
474 MJA Vol 180 3 May 2004

Endocrinology MJA Practice Essentials

The Medical Journal of Australia ISSN:
0025-729X 3 May 2004 180 9 474-480
©The Medical Journal of Australia 2004
www.mja.com.au
MJA Practice Essentials — Endocrinology

Improved understanding of the regulation of body weight and activity is leading 
to new treatment strategies

OBESITY IS THE EXCESS accumulation of body fat. It can
be assessed by the body mass index (weight in kilograms
divided by the square of height in metres [BMI]). The
relationship of BMI to total body and visceral fat, and
consequent complications, varies between ethnic groups1

(Box 1). Asian populations, particularly those from South
East Asia and the Indian subcontinent, have more fat and
more comorbidities for any given BMI, resulting in different
suggested BMI cut-off points.3 In contrast, Polynesians have
higher BMI cut-off points.4 

The risk of comorbidities rises with increasing BMI, with
a mild rise in the overweight range, moderate in class I,
severe in class II and very severe in class III obesity. As well
as the total fat, distribution is important to the incidence of
comorbidities. Central abdominal fat, particularly visceral
fat, is a risk factor for the metabolic syndrome. Waist
circumference cut-off points in white European populations
are shown in Box 2.

Adult BMI cut-off points cannot be used for assessing
children and adolescents, as BMI varies throughout child-
hood, being high in the 2nd year of life, dropping to a nadir
at age 4–7 years and then rising again to adult values (Box
3). BMI-for-age charts, such as those developed by the
Centers for Disease Control and Prevention in the United
States,6 can be used in clinical practice to assess and
monitor BMI over time in children (Box 3). Overweight is
defined as BMI between the 85th and 95th percentiles, and
obesity as BMI > 95th percentile,7 but these definitions are
arbitrary, as, unlike adult BMI cut-offs, they are not linked
to morbidity data. Although a table of age- and sex-specific
cut-offs developed for epidemiological research8 allows
international comparison of trends in overweight and obes-
ity in children, it is not intended for routine clinical use.

In children and adolescents, as in adults, waist circumfer-
ence is strongly correlated with abdominal fat and markers for
comorbidities, such as adverse lipid and glucose profiles and
hypertension.9 However, there are no internationally accepted

criteria for waist circumference in this age group and, as for
adults, racial and ethnic variations exist. For example, African
American, Mexican American and Mohawk Indian children
carry more abdominal fat than white children.10

The epidemic

The prevalence of obesity appears to have more than
doubled in Australian adults in the decades from 1980 to
2000. A 1980 survey of people aged 25–64 years living in
capital cities found that 7.1% were obese.11 In contrast, the
1999–2000 Australian Diabetes, Obesity and Lifestyle (Aus-
Diab) study found in the same urban age group that 18.4%
were obese, a 2.5-fold increase.12 Overall, the AusDiab
study found, among 11 000 adults from around Australia,
that 48.2% of men and 29.9% of women were overweight,
while 19.3% of men and 22.2% of women were obese.12 

The increase in prevalence of overweight and obesity is
even more striking among Australian children.13 Over the
decade 1985–1995, the combined prevalence of the two
conditions in children almost doubled (from 10.7% to
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ABSTRACT

■ Obesity has reached epidemic proportions in Australia, 
with 67.5% of men, 52.1% of women and 19%–23% of 
children and adolescents being overweight or obese.

■ Genetically predisposed individuals are especially 
vulnerable to developing obesity in the highly obesogenic 
environment of 21st century Australia.

■ Obesity causes or contributes to many comorbidities, 
including type 2 diabetes, hypertension, dyslipidaemia, 
sleep apnoea, non-alcoholic steatohepatitis, orthopaedic 
problems and polycystic ovary syndrome.

■ Management in the individual requires their complete co-
operation and should be tailored to individual needs and 
complications.

■ Management of obesity in children should consider the 
family context and involve the parents.

■ All treatment strategies must involve lifestyle 
modification, with a reduction of energy intake and an 
increase in physical activity.

■ Some patients may also require the assistance of drug 
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therapy or bariatric surgery.
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19.5% in boys and from 11.8% to 21.1% in girls), while that
of obesity on its own more than tripled (from 1.4% to 4.5%
in boys and from 1.2% to 5.3% in girls).13

Aetiology and effects of obesity

The aetiology of obesity is complex, with both environmen-
tal and genetic influences. The recent increase in prevalence
is clearly due to the continuous availability of high-energy
foods, together with a major reduction in the obligatory
need for physical activity that has characterised human
existence until very recently.

However, not everyone in an obesogenic environment
becomes obese, indicating that a genetic predisposition is
required. Studies of twin pairs reared together or apart
suggest that about 70% of the influence on body weight is
genetic, while about 30% is environmental.14 The domi-
nance of genetic influences has been confirmed by adoption
studies, which found that adoptees resemble their biological
parents in body size, with very little resemblance to their
adoptive parents.15 Some genes that could predispose to
obesity have been identified (including genes encoding
leptin, the leptin receptor, pro-opiomelanocortin and the
melanocortin-4 receptor), but many more are probably as
yet undiscovered.16

In children, environmental contributors to obesity include
prolonged television viewing, playing of computer and video
games,17 decreased physical activity (especially incidental
activity) and increased consumption of energy-dense foods
and sugar-containing drinks.18

Obesity has been linked to complications in many body
systems (Box 4).

Preventing obesity

The magnitude of the problem of obesity in most western-
ised countries mandates population-level strategies. Inter-
ventions focusing on simply educating individuals and
communities about behaviour change have had limited or no

success.19 Instead, there is a need to produce an environ-
ment that supports healthy eating and physical activity
throughout the community.

A recent systematic review of interventions for preventing
obesity in children concluded that there are “limited high
quality data on the effectiveness of prevention programs”.20

This may well reflect the methodological and ethical chal-
lenges of conducting such studies, often in a sociopolitical
environment not conducive to change. However, the review
did highlight the potential effects of reducing sedentary
behaviours and increasing physical activity.

Possible strategies include:
■ regulating the nature and amount of food advertising

directed at children;
■ providing high-quality recreation areas, safe cycle paths

and safe street lighting in local neighbourhoods;
■ improving public transport;
■ providing economic incentives for production and distri-

bution of vegetables and fruit; and
■ developing town planning policies that promote active or

public transport over private motor cars.
Such multifaceted large-scale interventions require coop-

eration and support from many sectors of society and
government, with adequate resourcing and significant com-
munity ownership.

Lessons may be learnt from previous successful campaigns
for long-term social change, such as tobacco control and the

1: Definitions of obesity in adults2 

Body mass index (kg/m2)

Classification
White 

European Asian Polynesian

Underweight < 18.5 < 18.5

Normal range 18.5–24.9 18.5–22.9

Overweight 25.0–29.9 23.0–25.9 26.0–31.9

Obese > 30.0 > 26.0 > 32.0

Class I 30.0–34.9 26.0–29.9

Class II 35.0–39.9 30.0–35.0

Class III > 40.0 > 35.0

Patient photographs demonstrate different classes of body mass index (BMI). A: 33 kg/m2 (class I obesity). B: 38 kg/m2 (class II obesity). 
C: 45 kg/m2 (class III obesity). (Photos courtesy of Dr J Dixon and patients, Monash University, Centre for Obesity Research and Education, 
Melbourne, VIC.)

2: Waist circumference associated with increased 
risk of metabolic complications in white European 
adults*

Increased risk Substantially increased risk

Men � 94 cm � 102 cm

Women � 80 cm � 88 cm

* Reported by the World Health Organization,2 based on a study of 4881 
adults in the Netherlands.5 Note that waist circumference cut-offs are 
population-specific.
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promotion of breastfeeding.21 However, as few previously
studied behaviours are driven by biological drives as powerful
as the drive to eat, it is imperative that the efficacy of any
public health measure be tested before it is widely applied.

Individual therapy for obesity

A weight loss and maintenance strategy for individual
patients is outlined in Box 5. The weight-loss phase involves
establishing a negative energy balance by reducing energy
intake and increasing physical activity. Most motivated
patients can succeed in this phase, but different strategies
suit different individuals.

The next phase, weight maintenance, is more difficult and
requires more emphasis. Lifestyle modification plus phar-
macotherapy, if required, offer the best chance of success.
For those who have failed in weight maintenance, bariatric
surgery currently produces the best results and should be
considered.

Clearly, it is important to set realistic goals from the start.
Weight loss that is useful from a medical point of view (5%–
10%) often does not satisfy patients. It may help to point out
that more modest losses may be easier to maintain in the
long term.

Lifestyle change in adults

It is important to ensure that patients are ready and
enthusiastic about attempting weight loss, as their coopera-
tion is essential. A negative energy balance must be estab-
lished, by reducing energy intake and increasing energy
expenditure. A practical way to reduce energy intake is to
limit fat intake. Patients may need information about foods
that contain fat. It may help to also limit carbohydrates,
especially those with a high glycaemic index (rapidly
digested and absorbed carbohydrates), as high insulin levels
can encourage weight gain22,23 (see also National Health
and Medical Research guidelines on managing obesity,7

section 5, available at www.obesityguidelines.gov.au/pdf/
adults_part5.pdf). A reduction of 2500 kJ (600 calories)
from the stable prior intake is generally advised, which
should lead to weight loss of 0.6 kg per week. This can be
calculated from a diet diary kept over a week before starting
treatment. The advice of a trained dietitian will be of great
help.

3: Example of chart of body mass index (BMI) for 
age6

Charts available from Centers for Disease Control and Prevention, 
National Center for Health Statistics www.cdc.gov/growthcharts

4: Complications of obesity

Cardiovascular: Hypertension, dyslipidaemia, increased risk of 
coronary heart disease and stroke

Respiratory: Obstructive sleep apnoea, asthma

Endocrine: Glucose intolerance, insulin resistance, type 2 diabetes, 
polycystic ovary syndrome

Orthopaedic: Back pain, osteoarthritis, flat feet

Dermatological: Acanthosis nigricans, skin tags, intertrigo

Gastrointestinal: Non-alcoholic steatohepatitis, reflux oesophagitis, 
gallstones

Psychosocial: Social isolation and discrimination, decreased self-
esteem, binge-eating disorder, bulimia, and depression

Other: Increased risk of breast and other cancers, increased 
intracranial pressure, proteinuria

5: Management of obesity in motivated adult patients

Step 1. History, examination and investigation 
(plus management of comorbidities if not resolved by weight loss)

Step 2. Weight loss (3–12 months)
■ Lifestyle modification (decrease energy intake and increase 

physical activity)
■ Diet

➤ Low-fat, reduced-carbohydrate diet
➤ Very low energy diet (VLED) (commercial, over-the-counter 

mixture of essential nutrients with defined energy content, 
usually supplied as a powder to be mixed with water and drunk 
three times daily)

➤ Meal replacement program (eg, commercial program that 
provides preprepared meals)

➤ Commercial weight loss centre

Step 3: Weight maintenance (lifelong)
■ Lifestyle modification
■ Pharmacotherapy (if required)

Step 4: Bariatric surgery 
(for obese patients who have failed medical therapy)
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Increased physical activity is an important component of
lifestyle modification. The increase must be substantial
(80 minutes of moderate-intensity activity per day), but
cannot usually be achieved immediately. A more modest
initial target can be set (eg, 30 minutes of walking 3–5 days
per week) and increased gradually. While reduced energy
intake is the major method of losing weight, it has been
shown that a high level of physical activity is essential to
assist with maintaining weight loss. Irrespective of its impact
on weight, physical activity has wider benefits on well-being,
including improved cardiovascular fitness.

A Cochrane review on the effectiveness of intervention by
health professionals in weight management concluded that
“there are few solid leads about improving obesity manage-
ment, although reminder systems, brief training interven-
tions, shared care, in-patient care and dietitian-led
treatments may all be worth further investigation”.24

Lifestyle change in children and adolescents

For children and adolescents, the broad principles of man-
agement are well recognised and comprise behaviour modi-
fication (eg, patterns of television watching, computer use,
socialising and leisure activity), family support, dietary
change, increased physical activity, decreased sedentary
behaviour, and a developmentally appropriate approach.

To be effective, therapy must take account of family
influences on food and activity habits.24 Parental involve-
ment is necessary with both young children and adolescents.
Several studies have now shown that long-term (2–10-year)
maintenance of weight loss can be achieved with family-
based intervention.25 There is no direct evidence on which
dietary modification is most effective in this age group.
Interventions should follow national nutrition guidelines
and emphasise lower-fat options, increasing vegetable and

fruit intake, healthier snack-food choices and probably
decreased portion sizes. Reducing soft drink and fruit juice
intake is also important.18

Participation in an exercise program is a long-term predic-
tor of successful weight control in children.26 The type of
exercise appears important for sustained weight loss. While
both “lifestyle” (eg, walking and cycling) and programmed
aerobic exercise promote weight loss in the initial phase,
“lifestyle” exercise is more likely to be continued long term.

In pre-adolescents, an approach using parents as the
exclusive agents of lifestyle change appears superior to a
child-centred approach, where the child is expected to take
major responsibility for making changes.27,28 Thus, sessions
involving one or both parents without the child are likely to
be the most effective.

In adolescents, features of successful interventions include
separate sessions for the adolescent and parent, and a
structured but flexible program that encourages sustainable
modifications in lifestyle, relationships and attitudes29 (see
case report, Box 6). There is also a report of success, at least
in the short term (3 months), with a 4-month behavioural
weight control program for overweight adolescents initiated
in a primary care setting and extended through telephone
and mail contact.30

The National Health and Medical Research Council
recently published clinical practice guidelines for manage-
ment of overweight and obesity in children and adolescents,
which review in detail the evidence on interventions.31

Drug therapy

Role of leptin
The use of drugs to assist in management of obesity has
always been controversial. This is partly due to the wide-
spread belief that losing weight and maintaining weight loss

6: Case report — an overweight adolescent 

Presentation: A 13-year-old girl presented to her general practitioner 
with a respiratory tract infection. During the consultation, her mother 
commented that she was concerned about her weight and was being 
teased about this at school. She had left her previous school because 
of bullying. Aware of the time needed to discuss this issue, the GP 
made a separate appointment for the girl and her mother to return.
History: The girl was an only child and appeared to have good 
relationships with her parents and peers. Her general health was 
good. Several family members were obese (mother, maternal aunts, 
three grandparents), and the mother described the family as “heavy-
boned”. However, there was no significant family history of other 
disorders associated with insulin resistance (eg, type 2 diabetes, 
premature heart disease). The girl’s lifestyle was sedentary, with her 
main interests being playing music, sewing, reading and talking on 
the telephone. She was driven to and from school and watched about 
3 hours of television per day. Her diet included at-risk features, such 
as occasionally skipping breakfast, consuming full cream milk, 
“something nice” for morning and afternoon tea and about 500 mL 
of soft drink per day, regularly buying food from a milk-bar in the 
afternoon, and “grazing” at home (eg, on biscuits from the 
cupboard).

Examination: Weight was 72.6 kg (> 97th percentile) and height 
161.5 cm (< 75th percentile), giving a body mass index (BMI) of 
28.0 kg/m2 (> 95th percentile for age; adult overweight range). Her 
waist circumference was 85 cm (adult “at risk of metabolic 

complications” range). She was in mid-puberty, with no striae on the 
abdomen or upper thighs. Blood pressure was 120/80 mmHg.

Investigations: A fasting blood test showed normal lipid profile, liver 
function, glucose and insulin levels. Urinalysis gave normal results.

Management: The GP arranged to see the girl and her mother 
together and separately, initially every 3 weeks and then less often. 
Two visits to a local dietitian were arranged; a long waiting list made 
further follow-up impossible. The girl was encouraged to set her own 
goals for food and activity changes, which were discussed with the 
GP at each consultation. The family was supported in changing their 
eating patterns and television use. The dietitian looked with the girl 
at ways to recognise and deal with eating cues.

Course: Over time, the mother herself started to lose weight because 
of altered cooking practices and being more active. Water rather than 
soft drink was offered at the evening meal, biscuits and less-healthy 
snacks were no longer stored in the cupboards, and the whole family 
moved to eating more vegetables and having smaller meat portions 
at the evening meal. The girl ate something for breakfast each 
morning and started walking to and from school each day. She began 
tennis lessons and found an interest in tap dancing.

Ten months later, the girl’s weight was 69.3 kg, height 163.0 cm, BMI 
26.1 kg/m2, and waist circumference 80 cm. She reported being fitter 
and said that she was greatly enjoying school and was no longer 
being bullied.
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is simply a matter of exercising free will, which has even led
to a suggestion that it is unethical to be obese.32 However,
this view cannot explain why the overwhelming majority of
obese individuals regain weight after successful weight
loss,33 despite an often desperate desire to remain lean. The
discovery of the hormone leptin in 1994 shed light on this
paradox.

Leptin is a cytokine hormone produced in fat cells in
proportion to their size. It is secreted into the bloodstream
and crosses the blood–brain barrier via an active, saturable
process. It acts in the hypothalamus to alter the expression
of neurotransmitters (eg, it inhibits production of neuropep-
tide Y and stimulates production of melanocyte-stimulating
hormone), resulting in suppression of hunger and an
increase in spontaneous activity. Hence, as weight increases,
fat cells increase in number and size, increasing the produc-
tion of leptin, which feeds back to inhibit food intake and
increase energy expenditure, limiting weight gain. It appears
that a genetically lean individual will gain an extra 7–8 kg
before leptin increases sufficiently to stop the weight gain.
Individuals who gain more than this amount must be
unresponsive to the hormone, either because it cannot enter
the brain efficiently or because there is a mutation in one of
the many steps required for leptin action, such as at the

melanocortin receptor. When obese individuals with a high
leptin level lose weight, the leptin level falls dramatically,34

resulting in relative leptin deficiency.
It is known from a study of two children with a

homozygous mutation in the leptin gene that leptin defi-
ciency leads to insatiable hunger.35 Thus, it is likely that
weight-reduced obese individuals regain weight despite a
great desire to remain lean because they cannot tolerate
hunger long term in the face of abundant food. This has led
to reappraisal of the role of drugs and surgery in manage-
ment of obesity (see case report, Box 7).

Available drugs
Drugs available for treating obesity are shown in Box 8.
Both the intestinal lipase inhibitor orlistat and the serotonin-
and noradrenaline-reuptake inhibitor sibutramine have been
shown to limit weight regain in large randomised placebo-
controlled trials.37,38 The lack of long-term studies of the
noradrenergic agonists phentermine and diethylpropion
limits their usefulness in long-term management.

Some antidepressants affect body weight, including the
selective serotonin-reuptake inhibitors (fluoxetine, paroxet-
ine, fluvoxamine, citalopram and sertraline) and the serot-
onin- and noradrenaline-reuptake inhibitor venlafaxine. The

7: Case report — relapsing obesity in an adult 

Presentation: A 42-year-old woman was referred for management of 
severe obesity and type 2 diabetes.

History: She had been thin as a child but started to gain weight after 
the birth of her first child, 20 years before. She had attempted weight 
loss several times previously, at one time losing 30 kg using a 
commercial weight-loss program, but always regained the weight.
Two years prior she was diagnosed with diabetes after presenting 
with polyuria and thrush. This was treated with metformin (1000 mg 
twice daily) and glibenclamide (5 mg once daily). She had a past 
history of hypercholesterolaemia and hypertension, treated with 
atorvastatin (40 mg in the morning) and ramipril (2.5 mg in the 
morning), and pre-eclampsia during one pregnancy. She had a 
maternal history of obesity and diabetes. She was a non-smoker. She 
was married with two daughters and was a full-time mature-age 
university student.
Examination: She appeared well. Weight was 114.5 kg, height 1.65 m 
(body mass index, 42.1 kg/m2, corresponding to obesity class III), 
waist circumference 125 cm, and hip circumference 131 cm. Pulse 
was regular at 98 beats/min, blood pressure was 130/90 mmHg. She 
had mild acanthosis nigricans around the neck and a few skin tags. 
Cardiorespiratory examination revealed no abnormalities. Pulses 
were difficult to feel. There was no evidence of microangiopathy.
Investigations: Serum levels were: glycosylated haemoglobin, 10.2% 
(reference range [RR], < 6.1%); total cholesterol, 4.8 mmol/L (RR, 
< 5.6 mmol/L); triglyceride, 3.3 mmol/L (RR, < 2.6 mmol/L); high-
density lipoprotein (HDL) cholesterol, 0.86 mmol/L (RR, > 1.0 mmol/
L); low-density lipoprotein (LDL) cholesterol, 3.34 mmol/L (RR, < 3.51 
mmol/L); LDL/HDL cholesterol ratio, 3.9 (RR, < 3.6). Serum levels of 
electrolytes, urea and creatinine, and liver function results, were in the 
reference range.
Management: The patient said that she was ready to attempt weight 
loss as she understood that obesity was contributing to her diabetes, 
hypertension and dyslipidaemia. A diet and exercise regimen was 
discussed, and she was referred to a dietitian for help in calculating a 
2 500 kJ (600 calorie) deficit diet. She undertook to try to increase her 
physical activity.

1-month review: The patient said she was struggling, as combining 
full-time study, part-time work and maintaining a household left little 
time for exercise and, although she tried to change her diet, she 
found it difficult not to snack. She said she had found it easier to diet 
when she was younger. Her diabetes had not improved.

Management: Given the patient’s medical comorbidities, it was worth 
considering more aggressive management of obesity.
Gastric banding was discussed. She had considered this after 
seeing it on television. However, she had no private insurance, and 
waiting lists at the few public hospitals that perform the operation are 
up to 5 years.

A medical strategy was adopted. She began a 3-month course of:

■ A very low energy diet (VLED), comprising a sachet of essential 
nutrients mixed with water three times daily (providing vitamins, 
minerals, amino acids, essential fatty acids and 1914 kJ 
[456 calories] per day). This was purchased over-the-counter from 
a pharmacist.

■ A bowl of vegetables or salad (to supply roughage) sprinkled with 
a teaspoon of olive oil (to contract the gall bladder) in the evenings.

She stopped taking glibenclamide, both to remove the risk of 
hypoglycaemia and to allow insulin levels to fall, producing mild 
ketosis to help control hunger. She was asked to have serum 
electrolytes, urea, creatinine and uric acid levels measured 6 weeks 
into the diet. She saw the dietitian fortnightly.

3-month review: After 3 months of the diet she had lost 17 kg, and 
blood glucose levels had improved dramatically, with glycosylated 
haemoglobin dropping to 7.9%.

Management: She was advised to phase out the VLED over the next 2 
months and to adopt a low-fat, low-carbohydrate diet. However, as 
previous lost weight had always been regained, sibutramine (10 mg, 
mornings) was prescribed to assist weight maintenance. She 
reported it had a noticeable effect on hunger and satiety, but she was 
struggling financially because of its cost ($120 per month). 
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effects of fluoxetine are best studied, with several studies
showing a modest but reproducible effect on weight loss.
These drugs are not approved for treating obesity, but
should be the drugs of choice when treating depression in
overweight patients.

Many compounds are currently undergoing clinical trials
including:
■ leptin and leptin analogues;
■ topiramate, an antiepileptic drug with appetite-suppres-

sant action;
■ rimonabant, an inhibitor of the cannabinoid-1 receptor;
■ amylin, a protein secreted by pancreatic beta cells; and
■ AOD 9604, a fragment of the growth hormone molecule.

Many other compounds are in earlier stages of develop-
ment.

Surgery

Surgery should be considered for patients with significant
comorbidities associated with obesity, especially if medical
therapy has failed repeatedly. Studies in Australia39 and
overseas40 have shown major benefits of gastric surgery on
weight loss, diabetes, hypertension, dyslipidaemia, insulin
sensitivity, sleep apnoea, asthma, infertility and quality of
life. For example, a study of 50 patients with type 2 diabetes
and an initial mean BMI of 48 kg/m2 found that, a year after
laparoscopic gastric banding, fasting serum glucose level
had decreased from 9.4 to 6.2 mmol/L, glycosylated haemo-
globin level from 7.8% to 6.2%, serum triglycerides from
2.4 to 1.4 mmol/L, and blood pressure from 154/96 to 130/
79 mmHg, while high-density lipoprotein cholesterol level
had increased from 1.03 to 1.22 mmol/L.41 Of the 29
patients who had been taking oral hypoglycaemic agents,
only eight still required these, after an average 27 kg weight
loss. While laparoscopic gastric banding (Box 9) is becom-
ing the favoured approach because of its reversibility and
low morbidity, some surgeons still perform gastric stapling
or biliopancreatic diversion with good outcomes.42 Bilio-
pancreatic diversion is indicated when previous restrictive
surgery has failed and could be considered in superobesity.
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