity
was related to the subsequent risk of developing type 2 diabetes.

A meta-analysis synthesised the findings from ten prospective cohort studies
from the US, the UK, Finland and Japan regarding the exposure to moderate-in-
tensity physical activity and the risk of developing type 2 diabetes [26]. These
studies included 301 221 participants and 9367 incident cases of diabetes. The
pooled relative risk for diabetes in those who regularly engaged in moderate
physical activity was 0.69 (95% CI 0.58–0.83) compared with inactive par-
ticipants. Similarly, the relative risk of those who walked regularly was 0.70
(0.58–0.84) compared with almost no walking. The associations remained signif-
icant when adjusted for BMI [26].

Likewise, a recent report summarised the results from 25 prospective cohort
studies and found a similar inverse relationship between physical activity and
diabetes incidence. This relationship applied to men and women, different age
groups and ethnicities. The reduction in relative risk for type 2 diabetes ranged
from 15%–60% for those that were physically active compared with their more
inactive peers [16]. It also appears that several domains of physical activity (oc-
cupational, commuting and leisure-time physical activity) are all inversely related
to the risk of developing type 2 diabetes. Based on these studies, at least 30
minutes per day (210 minutes per week) of at least moderate-intensity physical
activity is sufficient to achieve a significant reduction in diabetes incidence [16].

A new area of research has developed around total ‘sitting’ time. These stud-
ies have indicated that prolonged sitting time, including measures of television
watching, might be associated with the risk of developing type 2 diabetes, in-
dependent of leisure-time physical activity [27, 28, 29]. Furthermore, breaks in
sitting time have been associated with improvements in waist circumference,
triglycerides, and two-hour plasma glucose levels [30]. Two large cohort studies
have observed that each two-hour increment per day in watching TV, as a proxy
measure of sitting time, was associated with a 14%–20% increase in diabetes in-
cidence, even after adjustment for physical activity participation [31, 32].
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Diabetes prevention: the evidence from intervention studies
The strongest evidence for the benefits of physical activity and exercise in the
prevention of type 2 diabetes comes from community-based lifestyle interven-
tion trials. To date, at least six randomised trials have examined whether lifestyle
interventions, including physical activity, reduce the risk of developing type 2 di-
abetes among adults with impaired glucose tolerance. These trials are:

• Diabetes Prevention Program (DPP), US
• Diabetes Prevention Study (DPS), Finland
• Da Qing IGT and Diabetes Study (DQS), China
• Diabetes Prevention Program (IDPP), India
• Diabetes Prevention Program (JDPP), Japan
• Västerbotten Intervention Program (VIP), Sweden.

All these trials demonstrated that structured lifestyle modification programs re-
duced the incidence of type 2 diabetes compared to controls or usual care. For
these programs, exercise was usually an independent predictor of improved meta-
bolic control or reduced diabetes incidence, and varied modes of exercise were
usually included (see Table 1).

In the Da Qing study in China, 577 middle-aged men and women with im-
paired glucose tolerance were randomised to a diet only, exercise only, diet and
exercise, or control group. The unsupervised exercise prescription ranged from
140 minutes per week for those over 50 years to 280 minutes per week for
younger participants. After six years, the diet, exercise, and combined diet and
exercise interventions achieved 31%, 46%, and 42% reductions in the risk of de-
veloping diabetes compared with the control group [33]. At 20-year follow-up, a
sustained preventive benefit was still observed, with the likelihood of diabetes
43% lower among those allocated to the lifestyle interventions [34].

In the US Diabetes Prevention Program (DPP) 3324 overweight and obese
participants with impaired glucose tolerance were randomised into three groups
(placebo, metformin therapy, and lifestyle). The lifestyle modification inter-
vention aimed to increase physical activity to at least 150 minutes per week
(primarily unsupervised brisk walking, but with availability of two sessions of su-
pervised exercise per week) and reduce weight by at least 7%. After a follow-up
of three years the lifestyle intervention showed a 58% reduction in the risk of de-
veloping diabetes compared to the placebo group, while the metformin group had
a risk reduction of only 31% [35]. At ten-year follow-up, compared to controls,
the lifestyle intervention maintained a 34% lowered risk of diabetes, and the met-
formin group maintained an 18% reduction [36].

The Finnish Diabetes Prevention Study (n = 522) showed similar results to
the US DPP. This lifestyle intervention comprised 210 minutes per week of ex-
ercise (including three sessions per week of supervised aerobic and resistance/
power training) and diet-induced weight loss of 5%–7%, resulting in a four-
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year diabetes risk reduction of 58% (p <.001). In this study, those who failed to
meet the weight-loss goal, but accumulated four hours of weekly moderate exer-
cise, had a significantly lower risk of diabetes than the control group [37]. Three
years after the program, intervention group participants maintained many lifestyle
changes and their risk for diabetes was still 36% lower than among controls [38].

Table 1. Lifestyle change goals in the intervention groups in diabetes prevention pro-
grams. Adapted from Baker M et al. 2011.

* Energy expenditure ≥700 kcal/week was the primary objective, and the target
volume (min/week) was allowed to be increased/decreased based on the inten-
sity of activities performed.
† 35–210 min/week for persons ≥50 years; 70–420 min/week for persons <50
years.
‡ 2.5 hours per day prescribed as supervised exercise in the first month. PRT =
Progressive resistance training; DPP = Diabetes Prevention Program (US);
DPS = Diabetes Prevention Study (Finland); DQS = Da Qing IGT and Diabetes
Study (China); IDPP = Diabetes Prevention Program (India); JDPP = Diabetes
Prevention Program (Japan); VIP = Västerbotten Intervention Program (Swe-
den).
Ж PRT: progressive resistance training.

Table 1. Lifestyle change goals in the intervention groups in diabetes prevention pro-
grams. Adapted from Baker M et al. 2011.

Study
(country)

Exercise / physical activity Diet / nutrition

Duration
(min/wk)

Intensity Structured
exercise

Supervised
exercise

Aerobic
activity

PRT ac-
tivityЖ

Occupational
activity

Portion
control

Fat Alcohol Fibre

DPP
(US)

≥150* Moderate

DPS ≥210 Moderate
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(Finland) to strenu-
ous

DQS
(China)

≥35–420† Light to
very
strenuous

IDPP
(India)

≥210 Moderate

JDPP
(Japan)

210–280 Moderate

VIP
(Sweden)

≥150‡ Low-
Moderate

* Energy expenditure ≥700 kcal/week was the primary objective, and the target volume
(min/week) was allowed to be increased/decreased based on the intensity of activities
performed.

† 35–210 min/week for persons ≥50 years; 70–420 min/week for persons <50 years.

‡ 2.5 hours per day prescribed as supervised exercise in the first month. PRT = Progres-
sive resistance training; DPP = Diabetes Prevention Program (US); DPS = Diabetes
Prevention Study (Finland); DQS = Da Qing IGT and Diabetes Study (China); IDPP =
Diabetes Prevention Program (India); JDPP = Diabetes Prevention Program (Japan);
VIP = Västerbotten Intervention Program (Sweden). Ж PRT: progressive resistance
training.

The Indian Diabetes Prevention Study (n = 531) comprised a physical activity
target of unsupervised brisk walking for at least 30 minutes each day (210 min/
week). After three years the relative risk reduction for diabetes was 28.5% for
the lifestyle intervention, 26.4% for metformin, and 28.2% for the combination
of both interventions compared to the control group [39].

A non-randomised lifestyle intervention among middle-aged males in Swe-
den included a substantial physical activity component. Over six years of follow-
up, the lifestyle intervention achieved a 63% risk reduction for the development
of diabetes compared with the control group [40]. A more recent Swedish study
randomised 194 middle-aged adults with impaired glucose tolerance to lifestyle
intervention or usual care, and observed metabolic indicators and insulin resis-
tance improvements at 12 months, with some improvements maintained at five
years (VIP program) [41].

The Japanese Diabetes Prevention Program (JDPP) followed 458 men for
four years. Twenty percent of participants were randomised to an intensive inter-
vention group of diet and physical activity advice, and the others were assigned
to the standard intervention (control) group. The JDPP prescribed 30 to 40 min-
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utes per day (ie 210 to 280 minutes per week) of unsupervised moderate intensity
physical activity [42]. This prescription included sport and active commuting, and
reduced diabetes incidence by 68% at four-year follow-up.

Summary of diabetes prevention evidence
The net results of these diverse trials in people at risk of diabetes show a clear
secondary prevention benefit of lifestyle interventions [43]. There appear to be in-
dependent protective benefits of both weight loss and physical activity. A recent
Cochrane review summarised these results, and in a meta-analysis of randomised
controlled diabetes prevention trials, showed that exercise and diet interventions
reduced the risk of type 2 diabetes by 37% [44]. Although most lifestyle trials did
not distinguish benefits attributed to weight loss or to physical activity [45], sev-
eral studies did observe effects of activity independent of weight loss, suggesting
these risk factors partly operate independently of each other [33, 39].

Limitations of these trials include self-report of physical activity participa-
tion. However, in epidemiological studies where measurement error in exposure
occurs, the observed relative risk is likely to underestimate the true relative risk,
so these ‘physical activity self report’ estimates are likely to underestimate the
preventive relationship between activity and diabetes incidence. Objective mea-
surement would be better [46], and in epidemiological studies, fitness measures
show a strong protective relationship to diabetes incidence [47, 48, 49].

Recommendations for diabetes prevention
For at-risk individuals, a minimum dose of at least 150 minutes per week, and
possibly substantially more, of ‘at least moderate-intensity physical activity’ is
recommended to prevent diabetes. This is in addition to recommendations for a
healthy diet and weight loss. Physical activity advice should form part of every
clinical counselling session with individuals at risk of diabetes, and a clear plan
should be developed. People can accumulate physical activity in different set-
tings: through active commuting, and in their leisure time through structured or
unstructured exercise programs. Higher levels of physical activity, up to an hour a
day of moderate-intensity activity, yield even greater reductions in the incidence
of type 2 diabetes [1, 43, 50]. Resistance training regimens, which are important in
diabetes management, should also be considered, especially for older adults [3],
and three of the RCTs of diabetes prevention (DPP, DPS, VIP) have specifically
included this exercise modality. It also appears that long uninterrupted periods of
sitting should be avoided.

As previously mentioned, obesity is an independent risk factor for diabetes.
However, while a minimum of 30 minutes of physical activity per day (150 to
210 minutes per week) appears to be sufficient for a significant risk reduction in
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type 2 diabetes, this may not be sufficient for weight maintenance or weight loss
[3, 51]. At least 60 to 90 minutes of moderate-intensity physical activity daily is
needed for weight maintenance in previously overweight or obese people [51, 52,
53]. Therefore, engaging in more than 30 minutes of moderate-intensity physical
activity per day would not only reduce the risk of developing diabetes directly,
but for those who are overweight or obese also by influencing body weight and
improving fat distribution.

1.5 Challenges in implementation
The epidemiological evidence relates to both the primary and secondary preven-
tion of diabetes. The primary prevention of diabetes involves a whole-population
approach, which requires actions in both clinical and community settings. This
means that all clinical encounters need to recommend physical activity/exercise,
in the same way that tobacco cessation is almost universally recommended. Un-
fortunately, many primary care physicians remain reluctant to adopt this area of
preventive counselling [54]. Advice regarding moderate intensity physical activ-
ity may have better compliance rates than vigorous-intensity prescriptions [55],
so that the initial goal is to ensure all sedentary and low active individuals reach
at least the minimal threshold of 150 minutes of activity each week, preferably
across five or more days. In addition, clinicians need to become advocates for
physical activity programs and facilities across the community [56], in the same
way that they rapidly adopted and disseminated an anti-smoking stance in the
1980s.

The secondary prevention goal requires identification of those at risk for di-
abetes, which is itself a challenge. For these individuals, more structured and
evidence-based lifestyle advice is important. Patient advice should highlight the
importance of physical activity in diabetes prevention, and include referral to
appropriate structured exercise programs; in addition, some increases in inci-
dental lifestyle activities are recommended to increase total energy expenditure,
including active transport, increasing active chores and being active in one’s local
environment.

MANAGEMENT OF TYPE 2 DIABETES
Apart from its role in the prevention of type 2 diabetes, physical activity and ex-
ercise have important roles in the treatment and management of diabetes [57, 58,
59, 60]. This role remains largely unincorporated into mainstream clinical manage-
ment of type 2 diabetes [61]. Given that exercise has an effect as potent as most
oral hypoglycaemic agents [62], this is a critical gap in clinical care.

In this section, the health benefits of physical activity and exercise for indi-
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viduals with type 2 diabetes will be discussed. Firstly, the evidence for the health
benefits from various physical activity and exercise interventions for individuals
with type 2 diabetes will be described. Then, physical activity and exercise rec-
ommendations for the care of diabetes will be outlined. Lastly, challenges in the
implementation of strategies to increase levels of physical activity participation
among those with diabetes will be discussed.

Diabetes management evidence: aerobic training
The majority of studies on the role of physical activity in the management of type
2 diabetes have focused on the effects of aerobic training [63]. Aerobic exercise
involves the usage of large muscles and relies on aerobic levels of energy expen-
diture (eg brisk walking, cycling, jogging, swimming). Aerobic exercise alone
is associated with clinically significant reductions in the glycosylated haemoglo-
bin level [64, 65]. The physiological adaptations responsible for improvements
in glucose control through aerobic training include increased capillary density,
glucose transport (GLUT4) proteins in muscle, protein kinase B content, and
glycogen synthase activity, as well as a shift from low-oxidative type 2b mus-
cle fibres to moderate-oxidative, more insulin-sensitive type 2a muscle fibres
[63, 66], and decreased inflammatory cytokines which impair insulin signalling in
skeletal muscle [67, 68].

Aerobic training improves fitness levels and insulin sensitivity, and also re-
sults in redistribution of visceral adiposity [69]. Even in the absence of weight
loss, vigorous activity can improve insulin sensitivity [70], decrease insulin resis-
tance and reduce arterial stiffness [71]. Diabetes markers improved by exercise
include insulin resistance, but also HDL and lipid profiles, as well as glycosylated
haemoglobin levels and systemic inflammation in some studies [72, 73].

A meta-analysis pooled the results of seven randomised controlled trials
on the effects of structured aerobic exercise interventions on cardio-respiratory
fitness in adults with type 2 diabetes (n = 266). Participants in the exercise
groups increased their fitness (VO2max) by 11.8%, compared to 1% in control
groups (p < 0.003). Interventions with higher intensities tended to yield larger
improvements in fitness. Moreover, exercise intensity predicted weighted mean
difference in glycosylated haemoglobin better than exercise volume [62]. A re-
cent large-scale randomised trial from the US (n = 4376 overweight and obese
individuals with type 2 diabetes) also found increases in cardio-respiratory fitness
to be significantly higher in a combined physical activity and diet intervention
than in a diabetes support and education group [74].

Diabetes management evidence: resistance training
Traditionally, aerobic training has been used as the main exercise modality to
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manage type 2 diabetes [75]. However, in recent years resistance training has been
gaining wide acceptance as an important strategy in the treatment of diabetes
[63]. In resistance training muscles work against a resistive load or weight lead-
ing to hypertrophy and improved muscular strength. With increasing age adults
have decreases in muscle mass, functional capacity, resting metabolic rate, and
increases in adiposity, and insulin resistance. Resistance training is associated
with improvements in bone mineral density, muscle strength and muscle hyper-
trophy and can thereby help in the prevention of osteoporosis and sarcopenia and
in the maintenance of functional status [7, 76]. However, only a small number
of wellcontrolled intervention studies have examined the benefits of resistance
training for people with type 2 diabetes [63]. The most recent meta-analysis of
resistance training by Strasser et al. [77] included 13 RCTs in which resistance
training reduced glycosylated haemoglobin (HbA(1c)) by 0.48% (95% CI –0.76,
–0.21; p = 0.0005), fat mass by 2.33 kg (95% CI –4.71, 0.04; p = 0.05) and sys-
tolic blood pressure by 6.19 mmHg (95% CI –11.38, –1.00; p = 0.02). It has been
hypothesised that the improved glucose uptake is not only due to an increase in
muscle mass that is associated with resistance training, but probably also due to
qualitative changes in muscles that enhance insulin signalling and thereby sensi-
tivity [78]. Furthermore, progressive resistance training (PRT) has been found to
positively influence insulin resistance [79, 80]. Based on this evidence, resistance
training should be recommended in the management of type 2 diabetes and meta-
bolic disorders.

The strongest evidence for the health benefits of resistance training in type
2 diabetes comes from two trials that used multiple exercises at relatively high
intensities and showed a decrease in glycosylated haemoglobin of 1.1%–1.2% in
the intervention group compared to no significant change in the control group [81,
82]. However, even studies that used relatively low volumes and intensities of re-
sistance training achieved positive effects on glucose control [79, 83, 84, 85, 86, 87].
This is particularly important for individuals who are totally sedentary and are not
likely to participate in programs involving strenuous aerobic or resistance train-
ing [63]. This could apply to older adults, who may find it difficult to get to, or
participate in, structured aerobic programs.

Other health benefits of resistance training in diabetes are an improved body
composition, increases in total fat-free mass, reduced blood pressure [82], im-
proved muscular strength [85], lipid profiles [84], bone mineral density and
metabolic rate at rest, and a preferential mobilisation of visceral and subcuta-
neous adipose tissue in the abdominal region [63]. Resistance training can also
help in reducing the required insulin-sensitising medication dose and thereby
limit side effects [82, 88], and benefits depression [89] and cognitive impairment
[90], both of which are more prevalent in those with diabetes.

While there is substantial evidence for the health benefits of resistance train-
ing for people with type 2 diabetes, a Canadian study showed that 88% of
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individuals with diabetes do not carry out resistance training activities [91]. This
shows the unrealised potential of wide-scale interventions to promote resistance
training among people with diabetes.

Diabetes management evidence: aerobic and resistance
training

Resistance and aerobic training have similar beneficial effects on insulin sensitiv-
ity and metabolic control in type 2 diabetes [58, 64, 92]. However, some studies
compared combinations of both resistance and aerobic exercise versus only one
of the two exercise modalities. A Canadian study (n = 28) compared the effects
of a combined aerobic and resistance training program to aerobic training only
in postmenopausal women with type 2 diabetes. There were no differences in
weight loss, fitness, or blood lipids, but the combined group showed better glu-
cose uptake and larger increases in muscle mass compared to the aerobic only
group [87]. Similarly, an American study also reported on benefits of combin-
ing resistance and aerobic training on glycaemic control, fitness and lean tissue
mass [65]. Another Canadian study showed that while both aerobic and resistance
training alone were effective in reducing glycosylated haemoglobin, the combina-
tion of both exercise modalities was more effective [64]. However, in this study,
the combined group had twice the volume of exercise, which may have been
responsible for the added efficacy of this treatment, as noted by the authors. Fur-
thermore, an Italian study (n = 120) that combined aerobic and resistance training
showed more general improvements in cardiovascular risk factors than studies
that used resistance training only as the intervention [93]. Finally, a meta-analy-
sis found that the differences in the benefits of aerobic, resistance and combined
training for people with diabetes were small. However, combined training gener-
ally showed advantages over aerobic or resistance training alone [94]. This leads
to the optimal clinical recommendation of both modalities, but either may be
more convenient or accessible for different patient groups.

Clinically, there are many patients with multiple comorbidities who cannot
tolerate the dose of aerobic exercise that has proven effective in RCTs. Resistance
training improves aerobic capacity, osteoarthritis pain and disability, depression,
functional status, gait and balance impairments, bone density, and insomnia, thus
addressing the spectrum of associated clinical disorders in older type 2 adults
with diabetes [95], and providing a strong rationale for its utility in this condi-
tion. Notably, high intensity PRT is feasible even when robust aerobic exercise
is impossible due to frailty, balance disorders, osteoarthritis or advanced periph-
eral vascular disease for example, making it particularly suitable for the typical
older adult with type 2 diabetes. In addition, only PRT attenuates the loss of lean
tissue (muscle and bone) accompanying weight loss diets typically prescribed for
overweight adults with diabetes [96], thus minimising weight cycling related to
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lowered basal metabolic rate. By contrast, aerobic exercise is not anabolic, and
does not increase muscle mass, precluding the associated metabolic and clinical
benefits such a shift in body composition produces [13].

Diabetes management evidence: patho-physiological
mechanisms

A Cochrane review and a meta-analysis, both synthesising the results of 14 ran-
domised controlled trials of aerobic and resistance exercise programs, found that
levels of glycosylated haemoglobin were reduced by around 0.6% in the exercise
groups, while there were no differences between the groups in body mass index
[97, 98]. Khaw et al. found that each 1% increase in glycosylated haemoglobin
with levels between 5%–6.9% was associated with a 28% increase in mortal-
ity risk, independent of other risk factors, including age, blood pressure, serum
cholesterol and body mass index [99]. It was suggested that much of the excess
mortality risk of diabetes in men could be profiled by the biomarker of increased
glycosylated haemoglobin.

The limited impact on the body mass index in exercising groups may be due
to increases in muscle mass, that keep body mass relatively constant [97], particu-
larly in trials of resistance training. It seems likely that muscle and adipose tissue
distribution plays a crucial role in glucose metabolism, rather than body mass it-
self. It has been shown that an increase in lean body mass is inversely correlated
with changes in glycosylated haemoglobin [83, 100], which might be due to in-
creased storage of glucose in the skeletal muscle [76]. Muscle hypertrophy is not
only associated with an increase in insulin sensitivity, but also with an increase
in resting metabolic rate, exercise tolerance and functional mobility [65]. Fur-
thermore, exercise-induced reductions in abdominal subcutaneous and visceral
adipose tissue distributions are related to increased insulin sensitivity, without
changes in overall body weight [69, 87]. Adipose tissue is associated with secre-
tion of adipocytokines, which can negatively influence insulin resistance [101]. In
conclusion, exercise-induced increases in fat-free mass and reductions in adipose
tissue, as well as shifts in anabolic-catabolic hormonal profile are beneficial for
glucose control and other aspects of metabolic health, regardless of changes in
body weight. These relationships are demonstrated in Figure 2.

Summary of diabetes management evidence
Numerous trials have demonstrated the health benefits of physical activity and
exercise in the treatment of type 2 diabetes. Physical activity is associated with
improved insulin sensitivity and glucose control independent of weight loss [97].
Moreover, regular physical activity leads to a decrease in blood lipids and blood
pressure, and has independent protective benefits on coronary heart disease risk,
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which is elevated among those with diabetes. The benefits achieved by aerobic
and resistance training seem apparent shortly after starting a structured exercise
program. Activity needs to be regular; the frequency of exercise sessions is opti-
mally at least three or more times per week to maintain metabolic benefits. This is
due to the known acute bout effect of exercise on insulin resistance, which wanes
between 24 and 96 hours after exercise, and is responsible for a portion of the
long-term training benefits [102]. In general, both higher volumes and higher in-
tensities of exercise result in greater metabolic improvements [43].

There are a few limitations in studies on physical activity in diabetes man-
agement, including trials in small selected samples. Similar to studies about the
prevention of diabetes, some trials used interventions of combined physical ac-
tivity, nutrition and medication [74, 103]. In order to isolate the independent effect
of physical activity in diabetes management interventions, one needs to compare
exercise alone versus other therapeutic modalities [97]. Current trials are under-
way examining the long-term efficacy of exercise and dietary interventions in the
treatment of type 2 diabetes, such as the Look AHEAD study [104, 105, 106, 107].
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Figure 2. Schematic representation of PRT and its role in metabolic fit-
ness. Legend: OA osteoarthritis; HbA1c glycosylated haemoglobin.

In summary, because of its manifold benefits, physical activity has been de-
scribed as an important ‘medicine’ for the treatment of type 2 diabetes [108].
Moreover, the non-pharmacological nature of physical activity and the low cost
of exercise programs also makes this intervention appealing [97]. Nevertheless,
physical activity is still underutilised in clinical settings to manage diabetes [60,
109, 110, 111].

Recommendations for diabetes management
Individually tailored and structured physical activity programs are important in
the management of diabetes [110]. For instance, the patient’s age, aerobic fitness,
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muscle strength, body composition, previous level of physical activity, timing
and doses of insulin and oral hypoglycaemic agents, and comorbidities and dia-
betic complications should be considered in exercise prescriptions for individuals
with type 2 diabetes [43, 58]. In particular, co-existent osteoarthritis, cardiovas-
cular disease, orthostatic hypotension, peripheral vascular disease, and peripheral
neuropathy, all common in type 2 diabetes, will influence the modality and inten-
sity of exercise, the need for supervision, and other specific recommendations.

To improve glycaemic control, support weight maintenance, and reduce the
risk of cardiovascular disease, the American Diabetes Association (ADA) and
the Amercian College of Sports Medicine (ACSM) recommends individuals with
type 2 diabetes to engage in at least 150 minutes per week of moderate-inten-
sity physical activity (40%–60% of VO2max, which equates to 50%–70% of the
maximum heart rate) or at least 60 minutes per week of vigorous aerobic exercise
(>60% of VO2max or >70% of maximum heart rate) [43, 112]. Engaging in mod-
erate to vigorous aerobic and/or resistance training yields greater benefits in the
reduction of cardiovascular risk than lower volumes of physical activity [43], and
an increased volume of activity is required for weight loss [43, 51]. Depending
on the duration and intensity of physical activity the increased insulin sensitivity
lasts for 24 to 72 hours after an activity session [113]. This underlines the impor-
tance of regular physical activity and therefore it is recommended that individuals
with type 2 diabetes should not have more than two consecutive days without
physical activity [43, 112].

Physical activity recommendations for adults with type 2 diabetes tradi-
tionally focused on aerobic activities, such as walking [114]. However, recent
evidence has highlighted the effects of resistance training in addition to aerobic
activities. Based on the substantial evidence that highlights the benefits of re-
sistance and aerobic training, a combination of both exercise modalities appears
optimal [76]. This is also stated in the recommendations for the general pop-
ulation of the American College of Sports Medicine, the American Diabetes
Association, the American Heart Association, and the US Department of Health
and Human Services that highlight the importance of incorporating resistance
training into physical activity, especially for older adults [1, 3, 7, 112].

Pre-exercise screening should be considered for patients with type 2 dia-
betes. Screening should consider retinal disease, osteoarthritis, orthostatic hy-
potension, occult cardiovascular disease, peripheral vascular disease, peripheral
neuropathy and diabetic foot disease, depression, cognitive impairment and gait
and balance disorders to reduce potential risks and guide the specific exercise rec-
ommendations relevant to each individual.

There have been some concerns among medical practitioners about health
risks associated with high-intensity resistance training for older adults. Particu-
larly, these concerns are about acute elevation of blood pressure and an increase
in risk of stroke, myocardial infarction, and retinal haemorrhage. However, there
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is no evidence that resistance training actually increases the risk of such events
[43]. In fact, chronic resistance training is associated with lower blood pressure
[77, 115] and lower risk of cardiovascular events and mortality [116].

Physical activity and diabetes complications
People with diabetes have at least twice the risk of incident and fatal cardiovascu-
lar events compared to the general population [117, 118, 119]. Furthermore, people
with diabetes with low cardio-respiratory fitness have a higher risk of overall
mortality than those with higher fitness levels [120]. Physical activity improves
fitness and reduces the risk of cardiovascular disease substantially, which makes
an active lifestyle particularly important for people with diabetes [74].

Additionally, diabetes is associated with other medical comorbidity, includ-
ing retinopathy, peripheral neuropathy, orthostatic hypotension, mobility impair-
ment, osteoarthritis, peripheral vascular disease and renal disease. These can
limit exercise capacity among patients with diabetes. Therefore, it is of particular
importance for people with diabetes in the early stages to commence regular exer-
cise [121]. Specific exercise regimens may be required in the presence of diabetic
complications. For instance, patients with peripheral neuropathy may benefit
from non-weight-bearing activities, such as resistance training, swimming or cy-
cling [43]. Among patients with autonomic neuropathy or receiving betablockers,
perceived exertion rather than the heart rate should be used to adjust the intensity
of physical activity [109], and pre-exercise cardiac testing should be carried out
before embarking on vigorous activity regimens in anyone with elevated cardio-
vascular risk, which includes most people with type 2 diabetes [88].

There are no known adverse effects of either resistance or aerobic training
on vision or the progression of diabetic retinopathy. However, for patients with
proliferative or severe non-proliferative retinopathy, moderate physical activity
is recommended as vigorous exercise could potentially trigger vitreous haemor-
rhage or retinal detachment [43].

Blood glucose monitoring may be important before, during and after pro-
longed exercise. Acute bouts of exercise may require adjustment of medications
on exercise days to prevent hypoglycaemia, the latter which may otherwise occur
during exercise or many hours afterwards including nocturnally. Exercise may
be timed for the post prandial peak in blood glucose; this will reduce the risk of
exercise-related hypoglycaemia as well as reduce post-prandial hyperglycaemia
and hyperinsulinemia [43, 122].

Challenges in implementation
There is substantial evidence for the health benefits of physical activity and ex-
ercise in the management of type 2 diabetes. However, as reported in studies
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from the US [123], Canada [59, 124] and Australia [110] the proportion of people
with type 2 diabetes meeting the minimal physical activity recommendations is
significantly lower than in the age-matched general population. An Australian
population study reported significant gaps in physical activity recommendations
and uptake as part of widespread diabetes management [110].

The principles of behaviour change are needed to encourage physical activity
in the treatment of diabetes [59, 91, 111, 125]. Factors that facilitate or impede
aerobic or resistance training need to be identified and addressed in clinical
counselling. For example, older adults with diabetic complications may have dif-
ficulties engaging in more vigorous aerobic activities, and resistance training
might be a better option. A frequent barrier is program costs, or the cost of resis-
tance training equipment, and the daunting prospects of activity among sedentary
individuals [76]. Since it is difficult to provide ongoing one-on-one supervision
in resistance or aerobic training, understanding the maintenance of skills is re-
quired in the transition from supervised to independent training. Some resistance
training interventions show long-term effects on muscle strength and body com-
position, but not on glycaemic control [114, 126].

CONCLUSION
Physical activity and exercise are effective in both prevention and treatment of
diabetes, metabolic syndrome and cardiovascular disease. Both aerobic and re-
sistance training have important roles in diabetes prevention and treatment, and
the choice depends upon patient preferences, the need for supervision and the
availability of exercise facilities. Higher doses and intensities of exercise are gen-
erally more effective, although there is benefit in starting at low to moderate
levels of exercise intensity and volume, in order to reduce high dropout rates and
prevent overuse injuries [75]. For some patients, exercise regimens should com-
mence with moderate-intensity physical activities such as brisk walking [127, 128].
High volumes of exercise and incidental physical activity are required for weight
loss, but activity can produce losses of the metabolically critical visceral fat com-
partment without overall change in body weight, and this can be of substantial
benefit. On account of the acute bout effects, exercise frequency should be at least
three days per week or more.

In summary, exercise is as potent as oral hypoglycaemic agents for glucose
homeostasis, does not cause weight gain like insulin and oral agents, and provides
additional benefits for fitness, functional independence, body composition, and
vascular comorbidities which cannot be gained with pharmacologic or nutritional
treatment alone. Thus, it should be seen as core to the prevention and treatment
of type 2 diabetes, rather than an optional additional management strategy.
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17
Nutrition therapy in the treatment of

diabetes
Jennie Brand-Miller1,2 and Geoffrey Ambler3,4

The optimal nutrition therapy for diabetes, like that of obesity, remains con-
troversial because of the lack of high quality studies. There is increasing
evidence that the conventional low-fat, high-carbohydrate diet is not ideal.
Recent randomised controlled trials suggest that alternative dietary strate-
gies with moderately lower carbohydrate content, including those with
a lower glycaemic index, or higher fat (Mediterranean-style) or higher
protein content are equally or more effective for managing diabetes. Obser-
vational studies suggest that such dietary approaches will also reduce the
risk of complications. In Australia, consideration of both quantity and type
of carbohydrate (carbohydrate counting, glycaemic index and glycaemic
load) is an established part of diabetes management.

There is universal support for dietary therapy as an integral part of the treatment
of both type 1 and type 2 diabetes. Although there are aspects of management
unique to type 1 diabetes, much is similar because both types share the need
to manage hyperglycaemia and hypoglycaemia on a day-to-day basis and to
manage weight effectively. They both give rise to similar microvascular and
macrovascular complications through common mechanisms arising from subop-
timal glycaemic and metabolic control.

There is controversy surrounding the optimal diet or dietary pattern for di-
abetes because of lack of high quality studies. Current dietary recommendations
are largely based on historical consensus and include limiting total fat, saturated
fat and trans fatty acids, choosing high fibre and wholegrain foods, and monitor-
ing and regulating carbohydrate intake to assist with glycaemic control. Moderate
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weight loss achieved through energy restriction and regular physical activity
markedly improves glycaemia and cardiovascular risk factors in those who are
overweight [1]. Unfortunately, on their own, these recommendations have been
largely unsuccessful in practice in achieving good blood glucose control or main-
tenance of weight loss over the long term. For this reason, studies employing al-
ternate strategies (eg high protein, low carbohydrate, vegetarian, Mediterranean-
style, low glycaemic index/glycaemic load) have been explored.

THE RATIONALE
While there is now unequivocal evidence that dietary advice in conjunction with
exercise can prevent or delay the development of type 2 diabetes in at-risk in-
dividuals (ie those with prediabetes) [2, 3], the role and type of dietary advice
following the diagnosis is much less clear. In this chapter, we argue that the
optimal diet composition for managing diabetes is not one judged simply by
improvements in glycaemic control. Rather we contend that diets for diabetes
should have proven efficacy in all of the following parameters:

• Optimising glucose metabolism (improving HbA1c, reducing postprandial
glycaemia, reducing frequency and risk of hypoglycaemia, reducing glucose
variability)

• Achieving appropriate weight loss in overweight or obese individuals or
healthy weight maintenance in those not overweight

• Maintaining weight targets over the long term (years)
• In children and adolescents who are growing, providing appropriate energy in-

take and nutrients for optimal growth and development, while preventing or
treating excessive weight gain

• Improving insulin sensitivity, even in the absence of weight loss
• Improving markers of the metabolic syndrome
• Improving markers of inflammation
• Reducing the future risk of cardiovascular disease and other complications

linked to diabetes
• Being enjoyable and sustainable over the long term
• Maintaining healthy attitudes to food and avoiding eating disorders
• Being compatible with sustainable agricultural practices.

On this basis, there is evidence that some diets fare better than others. In the
remainder of this review, we describe the best evidence available for different
dietary approaches. We use randomised controlled trials in individuals with di-
abetes as our gold standard, and where not available, long-term prospective
observational studies in large cohorts. Not all studies have been undertaken in
individuals with diabetes, but the findings in overweight and obese individuals
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can be assumed to be indicative. It is also important to recognise that large-scale,
long-term quality dietary composition studies are difficult to achieve in diabetes
and obesity because of cost, patient-adherence factors, confounding concomitant
therapies and other practical issues.

IMPROVING HBA1C AND GLUCOSE
METABOLISM

A 2007 Cochrane systematic review [4] concluded that there were no high quality
dietary studies that demonstrated the efficacy of any form of dietary treatment
in type 2 diabetes. Indeed, in their view, there was no good evidence that diet
alone (usually low-fat, high-carbohydrate advice) improved glycated haemoglo-
bin, a long-term measure of blood glucose control, at one year. They found that
very low-calorie diets were associated with a rise in glycated haemoglobin at
12 months. In contrast, adoption of exercise (± diet) was highly effective, re-
ducing glycated haemoglobin by a significant 1%. That review considered there
was insufficient data to compare one form of dietary advice with another, al-
though their criteria excluded studies shorter than six months. In a more recent
Cochrane review [5], Thomas and Elliott identified 11 high quality studies of
low glycaemic index (GI) or low glycaemic load (GL) diets lasting one to 12
months. They concluded that on average, glycated haemoglobin decreased by
0.5% and hypoglycaemic episodes declined more on the low GI/GL diets com-
pared to the conventional low-fat advice. Since then, Jenkins et al. have published
the largest study to date, showing that a low GI diet was more effective at improv-
ing glycated haemoglobin than a high cereal fibre diet in 210 individuals with
type 2 diabetes. While some small-scale studies [6, 7] suggest that high-protein,
low-carbohydrate diets are more effective than other diets in improving glucose
metabolism, there is a lack of high quality data. In a two-year trial, Shai found
that changes in fasting glucose and insulin levels were more favourable among
the diabetic participants assigned to the Mediterranean diet than those assigned to
the low fat.

In addition to long-term goals, the optimisation of day-to-day blood glucose
levels is also an important consideration, particularly the control of postprandial
hyperglycaemia and avoidance of hypoglycaemia. Type 2 diabetes subjects (and
type 1 subjects, discussed later) treated with insulin or other hypoglycaemic
agents are at risk of hypoglycaemia which poses significant health and social
risks, and these risks need to be minimised. There is also some evidence from ob-
servational data for adverse effects of blood glucose fluctuations (independent of
overall glycaemic control) on diabetes complications [8]. For these reasons, mon-
itoring and regulating the amount and type of carbohydrate on a daily basis (or
carbohydrate counting) is recommended in diabetes management [9]. Such ap-
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proaches have been more intensively applied to type 1 diabetes and are discussed
below, but are also widely used in type 2 diabetes.

REDUCE WEIGHT
In adults with type 2 diabetes, weight loss and weight-loss maintenance are es-
sential components of management yet only in the last decade have diets of
different composition been given the degree of scientific study and scrutiny they
deserve. Ideally, the management goal would be normalisation and maintenance
of weight, BMI and abdominal circumference to within the normal healthy range;
however it is recognised that this is currently a rarely achievable goal and there-
fore modest weight loss of 5% to 10% is an initial target [10]. In overweight
children and adolescents who are still growing, weight maintenance is usually the
initial goal, which translates into improved BMI as they grow, although modest
weight loss that still allows normal linear growth is desirable in the obese [11].
Prevention of progression to overweight or obesity is also a primary goal at all
ages in type 2 and type 1 diabetes.

Several meta-analyses and reviews have concluded that low-carbohydrate,
high-protein diets [12, 13, 14, 15] and low GI or low glycaemic load diets [5, 16, 17]
may be more successful for weight loss than traditional low-fat, high-carbohy-
drate diets. Similar benefits have recently been suggested for Mediterranean-style
diets [18, 19]. Indeed, in our view, a conventional low-fat, high-carbohydrate diet
appears to be one of the slowest ways to lose weight. However, one high-qual-
ity, long-term study found no difference in weight-loss outcomes between high
vs low protein, high vs low fat, or high carbohydrate vs low carbohydrate diets
at two years [16]. Only ~15% of subjects maintained a weight loss of 10% at the
two-year mark. Notably, carbohydrate quality (high vs low GI) was not a vari-
able.

MAINTAIN WEIGHT LOSS OVER THE LONGER
TERM

The ability of different diets to maintain weight loss is arguably the most im-
portant attribute of a diet but there is little research to date to guide recommen-
dations. Some evidence suggests that alternative dietary approaches may also
be more successful for maintenance of the achieved weight loss than low-fat,
high-carbohydrate diets [10, 11, 12, 13, 14]. In the Diogenes Study [17], ~800
overweight and obese individuals were randomised to one of five ad libitum diets
after 8% of body weight loss had been achieved by means of a very low-en-
ergy diet. Two levels of protein and two levels of GI were studied. After six
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months, the high-protein and low GI diets were shown to be equally successful,
but the combination of both high protein and low GI, produced the greatest ab-
solute weight-loss maintenance and the lowest study drop-out rate. Importantly,
this large well-designed study found that the conventional low-fat diet with aver-
age protein and GI was associated with the fastest rate of weight re-gain.

IMPROVING INSULIN SENSITIVITY
Improving insulin sensitivity is arguably the defining attribute of a good diet be-
cause insulin resistance is a fundamental contributor to the pathogenesis of type
2 diabetes. Indeed, insulin resistance combined with a defect in pancreatic in-
sulin secretion, cause a relative insulin deficiency that occurs in most people with
type 2 diabetes. The modifiable factors that worsen insulin resistance are exces-
sive body weight, physical inactivity and smoking. Increasing muscle mass and
lowering abdominal fat both markedly improve insulin sensitivity. Hence a com-
bination of weight loss and physical activity, particularly resistance exercise, is
the ideal lifestyle intervention to reduce the risk of type 2 diabetes.

However, diet composition has been shown to have a separate additional
effect on insulin sensitivity. Observational studies and intervention trials have
shown the macronutrient distribution (ie the ratio of fat:carbohydrate:protein
energy) and the quality of individual macronutrients directly influence insulin
sensitivity.

The effect of dietary fat and carbohydrate on insulin sensitivity have been
debated for decades. Some of the controversy stems from divergent findings in
animals versus humans, and in differing study designs. Insulin resistance can be
induced in animal models by diets high in fat, sucrose or fructose. However, a
single bout of exercise or high starch meal can completely reverse the defect. In
humans, some studies suggest that a high intake of fat is associated with impaired
insulin sensitivity but this may be modified by the type of fat and by the type
of subject. Several studies indicate that a high-saturated-fat diet may be espe-
cially deleterious in physically inactive, sedentary individuals, while short (three
to four weeks), studies in lean, healthy subjects have shown no effects on in-
sulin sensitivity [18]. The KANWU study included 162 healthy subjects who
received isoenergetic diets for three months containing either a high proportion
of saturated fatty acids (SAFA) or mono-unsaturated (MUFA) acids [19]. Within
each group there was a second assignment to fish oil supplements or placebo.
Insulin sensitivity was significantly impaired by the SAFA diet (–10%) but did
not change on the MUFA diet. However, the beneficial effects of MUFA were
not seen when total fat intake exceeded 37%E (the median level of participants).
Addition of n-3 fatty acids did not influence insulin sensitivity, and neither diet
altered insulin secretion. Taken together, these and other findings suggest that at
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fat intake close to average in industrialised nations (ie ~35% E), it is preferable to
maintain the higher fat intake but to reduce relative saturated fat intake and thus
increase the proportion of MUFA or PUFA fatty acids, rather than increase the
percentage energy derived from carbohydrate.

The quantity and quality of carbohydrate can also influence insulin sen-
sitivity. In a cross-sectional analysis of ~3000 individuals in the Framingham
Offspring Study, wholegrains, total fibre from all sources, as well as fibre from
cereals and fruit, were inversely related to insulin resistance [20], but there was
no relationship with total carbohydrate intake. Dietary glycaemic index (GI) and
glycaemic load (GL) were also directly related to insulin resistance with approx-
imately 10% more insulin resistance in the highest quintile of GI than in the
lowest.

Some high-carbohydrate diets appear to have beneficial effects on insulin
sensitivity. In healthy, young persons, isoenergetic substitution of high fibre car-
bohydrate foods for saturated fatty acids improves insulin sensitivity within four
weeks [21]. Indeed, carbohydrates consumed without fibre may produce detri-
mental effects [22]. In individuals with diabetes, higher-carbohydrate intake has
the potential to raise postprandial glucose and increase insulin demand, an effect
that might worsen insulin resistance. Low GI diets, however, in which the carbo-
hydrates are more slowly digested and absorbed, resulting in lower postprandial
glycaemia, have improved insulin sensitivity in some studies. Insulin sensitivity
was 45% higher as judged by euglycaemic clamp procedure in type 2 diabetes
patients who ate a low GI diet for four weeks compared with a macronutrient-
matched high GI diet [23]. The alpha-glucosidase inhibitor, ecarbose, which slows
carbohydrate digestion but is not absorbed into the systemic circulation, also pro-
duces improvements in insulin sensitivity [24]. Low GI diets also improve insulin
sensitivity in overweight women with polycystic ovarian syndrome [25].

The evidence for wholegrains vs refined grains to improve insulin sensitivity
is inconsistent. A well-designed but small intervention study, compared six to
ten servings of breakfast cereal, bread, rice, pasta, muffins, cookies and snacks
from either whole or refined grains (in both cases mostly ground to flour) in a
conventional high-carbohydrate, low-fat diet. Using the glucose clamp, insulin
sensitivity was higher after six weeks on the wholegrain diet compared with a
similar period on the refined grain diet [26]. Unfortunately, this finding was not
confirmed in the larger WHOLEheart Study in which 60 g to 120 g per day
wholegrain foods were ingested for up to 16 weeks by overweight individuals
[27].

The effect of fructose and sucrose on insulin sensitivity also remains con-
troversial. Studies in animals, often fed extremely high intakes (eg 70% of total
calories), have shown a detrimental effect of fructose and sucrose compared with
starch or glucose [28]. When fructose and glucose were compared directly, fruc-
tose was found to be the culpable moiety.
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The evidence in humans, however, suggests that fructose and sucrose in real-
istic amounts have beneficial effects on insulin sensitivity. In lean, young healthy
males, a diet containing 25% sucrose produced higher insulin sensitivity as as-
sessed in a two-step clamp procedure than a diet containing 1% sucrose [29].
Similarly, a study in patients with type 2 diabetes showed that a diet with 10%
fructose produced a 34% improvement in insulin sensitivity measured by the glu-
cose clamp [30]. In this study, patients lived in a hospital environment and all food
was provided. Finally, using the glucose clamp, no effects on insulin sensitivity
were noted after three months of a 13% fructose vs sucrose diet in type 2 diabetes
[31]. It is conceivable, however, that at very high intakes (>30% E), sucrose and
fructose have adverse effects.

IMPROVING MARKERS OF THE METABOLIC
SYNDROME

The best evidence that dietary changes can improve the metabolic syndrome
comes from landmark studies in which intensive lifestyle interventions prevented
or delayed progression from impaired glucose tolerance to type 2 diabetes mel-
litus [2, 3, 36]. Both studies employed low-fat, high-carbohydrate diets (30% of
energy from fat, 10% from saturated fat) in combination with physical activity
to achieve the goal of weight loss. Mistakenly, these findings have since been
perceived as a rational basis for recommending low-fat, high-carbohydrate diets.
Unfortunately, weight loss per se likely played the most important role, such that
the superiority of low-fat diets for people with diabetes and the metabolic syn-
drome is questionable.

In intervention trials, increased carbohydrate intake is well known to increase
serum triglycerides and lower HDL, two markers of the metabolic syndrome [32].
Indeed, the similarity implies that high carbohydrate diets of a certain nature play
an etiological role in the metabolic syndrome. Several meta-analyses and reviews
have concluded that low-carbohydrate, high-protein diets [12], low-GI or low-GL
diets [5, 33, 34] and Mediterranean-style diets [35] may be more effective (or just
as effective) for improving markers of the metabolic syndrome as traditional low-
fat, high-carbohydrate diets. This higher effectiveness holds true over both the
shorter and the longer term.

IMPROVING INFLAMMATORY MARKERS
Chronic low-grade inflammation plays a recognised role in the development and
the progression of both type 2 diabetes and vascular disease [36]. Inflamma-
tion is also the likely intermediary between aspects of carbohydrate nutrition
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and chronic disease. A single glucose challenge has been shown to increase the
production of reactive oxygen molecules with mitochondria and activation of
pro-inflammatory transcription factors, such as nuclear factor-kappaB (NF-kB).
In individuals with impaired glucose tolerance, obese or persons with type 2 di-
abetes, the result is pronounced and lasts longer (>2–3 h) than in non-diabetic
persons [37]. Indeed, in individuals with type 2 diabetes, glucose fluctuations dur-
ing postprandial periods have a more specific triggering effect on oxidative stress
than chronic sustained hyperglycaemia [38]. High GI/GL diets that are associated
with greater postprandial glucose excursions may therefore promote low-grade
inflammation.

In short-term metabolic ward studies in healthy individuals, the consumption
of high GI foods has been directly linked to the creation of oxidative stress, as
judged by higher activation of NF-kB and increased generation of nitrotyrosine.
The presence of oxidative stress can also be detected by an acute decline in an-
tioxidant concentrations in plasma following a meal. Botero et al. [39] observed
differences in fasting and postprandial total antioxidant capacity over the course
of a five-hour observation period following one week on a low or high GI diet
in overweight men. Plasma total antioxidant capacity in response to diet may
therefore be the first metabolic adaptation linking carbohydrate nutrition to type
2 diabetes.

REDUCING FUTURE RISK OF MICROVASCULAR
AND MACROVASCULAR COMPLICATIONS

There are no intervention studies examining the risk of diabetes complications
for diets of differing composition. In their absence, large, long-term prospective
observational studies in healthy individuals can be regarded as indicative. In
meta-analyses, replacing saturated fat with polyunsaturated fat is associated with
a 26% reduction in risk of cardiovascular disease [40]. In contrast, replacing
saturated fat with carbohydrate is linked to a non-significant increase in risk. Car-
bohydrate intake (whether high or low) is not usually an independent predictor
of the development of type 2 diabetes mellitus. In meta-analyses, however, qual-
ity of carbohydrate intake as assessed as the GI, GL and dietary fibre shows a
consistent positive relationship to the risk of type 2 diabetes mellitus and car-
diovascular disease (CVD), despite non-significant findings in some individual
prospective studies [41]. The highest relative risks (>2) are observed among those
with both a higher dietary GI or GL and lower (cereal) fibre intake. Recently,
some prospective cohort studies have demonstrated that higher intake of high GI
carbohydrates, but not low GI carbohydrates, is associated with greater risk of
developing CVD [42]. Similarly, there is increased risk of type 2 diabetes mellitus
and overweight associated with dietary patterns that are characterised by higher
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intakes of refined grains or white bread, ready-to-eat breakfast cereals, sugar-
sweetened beverages, potatoes or French fries, sweets or sweet bakery products
[43]. In contrast, a protective pattern commonly included carbohydrate choices
such as fruits, vegetables, legumes, wholemeal or wholegrain bread and high-fi-
bre breakfast cereals.

The dietary approaches that reduce the risk of developing type 2 diabetes,
obesity or CVD are likely to be the same as those that reduce the risk of com-
plications in individuals with diabetes. Interestingly, the apparently protective
diets share a unifying mechanism of reducing postprandial glycaemia and in-
sulinaemia, despite variable macronutrient distribution. Thus it is possible but
remains unproven at present whether any diet that facilitates a reduction in post-
prandial glycaemia without worsening dyslipidemia, is likely to improve insulin
sensitivity and relieve the burden on the beta cell, thereby reducing the risk of
complications. The least effective diet will be one that increases postprandial gly-
caemia and places extra demands on beta-cell function. These adverse effects will
be most detrimental for individuals with severe insulin resistance, that is, many
individuals with diabetes.

ENJOYABLE AND SUSTAINABLE DIETS
In the short term, a wide variety of diets will reduce weight and improve car-
diovascular risk factors under realistic clinical conditions. But only a minority of
individuals have been found to sustain dietary adherence over the longer term.
There is no single diet that is associated with satisfactory dietary adherence,
although a high protein–low GI diet was associated with significantly higher
completion rates in the Diogenes Study of weight-loss maintenance [17]. More
extreme diets, such as very low carbohydrate diets (Atkins) or very low-fat diets
(eg Ornish) are more likely to be discontinued [44]. To manage the epidemic of
obesity and diabetes, practical techniques to increase dietary adherence are ur-
gently needed.

One way to do this is to offer a broad range of healthy diet options, to
better match individual patient preferences, lifestyles and cultural backgrounds.
Dansinger et al. [44] found that only one in four individuals were adherent one
year after counselling, yet those individuals who sustained the greatest weight
loss and risk reduction were those who were able to comply, no matter what the
diet composition. Thus a diet’s ease of adoption, rather than diet composition per
se, is an important attribute of an effective diet. These findings challenge the as-
sumption that one type of diet is appropriate for everyone and that popular diets
can be ignored.

Another way to increase adherence is to offer intensive, systematic and
individualised dietary counselling. In the Diabetes Prevention Program, freely
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available intensive dietary counselling was effective in sustaining weight loss,
and cardiovascular and diabetes risk reduction over a three-year period, irrespec-
tive of ethnicity, socioeconomic group or cultural background [2]. Only 7.5% of
individuals dropped out of the study despite the large number of face-to-face vis-
its over a long period. While dietary counselling requires more resources from
the health system, cost-effectiveness analyses show that the intensive lifestyle in-
terventions cost no more than drug interventions [45]. Moreover, over the long
term, we can expect fewer side effects and more benefits (eg reduced risk of other
lifestyle diseases) associated with adherence to a healthy diet.

VEGETARIAN DIETS FOR DIABETES
A vegetarian or semi-vegetarian diet, with emphasis on plant foods such as
wholegrains, legumes, nuts, fruits, vegetables, is widely believed to have a num-
ber of nutritional benefits over a meat-based diet for the management of diabetes.
Vegetarian diets can be (but not necessarily) lower in saturated fat, higher in di-
etary fibre and richer in micronutrients such as magnesium, ie factors that are
associated with higher insulin sensitivity. Observational studies show that a veg-
etarian or vegan diet is associated with reduced risk of development of type 2
diabetes and lower risk of complications in those with existing diabetes. The
European Prospective Investigation into Cancer and Nutrition study found that
among participants with diabetes, there was a significant inverse association be-
tween cardiovascular mortality and intake of total vegetables, legumes and fruit
[46]. In women with type 2 diabetes, frequent consumption of nuts was associ-
ated with a 50% reduction in the risk of CVD and a more favourable lipid profile
[47]. One long-term intervention study, in which animal protein was partly re-
placed with soy protein, reported significant improvements in total cholesterol,
LDL cholesterol, triglycerides and CRP levels in individuals with diabetes [48].
Nonetheless, it is difficult to separate vegetarianism from other healthy lifestyle
behaviours, which also improve risk factors. Some evidence suggests it is the ab-
sence of processed meat products from vegetarian diets rather than meat per se
that offers benefits.

COMPATIBILITY WITH SUSTAINABLE
AGRICULTURAL PRACTICES

Some health authorities have recommended vegetarian diets over meat-based di-
ets on the grounds of environmental sustainability. However, the issue is debated
even among the experts. Much of Australia is classed as arid or semi-arid, with
vast areas that are unsuitable for crop agriculture, but suitable for grazing. In the

17 Nutrition therapy in the treatment of diabetes

375



Australian context, most agriculturalists and those who are knowledgeable con-
sider extensive, free-range grazing systems with relatively low stocking rates and
a rotation of cropping and pastures as sustainable. Such relatively low input–low
output systems have been sustained for decades, eg the sheep-wheat-legume-
based pasture systems in south-eastern Australia. The animal/pasture component
in the rotation actively promotes sustainability. In Australia, Good Agricultural
Practice and Best Management Practice production systems are widely recog-
nised and used.

The notion that we should not eat meat or dairy for environmental reasons
may in itself be a flawed argument because avoidance of meat requires the pro-
duction of more grain to obtain the same nutrition. Animal source foods are
nutrient dense and generally are able to nourish the human population more ef-
fectively than plants. Overconsumption and waste are profoundly more important
for both sustainability and health than simply considering plant vs animal con-
sumption. At present, over a quarter of all foods consumed are ‘non-core foods’,
ie foods that are not essential to good health, yet demand a disproportionately
large amount of scarce resources such as water, and generate large amounts of
greenhouse gases.

PARTICULAR ASPECTS OF NUTRITION THERAPY
FOR TYPE 1 DIABETES

Although the underlying pathogenesis is initially different in type 1 vs type 2
diabetes (absolute insulin deficiency vs relatively greater insulin resistance, re-
spectively) and mean age of onset differ, the subsequent metabolic derangements
that stem from chronic hyperglycaemia and that are involved in the pathogen-
esis of diabetes complications are common to both. The principles discussed
above for the nutritional management of type 2 diabetes therefore also apply to
the management of type 1 diabetes, particularly as they relate to weight control,
avoidance of hyperglycaemia and hypoglycaemia and optimisation of metabolic
control and insulin sensitivity. There are some particular considerations for type
1 diabetes, mainly relating to carbohydrate counting and type of carbohydrate.

Type 1 diabetes has an acute and earlier age of onset than type 2 diabetes,
with the majority of cases diagnosed in children and adolescents after a short du-
ration of symptoms. Most people diagnosed with type 1 diabetes are not obese,
even prior to the weight loss that often occurs before the diagnosis. Because
all type 1 subjects require insulin therapy, nutritional management commences
with a different focus. A major priority is to have a nutritional and insulin plan
that meets short- and long-term glycaemic goals, including control of hypergly-
caemia, and minimises hypoglycaemia and glucose fluctuations. Additional goals
are long-term maintenance of a healthy weight and prevention or reduction in
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risk of long-term complications that are not usually present at diagnosis (but can
often be in type 2 diabetes). Not surprisingly, in line with trends to increasing
prevalence of overweight and obesity in society, children diagnosed with type 1
diabetes are heavier and taller than their peers [49] and this has been postulated to
be associated with the earlier onset of type 1 diabetes seen in various registries
and termed the ‘accelerator hypothesis’. This hypothesis suggests that the rela-
tive insulin resistance associated with being overweight or obese accelerates the
progression to clinical onset of type 1 diabetes in those that are genetically pre-
disposed [50]. There is also evidence that in the longer term, those with type 1
diabetes are heavier than their non-diabetic peers [51]. There is also a subgroup
with type 1 diabetes who have significant inherent insulin resistance in addi-
tion to that associated with obesity; the term ‘double diabetes’ has been used for
this group and they are often considered for co-treatment with insulin sensitis-
ing agents. Therefore the management of overweight and obesity in young people
with type 1 diabetes is a frequent necessity.

Carbohydrate counting has become an established part of the nutritional
management in type 1 diabetes and is a necessary component of flexible multiple
daily injection plans and insulin pump therapy. There has been a movement away
from recommending relatively fixed carbohydrate intake (or carbohydrate pre-
scription) to more flexible and physiological approaches in which subjects are
taught to match their insulin doses with their desired and counted carbohydrate
intake. There is reasonable evidence to conclude that the use of carbohydrate
counting with flexible insulin to carbohydrate ratio is associated with improved
HbA1c and quality of life, but no conclusions regarding effects on body weight
or severe hypoglycaemia [52, 53]. The DAFNE study demonstrated that adult type
1 diabetes subjects using such an approach achieved a significant improvement
in HbA1c and quality of life over six months, without worsening severe hypo-
glycaemia or cardiovascular risk. However, there are not yet comparable data
in children and adolescents. Despite such studies, there are limited data on the
best methods and teaching to employ or the degree of accuracy required in car-
bohydrate counting. While trends have been to aim for more accurate matching
of insulin to carbohydrate, one study demonstrated that postprandial BGL con-
trol was not affected by variations of up to 17% in the carbohydrate amount
covered by the same insulin dose [54]. With insulin pump therapy, the only avail-
able randomised prospective study recently demonstrated that in adults, accurate
carbohydrate counting had advantages over empirical estimation of doses in a
number of parameters over 24 weeks, including HBA1c, BMI, waist circumfer-
ence and quality of life [55].

There is also evidence that the type of carbohydrate as well as the quantity
is important in minimisimg glucose fluctuations and hypoglycaemia; these are
the concepts of glycaemic index and glycaemic load [4]. While there are no data
in children and adolescents, the conclusions from the adult studies cited above
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should also be applicable to young people and their diabetes nutritional plans
should incorporate these concepts.

CONCLUSIONS
The findings of recent, high quality studies have been surprising and yet remark-
ably consistent. The conventional low-fat diet is probably not the optimal diet
for managing diabetes, weight or risk factors for cardiovascular disease. Rather,
there appear to be superior dietary patterns that offer good diabetes control, more
flexibility and greater ability for individuals to choose a diet that they enjoy and
can sustain over the longer term. These alternative nutritional strategies include
those with a moderately lower carbohydrate content, those with a lower gly-
caemic index, or higher fat (Mediterranean-style), or higher protein content. Very
low-carbohydrate diets (with higher protein and fat) cannot be recommended to
people with type 1 diabetes because of adverse effects on renal function. In indi-
viduals with type 2 diabetes, there is a lack of long-term dietary studies that go
beyond the measurement of risk factors (eg glycated haemoglobin) to assess hard
outcomes such as death and diabetes-related complications. Unfortunately, such
studies are difficult and expensive to conduct, not amenable to patent generation
and unlikely to eventuate. Long-term prospective observational studies in healthy
individuals remain our best guide. At the present time, diets low in saturated fat
and trans fats, with a lower GI and GL, and higher fibre content, represent our
best advice for increasing life expectancy and quality of life in individuals with
diabetes. With current insulin delivery methods in type 1 diabetes, carbohydrate
counting and consideration of glycaemic index and glycaemic load remain an im-
portant component of the nutritional plan.
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18
Current therapies and pharmacy pro-

grams for obesity and diabetes
Carol Armour,1 Betty Chaar,2 Michael Murray,2 Geoffrey Ambler3,4 and Ines

Krass2

A growing body of Australian and international literature has reported the
benefits and improved health outcomes resulting from various trials of
pharmaceutical care, self-management support and other cognitive services
in chronic conditions such as diabetes and obesity. This review will focus
on existing medications, the reasons why they might not work for some
individuals and the potential for new ways to treat both diseases. It will
also review novel ways to manage the diseases, including using community
pharmacy as a site for intervention, once effective therapies are available.

The burden of diabetes and obesity for individuals and for the community is high.
The complications of both diseases are related and of the order that adequate
treatment and control are vital to limit an epidemic of severe morbidity and mor-
tality. Medications and how they are used play a key role in the management
of these chronic conditions. Current antidiabetic therapies enhance insulin se-
cretion by pancreatic beta-cells, reducing insulin resistance, modulating glucose
metabolism or in type 1 diabetes or refractory type 2 diabetes, replacing insulin.
Although several subclasses of non-insulin agents have been in use for some
time, detailed information on their modes of action, use in various combinations
and factors that prevent their optimal use are only recently emerging and require
further understanding. Pharmacotherapy is also being increasingly used as a com-
ponent of preventive programs targeting insulin resistance and obesity before
onset of diabetes (‘prediabetes’), especially in children and adolescents. Phar-
macists contribute significantly to quality use of medicines when they provide
information, advice and recommendations to patients and providers to optimise

1 Woolcock Institute of Medical Research, Sydney Medical School, University of
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2 Faculty of Pharmacy, University of Sydney.
3 Discipline of Paediatrics, University of Sydney.
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therapeutic outcomes. In recent years, pharmacists have also sought to develop
an expanded role in contributing to the management of chronic diseases to meet
the needs of this growing patient population.

Diabetes
Type 2 diabetes mellitus (T2DM), the most common form of diabetes, is now an
escalating worldwide epidemic. It contributes significantly to premature mortal-
ity, morbidity and disability through the development of micro- and macrovascu-
lar complications of uncontrolled disease. In Australia, the 2007–2008 National
Health Survey estimated that 818 200 Australians (4%) have diabetes, based on
self-reports [1]. The earlier national Australian Diabetes, Obesity and Lifestyle
study found that approximately 1.2 million (7.4%) of Australians aged 25 years
and over had diabetes with half of the respondents unaware [1]. A further 16% of
Australians have been estimated to have impaired glucose metabolism or predia-
betes [2]. The total economic burden is estimated at A$6 billion annually (2003)
arising mainly from the costs associated with the treatment of complications [3].

The incidence and prevalence of T2DM in adolescents is increasing globally,
but especially in those of non-white European descent [4]. The International
Diabetes Federation estimates that 285 million people around the world have
diabetes. This total is expected to rise to 438 million within 20 years. Highest
risk groups are those of black African descent, native North American, Hispanic,
Asian, South Asian and Native Pacific Islanders. These groups have higher ge-
netic risk factors with the clinical expression of T2DM being accelerated by
increasing rates of childhood and adolescent overweight and obesity [5]. While
T2DM is being seen in increasing prevalence in younger age groups, it is rarely
seen until the second decade of life since it requires the trigger of the physiologi-
cal increase in insulin resistance that occurs with puberty [4].

Obesity
Obesity is a major global public health and economic problem as it is associated
with significant morbidity and mortality. In 2005, the World Health Organisation
reported approximately 1.6 billion adults as overweight; 400 million of those
were obese [6]. Australia is one of the most overweight developed nations [7],
with a growing incidence over the last 12 years, approximately 68% of adult men
and 55% of adult women were overweight or obese in 2007–2008 [8]. The total
cost of obesity in 2008 was A$58.2 billion which included the costs attributable
to associated diseases [9].

Overweight and obesity are both disease states and risk factors for many
other chronic conditions. Overweight is defined as a body mass index (BMI) ≥25
in adults or 85th percentile in children and adolescents and obesity as a body mass
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index ≥30 in adults or the 95th percentile in children and adolescents. Higher
body mass was responsible for 7.5% of the total burden of disease and injury in
2003, ranked behind tobacco (7.8%) and high blood pressure (7.6%) [10].

Excess body mass predicts higher mortality and/or morbidity in cardiovascu-
lar disease, T2DM, some cancers and increasingly, osteoarthritis [11]. Obesity is
also strongly associated with back, reproductive and mental health problems, and
obstructive sleep apnoea. Modest weight losses of 5% to 10% have been shown
to improve hypertension and dyslipidaemia [10, 12].

In response to this problem the Australian Government recommended in
June 2009, strategies for the treatment, management and prevention of obesity in
‘Weighing it up – obesity in Australia’, as well as better regulation of weight-loss
products and programs to ensure safety and efficacy[9].

ADDRESSING THE PROBLEMS
Evidence-based strategies addressing the problem of T2DM support the benefits
of early interventions in prediabetes and strict control of glycaemia, blood pres-
sure and lipids in established diabetes to reduce the risk and delay the onset
of the complications such a cardiovascular and kidney disease [13, 14, 15]. In
recent years, a plethora of clinical and management guidelines which recommend
therapeutic targets to optimise disease control have become widely available to
healthcare practitioners. This, coupled with advances in understanding of the
pathophysiology of T2DM and the introduction of a range of new management
therapies in the past decade, have ushered in the possibility of reducing the dis-
ease burden associated with T2DM and its complications.

There is broad agreement that the most appropriate first-line therapy for
overweight and obesity in all age groups is behavioural and lifestyle interven-
tions, including nutritional and exercise interventions [16]. This is particularly so
in children and adolescents in whom the problem is generally less entrenched and
has fewer complications. Also, there is lower availability of licensed drugs for
the use of obesity in children and adolescents and greater reluctance to use phar-
macotherapy in the young because of concern about long-term side effects. The
lessons of history have shown these concerns to be justified.

MANAGEMENT OF T2DM
The clinical management of T2DM aims to achieve control of glycaemia, as well
as other risk factors such as blood pressure, dyslipidaemia and obesity to pre-
vent or reduce the progression of the micro- and macrovascular complications
associated with the condition. Initial and then ongoing management involves rec-
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ommended modifications to diet and physical activity to address blood glucose
as well as cholesterol and blood pressure. For blood glucose, if satisfactory gly-
caemic control is not achieved through weight loss and increased physical activity
alone, pharmacotherapy is indicated. The current guidelines recommend that
pharmacological therapy is commenced with metformin [17]. However, over time
beta-cell function progressively declines, usually necessitating the addition of ad-
ditional agents which include sulfonylureas, meglitinides, thiazolidinediones, and
potentially incretin mimetics such as the oral DPPIV inhibitors, injectable agents
such as exenatide, or insulin. The therapeutic use of each of these classes is dis-
cussed in the next section.

T2DM is a complex condition to manage, requiring all elements of the
biopsychosocial model to be considered. Addressing lifestyle issues such as diet
and exercise, as well as care in commencing and up-titrating medications, and
vigilance in monitoring of the disease including achieving and sustaining blood
glucose and other targets in therapy, is demanding on the person with diabetes,
their families and on healthcare resources. The membership of the health profes-
sional team that supports the person with T2DM is broad, and depending upon
individual patient’s needs may include the general practitioner, practice nurse and
dietitian, as well as the diabetes nurse educator, specialist endocrinologist, podia-
trist, optometrist, ophthalmologist and psychologist. As described in later parts of
this chapter the pharmacist can, and should, be an integral member of the health-
care team supporting the care of the person with diabetes.

The rest of this chapter will focus on pharmacotherapy for blood glucose
in T2DM and pharmacotherapy in obesity, and management of these diseases in
adults and adolescents. Commercial programs available for obesity management
will be discussed, as well as optimising management of T2DM and obesity in our
current health system and the evidence and potential role of pharmacy in improv-
ing outcomes for these diseases.

OPTIMISATION OF CURRENT THERAPIES FOR
DIABETES

Current antidiabetic agents enhance the secretion of insulin by pancreatic beta-
cells, improve insulin resistance in tissues or modulate glucose metabolism.
Although several classes of drugs have been used in the treatment of diabetes for
some time it is only recently that detailed information on their modes of action
and the factors that prevent their optimal use in patients have emerged.
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Major classes of antidiabetic agents

(a) Insulin secretagogues
ATP is generated during mitochondrial glucose metabolism and modulates the
opening of ATP-sensitive potassium channels on the plasma membrane. These
channels are composed of eight polypeptides: four sulfonylurea receptor (SUR1)
subunits that are members of the ATP-binding cassette transporter family and
four Kir6 subunits that are members of the inwardly rectifying potassium channel
family [18]. Hypoglycaemic sulfonylureas, such as glibenclamide, glipizide and
tolbutamide, stimulate insulin secretion by interaction with SUR1. SUR1-induced
closure of the ATP-sensitive potassium channel mediated by sulfonylureas depo-
larises the plasma membrane and promotes the release of insulin [19].

The meglitinides, such as repaglinide and nateglinide, are non-sulfonylurea
insulin secretagogues whose mechanism of action resembles that of the sulfony-
lureas but is mediated through a different binding site on SUR1 [20]. Unlike the
sulfonylureas, the meglitinides stimulate first-phase insulin release in a glucose-
sensitive manner [21]. These properties enhance the control of serum glucose and
insulin concentrations.

(b) Insulin sensitisers
The storage of lipid in adipocytes and other cells is dysregulated in T2DM and
desensitises insulin signalling. As a result, adipocytes do not store triglycerides
adequately or release adipokines that regulate food intake. Thiazolidinediones
are agonists for the nuclear peroxisome proliferator-activated receptor-gamma
(PPAR-gamma), which regulates lipid storage in adipocytes [22]. These agents
enhance insulin sensitivity by modulating the production of adipokines, including
leptin, adiponectin, resistin and tumour necrosis factor-alpha, by adipocytes. By
activating PPAR-gamma thiazolidinediones alter the transcription of genes that
regulate glucose and lipid metabolism, such as lipoprotein lipase, fatty acyl-CoA
synthase, glucokinase and the glucose transporter GLUT4.

Although PPAR-gamma appears to be an important target for thiazolidine-
diones the receptor is expressed primarily in adipocytes. That these drugs im-
prove insulin resistance in other cells that do not express PPAR-gamma suggests
that there may be additional targets. Thus, thiazolidinediones may also target the
adenosine monophosphate-activated protein kinase (AMPK), which is an impor-
tant fuel sensor that regulates glucose and lipid metabolism.

(c) Biguanides
The most important biguanide in current use is metformin but its mechanism
of action is not entirely clear. In diabetic patients metformin decreases hepatic
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glucose output by decreasing gluconeogenesis and by increasing glucose uptake
by skeletal muscle. However, it has also been shown that metformin activates
AMPK in liver and muscle [23]. AMPK inhibits acetyl-coenzyme A carboxylase,
which is the rate-limiting step of lipogenesis and down-regulates hepatic sterol-
regulatory-element-binding-protein-1, which is a major regulator of lipogenic
genes. This decreases triglyceride synthesis and facilitates the normalisation of
lipid and glucose metabolism.

(d) Incretin mimetics
Exenatide is the only drug in this group currently available in Australia. Exe-
natide binds to the human GLP-1 receptor, which provides glycaemic control via
various mechanisms [24]. It is an insulin secretagogue that stimulates glucose de-
pendent insulin secretion and therefore only works during hyperglycaemia but
not during hypoglycaemia. The functioning of pancreatic beta-cells in patients
with T2DM may also be improved by exenatide [24]. The secretion of glucagon
is suppressed by exenatide, which lowers the blood glucose levels in both fasting
and postprandial periods.

Furthermore, exenatide delays gastric emptying in patients with T2DM [24].
This is very important in the regulation of postprandial blood glucose control,
since the latter is strongly determined by the delivery of nutrients from the
stomach to the small intestine. Exenatide also suppresses appetite, leading to a
reduction in food intake and a decrease in body weight in the longer term usually
of some kilograms.

It is indicated in Australia as adjunctive therapy to improve glycaemic con-
trol in patients with T2DM who are taking metformin, a sulfonylurea, or a
combination of metformin and a sulfonylurea but are not achieving adequate gly-
caemic control.

(e) DPP-IV inhibitors
Another new class of oral antidiabetic agents are the dipeptidyl peptidase IV inhi-
bitors (DPP-IV) or ‘incretin enhancers’. They work by delaying the degradation
of GLP-1 and thus extend the action of insulin in a glucose dependent manner,
while also suppressing the release of glucagon [24]. There are currently three
agents in this class approved in Australia: saxagliptin, sitagliptin and vildagliptin.

(f) Alpha-glucosidase inhibitors
These agents, acarbose and miglitol, are taken orally and slow absorption of glu-
cose by inhibiting alpha-glucosidases in the upper GI tract. These enzymes are
responsible for converting complex polysaccharide carbohydrates into monosac-
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charides in a dose dependent fashion. They are less potent than other oral agents
with an HbA1c lowering effect of 0.4% to 0.9% generally reported and are usu-
ally used in combination with other agents rather than as monotherapy [25].

(g) Insulin
Historically, insulin has been used late in the therapeutic cascade in T2DM after
trial and failure to achieve targets through lifestyle modification and oral med-
ications. Since decline in beta-cell function and reduced effectiveness of other
agents over time is common in the pathophysiology of T2DM, many if not most
patients will require insulin therapy, usually within ten years of the diagnosis
of T2DM. In general, physicians have been reluctant to add insulin to therapy
because of concerns about increased complexity, risk of hypoglycaemia and pa-
tient acceptance, and the possible need to commence insulin injections has been
used as a motivator or ‘threat’ to improve lifestyle factors [26]. Yet insulin is the
most efficacious agent to lower blood glucose levels in diabetes mellitus. A va-
riety of insulin regimens are employed including simple basal supplements (with
isophane, insulin-glargine or insulin-detemir) to suppress hepatic glucose produc-
tion, with the addition of prandial doses (regular human insulin or rapid-acting
analogue) if needed to control meal-related hyperglycaemia. Premixed insulin
combinations are also frequently used. To date, insulin pump therapy has not
been generally recommended as a means of insulin delivery in T2DM because
simpler injection regimens are effective and cheaper; however increasing use is
likely in subgroups with T2DM who have blood glucose levels that are difficult
to stabilise.

(h) Combination therapy
The agents outlined above are frequently used in combination, especially if gly-
caemic targets are not being met with single agents. As yet, there is no clear
evidence as to which combinations are most effective or the order in which they
are used and often the decision relates to individual patient factors and physician
preference. The American Diabetes Association and the European Association
for the Study of Diabetes have published a consensus algorithm for the metabolic
management of T2DM [27]. The NHMRC of Australia has also published an al-
gorithm as part of the Evidence-based clinical care guidelines in blood glucose
control in type 2 diabetes [28]. In each of these guidelines, metformin is a cor-
nerstone of therapy, often with the addition of a secretagogue agent as a second
line and then the addition or substitution of insulin. A number of combination
medications are available that combine metformin with a sulphonylurea, or with
a DPP-IV inhibitor. We can expect changes in these drug therapy paradigms as
experience is gained with newer agents such as incretin mimetics and the safety
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concerns with other agents (eg thiazolidinediones) are clarified.

Adverse effects of current therapies and pharmacokinetic
considerations

(a) Insulin secretagogues
The major side effect of sulfonylureas and meglitinides is hypoglycaemia, but
this is usually mild and by definition is self-treated. Additional adverse effects of
meglitinides include upper respiratory tract infections, rhinitis, bronchitis, dizzi-
ness and headache.

Pharmacokinetic studies have shown that serum concentrations of sulfony-
lureas and meglitinides are subject to marked inter-individual variation. Hepatic
cytochromes P450 (CYPs) 2C8, 2C9 and 2C19 mediate the phase I oxidation
of most of these drugs. These CYPs exhibit polymorphisms that give rise to
altered drug pharmacokinetics. The two major variant alleles of CYP2C9 –
CYP2C9*2 and CYP2C9*3 – occur at frequencies of ~11% and ~7%, respec-
tively, in Caucasians, but exhibit lower incidence in African-Americans and
Asians [29]. These CYP2C9 polymorphisms influence the apparent clearance of
tolbutamide, glimepiride and glibenclamide and may complicate therapy in Cau-
casians in particular [29]. In contrast, in vivo pharmacokinetics of gliclazide were
dependent on CYP2C19. The poor metaboliser phenotype for CYP2C19 is im-
portant in Asians due to the higher incidence of defective CYP2C19*2 and *3
alleles (~20% in Asians, but only 2% in Caucasians).

Repaglinide is eliminated by CYP2C8 and, to a lesser extent,
CYP3A4-mediated oxidation to inactive phase I metabolites and by UDP-glu-
curonosyltransferases to the acyl glucuronide [30]. The CYP2C8*1/*3 genotype
has been associated with decreased plasma concentrations of repaglinide. In com-
parison, nateglinide is metabolised by CYP2C9 and CYP3A4. However, the
concordance between CYP2C alleles and the pharmacodynamics of these drugs
is imperfect [29], and CYP2C genotyping to direct drug and dose selection is not
currently indicated.

(b) Insulin sensitisers
Adverse effects of thiazolidinediones such as rosiglitazone and pioglitazone in-
clude weight gain and increase in peripheral fat mass, oedema, anaemia, pul-
monary oedema, congestive heart failure and myocardial ischaemia [31]. Oedema
is a drug class effect that precludes the use of the thiazolidinediones in patients
with evidence of cardiac failure. The incidence of peripheral oedema was about
27% in one Australian study, which was reportedly somewhat higher than in
other studies [31]. This was attributed to broader inclusion criteria or to the con-

A modern epidemic

392



current use of drugs such as non-steroidal anti-inflammatory drugs and calcium-
channel blockers.

CYP2C8 is primarily responsible for the hydroxylation and N-demethylation
of rosiglitazone in the human liver, with minor contributions from CYP2C9 [32].
By comparison, pioglitazone is oxidised by CYP2C8 and to a lesser extent by
CYP3A4 [33]. The involvement of CYP3A4 in these pathways increases the
potential for drug–drug interactions because this enzyme is involved in the me-
tabolism of most drugs. CYP3A4 is also inducible by coadministered drugs
including anti-epileptic agents and St John’s wort. Thus, avoidance of potent
CYP3A4 inducers in patients receiving thiazolidinediones is advisable.

The future role of thiazolidinediones is increasingly uncertain because of
safety issues, which also include an increased risk of fracture and osteoporosis
as well as exacerbation of diabetic macular oedema in some patients [28]. Pre-
dominantly because of concerns about myocardial ischaemia risk, the use of
rosiglitazone has been suspended in the European Union and restricted in the
US [34] and additional warnings have been added in other countries, including
Australia [35]. Recently pioglitazone has been reported to be associated with an
increased risk of bladder cancer in those with the longest cumulative exposure; a
safety warning has been issued by the FDA [36] and its use has been suspended in
some countries. An earlier agent, troglitazone, was discontinued in 2000 because
of concerns of liver toxicity [37].

(c) Biguanides
The most serious potential adverse effect of the biguanide class of oral hypo-
glycaemic agents is lactic acidosis. Phenformin was withdrawn some years ago
because of high risk of lactic acidosis. However, metformin is safer than phen-
formin, and the risk of developing lactic acidosis is low, at less then one in 10
000 patients prescribed the agent [28], providing the drug is not used in patients
from high-risk groups. Metformin itself causes few adverse effects with gastroin-
testinal upset the most common.

Metformin does not undergo oxidative biotransformation and is excreted un-
changed by the kidneys [38]. In normal renal function, metformin is unlikely to
accumulate but is contraindicated in patients with risk factors for lactic acidosis
or drug accumulation because of kidney, liver or cardiac dysfunction. Recently,
it has been recognised in guidelines that metformin can be prescribed with vigi-
lance, in people with stable chronic kidney disease down to an eGFR of 30 ml/
min [28].

As per the product information, metformin may also lower serum vitamin
B12 levels by reducing B12 absorption, and, while this vitamin is stored long
term in the liver, it is prudent to assess the blood vitamin B12 level each couple
of years to ensure it remains in the health range.
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(d) Incretin mimetics
Subcutaneously administered exenatide is generally well tolerated. The most fre-
quently reported adverse effect is nausea which leads to a discontinuation of
treatment in about 2%–4% of patients although it usually improves with time
[39]. The incidence of nausea is higher during the initial weeks of treatment and
declines thereafter. The observed weight loss in patients using exenatide is not
associated with the occurrence of nausea. Other, usually minor and transient
gastrointestinal complications such as vomiting and diarrhoea are also reported.
Further adverse effects include feeling jittery, dizziness and headache [24, 39].

Severe hypoglycaemia causing unconsciousness, is rare in patients using ex-
enatide. However, mild to moderate hypoglycaemia might occur more often with
this agent, especially when used in combination with a sulphonylurea [24]. Sim-
ilar to nausea, the incidence of hypoglycaemia peaks during the initiation of
treatment and decreases over time.

Because exenatide delays gastric emptying, it can influence the efficacy of
agents that require rapid gastrointestinal absorption. Therefore, medications that
depend on threshold concentrations such as oral contraceptives and antibiotics
should be administered at least one hour before exenatide.

Exenatide is administered by subcutaneous injection. The initial dosage
should be 5 μg twice daily and if tolerated, should be increased to 10 μg twice
daily after one month of treatment. Elimination of exenatide occurs mainly via
glomerular filtration, hence the use of this agent is not recommended in patients
with a severely impaired renal function.

(e) DPP-IV inhibitors
These agents are generally well tolerated. The most common side effects are
upper respiratory tract infection and headache. Use is also associated with ab-
dominal pain, nausea and diarrhoea. A key advantage is that this class do not
cause hypoglycaemia at nearly the rate of the sulphonylureas, nor do they cause
weight gain [24].

(f) Alpha-glucosidase inhibitors
Flatulence and diarrhoea are the main, very common side effects of this class of
drugs which often limit their use [25].

(g) Insulin
The predominant adverse effects with insulin therapy are risk of hypoglycaemia
and weight gain. One target of therapy in people requiring insulin treatment is
that hypoglycaemia should be minimised. Mild hypoglycaemia occurs in ~30%
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of people at least once a year. Severe hypoglycaemia, which may be life-threaten-
ing, through causing trauma or triggering heart events such as myocardial infarct,
occurs in 1%–2% yearly [28]. Occurrence of severe hypoglycaemia should be a
‘red flag’ to the diabetes healthcare team that the entire treatment approach needs
revision, to identify the precipitating and predisposing factors and prevent recur-
rence.

Variations in genes that influence the pharmacodynamics of
antidiabetic drugs

(a) Insulin secretagogues
There is considerable inter-individual variation in the response to these drugs.
Several SUR1 variants have been identified including common polymorphisms in
exon 16 and 18. It has been suggested that the Ser1369Ala variant of the ABCC8
gene that encodes SUR1 and also the Glu23Lys variant of Kir6.2 may be associ-
ated with the development of T2DM, especially if additional risk factors such as
obesity are present [40].

(b) Insulin sensitisers
PPAR-gamma forms transcriptionally active heterodimers with RXR-beta so that
defects in one or both genes may constitute an increased risk of insulin resistance.
Thus, the common Pro12Ala variant of PPAR-gamma may contribute to the in-
sulin resistant phenotype [41]. Obese individuals carrying the Ala-12 variant were
at higher risk, especially if their dietary mono-unsaturated fatty acid intake was
low. The observation that carriers of the RXR-beta C51T genotype who had a
high body mass index also had an increased risk of gallstones may be relevant
since both obesity and diabetes are important risk factors for gallstones [42]. Apart
from possible contributions to disease development, as yet there is little informa-
tion regarding the action of thiazolidinediones at variant PPAR-gamma.

(c) Biguanides
It now appears that AMPK is also a target for the biguanides. AMPK is a het-
erotrimeric complex containing a catalytic (alpha) subunit and two regulatory
subunits (beta and gamma). In AMPK alpha2-null mice body weight and fat mass
were increased and insulin sensitivity was impaired when they were adminis-
tered a high-fat diet [43]. Single nucleotide polymorphisms in the AMPK alpha2
subunit gene were associated with altered serum lipoprotein concentrations in a
patient cohort [44]. Similarly, relationships between diabetes and the –26C/T and
IVS1+43C/T polymorphisms of the AMPK gamma2 subunit gene were evalu-
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ated. Patients who were homozygous for the –26T allele were associated with a
higher risk of developing T2DM and patients who carried the IVS1+43TT vari-
ant had higher serum concentrations of triglycerides and cholesterol [45]. To date,
information on the role of AMPK beta-subunit gene variation and disease devel-
opment have not been delineated. Moreover, how AMPK subunit polymorphisms
influence metformin efficacy in T2DM is yet to be established.

(d) and (e) Incretin mimetics and DPP-IV inhibitors
A single nucleotide polymorphism in the GLP-1 gene that encodes the major
GLP-1 receptor variant, in which threonine 149 is replaced by methionine, is ac-
tivated differentially by GLP-1 in vitro [46]. This receptor variant could account,
in part, for different responses to GLP-1 agonists such as exenatide, but this pos-
sibility has not yet been actively explored.

With the exception of saxagliptin the available DPP-IV agents are not CYP
substrates and so are seldom associated with pharmacokinetic drug-drug interac-
tions. Vildagliptin has a half-life of 2.8 hours and generates several metabolites
by CYP-independent pathways [47], whereas the mean apparent half-life for
plasma sitagliptin is 9–14 hours [48]. In contrast, saxagliptin is oxidised by CYPs
3A4 and 3A5 to a major metabolite that is pharmacologically active. Instead, re-
nal excretion is the most important elimination pathway for the drugs. It has been
established that dose adjustments are recommended for patients with renal im-
pairment.

MANAGEMENT OF TYPE 2 DIABETES IN
ADOLESCENTS

The principles of T2DM therapy in adolescents are similar to those in adults, al-
though a much more limited range of pharmacological agents are approved and
used. Again, lifestyle modification including nutritional components, physical ac-
tivity and weight loss are first-line management tools [4]. However, in many
instances, these are insufficient to meet treatment goals and the addition of phar-
macotherapy is needed. In most countries, insulin and metformin are the only
drugs approved for use in children and adolescents. Sulphonylurea agents are ap-
proved in fewer countries, but other agents have generally not yet had adequate
appraisal of safety and efficacy in children and adolescents, and are not approved.
The treatment options for T2DM in Adolescents and Youth (TODAY) study
[49] is a randomised trial evaluating three arms of pharmacological intervention
for T2DM in newly diagnosed T2DM adolescents. It compares the efficacy of
metformin alone or in combination with rosiglitazone or lifestyle intervention.
However, as described earlier, there is increasing concern about emerging serious
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adverse effects of the thiazolidinediones in any age group and it is unlikely they
will have a significant future role. In any case, their known class effect to cause
weight gain [50] has always been a disincentive to their use in adolescents.

The choice of initial therapy in T2DM in adolescents depends on the clinical
presentation including symptoms, severity of hyperglycaemia and presence or
absence of diabetic ketoacidosis. The differentiation of type 1 from type 2 dia-
betes is not always clear at presentation in adolescents and T2DM can present
with ketosis (up to 33%) or ketoacidosis (5%–25%) [51]. In those with severe hy-
perglycaemia and/or ketosis/ketoacidosis, initial treatment should always be with
insulin for initial stabilisation and rapid metabolic control, in conjunction with
lifestyle measures. Laboratory investigations (particularly type 1 diabetes related
antibodies and C-peptide) and clinical course will help clarify the diagnosis and
it is common practice to add metformin and wean insulin to the point of cessation
if possible. Asymptomatic patients will usually have a trial of lifestyle modifica-
tion without drug therapy, while those with mild-to-moderate symptoms without
ketosis will usually be treated with metformin in addition to lifestyle modifica-
tion [52, 53]. The adequacy of ongoing therapy is judged by a number of clinical
criteria, but mainly HbA1c <7% and fasting plasma glucose <7 mmol/l.

The proportion of adolescents with T2DM treated with lifestyle modification
alone is reported to be 11%–50% [53]. However, as in adults, failure of therapy
increases with duration. When lifestyle modification alone is inadequate, met-
formin is commonly added. Surveys indicate that a substantial proportion of
adolescents with T2DM take metformin (28%–71%) [53]. Metformin is approved
by the FDA and also recommended by the American Diabetes Association and
the International Society for Paediatric and Adolescent Diabetes as the first-line
pharmacological agent in adolescents with T2DM. Doses up to a maximum of
2000 mg per day are usually recommended [53], divided twice daily, although
the whole dose can be taken once a day using an extended release preparation
which may improve gastrointestinal tolerability and compliance [54]. Metformin
is also used as an adjunct to therapy in type 1 diabetes in adolescents with sig-
nificant insulin resistance. A recent systematic review [55] (including adults and
adolescents) demonstrated reduced insulin requirement with metformin, but no
improved metabolic outcome and no data on cardiovascular outcomes are avail-
able.

When lifestyles measures and metformin are inadequate, or metformin is not
tolerated or is contraindicated, insulin is added or substituted. Randomised con-
trolled trials (RCT) comparing various insulin regimens in T2DM in adolescents
do not exist, however data from adult experience are generally applicable. A bed-
time long-acting insulin analogue is commonly used as initial insulin therapy, but
a wide range of other regimens are used according to local preference, includ-
ing multiple daily injections. Some guidelines in adults [56] suggest that isophane
insulin should be used first and insulin analogues reserved for special indica-
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tions. However there are some data to suggest lower rates of hypoglycaemia with
analogues [57] and they are favoured as first-line insulin therapy by paediatric
endocrinologists [53]. At present, insulin pump therapy is generally not recom-
mended in T2DM [58, 59]. This is largely due to the increased intensity and cost
of therapy, and because targets can often be met with simpler insulin therapy.
However lower rates of hypoglycaemia and increased sensitivity to insulin when
delivered by pump are attractive potential benefits.

Drugs other than metformin or insulin for adolescents with T2DM are not ap-
proved by regulatory authorities, although surveys indicate significant usage by
some providers [53]. Newer agents such as GLP1 agonists and DPP4 inhibitors
[50] may play a future role, especially in more difficult clinical situations.

MANAGEMENT OF OBESITY IN ADOLESCENTS
Lifestyle intervention through exercise and dietary modification should be the
primary treatment for obesity in children and adolescents; drug therapy should be
considered a secondary option in refractory situations and usually only in ado-
lescents. Family-targeted behavioural and lifestyle intervention programs have
been shown to have clinically significant benefits [16], although these benefits
are not always sustained. Drug therapy used as an adjunct to lifestyle intervention
in adolescents with obesity was analysed in a recent Cochrane review, including
sibutramine, orlistat and metformin [16]. The use of sibutramine (a serotonin
and noradrenaline reuptake inhibitor) in adolescents was examined in five stud-
ies, with data showing improved BMI over lifestyle alone; adverse events were
greater in sibutramine than placebo-treated adolescents, but with low rates of any
serious adverse events. Subsequently, however, sibutramine has been withdrawn
from most parts of the world, including the US, Europe and Australia because
of post-marketing surveillance data which indicated increased risk of myocardial
infarction and stroke in patients with existing cardiovascular disease [60]. In two
available RCTs of orlistat (a gastrointestinal lipase inhibitor) in combination with
lifestyle measures in adolescents there was also a greater improvement in BMI
over placebo; however orlistat-treated patients had a much higher prevalence
of gastrointestinal adverse effects, particularly oily stool evacuation, cramps,
abdominal pain and increased defaecation, but also increased asymptomatic gall-
stones in one study [61]. While orlistat is still available, in May 2010 the FDA
warned about a possible link with severe liver injury in rare cases [62], and la-
belling was revised to include this.

The most relevant drug used as an adjunct to lifestyle measures in adoles-
cents with obesity is metformin, a biguanide oral hypoglycaemic agent. There
are now several studies indicating its safety and efficacy in adolescents with in-
sulin resistance and obesity (or prediabetes). In a recent systematic review and
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meta-analysis that included five suitable RCTs [63], metformin was concluded
to have moderate efficacy in reducing BMI and insulin in hyperinsulinaemic
obese children and adolescents, although no long-term studies were available. In
pooled analysis, metformin reduced BMI by a mean 1.42 mg/m2 which was con-
sidered moderate compared to available data on subitramine (–1.66 kg/m2) or
orlistat (–0.76 kg/m2) [16]. Gastrointestinal adverse events were more frequently
reported in those receiving metformin (risk difference 10%–14%), but there were
no serious adverse events. There is a need to further evaluate metformin in
longer-term studies as an adjunct to more intensive lifestyle interventions [64].
Even without this further evidence, metformin is commonly used in clinical prac-
tice in adolescents with obesity, insulin resistance and other features of metabolic
syndrome because of its favourable safety profile and its established use as phar-
macotherapy in T2DM in adolescents.

MANAGEMENT OF OBESITY IN ADULTS AND
COMMERCIAL PROGRAMS IN AUSTRALIA

There is a wide range of weight-loss programs available including commercial
weight-loss programs provided in the pharmacy as well as Jenny Craig and
Weight Watchers, internet-based programs, weight-loss products such as meal
replacements available from supermarkets, and community-based weight-man-
agement or exercise programs. The Weight Management Council of Australia
provides a voluntary code of practice for commercial weight-loss companies [65].
Although commercial weight-loss programs are very popular, they usually only
induce large short-term changes in weight and these changes are mostly transient.
There is a need to establish evidence-based practices that demonstrate efficacy,
safety and long-term weight maintenance. At this point in time there is very little
data on the efficacy or outcomes of the commercial weight-loss programs in Aus-
tralia [75].

Various factors affect an individual’s efforts in terms of short-term weight
loss and maintenance [66]. The majority of overweight adults have a history of
previous weight-loss treatments. A study by Burke et al. (2008) examined in-
dividuals’ past experiences with weight-loss treatments [67]. Program features
identified as least satisfying included dissatisfaction with diet product (20.4%)
and concerns about safety of program or product (17.2%). The most common
reasons for difficulty in successfully losing weight that were identified were dif-
ficulty to make and maintain lifestyle change (38%), no time (32.4%) and lack
of support (18.5%). Similarly, a study by Jeffery et al. (2004) examined how
individuals’ attitudes about weight-loss efforts change during weight loss [68].
Individuals who lost less weight during the six months reported feeling more neg-
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ative reactions. Reported satisfaction in relation to weight-loss effort declined
over time, and in the last two months, perceived benefits were approximately
equal to perceived costs of weight change.

Various studies have shown that superior weight loss occurs when cognitive
behavioural therapy is added to diet and exercise interventions. Health education
is required to facilitate patients making informed choices about their health. A
study by Swift et al. (2009) showed that intended weight loss and outcomes were
positively associated with health beliefs [69]. The results of this study also sug-
gest that healthcare professionals may find it productive to discuss the social
and aesthetic benefits associated with weight management. Cognitive strategies
that have been identified in weight management include increasing awareness of
negative thoughts, problemsolving alternatives to negative self-talk and pre-in-
tervention strategies such as motivational interviewing and establishing objective
weight-loss outcomes [70]. Establishing readiness for change via motivational
interviewing has been shown to predict sustained change efforts in physical exer-
cise, dietary change and adherence [70].

In all of these programs there is a need to clarify patients’ expectations for
weight-loss outcomes, provide objective and realistic goals, and re-evaluate these
goals over the course of management.

MANAGEMENT OF TYPE 2 DIABETES AND
OBESITY IN THE HEALTH SYSTEM

There are a variety of effective therapies available and new approaches to be
trialled in future. Notwithstanding the availability of effective therapies and treat-
ment guidelines, translation of evidence into practice and delivering optimal care
represents a significant challenge to healthcare systems. Because of the nature of
T2DM and the need for patients to understand and take control of their lifestyle
in order to reduce their health risk, people with T2DM are especially vulnera-
ble and need intensive chronic disease management and ongoing support. From a
systems perspective, however, limited patient access to diabetes healthcare pro-
fessionals, as a result of personnel shortages [71], especially in rural and remote
areas, and lack of systems to support chronic disease management with continuity
of care [72, 73], are well recognised barriers to achieving optimal health outcomes
for diabetes. Hence, there is a need to develop cost-effective innovative models
of diabetes and weight management care based on more intensive continuity of
care [74] including self-management support, regular monitoring and follow-up in
order to enable patients to achieve the recommended targets.
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PHARMACISTS IN TYPE 2 DIABETES CARE
In recent years, pharmacists, as highly trained healthcare professionals with ex-
pertise in medicines, have sought to develop an expanded role in diabetes care
to meet the burgeoning needs of this growing patient population. There are
compelling arguments which support this expanded involvement. Community
pharmacies provide an established and visible network, extending to remote ar-
eas, of easily accessible healthcare professionals. Through regular and less formal
contact than that with doctors, pharmacists are able to build strong relationships
with patients and become a reliable source of information. Pharmacists can also
have ongoing relationships with other healthcare providers and can serve as the
‘bridge’ between healthcare providers and the patients, thus ensuring continuity
of care. Therefore visits to the community pharmacy offer an excellent opportu-
nity to screen at-risk patients and to provide education and support to diagnosed
T2DM patients, particularly if they do not regularly visit a general practitioner
(GP) or diabetes educator. In addition, as medications play a key role in prevent-
ing the complications of T2DM, ensuring their effectiveness through monitoring
and adherence support as well as screening for drug-related problems, is critical
to achieving improved health outcomes.

Specific services that pharmacists have offered patients in T2DM include
opportunistic screening for undiagnosed disease [76], diabetes self-management
education, medication-adherence support and medication management such as
the at-home medicines review, ensuring the quality and evidence-based use of
medications, monitoring clinical outcome measures eg blood glucose levels,
blood pressure, lipid levels, and reminding patients of the importance of regular
examinations for diabetic complications [77].

Two recent systematic reviews of the effects of these pharmacist–outpatient
interventions on adults with diabetes mellitus showed significant improvements
in HbA1C for patients in a diverse group of clinical settings and countries. Over-
all, the results suggest that pharmacist interventions can reduce long-term costs
by improving glycaemic control and thus diminishing future diabetes complica-
tions [78, 79].

DIABETES CARE IN AUSTRALIAN PHARMACY
In 1999, a specialised T2DM service, the Diabetes Medication Assistance Service
(DMAS), was developed for delivery in Australian community pharmacy. Its fo-
cus was on the provision of self-management support through a series of regular
visits with a credentialed pharmacist to assist people with T2DM more effectively
self-manage their condition and improve their use of medicines. At each visit,
the pharmacist tailored the consultation to the individual needs of the patient. By
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using motivational interviewing and goal setting, in combination with education,
the pharmacist aimed to empower the patient to take better control of their dia-
betes [80].

A systematic program of research involving two pilot studies, an RCT and an
implementation trial has provided a strong evidence base for the clinical efficacy
and cost-effectiveness of the DMAS. The RCT used a multi-site, control versus
intervention, repeated measures design within five states in Australia. Fifty-six
community pharmacies, 28 interventions and 28 controls, were randomly selected
from a representative sample of urban and rural areas. Intervention pharmacies
delivered the DMAS to patients with T2DM during the course of five visits to the
pharmacy over a period of six months. Control pharmacists assessed patients at
birth and six months and delivered no intervention. A total of 289 patients (149
interventions and 140 controls) completed the study. Significantly greater im-
provements in glycaemic control were seen in the intervention group compared to
the control, ie a mean reduction in HbA1c of –0.97% (95% CI: –0.8, –1.14) in the
intervention group compared with –0.27% (95% CI: –0.15, –0.39) in the control
group. Improvements were also seen in blood pressure control and quality of life
in the intervention group. Pharmacists identified a range of interventions (4309
for 149 patients) to improve the care and wellbeing of their patients. Monitoring
of the progress of the disease and as well as the outcomes of the interventions ap-
peared to be the essential element of the disease state management process. Both
pharmacists and patients identified the outstanding benefits of the service and ex-
pressed great satisfaction with service provision. The DMAS was shown to be
cost-effective when compared to other government funded programs [75].

The RCT was followed by a national implementation trial, the Diabetes Pilot
Program (DPP) which aimed to answer three further questions regarding the
DMAS service: 1) what are the key barriers and facilitators to national imple-
mentation of the DMAS service 2) what is the optimal number of pharmacy visits
and 3) what is the sustainability of clinical improvements beyond DMAS ser-
vice delivery. A national quota sample of 90 community pharmacies in Australia
were randomly assigned into Group 1 (six-month DMAS) or Group 2 (12-month
DMAS) and subsequently recruited a total of 524 patients. The implementation
process was carefully tracked with data collected through individual or group in-
terviews with 100 patients, 28 pharmacists and 41 GPs at the beginning and at
the end of DMAS to explore their experiences and perceptions of DMAS and to
identify barriers and facilitators. A wide range of clinical (HbA1c, blood pres-
sure, lipids) and quality of life outcome measures were assessed.

The results indicated that the DMAS may be successfully implemented in
diverse community pharmacy settings providing: 1) the pharmacy has adequate
staff and infrastructure; 2) there are good pharmacist-GP relationships; 3) the
pharmacy has a pool of eligible patients; 4) there is effective promotion and in-
tegration of the DMAS within the healthcare sector; and 5) there is adequate
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remuneration for service delivery. The clinical outcomes of the implementation
trial mirrored those of the RCT. Both the six-month and 12-month DMAS re-
sulted in significant and similar reductions in HbA1c (–0.9; 95% CI:–0.65,
–1.12), total cholesterol (–0.3; 95% CI:–0.07, –0.38), triglycerides (–0.3; 95%
CI:–0.10, –0.53) and overall ten year CVD risk; moreover the benefits were
sustained up to 12 months after the end of the DMAS [81]. The extent and sus-
tainability of clinical improvements achieved by the DMAS together with the
resulting reduction in cardiovascular risk should translate into future cost savings
to healthcare systems by delaying and reducing diabetes related complications.
Collectively these studies support the feasibility and efficacy of community phar-
macy T2DM diabetes care in the Australian healthcare setting.

In addition to the effectiveness of pharmacy support for people with T2DM,
several studies have also supported the feasibility and efficacy of opportunistic
screening for T2DM in community pharmacy [82, 83, 84]. Community pharmacy
provides a logical site with its established, expansive and visible network of eas-
ily accessible health professionals, able to access a broad population who are
apparently healthy and who rarely come into contact with GPs or nurses.

WEIGHT-MANAGEMENT PROGRAMS IN
COMMUNITY PHARMACY

In the context of weight management in the UK, the government recognised the
contribution that pharmacy can make in managing the obesity epidemic in the
white paper Pharmacy in England [85]. In doing so, pharmacy contract nego-
tiators recommended a government-funded national weight-management service
initiative in community pharmacies [86].

Several other studies have illustrated that community pharmacists’ involve-
ment in weight-loss programs has been associated with successful weight loss. A
study in Denmark reported the results of ‘slimming courses’ held at 19 commu-
nity pharmacies for 269 obese patients [87]. Average weight loss was 5.3 kg for
females and 6.2 kg for males. At one year follow-up 20% of the patients who had
completed the course had maintained a weight loss of greater than five kilograms
[87]. Community pharmacists could play a key role in providing holistic weight-
loss programs and collaborating with healthcare professionals, rather than being
seen as product suppliers [88].

A recent Pharmacy Pulse survey showed that more than 17% of pharmacies
in Australia want to be known as a destination for a weight-loss solution [89].
In 2003, the National Pharmacy Database Project reported that 8.7% of 1131
Australian community pharmacies surveyed conducted weight-management pro-
grams by trained staff [90]. At present, the majority of commercial weight-loss
programs are based on very low-calorie diets that are mostly achieved by meal
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replacement shakes and soups. Other factors necessary for weight change such as
increased physical activity are supplementary to the weight-loss product and used
to augment the product specifically. Most programs provide ongoing support ei-
ther by in-store consultants, a website or telephone support services.

LifeweightTM was the first nationally released weight-management program
specifically designed for community pharmacy. The program combines the prod-
uct Xenical® (orlistat) with pharmacist-delivered cognitive services to provide a
holistic package [75].

It was launched in 2004, following the decision to down schedule Xenical®
(orlistat) from a prescription to pharmacist-only medication. The program was
developed in collaboration with the Pharmacy Guild of Australia, the Pharmaceu-
tical Society of Australia, the Australian Institute of Pharmacy Management and
Roche, the manufacturers of Xenical®. Training programs and resources were
made available for pharmacists and pharmacy assistants to increase their skills
in delivering the program. Content of the program is comprehensive and well
structured, based on evidence-based material and is aligned with National Health
and Medical Research Council guidelines [75]. Baseline and longitudinal patient
data is collected including age, weight, body mass index, target weight, mea-
sured progress to target, final weight on completion of or withdrawal from the
program. Adoption and uptake of LifeweightTM in community pharmacies has
declined in recent times, as both consumers and pharmacists have articulated a
need for a well-planned, accredited, community pharmacy-based, remunerated
service that would deliver a more comprehensive collaborative service [91]. Such
a service would ideally not be based on a product but a wholistic, evidence-
based program. This would allow for increased numbers of overweight and obese
Australians to have access to a consistent, evidence-based, integrated health-
care weight-management program. Improvement in health for the overweight and
obese, and better management of diabetes, hypertension, hypercholesterolemia
and other obesity-related health issues would be the outcome. This would result
in decreased costs to the healthcare system due to reduced mortality and morbid-
ity attributed to the overweight and obese Australian population.

CONCLUSION
Innovation of service delivery is critical to address the burgeoning problems of
T2DM, obesity and related diseases. The complications of these diseases place a
considerable burden on the healthcare system.

The review of available pharmacotherapy for T2DM and obesity shows that
there is considerable inter-individual variation in response to the various drug
classes and the reasons for this are currently under investigation. In adolescents
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and children the approach to therapy is not merely a reflection of recommenda-
tions for adults. In terms of support for pharmacotherapy and lifestyle interven-
tions, community pharmacy programs have provided evidence of effectiveness in
T2DM, however at this point in time support for weight-loss programs has been
inhibited by the focus on individual commercial products. Nevertheless, commu-
nity pharmacists are a valuable resource of trained healthcare professionals that
should be utilised to provide diabetes and obesity prevention and care services as
part of an integrated primary care sector approach.
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19
Diabetes healthcare strategies to
cope with the growing epidemic

Marg McGill1, 2, 3 and Jane Overland1, 2

Globally, the spectrum of diabetes services varies from a single healthcare
provider working in an isolated community setting, to small groups of pri-
mary care doctors and nurses working in health centres or district hospitals,
through to highly sophisticated tertiary units in major urban areas with ac-
cess to a range of specialists, nurses and other diabetes team members. In
this chapter we explore how diabetes care may be best delivered at these
various levels, taking into consideration political, cultural and economic
environments. Not every case of diabetes can be looked after at the com-
munity level. Likewise, not every case of diabetes can be looked after at the
specialist level. How to support and balance these two services to optimise
healthcare delivery for the total community of people with diabetes, is one
of the most important questions in organising diabetes care.

Diabetes care is becoming a priority for health systems as costs and health out-
comes are being closely scrutinised. Traditional health systems are designed to
provide symptom-driven responses to acute illnesses. Consequently, they are
poorly configured to meet the needs of the chronically ill. Simply seeing more
and more patients within the traditional model will lead to shorter consultations
that can only focus on a quick review of blood glucose and providing a prescrip-
tion. Models of care that are focused on outcomes and prevention of acute and
chronic complications have been developed and proposed as viable alternatives
to current care systems to address these problems.

Globally, the spectrum of diabetes services varies from a single healthcare
provider working in an isolated community setting, to small groups of primary
care doctors and nurses working in clinics, health centres or district hospitals,

1 Diabetes Centre, Royal Prince Alfred Hospital.
2 Sydney Nursing School, University of Sydney.
3 Central Clinical School, University of Sydney.
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through to highly sophisticated tertiary units in major urban areas with access
to a range of specialist physicians, nurses and other diabetes team members. In
this chapter we explore how diabetes care may be best delivered at these vari-
ous levels. Not every case of diabetes can be looked after at the community level.
Likewise, not every case of diabetes can be looked after at the specialist level.
How to support and balance these two extremes is one of the most important
questions in organising diabetes care in Australia today. Irrespective of where di-
abetes care is being provided along the healthcare delivery continuum, services
based on the chronic care model (CCM) [1] help healthcare systems provide more
clinically effective and cost-efficient care.

THE CHRONIC CARE MODEL
The CCM provides a paradigm shift from our current model of healthcare de-
livery, to a system that is prevention based and focused on avoiding long-term
problems, including diabetes complications [2]. Due to its multi-faceted nature,
quality diabetes care requires an integration of the person with diabetes into a
health system that promotes long-term management. [3]. Unlike acute illnesses,
diabetes encompasses behavioural, psychosocial, psychological, environmental
and clinical factors, all of which require team-based support from a variety of
healthcare disciplines [4, 5, 6]. The premise of the model is that quality diabetes
care is not delivered in isolation, but with community resources, delivery sys-
tem design, decision support and clinical information systems working in tandem
leading to productive interactions between a proactive practice team and prepared
activated patient [2]. Indeed, in a recent meta-analysis by Shojania et al. [7], the
strategy most effective in improving diabetes care, as measured by HbA1c (gly-
cated haemoglobin), is multi-disciplinary team-based care, a fundamental feature
of the chronic care model. Other key elements of this model include:

1. Healthcare organisation – this provides the structural foundation (philosoph-
ically and literally) upon which the remaining four components of the CCM
rely. Diabetes service providers who are able to gain the support of their
health system and organisation are more likely to facilitate and sustain their
programs.

2. Community resources and policies – provide individuals with diabetes, their
caregivers, service providers with a variety of ancillary services that provide
support for self-management.

3. Decision support – uses expertise to establish evidence-based clinical prac-
tice guidelines, standards and protocols which provide a framework to assure
quality and consistency.

4. Self-management – engages the patient in the active self-management of
their condition.
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5. Clinical information systems – are necessary for collecting and housing
timely, useful data about individual patients and populations of patients, us-
ing tools such as patient registries and databases. Diabetes service providers
not only need to rely on information systems for patient monitoring, but to a
larger extent for tracking and reporting data for practice and system’s reports
and feedback.

6. Delivery system design – affords opportunities to restructure practices to
facilitate team care and define team roles, and delegates tasks such as explo-
ration of reconfiguring the delivery of care in primary care, community clinic
and hospital settings.

DIABETES IN PRIMARY CARE
Primary care in the community forms an integral part of healthcare and is the first
level of contact for the majority of people with diabetes. The sheer number of
people with diabetes would dictate this to be a necessity. How we improve dia-
betes care at this level is therefore a matter of great importance.

Worldwide, primary care is usually provided by a doctor, acting alone and
almost invariably also treating many other diseases. In many ways, diabetes is
just a condition that the patient ‘happens to have’ and its management can be sur-
reptitiously relegated to a lesser role than the clinical problem of the day. Various
attempts have been made to overcome these issues and it is beyond the scope of
this chapter to outline them all, but some examples will be mentioned here. In
the UK, a ‘mini-diabetes clinic’ has been promoted within the auspices of general
practice. Doctors are rewarded if the percentage of their diabetic patients reach-
ing a target HbA1c level exceeds a predefined requirement.

In Australia, general practice is the mainstream of the primary care system,
and is supported by a single government-controlled universal health insurance
fund, Medicare. Together with the public hospital system and community health
centres, the Medicare program provides non-user-pays access to medical services
for all residents. Under this program the majority of medical practitioner services
are funded on a Medicare fee-for-service basis and access to most specialist
services is dependent on referral from a general practitioner. As such, general
practitioners have always played an important role in managing people with
chronic disease such as diabetes. A novel study in the late 1990s, which used
Medicare data to look at health service utilisation for the population of New
South Wales (NSW), showed that people with diabetes saw their general practi-
tioners nearly twice as often as their non-diabetes counterparts [8].

Regardless of where care is provided, effective management of diabetes re-
quires scheduled and regular patient visits for monitoring diabetes, detecting
complications, adjusting medications, negotiating lifestyle changes and providing
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ongoing support; such visits are a critical element to successful outcomes. Until
recently this level of care was not supported by general practitioner funding
arrangements. There were also issues in relation to accessing non-medical health-
care professionals, who are well recognised as integral to diabetes healthcare
teams. Access to a multidisciplinary team was only offered by hospitals, funded
by state governments, and services provided by nursing and allied health pro-
fessionals outside this setting were not covered by Medicare. As such, funding
supported one-to-one medical service provision rather than multidisciplinary
care.

However, in the last decade, Australian healthcare reform has seen a plethora
of new Medicare benefits to support chronic disease management at the primary
care level. In terms of diabetes, this reform provided funding to support general
practitioners complete a diabetes annual cycle of care (DACC). As outlined in
Table 1, the DACC encompasses routine measurement of glycaemic control and
macrovascular risk factor parameters, assessment for diabetes-related eye, kid-
ney and foot disease, and lifestyle education. It also includes medication review.
In general, completion of the DACC requires the person with diabetes to attend
multiple appointments with their general practitioner as well as, where indicated,
appointments with specialists, diabetes educators, allied health professionals and
laboratories. This can be inconvenient to the patient, so there is a risk that not all
activities within the DACC are completed. To lessen this risk Medicare offers ad-
ditional funding, as a service incentive payment, for each diabetic patient within
a general practice who has completed the full cycle of care within a 13-month
time frame [8]. This is further supplemented by an outcomes payment based on
the proportion of patients with diabetes within a practice reaching general tar-
get levels of care each year [9]. These incentives, while welcomed, put increased
pressure on general practitioners to ensure the delivery of effective primary care.
To relieve this pressure, many practices have turned to nurses working in the
general practice environment to help coordinate and complete the DACC. To-
day it appears these nurses have been accepted unequivocally by the Australian
medical profession as a viable option to augment the services of general prac-
titioners, with well over half of general practices in Australia now employing
at least one practice nurse, thereby expanding the primary care team. Further to
this, the federal government realised that better planned and coordinated care that
looked beyond individual episodes of care to a more broad view was required, so
Medicare funding of care plans was introduced in 1999.

In 2005 Medicare went a step further and provided a funding basis for team
care arrangements, designed to enable general practitioners to shift from episodic
fragmented care to whole person care that is integrated with other healthcare
providers [10]. Under this initiative reduced fee allied health services (eg podia-
try, dietetics, psychological counselling, etc) are available to patients for whom a
care plan and team care arrangements have been written.
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Funding of the DACC, care plans and team care arrangements are all in-
tended to improve patient outcomes. To date, however, there is a paucity of
published evidence that these initiatives have improved patient care, although
some improvements in patients with diabetes have been noted [11, 12]. An audit
of 230 patients by Zwar et al. in 2007 [12] found that patients were more likely
to be involved in multidisciplinary care for diabetes after a care plan was written
(47.8% before versus 63.5% after). Zwar also reported a statistically significant
improvement in HbA1c, systolic and diastolic blood pressure, and total cho-
lesterol in these patients. However, as admitted by the authors, some of the
improvements were relatively small and may have been of limited clinical signif-
icance. Despite this, we have certainly noted the impact of these health reforms
over recent years as an increasing number of patients referred to our Diabetes
Centre at Royal Prince Alfred Hospital in Sydney already have a diabetes organ
complication assessment performed in the primary care setting. As a result, dia-
betes specialist centres need to reassess their roles to avoid costly duplication of
services.

Table 1. The diabetes annual cycle of care.

Activity Frequency/description

Assess diabetes control by measuring
HbA1c

At least once every cycle

Ensure that a comprehensive eye examina-
tion is carried out††

At least once every two years

Measure weight and height and calculate
body mass index (BMI)†††

At least twice every cycle

Measure blood pressure At least twice every cycle

Examine feet†††† At least twice every cycle

Measure total cholesterol, triglycerides and
HDL cholesterol

At least once every cycle

Test for microalbuminuria At least once every cycle

Provide self-care education Patient education regarding diabetes man-
agement

Review diet Reinforce information about appropriate
dietary choices

Review levels of physical activity Reinforce information about appropriate
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levels of physical activity

Check smoking status Encourage cessation of smoking (if rele-
vant)

Review of medication Medication review

†† Not required if the patient is blind or does not have both eyes.

††† Initial visit: measure height and weight and calculate BMI as part of the ini-
tial assessment. Subsequent visits: measure weight.

†††† Not required if the patient does not have both feet.

Source: Department of Human Services (2011). Practice Incentives Program:
Diabetes Incentive Guidelines. Australian Government [Online]. Accessed at:
www.medicareaustralia.gov.au/provider/incentives/pip/files/2709-4-diabetes-
incentive-guidelines.rtf [Accessed 12 January 2012].

In rural and remote Australia, primary care is often delivered through a system of
health centres or clinics. Appropriately supported, these centres can provide rou-
tine diabetes management to the majority of people with diabetes within a local
area, but require the ability to refer more complicated cases such as patients with
newly diagnosed type 1 diabetes, or those with an active foot problem. The suc-
cess of this approach was evidenced by a randomised cluster trial conducted in
the Torres Strait, located between Australia and Papua New Guinea and inhabited
by Indigenous Australians scattered over a wide area in small communities [14].
The study aimed to implement a sustainable system of care by providing basic
training in clinical diabetes care to local Indigenous health workers employed in
randomly selected health centres. The study team also assisted local staff within
these centres to establish diabetes registers and recall systems, and to develop
diabetes care plans. Diabetes specialist outreach services were established con-
currently for all health centres within the Torres Strait, and were designed to
facilitate referral and provide care to more complicated patients. It also provided
a secondary benefit for local staff to learn up-to-date diabetes management prin-
ciples through working alongside the diabetes specialist during visits to the health
centres. It was found that diabetes care processes improved in all health centres
and the intervention sites showed greatest progress, with significant improve-
ments in weight, blood pressure and glycaemic control parameters. Moreover,
people with diabetes managed by the intervention clinics were 40% less likely to
be admitted to hospital for a diabetes-related condition. Over time, local service
providers have assumed increasing responsibility for routine diabetes care, thus
ensuring sustainability of the service. Similarly, the Royal Prince Alfred Hospi-
tal Diabetes Centre has recently established a collaborative partnership with the
Maari Ma Health Aboriginal Cooperation in Far Western NSW to assist them
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in providing specialised team-based care within their local community to people
with diabetes.

TRADITIONAL SPECIALIST CARE

The hospital clinic
In many urban areas around the world the majority of diabetes care is provided
by a hospital, often characterised by a large inpatient unit supported by outpatient
clinics. While some hospitals have diabetes-specific outpatient services, many
people with diabetes are seen within the context of a large general medical clinic.
Although specialists are often notionally in charge in this setting and the clinic is
considered a ‘specialised diabetes clinic’, much of the time the duty of actually
seeing people with diabetes is delegated to junior and rotating medical staff. Typ-
ically, nursing staff undertake process tasks such as preparing medical records,
measuring the patient’s height and weight and testing blood glucose levels. Many
of these clinics are not prepared to cope with caring for people with a chronic
disease, and are entrenched with unsuitable systems, often as a result of hospi-
tal regulations. For example, providing patients only with a few week’s supply
of medications means that clinics are overwhelmed by people attending to have
a prescription written. This ultimately leads to shorter consultation times to cope
with increased throughput of clinic attendees. As a consequence, care tends not
to be patient-focused nor up-to-date, resulting in poor clinical outcomes.

Whilst these clinics in all likelihood will remain the backbone of specialist
diabetes treatment for many countries, simple policy changes can improve dia-
betes care without imposing too much of a cost penalty. An example that can
improve continuity of care is to link the rotating junior doctors’ clinic with that
of a more permanent senior doctor. In that way, patients will see someone famil-
iar and if, for example, they have a specific difficult diabetic problem, the junior
rotating doctor can be supervised in its management by the senior consultant. A
further step that can improve diabetes care within the traditional system is to allo-
cate nurses to the specialised position of diabetes educator or diabetes specialist
nurse so they can complement and enhance what the doctors provide. For this to
be successful, it is important their roles are separate from that of the clinic nurse,
and not just be seen as ‘an additional pair of hands’ to help with routine clinic
or ward duties. Rather, they should be employed to provide education regarding
self-management principles to either in- or outpatients, or a combination of both.
In some cases their role may be fully dedicated to educating patients; however,
with further training, the specialist nurse can well provide many areas of diabetes
management. These staff can be trained to make clinical decisions about the man-
agement of diabetes, including management of glycaemic control, hypertension
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and dyslipidaemia; provide self-management education; and coordinate team ser-
vices to meet the patient’s health needs. Utilising nursing staff to provide many
of the routine clinical services is less expensive than using medical staff, and
takes the load from the medical staff so they can concentrate on more complex
cases. Indeed, a meta-analysis comparing clinical outcomes from protocol-dri-
ven, nurse-led clinics with traditional physician-led clinics has shown care is no
worse in a nurse or allied health driven system [15]. However, the success of this
approach may lie in the careful selection and training of staff. Recognising the
advanced skills of the diabetes specialist nurse, both through a career structure
and improved financial incentives, is important to ensure continuity of staff.

Traditional diabetes clinics have often been considered to be antiquated.
However, they can be made to work and realistically will likely remain the back-
bone of specialist diabetes care worldwide. However, for them to be effective,
there are organisational and system issues to which the senior doctor in the clinic
must pay attention, rather than limiting his/her role to a medical one.

Medical specialist diabetes care provided in private practice
In Australia a system of private specialist diabetes care exists to offer choice and
to reduce some of the burden on publicly funded services. Subsidy or insurance
of private health services is available. However, patients may be faced with a
co-payment if their diabetes practitioner charges above the subsidised fee. These
costs are a major barrier to many patients receiving the level and type of care
they require, particularly when multiple specialists are involved. In the majority
of cases private services are run by solo practitioners and access to support ser-
vices provided by allied health professionals can be difficult and also costly. In
many ways similar to their primary care counterparts, the private specialists face
the same difficulty of providing multidisciplinary care required by some diabetic
patients.

Specialist team-based integrated care
Specialist diabetes care can also be provided in a more integrated and multidis-
ciplinary manner, addressing not only glucose control but also complications and
comorbidities of diabetes, involving doctors as well as allied health profession-
als. Such integrated care is often conveniently provided at a ‘diabetes centre’, an
entity which is distinct from the diabetes clinic. To appreciate the full potential
of such a diabetes centre, it is worthwhile noting its heterogeneous nature. Al-
though many facilities may function under the same generic name, they can differ
quite considerably if one scratches below the surface. Initially, the role of such
diabetes centres in Australia was to provide diabetes education. For many this re-
mains their primary function and hence ‘diabetes education centre’ is perhaps a
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more appropriate name. These education centres have generally been developed
to support large diabetes clinics and are usually located separately from where
medical consultations are made. In this model, clinical care is provided by physi-
cians and patient self-management education and support is conducted by other
diabetes team members. It is a system of care repeated in many countries around
the world, and can be highly successful in meeting the clinical, educational and
psychological needs of the person with diabetes and their family.

Toward the other end of the spectrum, a diabetes centre can incorporate
clinical activities. In this manner the duties of doctors and other health profes-
sionals become more integrated, co-located and co-dependent. This is the model
we have relied on extensively at Royal Prince Alfred Hospital in Sydney for
the last three decades. Initially, a prime motive of such initiatives was initiation
of insulin therapy and stabilisation of diabetes without the need for hospitalisa-
tion; in this system duties are largely provided by diabetes nurses but with the
backing of doctors. Over the years more specialised clinical services, such as
screening and management of diabetes complications, diabetic foot disease, dia-
betes in pregnancy, neuropathic pain and use of insulin pump treatment have been
progressively added to the service provided by our Diabetes Centre. In many of
these activities, the nursing and allied health professionals play such a specialised
role that the doctor’s function can become a supporting, as well as a supervisory,
one. We have found nursing and allied health professionals to be better in these
roles than rotating doctors, if for nothing else because patients appreciate more
continuity. Conceptually, there is no reason why one single good doctor cannot
provide all these services to his/her patients and we have indeed witnessed some
who were able to do so, but in our experience it is logistically difficult. In many
ways, in our system there are many specialists that make up the team but not all of
them are doctors. This concept of, for example, a nurse being more ‘specialised’
in a clinical area of diabetes management than a doctor is sometime difficult for
a traditionalist to understand or with which to feel comfortable.

Obviously to provide such specialised services, diabetes centre staff mem-
bers require ongoing training which is at one time more specialised and yet also
broader in scope, identical philosophically to that required by their medical coun-
terparts undergoing specialist training.

By its very ‘Rolls Royce’ nature, this type of integrated specialist diabetes
care is more resource hungry than diabetes in primary care. By creating such ‘su-
per centres’ there will be constant ambivalence between balancing ‘state of the
art’ services with providing day-to-day diabetes care to a large number of people.
Due to resource constraints, this will always be a problem and it is even worse
for a unit which is dependent on throughput for its funding. This dilemma will
necessitate a rational debate of who needs specialist care.
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LINKING DIABETES CARE BETWEEN
COMMUNITY CARE AND SPECIALIST CARE

Many cases of diabetes management can be capably provided at the community
level. It therefore makes sense for the majority of patients without complications
or comorbidities of diabetes to be managed within the community. On the other
hand, patients with more complicated disease warrant referral to the specialists,
depending on their individual need. Whilst conceptually sound and obvious, a
seamless delivery for such a division of labour is not easy to achieve.

Medicare Locals are a key part of the Labor government’s national health
reform measures in Australia. They will be primary healthcare organisations
working to make it easier for patients to access the services they need by better
linking local general practitioners, nursing and other health professionals, hospi-
tals and aged care, and maintaining up-to-date local service directories.

Medicare Locals are designed to:

• Improve the patient journey through developing integrated and coordinated
services

• Provide support to clinicians and service providers to improve patient care
• Identify the health needs of local areas and develop locally focused and re-

sponsive services
• Successfully implement primary healthcare initiatives and programs
• Be efficient and accountable with strong governance and effective manage-

ment systems.

Over time, Medicare Locals will be provided with more flexible funding to target
services to meet their local community’s specific needs. This could mean, for ex-
ample, supporting local diabetes care or anti-smoking activities. Exactly how this
will be done and what an integrated system of care between Medicare Locals and
other health service providers will look like is yet to be determined. Nevertheless
it is clear that hospital-based diabetes services will need to be more community
focused in their outlook. In response to healthcare reform they will need to de-
velop and implement communication systems that enhance discussion between
primary care and the hospital and offer complementary services to ensure that the
individualised needs of the person with diabetes, their family and their healthcare
providers are met, services are not duplicated and the gaps are filled.

HOW COULD WE IMPROVE SYNERGISM
BETWEEN PRIMARY AND SPECIALIST CARE?

A possible solution is the system we have used at the Diabetes Centre of Royal
Prince Alfred Hospital in Sydney. We rely on a Shared Care System to partition
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responsibilities between primary care doctors and ourselves and in 1986 we es-
tablished a Complication Assessment Service [16] to underpin such a sharing
arrangement. A recent study comparing outcomes of patients cared for under our
model with those of patients attending traditional specialist services found that
the adherence to management guidelines in our shared care model was superior to
traditional specialist care. Moreover, a significantly higher proportion of patients
managed under the shared care model achieved an HbA1c within 1% of normal
range, and/or a blood pressure at target [17]. This would suggest that the major-
ity of patients with the most common form of diabetes known as type 2 diabetes,
do not need to see a specialist service in the traditional three to four monthly
cycle to receive a similar quality of care. Apart from achieving good endpoints of
glycaemic control and complication detection, this system is more cost-effective
because specialists services to ophthalmologist, nephrologist, etc are generally
only sought when recommended by a diabetes specialist.

It is worth noting a certain approaches can make such a system maximally
effective. The specialist multidisciplinary team which examined the patients and
reported to the primary care doctor at the Diabetes Centre must have good clin-
ical skills and judgement in the various diabetes complications. This will allow
the diabetes specialist to provide more precise recommendations about the tim-
ing of referrals to other specialists or indeed to provide appropriate treatment of
some complications. For example, ability of the diabetes specialist to recognise
not only retinopathy in a particular patient but also be confident that it is not vi-
sion threatening for the foreseeable future, may appropriately delay the referral
until later. Another example is the ability to identify the occasional patient with
non diabetes-related neuropathic pain may save many other patients with typical
diabetes neuropathic pain from unnecessary referral to neurologists.

There are many other approaches to facilitate complementary primary and
specialist diabetes care. For example, we have used telemedicine to make advice
of our foot clinic staff more readily available to communities in rural and remote
Australia [18].

WHAT ASPECTS OF DIABETES NEED SPECIALIST
CARE?

One concern of diabetes healthcare professionals is that the current focus on fund-
ing diabetes care at the general practice level may be to the detriment of specialist
care, particularly specialist and tertiary services. As discussed earlier, there are
patients who, due to the nature or severity of their disease, need specialist care.
People with type 1 diabetes are a case in point. Both national and international
guidelines emphasise the critical importance of regular access to a specialist mul-
tidisciplinary team for people affected by this type of diabetes, particularly so
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for children and adolescents. Australia has the sixth highest rate of type 1 dia-
betes in children and adolescents in the world. Approximately 1000 children aged
14 years and younger are diagnosed in Australia each year and this continues to
increase. There is evidence to suggest that this rise is already straining hospital
resources and that increased caseloads on diabetes teams is placing young people
in jeopardy of not receiving the recommended level of diabetes care. For exam-
ple, a recent three-year longitudinal study by Hatherly et al. [19] found that the
care provided to a sample of young people with type 1 diabetes living in the Aus-
tralian Capital Territory and NSW fell significantly below recommended levels.
Previous Australian research had identified that less than 25% of young people
with type 1 diabetes living in the same area had achieved an HbA1c less than
the recommended 7.5% [20, 21]. Results from the Hatherly study suggest that the
number of young people achieving the target HbA1c had fallen even lower.

The study also showed that the attendance to healthcare professionals fell
below what is recommended and declined over the three-year study period. Inter-
estingly, where declines were seen, services were mainly provided in the public
hospital setting. The authors suggested a number of possible contributing factors
for this, including under-resourcing of these services. Their hypothesis was sup-
ported by the qualitative phase of Hatherly’s study, where participants reported
difficulties in making appointments especially for nursing and allied health ser-
vices due to insufficient staff.

Issues were also raised in relation to accessing specialist care for those peo-
ple living in rural areas. In Australia, as with most countries, specialist diabetes
services are predominantly located within major urban centres. To address the is-
sue of access, outreach services have been developed to help complement care
provided by rural and regional healthcare providers. Under this ‘shared care’
model, endocrinologists from urban centres travel to regional sites around Aus-
tralia. People are only seen by these specialists once or twice a year, if lucky, and
all other diabetes care is provided by local medical professionals such as general
practitioners, paediatricians or general physicians. Despite the widespread use of
this shared-care approach to service delivery, there is a dearth of systematic evi-
dence on its impact on diabetes outcomes. A recent study in young people found
no differences with respect to the short-term impact of specialist versus shared
care on glycaemic control [22]. However data are lacking on the development of
diabetes complications and non-glycaemic risk factors. Despite this, the results of
this study suggest that even minimal involvement of a specialist may play a role
in improving health outcomes, an important finding given Australia’s widely dis-
persed population.

To rationalise diabetes care, there are many areas which will need decisions
about who is to do what and at which level. There is no single correct answer to
this as the local situation will influence the decision, but some pertinent examples
and relevant points can be raised.
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For example, emotion would often dictate that the management of gesta-
tional diabetes should be at the specialist level. However, the large numbers
of woman with this diagnosis now overwhelm diabetes pregnancy clinics. This
places increased pressure on staff and means that women with pre-existing type
1 and type 2 diabetes may not get the level of care they need. The morbidity of
gestational diabetes is relatively low in comparison with the type 1 and type 2
diabetes. A better use of resources would be to provide the care for woman with
gestational diabetes in the community combined with appropriate protocols and
guidelines to ensure referral to specialist services as required.

Treatment of diabetic foot disease is another example of how care between
the community and the specialist services needs to be carefully partitioned, de-
pending on the person’s degree of risk. Guidelines often suggest that all people
with diabetes should have their feet assessed and managed by podiatrists. This
will place great stress on availability of podiatrists when their service is better di-
rected to high-risk individuals, notably those with active foot lesions. It is better
to assign the level of care depending on whether a patient has risk factors of foot
ulceration such as impaired sensation or peripheral circulation and whether there
are active foot lesions. This would allow patients with foot ulceration, severe foot
infection and Charcot arthropathy to receive specialised attention that they need.

The care of people with type 1 diabetes is challenging for anyone. They need
more multidisciplinary care and support such as dietary counselling of carbo-
hydrate counting or intensive teaching for use of insulin infusion pumps. These
skills are not readily available in the community. The lower prevalence of type 1
diabetes also means that most primary care doctors do not have enough exposure
to this group of patients to gain experience. Therefore this group of individuals
as adults are probably better managed at the specialist level and when in child or
adolescent years, regularly by a specialist paediatrician skilled in diabetes care –
usually a paediatric endocrinologist.

There is also the broader (and economically most important) question of who
should look after the glycaemic control for the majority of people with type 2
diabetes. To date, there is a great deal of uncertainty about the optimal line of
division between primary care and specialist care, both from medical and eco-
nomical points of view.

THE FUTURE: THE WAY FORWARD
The challenge ahead is to organise high-quality diabetes care that is accessible
and affordable to an increasing number of people with diabetes. We need to
document what we do and report outcomes so that effective models, specific
to diabetes care in Australia, can be implemented widely. The evidence that
team-based care provides the best outcomes needs to be embraced broadly, un-
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derpinned by expanding the roles of all health disciplines. If diabetes care is to
achieve the healthcare benefits that the diabetes research described in this book
has made possible, it must be tackled at both the community and specialist levels.
In this regard, the complementarity between primary and specialist care plays a
pivotal role, and a balanced approach is required by healthcare planners.
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20
Managing diabetes complications in

the clinical arena
Stephen M Twigg1,2 and Susan V McLennan

In the absence of a complete prevention or cure for diabetes mellitus in all
its forms, complications will occur in most people with diabetes. These are
common and varied. The spectrum includes psychosocial as well as bio-
logical complications and they may be acute, as in those causing very low
or high blood glucose. Chronic biological end-organ complications of dia-
betes include so-called microvascular complications of diabetic eye, kidney
and nerve disease and the macrovascular complications of cardiovascular,
cerebrovascular and peripheral vascular disease. Evidence from clinical tri-
als indicates that using current healthcare and therapy standards, much can
be done to prevent onset and progression of diabetes complications; indeed,
over recent years, serial reductions in death rates in people with diabetes
reflect such beneficial outcomes. This chapter will focus on trends and
options in care as well as therapies that hold promise to improve complica-
tions outcomes in people with diabetes.

THE SPECTRUM OF DIABETES COMPLICATIONS
Diabetes mellitus is essentially a syndrome where the hormone insulin is deficient
in the body. As a result there is not enough insulin to prevent increases in blood
glucose, or to normally regulate protein and body fat [1]. While blood glucose lev-
els may be quite mildly elevated at certain times in some people with diabetes, if
insulin is severely lacking it can rapidly lead to emergency, life-threatening con-
ditions of diabetic ketoacidosis, where acid in the blood occurs, or hyperosmolar
coma where blood glucose levels rise to very high levels and may cause coma [2].

A major breakthrough occurred in diabetes care when insulin was discovered

1 Sydney Medical School, University of Sydney.
2 Department of Endocrinology, Royal Prince Alfred Hospital.
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as the hormone produced by the pancreas which is deficient in diabetes. A short
time after that discovery in the early 1920s, people with diabetes, especially
young children, had their lives saved by insulin injection treatment and emer-
gency conditions such as diabetic ketoacidosis (DKA) were largely avoided, and
quality of life was significantly improved [3]. The source of the insulin was ini-
tially isolated from animal pancreas, and was subsequently derived from human
insulin made in the laboratory. However, after the discovery of insulin and its
lifesaving role in therapy, it became increasingly clear over the subsequent years
and decades that people with diabetes were at increased risk of developing a se-
ries of different complications from diabetes [4], namely damage to certain organs
and tissues, especially the eyes, kidneys, nerves, heart and blood vessels. These
complications are listed in Table 1. Research into the cause of diabetes complica-
tions and the mechanisms to prevent, detect and treat them, is the main focus of
this chapter.

Table 1. The spectrum of diabetes complications, including acute and chronic, organic
and psychosocial.

Time course Complication
grouping

Specific complications

Acute
(usually hours
to days)

Insulin lack diabetic ketoacidosis, hyperosmolar nonketotic
coma

Insulin excess Hypoglycaemia

Chronic
(usually
years)

Microvascular Diabetic retinopathy, diabetic nephropathy, dia-
betic neuropathy

Macrovascular Cardiovascular disease, cerebrovascular disease,
peripheral arterial disease

Other (see text for
detailed list)

Including congenital malformations

Psychsocial General Depression, eating disorder

Diabetes specific Diabetes distress
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ACUTE COMPLICATIONS OF DIABETES

(i) Acute complications due to a lack of insulin
Amongst the three main types of diabetes mellitus – type 1, type 2, and ges-
tational diabetes – the former two in the absence of a pancreas transplant, are
incurable and persist, whereas the latter condition is transient. In type 1 diabetes
there is absolute insulin deficiency. This means that in the absence of insulin ther-
apy, cells in the body will become starved of glucose. Insulin is an important
anabolic, or building-up, hormone that helps blood glucose move into tissues,
and cells to create cellular energy, and it prevents breakdown of body fats and
muscle. Insulin acts like a key to help glucose move into cells. In the complete
absence of insulin, the cells in the body, especially the liver and skeletal muscle,
cannot ‘see’ glucose outside the cell. As a result, the alternative form of stored
glucose, known as glycogen, is rapidly broken down by fat and muscle. How-
ever glycogen is completely used up within 24 hours. The fat and muscle in the
body are then broken down and the liver takes up fatty acids from the circulation
to make an alternative form of energy for the body known as keto acids. While
these acids, also known as ketone bodies, provide a source of energy to cells, over
subsequent hours and days in the absence of any insulin the production of keto
acids increases to severe levels [2]. The tissues and the circulation become pro-
gressively acidic, placing the defenses against pH imbalance at these sites under
great physiologic stress. If the blood glucose is high, the blood is acidic and the
blood or urine ketones are elevated, then a person is said to have ‘diabetic ke-
toacidosis’ (DKA). A person who develops DKA, will become ‘hot and dry’; he
or she will increasingly become dehydrated as large volumes of urine are passed
due to elevated blood glucose, and will often be febrile due to having acid in the
blood, causing an elevated body temperature. The person with DKA also attempts
to breathe off carbon dioxide (CO2) which is formed to excess in the body when
CO2 is produced from the alkali bicarbonate as a buffer combining with the ex-
cessive blood acid from ketones.

DKA is a medical emergency. If it is detected early enough, it can be readily
treated with intravenous fluid and insulin and restoration of the body’s ions, es-
pecially potassium, all with close monitoring [5]. Each year in Australia, some
people with type 1 diabetes die due to diabetic ketoacidosis [6]. The risk of DKA
in established type 1 diabetes is 1%–10% per patient per year [7]. The risk of
DKA is increased in people with poor glycaemic control or previous episodes
of DKA; peripubertal and adolescent girls; children with psychiatric disorders,
including those with eating disorders; children with difficult or unstable family
circumstances; children with limited access to medical services; and people who
omit insulin [7]. Any death due to DKA is a disaster. If treatment is provided
early enough, mortality should not occur, especially in people who have known
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type 1 diabetes. Increasingly, guidelines to help prevent DKA and to detect this
acute complication early are being developed [8].

If a person with type 2 diabetes becomes severely deficient in insulin, the
blood glucose levels may become markedly elevated over subsequent days and
weeks [9]. For example, some people may develop levels of blood glucose above
50 mmol/L, compared with the normal non-diabetic range of about four to eight
mmol/L. As blood glucose levels become elevated the glucose is lost into the
urine, taking water with it and causing dehydration. The very high blood glucose
levels affect consciousness and can cause confusion, and loss of consciousness
or coma. This condition known as ‘hyperosmolar non-ketotic coma’, (or HONC),
is life-threatening. It requires emergency room treatment and intensive care sup-
port. With careful rehydration and infusion of insulin, as well as treatment of the
factor that may have destabilised diabetes, such as an infection, most people with
HONC will survive.

Why people with type 2 diabetes may develop HONC, and yet people with
type 1 diabetes can develop DKA, is an important clinical observation that has not
been fully explained. In brief, it appears that in HONC, the body makes enough
insulin to prevent keto acid formation but not enough to prevent blood glucose
rising excessively, whereas the absolute insulin lack in type 1 diabetes leads to
DKA. It has been observed repeatedly however that if some people with type 2 di-
abetes become severely acutely unwell, for example from a severe infection in the
body or due to a heart attack (myocardial infarct), then DKA may transiently de-
velop or they may develop a mix of HONC and DKA [9]. Distinguishing between
type 1 and type 2 diabetes can be difficult and it is increasingly being recognised
that some people with apparent type 2 diabetes, on careful assessment or in the
course of time, develop a picture of type 1 diabetes [8].

(ii) Acute complications due to an excess of insulin
If blood glucose levels fall below the normal range, causing hypoglycaemia, it
can make a person with diabetes feel unwell, with sweating and tremor and other
symptoms, and in the most severe situation, loss of consciousness, known as ‘hy-
poglycaemia coma’. Severe hypoglycaemia may be life-threatening, for example,
by causing seizure, injury or precipitating heart attack or abnormal heart rhythm
events [8, 10]. Essentially, hypoglycaemia occurs because treatments used for di-
abetes, either insulin or medications that cause increased insulin release from the
pancreas, lower blood glucose excessively for the needs of the body at a certain
point in time [11].

Hypoglycaemia of all forms is, understandably, feared by people with dia-
betes and their immediate carers and family [12]. Fear of hypoglycaemia and its
consequences, including night-time episodes, is a major barrier to optimal blood
glucose control in type 1 diabetes and in type 2 diabetes when insulin treatment
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is required [13]. For most people with type 1 diabetes, mild (ie self-treated) hy-
poglycaemia remains a regular occurrence. It may occur about twice weekly [14]
and adversely affect quality of life. In contrast, severe hypoglycaemia occurs
on average once every three or more years in type 1 diabetes [11, 14]. There is
marked individual variation in the rate of severe hypoglycaemia. Some people
never experience it, whereas in others it occurs multiple times a year, despite in-
tensive diabetes support in management [11]. Nocturnal hypoglycaemia accounts
for close to half of the episodes of severe hypoglycaemia in type 1 diabetes [14].
In type 2 diabetes, for people on insulin therapy, mild hypoglycaemia occurs in
about 30% of people each year, and severe hypoglycaemia in 1%–2% [15]. Risk
factors for severe hypoglycaemia in type 1 and type 2 diabetes include a long du-
ration of diabetes and aiming for tighter blood glucose control [8, 11, 15].

Prevention of hypoglycaemia is an important aspect of diabetes care. In peo-
ple with type 1 diabetes or type 2 diabetes on therapy that may lower blood
glucose such as insulin, balancing blood glucose across the day by considering
carbohydrate intake, physical activity and insulin dosage is a constant consider-
ation [8, 11]. Some forms of insulin therapy and diabetes management regimens
can help to prevent mild and severe hypoglycaemia. So too can insulin pump
therapy, especially those that combine state of the art technology with real-time
continuous blood glucose monitors [8].

Treatment of mild hypoglycaemia by oral glucose is usually highly effective,
taking 15 to 20 minutes to begin to have effect [11]. In severe hypoglycaemia
causing unconscious, intravenous treatment with glucose by a paramedic or a
medical doctor, is usually effective. Alternatively, a hormone therapy known as
glucagon, which mobilises glucose into the blood stream from glycogen stores in
the liver, can be administered by intramuscular injection by a carer who has been
educated in the administration, or by a health professional [13].

Table 2. Differing perspectives on diabetes complications.

More negative perspectives More positive perspectives

Diabetes end-organ complica-
tions occur in most people with
diabetes

Most diabetes complications that occur are mild to
moderate in severity and complications can often be
detected early and their progression prevented

Due to its high prevalence in
Australia diabetes is the single
commonest cause of kidney fail-
ure, and also working age
blindness

Less than 2% of people with diabetes will develop
end-stage kidney disease or blindness annually

More than 15% of people with
diabetes will develop at least one
foot ulcer in their life-time

The vast majority of foot ulcers that occur in people
with diabetes will heal with proper care without re-
quiring extensive amputation
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The commonest cause of death in
people with diabetes is cardio-
vascular disease

Yearly rates of death due to cardiovascular disease
in people with diabetes have been falling by more
than 50% in developed countries over recent
decades, due likely to multiple improvements in pa-
tient care including blood cholesterol, blood
pressure and blood glucose control

Routine screening for some dia-
betes complications on a regular
basis is not yet established for
some conditions such as diabetic
cardiomyopathy or liver disease
related to diabetes

Screening for some diabetes complications such as
diabetic retinopathy, nephropathy and neuropathy
and foot disease are well established and can help to
prevent severe complications

Hypoglycaemia is common in
people with diabetes and is due
to doses of certain medications
such as insulin causing an exces-
sive lowering of blood glucose

While severe hypoglycaemia is ten to 20 times more
common in those with type 1 compared with type 2
diabetes, most hypoglycaemia that occurs in all
types of diabetes is mild, and severe hypoglycaemia
can be prevented

CHRONIC DIABETES COMPLICATIONS
Diabetes complications can be divided into those affecting the small vessels of
the body, so-called microvascular, and those affecting the larger vessels termed
macrovascular. Microvascular complications are mainly those affecting eyes
(diabetic retinopathy), kidneys (diabetic nephropathy) and nerves (diabetic neu-
ropathy). Macrovascular complications are those of the heart (cardiovascular
disease), brain vessels (cerebrovascular disease) and the limbs (peripheral arterial
disease). There are other diabetes complications which may be mixed in type and
are discussed subsequently.

In 2009, diabetes was among the top ten leading causes of death, being the
direct cause of 3% of deaths in Australia, and contributing to another 7.1% of
deaths [16]. In addition, the presence of diabetes complications increases the fi-
nancial cost of diabetes at least twofold [10]. Diabetes is over-represented as a
cause of death in the Indigenous population, where it was responsible for 8% of
all Indigenous deaths, compared with 2.9% of deaths in non-Indigenous people
[16]. Probably due mainly to the increased prevalence of diabetes in the Aus-
tralian community, the total number of deaths to which diabetes has contributed
has progressively increased over the last 20 years [10, 16].

(i) Pathogenesis of diabetes complications
Why some organs, and tissues in them, are more susceptible to injury than others
is not clear and is the subject of ongoing intensive research [17]. However, there
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are some common elements amongst the differing body parts that develop di-
abetes complications. In body sites affected by elevated blood glucose, tissues
may become inflamed, or they may develop fibrosis/scar tissue or both [18]. Fig-
ure 1 indicates a schematic implicating biochemical pathways and adverse tissue
changes that occur in diabetes complications. In inflammation, white cells are
attracted into the tissue and inflammatory fluid may accumulate. The inflamma-
tion is persistent and of low intensity. In other cases the native cells in the tissue
die and are replaced by scar tissue, also known as fibrosis, which involves new
blood vessel growth and lay down of proteins termed extracellular matrix (ECM).
Amongst the organs and tissues affected by diabetes complications, some may
predominantly develop inflammation, some fibrosis, and others a mixture of the
two. For example in diabetic nephropathy, there is evidence that inflammation in
the kidney then leads to fibrosis with loss of kidney function [19].

Figure 1. Schematic showing pathogenesis of diabetes complications
based on biochemical and other cellular pathways activated (tissue in-
jury), and tissue pathological change, which may lead to functional
loss. High glucose interacts with genetic factors to cause tissue injury,
tissue cell loss and in some cases, loss of function in a tissue. For fur-
ther explanation refer to the text.

How elevated blood glucose in diabetes leads to diabetes complications is under
intensive research [20, 21]. In brief, from a biochemical perspective, high glucose
in the blood will ultimately diffuse into cells and cause elevated cell glucose.
The main biochemical pathway that normally handles glucose, known as the gly-
colytic pathway, and the subsequent biochemical pathways known as the TCA
cycle and oxidative phosphorylation, become overwhelmed by the excess glucose
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being metabolised and forced into it. As a result, a number of changes occur in
the biochemistry of cells. The high activity in the oxidative phosphorylation path-
way leads to dysfunction in the main energy forming part of the cell known as
the mitochondria and to formation of excessive oxidative stress in cells. In addi-
tion, a number of overflow metabolic pathways that are not usually very active,
become much more active as metabolites in the glycolytic pathway accumu-
late downstream of glucose. These overflow pathways include those termed the
polyol pathway, the advanced glycation end-product pathway, the hexosamine
pathway, and the diacylglycerol-protein kinase C related pathway [20]. Other fac-
tors that may mediate adverse effects of elevated glucose in cells and tissues are
proteins known as growth factors and cytokines. For example, the growth factor
known as connective tissue growth factor is induced by all of the glucose over-
flow pathways, and it can cause both inflammation and fibrosis in tissues affected
by diabetes [18, 19]. Alterations in matrix degradation, in particular by matrix
metalloproteinases and their regulators, also contribute to tissue damage in dia-
betes [22, 23, 24].

Despite the above knowledge, the development of diabetes complications re-
mains somewhat of an enigma. Diabetes complications to some degree occur in
practically every person who develops diabetes, although severe complications
occur in only a minority [8]. For example, elevated blood and tissue glucose
is only one important risk factor for diabetes complications. Amongst the mi-
crovascular complications, identical twin studies have shown that genetic factors
account for one-third to one-half the variation in diabetes complications, and
there are likely both protective genetic factors as well as susceptibility factors
[25]. To date only some of these genetic factors have been identified. It is thought
that the interaction between genetic susceptibility with the metabolic effects of
elevated blood glucose causes the tissue complications of diabetes [21, 25]. It is
notable that, while increasingly elevated blood glucose levels increase the risk
of diabetes complications, some people with diabetes can have quite poor blood
glucose levels long term and yet they develop minimal or no damage to tissues,
whereas, in others, mildly elevated blood glucose can be associated with severe
organ complications.

In addition to elevated glucose, there are other factors that can affect diabetes
complications risk. Elevated fats, especially saturated fats, and abnormal choles-
terol levels with low levels of ‘good cholesterol’ (termed high-density lipopro-
tein cholesterol or HDL-C) and elevated and reduced quality ‘bad cholesterol’
(termed low-density lipoprotein cholesterol or LDL-C), contribute especially to
macrovascular complications risk [26]. Haemodynamic factors, especially ele-
vated general body (systemic) blood pressure contribute to both micro- and
macrovascular complications risk [26, 27]. Increased waist circumference and
central body fat are associated with high blood pressure, abnormal fats and also
resistance to the action of insulin. In people who have these characteristic fea-
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tures of insulin resistance, abnormal blood fats and cholesterol, and high blood
pressure, the ‘insulin resistance’ or ‘metabolic syndrome’ is said to be present.
Presence of the metabolic syndrome increases the risk and severity of complica-
tions in people with type 1 diabetes [27, 28].

In pregnancy, women who have pre-existing diabetes (type 1 or type 2) are at
increased risk of having a pregnancy complicated by miscarriage, or certain birth
defects, or having large babies due to effects of excess blood glucose on the de-
veloping fetus [29, 30]. In contrast, gestational diabetes, or GDM, develops in later
pregnancy (usually 24+ weeks of gestation) and likely occurs due to metabolic
effects of the placenta and pregnancy placing metabolic pressure on the mother’s
pancreas. GDM is usually a temporary form of diabetes and the elevated blood
glucose tendency resolves after delivery. In pregnant women where the pancreas
cannot make more insulin to overcome insulin resistance of the pregnancy, GDM
develops. GDM increases the risk, in particular, of large babies at birth, leading
potentially to obstetric complications at birth, stillbirth, and also increased risk
of metabolic syndrome, overweight and obesity, and diabetes in later life [31, 32].
GDM also increases the risk of development of type 2 diabetes in the mother over
subsequent years [32].

Research into diabetes complications occurs at the clinical and pre-clinical
levels. As end-organ diabetes complications take many years to develop in hu-
mans, animal studies and cell-based research in the laboratory can help to ex-
amine diabetes complications in a more timely manner and to test differing
interventions to prevent and treat diabetes complications [33]. The preclinical
studies thus have advantages, although each is only a model of human diabetes
and its complications, and are what is termed ‘hypothesis generating’. Ultimately
human clinical studies are required to determine best evidence methods to man-
age diabetes complications.

(ii) Specific organ diabetes complications described

A. Microvascular complications

Diabetic retinopathy
In the course of time, most people with diabetes will develop some form of
change to the back of the eye (retina) [34]. The most common and non-vision-
threatening type of diabetic retinopathy is termed ‘non-proliferative’, where nei-
ther growth of new vessels or severe leakiness of the retina is a concern. There are
two vision-threatening types of diabetic retinopathy. One is proliferative, where
new and fragile vessels grow in the retina, possibly as a result of poor oxygen
supply from damaged initial blood vessels in the retina. The other, and most com-
mon, type of vision-threatening diabetic retinopathy is diabetic macular oedema
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where excessive leakiness of vessels occurs in the part of the retina that is criti-
cal to high-quality vision acuity termed the macula (and more centrally the fovea)
[34]. In Australia, while diabetes remains the commonest cause of blindness in
people of working age, less than 1% of people per year will develop blindness
due to diabetes [35].

Diabetic nephropathy
While in each year only about 2% of people with diabetes develop very end-stage
kidney disease (stage 5 chronic kidney disease), because diabetes mellitus is so
common, diabetic nephropathy is the single commonest cause of end-stage kid-
ney disease in Australia [35]. The damage to the kidney in diabetes may cause a
progressive protein leak termed albuminuria, and also in the course of time, loss
of kidney-filtering function (loss of the glomerular filtration rate). It is the com-
bination of progressive albuminuria/proteinuria and loss of glomerular filtration
rate that most clearly characterises diabetic nephropathy. It is thought that up to
30% of people with diabetes, in the course of time, will develop some nephropa-
thy [36, 37]. In the early stages, small amounts of albumin loss in the urine, known
as microalbuminuria, occur. Subsequently, the albumin and protein loss in the
urine becomes more marked, and renal filtration function is lost. People with di-
abetic nephropathy not only have an increased risk of end-stage kidney failure
developing but also increased cardiovascular disease risk – heart attack and heart
failure [37].

Diabetic neuropathy
The commonest form of nerve damage in diabetes is to those supplying the feet.
The sensory nerves are damaged more severely than the motor nerves. Loss of
sensation in the feet increases the risk of foot ulceration in people with diabetes,
and in their lifetime about 20% of people with diabetes will develop a foot ul-
cer, with less than 10% of these cases leading to the need for amputation [38]. In
some people with diabetes, the feet and leg nerves become irritated and a painful
form of neuropathy develops. This can be disabling, especially if prolonged, and
requires specific medication to control, if not fully relieve, it.

There is debate as to whether the microvessels supplying the nerves (termed
the ‘vasa nervorum’), or the nerves themselves, are directly affected by elevated
glucose, with evidence from animal and human studies that both may be involved
[38].

In addition to peripheral neuropathy, there are other forms of nerve damage
that can occur in diabetes. These forms of neuropathy include those involving
the automatic nerves of the body known as autonomic neuropathy. Autonomic
neuropathy can cause heart rhythm problems and a proneness to low blood pres-
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sure on standing, as well as stomach and bowel upset. Rarer forms of neuropathy,
which often improve over some months, involve the cranial nerves or and the
nerve plexus in the pelvis, known as ‘diabetic amyotrophy’ [38].

B. Macrovascular complications

Cardiovascular disease
The commonest cause of death in people with diabetes is heart disease, account-
ing for about half of the deaths [10]. The heart can be affected by disease of the
coronary arteries, which is increased two- to six-fold in people with diabetes [39].
The presentation of heart disease may be through a classic history of chest pain
known as angina, although in some people with diabetes the symptoms may be
more subtle, such as new shortness of breath on less exertion.

Cerebrovascular disease
Lack of blood supply causing stroke is twice as common in people with diabetes
as in the general population [40]. Large strokes can lead to death or major disabil-
ity. In contrast, recurrent mini-strokes (causing damage to small parts of the brain
known as ‘lacunes’), can lead over the years to a form of vascular dementia, es-
pecially if blood pressure is elevated.

Peripheral artery disease
Peripheral artery disease is more common in people with diabetes. It can cause
a number of health problems such as calf pain on walking, and delayed healing
in people who develop foot ulcers, thus increasing the risk of amputation [41].
Smoking markedly increases the risk of peripheral artery disease in people with
diabetes, and for this and many other reasons smoking avoidance and cessation is
vital in diabetes care.

C. Other organ complications in diabetes
There are many other complications that are caused by diabetes or may be related
to it. Diabetic foot disease occurs due to combinations of neuropathy, periph-
eral artery disease, ulceration and infection and foot deformity [42]. Cataract and
glaucoma are increased in people with diabetes [34]. Erectile dysfunction (some
degree of impotence) is common in men with diabetes due to nerve damage and
blood vessel injury [43]. Limited joint mobility and skin thickening can occur in
people with diabetes [44]. Diabetes is known to directly adversely affect heart
muscle to cause ‘diabetic cardiomyopathy’ in at least one-third of people [45]. In
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type 2 diabetes, fatty liver known as non-alcoholic liver disease occurs in most,
and diabetes accelerates its rate of deterioration to an inflammatory and scarring
form known as non-alcoholic steatohepatitis and in some cases across decades,
liver cirrhosis [46, 47]. People with type 1 diabetes have an increased risk of devel-
oping immune related conditions that may affect the thyroid gland to cause over-
or under-activity, and also the small bowel condition known as coeliac disease,
which is a where effects of gluten in the diet can cause a toxic effect on the bowel
[8].

(iii) Psychosocial complications in diabetes
Diabetes places major psychological stress and self-care demands on the person
with diabetes and the caring family members. People with diabetes have an in-
creased rate of clinical depression and eating disorders, which can exacerbate
adverse organ effects of diabetes and also adversely affect quality of life [8]. Sui-
cide rates may be higher in young people with diabetes compared with the general
population [6]. There is also a diabetes condition known as ‘diabetes distress’ that
describes an underlying anxiety and psychological unwellness in people with dia-
betes [8]. Diabetes can adversely affect psychosocial development in children and
adolescence [8]. The increased frequency of these conditions reflects that psych-
social support is commonly indicated in those with diabetes.

(iv) Clinical trials data in diabetes complications: metabolic
control matters

While elevated blood glucose is a marker for increased diabetes complications
risk, it took long-term clinical trials to prove that diabetes complications can
be prevented by tight blood glucose control. Landmark studies in people with
type 1 [8, 14] and type 2 diabetes [10, 48, 49, 50, 51, 52] have shown that better
long-term average blood glucose, measured by a blood marker termed HbA1c
or glycated haemoglobin, leads to reduced diabetes complications onset and in
those who already have diabetes complications, their worsening. In studies vary-
ing from three to 10 years in duration, the onset and progression of microvascular
complications were clearly prevented. For the macrovascular complications, car-
diovascular events were shown to be prevented in longer-term studies of about 17
years’ duration [53, 54]. In those longer-term studies, tight blood glucose control
in the first six to 10 years led to sustained reduction in the subsequent ten years
or so, indicating that the body has a ‘memory’ effect of elevated blood glucose.
This ‘metabolic memory’ is intriguing. Some recent preclinical data suggest that
glucose regulation of factors that control genes, so-called epigenetics, is involved
in the memory effect [55].

A recent study in type 2 diabetes indicates that very tight blood glucose

A modern epidemic

442



control long term in people with cardiovascular disease may lead to increased
mortality [51]. The exact cause of death in the study was unclear, although severe
hypoglycaemia episodes causing heart attacks or abnormal heart rhythms may at
least partly explain the increased death rate. This study has led to the concept
that tight blood glucose control and targets are indicated early in diabetes, but in
people with a history of cardiovascular disease, especially if they require insulin
therapy, the blood glucose targets should be more relaxed [10, 56].

(v) Blood pressure and cholesterol control also prevent
diabetes complications

A number of important studies in type 1 and type 2 diabetes have shown that
blood pressure control can prevent onset and worsening of microvascular com-
plications, especially diabetic nephropathy and diabetic retinopathy, and all
macrovascular complications, especially stroke. The class of medications known
as angiotensin converting enzyme inhibitors and angiotensin receptor antag-
onists/blockers, appear to have special protective roles and are the preferred
first-line agents in people with diabetes [57]. Other studies have shown that reduc-
tion in blood levels of bad (LDL) cholesterol, especially with medications known
as ‘statins’, even in those without known cardiovascular disease, will reduce the
risk of cardiovascular complications such as heart attack and stroke [58].

A study of people with type 2 diabetes in Denmark examined whether the
combined simultaneous targeting of blood pressure, cholesterol and blood glu-
cose would lead to improved outcomes [59]. It clearly demonstrated that targeting
all three end-points over eight years or more, led to a more than 50% reduction
in macro- and microvascular complications. These studies form the evidence for
targeting blood glucose, blood pressure and cholesterol in people with diabetes.

(vi) Screening for diabetes complications
In people with diabetes, there is a clear evidence showing that screening to
detect certain diabetes complications is important [8, 10]. This is because, in
those developing complications, some therapies can be intensified to help prevent
worsening of the complication to its end stages. For example, in diabetic retinopa-
thy, vision-threatening forms (proliferative retinopathy or macular oedema) can
be treated with laser therapy, or intraocular corticosteroids or anti-growth factor
therapy, to help prevent vision loss. In diabetic nephropathy, even tighter blood
pressure control (to less than 125/75 mmHg, rather than less than 130/80 mmHg)
can help prevent its progression, and in people with diabetic foot disease, inten-
sive patient education combined with protective foot wear and early treatment of
foot ulcers, can help to prevent amputation.

The screening for diabetic retinopathy requires a thorough examination of
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the retinae and measurement of visual acuity. In diabetic nephropathy, urine tests
for albumin and in some cases protein, as well as blood tests for renal function
(glomerular filtration rate) are required. For neuropathy and foot problems, feet
need to be carefully examined for sensation, pulses and mechanical foot problems
as well as ulcers.

In people with type 2 diabetes, microvascular screening for complications
should begin from diagnosis [10], as a delay in recognition of diabetes and dia-
betes diagnosis of some years is common in type 2 diabetes, and effects of high
blood glucose often occur for many years before diabetes diagnosis. In type 1 di-
abetes, screening should occur after about three years of diabetes. In each case,
screening should usually occur annually thereafter [8].

In terms of macrovascular disease, complications screening is usually by
history taking and physical examination. The role for extensive heart investiga-
tions, including exercise tests, is unclear and studies have shown that unless a
person has symptoms of heart disease, tight blood pressure, blood glucose and
cholesterol control, as well as avoidance of smoking and possibly blood thinning
(anti-platelet) therapy are the cornerstone of care.

In people with type 1 diabetes, screening approximately annually for autoim-
mune thyroid disease and also coeliac disease, each by blood test, is indicated in
children and adults [8].

(vii) Major challenges in diabetes complications care
Managing diabetes and its complications has a number of inherent challenges.
One dynamic tension is that long-term blood glucose control is important to pre-
vent long-term organ complications of diabetes, yet tight blood glucose control
can increase the risk of severe hypoglycaemia, especially in cases where insulin
therapy is required, such as in all people with type 1 diabetes and in those with
type 2 diabetes requiring insulin therapy. A second tension is that diabetes place
major demands on a person’s lifestyle in terms of healthy diet and exercise and,
simultaneously, people with diabetes usually need to take multiple preventive
medications to manage blood glucose, blood pressure and cholesterol. The per-
son with diabetes needs to self-monitor blood glucose multiple times daily using
a finger prick device and people with type 1 diabetes need to inject insulin four
to five times daily. In people with type 1 diabetes this equates to more than 1000
blood glucose self-tests and more than 1000 insulin injections yearly. Diabetes is
unrelenting and does not provide any ‘holidays’.

Considering the demands that diabetes places on the person with diabetes
and their families, the health professional support and healthcare delivery ser-
vices required are extensive and high level. Services for people with diabetes
need to be comprehensive yet individualised in their targets and emphasis [8, 10,
56, 60]. Multidisciplinary healthcare teams are required, involving a skilled doc-

A modern epidemic

444



tor, diabetes nurse educator or practice nurse, and dietitian. In type 1 diabetes and
complex type 2 diabetes, to support the general practitioner, an endocrinologist
is indicated to help lead chronic care. Other members of the diabetes healthcare
team will often include the podiatrist, exercise physiologist, psychologist or psy-
chiatrist, orthotist, foot and vascular surgeon, renal physician, ophthalmologist,
cardiologist and microbiologist. Care of the person with diabetes thus requires
highly coordinated care in order to optimise targets in therapy and to ensure that
regular diabetes complications screening is undertaken [8, 10, 56, 60].

(viii) Transplantation and diabetes complications
Kidney transplant is often an option in a person with diabetes who has end-stage
renal failure requiring dialysis. Outcomes are good if cardiovascular disease and
heart failure is not severe in a patient. Kidney transplant can be combined with
pancreas transplant in some cases, resulting in reduced need for insulin therapy
and a reduction in severe hypoglycaemia. There is also evidence that some forms
of neuropathy and kidney disease can improve after pancreas transplant [61].

(ix) Reversibility of diabetes complications
While most diabetes complications are progressive, some are transient. The mi-
crovascular complications of diabetes may in some cases regress, especially with
intensive therapy. For example, diabetic nephropathy in its early micro-albumin-
uria stages may regress to normo-albuminuria with treatment of blood pressure
[62], and painful diabetic neuropathy symptoms may resolve with time and im-
proved blood glucose control, as may early diabetic retinopathy. Even some
changes of fibrosis in tissues such as the kidney may become less marked with
tight control of blood pressure and blood glucose in diabetic nephropathy [61].
Most studies in diabetes complications to date have examined prevention of pro-
gression rather than regression of complications.

(x) Diabetes and obstetric care
It is beyond the scope of this chapter to address obstetric aspects of diabetes in
detail. It should be noted however that in women with type 1 or type 2 diabetes,
tight control of blood glucose before conception and across a pregnancy can lead
to marked reduction in birth defects, stillbirth and large-at-birth babies [29, 30].
Outcomes are also improved for the baby in a mother with gestational diabetes,
in terms of reduced complications at birth and possibly, less stillbirth [31]. The
data from series of high quality studies, including Australian clinical trials [31],
provides reassuring data that much can be achieved to prevent diabetes compli-
cations in pregnancies complicated by diabetes, whether it be type 1, type 2 or
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gestational diabetes in the mother.

(xi) Outcomes are improving in diabetes complications
Data from multiple databases in Australia and other developed countries have in-
dicated that the rate of death in people with diabetes has reduced over the decades
in both type 1 and type 2 diabetes [63, 64]. Factors that have likely contributed to
this beneficial outcome include the increasing evidence to support more intensive
control of cholesterol (with statins), blood pressure (with angiotensin converting
enzyme inhibitors or angiotensin receptor blocker therapy) and blood glucose in
people with diabetes, and possibly more complete screening for diabetes compli-
cations. Reductions in smoking rates have also likely helped. However, people
with diabetes continue to have a reduced life expectancy on average compared
with an age-matched general population and the earlier diabetes onset occurs, the
greater the reduction in average life expectancy due to diabetes-related compli-
cations [63, 10]. This, combined with the end-stage complications that occur in
diabetes and the morbidity complications caused and related healthcare costs [8,
10], demand no complacency in diabetes complications detection and its manage-
ment.

(xii) Prospects in diabetes complications and related care
It is envisaged that healthcare services delivery will progressively be enhanced to
ensure that most if not all people with diabetes have complications screening as
clinically indicated and that they have their major risk factors of blood pressure,
cholesterol and blood glucose tightly and safely controlled.

It may also be the case that an increasing focus on regression of diabetes
complications will indicate whether actual regression of changes should be a tar-
get in treatment rather than just the prevention of worsening of complications.
For example, regression of albuminuria may be shown in the course of time to
predict fewer kidney and cardiovascular events than stabilisation of albuminuria
levels alone. It may well be that our treatment of blood pressure improves with in-
creasing and new combination of agents, as will our control of both good and bad
cholesterol through combined therapies. In type 1 and type 2 diabetes improved
knowledge in healthcare delivery and advances in technology, such as more so-
phisticated insulin pumps and blood glucose monitoring, will likely further help
to improve long-term blood glucose diabetes and thus prevent organ complica-
tions and minimise severe hypoglycaemia.

Considering the adverse effects of high blood glucose on cells and cellular
pathways to cause tissue injury (Figure 1), it is envisaged that therapies targeted
at, for example, growth factors may increasingly help to prevent, stabilise and
possibly reverse diabetes complications. Such is already being realised in diabetic
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retinopathy where anti-vascular endothelial growth factor therapy is becoming a
reality for vision-threatening retinopathy to complement the traditional treatment
of laser photocoagulation therapy [34]. As described in other chapters, the agent
fenofibrate is showing remarkable effects in preventing microvascular complica-
tions of diabetes [65].

Lastly, as interventions for diabetic cardiomyopathy in prevention of heart
failure and diabetes and liver disease develop, it is envisaged that screening for
these two conditions will improve. Worldwide, despite the epidemic of obesity
and diabetes, increased access to insulin and blood glucose monitoring through
programs such as Insulin for Life [66], and to skilled teams of healthcare profes-
sionals, through the support of the International Diabetes Federation and United
Nations spearheaded campaigns, are expected to improve global outcomes in di-
abetes.
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21
Obesity treatment for adults, adoles-

cents and children
Ian Caterson,1 Nick Finer,2 Louise A Baur3, and Kate Steinbeck4

Obesity treatment aims to produce weight loss and weight-loss mainte-
nance, as well as risk reduction, disease prevention, amelioration or cure.
Treatment needs to be designed according to the person’s need. A small
loss (5%–10% of initial body weight) may suffice for disease prevention,
but greater weight loss is often needed for mobility or for disease cure in
those with a greater degree of obesity. For children and adolescents, family
involvement and a developmentally appropriate approach are vital. For ex-
ample, for pre-pubertal children, who are still growing in height, reduction
in the rate of weight gain, or weight stability, may be sufficient to achieve
health improvement. Lifestyle interventions to achieve energy restriction
and increase energy expenditure (through activity and exercise) are the
initial approach. Pharmacotherapy can improve the efficacy of lifestyle in-
terventions. Intragastric devices and bariatric surgery may be appropriate
for those with more severe disease, including selected older adolescents.
While weight loss can be achieved, the major issue in treatment of obesity
remains weight maintenance and efforts need to be directed to this end.

Overweight and obesity are common in Australia, with approximately one in five
adults being obese, two in five overweight and approximately one in four of our
children being overweight or obese. This condition has essentially become the
norm. As is discussed elsewhere in this volume, this increasing obesity preva-
lence has come with increasing health problems and diseases. Whilst many of
these diseases can be treated directly (and at continuing expense) it would be bet-

1 Boden Institute of Obesity, Nutrition, Exercise and Eating Disorders, University of
Sydney.

2 University College Hospital, London, UK.
3 Children’s Hospital, Westmead Clinical School, University of Sydney.

4 Adolescent Medicine, University of Sydney.
4 Adolescent Medicine, University of Sydney.
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ter to prevent such obesity-associated diseases by treating their underlying cause,
that is by managing overweight and obesity properly. In fact, it would be even
better to prevent overweight and obesity occurring in our society!

Traditionally the health professionals have been pessimistic about their abil-
ity to treat obesity but with the new realisations of what successful treatment
really is, and with the newer treatment modalities, obesity treatment can be, and
is, successful. What is needed is a practical approach, individual goals for each
patient and a system which provides the appropriate intervention as well as con-
tinuing support and follow-up. These aspects of obesity management for adults,
adolescents and children will be discussed in the chapter.

MANAGEMENT OF OBESITY IN ADULTS: WHOM
TO TREAT AND HOW TO TREAT?

There are a number of modalities involved in the management of obesity, which
should be delivered as an integrated program. These modalities include standard
lifestyle interventions (eating and activity), behaviour and group therapy, adjunc-
tive therapy (pharmacotherapy, meal replacement regimes), some special devices
(intragastric balloons) and bariatric surgery. A suggested approach utilising the
patient’s body mass index (BMI, weight/height2, kg/m2), the presence of obesity-
associated comorbidities, and a range of treatment options is outlined in Table 1.

Table 1. A management approach for obesity in adults.

BMI (kg/m2)* Lifestyle** Obesity
drugs

VLEDs Devices: eg intragas-
tric balloon

Bariatric
surgery

25 to 26.9 Advice

27 to 34.9 Lifestyle
program

Consider Possibly

27 to 34.9 ±co-
morbidity

Lifestyle
program

Consider Probably Possibly

>35 ±comorbid-
ity

Lifestyle
program

Consider Utilise Possibly Consider

>40 (if no co-
morbidities)

Lifestyle
program

Consider Utilise Possibly Consider

* If there is increased waist circumference (the importance of which is described
elsewhere in this volume) then a more intensive therapeutic regimen may be
utilised at a lower BMI range.
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** All the components of the lifestyle program and other therapies are described
below. Obesity pharmacotherapy may be utilised to help maintain weight after it
is lost using other treatment modalities instead of just being used to produce
weight loss. Very low energy diets (VLEDs) are useful for initiating and obtain-
ing weight loss, in weight maintenance and prior to bariatric surgery.

It is important that healthcare practitioners recognise when a patient has a weight
problem and for them to be able to prescribe an appropriate management plan for
the patient’s degree of obesity, life stage and situation.

LIFESTYLE MANAGEMENT
A lifestyle-management program remains the basis of all obesity treatment [1].
Such a program has a number of components, the most obvious of which are
eating and physical activity plans. Another major component is a behaviour-mod-
ification program. Other aspects include goal setting, psychological support (and
counselling if necessary), proper medical management and a long-term plan for
maintaining weight loss. Such lifestyle programs have been shown to be effec-
tive [2], and losses of 6% or more of initial body weight can be achieved and
maintained. There is no reason for such programs to be delivered solely by health
professionals [3]. For those with a BMI in the lower overweight and obesity range
(ie BMI 27 to 34.9 kg/m2), and without major medical complications, such pro-
grams can be delivered effectively in the community setting.

GOAL SETTING
This is often ignored, or not specifically discussed with the patient. The goals will
vary from patient to patient. It is important to set realistic goals for weight loss,
of course, but other goals may be individual and/or medical. Other than weight
loss, goals may include prevention and control of disease (such as diabetes), bet-
ter mobility, less medications, ability to have a joint replacement, or a specific
goal that the patient wants to achieve. Such goals should be discussed, recorded
and when reached the achievement should be noted and the patient congratulated.

EATING
It is better to use the term ‘eating plan’ rather than ‘diet’. Diets tend to be seen
as short term and there are many which are pushed by magazines, in books, and
online, and there is a large industry producing these diet plans. This plethora of
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diets is confusing and unhelpful for someone attempting to lose and then maintain
weight loss. It has been shown that the amount of weight loss obtained does not
depend on the type of eating plan prescribed; most produce similar weight losses
at six months with gradual weight regain thereafter [4, 5]. Compliance to the plan,
not the type of plan, is what produces weight loss [6]. What is really necessary is a
500 to 600 kcal (2100 to 2500 kJ) energy deficit and a plan that starts by making
small changes to a patient’s habitual consumption. Such changes may include de-
creases in portion size, a reduction in fat (and in particular saturated fat), possibly
an increase in mono-unsaturated fat, a reduction in sugar-sweetened beverages
and a low glycaemic index diet. An increase in protein in the diet may increase
satiety. Any changes must be made specifically in the context of the patient’s ha-
bitual diet. It is useful to keep food logs at regular intervals to check compliance
and to use as a tool to suggest further changes in intake or eating patterns.

PHYSICAL ACTIVITY
The term ‘physical activity plan’ is preferred to ‘exercise’, because the prescribed
plan will include both planned exercise as well as incidental activity. A formal
prescription of such a plan does produce greater compliance. Activity helps main-
tain lean mass and because of the increased energy deficit it promotes weight (kg)
and fat mass loss. A simple initial approach is to use a physical activity ques-
tionnaire, determine how much time is spent walking or in specific exercise and
perhaps suggest the use of a pedometer to get an activity baseline.

The activity prescription itself should be specific to the patient. It may in-
clude increased time walking, more incidental activity (taking an active option),
and/or specific exercises, gym programs or training, or involvement in sport. For
diabetes prevention, supervised exercise sessions have been shown to be part
of all-effective programs. It is good to remember that the greater the patient’s
weight, the fewer ‘steps’ they have to do to lose weight. Activity should be
monitored and the amount done recorded. Again this will help in assessment of
compliance and will also be a tool for increasing the amount of activity per-
formed.

Increased activity alone (as a weight-loss program) does not produce a great
deal of weight loss. It may affect fat distribution [7, 8] but, for reasonable weight
loss to ensue, activity must be combined with an eating plan [9].

BEHAVIOUR MODIFICATION
The use of food and activity logs is part of behaviour modification. Another log
that may be useful is one for mood, particularly at time of eating, as well as gen-
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eral affect. Cognitive behaviour therapy may be useful, particularly for optimis-
ing weight maintenance. Other techniques are those of cognitive restructuring,
motivational enhancement therapy, psychological support and counselling. There
are many techniques that may be used but to describe these in any detail is be-
yond the scope of this chapter. The techniques utilised need to be individualised
to the patient’s situation and life stage, so there really is no ‘standard’ program –
rather, a series of techniques used when necessary [10].

An effective lifestyle program must contain some or all of these elements,
and though patient education alone is not effective in producing weight loss, it
too is a part of a successful program. A multidisciplinary team providing care is
essential. Regular visits (at least fortnightly initially and then at longer intervals)
are important. Weight regain does tend to recur, particularly in the second year
of a program and it is at this stage that there needs to be further research on the
effect of repeated, brief acute interventions, the use of pharmacotherapy for main-
tenance, and/or the use of very low energy diets (VLEDs).

If the lifestyle program is not successful, with goals not being attained, then
adjunctive therapy should be considered. Such consideration should begin early
in any program, say at one month, with reconsideration at regular intervals.

ADJUNCTIVE THERAPY

Very low energy diets (VLEDs)
Such formulations are effective at producing early weight loss [11], although after
a time (two to three years) they appear to produce no more weight loss than
a standard lifestyle program. However if their use is continued (as one to two
meal replacements per day) then significant weight loss can be both achieved and
maintained [12]. These diets tend to contain 500 to 800 kcal/day and the neces-
sary vitamins and micronutrients. Early formulations did not contain high-quality
protein and a number of deaths ensued, but these difficulties have been addressed
and current formulations are safe, provided they are used according to protocol,
and preferably under medical supervision [13].

These formulations are available as shakes, soups and bars, and in most
countries they are classified as ‘Foods’. They may be used as a full meal replace-
ment protocol (every meal a VLED) or as a partial protocol (one to two meals
a day as a VLED). The full protocol is best performed under clinical supervi-
sion, particularly if the patient has diabetes or cardiac disease. The full protocol
has been used as the ‘control treatment’ in randomised trials of bariatric surgery
and quite reasonable weight losses, of the order of 15% or more of initial body
weight, are obtained.

Initial full-meal replacement protocols usually run for 12 to 16 weeks though
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under supervised conditions there is no reason why they should not be used for
longer. They can be used as one to two meals per day to help maintain weight
loss. They are generally used prior to bariatric surgery [14] to reduce some weight
and to reduce fat in the liver (which makes surgery easier).

Pharmacotherapy
The relatively limited success of lifestyle interventions has driven the search for
effective anti-obesity drugs. Drug treatment of obesity is driven by similar prin-
ciples for pharmacotherapy of other chronic diseases: it needs to be effective and
safe (particularly as it will need to be used long term), acceptable to patients
and affordable [15]. While the physiological control of body weight theoretically
provides many targets (satiety, nutrient absorption and energy expenditure), in
practice it has proven hard to find safe and effective drugs and regulatory au-
thorities such as the Food and Drugs Administration in US, European Medicines
Evaluation Agency and Therapeutics Goods Administration in Australia, have set
guidelines and standards of evidence for efficacy and safety that have proven a
barrier to new drug development.

Drugs available in the past 20 years but no longer licensed
Amphetamine-like drugs with predominant actions of enhancing brain dopamine
pathways included phentermine and diethylpropion. They produced anorexia
(rather than satiety) and had some CNS stimulant properties. Although they
produced weight loss of about 5%–10% they were not evaluated according to
contemporary standards for clinical trials. Phentermine is available and used short
term in the US, Asia and Australia, but not in Europe. The fenfluramines de-
veloped in the 1980s were effective satiety-enhancing drugs that acted mainly
through enhancing central serotoninergic neuronal transmission (by both release
and reuptake inhibition of serotonin). However they were associated with pul-
monary hypertension and cardiac valve abnormalities (especially when combined
with phentermine) and withdrawn from use in 2004. The endocannaboid receptor
(CB1 receptor) was identified as an attractive target since it had long been known
that stimulation of this receptor led to hunger; a number of selective CB1 receptor
blockers were developed in the early 2000s, with rimonabant being licensed in
Europe on the basis of four clinical trials that showed it could produce weight loss
of about 10% absolute, 5.6 kg placebo-subtracted, and that efficacy was main-
tained over at least two years. Furthermore rimonabant use was associated with
metabolic improvements of lipids and glycaemic control. However shortly after
approval it became clear that there was an unacceptable incidence of depression
and suicidal ideation with the drug that led to its withdrawal [16].

Sibutramine, a selective serotonin and norepinephrine-uptake inhibitor had
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been licensed and in use worldwide since the 1990s. It produced placebo-sub-
tracted weight loss of about 5% over one year, but appeared to have greater
efficacy when combined with intensive lifestyle interventions: in one trial an av-
erage 12·1 kg weight loss compared to five kilograms with sibutramine alone.
Concerns remained that the drug had unwanted and potentially dangerous sym-
pathomimetic effects that could raise blood pressure and pulse, so at the demand
of the European Medicines Agency the Sibutramine Cardiovascular Outcomes
(SCOUT) trial assessed the efficacy of sibutramine in reducing myocardial in-
farction, stroke, and cardiovascular mortality in 11 000 obese and overweight
patients. In order to produce enough cardiovascular endpoints, patients with ex-
isting cardiovascular disease and diabetes and at high risk for future events were
recruited (a population that would have been excluded according to the drug li-
cence). The trial reported that despite well-sustained weight loss, there was an
excess of non-fatal cardiovascular events in the subjects receiving sibutramine for
up to four years [17] and this led to the withdrawal of the drug.

Current drugs licensed for obesity treatment
In 2011 orlistat, a pancreatic and intestinal lipase inhibitor, was the major drug li-
censed for obesity treatment. It produces malabsorption of about 30% of ingested
dietary fat. Its use is limited by gastro-intestinal side effects (steatorrhea, flatus,
urgency of defecation and sometimes even faecal incontinence) such that unless
subjects are on a low-fat diet (maximum 90 gm fat daily) it is unlikely to be tol-
erated. In this setting the drug can produce an approximate 300 kcal/day energy
loss through undigested fat. In a meta-analysis of 11 placebo-controlled trials of
one year in over 6000 overweight or obese patients, orlistat 120 mg thrice daily
reduced weight by about 3% more than placebo, with 21% reaching a 5% loss,
and 12% a 10% or greater weight loss. Orlistat has favourable effects on blood
pressure, lipids and blood glucose. In some countries orlistat is available at a dose
of 60 mg thrice daily either over the counter or through pharmacist prescription
[18, 19, 20].

Phentermine is available in Australia, the US and Asia. It is an older drug
with a central action on appetite. There are no long-term studies, but it has been
shown to be effective short term and may be used to help produce or maintain
weight loss. Further studies are really needed to define its place in obesity man-
agement.

Drugs producing weight loss licensed for other indications
The glucagon-like peptide 1 (GLP-1) incretin analogues exenatide and liraglutide
are both licensed for use as hypoglycaemic drugs for treating type 2 diabetes,
and they produce a weight loss of two to four kilograms. GLP-1 agonists have
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complex modes of action on weight loss that include delayed gastric emptying,
and both direct, and indirect via the vagus nerve, stimulation of central nervous
system satiety pathways. The drug has to be given by subcutaneous injection.
Liraglutide given at higher doses than used to treat diabetes is in clinical trials
as a weight-loss agent in non-diabetics. Early results have shown body weight
losses of about 10% associated with marked metabolic and cardiovascular im-
provements sustained for two years [21].

Currently much focus is on combining drugs at low doses to produce syn-
ergistic weight-loss effects while minimising side and unwanted effects [22].
Combining naltrexone (an opioid receptor antagonist) with bupropion (an an-
tidepressant) showed synergistic effects on the firing of hypothalamic pro-opi-
omelanocortin neurons in mice. In a trial of nearly 2000 overweight and obese
subjects the highest dose combination produced weight loss of 6.1% at one year
compared to 1.3% on placebo. Side effects were mainly gastrointestinal, but there
were transient increases in blood pressure with less fall than might have been ex-
pected from the weight-loss achieved [23].

The anti-epilepsy drug topiramate has been combined with phentermine and
also investigated in clinical trials. In nearly 2500 patients the highest dose com-
bination produced a weight loss after 56 weeks of just under 10% compared to
1.2% of those on placebo. Dizziness, depression and anxiety were the most com-
mon side effects and will need further evaluation before the drug will be licensed.

Bariatric surgery
Bariatric procedures aim to produce and maintain weight loss by altering energy
balance primarily by reducing food intake and mitigating the physiological
changes that drive weight regain. Most guidelines recommend that bariatric
surgery be considered for those with a BMI above 35 kg/m2 with an obesity-re-
lated comorbidity, or above 40 kg/m2 in those without. A multidisciplinary team
including surgeon, anaesthetist, physician, dietitian, specialist nurse and psychol-
ogist or psychiatrist is needed to provide optimal care.

Four procedures are most commonly performed, in modern practice all
laparascopically: Roux-en-Y gastric bypass, adjustable gastric banding, sleeve
gastrectomy and biliopancreatic diversion (Figure 1), with considerable variation
between countries in the preferred procedures.

Roux-en-Y gastric bypass creates a small gastric remnant that empties di-
rectly into the transposed jejunum, bypassing the main body of the stomach,
duodenum and proximal jejunum. Although the procedure was initially thought
to produce weight loss by both restriction and malabsorption of food intake, it
is clear that the impact of food entering rapidly into the distal jejunum is associ-
ated with the rapid release of gastrointestinal peptide satiety hormones including
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GLP-1 and Peptide YY (PYY), as well as decreasing the orexigenic hormone
ghrelin, released from the stomach. Other factors postulated to produce weight
loss include altered bile salt secretion and altered gut microbiota. Patients re-
quire lifelong vitamin B12 and vitamin D replacement. Weight losses average
35%–40% at five years.

Figure 1. Types of bariatric surgery, shown schematically from top left
to bottom right: normal stomach, adjustable gastric band, gastric by-
pass, sleeve gastrectomy.

Adjustable gastric bypass is a simpler procedure in which an adjustable silastic
band is placedaround the proximal fundus of the stomach to leave a pouch of
about 15 to 30 ccs. A tube leads from the band to a port positioned subcuta-
neously through which saline can be injected to tighten (or loosen) the band.
Frequent adjustments of band filling are required and success is critically depen-
dent on this process as well as the patient’s willingness and ability to adapt their
diet and respond to the sense of fullness that the band produces. Weight losses
average 25%–30% at five years. Sleeve gastrectomy was originally introduced as
a first step for patients at too high a surgical risk for a Roux-en-Y procedure, with
the intention to convert the gastrectomy to a bypass at a second operation after the
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patient had lost some weight. The finding that sleeve gastrectomy led to similar
weight loss and metabolic benefit as the full Roux-en-Y procedure led to enthu-
siasm for this technically simpler procedure, but more recent evaluation suggests
weight-loss and metabolic improvement are less durable.

Bilio-pancreatic diversion with or without a duodenal switch procedure is a
major malabsorptive procedure that is not widely performed and has been less
well evaluated than other procedures. Although weight loss may be 40%–60%,
nutritional complications are frequent.

The most compelling data for the success of bariatric surgery at producing
weight loss and improving the clinical outcomes for obese patients comes from
the 15-year follow-up data of the Swedish Obese Subjects study (SOS) [24]. This
was a case controlled study, and the surgical techniques were not as advanced as
performed nowadays. The persistent weight loss in the surgical groups was as-
sociated with a much reduced mortality: the unadjusted overall hazard ratio was
0.76 in the surgery group (P = 0.04), as compared with the control group, and
the hazard ratio adjusted for sex, age and risk factors was 0.71 (P = 0.01). Other
studies have confirmed that bariatric surgery is associated with reduced all-cause
mortality including deaths from cardiovascular disease, diabetes and cancer.

Bariatric surgery has important benefits in patients with type 2 diabetes that
extend beyond weight loss [14]. Up to 80% of people with type 2 diabetes may
experience remission of their diabetes (normoglycaemia without the need for
hypoglycaemic medication), the exact remission rate being determined by the
type of surgery and the duration of diabetes prior to surgery. Systematic re-
views suggest that about 60% will have remission after gastric banding (and that
the remission is of slower onset and more closely related to weight loss) com-
pared to 80% after Roux-en-Y bypass, and 95% after bilio-pancreatic diversion.
The International Federation of Diabetes position statement in 2011 concludes
that bariatric surgery: a) constitutes a powerful option to ameliorate diabetes
in severely obese patients, often normalising blood glucose levels, reducing or
avoiding the need for medications and providing a potentially cost-effective ap-
proach to treating the disease; b) is an appropriate treatment for people with type
2 diabetes and obesity not achieving recommended treatment targets with med-
ical therapies; c) should be an accepted option in people who have type 2 diabetes
and a BMI >35; and even d) an alternative treatment option in patients with a
BMI between 30 and 35 when diabetes cannot be adequately controlled by op-
timal medical regimen, especially in the presence of other major cardiovascular
disease risk factors [25].

Though it is effective for weight loss, the complications of bariatric surgery
are significant [26]. The mortality risks of surgery itself are <0.5% overall, al-
though the risks for those individuals with pre-existing cardiovascular disease or
other morbidity may be substantially higher. Short-term complications are sub-
stantially lower with gastric banding compared to other procedures, but later
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complications are common. Re-operation rates for ‘slipped’ bands or erosion of
the band through the stomach wall may occur in as many as 30% of banded pa-
tients after five years and a third may fail to lose or maintain weight loss [27].
Other longer-term complications in gastric bypass patients include strictures, ex-
cessive weight loss, and hypoglycaemic dumping. The latter appears to be driven
by excessive incretin, and hence insulin responses to (inappropriate) high-carbo-
hydrate meals.

Figure 2. Weight trajectories from Swedish Obese Subjects study. Source: Sjöström L,
Narbro K, Sjöström DC, Karason K, Larsson B, et al. (2007). Effects of bariatric surgery
on mortality in Swedish obese subjects. The New England Journal of Medicine, 357(8):
747.

While bariatric surgery has much to offer, for optimal results highly experienced
surgeons doing high volumes of surgery, in patients who have an adequate under-
standing that surgery is an aid not a ‘quick fix’ to weight loss, and with excellent
nutritional support and more general psychological counseling are needed.

DEVICES
There are a number of devices which have been used to manage obesity. One in
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relatively common use is the intragastic balloon. This is placed endoscopically,
inflated with fluid, and for the first week after placement the patient stays on
VLEDs until the balloon becomes fixed. This device restricts eating and in a
recent trial with obese subjects we have shown weight losses of 14% of initial
body weight at six months compared to 4.8% in controls who were treated with
a lifestyle program [28]. After the balloon is removed at the six month time point,
there is some weight regain but at 12 months there is still more weight lost by
the ‘balloon’ group (some 9% of initial weight), whilst those in the control group
maintain their weight loss. There are side effects of the balloon, especially cramp-
ing and vomiting, but those treated this way have a significant increase in their
measured quality of life. Other devices being investigated include endoduode-
nal sleeves (a plastic sleeve which lines the duodenum) and gastric pacemakers.
These too need to be placed endoscopically.

GENERAL ISSUES
Obviously many of those overweight or obese will already have an obesity-re-
lated comorbidity, either metabolic or mechanical (these are discussed elsewhere
in this volume). These problems should be treated actively, but at the same time
a weight-loss program should be instituted and conversely during a weight-loss
program there should be active, effective treatment of such comorbidities. Weight
loss can help improve these medical problems [29] and also reduce the medica-
tions required to treat them [30], as well as improving quality of life.

At the same time care should be taken to not use, or minimise the use and
dose of, drugs which may cause weight gain. These include antipsychotics and
antidepressants, steroid therapy, anticonvulsants (especially valproate) and med-
ications used to manage diabetes. Where possible an alternate drug which has no
effect on weight, or which can help weight loss should be chosen. For example,
use of an SSRI such as fluoxetine in depression can promote weight loss, topira-
mate is an anti-epileptic which promotes weight loss [31], metformin may produce
or assist with weight loss and some of the newer anti-diabetic agents, such as the
GLP1 agonists, promote weight loss.

MAINTENANCE OF WEIGHT LOSS
This is a vexed issue. Within three to five years of completed and effective
weight-loss programs most of the weight loss will have been regained, though
there is increasing evidence these programs can be effective [32]. Even following
bariatric surgery, where there is substantial weight loss which can be maintained
for years, there tends to be a slow regain (though not to initial weight). This regain
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is due to ‘relaxation’ of the lifestyle program and is caused by underlying phys-
iological drivers, such as elevated appetite hormones causing increased hunger,
which force a reversion to old eating patterns (as an example).

There are some individuals who lose weight and do keep it off for years.
These individuals undertake high levels of physical activity, eat breakfast and
regular meals, a diet that is low in fat, and they self monitor which is a way of
catching ‘slips’ early and correcting them. However, this type of response is not
the common one.

Does that mean weight-loss programs are always failures and therefore
should not really be attempted? The answer to this is a resounding ‘no’ on at least
two counts. Firstly, weight loss does have an effect on many aspects: the control
and prevention of disease, greater mobility, better quality of life and so on. There
is even evidence from the diabetes prevention trials that a beneficial metabolic
effect, the so-called metabolic memory, persists for years after the program has
ceased and even if weight is regained.

Secondly, most of the reported weight-loss ‘failures’ are the follow-up of a
single intervention. It is important that it is realised that the struggle against the
issue of excess weight is a chronic, lifelong one. Programs need to be developed
which include regular follow-up, which use pharmacotherapy to maintain loss,
and have acute interventions if there is a small amount of regain (in our clinic we
use a regain of three kilograms as the trigger for a more intense effort). The US-
based Look AHEAD program in people with type 2 diabetes is one such example
[32]. Multidisciplinary chronic care programs will become even more necessary
as the cohort of those who have had bariatric surgery increases – this group will
need such lifetime follow-up. With the development of these long-term programs
there must be research on effectiveness and over time, long-term weight loss and
maintenance will be achieved.

MANAGEMENT OF OBESITY IN CHILDREN AND
ADOLESCENTS: WHOM AND WHEN TO TREAT?

Presentations to healthcare settings
Children and adolescents who are overweight or obese attend both primary and
tertiary healthcare settings more frequently than might be expected from the
background prevalence of this condition [33, 34, 35, 36]. This is probably because
of the health complications linked to their weight status. However, they rarely
present to the doctor specifically for the problem of obesity. In a large random
sample of Australian general practice surgeries, the BEACH study, 29.6% of two-
to 18-year-olds were overweight or obese (11.4% overall were obese), compared
with a background population prevalence of 23%–25% (5%–8% obese). Unfor-
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tunately, these patients are unlikely to have the problem of obesity addressed by
the clinician. In the BEACH study, only 1:60 of those who were overweight or
obese had any form of management provided for this issue [34].

Why might this situation be? While Australian general practitioners (GPs)
state that they are committed to dealing with the consequences of obesity, they
also cite a range of barriers to managing it, including inadequate time and reim-
bursement, an apparent lack of effective interventions and support services, low
levels of parent or patient motivation, the complexity and sensitivity of the issue,
and the need for further training [37]. Families themselves are somewhat circum-
spect about the role of GPs on this issue and do not see GPs as the primary source
of advice about management of obesity in young people [38].

Indicators for treatment
So, should children and adolescents affected by obesity seek or receive treatment,
and, if so, where? As a general principle, assessment and treatment is especially
warranted for the following individuals [39, 40, 41, 42]:

• Those who are moderately to severely obese
• Adolescents
• Those with obesity-associated complications, such as insulin resistance, ob-

structive sleep apnoea, psychosocial distress, fatty liver disease, cardio-meta-
bolic risk factors, or orthopaedic complications

• Those with a high risk family history, such as parents, grandparents, siblings
or aunts/uncles with type 2 diabetes, premature heart disease, a history of
bariatric surgery, obstructive sleep apnoea, hypertension or dyslipidaemia

• Those from a high-risk ethnic group, where cardio-metabolic complications
are more common, such as Aboriginal and Torres Strait Islanders, Maori and
Pacific people, those from Mediterranean or Middle-Eastern countries or the
Indian subcontinent, and native Americans.

Where should treatment be provided?
Given the high prevalence of child and adolescent obesity in most Westernised,
and rapidly Westernising, countries, and its chronicity, coordinated models of
care for health service delivery are needed. However, no country has yet es-
tablished a cost-effective model of care for obesity management. One potential
approach is that adapted from the UK National Health Service [43] and Kaiser
Permanente [44] chronic disease pyramid of care. This is based upon a tiered level
of service delivery relating to severity of disease.

Ideally, the vast majority of those affected by the problem of obesity should
be managed via self-care or family-based care, with support from GPs or
community-based health service providers. Such patients should be offered

A modern epidemic

468



healthy lifestyle counselling or community-based group programs. The next stage
of management involves more targeted recommendations for behavioural change,
supported by involvement of allied health professionals, such as dietitians, or,
indeed, a multidisciplinary team of therapists. The final stage, which is offered
to children and adolescents with severe obesity, is provided by a specialist team
and may include provision of pharmacotherapy, very low energy diets, or even
bariatric surgery. The patient’s age, severity of obesity and obesity-associated
complications, and level of engagement with, and success of, previous interven-
tions, should determine which stage of therapy is offered.

Unfortunately, such a staged approach to care is yet to be resourced or im-
plemented widely in countries such as Australia. In reality, most children and
adolescents who are affected by obesity will be managed by their GP, possibly
with some involvement of a practice nurse or dietitian. Certainly, those children
or adolescents who have severe obesity should be assessed, and have their care
coordinated, by a paediatrician or adolescent physician, ideally with involvement
of a multidisciplinary team of other therapists.

Lifestyle treatment
The mainstay of treatment of obesity in this age-group, as in adults, is lifestyle
change. What is the evidence for this?

The 2009 Cochrane review on the treatment of child and adolescent obesity
included 64 randomised controlled trials [45]. No one specific treatment program
was recommended over another; however, positive outcomes were identified in
several studies. A meta-analysis of several studies showed that family-targeted
lifestyle intervention, involving various combinations of dietary, physical activity
and behaviour modification, led to a significantly greater reduction in BMI or
BMI z-score (ie BMI adjusted for age and sex) at six months than ‘standard care’.
For children aged less than 12 years there was a modest average reduction of 0.06
in BMI z-score, and in adolescents there was an average reduction of just over
three BMI units.

However, many published studies are limited by varying attrition rates, small
sample sizes, different measures of change in body size, and lack of assessment
of other outcomes (for example, broader medical, psychosocial and behavioural
outcomes). And they have typically involved fairly homogeneous patient samples
managed in a tertiary care setting. Although recent trials are addressing some of
these issues, much of the evidence to support effective intervention may not be
readily generalisable to other clinical settings. For example, ‘real-world’ obesity
clinics are usually less well resourced than programs in clinical trials, and patients
seen in such clinics may be quite different from those who volunteer for trials.
They may have more social disadvantage, or have psychosocial complications
and other problems that make adherence to treatment more difficult. Not surpris-
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ingly, therefore, studies in clinical practice have demonstrated poorer results than
in formal clinical trials [46]. Nevertheless, the broad principles of management are
well recognised and are outlined in Box 1.

Box 1. Principles of obesity management in children and
adolescents

• management of obesity-associated comorbidities
• family involvement
• a developmentally appropriate approach
• long-term behaviour modification
• dietary change
• increased physical activity
• decreased sedentary behaviours
• consideration of the use of pharmacotherapy and other forms of non-

conventional therapy
• plan for longer-term weight maintenance strategies.

Effective management of obesity-associated comorbidities, such as sleep apnoea,
dyslipidaemia, hypertension, non-alcoholic fatty liver disease or type 2 diabetes
mellitus, is vital. Ideally, patients should be co-managed, in a coordinated way,
by relevant specialist teams. In all cases, effective weight management should be
a key element of the treatment of the comorbidity. Further discussion of the man-
agement of these comorbidities is beyond the scope of this review.

Family focus
Many clinical trials show that family-based interventions can lead to long-term
relative weight loss (that is, from two to ten years) [45, 47, 48, 49, 50]. Parental in-
volvement is vital when managing obese younger children in particular [45, 48, 51,
52, 53]. This makes sense, as parents are normally the people in the family who are
responsible for the food and physical activity environment, such as buying and
cooking food, the types of routines around meals and meal times, rules around
TV viewing and bed-time, role-modelling of eating and activity behaviours, and
the use of the family car.

A developmentally appropriate approach
The developmental age of the patient – whether they are pre-adolescent, or ado-
lescent, or, indeed, whether they have a developmental disability – will influence
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whether the patient per se is involved in treatment, and the type of parental en-
gagement. A different approach is usually needed for pre-adolescent children
compared to adolescents.

Pre-adolescent children
When managing pre-adolescent children, a parent-focused intervention, without
direct engagement of the child, appears to have better outcomes to a child-centred
approach [50, 54]. Obese children aged six to 11 years and their parents were ran-
domly assigned to either parent-only group sessions (with an emphasis on general
parenting skills), or child-only group sessions. At one and seven years follow-up
from baseline, a significant reduction in overweight was observed in the parent-
only group compared with the child-only group. At one year, there was a 14.6%
reduction in overweight in the parent-only group versus 8.1% in the child-only
group (p <0.03), with a nine times greater dropout rate in the child-only group
[50]. At the seven-year follow-up, 60% of the children in the parent-only group,
versus 31% of those in the child-only group, were classified as non-obese [54].
These and other studies suggest that when treating pre-adolescent children with
obesity, therapy sessions involving the parent or parents alone, without the young
child being present, could be the most effective.

Adolescents
There are fewer studies looking specifically at treatment of adolescents affected
by obesity. The previously mentioned 2009 Cochrane review included 27 trials
involving participants aged 12 years and older [45]. Twelve studies used be-
havioural lifestyle modification, ten involved drug therapy, three used physical
activity, and two involved diet. Most included studies were of high intensity and
were offered in secondary or tertiary level care settings. Many offered separate
sessions for adolescents and parents. In clinical practice, it may be useful to have
at least some of the session time just involving the adolescent and therapist, en-
gaging the parent later.

Behaviour modification
Behaviour modification in weight management includes a set of techniques em-
ployed to change thought processes and actions associated with eating, physical
activity and sedentary behaviours [55]. Many trials of obesity management in chil-
dren and adolescents have included a behavioural component, although these are
often poorly described. In general, the greater the range of behaviour change tech-
niques used, the better the weight outcomes [48]. Goal setting, stimulus control
and self-monitoring are three key behaviour change techniques used.
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Goal setting can include performance goals (such as changing eating or ac-
tivity behaviours) or outcome goals (such as specific weight loss). An example of
a well-specified goal is:

I will not buy any biscuits, chocolates or other high-fat foods during the
weekly shopping. In order to make this easier, I will leave the children at
home and shop on my own. If the children ask for junk food, then I will
offer yoghurt or fruit instead.

Considerable session time may be required to set and review behaviour change
strategies with families and young people [56].

Stimulus control refers to modifying or restricting environmental influences
to aid weight control. The broader environment, whether at home, school or be-
yond, has a profound influence on a person’s decisions around eating, physical
activity or sedentary behaviours. Although many of these environmental influ-
ences are beyond the scope of an individual or family to change (for example,
food marketing or food pricing), many opportunities exist for families to imple-
ment stimulus control in the everyday environment. Examples include: not eating
in front of the television; not having television or other screens in bedrooms; us-
ing smaller plates, bowls and spoons; and not storing unhealthy food choices in
the house [47].

Self-monitoring is the detailed recording of a specific behaviour and can
contribute to better weight control in children and adolescents [57]. This self-mon-
itoring can take several forms: use of a food diary, television use diary, daily
pedometer measurement of physical activity, or weekly weighing, as examples
[58].

Motivational interviewing is a ‘client-centred, directive method for enhanc-
ing intrinsic motivation to change by exploring and resolving ambivalence’ that is
increasingly being used in obesity management [59]. It requires an empathetic and
collaborative therapist who responds to the patient’s (or parent’s) ambivalence
to change in a nonjudgmental fashion. In addition, the therapist uses open-ended
questions and reflective listening techniques to help direct communication toward
change in behaviour [41, 59, 60].

DIETARY CHANGE AND EATING BEHAVIOURS
A 2006 systematic review of paediatric obesity trials showed that interventions
containing a dietary component were effective in achieving relative weight loss
[61]. The Traffic Light (also known as the Stop Light) diet was the most com-
monly used diet intervention. Briefly, in the Traffic Light diet, foods are colour-
coded to indicate those to be eaten freely (green) and those to be eaten more
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cautiously (amber and especially red) [55]. Although food or kilojoule exchange
programs were also identified as common dietary interventions in the above re-
view, only one trial compared diets of varying macronutrient composition. Since
then, a substantial body of evidence has accumulated on the effects of diets
with different macronutrient profiles on weight loss or maintenance, especially
in adults, with results tending to favour diets proportionately higher in protein
relative to carbohydrate and with a low glycaemic index [62, 63, 64, 65, 66]. For
example, results published in 2010 from the DiOGenes randomised controlled
trial compared the effect of five ad libitum diets (with variations in glycaemic
index and protein content) on body composition in European children: a low pro-
tein–high glycaemic index diet increased body fat, whereas overweight or obesity
decreased in the high protein–low glycaemic index diet group [65].

What recommendations should currently be given? Dietary interventions
should follow national nutrition guidelines and have an emphasis on the follow-
ing [47, 52, 66, 67, 68]:

• regular meals
• eating together as a family
• choosing nutrient-rich foods that are lower in energy and glycaemic index
• increased vegetable and fruit intake
• healthier snack food options
• decreased portion sizes
• promotion of water as the main beverage, and a reduction in sugary drink in-

take
• involvement of the entire family in making the change to a sustainable and

healthy food intake.

In advising patients and families on dietary change, is there a potential risk of
an eating disorder developing? Although most people with obesity do not have
binge-eating disorder, the more severe the obesity, the more likely the patient is
to have binge-eating disorder [69]. In addition, obesity in childhood, or parental
obesity, is a risk factor for later bulimia, and overweight adolescents are more
likely to use a range of unhealthy behaviours to binge-eat [70]. On the other hand,
evidence indicates that professionally run paediatric obesity programs do not in-
crease the risk of disordered eating and might, indeed, improve psychological
wellbeing [71]. For these reasons, Hill has highlighted the need for ‘properly and
expertly managed’ weight-control interventions to avoid the risk of an eating dis-
order [72].
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PHYSICAL ACTIVITY AND SEDENTARY
BEHAVIOURS

Physical activity
Involvement of children in a lifestyle program (for example, walking, running,
cycling or swimming, based on the family’s preference) leads to greater reduc-
tions in percentage overweight at six months and 17 months when compared with
a program of organised aerobic exercise involving the same prescribed level of
energy expenditure [73]. A study of similar design, but including a third control
group involved in calisthenics, and with follow-up for ten years, showed that
the lifestyle and aerobic exercise programs were superior in terms of percentage
overweight reduction to the calisthenics control group [74].

A systematic review and meta-analysis of exercise interventions in over-
weight children and adolescents indicated that 155 to 180 minutes per week of
supervised moderate-to-high intensity physical activity (with or without an as-
sociated dietary intervention) was effective in reducing body fat, although the
effects on body weight and abdominal fat were inconclusive [75]. In 2008, the ef-
fect of resistance training on metabolic fitness in children and adolescents was
investigated in a systematic review of 12 trials, with eight of them targeting
people who were overweight or obese [76]. Most of the interventions included
in that review involved circuit-type resistance training (moderate–high velocity,
low–moderate load) involving machine weights. Unfortunately, limitations in
study design and reporting prohibited definitive conclusions being established,
but the beneficial effect of resistance training on health outcomes in adults was
noted by the study authors.

Sedentary behaviours
Several studies and clinical guidelines address the issue of targeting sedentary
behaviours. For example, in one study, 90 families of children aged eight to
12 years with obesity were assigned to different arms of a behavioural weight-
control program in which either sedentary behaviours or physical activity were
targeted, with two different levels of behaviour change being required. At two-
year follow-up, similar improvements in aerobic fitness, body-fat percentage and
percentage overweight were observed for all treatment arms, indicating that mod-
ifying sedentary behaviour is as effective as changing physical activity levels [77].

What recommendations can be given in terms of physical activity and reduc-
tion of sedentary behaviour? [39, 41, 42, 43, 45, 68]

• Increased physical activity may best result from a change in incidental or
unplanned activity; for example, walking or cycling for transport, household
chores, and playing with friends or family.
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• Organised exercise programs, such as playing sports, are also important.
• Encourage children or adolescents to choose activities that they enjoy as these

activities are more likely to be sustainable.
• Limit television and other ‘small screen’ recreational viewing to less than two

hours per day. This may be extremely challenging given the multiple types of
screen-based activities available to young people.

• Parental involvement is crucial if an increase in physical activity or a decrease
in sedentary behaviour is to occur, including monitoring and limiting tele-
vision use, role-modelling of healthy behaviours, and providing access to
recreation areas or recreational equipment.

THE CHILDREN’S HOSPITAL BIG FIVE
At the Children’s Hospital at Westmead, in Sydney, five strategies are empha-
sised when initially managing families with obese children or adolescents:

• Eat breakfast
• Choose water as your main drink
• Eat together as a family once a day, without the TV being on
• Limit TV and other ‘small screens’ to less than two hours per day
• Play, or be active, outside for at least 60 minutes each day.

ADJUNCTIVE THERAPY
The evidence to guide the use of less orthodox treatment approaches – such as
VLEDs, pharmacological therapy or bariatric surgery – in the treatment of se-
vere obesity is more limited than for behavioural interventions. In general, such
therapies should occur on the background of a behavioural weight-management
program and be restricted to specialist centres with expertise in managing severe
obesity.

Very low energy diets (VLEDs)
As noted above, in adults, VLEDs are used to achieve rapid weight-loss prior to,
or in conjunction with, the use of other longer-term treatment interventions [78].
VLEDs can also be associated with safe and substantial rapid weight loss in ado-
lescents, typically producing six to 15 kg weight loss over three to 12 weeks [79,
80, 81]. However, most studies have been based on small sample sizes (less than 20
participants) and have lacked a control group, with very few studies having long-
term follow-up [82]. To date, no randomised controlled trials have examined the
effectiveness of a weight-management program incorporating initial VLED treat-
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ment in obese adolescents. The US Expert Committee recommended that VLEDs
should ideally be used with severely obese patients who are managed by a mul-
tidisciplinary team in a tertiary care setting. They are not appropriate for use in
young children.

Pharmacology in the treatment of childhood and adolescent
obesity

The use of most anti-obesity agents (whether previously or currently available,
or in development) is off label for children and adolescents. These agents should
not be used in children and younger adolescents, as the risk outweighs the benefit
and weight management depends primarily on parental control of the environ-
ment. There will be exceptional cases when anti-obesity agents might be trialled,
with the appropriate consents in place. This will usually be for secondary obesity,
for example hypothalamic hyperphagia syndromes. Somatostatin analogues have
also been used with some success in children in this situation [83].

The choice of anti-obesity agents is limited and these should be prescribed
as part of a lifestyle intervention, with diet and activity modification and behav-
ioural intervention [84]. These agents may also be prescribed as part of bariatric
surgery considerations and to enhance weight maintenance after weight loss in
the older adolescent. As with adults, adolescents are likely to have unrealistic ex-
pectations of the benefits of drug therapy and these expectations may be greater
in mid-adolescence when cognitive developmental stage limits their ability to un-
derstand the degree of weight loss possible. Adolescents generally have a very
low tolerance for side effects and are likely to discontinue medication for tenuous
reasons, including the lack of instantaneous benefit.

There is some data on orlistat use in adolescents with greater weight loss
compared to placebo [84, 85]. The side effects of flatulence, diarrhoea with ur-
gency and faecal leakage are highly socially distressing and for most adolescents
unacceptable. If they are prescribed orlistat they will simply not take it when they
have a fatty meal away from home, which may be when most higher calorie meals
are consumed. For those who persist, careful monitoring of, and supplementation
of, fat-soluble vitamins is important as adolescents appear more prone to defi-
ciencies than adults.

Phentermine remains available in some jurisdictions and also for use in those
over 12 years old. It has adverse effects including palpitations, headaches, hy-
pertension, insomnia and euphoric states. Phentermine also has the potential for
abuse and should not be used in adolescents, many of whom already have binge-
eating disorders and will be seeking medication to produce some anorexia. As
depression is often present in this situation, fluoxetine might be beneficial as a
centrally acting psychotropic which does not induce weight gain.

There is some evidence in children and adolescents that metformin may have
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a beneficial effect on body weight. It is the drug of choice in those with type
2 diabetes, who are invariably overweight, as it does not induce further weight
gain. There is some evidence from small trials that metformin improves meta-
bolic profile and reduces visceral fat in clinical scenarios where there is insulin
resistance and weight gain, but not overt diabetes. These trials include the use
of atypical anti-psychotics, such as risperidone, which are frequently prescribed
for behavioural disturbances [86], and in medical conditions where physical ac-
tivity is severely restricted [87]. The actual weight-loss results are less consistent.
Metformin, also off label, may be advantageous in the obese adolescent female
with the polycystic ovary syndrome and anovulatory bleeding or acanthosis ni-
gricans. Both these conditions will improve and in some there may be a weight
benefit, based on some small clinical trials. It is essential that a low start dose
of metformin is chosen, 250 mg daily commencing with the evening meal. The
dose should be built up to two grams over three to four weeks to minimise risk of
the well-known side effects of abdominal pain and diarrhoea. Vitamin B12 levels
should be monitored as the development of deficiency is not uncommon.

Puberty is a time where weight gain can accelerate in an overweight child
or adolescent [88]. While it is clear from the previous discussion that there are
no available pharmacotherapeutic agents to counter this, clinicians should care-
fully consider prescription of commonly used drugs which may further increase
weight. Select if possible an oral contraceptive which contains one of the newer
gestagens, such as desogestrel or drospirenone. Consider etonogestrel, rather than
medroxyprogesterone acetate as a long-acting contraceptive preparation.

Bariatric surgery
Bariatric surgery is a well-recognised form of therapy for adults with severe
obesity, especially if medical therapy has failed [89]. What about its role in ado-
lescents? Almost all of the literature in this area is of case studies or case series,
with only one published randomised controlled trial to date [90].

Evidence for bariatric surgery in adolescents
A 2008 systematic review of bariatric surgery for adolescent obesity included
studies that reported outcome data for patients under the age of 21 years (average
age 16.8 years, range nine to 21) who were followed up for at least 12 months
[91]. Nineteen papers were included, including eight studies of laparoscopic gas-
tric banding, six studies of Roux-en-Y gastric bypass, and five studies of other
surgical procedures. The laparoscopic adjustable banding procedures, with one to
three years follow-up, had 95% confidence intervals for weight loss of –13.7 to
–10.6 BMI units. No perioperative deaths were reported, and the main complica-
tion reported was the need for re-operation (for band slippage), which occurred
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in 8% of patients. For Roux-en-Y gastric bypass procedures, the mean weight
loss was greater, with 95% confidence intervals of –17.8 to –22.3 BMI units,
albeit over a longer period of follow-up (as the procedure has been established
for longer). Some deaths were reported after this type of surgery. The most
frequently reported complications related to protein-energy malnutrition and mi-
cronutrient deficiency. Note that none of the included studies in this systematic
review was a randomised controlled trial, and hence the strength of evidence
could only be classed as moderate to weak. However, these findings are similar
to those seen in comparisons of bariatric surgery in adults [89].

After this review was published, the results of the first randomised controlled
trial of bariatric surgery in adolescents with severe obesity became available in
2010 [90]. This study was undertaken in Melbourne and included 50 adolescents
with severe obesity (BMI >35 kg/m2) aged between 14 and 18 years who were
randomly assigned to receive either a supervised lifestyle intervention, involving
reduced energy intake, increased physical activity and behaviour modification, or
laparascopic adjustable gastric banding. By 24 months, the surgical group had an
average reduction in BMI of 12.7 units, versus 1.3 units in the lifestyle group.
The surgical group also had marked improvements in both cardiometabolic status
and quality of life. However, eight operations (33%) were required in seven pa-
tients for revisional procedures.

Guidelines on bariatric surgery
In 2009, Australian and New Zealand consensus recommendations for bariatric
surgery in adolescents were published by the professional bodies representing
paediatricians, paediatric surgeons and bariatric surgeons [92]. The recommenda-
tions included the following:

• Patient: A minimum age of 15 years (or 14 years in exceptional circum-
stances); post-pubertal; presence of severe obesity (a BMI >40 kg/m2, al-
though it should be considered in adolescents with a BMI >35 kg/m2 in the
presence of severe obesity-associated complications); presence of an asso-
ciated severe comorbidity; persistence of obesity despite involvement in a
formal multidisciplinary and supervised program of lifestyle modification and
pharmacotherapy; the adolescent and family understand, and are motivated to
participate in, the ongoing treatment, lifestyle change and review following
surgery; the adolescent is able to provide informed consent for the surgery.

• Surgical expertise and facilities: Surgery should be performed by an experi-
enced bariatric surgeon affiliated with a team experienced in the assessment
and long-term follow-up of the metabolic and psychosocial needs of the ado-
lescent bariatric patient and family; the working party strongly recommended
that publicly funded bariatric surgery be made available to those in need.
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• Type of surgery: The majority recommendation was that the primary bariatric
surgical procedure of choice for adolescents in Australia and New Zealand is
laparoscopic adjustable gastric banding as it has good weight-based outcomes,
has a low complication rate and is potentially reversible.

• Post-operative management and follow-up: Patients should be managed in the
immediate post-operative period by a surgeon and bariatric surgical team with
experience in adolescent care; adolescents will need more frequent post-oper-
ative follow-up than adult patients (eg four to six on weekly basis initially);
patients will need ongoing care by a multidisciplinary team; issues such as im-
proved fertility following weight loss, and hence the need for contraception,
need to be considered; follow-up needs to extend beyond ten years, and ideally
for the whole life.

One of the major challenges in Australia, as elsewhere, is how to ensure equitable
access to such services for affected adolescents.

LONG-TERM WEIGHT MAINTENANCE
Few high-quality studies have reported long-term outcomes of treatment of child-
hood and adolescent obesity [45]. In those which have reported long-term out-
comes, a high proportion of participants maintained a reduction in overweight
from two to ten years from baseline without additional intervention after the ini-
tial treatment phase (weeks to months) [45, 67, 93, 94]. However, in those who have
undergone initial weight-management intervention, a period of further therapeu-
tic contact (varying from four to 12 months) seems to slow weight regain [95].
At present, there is only limited evidence to guide the nature and type of weight-
maintenance interventions in the child and adolescent age group.

CONCLUSIONS
Obesity and overweight are common problems at most life stages. They produce
many associated comorbidities and psychosocial issues contributing to substan-
tial public health problems and costs.

Treatment can be, and is effective. A lifestyle program should be associated
closely with the treatment. Such a multidisciplinary program includes appropriate
healthy eating, increased activity (both planned and incidental), behavioural tech-
niques and counselling to help overcome ingrained habits and issues which may
lead to weight gain. For children, the involvement of family in treatment is ab-
solutely necessary. Finally, the program should not just be a ‘once-off’ because
weight is regained due to physiological systems which drive appetite after weight
loss. The program should be reinstituted or reinforced at regular intervals and
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patients given a weight regain limit at which to return for a ‘booster’ program.
A single treatment may be effective for those who need to lose a few kilos
(5% or so of their initial weight), but for those with higher grades of obesity or
complications of obesity, appropriate adjunctive therapies should be utilised and
consideration given, when necessary, to bariatric surgery.
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22
A ‘cure’ for diabetes and its compli-

cations
Kim Donaghue,1,2 Tony Keech,3,4 Maria Craig5,6 and Philip O’Connell7

The new millennium has brought continued hope for a ‘cure’ with major
developments in immunology and understanding of pathogenesis of dia-
betes and its complications. Intervention studies to slow the progression
of beta-cell destruction by using insulin to induce immune tolerance have
shown promise in some subsection analysis but without overall benefit
for primary outcome. The ongoing INIT 11 study delivers insulin nasally.
The TRIGR study eliminates cow milk in babies at risk with promising
effect for antibody generation. Stem cells also offer promise. Islet cell
transplantation from cadavers is minimally invasive and has shown great
promise, but has been slowed due to lack of donors and immunosup-
pression needs. For those with established diabetes, randomised controlled
trials have demonstrated minimising and slowing of progression of diabetes
vascular complications. These interventions include intensive glycaemic
treatment, blood pressure lowering and lipid lowering agents. Good ran-
domised controlled clinical trials provide the best evidence of these ben-
efits, which must then be followed by more research to better understand
mechanisms of disease pathogenesis and treatment effects.

The elusive cure for diabetes is a dream of many individuals and their families
who live with diabetes. Increasing numbers of children are now diagnosed with
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diabetes, with the prevalence in Australia recently reported to be one in 724 chil-
dren aged less than 15 years, and one in 391 adolescents aged ten to 14 years [1].
Much clinical research is making this dream closer to delivery. Family members
are enrolling in natural history and clinical intervention trials to help understand,
delay and hopefully stop the disease.

Research to cure diabetes is now multipronged. A number of studies have
focused on predicting risk, which then has allowed development of studies to
intervene in the prediabetes period, before the glucose levels are abnormal. Treat-
ment within the first 100 days after the clinical diagnosis to switch off the
immune process or boost the immune defenses is currently under investigation.
Research aimed at curing established diabetes uses cell-based therapies including
transplantation of islets, the insulin-producing beta cell. Such therapies currently
require immunosuppression to prevent rejection and recurrence of the initial dia-
betogenic process.

Type 1 diabetes is an autoimmune disease, meaning that the body fights itself
by activation of the immune system and not recognising the pancreas beta cells as
‘self’ but as ‘foreign’. Our understanding of this loss of ‘self-tolerance’, is pivotal
to development of a cure with many intervention trials now aimed at ‘inducing
self-tolerance’. In the development of diabetes there is activation of both arms of
the immune system: humoral immunity (antibody production by B lymphocytes)
and cellular immunity (T lymphocytes). We can measure antibodies with rela-
tive ease but measurement of T-cell function is more difficult. Most intervention
studies use antibodies to identify the population at risk for diabetes, and use anti-
bodies as a surrogate marker of progression. However T-cell activation precedes
antibody production.

Figure 1. Progression of beta-cell failure in type 1 diabetes.
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We now know that the autoimmune process occurs in individuals who are genet-
ically predisposed and that this process appears to be triggered by environmental
factors, including viral infection (Figure 1). The autoimmune reaction results in
loss of beta-cell mass and hence function which occurs over months to years,
during which time prevention may be possible (preclinical preservation). The in-
sulin response to glucose given intravenously is a well-established method to
measure beta-cell function in this preclinical phase, prior to abnormal glucose
levels. After clinical diagnosis and/or presentation with hyperglycaemia, there is
still some functioning pancreas or beta-cell function. This remaining function re-
sults in the well-recognised ‘remission phase’ during which exogenous insulin
requirements can be reduced substantially. Clinical diabetes intervention aims to
preserve beta-cell function. This can be measured by C peptide production in re-
sponse to stimuli, as C peptide is secreted by the beta cell at the same time as
insulin.

For those with established diabetes, as detailed in other chapters in diabetes
complications (Twigg and McLennan), the risks of long-term end-organ diabetes
complications can be reduced by risk factor minimisation targeted at modification
of lipids, blood pressure as well as glucose (Figure 2).

Figure 2. Overview of pathogenesis of long-term vascular complications and
modifiers of glucose action.

STUDIES TO UNDERSTAND THE GENETIC AND
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ENVIRONMENTAL RISKS
The Type 1 Diabetes Genetics Consortium (T1DGC) is an international project
designed to identify genes that modify the risk of diabetes. Families with two or
more members with type 1 diabetes have provided blood for this purpose, through
four regional centres (Asia Pacific, Europe, UK and North America). More than
2500 families to date have contributed. It is sponsored by US National Institute
for Diabetes and Digestive and Kidney Diseases (NIDDK) and the Juvenile Di-
abetes Research Foundation (JDRF) [2]. The major genetic risk is still located
on the HLA region, but others genes have been identified, including other im-
munoregulatory genes [3]. The Australian National Health and Medical Research
Council (NHMRC) is currently funding the Australian Childhood Diabetes DNA
Repository (ACDDR), for family members with type 1 and type 2 diabetes, who
contribute saliva from which genetic material is derived for subsequent analy-
sis. Further the Type 1 Diabetes TrialNET is an international consortium aimed
at understanding natural history, in particular antibodies, in family members and
undertakes prevention and intervention trials. Family members can enroll for an-
tibody screening at 200 sites worldwide, in North America, Australia and Europe.

The charmingly named TEDDY study (The Environmental Determinants of
Diabetes in the Young) aims to determine infectious agents, dietary factors or
other that may impact on diabetes development in children at high risk based on
HLA genotyping. Recruitment has been from three centres in the US (Colorado,
Washington and Georgia/Florida) and three centres in Europe (Finland, Germany
and Sweden). Children from the general population as well as children from fam-
ilies placing them at high risk are recruited [4].

Infections have long been considered to be possible environmental triggers
for the autoimmune process. Transmission of enteroviruses occurs by shedding
from the respiratory or gastrointestinal tracts. A recent meta-analysis of 26 case-
control studies showed a tenfold increase of enterovirus infection in patient at
diabetes onset compared to controls [5]. In addition children were nearly four
times more likely to have autoimmunity to the pancreas when there was mole-
cular evidence of enterovirus (by finding RNA or viral protein in blood, stool
or tissue). This meta-analysis was based on studies from 12 countries, mostly of
children but some studies included adults up to the age of 53 years.

While there is a clear distinction between type 1 and type 2 diabetes in terms
of pathogenesis, greater weight gain may also be an initiator and/accelerator for
autoimmunity and type 1 diabetes. Younger age of diabetes onset is associated
with higher body mass index (BMI) at diagnosis, particularly in very young chil-
dren [6, 7]. Retrospective case control studies have demonstrated increased linear
growth and weight gain in early childhood, independent of feeding, with type 1
diabetes [8, 9, 10, 11]. The Australian BabyDiab study has followed babies with a
first-degree relative with diabetes (parents or siblings) from birth to six years of
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age. Children with weight above average had more than twofold increase in anti-
body development than thinner children [12]. Those that gained the most weight
during infancy also had an increased risk of islet autoimmunity. Insulin resis-
tance, and associated inflammation, may underlie the role of overweight in the
development of type 1 diabetes [13]. Insulin resistance predicted progression from
islet autoimmunity to type 1 diabetes [14] and was greater in young children with
islet autoimmunity in the German BabyDiab study [15]. Therefore, insulin resis-
tance associated with overweight may be a key factor in both the development
and progression of islet autoimmunity. The process may begin in utero; maternal
weight before pregnancy and more than 15 kg weight gain during pregnancy pre-
dicted risk of islet autoimmunity in their offspring [16].

Vitamin D is an anti-inflammatory steroid with multiple immunomodulatory
effects that can promote immune tolerance, however its role in type 1 diabetes
remains controversial. A systematic review of observational studies examined
whether vitamin D supplementation in infancy reduced the risk of type 1 diabetes
in later life [17]. Infants who were supplemented with vitamin D had 29% lower
risk of developing type 1 diabetes compared to those who were not supplemented.
There was also some evidence of a dose–response effect, with those using larger
amounts of vitamin D being at lower risk of developing type 1 diabetes. However,
there are no randomised controlled trials examining the effect of vitamin D sup-
plementation and type 1 diabetes risk.

IMMUNOMODULATORY TRIALS
With most autoimmune diseases the main focus of therapy is to treat the abnormal
immune response with immunosuppression. Diabetes, however, presents later in
the autoimmune process when it is estimated more than 90% of islet function is
destroyed, so immunosuppression may not be comparable to other autoimmune
diseases some of which are relapsing. Nevertheless, recently a number of larger
multicentre studies have reported the outcomes of short-term immunosuppression
in new onset diabetes. Many of these treatments are currently marketed for the
treatment of rheumatoid arthritis with good safety profiles. Therapy has aimed to
modulate T-cell action, or reduce B cells with some success.

One TrialNET study used abatacept, which modulates T-cell co-stimulation,
preventing full T-cell activation. In this study 112 newly diagnosed patients were
randomised to either treatment or placebo injections at day 1, 14, 28 and then
monthly for two years. There was a positive effect of the intervention with preser-
vation of C peptide reserve for 9.6 months compared to the placebo treated group
but this declined in parallel, meaning the effect was short term [18].

Another TrialNET used anti-CD20 monoclonal antibody, rituximab, which
depletes B cells. In 78 newly diagnosed patients aged between eight and 40 years,
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the intervention compared to placebo showed positive effects for preservation of
C-peptide production, glucose control and lower insulin dose [19].

The Protégé study used teplizumab, anti-CD3 therapy, which binds to T-cells
and modulates their action. Enrolled were 516 subjects aged from eight to 35
years, within 12 weeks of diabetes onset in 83 centres across North America, Eu-
rope, India and Israel. The primary endpoint was a significant treatment effect at
one year of insulin dose <0.5 units/kg/day with HbA1c <6.5%. Whilst this out-
come was not achieved, a positive treatment effect was found in children aged
from eight to 11 years, and earlier treatment within six weeks of diagnosis [20].

INDUCING IMMUNE TOLERANCE:
ANTIGEN-BASED THERAPY

Glutamic acid decarboxylase (GAD) is a principle target (or antigen) for autoim-
munity antibody production in diabetes. Consequently GAD therapy (two or three
GAD injections or placebo) has been trialled after onset of clinical diabetes in
patients aged three to 45 years. The initial pilot study in adolescents with two in-
jections of GAD was promising, but the 15-site North American clinical trial was
unsuccessful in preserving beta-cell function in the 145 participants [21].

For those in the prediabetes phase, the autoimmune process may be turned
off by a process of ‘immune tolerance’. Induction of immune tolerance has been
sought by using GAD and by insulin itself to which antibodies are made in the
prediabetes phase.

Prediction to progression of diabetes has focused on measurement of
diabetes-associated antibodies in family members. Models are derived whereby
there is a 26%–50% chance of progression to diabetes within five years based on
the presence of positive antibodies.

The first trial to use insulin itself as the intervention was the Diabetes Preven-
tion Trial – Type 1 Diabetes (DPT-1) [22]. In one arm low-dose insulin was given
by injection to those at highest risk to progression (greater than 50%), and in the
other arm insulin was given orally to those with moderate risk of progression.
Unfortunately 241 of 670 developed diabetes at a mean age of 13.9 years. The
numbers required to screen, in this case using the islet cell antibody, were very
high: 103,000 relatives of T1 D patients. Whilst the analysis of the total group of
participants did not show a positive effect of the intervention, subsequent analysis
has provided evidence that insulin can induce ‘self-tolerance’ during prediabetes.
Those with higher antibodies at baseline showed a significant treatment effect
with a lower rate of developing diabetes than placebo treated individuals: 6% vs
10% per year, with a delay of 4.5 years, but after cessation the risk of developing
diabetes reverted to that of the placebo treated group [23].

A better method of inducing tolerance potentially is delivering the treatment
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through the mucosa [24]. The Intranasal Insulin Trial 11 (INIT 11) is currently
underway in 11 sites in Australia and New Zealand. The principal investigators
are Len Harrison and Peter Colman in Melbourne, and the study is sponsored
by Melbourne Health, funded by JDRF and NHMRC through the Diabetes Vac-
cine Development Centre (DVDC). Risk for diabetes is based on family members
found to have two positive antibodies on screening. These individuals are then
staged to determine sufficient beta-cell reserve: the insulin response to an intra-
venous glucose load. Prior to the onset of diabetes the first phase to be lost is the
initial response to intravenous glucose. Those in the unsuccessful DIPP study had
little insulin reserve, so the time to intervene in the disease process was probably
too late, to salvage beta-cell function [25].

Better tests of T-cell function, in particular the T-cell regulatory (TReg)
function, are required to help determine the early stages of the autoimmune
process during which time intervention may be most successful. Screening of
large numbers of family members is required to detect those at risk.

DIETARY TRIALS TO MODIFY THE
ENVIRONMENT

Changing the environment may prevent the autoimmune process. Babies at high
risk of developing diabetes may be amenable to dietary intervention. Cow milk
has been investigated in observational studies and early introduction may be a
trigger for the autoimmune process.

In Finland babies at risk of diabetes were randomised to delay in cow milk
supplementation. This led to a delay in development of diabetes related autoan-
tibodies [26]. This has led to the Trial to Reduce IDDM in Genetically at Risk
(TRIGR), a multinational study, including Australia. Recruitment of 2160 infants
is complete (enrolment 2002 to 2007) and the intervention completed mid 2007,
with follow-up planned over ten years. Infants have been screened by cord blood
or heel prick for HLA susceptibility, protection genotype and those without the
protective genotype randomised to delay in introduction of cow milk protein [27].

Another possible triggering antigen may be gluten. In Germany delay in in-
troduction of gluten has been investigated in a randomised control study (BABY-
DIET) of 150 infants: prior to two months of age, after six months and after 12
months. However recent outcome data have not shown a delay in onset of au-
toimmune markers, with 12% of children developing diabetes related antibodies
at age of three years, seven developing diabetes, including four in the late expo-
sure group [28]. This was a pilot study and compliance with the intervention was
poor at 30%. Three times more infants are needed to properly examine this hy-
pothesis.
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HAEMOPOIETIC STEM CELL TRANSPLANTATION
AS A TREATMENT FOR DIABETES

Another more controversial form of therapy is haemopoietic stem cell trans-
plantation (HSCT) to treat new onset T1D. HSCT involves mobilisation of
haemopoetic stem cells (CD34+ cells) from the bone marrow, ablation of the re-
cipients immune system followed by reinfusion of the autologous stem cells. The
aim is to destroy the auto-reactive islet immune T-cells and to reconstruct the im-
mune system without autoimmunity. The strategy has been used successfully in
other autoimmune diseases where it is generally reserved for patients that are re-
sistant to other treatments. In 2007 a study was undertaken in Brazil where HSCT
was used to treat T1D within six weeks of diagnosis [29]. Twenty-three patients,
aged between 13 and 33 years, were enrolled in the study. The investigators re-
ported an improvement in diabetes with 20 of the 23 becoming insulin free for
varying periods of time (one to 52 months). Eight of the 20 had relapsed dur-
ing the time of reported follow-up. The remainder were still being followed at
the time of the last report [30]. There was also evidence of improvement in C-
peptide, and reduced HbA1c. There was a reduction but not an elimination of
islet autoantibodies which suggests that the autoimmune disease was suppressed
but not eliminated. This study, although instructive, needs to be interpreted with
caution [31]. The authors themselves readily admit this. First, the study was an
early-phase, proof-of-concept study, and was not a randomised controlled trial.
The well-known honeymoon period that can occur at the onset of T1D compli-
cates the interpretation of the results. The follow-up is relatively limited and the
long-term benefits and side effects are unknown. We do know that a third of
patients had relapsed and returned to insulin within three years, which is a rela-
tively small gain for such aggressive therapy. Whilst there were no deaths, HSCT
is not benign therapy. Two patients developed pneumonia and others developed
endocrine abnormalities, including nine of 17 males developing oligospermia. A
final point that makes investigations of this nature difficult in T1D is that all the
recipients were young, which increases the anxiety and implications around long-
term complications such as malignancy which may yet develop. Despite all these
caveats the trial should be seen for what it is, the first of many attempts to cure
T1D with cellular therapy rather spending a lifetime treating the consequences of
islet destruction.

HSCT has been used as an adjunct to other treatments in T1D [32]. Not only
is bone-marrow a source of haemopoetic progenitors, it is also a source of mes-
enchymal and endothelial stem cells. There is experimental evidence that these
stem cells enhance immunomodulation and tolerance, as well as promote engraft-
ment and enhance tissue repair. As a result HSCT is being evaluated in several
autoimmune and degenerative conditions and has been proposed as adjunct ther-
apy for other treatments in T1D. In fact there are more than 20 registered trials
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of HSCT in T1D. Several of these trials are using HSCT as a tolerising strat-
egy to reduce or eliminate chronic immunosuppression in islet transplantation. In
other studies HSCT is being trialled as a therapy to prevent progression of com-
plications such as peripheral neuropathy. In all cases the study are exploratory
proof-of-concept studies. While ongoing no study has conclusively demonstrated
sustained benefit.

CLINICAL ISLET TRANSPLANTATION
Clinical human islet transplantation is a new and emerging therapy for a select
group of patients with severe metabolic complications as a result of their diabetes.
If successful it can provide near perfect blood glucose control without insulin
injections and has brought forward the prospect of a cure for this debilitating
chronic disease. Currently islet transplantation can be considered a novel therapy
for a new indication and the objective benefits and potential risks remain to be
fully established by clinical trials. At present the two main indications for islet
transplantation are severe hypoglycaemia unawareness, refractory to conven-
tional treatment and islet transplantation in conjunction with a kidney transplant.
On the positive side, islet transplantation has been shown to abolish severe hy-
poglycaemic episodes and patients can expect to have an improved quality of
life and reduced risk of end-organ complications. On the negative side, patients
must take lifelong immunosuppression with all its short- and long-term com-
plications. Despite these caveats, islet transplantation has created great interest
amongst physicians as well as patient groups and several major clinical trials are
ongoing. If nothing else, patient enthusiasm for these early trials has highlighted
the lifelong burden and deficiencies of current insulin regimens.

Clinical islet transplantation is still a difficult procedure to perform. Islet iso-
lation from a human pancreas requires a skilled laboratory team, a specialised
GMP (good manufacturing practice) facility, and has been a limiting factor in the
spread of the procedure beyond specialised institutions. Despite the fact that islet
transplantation had been performed successfully in rodents, translation into the
clinic has been difficult. Researchers in Edmonton were the first to develop islet
transplantation into a reliable clinical therapy [33]. Their successes was based on
the following principles:

• Selection of the appropriate group of patients for transplantation
• Using a non-toxic effective immunosuppressive regimen
• Isolating appropriate numbers of viable islets
• Transplanting sufficient numbers of islets to control blood glucose levels.

The basic premise of the Edmonton protocol has been that successful islet trans-
plantation is dependent on the isolation and ongoing survival of the maximum
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number of islets possible. This has meant that most patients require two or more
islet transplants to achieve insulin independence. Patients must not be overweight
and therefore should be on a low-insulin dose compared to body weight. Once
transplanted, islets face rejection and possibly autoimmune disease recurrence
and hence islet recipients must take lifelong immunosuppression.

Added to this, pancreatic islets come from organ donors and there is a large
mismatch between the number of people with type 1 diabetes and the number of
organ donors. For instance in Australia there are 150,000 people suffering from
type 1 diabetes and only 250 to 300 organ donors annually. Under the most op-
timistic of circumstances only 150 of these would be suitable or available for
islet transplantation. For this reason definite sources of islet-cell replacement are
being developed. These include pancreatic islets from pigs, so-called xenotrans-
plantation, and stem cells. Although early phase I studies have been undertaken
in humans, both these sources of islets remain in preclinical development.

Clearly human islet transplantation is not going to be an option for most peo-
ple with diabetes. This and the current uncertainty has put pressure on transplant
units to develop selection criteria that optimises the chances of a successful out-
come whilst at the same time ensuring that the benefits of insulin independence
are worth the long-term risks of life-long immunosuppression. The patients, who
best satisfy these dual objectives, are those with severe hypoglycaemic unaware-
ness. These patients no longer have warning signals of hypoglycaemia, and low
blood sugar levels are not detected until they reach dangerously low levels. These
patients require constant and intensive medical supervision. If it persists, it can
lead to significant cognitive impairment and, in severe cases, can be fatal [34].
Not surprisingly patients who suffer from this problem have poor metabolic con-
trol with wide and sudden swings between hypo- and hyperglycaemia. In these
circumstances successful islet transplantation will normalise blood glucose levels
and prevent hypoglycaemic episodes [35].

Patients who have successfully achieved insulin independence following
islet transplantation certainly have a life-changing experience. After many years
of difficulty controlling diabetes with insulin, they find themselves insulin inde-
pendent with perfect control and normal HbA1C. In our experience patients who
were once housebound are able to return to active work. There is an obvious im-
provement in the patient’s mood and quality of life. Even patients, who are not
insulin independent but have documented evidence of islet graft function, achieve
marked improvements in glycaemic control. Physiologic background basal in-
sulin secretion appears to be sufficient to eliminate severe hypoglycaemia and
often this is sufficient to dramatically improve the patient’s quality of life. Fur-
thermore, there is evidence that C-peptide secretion provides some protection
against cardiac complications even in patients that still require exogenous insulin
therapy. A study of kidney transplant recipients with type 1 diabetes who subse-
quently received an islet transplant, found that those that were C-peptide positive
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had improved cardiac outcomes compared to those with graft failure [36].
Thus far it would seem that the main negatives for patients are the side ef-

fects from immunosuppression. Despite this, there have been surprisingly few
opportunistic infections and no deaths. Most immunosuppressive regimens in-
clude Tacrolimus and Sirolimus. Most transplanted patients suffer nagging com-
plications such as mouth ulcers, ankle oedema and headaches. These are common
side effects of Sirolimus and are often self-limiting although they have been se-
rious enough to lead to withdrawal from the study in some cases. Many patients
also need to commence lipid-lowering therapy for hypercholesterolaemia. More
worrying are the side effects from Tacrolimus. In particular nephrotoxicity is
a concern and it may be exacerbated by concomitant Sirolimus therapy. Many
recipients have had a significant reduction in renal function, some even com-
mencing dialysis therapy as a result. Many patients also need to start or increase
anti-hypertensive medication [37].

For the islet transplantation to be really successful the majority of patient
need to achieve long-term islet graft function. At the moment it is too early to de-
termine whether this can be achieved easily. Many of the initial cohort of patients
from Edmonton are back on insulin, although most have retained some graft func-
tion with good glycaemic control. This gradual loss of function has proven to be
a difficult problem for investigators as it is not clear whether it is due to chronic
rejection, disease recurrence or ‘islet exhaustion’. This problem is exacerbated by
the fact that there is no easy way to monitor graft function. Monitoring graft func-
tion by tissue biopsy has been a major reason for the improved survival of renal,
liver and cardiac transplantation and the lack of a similar test for islet grafts is
proving to be a major hurdle in determining the natural history of islet transplan-
tation.

In 2002 the National Pancreas Transplant Unit at Westmead Hospital began
a trial of pancreatic islet transplantation. Initially we are selecting patients with
type 1 diabetes who suffer from severe hypoglycaemic unawareness that has
failed to respond to intensive management by an endocrinologist. Of the six pa-
tients transplanted, three were able to cease insulin injections [38]. The good news
for these patients is that they no longer suffer life-threatening ‘hypos’ and this
has resulted in a substantial improvement in their quality of life. However, the
immunosuppressive drugs cause significant side effects, and our view remains
that this treatment should be reserved for those patients with the most severe
metabolic complications from their diabetes. These promising findings led to the
Australian Government funding a second multi-centre Australian trial which was
led by the Westmead Hospital Centre. In this second trial 16 patients have been
transplanted with measurable graft function in all patients bar one. Eight patients
were insulin independent and all patients had abolition of their hypoglycaemic
episodes. A new immunosuppressive regimen was evaluated which was benefi-
cial at preventing rejection and better tolerated. These patients were compared
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with a similar cohort of patients who had severe hypoglycaemia and who were
managed with intensive medical follow-up and insulin pumps. Those patients un-
dergoing islet transplantation had improved blood glucose control and abolition
of hypoglycaemia whereas those patients on insulin pumps had no reduction of
hypoglycaemia.

These are early days in the development of this therapy and much needs to be
done before this treatment can be offered to a wider group of patients. These tri-
als are an important proof of principle and bring us a step closer to finding a cure
for type 1 diabetes. We can help some patients but the treatment comes at a price.
Areas requiring improvement include a need for more reliable islet isolation pro-
cedures, better and safer anti-rejection drugs and long-term studies to show that
this treatment provides real benefits for patients. In addition to solving these tech-
nical problems, we need to develop alternative sources of donor islet tissue. Some
researchers are developing stem cells. Our unit, in collaboration with others, is
using gene therapy to develop pig islet cells for transplantation into humans. Over
the past decade there has been substantial progress in cell-based therapy to treat
type 1 diabetes. The current trials of human pancreatic islet transplantation have
demonstrated that this type of approach can abolish the need for exogenous in-
sulin and provide real benefits to patients. In addition the ongoing development
of an indefinite source of islets provides hope that cell-based therapies could be-
come the norm for type 1 diabetes rather than a life-changing therapy for a few.

PREVENTION OF LONG-TERM COMPLICATIONS
Both type 1 and type 2 diabetes lead to long-term complications of vascular dis-
ease affecting the eye, kidney, nerves and larger blood vessels of the heart and
limbs. The biological contributors are similar but in type 2 diabetes there is pos-
sibly a greater impact of accompanying high blood pressure and abnormal lipids.
For those with type 1 diabetes the features of the metabolic syndrome increase
their risk of complications substantially, threefold in a recent study [39]. We are
understanding more about the relative contributions to vascular disease and also
the contribution of the autonomic nervous system which innervates the vascula-
ture [40, 41].

Statins are of proven benefit to reduce vascular outcomes in line with the
benefit demonstrated in those without diabetes [42], but its is unclear whether
it is appropriate to initiate in all young people, especially when not considered
safe during pregnancy. The Adolescent Type 1 Diabetes Cardiorenal Intervention
Trial (AdDIT) will help determine whether adolescents at high risk to progression
will benefit from Angiotensin converting enzyme inhibitors or statins [43]. This
is a multinational study in the UK, Canada and Australia currently recruiting 500
at-risk adolescents as defined by the urinary concentration of the protein, albu-
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min.
As well as statin therapy to reduce cholesterol, recent studies have examined

triglyceride-lowering treatment in diabetes [44, 45]. The Fenofibrate Intervention
and Event Lowering in Diabetes (FIELD) trial was a large randomised trial of
fenofibrate to prevent vascular complications, in particular cardiovascular disease
in T2DM patients. A total of 9795 T2DM subjects aged between 50 and 75 years
were recruited from 63 centres in Australia, New Zealand and Finland between
February 1998 and November 2000 and study closeout was early 2005. Subjects
were randomised to receive either 200 mg co-micronised fenofibrate or matching
placebo for an average of five years follow-up. The primary endpoint of non-fa-
tal MI + CHD death was not significantly reduced by fenofibrate (HR = 0.89:
0.75 –1.05; p = 0.16), however, most other macrovascular endpoints were sig-
nificantly reduced by treatment, including hospitalisation of ACS, non-fatal MI
alone, coronary or carotid revascularisation [46]. Fenofibrate also profoundly re-
duced microvascular events, including eye complications (by 37%), albuminuria
(18%) and loss of renal function (3.7 kidney-years saved), together with amputa-
tions (36%) [47, 48, 49].

Work is now underway exploring the blood biomarkers and genetic markers
associated with both the cardiovascular and microvascular complications seen in
the FIELD study, as well as with any predictors of benefit of treatment, supported
by National Health and Medical Research Council (NHMRC) of Australia grants
and the main study sponsor, Abbott, who market fenofibrate globally. Basic sci-
ence (cellular and animal) research work is being conducted in parallel, in order
to understand how fenofibrate might protect so powerfully against microvascular
disease in type 2 diabetes. A better knowledge of how fenofibrate might mediate
these large benefits may offer hope for even more potent treatments against dia-
betic complications in future.

DESIGN OF CLINICAL TRIALS FOR DIABETES
TREATMENT AND COMPLICATIONS

Evaluations of potential new therapies for improving the treatment of type 1 or
type 2 diabetes mellitus use classical methods of clinical trials design. This means
that after short-term exposure trials in normal subjects (phase 1) and then patients
(Phase 2) to establish the pharmacology of a new drug and then the activity of
such an intervention and immediate safety of use, larger randomised trials, usu-
ally with placebo control are conducted in a parallel-group schema (Figure 3).
Follow-up is over some months (Phase 2) in order to explore acceptance and
compliance with planned dosing schedules, and more reliably establish the mag-
nitude of benefits on glycaemic control, blood pressure, or similar. Thereafter,
over some years usually (Phase 3), clinical trials designed to yield harder clin-
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ical endpoints such as changes in renal function, progression of retinopathy, or
cardiovascular event reductions are conducted, to determine whether the sought
benefits of the treatment are in fact borne out.

Figure 3. Parallel group randomised trial design

Table 1. Traditional clinical trial phases and their purposes.

Phase 1 Determines the action, distribution, metabolism and toxicity of different
dosages of a drug in humans, healthy volunteers or patients with the disease
being studied for whom alternative treatment options may have been ex-
hausted. Only a few patients participate. Alternatively, it may be a small
pilot study to establish safety and calibration of a device.

Phase 2 Determines the levels of efficacy and safety on a broader group of patients
with the condition of interest.

Phase 3 Compares the intervention with the current standard treatment in a large
number of patients (often hundreds or thousands) who suffer from the con-
dition of interest. Patients are randomly allocated to either the new
intervention or the standard treatment. A phase 3 trial usually determines
whether the new intervention is sufficiently superior to the current or stan-
dard treatment to replace it or be a viable alternative. A phase 3 trial may
also reveal further side effects of the intervention or identify subgroups for
whom the intervention is particularly beneficial.

Phase 4 Long-term surveillance after drug approval may detect rare adverse effects
or those that are apparent only over a long period. Unexpected benefits may
also be identified, requiring further phase 3 trials for confirmation.

At the stage of a phase 3 trial, the results of which are of most direct potential
applicability to clinician practice, most of the more common safety issues asso-
ciated with an investigational treatment will have been identified. However, the
possibility of previously unknown rarer side effects being recognised with longer
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exposure time, larger numbers or both remains, and it has not been uncommon
for marketed products to be later withdrawn or more restricted in approved uses
as more real-life experience becomes available, making these phase 3 trials, and
after-market surveillance programs (phase 4) invaluable in identifying real ad-
vances for patient treatment policies [50, 51].

When large phase 3 trials of new drug therapy are designed, ideally they
are set on a background of standard care, and the new therapy, or its matching
placebo, are added to existing care. This often offers the advantage of more
closely mimicking how the drug might be used in real life, and does not deny
trial participants ongoing use of current best standard care. Occasionally, the new
treatment might be proposed to replace an existing treatment, in which case a
comparative trial of new versus established treatment may be conducted (in this
instance a double-placebo or so-called double-dummy design would be needed in
order to preserve blinding, if possible) [52].

Strong randomisation is pivotal to a good trial result, and ever more so-
phisticated methods to stratify a randomisation by important prognostic patient
characteristics is making interpretation of trials results simpler, based on crude
numbers of events. Randomisation ensures that the key variables influencing out-
comes of interest are balanced between the group allocated to receive the active
intervention and the control treatment. Processes used to randomise must be se-
cure and unpredictable in advance, so as to ensure their integrity. This is often
achieved by using a central web-based system [52].

Blinding or masking of treatments has become an important hallmark of
good trials, when practicable. Because both trial participants or patients and their
doctors may have in-built prejudices one way or another about the potential
advantages of a new therapy under test, this can lead to inadvertent biases in
assessing side effects, complications, outcomes and perceived links to study treat-
ments. For that reason, great lengths are undertaken in order to try to avoid such
biases from arising [52]. Part of this process is to mask study treatment with a
placebo wherever possible, with matching colour, appearance, consistency, taste
and so on, in order to avoid any party knowing which treatment is being received
during the study. Of course, if an emergency clinical situation arises, then the op-
portunity to unmask immediately must be provided within the trial organisation,
as the patients’ best interests must remain foremost.

For the same reasons, outcome adjudication is also often set out to be per-
formed at arms length from the trial apparatus, by a group of people with no
other direct involvement in a study, so that decisions about the nature of outcome
events or untoward complications can be judged impartially. Centres such as the
NHMRC Clinical Trials Centre have decades of experience in helping investiga-
tors set up clinical trials with these considerations built in to the trial protocol and
operational structures.
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Figure 4. A two-period cross-over trial design.

When new devices are being tested, such as insulin pumps and continuous glu-
cose monitors, blinding of the intervention is usually not possible. Some attempts
can be made to reduce differences between groups, for example, whereby all
subjects have devices installed, but not all are activated (early activation could
be randomised), but generally in these circumstances, investigators rely on im-
partial assessments of outcomes being possible. This could include instances of
hospitalisation or medical intervention being required for documented severe hy-
poglycaemia, in this example. This sort of trial might lend itself to a cross-over
design whereby each subject experiences two phases of treatment with and with-
out device support, each for sufficient time periods that reliable estimates of any
advantages emerge (Figure 4). After pancreatic islet transplantation, insulin dos-
ing requirements for glucose homeostasis may be the primary outcome studied.

There are many opportunities to enhance the design of phase 3 trials in prac-
tice. One way is to consider a run-in period prior to randomisation of patients into
a trial. Most often, such a run-in period would be ‘single-blind’ meaning that only
the patient would be unaware of what treatment was being offered to them, with
study staff knowing that the patient was receiving (most commonly) a placebo
at that point [52]. The potential advantages of a run-in period include (i) that the
patient has already been entered into the trial routine; (ii) time is allowed to es-
tablish that subject characteristics meet all the inclusion criteria, including any
special pathology results that are not immediately available; (iii) subjects have an
opportunity to discuss trial participation with spouses and their usual doctors and
to reflect on whether they wish to make what is often a long-term commitment to
a tight schedule of follow-up visits (if they change their mind at this stage they
have not upset the randomisation yet); (iv) subjects who are not likely to be good
compliers can be identified in advance and excluded from randomisation if de-
sired (though generalisability of final results may be affected if many subjects are
excluded in this way); and (v) less commonly, the use of an active rather than
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placebo run-in period can characterise subjects in terms of their responsiveness to
treatment, allowing later analyses identifying whether big-responders gain more
benefit from treatment than small responders in some biomarker or other putative
measure of treatment mechanism.

Another useful strategy might be to consider a washout period at the end of
the study. Where a drug treatment may have exerted a potentially adverse effect
in some way, it becomes important to know whether such an effect is reversible
when the treatment is withdrawn. So, for example, a number of drugs developed
for use in type 2 diabetes, including pan-PPAR agents, have shown renal injury in
terms of increased proteinuria and loss of glomerular filtration rate (GFR) suffi-
cient to prevent the drug development proceeding. In some cases, the renal injury
has been permanent for some patients [53]. In the FIELD study, use of fenofi-
brate rapidly increased plasma creatinine levels by around 12%, a signal of some
concern clinically, as this could potentially represent a small drop in GFR. Fur-
thermore, the creatinine rise remained present for the duration of the five-year
average treatment period, raising legitimate concerns about whether this could
adversely affect cardiovascular risk. As it turned out, a washout study in over 600
patients showed that the increase in creatinine was fully reversible even after five
years, and also unmasked a more favourable final GFR among subjects who had
received fenofibrate rather than placebo during the trial [48].

Results of FIELD analysed by the extent of changes in creatinine during a
six weeks active run-in period immediately prior to randomisation, among all
9795 patients further showed that cardiovascular events were reduced most by
study treatment among subjects with a larger rise in creatinine (perhaps such an
increase is a marker of greater drug bioactivity). Preservation of renal filtration
function was no different according to the extent of the creatinine rise before ran-
domisation during active run-in treatment [48].

Pre-specifying a number of secondary and tertiary outcomes in advance is
important for how such results are perceived by the general community. Because
‘data-dredging’ can so easily lead to spurious findings, outcomes that have been
planned out in detail before trial results are known carry much more weight both
with journals and with peers. A significant time is required to set these out in a
protocol ahead of trial commencement [52].

Uniquely in the disease area of type 2 diabetes, there are greater hurdles for
new drug development and registration than in other disease domains. For prod-
ucts planning to be accessible in the US, the recently updated Food and Drug
Administration (FDA) regulations mean that drugs intended for use in type 2 di-
abetes must prove their safety with respect to cardiovascular events. While drugs
can reach market prior to the results of such trials being known, such trials must
be planned or underway to ensure that a hazard from treatment exceeding a 30%
increase in CVD risk (HR >1.3) can be ruled out at the end of such a study [53].
This has arisen after several drugs reaching routine clinical use in the market
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have been found to potentially give rise to CVD harm, most notably rosiglita-
zone, though the correct interpretation of the data from a number of relevant trials
remains contested [54].

CONCLUSIONS
We are understanding more about the development of diabetes and its compli-
cations. Much exciting work has already been done but many critical studies are
underway. We await the outcomes with hope that the increase in type 1 and type
2 diabetes may be reduced and diabetes complications minimised. Randomised
clinical trials remain the best way to identify such advances, and must be well
planned with clearly defined prespecified primary, secondary and tertiary out-
comes to ensure the maximum scientific value is achieved.
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