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Clinical Obesity originated from the previous editors’ percep-
tion of a need for a textbook emphasizing obesity as a disease
entity by reviewing the more clinical and practical aspects of
the condition, and addressing its scientific basis. The continu-
ing advances in our knowledge about obesity, and its related
conditions, have reinforced this need and provided justifica-
tion for a second edition. We believe that the original objectives
for the book have been achieved with Clinical Obesity proving
very relevant to clinicians, and postgraduate and undergradu-
ate medical students, as well as being valuable to newcomers
to the research area. We anticipate that readers will find the 
information in this new edition up-to-date and easily acces-
sible with the choice of chapter headings facilitating cross-
reference between sections.

We have broadened the topics covered and the number of
authors contributing in this second edition. We have been for-
tunate in attracting contributors from around the globe to re-
flect the worldwide scientific and clinical interest as well as the
international concerns about obesity. The book is divided into
seven sections to address important issues: Obesity; Biology 
of Obesity; Obesity and disease; Childhood obesity; Adult
obesity; Management and Environmental and policy ap-
proaches. The final section identifies and discusses environ-
mental and policy approaches in acknowledgement of the

critical importance of effective prevention strategies to protect
future generations.

We observed in the first edition that obesity research and
management had reached a watershed. Although consider-
able scientific advances have occurred during the intervening
seven years, the challenges remain just as great. There has been
even greater recognition of the health consequences of exces-
sive weight but, disappointingly, there remains little clarity
across the world in the way that this should be tackled at a
governmental level. We consider that the second edition 
of Clinical Obesity will provide a timely review of current
knowledge and, using scientific and clinical evidence, make
predictions about future directions — essential information for
all with an interest in obesity. We remain indebted to Mike
Stock, the co-editor of the first edition, for his enormous contri-
bution to the understanding of obesity. His untimely death
robbed the scientific community of an inspiring and engaging
leader. Nevertheless, his enthusiasm and commitment lives
on within the pages of this book — we dedicate the second edi-
tion of Clinical Obesity to his memory.

Peter G. Kopelman
Ian D. Caterson

William H. Dietz

Preface to the Second Edition
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Epidemiology — definition and
classification of obesity
Jacob C. Seidell

1

Obesity is generally defined as a body mass index (BMI) of
30 kg/m2 and higher. Overweight is defined as a BMI between
25 and 30 kg/m2. The prevalence varies considerably between
countries and between regions within countries. It is estim-
ated that more than one-half of adults aged 35–65 years who
are living in Europe are either overweight or obese. Over-
weight is more common among men than among women, but
obesity is more common among women. The prevalence of
obesity in Europe is probably in the order of 10–20% in men
and 15–25% in women. The prevalence of obesity seems to be
increasing in most European countries that have reliable data
on time trends. In most European countries, obesity is usually
inversely associated with socioeconomic status, particularly
among women. New classifications of overweight may be
based on cut-off points for simple anthropometric measures
which reflect both total adiposity and abdominal fatness.

Overweight and obesity are associated with increased mor-
tality and morbidity. Together, they may account for as many
as 15–30% of deaths from coronary heart disease (CHD) and
65–75% of new cases of type 2 diabetes mellitus. In addition,
overweight and obesity are associated with an increased 
risk of disabling conditions such as arthritis, respiratory 
insufficiency and sleep apnoea, and impaired quality of life in
general.

How to measure obesity

When we speak about the prevalence of obesity in popula-
tions, we actually mean the fraction of people who have an ex-
cess storage of body fat. In adult men of average weight, the

percentage body fat is in the order of 15–20%. In women, this
percentage is higher (about 25–30%). Because differences in
weight among individuals are only partly due to variations in
body fat, many people object to the use of weight or indices
based on height and weight (such as the BMI) to discriminate
between overweight and normal-weight people. There are 
always examples that illustrate the inappropriate use of BMI,
such as an identical BMI in a young male body-builder and a
middle-aged obese woman. The facts are, however, that 
despite these obvious extremes there is a very good correla-
tion between BMI (weight divided by height squared) and 
the percentage of body fat in large populations. Deurenberg 
et al. (1991) established that one can quite accurately 
estimate the body fat percentage in adults with the following
equation:

Body fat per cent = 1.2 (BMI) + 0.23 (age) - 10.8 (gender) – 5.4

About 80% of the variation in body fat between (Dutch) in-
dividuals could be explained by this formula. The standard
error of estimate was about 4%. In this equation, the value for
gender is 1 for men and zero for women. It follows that for a
given height and weight the body fat percentage is about 10%
higher in women than in men. In addition, people get fatter
when they get older, even when their body weights are stable.
The good correlation between BMI and fat percentage implies
that in populations BMI can be used to classify people in terms
of excess body fat. In practice, people or populations are 
usually classified on the basis not of body fat percentage but 
of BMI. Usually, the same cut-off points are applied for men
and women and for different age groups. This is done because
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How to measure fat distribution, 4

Who is obese?, 5
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the USA, 6

Causes of time trends in obesity, 7
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diseases on morbidity and 
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the relationships between BMI and mortality are similar (i.e.
the relative mortality associated with obesity is similar in men
and women; in most age groups the absolute mortality is 
much lower). The same relative risk and lower absolute risk
associated with overweight and obesity among women 
compared with men implies that women can probably tolerate
body fat better than men. The reason could be that in women
excess body fat is usually distributed as subcutaneous fat and
mainly peripherally (thighs, buttocks, breasts), whereas in
men there is a relative excess of body fat stored in the abdomi-
nal cavity and as abdominal subcutaneous fat. It has been sug-
gested that optimal BMI (i.e. the BMI associated with lowest
relative risk) increases with age (Andres, 1985). The reasons
why older people seem to tolerate an excess body fat better
than younger people are manifold and range from selective
survival to decreased lipolysis of adipose tissue in older 
people.

Table 1.1 shows the classification of degrees of overweight
as measured by BMI (WHO, 1995). These cut-off points apply
to both men and women, and to all adult age groups. There are
limitations in the interpretation of BMI in very old subjects, as
well as in certain ethnic groups with deviating body propor-
tions (e.g. in populations in which stunted growth is common,
in those who have relatively short leg length compared with
sitting height).

How to measure fat distribution

Since the pioneering work of Jean Vague in the 1940s, it has
slowly become accepted that different body morphology 
or types of fat distribution are independently related to the
health risks associated with obesity (Vague, 1956). Jean
Vague’s brachiofemoral–adipomuscular ratio, as an index of
fat distribution, was based on ratios of skinfolds and circum-
ferences of the arms and thighs, whereas more recent indices
have been designed specifically to be good predictors of intra-
abdominal fat.

The most popular among all measures is the waist–hip cir-
cumference ratio. The simplest of these measures is the waist
circumference, which has been suggested to predict intra-
abdominal fat at least as accurately as the waist–hip ratio

(Pouliot et al., 1994) and to predict levels of cardiovascular risk
factors and disease as well as BMI and waist–hip ratio (Han et
al., 1995). It has also been suggested that waist circumference
could possibly be categorized to replace classifications based
on BMI and the waist–hip circumference ratio (Lean et al.,
1995).

More complex measures, such as the sagittal abdominal 
diameter, the ratio of waist–thigh circumference, the ratio 
of waist–height or the conicity index, have also been proposed
to perform even better than waist circumference for one or
more of these purposes. However, the differences among these
measures are small and the use of ratios may complicate the 
interpretation of associations with disease and their 
consequences for public health measures. For instance, the
waist–height ratio may be a better predictor of morbidity 
because the waist measurement is positively associated with
disease and because height, for reasons unrelated to body
composition or fat distribution, is inversely associated with
disease.

Replacing BMI and waist–hip ratio with simple cut-off
points that are optimal for each sex, age group, population and
relationship with specific diseases may, however, be too sim-
ple. Still, as suggested by Lean et al. (1995), some cut-off points
may be of guidance in interpreting values of waist circumfer-
ence for adults (Table 1.2). Other cut-off points, based on clas-
sification of subjects on a ‘critical level’ of intra-abdominal fat,
have been proposed by investigators from Quebec (Lemieux
et al., 1996).

Body mass index (kg/m2) WHO classification Popular description

< 18.0 Underweight Thin

18.5–24.9 – ‘Healthy’, ‘normal’ or ‘acceptable’ weight

25.0–29.9 Grade 1 overweight Overweight

30.0–39.9 Grade 2 overweight Obesity

≥ 40.0 Grade 3 overweight Morbid obesity

Table 1.2 Sex-specific cut-off points for waist circumference.

Level 1 (‘alerting zone’) Level 2 (‘action level’)

Men ≥ 94 cm (~37 inches) ≥ 102 cm (~40 inches)

Women ≥ 80 cm (~32 inches) ≥ 88 cm (~35 inches)

Level 1 was initially based on replacing the classification of overweight (BMI

≥ 25 kg/m2) in combination with high waist–hip ratio (WHR ≥ 0.95 in men

and ≥ 0.80 in women). Level 2 was based on classification of obesity (BMI

≥ 30 kg/m2) in combination with high waist–hip ratio.

Table 1.1 Classification of overweight by cut-off points of the body mass index (WHO, 1995).
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Who is obese?

Very little is known about the factors that may explain the large
differences between populations in the distributions of BMI
(see next section). Obviously, overweight in individuals in any
population is the result of a long-term positive energy balance.
Just to say that overweight is characterized by physical inac-
tivity or ingestion of large quantities of food is an oversimplifi-
cation. Several epidemiological studies have shown that 
the following factors are associated with overweight in the
population:
• Demographic factors: 

– Age (increasing with age at least up until age 50–60 years
in men and women). Figure 1.1 shows the relationship 
between age and prevalence of obesity in the United 
Kingdom (UK, Health Survey for England, 2002).
– Gender. Women have generally higher prevalences of
obesity compared with men, especially when older than 
50 years of age.
– Ethnicity. Large variations between ethnic groups are not
explained by socioeconomic status that is measured by level
of education and/or income.

• Sociocultural factors: 
– Educational level and income. In industrialized countries
the prevalence is higher among those with lower education
and/or income. Figure 1.2 illustrates the inverse associa-
tion between the level of education and the prevalence 
of obesity in adults in the Netherlands. Similarly, Fig. 1.3
shows the prevalence of overweight in children by the level
of education of their parents.
– Marital status (usually increasing after marriage).

• Biological factors: 
– Parity. It has been claimed that BMI increases with in-
creasing number of children, but recent evidence suggests
that this contribution is, on average, likely to be small and
less than 1 kg per pregnancy. Many study designs confound
the changes in weight with ageing and changes in weight
with parity (Williamson et al., 1994).

• Behavioural factors: 
– Dietary intake. Although it is clear that nutrition is of criti-
cal importance in establishing a positive energy balance, re-
search on this topic has not been easy to interpret because of
confounding (and increased) under-reporting with increas-
ing degrees of obesity. Another reason may be that only
small deviations in energy balance are necessary to yield
large differences in body weight in the long term. The
methodological errors in determining energy intake may be
too large to allow detection of the nutritional determinants
of obesity. In particular, the fat percentage of the diet has
been proposed to be associated with higher prevalence of
obesity, although also on this topic the epidemiological evi-
dence may be flawed or biased (Seidell, 1997a).
– Smoking. Smoking lowers body weight and cessation of
smoking increases body weight. The associations between
smoking and obesity may, however, vary considerably
among populations (Molarius et al., 1997).
– Alcohol consumption. The effect of alcohol consumption is
unclear in most populations; moderate alcohol consump-
tion is sometimes associated with higher BMI (Prentice,
1995).

35

%

30

25

20

15

10

5

0
16–24 24–34 35–44 45–54 55–64

Age (years)

Men
Women

65–75 75+

Fig. 1.1 Prevalence of obesity (BMI > 30 kg/m2) in men and women by age

(Health Survey for England, 2002; http:
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– Physical activity. Those who remain or become inactive
are usually heavier then those who are physically active.
Similar limitations apply as for the interpretation of the evi-
dence of nutritional determinants of obesity: methodologi-
cal problems such as confounding and biased reporting as
well as measurement error make it difficult to interpret the
literature.

Prevalence of obesity in Europe and the USA

Obesity, defined as a BMI of greater than 30 kg/m2, is a com-
mon condition in Europe and the USA (Seidell and Rissanen,
2004). In the USA there are two important sources of data on
the prevalence of obesity. One is the Behavioural Risk Factor
Surveillance System (BRFSS), which is based on an annual 
survey by telephone in random representative samples of the
population in the USA (Mokdad et al., 2003). Figure 1.4 shows
the time trends of the prevalence of obesity in adult men 
and women (the two lower lines). The other set of data comes
from the National Health and Nutrition Examination Survey
(NHANES), which is also based on random representative
samples of the US population, but here weight and height are
measured in people attending a health examination (Flegal et
al., 2002). Figure 1.4 shows that the estimates of the prevalence
of obesity are considerably higher, and that the prevalence of
obesity is higher in women than in men (not seen in the
BRFSS). Although the slopes of the time trends are similar 
in both studies, this illustrates how difficult it is to assess the
true prevalence of obesity. Because of likely under-reporting
of weight with increasing obesity, it is likely that the data of
NHANES give a more valid estimate of the true prevalence
than those based on the self-reported weights and heights in
the telephone survey. In Europe, only the UK can provide us
with truly nationally representative annual estimates of the
prevalence of obesity. Figure 1.5 shows the long-term trends 
in the UK. These data suggest that in about one-quarter of a
century the prevalence of obesity has increased fourfold (UK,
Health Survey for England, 2002).

In order to make a comparison possible among countries, it
is necessary to compare population-based data on measured
height and weight in which identical protocols for measure-
ment were applied and which were collected in the same 
period. The most comprehensive data on the prevalence 
of obesity in Europe are from the WHO MONICA study 
(Molarius et al., 2000). The majority of these data were collect-
ed between 1983 and 1986 and a third survey was performed
approximately 10 years later. The populations are not neces-
sarily representative of the countries in which they are located.

Tables 1.3 and 1.4 show the increases in the prevalence of
obesity in men and women aged 35–64 years in several centres
participating in the WHO MONICA project (Molarius et al.,
2000). It is clear that there is a rapid increase in the prevalence
of obesity in most centres from countries in the European
Union, particularly in men. The prevalence of obesity in men
and women in European countries in the EU region (Table 1.3)
is similar, with a women–men prevalence ratio of 1.07 (range
0.56–1.29). In Central and Eastern European countries (Table
1.4) the prevalence is generally much higher in women than 
in men (average women–men prevalence ratio 2.03; range:
1.27–2.87).

In centres from countries in Central and Eastern Europe, the
prevalence of obesity in women may have stabilized or even
slightly decreased, but still these prevalences remain among
the highest in Europe. Astudy by Molarius et al. (2000) showed
that the social class differences in the prevalence of obesity are
increasing with time. Obesity becomes increasingly a lower-
class problem in Europe. Table 1.5 shows the high prevalence
of obesity in the Baltic states and in some republics in Eastern
Europe.

Another systematic examination of the prevalence of 
obesity across Europe comes from the European Prospective
Investigation into Nutrition and Cancer (EPIC) (Haftenberger
et al., 2002), which showed that in men and women aged 50–64
years the prevalence of obesity varied from 8% to 40% in men
and from 5% to 53% in women, with high prevalences (over
25%) in the centres from Spain, Greece and Italy. In women, the
lowest prevalences were seen in France.
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Fig. 1.4 Prevalence of obesity in adult US men and women in the

Behavioural Risk Factor Surveillance System (BRFSS) and the National Health

and Nutrition Examination Survey (NHANES).

Fig. 1.5 Prevalence of obesity in adult men and women in the United

Kingdom (Health Surveys for England).
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Causes of time trends in obesity

Diminished physical activity, high-fat diets and inadequate
adjustments of energy intakes to the diminished energy re-
quirements are likely to be major determinants of the observed
changes. Prentice and Jebb (1995) have proposed that, on a
population level, limited physical activity may be more im-
portant than energy or fat consumption in explaining the time
trends of obesity in the UK. Their analyses were based on 
aspects of physical activity (such as number of hours spent

watching television) and household consumption survey
data. Although such data may be indicative, such analyses
may also be biased. In particular, energy and fat consumption
are under-reported with increasing degrees of overweight
(Seidell, 1997a).

Changes in smoking behaviour may also contribute to
changes in body weight on a population level. Data from the
USA showed that, although smoking cessation could explain
some of the increase in the prevalence of overweight, smoking
cessation alone could not account for the major portion of the
increase (Flegal et al., 1995). In other studies it was also shown

Table 1.3 Prevalence of obesity (age-standardized percentage with BMI ≥ 30 kg/m2) in centres in EU countries (plus Switzerland and Iceland) participating in the

first round of the MONICA study (May 1979 to February 1989) and the third round (June 1989 to November 1996).

Country (centre) Men Women Sex ratio third round, women–men

First round Third round First round Third round

Belgium (Ghent) 9 10 11 11 1.10

Denmark (Glostrup) 11 13 10 12 0.92

Finland (north Karelia) 17 22 23 24 1.09

Finland (Kuopio) 18 24 20 25 1.04

Finland (Turku/Loimaa) 19 22 17 19 0.86

France (Toulouse) 9 13 11 10 0.77

France (Lille) 13 17 17 22 1.29

Germany (Augsburg, urban) 18 18 15 21 1.17

Germany (Augsburg, rural) 20 24 22 23 0.96

Iceland (Iceland) 12 17 14 18 1.06

Italy (area Brianza) 11 14 15 18 1.29

Italy (Friuli) 15 17 18 19 1.12

Spain (Catalonia) 10 16 23 25 1.56

Sweden (North) 11 14 14 14 1.00

Switzerland (Vaud/Fribourg) 12 16 12 9 0.56

Switzerland (Ticino) 19 13 14 16 1.23

UK (Belfast) 11 13 14 16 1.23

UK (Glasgow) 11 23 16 23 1.00

Mean 13.7 17.0 16.4 18.8 1.07

Adapted from Molarius et al. (2000).

Table 1.4 Prevalence of obesity (age-standardized percentage with BMI ≥ 30 kg/m2) in centres in countries in Central and Eastern Europe participating in the first

round of the MONICA study (May 1979 to February 1989) and the third round (June 1989 to November 1996).

Country (centre) Men Women Sex ratio third round, women–men

First round Third round First round Third round

Poland (Warsaw) 18 22 26 28 1.27

Poland (Tarnobrzeg) 13 15 32 37 2.47

Russia (Moscow) 14 8 33 21 2.63

Russia (Novosibirsk) 13 15 43 43 2.87

Czech Republic (rural CZE) 22 22 32 29 1.32

Yugoslavia (Novi Sad) 18 17 30 27 1.59

Mean 16.3 16.5 32.7 30.8 2.03

Adapted from Molarius et al. (2000).
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that the increase in the obesity prevalence might be indepen-
dent of smoking status (Boyle et al., 1994; Wolk and Rössner,
1995).

Epidemiological methods that can be used to assess energy
intake and energy expenditure may be subject to bias but, in
addition, they also have a considerable ratio of within-subject
to between-subject variation. It should be noted that only
small changes in energy balance are needed to increase aver-
age BMI by one unit. Depending on the distribution of BMI in
the population, this may greatly increase the prevalence of
obesity. These small changes in energy balance may not be de-
tectable by epidemiological measures of energy expenditure
and intake.

It was previously shown (Seidell, 1997b) that dramatic in-
creases in the prevalence of obesity in the Netherlands (about
37% in men and 18% in women over a period of 10 years) can be
the consequence of relatively minor changes in average body
weight. If height had remained constant, an average weight in-
crease of slightly less than 1kg over 10 years could have pushed
the prevalence of obesity upwards as much as was observed.
This could reflect only minute changes in energy balance on a
daily basis. Experimentally, overfeeding with about 7000 kcal
will result in a weight gain of, on average, about 1 kg. If we 
neglect all metabolic adaptations to overfeeding and increases
in body weight, we can calculate that a constant positive energy
balance of about 2 kcal per day may be sufficient to increase the
average body weights of individuals by about 1 kg in 10 years.
This results in a substantial increase in the prevalence of 
obesity. It is clear that such small persistent changes in energy
balance are not detectable by existing methods for measuring
energy expenditure and energy intake in populations.

In the Netherlands, data from two identical nutrition sur-
veys performed in 1987–88 and 1993 suggested that energy in-
take decreased from 2329 kcal per day (9746 kJ) in 1987–88 to
2216 kcal per day (9278 kJ) in 1993 (Voorlichtingsbureau voor
de Voeding, 1993). This reduction of about 113 kcal per day
was attributable to a decrease in fat consumption (protein in-
take increased and carbohydrate and alcohol consumption 
remained constant). Smoking behaviour had changed, 

particularly in men, since the 1970s, but in the 1980s no further
decrease was observed. This may imply that daily energy ex-
penditure has decreased during the same period by the same
order of magnitude. It is not uncommon in societies that are in
a phase of ‘post-modernization’ to see simultaneous improve-
ment in dietary intakes (reduction in fat and energy) and in-
creases in the prevalence of obesity (Seidell, 1997a).

Impact of obesity and associated diseases 
on morbidity and mortality

Body mass index is probably linearly related to increased mor-
tality in men and women. In many studies a U- or J-shaped as-
sociation between BMI and mortality was observed (Troiano
et al., 1996), but some recent large studies have suggested that
much of the increased mortality at low BMI is due to smoking
and smoking-related disease as well as other clinical disorders
causing weight loss (Lee et al., 1993; Manson et al., 1995; 
Jousilahti et al., 1996; Seidell et al., 1996). Figure 1.6 shows the

Country Year of survey Sample size Overweight (%) Obese (%)

Men Women Men Women

Estonia 1997 1154 32.0 23.9 9.9 6.0

Latvia 1997 2292 41.0 33.0 9.5 17.4

Lithuania 1997 2096 41.9 32.7 11.4 18.3

Lithuania* 2000 2195 45.6 31.6 16.9 23.4

Kazakhstan* 1995 3538 – 21.8 – 16.7

Uzbekistan* 1996 4077 – 16.3 – 5.4

Age (years)

<19 19–22 22–25 25–27 27–29 29–32 >32

2.5

2.0

1.5

1.0

0.5

0

All women
Never smoked/stable weight

Fig. 1.6 Relation between BMI and relative risk of all-cause mortality in US

women (adapted from Manson et al., 1995). Upper line: women who never

smoked and had stable body weight. Lower line: all women. Adjusted for

age, smoking, menopausal status, oral contraceptive and post-menopausal

hormone use, parental history of myocardial infarction, alcohol, saturated fat

intake and physical activity.

Table 1.5 Overweight (BMI 25–29.9 kg/m2) and obesity (BMI ≥ 30 kg/m2) levels in the Baltic states.

Adapted from Pomerleau et al. (2000).

*’Finbalt’ study based on self-reported height and weight (Janina Petkeviciene, personal communication).
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effect of weight instability, smoking and early mortality on the
shape of the association between BMI and total mortality in US
women (Manson et al., 1995). It is clear that the U-shaped curve
has disappeared after exclusion of women who were ill, had
unstable weights or died early. The figure only shows the rela-
tive mortality risks. The absolute mortality rates in the women
who were non-smokers and had stable weights were much
lower than the mortality rates in the total group.

Obesity is related to diabetes mellitus and CHD in men and
women. In addition, increasing degrees of overweight are as-
sociated with an increased incidence of arthritis of hands and
knees, gall bladder disease, sleep apnoea and certain types of
cancer (breast cancer and endometrial cancer in women, colon
cancer in men). In Tables 1.6 and 1.7 the relative impact of over-
weight (BMI ≥ 25 kg/m2) and obesity (BMI ≥ 30 kg/m2) is 
calculated for CHD (Willett et al., 1995; Jousilahti et al., 1996;
Seidell et al., 1996) and diabetes mellitus (Chan et al., 1994;
Colditz et al., 1995). From studies performed in Finland, the
USAand the Netherlands it can be shown that BMI in the range
of 25–30 kg/m2 is responsible for the major part of the impact
of overweight on CHD mortality. If, in these populations, BMI
had remained less than 25 kg/m2 in all individuals, about
15–30% of all deaths from CHD could theoretically have been

prevented. It will be difficult to determine the impact of the in-
creased prevalence of obesity on CHD mortality because CHD
mortality rates have been steadily decreasing in most affluent
countries since the 1970s because of better hypertension con-
trol, cholesterol lowering, smoking cessation and improved
diagnosis and treatment of patients.

The impact of obesity on diabetes mellitus is much larger
than the impact on CHD. If these figures are correct, and if BMI
remained less than 25 kg/m2 in all subjects, then about 64% of
cases of type 2 diabetes mellitus in men and 77% of cases in
women could theoretically have been prevented. It is clear that
an epidemic of obesity will be closely followed by an epidemic
of type 2 diabetes mellitus (Seidell, 2000).

The impact of the increase in other diseases, such as breast
cancer and cerebrovascular disease, may not be noticeable for
the next few decades because an increased prevalence of obe-
sity among young adults may not be reflected in an increase 
in these diseases until these individuals reach their 70s. There
are no sensitive monitoring systems for other health conse-
quences such as arthritis, and it will be difficult to directly ob-
serve the consequences of an increased proportion of obese
subjects in society. Because intervention studies aimed at
changing body weights in the general population have been

Jousilahti et al. (1996) Willett et al. (1995) Seidell et al. (1996)

Men Women Women Men Women

n 7740 8373 115 818 23 306 25 540

Follow-up (years) 15 15 14 12 12

Age at baseline (years) 30–59 30–59 30–55 30–54 30–54

Subjects with BMI ≥ 25 kg/m2 (%) 58 58 28 40 30

Relative risk BMI ≥ 25 vs. BMI < 25 kg/m2 1.3 1.5 2.2 1.7 2.3

PAR (BMI ≥ 25 kg/m2) (%) 15 22 25 20 28

Subjects with BMI ≥ 30 kg/m2 (%) 11 20 11 4 6

Relative risk BMI ≥ 30 vs. BMI < 30 kg/m2 1.4 1.3 2.6 2.5 2.3

PAR (BMI ≥ 30 kg/m2) (%) 4 6 15 6 8

Women (Colditz et al., 1995) Men (Chan et al., 1994)

n 114 281 51 529

Follow-up (years) 14 5

Age at baseline (years) 30–55 40–75

Subjects with BMI ≥ 25 kg/m2 (%) 35 50

Relative risk BMI ≥ 25 vs. BMI < 25 kg/m2 10.3 4.6

PAR (BMI ≥ 25 kg/m2) (%) 77 64

% Subjects with BMI ≥ 30 kg/m2 8 7

Relative risk BMI ≥ 30 vs. BMI < 30 kg/m2 10.6 8.3

PAR (BMI ≥ 30 kg/m2) 44 33

Table 1.7 Relative impact of overweight and obesity on diabetes mellitus in some recent large prospective studies in men and women.

Table 1.6 Relative impact of overweight and obesity on CHD mortality in three recent large prospective studies in men and women.

*Fatal and non-fatal coronary heart disease combined.

PAR, population-attributable risk fraction.
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quite unsuccessful (Williamson, 1996), more attention should
be given to the prevention of obesity. For these and other rea-
sons, the World Health Organization launched a Task Force 
on Obesity (James, 1996; Woodman, 1996). Action should be
directed not only to food habits of the general population but
also against sedentary habits. Specific subgroups such as peo-
ple who stop smoking, women who are pregnant and those
with a family history of obesity and type 2 diabetes mellitus
should be targeted separately. Issues of safety, town planning
and education are all of great importance and should not be
limited to ministries of public health alone.

Conclusions

Overweight and obesity are common in Europe and the USA,
and the prevalence seems to be increasing in most countries
where reliable data are available. Obesity is associated with in-
creased mortality and incidence of CHD and diabetes melli-
tus. Although the relative risks for moderate overweight and
also the morbidity and mortality risks are usually only slightly
elevated, moderate overweight is a major contributor to 
the total burden of disease associated with increased body
weights because of its very high prevalence. Targets to reduce
the prevalence of obesity to acceptable levels will not be
reached in most countries (Russel et al., 1995; Smith, 1996). In-
ternational guidelines for the treatment and, in particular, the
prevention of obesity are urgently needed (Woodman, 1996).
They should be aimed at high-risk groups for weight gain.
These include not only those people who have a genetic pre-
disposition for weight gain and obesity but also those who
change their lifestyle (e.g. those who stop smoking or those
who reduce their physical activity) and, perhaps, women who
become pregnant. Special targets should be developed to
reach specific socioeconomic and ethnic groups that have a
high prevalence of obesity. Efforts to prevent excessive weight
gain in children and adolescents should be balanced against
the possibility of inducing unnecessary dieting behaviour and
eating disorders in girls.

Promoting physical activity is a priority in this context,and
attention should be focused not only on more participation in
sports clubs but also on stimulating normal outdoor activities
such as walking and cycling and the discouragement of
‘sedentary behaviour’. International guidelines such as 
those prepared by the International Task Force on Obesity
(Woodman, 1996) can only be implemented when sufficient
input and commitment are obtained from governments and
health professionals.
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Measuring body composition in adults 
and children
Susan Jebb and Jonathan Wells

2

Introduction

Weight is a crude measure of the body’s energy reserves, yet it
is without doubt the most common method by which obesity
is documented. It is also used as a proxy for the successful 
reduction of fat stores during obesity treatment programmes.
More specific measurements of body fat have been common-
place in specialized research laboratories since the 1950s, but
they have gradually advanced from the laboratory into the
clinic. This is due in part to a growing awareness of the impre-
cision of body weight as an index of adiposity and, in parallel,
the development of other techniques that are suitable for use in
clinical practice. There has also been a rise in interest in fat dis-
tribution, with the focus on visceral fat as a site of particular
metabolic importance. This chapter reviews those methods
most relevant to the study of obesity in adults and children, in-
cluding those with morbid obesity. It provides some practical
examples of their application in the context of research and
clinical practice.

Limitations of the body mass index

It is salutary to begin by considering some of the errors inher-
ent in the use of body mass index (BMI) as a measure of fatness.
First, although weight and height can be measured precisely
(Fuller et al., 1991), self-reported measures are biased towards
an underestimation of BMI, as there is a tendency to overesti-
mate height and underestimate weight. Second, it gives no in-

dication of the composition of ‘excess’ weight. Correlation of
BMI with other specific measures of fat mass has led to a num-
ber of prediction equations to transform BMI into an estimate
of fat mass (e.g. Webster et al., 1984). However, this procedure
offers little or no further advantage and the absolute estimate
of fat mass varies with the prediction equation employed (Elia,
1992).

BMI serves a useful purpose in population assessments,
such as surveillance programmes, to document trends in 
obesity, health inequalities within a population or for interna-
tional comparisons. But in the context of obesity management
a cautious practitioner will always interpret the BMI in the
light of a clinical impression that may reveal alternative expla-
nations for apparently high BMIs. Decreases in adult stature,
such as those due to kyphosis, and increases in body weight
due to oedema or enhanced muscularity will all tend to in-
crease BMI and will be interpreted as implying an elevated
body fat mass. Although the BMI may generally rank groups
of individuals in order of fatness, considerable absolute errors
are apparent in individual patients. In addition there are cer-
tain situations in which BMI can be misleading. These include
changes in composition with age, racial differences, effects 
of exercise and weight loss. These limitations have been 
reviewed in detail elsewhere (Jebb and Prentice, 2001). How-
ever, changes in composition with age provide a useful illus-
tration of the general principle.

Ageing is accompanied by a progressive increase in the pro-
portion of fat relative to lean tissue. Thus, even weight-stable
patients will become proportionally fatter as they get older.
Figure 2.1 shows data from a classic study by Cohn (1987). In a

Introduction, 12

Limitations of the body mass 
index, 12

Measurement of gross body
composition in adults, 13

Reference methods , 13
Multicompartment models, 15
Prediction techniques, 16

Special considerations in 
children, 18
Fat distribution, 19
Applications of body composition
analysis, 21

Conclusions, 24

References, 24

Clinical Obesity in Adults and Children 
Edited by Peter G. Kopelman, Ian D. Caterson, William H. Dietz 

Copyright © 2005 Blackwell Publishing Ltd



Measuring body composition in adults and children 

13

typical 25-year-old man the proportion of fat would be ex-
pected to increase from 15% (12 kg) to 29% (23 kg) by the age of
75 years, even if his weight remained stable. The commonly
observed increase in BMI with age, reflecting increases in
weight, implies an increase in fatness, but underestimates the
true extent of the underlying adiposity.

Inferring changes in body composition in adults based on
BMI during periods of weight loss is simply a more complex
version of changes in weight, as height may be assumed to re-
main constant. In most situations, fat loss is proportional to
weight loss, but for patients who adopt higher levels of physi-
cal activity or specific exercise programmes, BMI can under-
represent the true fat loss. Figure 2.2 shows data from obese
male military recruits during a 5-month supervised pro-
gramme of physical activity and analysed according to three

initial BMI groups (group 1 = 25–29.9, group 2 = 30–34.9, group
3 = > 35 kg/m2) (Sum et al., 1994). Weight loss in the groups was
8.6, 15.7 and 22.0 kg respectively. However, there was an even
sharper decrease in body fat, and subjects moved away from
the initial relationship between BMI and fatness across the 
entire group and onto a new regression line, with a much
lower intercept, indicating a substantial improvement in the
lean–fat ratio.

An important use of the BMI in obesity research has been the
recognition of the links to adverse health outcomes. However,
it is increasingly evident that waist circumference shows simi-
lar and sometimes stronger associations with metabolic dis-
eases. As there is increasing evidence that it is adipose tissue
per se that lies at the heart of obesity-related disease, it is logi-
cal to suppose that a more specific measure of fatness, either in
the whole body or at key sites, for example intra-abdominal or
intramuscular fat, will be of greater clinical significance.

Measurement of gross body composition 
in adults

Reference methods

The classical methods to measure body composition are based
on a two-compartment model, in which the body is assumed
to be composed of fat and fat-free tissue alone, with fat-free
mass (FFM) being the difference between body weight and 
fat mass. This is therefore a very heterogeneous compartment
comprising bone mineral, water, protein, glycogen and other
minor constituents. However, data from direct cadaver analy-
sis suggest that the composition of FFM is relatively constant
with respect to its density, proportion of water and potassium
concentration (Widdowson and Dickerson, 1964). This yields
the three classical reference methods to measure body compo-
sition: total body water, total body potassium and body den-
sity. Today, total body potassium is rarely used to measure
body composition and will not be considered further (see in-
stead Lukaski, 1987). In contrast, dual-energy X-ray absorp-
tiometry (DXA) is increasingly widely used, especially in
clinical studies to measure bone, fat and fat-free soft tissue (a
three-compartment model). These methods may be used indi-
vidually or combined into more complex multicompartment
models which seek to overcome some of the inherent limita-
tions of individual techniques.

Body density

Assuming that the density of fat and fat-free mass (FFM) is
known, the proportion of each constituent may be calculated
from measurements of body density. Typically, fat is assumed
to have a density of 0.9 kg/L and FFM 1.1 kg/L (Siri, 1956),
thus:

% fat = 4.95/d - 4.50 ¥ 100

10

20

30

40 100

90

80

70

60

50

40

30

20

10

0
25 35 45 55 65 75

Age (years)

B
o

d
y 

fa
t 

(%
)

B
o

d
y w

eig
h

t (kg
)

Fig. 2.1 Age-related increase in body fat for healthy men at constant BMI.

Line shows body weight. Solid bars show body fat (reproduced from Jebb,

S.A. and Prentice A.M. (2001) Present Knowledge in Nutrition, 8th edn).

20 25 30 35 40
0

10

20

30

40

Body mass index

B
o

d
y 

fa
t 

(%
)

Baseline

Post training

Fig. 2.2 Changes in the lean–fat ratio during physical training. Solid lines

show actual data and dotted lines shows regression lines pre and post

intervention (reproduced from Jebb, S.A. and Prentice A.M. (2001) Present

Knowledge in Nutrition, 8th edn).



Chapter 2

14

Density (d) is calculated as body mass/volume. Tradition-
ally, the measurement of body volume requires complete 
submergence underwater. Volume is measured either directly
by water displacement or calculated as the difference between
the weight of the subject underwater and in air. In either case, a
correction must be made for the volume of air in the lungs and
in the gut. This system is unsuitable for very young children
and many others find the procedure difficult and frightening.
Most underwater weighing systems are unable to accommo-
date patients with morbid obesity. A good alternative, based
on similar principles, is to use an air displacement technique to
measure body volume (Dempster and Aitkens, 1995). The sub-
ject is enclosed in a small chamber, composed of two compart-
ments divided by an oscillating diaphragm, and sinusoidal
volume perturbations lead to complementary pressure fluctu-
ations in the two compartments. The pressure and volume
changes produced in the outer chamber by the presence of 
the subject allow the volume of the subject to be calculated.
This commercial system, Bodpod‘, shows excellent agree-
ment with classical underwater weighing, with improved re-
producibility and enhanced patient acceptability (McCrory et
al., 1995). There are reports of measurements using this equip-
ment in subjects with a BMI of > 70 kg/m2 (Das et al., 2003).

Body density can be measured with a high degree of preci-
sion and accuracy, but the principal scientific limitation of this
method is the error incurred by the assumption of a known
density of FFM. The impact on measurements of body density
of the variability in FFM has been analysed extensively at a cel-
lular level (Wang et al., 2002), but it is apparent that deviations
in body density occur primarily because of changes in hydra-
tion or the proportion of bone mineral. One study of obese
women (BMI > 30 kg/m2) found that the density of FFM was
1.104 ± 0.006 kg/L(range 1.093–1.117 kg/L) (Fuller et al., 1994),
compared with the reference value of 1.1 kg/L. This difference
is likely to be exaggerated in patients with morbid obesity and
there may be added errors in the measurement of major weight
changes, which may be accompanied by systematic changes in
the hydration of FFM.

Total body water

Assuming that fat is anhydrous and that FFM contains a
known proportion of water, it is possible to estimate FFM from
measurements of total body water, and fat can be calculated by
difference from body weight. Today, the tracer of choice must
be stable, non-radioactive and mix freely with all body-water
compartments. In practice, deuterium or oxygen-18 is most
commonly used, with the former favoured as it is several-fold
cheaper. The isotope can be administered orally or intra-
venously and a sample of body water, usually saliva, urine or
plasma, collected before dosing and after equilibration of the
isotope.

The measurement of the isotope in body water is more com-
plex, although some commercial laboratories offer an analyti-

cal service. Both deuterium and oxygen-18 can be measured
by mass spectrometry, but a technique to measure deuterium
using infrared spectrophotometry has also been described
(Jennings et al., 1995). The precision is analogous to that ob-
tained by mass spectrometry, although a much larger dose is
recommended, approximately 0.5 g of deuterium per kilo-
gram of body weight. Nonetheless, this procedure is within
the capability of most basic laboratories, whereas mass spec-
trometry is generally confined to specialist centres.

This method is practically feasible in almost all subjects, in-
cluding babies and young children, and the methodological
precision is 1–2% (Coward et al., 1988). However, the critical
issue in the accuracy of the technique relates to the hydration
fraction of FFM, which changes with growth and develop-
ment (see below). There are further problems in obese people.
A study in healthy non-obese individuals showed a mean of
73.8% with a range of 69.4–78.4% (Fuller et al., 1992). For a 90-
kg subject with 50 L of body water, this will give rise to a range
in body fat of 18–26 kg. In obese subjects, there may be a sys-
tematic increase in the hydration of fat-free tissue (Deurenberg
et al., 1989a) and, in addition, many obese people suffer from
oedema, so it is difficult to accurately estimate the true hydra-
tion fraction of FFM in any given circumstance. Arecent study
in very obese subjects (BMI = 48.7 ± 8.8 kg/m2) showed that the
measured hydration of FFM (using a multicompartment
model) was significantly higher than the reference value (0.756
vs. 0.738, P < 0.001) (Das et al., 2003).

There may also be particular problems in estimating short-
term changes in composition using this technique. For exam-
ple, the loss of water, in association with glycogen during the
early phase of weight loss, will be interpreted as a loss of
1.37 kg of lean tissue for each kilogram of water that is lost. 
In the longer term, there may be changes in hydration due to
decreases in oedema and a generalized trend towards the 
‘reference’ hydration status. However, studies suggest that
these changes are very variable between subjects and this 
confounds accurate measurements of changes in composition
with total body water measurements alone.

Dual energy X-ray absorptiometry

Dual energy X-ray absorptiometry (DXA) is widely used for
the measurement of bone mineral and soft tissue (Jebb, 1997).
Soft-tissue composition is measured in a whole-body scan,
which takes between 5 and 30 min, depending on the particu-
lar machine. Figure 2.3 illustrates the types of data obtained
from such scans. The body is scanned in a rectilinear manner,
using two low-dose X-rays at different energies, typically 70
and 140 keV. The effective dose equivalent is similar to a day’s
background radiation and this low dose makes the procedure
suitable for all types of subjects, including babies and children,
although it remains prudent not to scan pregnant women. It 
is also acceptable to make longitudinal measurements in 
individual subjects. DXA is one of the very few techniques to
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bridge the gap between body composition analysis in the 
laboratory and the clinic. Although the capital costs are high
(approximately £70 000), DXA machines are now available in
many medium/large hospitals and the running costs are mod-
est. Awider group of researchers than ever before now has ac-
cess to relatively sophisticated body composition analysis and
this is likely to increase the applications of this methodology in
clinical studies.

Unfortunately, there are a number of difficulties in the mea-
surement of obese subjects. First, subjects frequently exceed
the maximum load of the machine. Second, the scanning area
is relatively small (approximately 190 ¥ 60 cm) and inadequate
for most obese subjects. Amethod has been described for half-
body scans in obese subjects (Tataranni and Ravussin, 1995)
but this is not ideal as patients inevitably feel embarrassed by
the cumbersome procedure. Third, there are concerns that
there may be a confounding effect of tissue thickness on the
measured fat mass. This has been clearly demonstrated in in
vitro systems, although the physiological significance is un-
clear (Tothill et al., 1994a; Jebb et al., 1995). At present, DXAsys-
tems are therefore unsuitable for use in patients with morbid
obesity.

One of the greatest advantages of DXAis the excellent preci-
sion of the measurement. The coefficient of variation for body
fat mass is approximately 2%, which in theory makes it par-
ticularly suitable for the measurement of relatively small
changes in composition (Tothill et al., 1994b). However, 
Koyama et al. (1990) have compared changes in lean tissue
mass measured by DXAwith nitrogen balance studies in three
obese women, studied over two periods of treatment with a
very low-energy diet (1.8 MJ per day). Although there was a
correlation between the changes in lean tissue measured by

the two methods (r = 0.40, P < 0.05), there was considerable 
individual variability, which the investigators attribute to 
the effect of changes in hydration on the DXA-measured loss
of lean tissue.

Multicompartment models

In recent years, it has become increasingly apparent that the in-
accuracies of the classical reference methods relate to the limi-
tations of the two-compartment model rather than errors in
the measurement of the physical properties of the body. This
has led to the development of more sophisticated models of
the body in which some of the components of FFM are mea-
sured independently. For in vivo measurements, a three- or
four-compartment model is most widely used, although more
complex models have also been described (Heymsfield et al.,
1997).

In 1961, Siri proposed the simultaneous measurement of
body water and body density to yield a three-compartment
model (fat, water and dry fat-free tissue) (Siri, 1961). However,
this takes no account of bone mineral. Murgatroyd and 
Coward (1989) proposed that for the measurement of short-
term changes in body composition bone mineral could reason-
ably be assumed to remain constant, and they derived a model
to measure changes in fat and protein, which was also based
on total body water and density measurements. Acomparison
of these indirect techniques to measure changes in fat mass
compared with fat balance studies demonstrated the im-
proved precision of this approach (Jebb et al., 1993).

The development of DXA systems to measure whole-body
bone mineral content has facilitated the measurement of bone
as an additional compartment. Four-compartment models

Fig. 2.3 DXA scan of a woman with a BMI of

33 kg/m2.
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now combine measurements of bone mineral by DXA, and
water by deuterium dilution, and hence allow the calculation
of the true density of the FFM. In this way, the remaining com-
partment can be divided into fat and protein on the basis of
body density. Glycogen is included as part of the protein com-
partment as it has a very similar density to protein. Theoreti-
cally, this is one of the most accurate methods to assess body
composition in vivo (Fuller et al., 1992). The propagated mea-
surement error is 0.75 kg of fat in ‘reference man’ (Snyder et al.,
1975). The method has not yet been widely applied, which 
perhaps reflects the practical limitations of the multitude of
techniques that may be particularly difficult in obese subjects.

Using this method, it is possible to calculate the true hydra-
tion and density of fat-free tissue and this has served to high-
light the limitations of measurements of body density or total
body water alone (Jebb and Elia, 1995). A study of body com-
position in morbidly obese subjects (BMI = 48.7 ± 8.8) using 
a three-compartment model has confirmed the abnormally
high hydration fraction of fat-free tissue, relative to ‘reference
man’ (0.756 vs. 0.738). Interestingly, after weight loss
(–44.7 ± 14.6 kg) there was no significant difference. The ratio
of extracellular water (measured using a bromide dilution
technique) to intracellular water (TBW–ECW) also increased
with an increasing proportion of body fat in the pre- and 
post-weight loss stage (Das et al., 2003). These changes are 
illustrated in Fig. 2.4 and emphasize the need for multicom-
partment models to accurately measure changes in body com-
position in morbidly obese subjects and in those undergoing
weight loss.

Multicompartment models can act as accurate reference
methods for absolute measures of body composition as they
do not carry the errors of traditional two-compartment 

models with respect to the assumed composition of FFM. A
number of studies have used the four-compartment model 
to determine the accuracy of other simpler techniques (for 
example Friedl et al., 1992; Fuller et al., 1992; Guo et al., 1992;
Bergsma-Kadijk et al., 1996; Forslund et al., 1996).

Prediction techniques

Anthropometry

The measurement of skinfold thicknesses at a number of sites
has been used for many years to estimate body fat stores. Sub-
cutaneous fat is measured using callipers that exert a standard
pressure, and it is assumed that the thickness of subcutaneous
fat at the selected sites is representative, and that there is a
known relationship between subcutaneous fat and total fat
mass, after allowing for gender differences and changes with
age. The most commonly used method involves measure-
ments at four sites: triceps, biceps, subscapula and suprailiac.
After log transformation of the data, there is a linear relation-
ship between the sum of the skinfold thickness at these sites
and body density, which is age and gender specific (Durnin
and Womersley, 1974). Thus, skinfold thickness measure-
ments can be used to predict body density and hence body fat
is calculated according to Siri’s equation. Different prediction
equations are needed for children and for specific racial
groups. There has been little validation of the technique in
obese subjects.

It will be apparent that this technique combines the error as-
sociated with the prediction of body density with the uncer-
tainties regarding the density of FFM, inherent to the density
method. Nonetheless, measurements made by a single ob-
server can give good agreement with reference methods and
may be more accurate than other prediction techniques (Fuller
et al., 1992). Measurements of changes in body fat by skinfold
thicknesses may be less reliable than the absolute estimates of
fat mass. This is partly because of the measurement error on
the pre- and post-weight loss assessments, and also because
changes in subcutaneous fat may not fully represent the
changes in total body composition.

However, one of the greatest drawbacks to this method is
the poor reproducibility of the technique between different
observers. The coefficient of variation (CV) for measurements
made in six non-obese individuals by six experienced ob-
servers was 11%, 16%, 13% and 18% for triceps, biceps, sub-
scapula and suprailiac, respectively, although when summed
and translated into an estimate of body fat the CV was only
4.6% (Fuller et al., 1991). In obese people, there are specific
problems; some patients may be too large for the jaws of the
calipers and it is more difficult to locate the correct anatomical
site than in lean individuals. Large subcutaneous fat deposits
tend to be very compressible and so the measured thickness
will vary with the time taken to make the measurement, which
may impair the precision even further. Oedema can lead to an
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overestimation of body fat, partly because the thickness of the
skinfold may be increased, but also because of the increased
body weight. Finally, this measurement can be very distress-
ing to some obese patients as it makes such a direct measure of
their overt fat stores.

Bioelectrical impedance

This method rests on the principle that fat is a poor conductor
of an applied current, whereas fat-free tissue, with its water
and electrolyte content, is a good conductor. Asmall current is
passed through the body to measure the body impedance,
which is proportional to the conducting volume, i.e. body
water (Hoffer et al., 1969). Impedance represents the sum of the
resistive and reactive components of the body; some machines
measure only resistance, but, as the reactive component in the
human body is extremely small, the difference between im-
pedance and resistance is usually insignificant. At high fre-
quencies, typically 50 kHz, the current is able to overcome the
capacitance of cell membranes and to fully penetrate the cells,
giving a measure of total body water, whereas at low frequen-
cies, for example 1 kHz, it cannot enter the cells and hence
measures only extracellular water. Although machines oper-
ating at a single high frequency are the most common, an in-
creasing number are able to operate at a number of different
frequencies to assess extracellular water too (Tagliabue et al.,
1996). These bioelectrical impedance analysis (BIA) measure-
ments of body water are then converted into estimates of body
fat and FFM, assuming a standard hydration fraction as for
measurements of total body water (TBW) using isotope dilu-
tion methods. Traditionally, impedance was measured using a
tetrapolar system with electrodes placed on the hand and foot.
A new generation of equipment measures impedance from
foot to foot.

Prediction equations to convert the measured impedance
into an estimate of body composition have been developed by
comparison with isotope dilution studies. Although there is 
a good relationship between the measured impedance and
TBW (with correction for height, as a proxy for conductor
length), the standard error of the estimate is typically about
2 L. This reflects the complex geometry of the body, which can-
not be adequately described using the model of a simple cylin-
der. Furthermore, it is then necessary to assume the hydration
fraction of fat-free tissue (as for the isotope dilution measure-
ments of body water) to extrapolate to soft-tissue composition.
Thus, it is important to ensure that subjects are normally 
hydrated as increases in body water, for example oedema, will
be interpreted as an expansion of lean tissue mass and hence
body fat will be underestimated. In patients with clinically ab-
normal hydration, a multifrequency technique will be more
useful as it allows the calculation of intracellular water from
the difference between total and extracellular volumes, and
hence a more accurate measure of the true soft-tissue composi-
tion can be made (Maizeish et al., 1995). Abnormalities in the

hydration fraction contribute to errors in the absolute mea-
surement of body composition by BIAin obese subjects. Some
studies have shown better agreement between impedance 
and reference methods in obese subjects following a period of
weight loss than at baseline (Van der Kooy et al., 1992; Webber
et al., 1994), suggesting that some feature of the obese body
composition may be directly contributing to the observed
error, such as the expansion of the extracellular water space
(Deurenberg et al., 1989b). However, others have found the
inter-individual variability to be greater after a period of
weight loss, presumably reflecting differences in the composi-
tion of tissue lost (Das et al., 2003).

There is a host of commercial impedance machines avail-
able. The cost is generally related to the associated software,
which may also make predictions of basal metabolic rate, total
energy expenditure etc., based on additional measures of
weight, height, gender, physical activity etc., which are insert-
ed into the programme. The absolute accuracy of impedance
depends on the prediction equation employed (Elia, 1992).
The plethora of different population-specific prediction 
equations has tended to undermine confidence in the BIA
technique and no prediction equation has gained widespread
acceptance. However, this may change with the publication 
of new data taken from several laboratories specializing in
body composition analysis in the USA, which represents 
a very comprehensive validation study (Sun et al., 2003) and
has already been applied to examine body composition in
NHANES III (Chumlea et al., 2002). However, these equations
will not be applicable to the foot-to-foot systems and separate
validation is required. Despite measuring only a proportion of
the total body, with appropriate prediction equations foot-
to-foot machines have been shown to offer similar accuracy
relative to reference methods as traditional tetrapolar devices
(Jebb et al., 2000).

In the study of obesity, the measurement of changes in com-
position may be at least as important as the absolute measure-
ment of fatness. In the short term, measurements of change in
composition with BIAwill be undermined by acute changes in
hydration. This has been documented in a study in which vol-
unteers consumed a very low-energy diet for 2 days and lost
1.3 ± 0.5 kg (Deurenberg et al., 1989c). This weight loss is likely
to be almost entirely composed of water and glycogen (fat-free
mass), with only minimal losses of body fat. Whole-body 
density measurements showed a decrease in fat-free mass of
1.2 ± 0.8 kg, but losses measured by impedance were only
0.5 ± 0.8 kg, implying that 0.8 kg of fat had also been lost. How-
ever, over a longer period of time the changes in glycogen 
become small in relation to the loss of body fat and the validity
of this method improves considerably.

Overall, BIA, especially using foot-to-foot systems that
make simultaneous measurements of weight and fatness, is a
useful method for use in epidemiological surveys and routine
clinical practice. It offers better estimates of body fat than BMI
alone (Das et al., 2003). It is more precise and has less observer
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error than skinfold thicknesses (Fuller et al., 1991), and for
obese subjects it offers practical advantages.

Special considerations in children

The measurement of body composition in children presents
additional difficulties over and above those already encoun-
tered in adults: first, children undergo chemical maturation
between birth and adulthood, influencing the theoretical as-
sumptions through which physical measurements are con-
verted into body composition values. Second, the collection of
physical data is made harder by the greater vulnerability of
children, either because some methods are daunting or fright-
ening, or simply because younger subjects may find it difficult
to satisfy protocols that involve keeping still. A third related
problem is that some techniques were originally designed for
adults, and are less successful at accommodating the physical
differences between adults and children.

Over the last decade, most practical problems have been 
addressed, and there are now a number of techniques that 
can be used to obtain physical data satisfactorily in children.
However, the problem of chemical maturation has yet to 
be addressed in detail, and at present the best data are ob-
tained through a comprehensive but exhaustive approach that
minimizes the need for theoretical assumptions.

Chemical maturation

The chemical immaturity of the newborn has been recognized
for decades, following direct chemical analyses of stillbirths,
and is notable for the high water content and incomplete min-
eralization compared with adults (Friis-Hansen, 1957). For 
obvious ethical reasons, cadaver analyses of healthy children
have not been undertaken, and the detailed chemical descrip-
tions of adult and neonatal composition are not comple-
mented by intermediary data. Such data are now being
obtained by more indirect methods.

Along with the higher TBW content, neonates also differ in
the distribution of water between intracellular and extracellu-
lar spaces (Friis-Hansen, 1957). Extracellular water contains a
lower concentration of solids at birth, and is high in relation to
intracellular water because of the proportion of immature
cells. Reflecting the higher water content of the FFM, both the
protein and mineral contents are reduced (Fomon et al., 1982).

As yet, there is inadequate information as to whether the
changes in these properties occur in linear fashion, or whether
the developmental patterns are more variable in early life.
Only recently have multicomponent models been applied to
infants and children, allowing the collection of data in subjects
in vivo.

In 1982, a paper describing the ‘reference child’ was pub-
lished, attempting to describe the changes in body composi-
tion between birth and 10 years (Fomon et al., 1982). Actual
data were available from several studies for birth, 6 months

and 9 years (boys) or 10 years (girls); these data were combined
and smoothed on to the National Centre for Health Statistics
(NCHS) growth standards. It appears that skinfold data
throughout childhood were also used in the calculations. The
authors cautioned that their data were provisional, and that
the greatest uncertainty concerned the absence of data on
TBW, total body calcium and total body potassium at most
ages, as well as the problems of converting the physical data on
some of these properties into chemical equivalents. Despite
this caution, the reference child has been widely used to inter-
pret the data from numerous body composition methods, due
to the lack of any viable alternative. In particular, the dataset
presents reference values for the hydration, potassium content
and density of FFM, thereby allowing the calculation of body
composition values from hydrometry, potassium counting
and densitometry.

The main limitations of the reference child, in addition to
possible inappropriate assumptions, are that it extends only 
to 10 years, and provides only the average value for each pro-
perty, with no estimation of between-child variability. A fur-
ther report (Haschke, 1989) described the reference adolescent
in similar fashion, but this article was not published in the
mainstream literature and is not widely known. The model of
the reference child was revised by Lohman (1989), who made
modifications intended to incorporate linear changes in hy-
dration and mineralization throughout childhood and adoles-
cence. These modifications slightly increased the hydration of
FFM in both sexes, and increased the density of FFM in girls.

Over the last two decades, reports of multicomponent mea-
surements of children’s body composition have begun to
emerge, thus providing the opportunity to test the validity of
the reference child. Measurements of the hydration of FFM
have been relatively consistent with the reference values, both
in infancy and childhood (Roemmich et al., 1997; Wells et al.,
1999; Butte et al., 2000), although more recent data suggest that
actual values are slightly lower, especially in girls (J.C.K. Wells,
unpublished). The variability of hydration has also been inves-
tigated, and calculated to be ±1.5% (Wells et al., 1999), similar to
the variability reported in adults (Fuller et al., 1992).

The density of FFM appears to be less consistent, particul-
arly in younger children. The variability of this property also
appears to be greater than that of hydration, indicating that
hydrometry may be a more reliable two-component technique
than densitometry. Few data are available for evaluating total
body potassium (Burmeister 1961; Forbes 1986; Lohman 1986)
but a recent study suggests that the reference values for the
potassium content of fat-free tissue in younger children may
be misleading (J.C.K. Wells, unpublished).

The lack of comprehensive data on the chemical composi-
tion, and physical properties, of the FFM therefore represents a
major limitation in measuring children’s body composition. 
A further complication is that obesity appears to alter the 
composition of the fat-free tissue by increasing mineralization
(Goulding et al., 2000) and water content (Battistini et al., 1995).
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Physical measurements

Anumber of techniques described previously are now readily
applicable to children, including isotope dilution, DXA and
whole-body plethysmography. Used in combination, these
techniques provide accurate and precise measurements of
gross composition and the constituents of the FFM. Used as
simple two-component models, however, all have limitations.

Isotope dilution presents no practical difficulties in healthy
children, but presents two potential problems in obese people.
First, equilibration of the isotope in the body water pool has
been found to require longer, with a 5-hour period recom-
mended on the basis of detailed studies (J.C.K. Wells, unpub-
lished). Second, FFM hydration is higher in obese compared
with non-obese children (J.C.K. Wells, unpublished), due in
part to the expansion of extracellular water (Battistini et al.,
1995).

Plethysmography, using Bodpod‘ instrumentation, is easy
to undertake in children aged 5 years and over. It has higher
precision than the underwater weighing that it has almost 
invariably replaced, although precision does worsen at lower
volumes (Collins and McCarthy, 2003). Validation studies in
children aged 8 years or over have suggested that when biases
in comparison with other techniques are found, they are small
and clinically unimportant (Dewit et al., 2000; Lockner et al.,
2000; Demerath et al., 2002). Validation studies are more 
difficult to undertake in younger children. When plethysmog-
raphy was used to calculate hydration of FFM in a three-
component model in children aged 5–7 years, no bias was
found in comparison to hydration values taken from the liter-
ature (Wells et al., 2003). However, it is important to use child-
specific equations for the prediction of lung volume if actual
measurements (difficult for younger children) are not under-
taken (Wells et al., 2003).

The conversion of body density into body composition data
requires data for the density of FFM. Recent studies in which
this property has been measured suggest that the reference
values are inaccurate and that they underestimate the bone
mineral content of FFM in younger age groups (Wells et al.,
1999; 2003). The density of FFM also appears to be significantly
reduced in obese children, due to the higher water content.

Dual-energy X-ray absorptiometry has been adopted by
some as a gold standard method in children (Bray et al., 2001),
although evaluations against multicomponent models have
cast serious doubt on the validity of this approach (Wells et al.,
1999; Wong et al., 2002). The general limitations of the tech-
nique have been discussed above; however, it should be noted
that there are two problems particular to children. First, accu-
racy is influenced by tissue depth, hence some manufacturers
have provided size-specific software versions. Second, be-
cause of the continuing process of chemical maturation during
childhood, the attenuation thresholds at which lean tissue is
distinguished from bone are not constant and require modifi-
cation in relation to age. The technique may also be influenced

by hydration. It is not clear how well the manufacturers’ adap-
tations resolve the underlying problems, and instrumentation
also differs in the extent to which the various issues have been
addressed. At the present time, the high precision of DXA in
children does not appear to be matched by equivalent accura-
cy (Wong et al., 2002).

BIA has been popular in children’s studies due to the ease
with which measurements can be undertaken. The main prob-
lem arises from age-related variability in body proportions.
Most validation studies have encompassed a wide age range
so that the empirical relationship between height-adjusted im-
pedance and TBW is confounded by variability in the differen-
tial length of limb and torso segments (Fuller et al., 2002). The
standard error with which BIA predicts TBW is no better than
that obtained if the predictors are merely weight and height
(Wells et al., 1999). The relationship between impedance and
body water is also population specific, so that alternative
equations are required in obese people, although even here
they become biased once the obese children lose weight. How-
ever, new developments such as segmental or vector analyses
may eventually overcome some of these limitations.

The most accurate approach at present is to use a multi-
component model, thereby avoiding the need to assume 
constancy of the FFM. Although this may seem intensive, the
three-component model is now within the capabilities of
many research centres and a few hospitals. Requiring mea-
surements of body weight, TBW and whole-body volume, it
can be undertaken using Bodpod‘ instrumentation and iso-
tope dilution with the samples analysed using either mass
spectrometers or the cheaper option, spectrophotometry. The
four-component model is theoretically more accurate than the
three-component model and, by adding in a measurement 
of bone mineral mass, provides information on the protein–
mineral ratio. However, the present discrepancy between
manufacturers in mineral mass values (Tothill et al., 1994a,b)
hinders comparisons between studies using different 
instrumentation.

Fat distribution

Computerized tomography and magnetic resonance

Imaging techniques have taken an anatomical approach to
body composition analysis. Computerized tomography (CT)
and magnetic resonance imaging (MRI) allow the examination
of the composition of the body by tissue, organ or region (Van
der Kooy and Seidell, 1993). CT is an X-ray-based technique,
whereas for MRI the subject is placed in a strong magnetic field
and irradiated with radiofrequency pulses. The signal inten-
sity is determined by the concentration and relaxation proper-
ties of water and fat in the tissues being studied. Adipose
tissue has a much shorter relaxation time than other tissues
and can be accurately identified. In both cases it is possible to
measure total body composition by interpolating between 
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sequential slices; however, this is rarely the most appropriate
method to measure whole-body composition because of the
limited availability of machines, cost, analysis time and, in the
case of CT, a significant radiation exposure of up to 5 mSv. 
In obese patients these measurements present practical 
problems as many patients may exceed the capacity of the 
machines.

However, it is more realistic to use these techniques to pro-
vide a direct measure of fat mass at specific sites of the body. CT
and MRI have both been used to measure fat distribution, typ-
ically in the abdominal or intra-abdominal region. Aparticular
advantage of these techniques is that it is also possible to dis-
criminate between omental, mesenteric and retroperitoneal
fat depots that may be associated with independent metabolic
effects, and a precise classification system for the adipose tis-
sue depots has been proposed (Shen et al., 2003). The absolute
accuracy of the methods has been tested by comparison with
sections from cadavers with correlation coefficients for 
adipose tissue volumes of greater than 0.9 (Van der Kooy and
Seidell, 1993). The two methods do give different absolute 
values for abdominal fat mass, although the ranking of sub-
jects is similar by each method (Seidell et al., 1990). Figure 2.5
shows an abdominal MRI scan, in which subcutaneous 
and intra-abdominal fat is clearly visible and substantially 
reduced following a period of weight loss.

Ideally, visceral fat volume is calculated from multiple scans
across the abdomen. This gives maximum precision but 
increased measurement time and, in the case of CT, increased
exposure to ionizing radiation (approximately 25–50 mSv per
slice) (Kvist et al., 1986). There is, however, a good correlation
between the fat area measured in a single CT slice at the level of
L4 to L5 with total visceral fat volume (r > 0.95) (Kvist et al.,
1986), and the precision is estimated to be 1.9% for subcuta-
neous fat area and 3.9% for visceral fat (Thaete et al., 1995).

Imaging techniques can also be used to examine the size 
of specific organs. For example, one study has demonstrated
that in morbidly obese women with liver steatosis there was 
an association between visceral fat accumulation and 

hepatomegaly. Following a period of acute weight loss 
after bariatric surgery, there was a significant reduction in liver
volume (Busetto et al., 2002).

Other developments in this area include the use of magnetic
resonance spectroscopy (MRS) to measure very specific body
compartments. This includes the measurement of liver glyco-
gen using 13C-NMR (Taylor et al., 1996) and 1H-MRS to mea-
sure intracellular triglyceride in skeletal muscle (Savage et al.,
2003).

Dual energy X-ray absorptiometry

In addition to the measurement of gross body composition by
DXA, it is possible to analyse specific regions of the body, for
example arms, legs and trunk, with a coefficient of variation 
of approximately 5% for the measurement of fat mass (Jebb,
1997). This can give a very crude guide to fat distribution. Ab-
solute measurements of regional body composition in obese
and normal-weight subjects by DXA show significant in-
creases in fat in the whole body, arms, legs and trunk in obese
subjects relative to lean control subjects, although as a percent-
age of body weight the regional distribution of fat was not 
significantly different (Wajchenberg et al., 1995). However, in
obese subjects the cramped nature of the scanning position
makes regional divisions difficult or even impossible.

It is also possible define a specific abdominal site, usually
between L2 and L4, to measure the total fat mass in this region,
including both the intra-abdominal and subcutaneous fat 
deposits, with a coefficient of variation of approximately 3%
(Schlemmer et al., 1990; Svendsen et al., 1993a). If subcutaneous
fat around the abdomen is estimated from simple anthropo-
metric measures of the sagittal diameter and abdominal skin-
fold thickness, it is possible to estimate intra-abdominal fat
(Svendsen et al., 1993a; Jensen et al., 1995; Treuth et al., 1995). Al-
though the correlation of abdominal fat measured by CT vs.
DXAis good (r = 0.9) the standard error of the estimate (SEE) is
7% and this increases to 15% for the estimation of intra-
abdominal fat in a construct that includes DXA, waist–hip

(a) (b)

Fig. 2.5 Abdominal MRI scan before (a) and

after 10% weight loss (b). 
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ratio [(suprailiac + subscapula + abdominal)/(medial calf +
triceps + biceps)] (Rice et al., 1995). These measurements are
limited by the same practical drawbacks associated with the
prediction of total fat by this method, including inter- and
intra-observer variability and the difficulties in actually mea-
suring the thicknesses in obese individuals. However, this 
approach has been widely used in population-based studies 
of the genetic component of obesity and fat distribution (e.g.
Bouchard et al., 1988; Comuzzie et al., 1994; Rice et al., 1995).

The issues in relation to the measurement of fat distribution
in children are similar, although the interpretation is more
complex. There are marked changes in fat distribution with
growth and development, especially associated with puberty,
and it is necessary to have a clear picture of the ‘normal’
changes in boys and girls in order to identify ‘abnormal’ pat-
terns of fat distribution. However, as the prevalence of obesity
in children increases there is a pressing need to understand the
long-term health risks, and measurements of fat distribution
are likely to become increasingly important. Already it has
been shown that the secular increase in waist circumference 
is proportionally greater than the increase in BMI, suggesting
preferential accumulation of fat in the abdomen (McCarthy
et al., 2003).

Bioelectrical impedance

An important advance in BIA has been the development of
techniques to measure ‘segmental’ impedance using elec-
trodes based only on the hands and feet (Organ et al., 1994).
Validation studies to measure regional body composition and
muscle mass are still limited, but promising, in both adults
(Elia et al., 2002) and children (Fuller et al., 2002).

Applications of body composition analysis

Categorization of obesity

In clinical practice, techniques to measure gross body compo-
sition may be used to identify obese patients or to monitor the
effect of anti-obesity interventions. In practice, patients requir-
ing treatment are almost always identified on the basis of BMI,
possibly with additional measurements of waist circumfer-
ence or the presence of obesity-related co-morbidity. Specific
measurements of body composition may also be made at an
initial consultation if they form part of a baseline measure for
the evaluation of subsequent progress.

The situation in children is more complex because of the
way in which BMI changes in age. Unlike in adults, a single
cut-off for the diagnosis of overweight and obesity is not suffi-
cient. Clinicians have used a variety of different definitions;
however, recently the approach has become considerably
more standardized. The publication of BMI SD scores
throughout childhood represented the first step, allowing 
age-specific cut-offs to follow a common rationale (Cole et al.,
1995). Second, the data from several countries have been com-

ratio and trunk skinfold thicknesses (Svendsen et al., 1993b).
DXAhas also been used to estimate skeletal muscle mass (Kim
et al., 2002).

Anthropometry

Measurements of body dimensions can be used to give a rough
estimate of body shape and it is generally concluded that in-
creasing size reflects increasing fat mass. Skinfold thicknesses,
circumferences and, more recently, abdominal diameters have
all been used to define increasing abdominal fatness. None 
of these anthropometric measurements alone can distinguish
between visceral and subcutaneous abdominal fat, but they 
do correlate with risk factors for diabetes and cardiovascular
disease, and they are advocated as suitable proxy measures for
public health initiatives.

The interpretation of these proxys in terms of absolute mea-
surements varies: a waist–hip ratio of 0.95 in men and 0.80 in
women is usually deemed to be indicative of central obesity
(National Academy of Sciences, 1991), whereas a waist cir-
cumference in excess of 89 cm in women and 102 cm in men has
been suggested to identify individuals requiring anti-obesity
interventions (Lean et al., 1995). In practice, these cut-offs are
artificial definitions, but the underlying concept of waist cir-
cumference as a proxy measure of health risks is now well es-
tablished. The waist–hip ratio has been widely used as a proxy
measure of visceral fat, based on studies that have compared
the ratio with CT-measured visceral fat (Ashwell et al., 1985).
However, the waist–hip ratio predicts less than one-half of 
the variance in visceral adipose tissue in men and even less 
in women (Seidell et al., 1987) and after adjustments for total
body fat and age there is not always a significant independent
association with visceral fat (Seidell et al., 1988). However, one
of the strengths of this type of measurement is that the coeffi-
cient of variation for body circumferences is less than 2% (Bray
et al., 1990) and the validity of self-reported measures is good
(Kushi et al., 1988).

The measurement of sagittal diameter as an index of ab-
dominal fat is based on the premise that the accumulation of
visceral fat will lead to increases in the sagittal diameter in a
supine subject, whereas increases in subcutaneous adipose tis-
sue will reduce sagittal diameter due to the effects of gravity
(Sjostrom, 1991). Correlations between the visceral fat area
measured by CT or MRI and sagittal diameters range from 0.46
to 0.96 (Van der Kooy and Seidell, 1993). The relationship can
be improved by adjusting for the thickness of the abdominal
subcutaneous fat layer; however, the poorest correlations are
seen in obese subjects in whom subcutaneous fat skinfold
thicknesses may be particularly difficult to obtain.

The measurement of skinfold thicknesses represents an 
attempt to make a direct measure of fat mass at a particular 
site (Mueller and Stallones, 1981). A variety of skinfold thick-
ness ratios has been proposed to reflect central vs. peripheral
fat distribution such as the trunk-to-extremity skinfold 
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bined and used to calculate the values that would correspond
at each age to the adult cut-offs for overweight and obesity
(Cole et al., 2000). These new international cut-offs allow infor-
mative comparison between populations, although it should
be noted that ethnic differences in the relationship between
BMI and fatness that are apparent in adults appear also to
apply to children (Deurenberg et al., 2003). Appropriate cut-
offs for use in clinical practice are less well defined because of
poor understanding of the clinical significance of BMI at spe-
cific ages and the tracking of body weight. Children falling
above the 85th or 95th centile are often classified as overweight
or obese, respectively, but upward centile crossing, identified
from sequential measures, is probably more important than
any single measurement.

BMI remains central to the categorization of childhood obe-
sity due to the ease with which it can be measured both in the
clinic and in population research. Nevertheless, it is important
to recognize its limitations. First, BMI reflects variability in
FFM as well as in fatness, and there is a twofold range of varia-
tion in fatness for a given BMI value (Wells, 2000). Second, BMI
appears not to maintain a constant relationship with fatness
over time. Several studies have shown that in recent decades
children have increased in total and central fatness for a given
BMI value, whereas the contribution of lean mass to BMI has
declined (Flegal, 1993; Moreno et al., 2001; Wells et al., 2002a).
This may be due to the added effect of declines in physical 
activity, such that the stimulation of lean mass deposition is
decreased at the same time as the deposition of fatness is 
enhanced.

If fat is of interest rather than BMI, then there are as yet no re-
liable centile data for fat mass or its percentage of weight. Raw
skinfold data may be expressed as SD scores, either relative 
to the data of Tanner and Whitehouse collected in 1966–67
(Davies et al., 1993), or relative to more recent data in infancy
(Paul et al., 1998). Due to the association of fatness with size, a
particular problem due to the growth of children between
measurements, we have argued previously that the most in-
formative manner for data expression is an index adjusting fat
mass for height (Wells, 2001; Wells et al., 2002b), as currently
being adopted for adults (Kyle et al., 2003).

More research is required in this area, especially given the
increasing prevalence of obesity in children and the need to 

ensure that weight management programmes do not lead to
inappropriate perturbations of healthy growth and develop-
ment. This requires a clear understanding of changes in body
composition during childhood and adolescence and the 
ability to make measurements with accuracy in both lean and
obese individuals.

Obesity management

In clinical practice it is theoretically attractive to use measure-
ments of body fat to define obesity in individual patients, but
this rarely occurs because of the relative ease of diagnosis
based on BMI, waist circumference or clinical judgement.
However, body composition analysis is a useful tool to moni-
tor changes in body fat or its distribution as a consequence of
anti-obesity interventions, and is assumed to provide a useful
outcome measure before long-term consequences are appar-
ent in morbidity or mortality.

In both adults and children, measurements of body compo-
sition have provided the basis for much of our understanding
of the physiology of weight loss under different circum-
stances. Forbes (1987) has undertaken a comprehensive analy-
sis of body composition data, covering a range of body weight,
using a variety of two-compartment methods. This demon-
strates that there is a curvilinear relationship between body fat
and lean tissue, which becomes linear on log transformation
(Fig. 2.6). This implies that as weight is gained there is an in-
crease in the relative proportion of fat to lean tissue; as weight
is lost, the reverse must be true if the post-obese subject is to
achieve a body composition similar to that of the never-obese
individual of similar weight. Thus, the appropriate composi-
tion of tissue lost will depend in part upon the initial fat mass
of the subject. Nonetheless, the general estimate of 25:75%
lean–fat tissue lost will be appropriate for severely obese 
patients.

There is considerable interest in the factors that may affect
the composition of weight loss, particularly the extent of the
energy deficit and the effect of exercise. A combined analysis
from a number of studies, using a variety of two-compartment
methods to measure changes in body composition, suggests
that the greater the energy deficit the greater the losses of lean
tissue (Prentice et al., 1991). This is consistent with classical 
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nitrogen balance studies and a clinical trial that demonstrated
greater losses of nitrogen on a very low-energy diet than a
3.3 MJ per day diet (Garrow et al., 1989). However, there is not
universal agreement; a complex analysis using in vitro neutron
activation analysis (IVNAA) shows the loss of lean tissue on a
very low-energy diet to be only 78 ± 8.0% (range 68.1–89.6%)
(Ryde et al., 1993).

The macronutrient composition of the diet may also influ-
ence the relative proportion of fat and FFM that is lost. Most of
the studies that have considered the effect of high-protein
diets have been based on nitrogen balance. The classic work of
Calloway and Spector (1954) suggests that if energy intake is
kept constant nitrogen balance can be improved by increasing
the nitrogen intake, although there is little improvement at in-
takes in excess of 6–7 g per day. Hoffer et al. (1984) showed a
significant improvement in nitrogen balance when dietary 
nitrogen was increased from 7 to 13.6 g per day with energy 
intakes of 2–2.3 MJ per day, but a number of other studies in
subjects receiving very low-energy diets (< 3.3 MJ per day)
have shown no further improvement in nitrogen balance with
intakes in excess of 6–10 g of nitrogen per day (de Haven et al.,
1980; Yang et al., 1981; Hendler and Bonde, 1988). Under isoen-
ergetic conditions, differences in the proportion of fat and car-
bohydrate do not appear to alter the composition of weight
loss (Golay et al., 1996).

There is good evidence that the addition of exercise to an 
energy-restricted diet may minimize the loss of lean tissue. A
meta-analysis including measurements made by a variety of
two-compartment methods showed that although weight loss
was not significantly different in diet-only (DO) and diet-plus
exercise (DE) groups, the loss of fat-free tissue was approxi-
mately halved in both men and women following the addition
of exercise (Ballor and Poehlman, 1994). A study in which
changes were measured using MRI has confirmed these find-
ings. In total, 24 women participated in a randomized study of
DO vs. DE regimens. Mean weight loss was similar in both
groups (DO = –10.0 ± 4.0 kg; DE = –11.7 ± 3.0 kg), but the DE
group lost more fat than the DO group (–11.3 ± 3.8 vs. –8.3 ± 3.6
l; P < 0.05). Lean tissue and skeletal muscle mass were pre-
served in the DE group but reduced in the DO group (P < 0.01)
(Ross et al., 1995).

A limited number of studies have measured changes in 
regional body composition during weight loss (Fig. 2.6). The
study of Hendler et al. (1995) demonstrated that in subjects
who lost a mean of 24.5 kg to reach ideal body weight there was
a decrease of 66% in intra-abdominal fat, 56% in subcutaneous
fat at the waist and 51% in subcutaneous fat at the hip, such
that the intra-abdominal fat area and hip subcutaneous fat
area were reduced to that seen in never-obese individuals at
IBW, although the waist subcutaneous fat area remained sig-
nificantly elevated. It is not yet clear whether these differences
in composition in the reduced-obese individuals have any im-
pact on subsequent health risks. Measurements made over a
period of weight loss (–12.9 ± 3.3 kg) followed by regain have

shown no difference in the sites of deposition following a
weight cycle compared with baseline values (Van der Kooy
et al., 1993).

In larger groups of obese subjects anthropometric measure-
ments may be sufficient to identify the changes in fat distribu-
tion. For example, in a group of 20 men and 38 women who lost
–12.2 ± 3.5 kg and –10.2 ± 3.5 kg, respectively (11.5% body
weight for each group), MRI-assessed visceral fat decreased
by 40.5 ± 17.1 and 31.7 ± 16.4% in men and women, whereas
waist circumference decreased by 11% and 8% respectively.
There was a significant correlation between changes mea-
sured by the two methods (r = 0.66, P < 0.001), such that a 1-cm
reduction in waist circumference corresponded with a 5-cm2

(3.5%) reduction in visceral adipose tissue.

Assessing the health risks of obesity

In epidemiological research, the emphasis is on ranking 
subjects appropriately rather than accurate individual assess-
ments, and most studies have relied on BMI as a substitute for
measurements of body composition. However, there is grow-
ing interest in the relationship between body composition/fat
distribution and health risks. First, it has been shown that
there are differential associations with all-cause mortality for
BMI and measures of adiposity (Allison et al., 2002), second,
the role of adipose tissue in the pathogenesis of obesity-related
disease is more clearly defined and, finally, there has been a
marked increase in the availability of, and confidence in, tech-
niques for the measurement of body fat. For these purposes,
methods to measure body composition must be simple and
rapid to perform. In general, they need to be widely applica-
ble, without introducing systematic errors in specific sub-
groups of the population. The inclusion of measures of body
fat by BIA in NHANES represents an important step and has
provided clear evidence of the relationship between fatness
and risks of the metabolic syndrome in a large and representa-
tive population sample (Zhu et al., 2003). Measurements of fat
distribution based on simple anthropometry have also been
widely used to assess health risks in a population. In prospec-
tive studies, waist circumference is an important predictor of
the risk of developing diabetes (Carey et al., 1997).

Fundamental research in obesity

In vivo measurements of body composition have been less
widely used in more fundamental research into obesity, al-
though they have been crucial to the development and testing
of some fundamental physiological concepts. Here, the accu-
racy and precision of the measurement of body composition 
is paramount and sophisticated research methodologies are
usually employed.

For example, although it has been apparent for many years
that obesity is characterized by an excess of body fat, we now
recognize that obese individuals also have increases in other
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tissues. FFM is enlarged, including both skeletal muscle and
visceral organs, and bone mineral mass is increased. Together,
they explain the increased energy requirements of obese indi-
viduals relative to their lean counterparts and they emphasize
that accurate measurements of body composition are neces-
sary to make comparisons of energy expenditure data be-
tween lean and obese individuals. Similarly, measurements of
basal metabolic rate in patients with Prader–Willi syndrome
imply a reduced energy expenditure relative to age-matched
non-affected control subjects but, when adjusted for differ-
ences in body composition, no residual effect of the disease is
reported (Schoeller et al., 1988). This implies that the defect is in
the control of nutrient partitioning rather than cellular oxida-
tion. Conversely, Fig. 2.7 shows that the basal and total energy
expenditure of patients with congenital leptin deficiency is
high in absolute terms, but when adjusted for body composi-
tion it is directly similar to an age-matched reference child,
thus providing no evidence in humans of any defect in energy
expenditure associated with this mutation in the leptin gene
(Farooqi et al., 1999).

In recent years, measurements of gross body composition
and fat distribution have been used in the phenotyping of pa-
tients with specific gene defects known to affect body weight
and/or nutrient partitioning (Farooqi et al., 1999; Savage
et al., 2003). For example, patients with dominant-negative
mutations in the nuclear receptor peroxisome proliferator-
activated receptor-g have a total body fat content (measured
by DXA) that is substantially lower than that which is predict-
ed from their BMI. Adipose tissue distribution was measured
using MRI and showed a striking paucity of subcutaneous
limb and buttock fat, consistent with a partial lipodystrophy.
This could not be identified from simple anthropometric in-
dices as both visceral and subcutaneous adipose tissues were

well preserved and thus subjects had relatively ‘normal’ waist
circumference for their BMI (Savage et al., 2003).

Conclusions

Body composition measurements form an integral part of obe-
sity research both in the laboratory and in the clinic. Methods
that have been developed and tested in the laboratory are in-
creasingly making their way into the clinic. This progression is
partly a consequence of a simplification of the methodology,
but it also reflects the recognition of their importance in the
clinical management of patients.

Obesity is not a condition of excess weight but of excess
body fat, which in turn contributes to the comorbidity of the
disease. The site of fat deposition may be particularly impor-
tant in this respect, but to fully understand the complex inter-
action more data are needed in which direct measures of 
fat distribution are combined with accurate measurements of
total body fat, including the effect of other confounding factors
such as smoking, alcohol consumption and inactivity. Under-
standing this relationship will ultimately allow a more accu-
rate assessment of the patients at greatest risk and hence help
to target limited treatment resources most effectively.

However, we already know that successful obesity treat-
ment must reduce total and abdominal fat. In the clinic, mea-
surements of changes in composition in individual patients
provide a valuable method to monitor the efficacy of treatment
interventions and to design treatment programmes that maxi-
mize the loss of fat tissue. The key issue is to select a method
with the necessary accuracy and precision yet which is suited
to the practical difficulties encountered in routine clinical
practice.

The use of body composition methods in nutrition research
is advancing rapidly. This has been stimulated by the develop-
ment of widely applicable BIA prediction equations for use 
in epidemiological studies, and the increasing availability of
more sophisticated and yet practical techniques to measure
body composition in individuals in clinical/research centres
using air displacement or DXA. Future analysis using even
more sophisticated multicompartment analyses of gross body 
composition and MRI to assess fat distribution will undoubt-
edly continue to refine many of the concepts in obesity 
research, and underpin the evolution of appropriate treatment
programmes.
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When I was a child, I was sick and absent from school one
day. The teacher taking attendance came across my name
and said ‘She must have stayed home to eat’. The other kids
told me about this the next day.

words from a person seeking treatment for obesity

I remember one incident when I was in the 6th grade and 
my teacher was looking at my latest handwriting 
assignment and she announced to the whole class that my
handwriting was just like me — ‘fat and squatty’ . . . The
pain and humiliation aimed at you as an innocent child
never leaves you!

words from a woman recalling stigma experiences

At no other time in history has there been such a need to pre-
vent obesity and to lessen its impact on health and well-being.
As the focus on the obesity epidemic has intensified, most
often neglected are the social consequences of being obese,
which are serious and pervasive. Obese individuals are highly
stigmatized in our society, with bias and discrimination being
common outcomes. With one-half of the American population
being overweight, the number of people potentially faced
with stigmatization is significant.

This chapter describes social consequences of obesity,
which range from inequities in employment, social disadvan-
tages in education and health care and lower socioeconomic
status to negative experiences in interpersonal relationships,
social isolation, lower self-esteem and even suicide. Following
a review of the literature, we examine the reasons why obese
people face social disadvantages, address how societal bias
and negative attitudes can be reduced and provide recom-

mendations for health-care professionals working with obese
patients.

Social consequences of obesity

Research exists on the association between obesity and a vari-
ety of social variables. Obese people face social consequences
in multiple domains of living, placing numerous obstacles in
everyday life and threatening well-being and, in all likelihood,
impairing health.

Employment

There is increasing evidence of economic disadvantages for
obese employees, most notably through lower wages of obese
employees for the same job performed by non-obese counter-
parts. Astudy of over 2000 women and men (aged 18 years and
older) reported that obesity lowered wage growth rates by al-
most 6% in 1982–85 (Loh, 1993). More recent research indicates
that the wage penalty faced by obese employees is persistent
over the first two decades of employees’ careers, and ranges
from 1.4% to 4.5%, after controlling for socioeconomic and 
familial variables (Baum and Ford, in press).

Both obese men and women face wage-related obstacles,
but are affected differently by wage penalties. An analysis
from the National Longitudinal Survey Youth Cohort exam-
ined earnings in over 8000 men and women aged 18–25 years,
which indicated that obese women earned 12% less than their
non-obese female counterparts (Register and Williams, 1990).
This study parallels other investigations that show the eco-
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nomic penalty of obesity is greater for women. For example,
longitudinal research examined data of 12 686 workers (50%
female) and found that the obesity wage penalty was greater
for obese women (6.2%) than for obese men (2.6%) (Baum and
Ford, in press). The effect of ethnicity on wages for obese
women has been documented in studies of labour market out-
comes, which reported that body weight lowered wages for
white women, but not for Hispanic or black women (Cawley,
2000). Among white women, a weight increase of two stan-
dard deviations (approximately 65 lb) decreased their pay by
7%, which is equivalent to 3 years of work experience.

Economic consequences are also evident from research
showing that fewer obese employees are hired in high-level
positions. Data on earnings of 7000 men and women from the
National Longitudinal Survey of Youth showed that obese
women are more likely than thinner women to hold low-
paying jobs (Pagan and Davila, 1997). Obese men are similarly
under-represented and paid less than non-obese men in 
managerial and professional occupations, and are over-
represented in transportation occupations, suggesting that
obese men engage in occupational sorting to counteract a
wage penalty (Pagan and Davila, 1997).

Finally, it appears that obese employees face inequitable
treatment with respect to benefits and termination of employ-
ment. Aself-report study of 445 obese workers found that 26%
of individuals who were 50% or more above ideal weight were
denied benefits such as health insurance because of their
weight, and 17% reported being fired or pressured to resign
because of their weight (Rothblum et al., 1990).

Legal case findings indicate that employment termination
against obese persons due to weight does exist and that it 
occurs in a variety of employment positions that are not 
necessarily compromised by body weight. Recent wrongful
termination cases have been filed by obese employees who
were city labourers (Civil Service Commission v. Pennsylvania
Human Relations Commission, 1991; Perroni, 1996), state tro-
opers (Frisk, 1996; Smaw v. Virginia Department of State Police,
1994), teachers (Nedder v. Rivier College, 1995) and office man-
agers (Gimello v. Agency Rent-A-Car Systems, Inc., 1991), many
of whom had been commended for good job performance or
maintained excellent employment records. Several of these
cases also involved suspended work without pay or demotion
until the obese employee lost weight.

The existence of legal cases does not prove that weight dis-
crimination is widespread, but does show that many perceive
their obesity to be the reason for unfair treatment. Additional
work is needed to determine the prevalence of wrongful 
termination and the consequences of wage penalties on the
health and well-being of obese employees.

Health care

Obtaining needed health care is critical for obese people
whose weight places them at a heightened risk for numerous

diseases. Research has demonstrated highly variable obesity
management practices among physicians and reluctance of
obese patients to seek necessary health-care services, both of
which may contribute to the health consequences associated
with obesity.

One study involved over 1200 physicians (representing 
specialties of family practice, internal medicine, gynaecology,
endocrinology, cardiology and orthopaedics) completing 
self-report surveys concerning their care of obese patients. The
physicians recognized the health risks of obesity and per-
ceived many of their patients to be overweight, but did not 
undertake adequate intervention and were unlikely to form-
ally refer a client to a weight loss programme (Kristeller and
Hoerr, 1997). Only 18% of physicians reported that they would
discuss weight management with overweight patients and
42% addressed the issue with mildly obese patients. A similar
self-report study of 318 physicians showed that although the
majority felt obligated to treat their obese patients, 23% of
physicians did not recommend treatment to any of their obese
patients, and 47% said that counselling patients about weight
loss was inconvenient (Price et al., 1987a). This parallels an 
investigation of a population-based sample of over 12 000
obese adults, where only 42% of participants were advised to
lose weight by health-care professionals (Galuska et al., 1999).

Other research suggests that physicians may be ambivalent
about their role in treating obesity. In a sample of 211 primary
care physicians, only 33% reported being centrally responsible
for managing their patient’s obesity, and physicians indicated
that insufficient time, lack of medical training and problems of
reimbursement were difficulties in managing obesity effec-
tively (Pratt et al., 1997). Another study of attitudes and prac-
tices among 752 general practitioners in weight management
found that physicians reported positive views about their
roles in managing obesity, but underutilized practices that
promoted lifestyle changes in patients, described weight man-
agement as professionally unrewarding and reported their
most common frustrations in treating obesity to be poor pa-
tient compliance and motivation (Campbell et al., 2000).

Some obese patients perceive these practices to be inade-
quate. In one study, when obese patients were surveyed about
their experiences with physicians, most were generally satis-
fied with their care for general health, but were significantly
less satisfied with the care they received for their obesity 
(Wadden et al., 2000).

Questionable weight management practices could lead
obese persons to be hesitant to seek health care. Several studies
have documented delays in seeking medical care by obese
women. One self-report study of 310 hospital-employed
women found that body mass index (BMI) was significantly
related to appointment cancellations (Olson et al., 1994). In
particular, 12% of women indicated that they delayed or can-
celled physician appointments owing to weight concerns, 55%
of those with a BMI over 35 delayed or cancelled visits because
they knew they would be weighed, and of the 33% of women
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who had discussed weight with their physicians, discussions
were described as negative. The most common response for
delaying appointments was embarrassment about weight.

Other self-report data of more than 6000 women obtained in
the 1992 National Health Interview Survey reported that in-
creased BMI was associated with decreased preventive health-
care services (Fontaine et al., 1998). Obese women were more
likely than non-obese women to delay breast examinations,
gynaecological examinations and Papanicoloau smears, de-
spite an increase in physician visits as BMI increased (Fontaine
et al., 1998). A similar study was conducted to determine the 
influence of obesity on the frequency of pelvic examinations
(Adams et al., 1993). Anonymous responses of 290 women
showed that reluctance to have examinations increased with
body weight, with very overweight women being signifi-
cantly less likely to report annual pelvic examinations than
thinner women.

Although the reasons for underutilization of health-care
services among obese women have not been specified, the 
positive association between BMI and frequency of physician
visits, coupled with questionable obesity management prac-
tices reported by some physicians, indicates a need to look
closer at the quality of health-care services received by obese
patients.

Education and IQ

There is no extensive work on the educational consequences of
being obese, but what does exist suggests that obesity may
prevent individuals from achieving the same educational
goals as their normal-weight counterparts. Most of the work in
this area has examined educational attainment among college
students. Canning and Mayer (1966) examined high school
records and college applications of 2506 high school students
and found that obese students were significantly less likely
than non-obese peers to be accepted to college, despite having
equivalent application rates and academic performance.
Moreover, only 31% of obese women were accepted compared
with 41% of obese men. Unfortunately, these college admis-
sion data are dated and it is necessary to determine the extent
to which discriminatory practices now occur.

In an attempt to determine the reasons for the lower 
college acceptance of obese females, Crandall (1991) assessed
weight, financial aid and college income in a sample of
833 undergraduate students. It was found that normal-weight
students received more family financial support for college
than overweight students, who depended more on financial
aid and jobs; this effect was especially pronounced for 
women. Differences in family support remained, despite 
controlling for parental education, income, ethnicity and 
family size.

There have also been cases of obese students who were dis-
missed from college because of their weight. One case reached
the US Supreme Court; this involved an obese nursing student

who was dismissed 1 year before obtaining her nursing degree
for failing to lose weight (Weiler and Helms, 1993). Although
the school did not object to the student’s obesity at her admis-
sion, she was later asked to sign a contract agreeing that she
could remain in her programme if she lost 2 lb (approximately
1kg) per week; 1 year later she was dismissed from the school
for her inability to lose weight (Weiler and Helms, 1993).

Some research has pointed to an association between 
obesity and lower intelligence, suggesting that obese individ-
uals may be at an intellectual disadvantage compared with
non-obese persons. One study documented lower perfor-
mance IQ scores among severely obese children (using the
Weschler Intelligence Scale for Children — revised) compared
with non-obese control subjects (Li, 1995). However, differ-
ences in measures of intelligence did not hold up for children
with lesser degrees of obesity. A second study prospectively
assessed BMI and school difficulties (including learning diffi-
culties, scholastic proficiency, special educational needs and
speech or hearing difficulties) among 987 individuals when
they were children in the third grade and then again when 
20 years old. Children who had learning difficulties, poorer
scholastic proficiency or special educational needs were more
likely to be obese as young adults (Lissau and Sorensen, 1993).
These findings parallel earlier work that documented inverse
relationships between obesity and IQ performance measures
(Kreze et al., 1974; Sorensen and Sonne-Holm, 1985). Most 
recently, a prospective study examined a community-based
sample of 1423 adults from the Framingham Heart Study and
found lower cognitive performance on tests of learning and
memory among obese men only (Elias et al., 2003).

Studies outside of the USA have reported similar associa-
tions between intelligence performance scores and obesity. A
Danish study of over 26 000 adults reported intelligence test
scores and educational levels to be highest among individuals
who were below the median BMI (Teasdale et al., 1992). An ex-
amination of a British cohort of over 12 000 children showed
that men and women who had been obese at 16 years of age
had significantly fewer years of education than non-obese
peers, and obese women demonstrated lower performance on
maths and reading tests than non-obese counterparts at ages 7,
11 and 16 years (Sargent and Blanchflower, 1994). Two Chinese
studies have also documented differences in intelligence test
scores among obese and non-obese children (Lu et al., 1996; Li
et al., 1998).

The majority of studies conducted in this area have been cor-
relational, so there should be caution in interpreting these
findings. There is insufficient evidence to conclude that obese
individuals are at an intellectual disadvantage compared with
non-obese persons, and there are many extraneous variables
(such as social class) that could be responsible for poorer edu-
cational attainment in some obese individuals. At the same
time, one could speculate that the correlations obtained in
these studies do, in fact, reflect poorer intellectual functioning
by obese people, resulting from a potential common genetic or
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environmental link. For example, it is possible that obesity oc-
curs first, followed by stigma, which negatively affects educa-
tional attainment in different ways (such as poorer treatment
by teachers, lower expectations by parents, poor self-esteem,
etc.). Alternatively, poor intellectual performance could ini-
tially occur, creating stress or low self-esteem in some children,
which gets soothed by eating and leads to increased weight.
Additional research in this area is clearly warranted to deter-
mine the direction of this complex relationship and to rule out
the influence of extraneous variables.

Socioeconomic status

Numerous studies now show that obesity is more prevalent
among lower socioeconomic groups. Sobal and Stunkard’s
(1989) important review of 144 published studies on this topic
demonstrated that individuals of lower socioeconomic status
are at a higher risk of being obese across all industrialized na-
tions. In addition, this pattern was more consistent for obese
women than men.

Studies conducted since this review demonstrate similar
findings. For example, research examining socioeconomic 
status (SES) and adolescent health using 15 483 adolescent and
parent surveys (with separate measures of income, education
and occupation) revealed that SES indicators were consis-
tently and linearly related to obesity (Goodman, 1999). This 
relationship remained despite controlling for factors such as
race and number of parents in the home.

Alongitudinal study examined obesity and SES in a random
sample of over 10 000 adolescents who were followed for 7
years, which established that women who had been over-
weight in adolescence completed less education, were less 
likely to be married and had lower incomes and higher 
rates of poverty than those who had not been overweight 
(Gortmaker et al., 1993). Men who were overweight in adoles-
cence were also less likely to be married. These results suggest
that the socioeconomic consequences are more severe for
obese women.

In a recent study of 15 061 respondents to the 1996 Health
Survey for England, lower educational attainment and lower
socioeconomic status were associated with a higher risk of
obesity in both men and women (Wardle et al., 2002). Lower 
occupational status among women was associated with in-
creased risk of obesity independent of SES, but this was not the
case for men. The authors highlighted the finding that educa-
tion was significantly associated with obesity independent of
income and occupation, suggesting that education interven-
tions target lower SES groups of obese individuals.

Despite these consistent findings across multiple studies
and the knowledge that the relationship between obesity and
SES is bidirectional (Stunkard and Sorensen, 1993), other 
factors (such as heredity, health-related behaviours, access to
health care) common to both of these characteristics make it
difficult to determine causality and they highlight the com-

plexity of this relationship. It is also important to note the vari-
ability in how SES has been measured in existing studies,
which ranges from several indicators such as income, educa-
tion and occupation to single measures or scales, all of which
may have differentially affected the strength of associations
reported. Researchers are now beginning to examine compo-
nents of SES (such as employment, housing, migration status
and family unit) separately in order to determine whether
these factors predict the relationship between SES and obesity
differently (Ball et al., 2002). What remains clear, however, 
is that socioeconomic consequences create real challenges 
for obese individuals who are already faced with stigma. It 
is crucial for research to address both the biological and 
social factors that relate to economic disadvantages in this
population.

Interpersonal relationships

Obese individuals may have negative relationship experi-
ences with peers, family and romantic partners. Additionally,
others often perceive obese individuals as less desirable candi-
dates for any of these roles. Here we review the research ad-
dressing both perspectives.

Peer relationships

Miller and colleagues (1990) used blind observers to rate
heavy and thin women conversing by telephone. The heavy
woman was rated more negatively, leading the researchers to
conclude that obesity may place limitations on opportunities
for social skill acquisition. Snyder and Haugen (1994; 1995)
tested this hypothesis by having male subjects holding a
phone conversation with a woman; subjects were first shown a
photograph of either a thin or large woman, and told that this
was the woman they would be speaking to. Men who were
told they were speaking with a large woman rated her less 
positively than men who were told they were speaking with a
thin woman. Furthermore, blind raters actually rated the sup-
posed ‘large’ female conversation partner less positively, even
though these raters knew nothing about how she had been
presented to the male subjects, suggesting that the female con-
versation partner began to fulfill the men’s communicated ex-
pectations of her. Other research suggests that people believe
obese people to be unpopular and to have few friends (Harris
et al., 1982; Harris and Smith, 1983).

Some research indicates that obese individuals believe their
weight has interfered in their participation in social activities
(Bullen et al., 1963; Tiggemann and Rothblum, 1988). However,
Miller and colleagues (1995) found that larger and thinner
women did not differ in self-reported and corroborative report
of social support, size of social networks, social skills or 
socially based self-esteem. Other studies support this finding
of no difference in popularity with peers (Sallade, 1973; Jarvie
et al., 1983).
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Family relationships

Sarlio-Lahteenkorva (2001) studied a large population-based
sample and found in women a relationship between obesity
and lack of close friends outside the family; however, these
women did not report greater feelings of loneliness and were
not less likely to be living with a partner. Schumaker and col-
leagues (1985), however, found that obese women did report
greater loneliness than their thinner counterparts; this finding
did not hold for the men.

Romantic partnerships

Many obese individuals experience difficulty in the area of 
romantic partnerships. Some data suggest that obese indi-
viduals are less likely to attract a marital partner (Kallen and
Doughty, 1984), are older when they marry (Gortmaker et al.,
1993) and marry those deemed ‘less desirable’ partners (Garnet
al., 1989a,b). Others have found no association between obesity
and marital status in women, and even a positive relationship
between BMI and marital status in men (Sobal et al., 1992).

Harris and colleagues (1991) studied attitudes towards obe-
sity in college students and found that for white women,
weight was negatively associated with likelihood and fre-
quency of dating, and white men were more likely to have 
refused to date a woman because of her weight than were
African-American men. Sitton and Blanchard (1995) found
that fewer men responded to a personal advertisement in
which the woman was identified as obese than to an advertise-
ment in which she disclosed having a history of drug prob-
lems. Harris (1990) studied a sample of college students and
found that larger individuals were rated as less attractive, hav-
ing lower self-esteem, less likely to be dating, and deserving of
heavier and less attractive partners. Regan (1996) found that
subjects rated obese women as less sexually attractive, skilled,
warm and responsive, and less likely to experience sexual de-
sire than normal-weight women; this difference did not hold
when the target stimulus was a man.

For those who do marry, the data on marital quality are
mixed. Felitti (1993) reported that clinical patients undergoing
obesity treatment were more likely to experience marital
break-ups than control subjects, and Margolin and White
(1987) reported an association between weight gain in women
and marital problems. However, both Cohen and colleagues
(1991) and Sobal and colleagues (1995) found little support for
the hypothesis that obese people experience poorer quality
marriages. In fact, obese women reported less marital unhap-
piness, and both men and women who gained weight during
marriage were happier. Obese men did report more marital
problems than their non-obese counterparts.

In summary, negative stereotypes about the relationship
skills and desirability of obese individuals clearly abound.
Some research supports the contention that obese individuals
do, indeed, experience negative outcomes in the interpersonal

domain, whereas other research finds that they fare similarly to
their normal-weight counterparts. The subgroup most im-
pacted by the negative stereotypes appears to be white women.
Given the prevalence of negative stereotypes, it is remarkable
that obese people fare as well as they do interpersonally.

Psychological outcome variables

A large body of research exists on the psychological status of
obese people as a group. The main variables of interest have
been general psychopathology, depression, self-esteem and
risk of suicide.

Psychopathology

The data on psychopathology in obese individuals are mixed,
with most focused on depression. Early studies actually indi-
cated lower levels of depression and anxiety in some obese de-
mographic groups, giving rise to what became known as the
‘jolly fat’ person hypothesis (Simon, 1963; Silverstone, 1968;
Crisp and McGuiness, 1975; Kittel et al., 1978; Crisp et al., 1980;
Stewart and Brook, 1983; Palinkas et al., 1996). Other re-
searchers have found no such relationship (Moore et al., 1962;
Hallstrom and Noppa, 1981; Hayes, 1986; Faubel, 1989). Still
others report small to moderate relationships between weight
and depression across a variety of samples, including women
in the NHANES dataset (Istvan et al., 1992), college women
(Homer and Utermohlen, 1993) and other large national US
samples (Carpenter et al., 2000; Roberts et al., 2000). The rela-
tionship appears to be moderated not only by gender (it is
stronger in women) but also by education: Ross (1994) found
the relationship to hold only for the subset of higher educated
individuals.

In their review of this literature, Friedman and Brownell
(1995) found little consistent evidence that obese individuals
as a group suffer greater psychopathology than their thinner
counterparts. However, they argue that specific subpopula-
tions may be more vulnerable, most notably binge eaters, obe-
sity treatment-seeking populations and certain social strata
groups (Black et al., 1992; Goldsmith et al., 1992; Fitzgibbon et
al., 1993; Kuehnel and Wadden, 1994; Telch and Agras, 1994;
Musante et al., 1998).

One criticism of this literature is the use of cross-sectional
data. Roberts and colleagues (2002) reported findings from a
large prospective study of adults over the age of 50 years.
Cross-sectionally, obese individuals were more likely to report
poorer perceived mental health, less optimism, greater life dis-
satisfaction and greater depression. Longitudinally, obesity
predicted risk for subsequent depression, pessimism and un-
happiness 5 years later, even when controlling for baseline
mental health problems. Faith and colleagues (2002) reviewed
this literature and concluded that the relationship between
obesity and depression will probably prove to be a complex
pattern of mediated and moderated relationships.



Chapter 3

34

One sobering finding from a large US population-based
sample is that BMI is associated with suicidal ideation in
women, and with both suicide attempts and suicidal ideation
in men (Carpenter et al., 2000). There is clearly some connec-
tion between the experience of overweight and engaging in 
extreme and desperate behaviours.

Self-esteem

Miller and Downey (1999) published a meta-analysis of the 
relationship between weight and self-esteem. They found a
moderate relationship that was stronger for women, individ-
uals of higher SES, those of non-minority status and those
seeking treatment. This relationship does not hold across all
studies (e.g. Sarwer et al., 1998). As with obesity and depres-
sion, obesity and self-esteem appear more strongly related in
certain subpopulations, such as binge eaters and treatment-
seeking populations (Miller et al., 1999). It also appears to be
moderated by body esteem.

Body esteem

Body esteem has been of interest both as a variable in its own
right and, more recently, as a moderator and/or mediator of
the relationships between weight and other psychological
variables, such as depression and global self-esteem. The rela-
tionship between body dissatisfaction and overweight is well
established (Cash et al., 1986; Rosen, 1996; Sarwer et al., 1998).
Friedman and colleagues (2002) found further that body 
satisfaction mediated both weight/depression and weight/
self-esteem relationships.

Quality of life

There exist some data exploring a more general quality of life
in obese individuals. Higher weight is related to decreases in
quality of life (Kolotkin et al., 1995; Sarlio-Lahteenkorva et al.,
1995; Fontaine, et al., 1996).

In summary, the data on psychosocial outcomes in obese
people are mixed. However, much of the data are cross-
sectional, thus we have information only on associations
rather than causal relationships. It is not clear whether obesity
produces these outcomes, whether these psychological vari-
ables are involved in the onset and/or maintenance of obesity,
or whether the relationship is a complex one involving a
broader array of variables. Prospective data are scant and this
is a necessary future direction to explore. The findings of
greater distress in obese populations are of great concern and a
worthwhile target of intervention.

Reasons for social disadvantages of obesity

The widespread social consequences of obesity might be 

attributed to different causes. One possible explanation is 
that obese people perform poorly in life activities, such as 
employment or education, because of deficits in intellectual,
interpersonal or work-related skills; there has been little re-
search to address this issue. A more plausible explanation
seems that obese people are treated as if they are deficient be-
cause of weight stigma, which gets enacted in prejudice, bias
and discrimination. There is now substantial research support
for this explanation, which consistently illustrates that obese
people face negative attitudes and stigma in major life do-
mains such as employment, health care and education. It is
also likely that obese people are subject to self-fulfilling proph-
esies, with which they internalize society’s negative views and
then act in ways to be consistent with stereotypes.

Evidence of bias and stigma against 
obese persons

Documentation of weight stigma began several decades ago
(Allon, 1982) and has had a resurgence in recent years (see 
review by Puhl and Brownell, 2001). One main focus has 
been employment bias. Experimental research shows that
overweight people may face biased hiring decisions even be-
fore they confront a job interview. This research typically asks
participants to evaluate a fictional applicant’s qualifications
for a job, in which the employee’s weight has been manipul-
ated (through written vignettes, videos, photographs or 
computer morphing). Participants consistently evaluate 
overweight applicants more negatively and rate them less
likely to be hired than average-weight employees, despite
having identical qualifications (Decker, 1987; Klassen et al.,
1993; Bellizzi and Hasty, 1998). This bias may be especially
salient in jobs such as sales positions, in which obese people
are perceived to be inappropriate for face-to-face interactions
(Rothblum et al., 1988; Everett, 1990; Jasper and Klassen, 1990;
Pingitoire et al., 1994).

Negative stereotypes of obese employees are abundant and
may be one explanation for inequities in wages, promotions
and employment termination. Over two decades ago, Larkin
and Pines (1979) documented beliefs that obese workers are
less neat, productive, ambitious, disciplined and determined
than non-obese employees. More recent studies indicate that
this pattern has worsened and that people perceive over-
weight employees to be sloppy, lazy, less competent, poor role
models, lacking in self-discipline, disagreeable, unattractive,
unsuccessful and emotionally unstable compared with aver-
age-weight employees or job applicants (Paul and Townsend,
1995; Roehling, 1999; Polinko and Popovich, 2001). Other
work reveals perceptions that obese workers have low super-
visory potential, and poor personal hygiene and professional
appearance (Rothblum et al., 1988). Despite no evidence for
such negative stereotypes, obese employees remain vulner-
able to negative evaluations because of their weight. Interest-
ingly, some research shows that obese job applicants who
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acknowledge their stigma in an interview are evaluated more
negatively than those who do not mention their weight (Hebl
and Kleck, 2002).

Health care is another area in which weight stigma is preva-
lent and in which numerous health-care professionals are per-
petrators of bias. As mentioned earlier, negative attitudes have
been reported by physicians, psychologists, nurses and med-
ical students (Maddox and Liederman, 1969; Price et al., 1987a;
Maroney and Golub, 1992; Wiese et al., 1992; Davis-Coelho 
et al., 2000). Even health-care professionals who specialize in
obesity are not immune to this bias (Teachman and Brownell,
2001; Schwartz et al., 2003). These beliefs are typically 
acknowledged in anonymous self-report studies, in which
health-care providers perceive obese patients to be unsuccess-
ful, unpleasant, unintelligent, dishonest, lacking in self-
control, overindulgent, weak-willed and lazy (Maddox and
Liederman, 1969; Blumberg and Mellis, 1980; Klein et al., 1982;
Price et al., 1987a; Maroney and Golub, 1992). One study of reg-
istered nurse (RN) graduate female nurses (n = 107) reported
that 24% of nurses agreed that caring for an obese patient re-
pulsed them, and 12% reported that they preferred not to even
touch an obese patient (Bagley et al., 1989). Considering the ut-
most importance of health care for obese individuals, who face
numerous risks of disease, this study is especially alarming.
Other work indicates the presence of illusory correlations in
medical settings in which people overestimate the likelihood
that obese patients are non-compliant with their physician’s
advice, despite there being no data to suggest that this rela-
tionship exists (Madey and Ondrus, 1999).

Beliefs about the causes of obesity may play a role in wide-
spread negative attitudes towards obese patients. For exam-
ple, one study of attitudes among 52 health-care professionals
specializing in nutrition found that 88% reported that obesity
was a form of compensation for lack of love or attention, 
and 70% attributed the cause of obesity to emotional 
problems (Maiman et al., 1979). Other work has highlighted 
assumptions among nurses that obesity can be prevented by 
self-control (Maroney and Golub, 1992), and that patient non-
compliance explains failure at weight loss (Hoppe and Ogden,
1997).

The possibility that biased attitudes influence the quality of
care provided to obese patients is very real. In addition to the
studies reviewed already, which point to delayed seeking of
care by obese patients and questionable treatment practices by
physicians, experimental research shows that mental health
professionals more frequently assign negative attributes,
more severe psychological symptoms and more pathology to
obese patients than to average-weight clients (Young and
Powell, 1985; Hassel et al., 2001). Other empirical work found
that obesity affected treatment planning by psychologists,
who assigned a worse prognosis to overweight patients than
non-obese patients, and who were more likely to assign ‘in-
creasing sexual satisfaction’ as a treatment goal for overweight
patients despite no indication of sexual difficulties (Davis-

Coelho et al., 2000). The need for increased research in this area
to directly assess whether negative attitudes affect the quality
of health care for obese patients is clearly warranted.

Reasons for poorer educational attainment among obese
students can also be traced to stigma. Although less empirical
work has been conducted in educational settings, it appears
that educators may also be communicating negative anti-fat
attitudes that may affect perceptions of performance among
obese students. One self-report study of 115 junior and senior
high school teachers and school health-care workers indicated
that these educators perceived obesity to be primarily under
individual control; 20% agreed that obese persons are untidy;
19% perceived them to be more emotional; 17% believed them
to be less likely to succeed at work; and 27% agreed they were
more likely to have family problems (Neumark-Sztainer et al.,
1999). In addition, 46% agreed that obese persons are undesir-
able marriage partners for non-obese people, and 28% agreed
that becoming obese is one of the worst things that could hap-
pen to a person. A study of over 200 elementary school princi-
pals’ beliefs about contributing causes of obesity similarly
indicated that 59% attributed this to lack of self-control, 57% to
psychological problems and 47% to lack of parental concern
(Price et al., 1987b).

Parental biases may also affect educational outcomes for
obese students. Crandall (1995) examined this among over
3000 high school seniors who completed questionnaires about
their weight, college aspirations, financial support, grades
and parental political attitudes. Overweight students were
under-represented in those who attended college, with over-
weight women being least likely to receive financial support
from their families. Politically conservative attitudes of par-
ents predicted who paid for college, in which BMI of students
was positively associated to parents whose attitudes were
characterized by values of self-discipline and the tendency to
perceive people as responsible for their own fate. Thus, par-
ents with these ideological attributions may be more likely to
blame their obese children for their weight.

Taken together, a strong argument can be made for the exis-
tence of weight stigma and the pervasiveness of negative 
attitudes in multiple areas of living for obese people. Anti-fat
attitudes remain so socially acceptable that we need to go no
further than our own living rooms to observe negative stereo-
types of obese people who are portrayed so disapprovingly on
television (Greenberg et al., 2003). Unfortunately, those 
images reflect reality for an increasing population of obese
people who are confronted with unfounded stereotypes and
resulting social denigration on a daily basis.

Obese children: special consideration

Obesity is increasing rapidly in children and adolescents 
(Flegal et al., 1998; WHO, 1998), thus an increasing number 
of young people are susceptible to the social consequences of
obesity. Although many of the sequelae experienced by chil-
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dren are consistent with those observed in adults, we believe
that the particularly vulnerable nature of childhood and ado-
lescence warrants special attention to this issue in children.

Negative stereotypes of obesity in children

Numerous studies have documented the pervasive nature of
children’s negative attitudes towards obese people in general
and obese children specifically. Richardson and colleagues
(1961) were the first to demonstrate that children dislike heav-
ier children more than they dislike those with a variety of other
stigmatizing conditions, such as physical disabilities or dis-
figurements. Young children have described overweight indi-
viduals as lazy, sloppy, dirty, ugly and stupid, both in early
studies (Caskey and Felker, 1971; Lerner and Korn, 1972;
Staffieri, 1972; Kilpatrich and Sanders, 1978) and more recent
research (Strauss et al., 1985; DeJong and Kleck, 1986; 
Goldfried and Chrisler, 1995; Wardle et al., 1995; Kraig and
Keel, 2001; Latner and Stunkard, 2003).

Negative attitudes towards obese children begin early. 
Hill and Silver (1995) and Counts and colleagues (1986) have
documented the existence of negative obese stereotypes in 
9- and 8-year-olds, respectively, whereas others have observed
negative attitudes towards overweight in children as young as
3 (Brylinsky and Moore, 1994; Cramer and Steinwert, 1998). In
a study of children in grades 4–6, these negative attitudes per-
sisted in both boys and girls across the three grades, regardless
of the child’s own weight (Tiggemann and Anesbury, 2000).
These attitudes appear to persist even in the face of explana-
tions of the uncontrollability of the target child’s obesity, ex-
planations originally designed to reduce negative attitudes
towards the children (Bell and Morgan, 2000).

Peer harassment and rejection at school

At school, obese children and adolescents suffer harassment
and rejection that is directly related to their weight and can be
subjected to merciless teasing (Neumark-Sztainer et al., 2002).
Pierce and Wardle (1997) reported on 32 clinically overweight
9- to 11-year-olds. These children detailed experiences of 
unrelenting bullying and verbal abuse from classmates, chil-
dren in their neighbourhoods and siblings at home. Neumark-
Sztainer and colleagues (1998) described the experiences of 55
obese adolescent girls. The girls detailed teasing, jokes and
derogatory names, as well as rejection by peers and siblings.
For instance, friends would not want to be seen with the obese
child, and siblings denied being related to the child. Incidents
occurred most frequently at home and at school. It is hardly
surprising that obese adolescents — and girls in particular —
would encounter difficulties in social interaction (Sobal, 1984).

Given the enduring negative effects of childhood weight-
related teasing on women’s body image (Grilo et al., 1994), and
the role body image plays in the relationship between obesity
and psychological distress, the relentless teasing suffered by

obese children and adolescents is of great concern. Weight-
related teasing is also associated with disordered eating 
(Fabian and Thompson, 1989; Thompson et al., 1995; Neumark-
Sztainer et al., 2002), adding a further route through which psy-
chopathology may potentially develop in these children.

Adults stigmatizing children

Obese children are stigmatized not only by their peers, but by
adults as well, including their own parents. The potential im-
pact here is great, as one might imagine, but relatively little re-
search has been carried out. Pierce and Wardle (1993) found
that girls who thought that their parents perceived them as
overweight had lower self-esteem. No differences in either
communication with parents or perceived support from par-
ents were found by Valtolina and Marta (1998) between obese
and non-obese adolescents, thus it is likely that some parents
buffer their children from society’s anti-fat messages, whereas
others contribute to the stigma.

Psychological sequelae of obesity in children

Numerous authors have reported increased risk for general
psychosocial problems and distress in obese children and ado-
lescents, and girls in particular (Banis, et al., 1988; Dietz, 1998;
Mellin et al., 2002). Erickson and colleagues (2000) found that
BMI was moderately associated with depressive symptoms in
elementary school girls, but not in boys; however, Wadden
and colleagues (1989) found no such relationship in their sam-
ple of adolescent girls. Sheslow and colleagues (1993) found
depressive symptoms to be greater only in those obese chil-
dren with lower self-esteem, indicating the need to explore
moderating variables, as is the case in the adult literature.

General self-esteem and the more specific body esteem have
also been studied. French and colleagues (1995) reviewed the
literature and concluded that there are modest relationships in
children and adolescents between obesity and self-esteem and
between obesity and body esteem, although the literature has
methodological limitations, including small sample sizes, a
focus on clinical populations only and inconsistency in mea-
sures across studies. Some have found that obese children and
adolescents report lower levels of self-worth or self-esteem
(Sallade, 1973; Martin et al., 1988; Braet et al., 1997). Pierce and
Wardle (1993; 1997) also found evidence of this relationship,
but found it to be moderated by internal vs. external causal at-
tributions for the overweight. Other data do not support the
self-esteem/weight relationship (Mendelson and White, 1982;
Wadden et al., 1984; Strauss et al., 1985; Kaplan and Wadden,
1986).

As in the adult literature, the data on body esteem and obe-
sity are more consistent. There appears to be a solid moderate
negative relationship between body esteem and weight in
both adolescent and pre-adolescent girls (Hendry and Gillies,
1978; Mendelson and White, 1982; 1985; Wadden et al., 1989;
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Mendelson et al., 1996; Phillips and Hill, 1998; Stradmeijer et
al., 2000). In the Phillips and Hill study, heavier girls suffered
decreased physical appearance esteem, but were just as popu-
lar as their thinner counterparts and were not at risk for 
decreased global self-esteem. These findings highlight the 
importance of distinguishing between different domains of
self-esteem. Pesa and colleagues (2000) presented data to sup-
port the hypothesis that the relationship between weight and
self-esteem may, in fact, be driven by body esteem. Israel and
Ivanova (2002) studied children aged 8–14 and found that self-
esteem in domains other than physical appearance acted as a
protective factor for overall self-esteem in overweight chil-
dren. These findings imply potential inroads for reducing the
effects of the stigma of obesity in children.

Schwimmer and colleagues (2003) assessed health-related
quality of life (QOL) in a small sample of obese children 
and adolescents presenting for obesity treatment. They found
QOL in the severely obese to be lower than in normal-weight
children, and on a par with children diagnosed with cancer — a
startling and sad finding. Even more disturbing are the grow-
ing number of anecdotal accounts of obese children and ado-
lescents committing suicide following years of teasing and
harassment about their weight (Lederer, 1997; Solovay, 1999).

In summary, the data on obese children indicate that their
peers have negative attitudes towards obesity, that they can be
subjected to harassment both at school and in their homes and
neighbourhoods, that they experience poor body esteem and
may be at greater risk for depression and low global self-
esteem. In extreme cases, stigmatizing experiences may lead
to self-harm and even suicidal behaviours.

Why does weight stigma occur?

Although bias against obese people is well established, the
reasons for weight stigma have received less attention (Puhl
and Brownell, 2003). The primary theoretical model used to
explain weight stigma comes from attribution theory. This 
research, conducted primarily by Crandall and colleagues,
highlights perceptions of controllability and causality when
making judgements about social groups, and suggests that
when we encounter a person with a stigmatized trait, we
search for its cause and form our reactions to the person using
this causal information (Crandall, 1994; Crandall and Cohen,
1994; Crandall and Martinez, 1996).

One trigger for negative weight attitudes is the common be-
lief that obese people are to blame for their fatness. Crandall
and colleagues propose that negative attitudes towards obese
people result from particular attributional tendencies of blame
(Crandall, 1994; Crandall and Schiffhauer, 1998). Specifically,
traditional conservative North American values of self-
determination and individualism provide a foundation for
weight stigma through beliefs that people get what they de-
serve, and that the fates of others are due to internal, control-

lable factors (Crandall and Martinez, 1996). These values are
similar to Protestant work ethic values that also highlight 
internal control and self-discipline, within which the condi-
tion of another person’s life, including weight, is attributed to 
internal, controllable causes (Crandall and Cohen, 1994; 
Crandall and Schiffhauer, 1998).

Consistent with this theory, research suggests that stigma is
more likely to occur when individuals perceive obese people
to be responsible for their weight because of controllable fac-
tors, such as laziness, overeating or low self-discipline (Weiner
et al., 1988; Rodin et al., 1989; Crandall and Moriarty, 1995;
Menec and Perry, 1998; Crandall, 2000). Some studies also
demonstrate that obese people are less likely to be denigrated
when explanations are provided to show that their obesity is
beyond personal control (e.g. due to a thyroid condition) com-
pared with when controllable causes (like overeating) are 
perceived to be responsible (DeJong, 1980; 1993; Weiner et al.,
1988; Menec and Perry, 1998).

These attribution components are associated with varia-
tions in weight attitudes across different cultures. Crandall
and colleagues (2001) compared attributions towards obese
people across six countries, and showed that stigma was best
predicted by perceptions that people are responsible for life
outcomes as well as cultural values that place a negative 
emphasis on fatness. Together, these factors significantly pre-
dicted negative attitudes towards obesity, where individualis-
tic countries of Australia, Poland and the USA demonstrated
more negative attitudes towards obese people than did the 
collectivist countries of India, Turkey and Venezuela. Overall,
these studies indicate that the attribution model of weight 
stigma is useful in explaining why obese people in particular
are perceived to have specific negative traits, and highlights
perceptions of responsibility and personal control over
weight, which lead to blame.

How can bias be reduced?

Although attribution research provides insight into the ori-
gins of obesity stigma, few studies have used this theory to 
reduce stigma. Only a handful of published studies have 
addressed attributions of controllability and causality of 
obesity in direct attempts to improve attitudes. One study 
improved attitudes towards obese people by providing 
information to participants about biological, genetic and non-
controllable causes of obesity (Crandall, 1994). However, two
more recent studies found that providing explanations for
obesity outside of one’s personal control did not lead to atti-
tude change (Bell and Morgan, 2000; Teachman et al., 2003).
Thus, attribution theory may ultimately play a stronger role in
explaining weight stigma than reducing this bias, and it is im-
portant to examine other stigma reduction methods.

Concerning the little empirical work that has attempted to
alter negative attitudes using other methods, many questions
remain unanswered. A school-based intervention improved
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weight tolerance among elementary students through a cur-
riculum designed to promote size acceptance (Irving, 2000),
although children’s attitudes were not directly assessed, mak-
ing it difficult to determine whether actual changes occurred.
Negative attitudes were also reduced in a study of medical stu-
dents following an intervention that used videos of obese peo-
ple, role-play exercises and written materials about the causes
of obesity (Wiese et al., 1992). One-year follow-up results indi-
cated that students had fewer negative stereotypes compared
with their pre-intervention attitudes, but outcome measures
did not differentiate between the methods that were respon-
sible for attitude changes.

Studies designed to evoke empathy towards obese people
have also produced discouraging findings. This research in-
structed participants to read stories about weight discrimina-
tion or watch empathic videos of obese women, neither of
which changed negative associations about obese people
(Gapinski et al., 2003; Teachman et al., 2003). Another study
was unable to improve negative attitudes among medical staff
by increasing their direct interpersonal contact with obese pa-
tients (Blumberg and Mellis, 1980). There is extensive research
support for the effectiveness of increased interpersonal con-
tact on attitude change (see review by Pettigrew and Tropp,
2000), but certain types of stigmas, such as obesity, may resist
these strategies.

On a more optimistic note, our own series of experimental
studies has begun to demonstrate support for a social consen-
sus approach to changing attitudes towards obese people. 
Social consensus theory has been used in stigma reduction 
research with racial stereotypes, and has successfully im-
proved reported attitudes towards ethnic minorities (Stangor
et al., 2001). This framework proposes that stereotypes are a
function of perceptions that a person has of other people’s
stereotypical beliefs. We conducted three studies in which 
students completed self-report measures of attitudes towards
obese people prior to and following manipulated feedback 
depicting the attitudes of other students.

In our first experiment (n = 60), university students who re-
ceived favourable consensus feedback (that others held more
favourable beliefs about obese people than they did) reported
significantly less negative attitudes and more positive atti-
tudes towards obese persons compared with their reported at-
titudes prior to feedback (Puhl et al., 2003). In addition, these
students changed their reported beliefs about the causes of
obesity following favourable consensus feedback that causes
of obesity were due to factors outside, rather than within, 
personal control. In a second study with university students
(n = 55), participants were more likely to improve their 
reported attitudes about obese people if they learned 
about favourable attitudes about obese people from an in-
group source to which they belonged (Ivy League students)
compared with an out-group source (community college 
students).

Our third study (n = 200) involved five experimental condi-

tions comparing the social consensus approach to other meth-
ods of stigma reduction, such as providing information to stu-
dents about the causes of obesity. Participants’ perceptions 
of others’ attitudes again significantly affected their own 
reported attitudes and their beliefs about the causes of obesity.
Providing information about the uncontrollable causes of 
obesity and fabricated scientific evidence about traits that are
commonly perceived to be characteristic of obese people also
changed attitudes. However, our findings indicate that pro-
viding information about the causes of obesity is not necessary
to improve attitudes, and that perceptions of others’ attitudes
about obese people significantly affect reported attitudes 
towards obese individuals and beliefs about the causes of 
obesity.

In summary, the relatively scarce research in this area pro-
vides too few clues about how to overcome negative attitudes
towards obese people. There is clearly a need for additional
work to identify factors that are important in stigma reduction
for this population. Our experiments suggest that a social con-
sensus framework is relevant to weight stigma, and propose
that addressing perceived normative beliefs about obese peo-
ple will be useful in future work that aims to improve attitudes
towards obese people.

Clinical implications

A startling array of social consequences associated with 
obesity has been documented. It is easy to imagine that 
these consequences would affect the well-being, overall life-
functioning and a variety of treatment outcomes for obese
people. Indeed, there are data to suggest that stigma experi-
ences may affect a patient’s willingness to even seek treatment
(Fontaine and Bartlett, 2000). Given that obese individuals are
at increased risk for a wide variety of medical problems, facili-
tating their participation in preventive services and treatment
is paramount.

We argue strongly that those who work with obese patients
address the issue of weight bias with staff and colleagues. In
our clinical work, we use a three-tiered approach: helping 
patients manage stigma experiences and reduce internalized
negative stereotypes of obesity; helping health-care providers
recognize and take steps to reduce their own weight bias; and
improving the physical and social environment of care set-
tings in which we see obese patients.

Assisting patients in managing 
stigma experiences

Here we have two goals: to encourage patients to address 
experiences of stigma in the world, and to help them identify
their own weight bias and make changes in how they treat
themselves. We use a cognitive–behavioural model for chang-
ing weight-related thoughts and behaviours, and first provide
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patients with tools for self-assessment. We have them identify
ways in which they have limited their lives based on how they
feel about their weight or size (Robinson and Bacon, 1989;
1996). We then present an educational segment, during which
we share stigmatizing experiences of others to help clients feel
less isolated in their experience, and provide evidence of the
pervasiveness of weight stigma (Puhl and Brownell, 2001). We
discuss the complex picture of the aetiology and maintenance
of obesity to help reduce feelings of self-blame. We encourage
patients to monitor weight-related thoughts and behaviours,
identify areas in which they would like to see change and set
clear goals for easing restrictions that they have placed on
themselves owing to their weight, or goals for changing de-
structive thought patterns. Finally, we encourage patients to
become advocates for themselves. We have them identify situ-
ations in which they have been penalized because of their
weight. We have them analyse and evaluate their handling of
the situation, identify a preferred strategy, identify and solve
barriers to the new strategy, then script and role-play the 
new scenario. Our clinical experience with this protocol 
has demonstrated it to be an emotional and activating 
intervention.

Reducing stigma in health-care professionals

Our approach to reducing weight bias in health-care profes-
sionals runs parallel to our recommendations for obese indi-
viduals themselves. Again, we take a cognitive–behavioural
approach, employing self-assessment, education and self-
monitoring/behaviour-change goals. The purpose of each
segment is similar to that for the patient, except that a main
goal of education is to evoke empathy for the stigma experi-
ences of obese patients. Honest self-examination of one’s
weight bias is critical to working effectively and empathically
with obese patients.

Improving the environment for obese patients

Improving the environment includes consideration of both the
physical and interpersonal environment in which patients are
seen. Access to the building and all rooms should include door-
ways of adequate width for obese patients. Bathrooms should
be easily negotiated by larger patients. Waiting rooms should
contain sturdy, armless chairs from which an obese individual
can rise easily. Doctors’ practices should house wide examina-
tion tables, larger blood pressure cuffs and gowns of adequate
size. Waiting rooms should contain ‘obesity-friendly’ reading
materials, that is publications other than fashion magazines in
which ultra-thin models are featured. If patients are to be
weighed, the scale should be out of view of the waiting room,
and nurses or assistants taking weight should be instructed 
not to provide commentary on the patient’s weight; rather, to 
execute the task in a matter-of-fact fashion.

With respect to creating a facilitative interpersonal environ-

ment, we encourage health-care providers to make an effort to
focus on improvements in health and fitness rather than focus-
ing only on weight lost. In addition, noting and commenting
on characteristics of the patient that are not related to his or her
obesity goes a long way in establishing a positive relationship.
For example, what does the patient do for a living? How many
children does he or she have? Although this recommendation
would be appropriate in dealing with most patients, it is espe-
cially critical for obese patients for whom health care can 
easily become an aversive and shaming experience.

Conclusions

Social consequences of obesity are very real and occur in mul-
tiple areas affecting the health and well-being of obese 
individuals. Stigma and bias appear to underlie and create 
numerous social disadvantages faced by obese people, which
may have origins in cultural values of thinness and attribu-
tions about the perceived causes and controllability of obesity.

Although there is sufficient research to conclude that social
consequences of obesity are significant and far reaching, many
key questions remain unanswered in our understanding of
how obesity is related to different social variables, the ways in
which stigma emerges and how to establish the most effective
means to temper society’s negative attitudes. Table 3.1 pre-
sents our recommendations for research on weight stigma,
which will begin to address these unanswered questions.

Taken together, we believe there are several important direc-
tions that are necessary to take in order for the field to advance: 
1 Psychosocial and health consequences of stigma must be
clarified. The impact of bias and discrimination on public
health could be considerable, and research is needed to deter-
mine the effects of social disadvantages on both psychological
and physical health of obese people.
2 The psychological and social origins of weight stigma need
to be better understood. Attribution theory is helpful in ex-
plaining the origins of obesity stigma and offers substantial
contributions to existing knowledge. However, a comprehen-
sive theory of obesity stigma requires not only identification of
origins of weight bias, but explanations for why stigma is
elicited by obese body types and for the association between
certain negative traits and obesity, and needs to provide effec-
tive means for reducing bias. Existing theories do not yet meet
these criteria, and additional research is needed to test and
compare the applicability of different theoretical models of
bias to weight stigma.
3 More research should focus on the development, testing
and implementation of stigma reduction interventions. The
lack of research in this area and the mixed findings indicate 
the need to integrate theories and to find new conceptual 
approaches to improve negative attitudes towards obese 
people. Attribution and social consensus perspectives provide
promising avenues for research, and both require further test-
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ing to determine whether attitude change resulting from these
methods translates into less biased behaviours towards obese
individuals.
4 Clinical tools must be identified and tested to provide
health-care professionals with strategies to help obese patients
to cope with stigma. Clinical trials that include components to
address stigma as part of treatment for obese patients need to
be studied. Educational programmes aimed at increasing 
diversity and reducing bias must also be tested to offer parents
and teachers ways of helping obese children confront 
prejudice.

Any national obesity research agenda must address these
important social issues. Clinicians, obesity researchers and
health-care professionals have a responsibility to improve the
well-being of obese adults and children, which requires us to
address not only physical, but emotional, social and psycho-
logical indices of health.
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Obesity is a popular topic, and a search of the medical and so-
ciological databases reveals a profusion of books and articles
on obesity and culture. Medical texts focus on obesity and are
concerned with differing prevalence, perceptions, preferences
and dissatisfaction among various cultural groups, and the
consequences, complications and management of obesity. In
contrast the sociological literature concentrates primarily on
culture, with some descriptive and comparative studies, and
historical and ecological exposés. These discuss the reverence
for obesity in a number of traditional societies, the social sig-
nificance of obesity in Western culture, the culture of thinness
and dieting, contextual factors contributing to the stigma of
obesity, the growing interest in the ‘social body’ and the ‘med-
icalization’ of obesity.

These different foci are not altogether unexpected as ‘obesi-
ty’ is a medically defined term, whereas ‘culture’ falls within
the sphere of influence of social scientists. It also reflects the
philosophical divide between the body and the mind, and 
between biological and social science, that has influenced
Western thought for several centuries.

Definitions of culture

There is no generally accepted definition of ‘culture’. The his-
tory of the concept of culture can be traced from antiquity, and
the meaning has changed over time. Definitions included tra-
dition, rules, ideas and values, learning, habit, patterning or
organization, product or artefact, ideas and symbols (Kroeber,
1963). Although culture as ‘civilization’ was favoured by

British and German anthropologists and Americans focused
more on ‘customs’, the term ‘culture’ has become widely 
accepted and understood. The essence of both these broad 
definitions is that culture is learned.

Cultures are largely ways of thinking, feeling and believing,
and consist of a body of learned behaviours that shape 
ways of thinking and doing from generation to generation
(Kluckhohn, 1949). Culture refers to distinctive ways of life
that are designed to maintain a group and provide a template
for how to respond to the environment and to other people. An
important characteristic in the context of this chapter is that
culture influences human interactions and expectations. Cul-
ture interacts with biology, and biological functioning is mod-
ified by cultural norms, whether these manifest as products
(such as clothing, body adornment) or processes (ways of
doing or reacting).

Although many aspects of culture are explicit, many are im-
plicit. No single individual within a culture knows the whole
cultural ‘map’ of the particular group to which they belong.
Each culture has ‘universals, alternatives and specialties’; it is
also composed of many overlapping subcultures that may be
defined on the basis of region, economic status, occupation or
subgroup membership (Kroeber, 1963). Although to an out-
sider an activity performed in one culture might resemble that
performed in another, each may be executed for entirely differ-
ent reasons.

Obesity and culture are inter-related in a non-random way
(Brown and Krick, 2001) and the relationship will be explored
in this chapter. Obesity did not occur early in human existence,
and an evolutionary perspective on obesity and culture 
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will outline how the cultural environment has shaped the
body over time. Various aspects of the surroundings in 
which humans find themselves influence levels of obesity, and
at any point in time obesity prevalence differs between and
within social and ethnic groups to an extent that cannot 
be fully explained by genetic variation. Obesity is largely 
concentrated in the most affluent and stratified societies
(Brown and Krick, 2001), and those that are undergoing 
cultural change towards a more affluent, developed or 
‘Westernized’ lifestyle commonly demonstrate rapid increas-
es in obesity. At the same time, the ways in which those in
Westernised societies respond to large bodies is consistent
with Western philosophical thought, and thus the cultural
context influences ways of thinking and feeling about obesity
and being obese.

Time, culture and obesity

Evolution of human culture and obesity

Both food and economy have played pivotal roles in the 
aetiology of obesity (Brown and Krick, 2001). An environment
dominated by abundant variety available in supermarkets
and fast-food outlets makes a stark contrast with one where
food acquisition for survival was the focus of attention for a 
whole society. This transition from using only what was 
required from the environment to survive to the present-day
excess and overwhelming choice has shaped how human
body size and shape and human culture have evolved over
time.

In order to understand this transition, anthropologists 
have used an evolutionary perspective to show how both 
genetic and cultural predispositions have contributed to the
aetiology of obesity (Brown and Konner, 1998). It has been 
proposed that those with a genetic predisposition for obesity
were selected because of their greater likelihood to survive
and then those with the fatter bodies became the culturally
preferred symbol of social prestige and good health (Brown
and Konner, 1998).

For most of human history, food was acquired by means 
of hunting and gathering. Cultural evidence from archaeo-
logical remains of early human activities and ethnographic 
exploration of the social organization and cultural traditions
of the few remaining hunter–gatherers suggest that they lived
in small semi-nomadic groups. They enjoyed high-quality
diets, and food was equitably distributed between group
members (Brown, 1992). Humans who relied upon hunting
and gathering ate a vastly different diet, based on uncultivated
plants and wild game, and lived a highly active lifestyle. There
are no reported cases of obesity in remaining hunter–
gatherer groups (Brown and Krick, 2001) and there is no 
evidence of obesity from archaeology, but as traditional 
societies adopt a ‘Western’ lifestyle, whether by migration or

acculturation, levels of obesity increase dramatically (Eaton
et al., 1998).

Domestication of plants and animals and development of
food preservation techniques occurred with the introduction
of agriculture approximately 12 000 years ago (Lev-Ran, 2001).
Although it is generally believed that hunter–gatherers were
frequently hungry while the agriculturalist enjoyed a stable
food supply supplemented by stored reserves for times of
need, ethnographic and archaeological evidence suggests the
opposite (Cassidy, 1980). Instead, hunter–gatherers were com-
paratively healthy, needing to forage for food only every few
days, whereas ancient agriculturalists and modern peasant
villagers had relatively shorter lives, higher infant mortality,
shorter stature and more infections, and suffered higher levels
of tooth decay (Cassidy, 1980; Brown and Konner, 1998). With
settlement, obtaining food became less efficient, cereal mono-
culture reduced food variety, and in bad seasons crop failures
led to general food shortages, resulting in dietary deficiencies
(Brown and Konner, 1998; Lev-Ran, 2001). Given these prob-
lems the question as to why such settlement ever took place
has been raised, and various hypotheses have been suggested.
One plausible explanation is that the impetus was cultural;
only settlement allowed the development of more culturally
complex societies (Cassidy, 1980).

Following the industrial revolution, a rapid increase in cul-
tural complexity occurred, allowing the emergence of social
stratification. Stratified societies enabled the ruling elites to
overcome the succession of ‘feasts and famines’ experienced
by their ancestors and ensured continuity of access to food in
times of scarcity. Although today obesity is not just a disease of
civilization, it most commonly occurs in economically 
modernized, socially stratified societies that have sufficient af-
fluence and surplus food to allow even the poor to become
obese (Brown and Krick, 2001). An intriguing phenomenon
demonstrated repeatedly by studies of cultural change is that,
given the opportunity, traditional populations readily aban-
don their healthier diet for a Western one (Brown and Konner,
1998).

It has been proposed that our hunter–gatherer ancestors
consumed the diet for which they were originally adapted
(high-protein, lower fat, limited carbohydrate diet, with no 
cereal grains, dairy products or refined foods), and that 
present chronic disease patterns can be explained by the ‘dis-
cordance’ between human genes and modern lifestyle (Eaton
et al., 1998; Lev-Ran, 2001). These diseases are then the result 
of an interaction of genetically controlled metabolism and 
biocultural influences; lifestyle and culture have moved ahead
in leaps and bounds from a hunter–gatherer nomadic tradi-
tion to a modern way of life, outpacing genetic adaptation
(Eaton et al., 1998).

Studies of the Westernization process among Native Ameri-
can populations have attempted to identify what occurs 
during acculturation to trigger the massive increase in obesity
and chronic diseases. The different disease co-occurrence pat-
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terns in populations at different stages of acculturation impli-
cate environmental factors (Weiss, 1990), with the dietary tran-
sition process identified as the critical factor producing upper
body obesity. The addition of new, predominantly carbohy-
drate foods to traditional staples, rather than displacement 
of the staples, was identified as the key acculturation factor
causing obesity (Szathmary, 1990). However, different mod-
ernization patterns occur in other groups undergoing rapid
rural–urban transitions and these also result in increased obe-
sity. In China, for instance, higher income urban populations
consume more fat, sweet foods and animal protein, while re-
ducing carbohydrate and fibre (Popkin, 2001). In all cases, the
decreased physical activity accompanying modernization
also contributed to increasing obesity rates. The way in which
these changes have influenced cultural perceptions and pref-
erences of body size will be discussed later in this chapter.

Humans have undergone various cultural modifications
over thousands of years to adapt to the environment in which
they found themselves, resulting in vastly different eating and
activity patterns and social structures. Adjustment to the envi-
ronment can be explained as culturally driven, as human
groups explored and found ways of survival unique to their
circumstances. The present-day widespread acculturation to
Western lifestyles is the antithesis to this adaptation. Instead,
this process represents a convergence from an infinite variety
of lifestyles that are uniquely suited to a myriad of particular
situations to a norm that may not be well suited to the human
body at all.

Evolution of fat storage and fat distribution

The ‘thrifty genotype’ hypothesis proposed 40 years ago in re-
lation to type 2 diabetes was recently modified by its author to
include genes for obesity and hypertension, referred to as ‘civ-
ilization syndromes’ (Neel, 1999) and characterized by their
familial nature and slow onset. Obesity is the result of incre-
mental changes over a long period of time (often starting early
in life), and the complex interplay of genetic and environmen-
tal factors. As there is no evidence for a strong ethnic predis-
position for obesity among native populations pursuing a
traditional lifestyle, increased prevalence must predomi-
nantly reflect lifestyle changes or ‘culture engineering’ (Neel,
1999).

The accumulation of lower body fat is a human female char-
acteristic (Lev-Ran, 2001), developed in response to a need to
carry the infant while still foraging to meet the energy de-
mands of lactation. Lower body fat can be mobilized during
pregnancy and lactation (Lev-Ran, 2001), although some sur-
plus generally remains, resulting in incremental weight gain
with each childbearing cycle (Rossner, 1999). Lower body fat is
positively related to fertility (Norgan, 1997) and has become a
characteristic sign of female beauty in the majority of human
societies (Brown and Konner, 1998).

All animals, including humans, favour storage of the more
metabolically active but more pathological upper body fat,
given optimal conditions for so doing. Famines occurred 
regularly throughout most of human history (Lev-Ran, 2001)
and storage of excess energy for these lean times, whether 
as food stores or body fat stores, was essential for survival.
Large body size was possible among the affluent only and be-
came a conspicuous marker of prosperity in societies based 
on social hierarchy with overconsumption in times of plenty
being the social norm (Brown, 1992; Pollock, 1995). Among the
more egalitarian societies formal rituals developed to ensure
that there was a more equitable food distribution among 
members.

This brief anthropological and evolutionary perspective on
obesity shows how cultural and societal development can ex-
plain the increase in obesity over time (Brown and Konner,
1998). Throughout human evolution cultural changes have oc-
curred far more rapidly than genetic adaptation and obesity
finds its genesis in this mismatch (Eaton et al., 1998). Although
humans store fat centrally when the situation favours positive
energy balance, the female lower body fat has evolved to 
ensure survival of the human race. Thus plumpness, particu-
larly peripheral plumpness in women, can be seen as a quite
rational cultural preference supporting a biological norm.
Economic factors were also important in the aetiology of obe-
sity, with the increasing prevalence of obesity accompanying
growing cultural complexity and social stratification. As afflu-
ence and abundance became widespread, so did obesity. With-
in this environment a uniquely human creation, culture, has
been crucial in shaping human bodies.

Place, culture and obesity

It has been estimated that approximately one-half of the con-
tribution to fatness and fat distribution is genetic, but it is the
environment that determines whether obesity is realized
(Weinsier et al., 1998; Lev-Ran, 2001). Although environment
implies physical circumstances, it can also include the social
and cultural context in which people live. Numerous social
and cultural factors impinge on a whole society and some-
times in differing ways on subgroups within that society. Even
though some of these factors may be explicit, many are implic-
it and unable to be explained by rational means. If a perceived
normative way of acting and/or reacting is reinforced in a
number of different ways, it will be strengthened and becomes
characteristic of the group. Many descriptive studies exist 
of such characteristic norms and beliefs in relation to 
obesity between and within societies, and attempts to explain
them. One area for study has been the impact of the process 
of change in relation to how social gradients and Westerniza-
tion shape obesity prevalence and beliefs, practices and 
preferences.
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Differences between societies
Desirable body size in developed and 
developing societies

Populations, when conceived of as cultural groups, differ 
in their concept of desirable body size. Although obesity is
considered a disease and is socially stigmatized in Western
cultures (Cahnman, 1968), for other groups large body size sig-
nifies health and beauty (Brown and Konner, 1987; Messer,
1989). These differences relate to the core value system of the
particular society, with body sizes and shapes sending power-
ful cultural messages (Ritenbaugh, 1991).

The discourse on body size and culture has been the concern
of anthropologists and sociologists. Despite evidence of the
impact of socioeconomic variables and disease states on body
size and shape these body parameters can, to a limited extent,
be manipulated either upwards or downwards in response to
perceived cultural values, ideals or myths (Ritenbaugh, 1991).
Clothing, footwear and headwear can enhance body height,
and body breadths and protusions can be emphasized or 
minimized by ornamentation or reshaping with restrictive 
or additional items of clothing.

Large body sizes are still, on the whole, preferred in devel-
oping countries, with plumpness favoured in women (Cas-
sidy, 1991). The Human Relation Area Files, founded at Yale
University in 1949, is a central dataset of information on 127
cultures studied by ethnographers and historians which is
now web based (eHRAF). Less than one-half of those repre-
sented in the database (between 30% and 49%, depending on
sources) include data on characteristics of ideal body type. Of
the records containing this information, none preferred ex-
treme obesity but 81% preferred plumpness or moderate fat
levels with only 19% preferring thinness in women (Brown
and Konner, 1987; Anderson et al., 1992). For those few soci-
eties with specific details peripheral fatness was preferred, in
particular large hips and legs (Brown and Konner, 1987). The
Human Relation Area Files made even fewer references to
male body preferences (Brown and Konner, 1987).

Preference for bigness

Why do people want to be big? Physical bigness can reflect
ability to survive, and can symbolize abundance, fertility, suc-
cess and wealth (Cassidy, 1991). ‘Big’ can be interpreted in dif-
ferent ways and mean taller, more muscular or fatter.

Tallness is a symbol of power and dominance (Messer, 1989;
Cassidy, 1991). ‘Big men’ are cultural institutions in both New
Guinea and West Africa, with the size of tribal leaders 
reflecting their success and status (Brown and Konner, 1987).
The majority of US presidents (34 out of the first 36) were taller
than the average American man at the time that they were in-
cumbent (Cassidy, 1991). Despite Napoleon’s traditional por-
trayal as a short man, at 163 cm he was unusually tall for a
Corsican and the average height for a man in northern France

at the time (Cassidy, 1991). Although Australia’s current prime
minister is shorter than average, he has been more than com-
pensated for by some statuesque predecessors (such as 
Malcolm Fraser and Gough Whitlam measuring 193 cm).
Wives are seldom taller than their spouses, and boys are ex-
pected to be taller than girls.

Differences in size between leaders and their subjects are in
many instances indicators of differences in nutrition and
health status (Cook, 1886; Cassidy, 1991). When early 
European explorers found Polynesian chiefs to be ‘almost
without exception’ taller and heavier than their subjects they
at first assumed them to be from a different race. It was only
later that they determined the difference to be due to ‘different
treatment in infancy, (and) superior and regular diet’ (Cook,
1886).

The few societies registered in the Human Relation Area
Files with information on preferred size and shape of men pre-
dominantly reported a preference for muscular physique and
moderate to tall stature (Brown and Konner, 1987). There is
some evidence for a trend towards a more muscular cultural
ideal in Western societies over the past 25 years (Leit et al.,
2001). Asian men are generally slighter than Caucasians, but
also preferred larger, more muscular bodies (Lee et al., 1996;
Craig, 1999; Davis and Katzman, 1999).

Plumpness appears to be admired in women in the context
of food scarcity (Brown and Konner, 1987; Cassidy, 1991), and
is thought to signify the increased likelihood of fertility and re-
productive success (Norgan, 1997). A plump woman reflects
well on her male provider (Brown and Konner, 1987; Cassidy,
1991). Certain notable powerful women throughout history
(such as Queen Victoria of England, Queen Salote of Tonga)
were large in either height or breadth. Even today in Western
countries where thinness is revered, larger women in power-
ful positions may retain their body size, or having lost weight
regain it, conscious of the change in power relations with
weight loss (Cassidy, 1991).

Large, even fat, bodies have traditionally been a positive 
attribute in the Pacific (Pollock, 1995), although attitudes are
undergoing some change with Western influence (Craig et al.,
1996). The physical context in which Polynesians lived, with
the constant threat of hurricanes and famines, influenced per-
ceptions of beauty; chiefs and their families in particular were
admired for being large. Cooperation in the production and
distribution of food was a feature of Polynesian society and a
rational response to an erratic food supply (Wright St-Clair,
1980). People ate irregularly and consumed large feasts when
food was available. These feasts were organized by the chiefs
as demonstrations of conspicuous generosity and a means of
gaining prestige, but also reinforced communal attachment
(Graves and Graves, 1978). Ritual feasting continues in the Pa-
cific region now with greater regularity in the context of a reg-
ular food supply; in Polynesia, weekly feasting accompanies 
the Sunday church services in now predominantly Christian
societies.
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Traditional Nauruan fattening practices were realized in the
fat female body, demonstrating the value of food as a symbol
of well-being and social pride. Ayoung woman of rank was se-
cluded for up to 6 months following her first menses, during
which time she was not expected to work and was provided
with large amounts of food by her relatives. Similarly, a preg-
nant woman remained in her hut during pregnancy to con-
serve her energy. A wide network of relatives was expected to
assist with food provision in exchange for reciprocal support.
These patterns of reciprocity and cultural reverence for
plumpness served to maintain the society at the most vulnera-
ble times in the Nauruan woman’s life (Pollock, 1995). Ritual
fattening was also practised in Polynesian societies, and has
been reported among Tahitians and Cook Island Maori (Buck,
1932; Pollock, 1995).

Examples of preference for fatness in men are rare but do
exist. Sumo wrestling in Japan has a 2000-year-old history.
With a body mass index (BMI) of around 45 kg/m2, top-league
Sekitori provide a striking contrast to the slight physique of the
average Japanese male (Hattori, 1995).

The Massa of West Africa participate in the practice of guru,
with the purpose of making men plump or obese. Gurucan take
the form of collective fattening where groups of men live with
the cattle herd, drink large quantities of milk and are preferen-
tially fed by the villagers, or can occur as individual fattening
sessions. The esteemed male body shape is one with a protrud-
ing stomach and full figure, with smooth shiny skin (De Garine,
1995). Energy balance studies of nine lean young Massa men
found that they gained a substantial amount of weight (a mean
of 17 kg, 64–75% as fat) in 2 months (Pasquet et al., 1992).

Preference for smallness

Most non-Western peoples generally value large body size,
particularly at certain life stages. A slim appearance reported
in a number of anthropological studies was most likely the re-
sult of inadequate food supply and associated malnutrition
than from food avoidance or increased energy expenditure 
(Messer, 1989). In a classic study, Audrey Richards described
how the Bemba in southern Africa, who preferred plumpness,
adjusted for the ‘hunger months’ by minimizing all physical
activity (Richards, 1961). Cultural response by the Kalahari
San to regular seasonal weight loss due to food shortages in-
cluded limiting physical activity, resting more, relocating or
activating trade networks (Lee and De Vore, 1976). Systematic
underfeeding of children, instigated only from absolute neces-
sity in response to inadequate food supply and at great cost to
the children, was reported among some groups in Africa and
India (Messer, 1989).

Slenderness is nonetheless admired by a number of South-
Eastern, South Asian and North African societies, in which
austerity, self-denial and control of appetite form part of the
moral tradition for women (Messer, 1989), possibly as a cul-
tural adaptation to long experience with an inadequate food

supply. Prescribed abstemiousness in response to chronic food
shortages has been described among the Gurage of Ethiopia.
Although gorging at festivals was accepted and expected, the
Gurage ate in moderation at other times to preserve supplies;
constant overeating was considered a measure of bad up-
bringing (Messer, 1989).

Western cultures prefer slimness but not necessary small
stature in women, and Western medical culture values ‘small’
body fat levels (Messer, 1989), requiring the female body to
lengthen and narrow in order to conform. Although lengthen-
ing is consistent with secular trends (Gerver et al., 1994), 
narrowing is more problematic. Weight concerns and dieting
behaviour in young Canadian university students were influ-
enced more by the deviation of their skeletal structure (frame
size measured with bone callipers) from the ideal than by their
degree of adiposity (measured with skinfolds) (Davis et al.,
1993).

Cultural predictors of ideal female body shape

Anderson and colleagues (1992) conducted a detailed analysis
of the 62 cultures for which information was available in the
Human Relations Area Files to provide the ‘ultimate explana-
tion’ for the differing cross-cultural ideals of female body
shape. There have been a number of hypotheses developed to
explain the source of attitudes towards female body size and
shape (summarized in Table 4.1) and these were used to gener-
ate variables used in the analysis. The first variable related to
the amount of nutritional stress experienced and tested whe-
ther female fat served a biological function to preserve and 
ensure reproduction when food supply was unreliable (food
security hypothesis), or whether small bodies were adapted to
chronic food shortages (small but healthy hypothesis). Latitude
was used as an indicator of climate to test the observation that
those residing in cold climates were relatively fatter than those
who lived in hot climates. Male preference for fatness assumed
that fatness was a sign of fertility and likely reproductive suc-
cess. The adaptive reproductive suppression hypothesis was de-
veloped to explain the dieting phenomenon in Western
countries. Thinner standards, associated with stress, occurred
when sexual activity was encouraged but premarital sex and
illegitimacy were punished.

The age gap between menarche and marriage and public
awareness of menarche were also indicators of adaptive repro-
ductive suppression. The battle of the sexes variable included indi-
cators for relative male dominance and aggressiveness, value
of female life and freedom to control sexual lives, with male-
dominant societies preferring plumper women. Existence 
of fraternal interest groups, in which men consolidated their 
political position at the expense of women doing so, assumed
preference for plump standards and high fertility rates. The
Kirche, Kuche, Kinder hypothesis associated female fatness
with reproduction and childrearing, and was measured by the
value of female economic activity (Anderson et al., 1992).
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Attitudes towards fatness were found to relate to the relia-
bility of the food supply, climate, the relative social dominance
of women, the value placed on women’s work and likely con-
sequences of the expression of female adolescent sexuality.
Male-dominated cultural groups experiencing food insecu-
rity located in colder climates, with low adolescent stress and
investing in the female reproductive and home-making role
preferred plump women (Anderson et al., 1992). This study 
indicates some potentially alterable cultural parameters that
are likely to result in modifications to body preferences.

Differences within societies

Social factors and obesity

The Midtown Manhattan study, a seminal work from the
1960s, first raised the profile of social factors and obesity
(Goldblatt et al., 1965) and has generated a number of subse-
quent studies. This study found that the prevalence of obesity
fell as socioeconomic status rose and with increasing length of
time that a migrant family had been in the US particularly for
women. Furthermore, upwardly mobile females were less
obese than those who were moved down the social scale.
Trends, although similar for men, were less marked (Goldblatt
et al., 1965). In a longitudinal British study, women from non-
manual classes who moved up the social scale were more dis-
satisfied with their weight than women of the same BMI from
manual classes. Similarly, downwardly mobile women were
more satisfied with their appearance than those who remained
in the non-manual classes. It appeared that the level of educa-
tional qualifications was more important than occupationally
defined social class in explaining body dissatisfaction
(McLaren and Kuh, 2004).

A major review of socioeconomic status and obesity con-
firmed the strong inverse relationship between obesity and so-
cioeconomic status in women from developed societies but
found the opposite to be true in developing countries (Sobal
and Stunkard, 1989). The relationship was the same for men
and children as for women in developing, but inconsistent for
those in developed societies. The direct relationship between
obesity and socioeconomic status in developing societies was
attributed to lower dietary intake and higher energy output
among those of low status. The unique relationship among
women in developed societies was attributed to cultural
norms of thinness and dietary restraint, and the use of more
available leisure time for exercising and ‘appearance invest-
ment’ by higher status women (Sobal and Stunkard, 1989;
McLaren and Kuh, 2004). A positive relationship between so-
cioeconomic position and height (Komlos and Kriwy, 2002;
Turrell, 2002) may also contribute to lower BMI. Those in the
highest social class were taller, and the upwardly mobile were
taller than those in the class they had left (Power et al., 2002).
More recent US research suggests that ethnicity may explain
some of the inconsistencies in men. Although a reverse associ-

ation between socioeconomic status and obesity was found in
both Caucasian women and men, the relationship was posi-
tive in African and Mexican Americans (Zhang and Wang,
2004).

Obesity and poverty

Social and cultural factors play a significant role in the appar-
ently anomalous relationship between obesity and poverty,
particularly among women. Although extreme poverty is as-
sociated with undernutrition, the pattern of obesity common
in developed countries is gradually spreading to those coun-
tries that are experiencing demographic and epidemiological
transition. Prevalence of obesity is increasing in urban areas 
of Latin America and the Caribbean (Pena and Bacallao, 
2000; Filozof et al., 2001). A significant trend for higher rates of
obesity with increasing deprivation among children has been
reported in southern England (Kinra et al., 2000) and in the US
(Alaimo et al., 2001; Matherson et al., 2002).

The process of urbanization results in reduced physical ac-
tivity and increased consumption of an energy-dense diet, as
food becomes more available and inappropriate aspects of the
Western lifestyles are adopted (Pena and Bacallao, 2000; Ca-
ballero, 2001; Filozof et al., 2001). The poor people face a con-
flict between their capacity to provide and the ideal cultural
images with which they are constantly bombarded but which
are beyond their means (Pena and Bacallao, 2002). Foods 
purchased by those on limited incomes included fatty meats
and processed carbohydrates that ‘fill’ may not ‘nourish’ but
whereas fresh fruit and vegetables do not satiate and remain
relatively expensive (Aguirre, 2000; Wrigley et al., 2002). A
study among the poorest in Argentina found that processed,
mass-produced, energy-dense foods with high fat and sugar
content and Western appeal were being targeted to those with
low purchasing power (Aguirre, 2000).

There is some evidence that urbanization has different 
gender effects on energy expenditure of the poor. Women’s role
was defined as home based and engaging in limited physical
activity, whereas men were more likely to work outside the
home and participate in sporting activities (Aguirre, 2000).

Women of high socioeconomic status voluntarily restrict
their food intake; the body of the upper income woman is 
valued for its slimness. The poor woman’s body needs to be
strong to work, to nurture others or just to survive (Olson,
1999; Aguirre, 2000; Townsend et al., 2001). It was not accept-
able for overweight disadvantaged African women from Cape
Town, who were familiar with food insecurity, to voluntarily
regulate intake when food was available (Mvo et al., 1999). For
these women, weight gain reflected marital harmony and
well-being, and plumpness in their children indicated that
they had sufficient food to eat (Mvo et al., 1999). Mothers of
overweight low-income pre-school children from Cincinnati,
Ohio, described their children as ‘solid’ or ‘big boned’, at-
tributing their size to familial predisposition (Jain et al., 2001).
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Having a child with a good appetite was their highest priority;
only when obesity resulted in inactivity or low self-esteem did
it become a problem that warranted attention. To further com-
plicate the picture, cross-national comparison of childhood
obesity shows significant variation across countries with dif-
ferent levels of socioeconomic development. In Russia, rural
children and adolescents and low- and high-income adoles-
cents (as opposed to those in the middle income range) were at
increased risk of obesity; in China, urban, high-income 
children and adolescents were more at risk, while the inverse
relationship between socioeconomic status and obesity was
confirmed in USA adolescents (Wang, 2001). Not only does
this suggest the importance of considering socioeconomic 
factors, but different ethnic groups may respond differently to
interventions targeting obesity (Zhang and Wang, 2004).

Ethnic differences

Numerous studies have shown that perceptions and prefer-
ences of body size differ among ethnic groups. These studies
confirmed slim cultural preference, widespread body size dis-
satisfaction and the likelihood for body size overestimation
among Caucasians compared with other groups, including
African Americans, Caribbeans, Hispanics, First-Nation
Canadians, South Asians, Ugandan Africans and Polynesians
(Furnham and Alibhai, 1983; Dawson, 1988; Furnham and
Baguma, 1994; Wilkinson et al., 1994; Craig et al., 1996; Gittel-
sohn et al., 1996; Mossavar-Rahmani et al., 1996; Altabe, 1998;
Craig, 1999; Bush et al., 2001). In the few instances when no eth-
nic differences were found, perceptions and preferences may
have been influenced by the cultural values of the adopted
country (Miller and Pumariega, 2001).

Views and expectations of children’s body sizes reflected
those of adults. African-American children were reported to
have different attitudes to weight, body size and attractive-
ness, and to accept larger body proportions than Caucasian
Americans (Miller and Pumariega, 2001; Ricciardelli and 
McCabe, 2001). Young migrants readily adopted a preoccupa-
tion with dieting and other weight-related concerns. Despite
being lighter, British South-Asian girls reported similar 
dieting levels to British Caucasian girls (Hill and Bhatti, 1995).
US boys were less concerned with body image than girls, 
but many still reported dissatisfaction with their bodies
(Ricciardelli and McCabe, 2001). Although most girls wanted
to be thinner, many boys wanted a bigger, more muscular
physique (Cohane and Pope, 2001).

A study conducted among Tongans in Tonga, Chinese in
Singapore and Caucasians in Australia was able to quantify
these differences in terms of BMI. For women, the most attrac-
tive size for Tongans was 25.4 kg/m2, for Australians
20.5 kg/m2 and for the Chinese in Singapore 19.1 kg/m2. Ton-
gan men considered 28.7 kg/m2, Australian men 23.5 kg/m2

and Chinese men 26.3 kg/m2 to be the most attractive body
size (Fig. 4.1). Tongan women were the most accurate in 

estimating their present body size; Australian and Chinese
women overestimated (Table 4.2). Tongan and Australian men
slightly overestimated, whereas the Chinese substantially
overestimated their own body size. Women from all three eth-
nic groups chose significantly lower preferred own body sizes
(Table 4.2). The Tongans and Caucasian Australian men also
chose slightly smaller preferred sizes, but the Chinese men
preferred to be larger (Craig, 1999; Craig et al., 2001) (Table 4.2).

These findings confirmed the Polynesian preference for
larger body sizes than Caucasians (Wilkinson et al., 1994; Craig
et al., 1996; Brewis et al., 1998), although these preferences
change with increasing Westernization; the more Westernized
Cook Island Maori women preferred smaller ideal body sizes
(Craig et al., 1996). Oriental Asian female preferences were 
also reported to be smaller (Altabe, 1998; Sharps et al., 2001),
whereas men preferred larger sizes than did Caucasians
(Sharps et al., 2001).

The process of Westernization

The invasiveness of Western social and cultural influences on
body size has been confirmed by comparing similar subjects in
different settings. Western Samoan women living in New
Zealand (Brewis et al., 1998), more acculturated First-Nation
(Gittelsohn et al., 1996) and Inuit Canadians (Young, 1996) and
South Asians from Kenya and India living in Britain preferred
smaller female body sizes than did those remaining at home
(Furnham and Alibhai, 1983; Bush et al., 2001).

This was also verified by Mexicans moving to live in the
USA. In Mexico, women weighed more than men. With migra-
tion to the US, Mexican women weighed less whereas Mexican
men weighed more as they advanced up the social strata, re-
flecting their adopted culture despite a complete reversal of
body size norms. The changed association of socioeconomic
status with weight could not be explained by biological and
genetic means, but only by social and cultural changes (Ross
and Mirowsky, 1983).

Table 4.2 Measured, perceived and preferred body sizes of Tongan,

Australian Caucasian and Singaporean Chinese women and men.

Source: Craig (1999).

Body size (BMI, kg/m2)

Tongans Australians Chinese

Women n = 299 n = 261 n = 153

Measured 32.6 25.6 23.1

Perceived 31.1 27.9 25.3

Preferred 24.6 21.3 20.7

Men n = 243 n = 220 n = 57

Measured 30.4 26.3 24.1

Perceived 32.1 27.5 28.8

Preferred 29.4 24.4 26.3
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(a) (b) (c)

(d) (e) (f)

Fig. 4.1 Attractive body sizes selected by Tongans, Australian Caucasians and Singaporean Chinese women and men. (a) Tongan woman (25.4 kg/m2); (b)

Australian woman (20.5 kg/m2); (c) Chinese woman (19.1 kg/m2); (d) Tongan man (28.7 kg/m2); (e) Australian man (23.5 kg/m2); (f) Chinese man (26.3 kg/m2).
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A number of large sample studies provide further evidence
for the influence of cultural norms on body size. Differences 
between African-American and Caucasian-American women
and men from the US National Health Examination and 
National Health and Nutrition (NHANE) national surveys
suggested that there may be cultural set points and norms of
acceptable body size determined by ethnicity, gender, age and
socioeconomic status (Flegal et al., 1988). Hodge and Zimmet
(1994) attributed their observations that ethnicity and poverty
were independent predictors of obesity in women in the USA
and Australia to different attitudes to obesity. Both ethnicity
and socioeconomic status were shown to predict obesity in
Caucasian Americans and African Americans (Woodward,
2001).

The Polynesian response to modernization has been ex-
plored in various Samoan populations at differing stages of
Westernization, showing sex-specific interactions between
modernity and obesity. Traditionally, men and women had
clearly defined roles with men being more physically active
than women. With Western influence, men were the first to 
become wage-earners, often engaging in relatively labour-
intensive work that provided some compensation for their
changed diet. Further modernization resulted in adopting oc-
cupations with reduced energy expenditure and concomitant
weight gain. Activity levels of women were reduced with ini-
tial modernization. Food intake changed as the tasks usually
allotted to men (growing and harvesting garden staples and
cooking them in the earth oven) were replaced with Western
foods such as tinned meat and fish with rice, which women
were permitted to cook on stoves. Women took up lower activ-
ity employment with further modernization. Thus, due to the
traditional division of labour, women were likely to develop
obesity earlier in the modernization process than men
(Bindon, 1995).

Thus, accepted cultural norms can shape both the percep-
tions and preferences of body size and actual body size within
cultural groups and subgroups. There is also convincing 
evidence that Westernization changes these cultural norms 
towards the norm of slimness, particularly in women.

Culture and obesity in Western societies in the
twentieth century

The changing cultural context and emergence 
of the slim ideal

During the twentieth century, significant changes have oc-
curred in the perception of the ideal woman in Western culture
and in the cultural reactions to body fatness. Slimness became
a virtue in the 1920s and received increasing emphasis from
the 1950s onwards. The frequently cited study by Garner and
colleagues provided evidence of American acceptance of
gradually diminishing female dimensions between 1959 and
1978, documented by Miss America pageant winners and

Playboy centrefolds (Garner et al., 1980). Follow-up studies
confirmed the continued trend over subsequent years (Morris
et al., 1989; Wiseman et al., 1992; Tovee et al., 1997; Voracek and
Fisher, 2002). These changes are summarized in Table 4.3. At
the same time, male Playgirl centrefold models between 1973
and 1997 became increasingly muscular (Leit et al., 2001), 
evidence of change in the male cultural ideal.

As the socially approved Western feminine figure became
more and more cylindrical, female peripheral fatness, the nat-
urally occurring component of female bodies preferred in the
majority of traditional societies, became increasingly dispar-
aged. Women have been expected to remain sexual (but not
too sexual), to reproduce and nurture (but not overnurture
themselves) and to succeed in a masculine world (McKinley,
1999). The ideal woman has become increasingly distant from
the average woman, with the result that the majority of West-
ern women are dissatisfied with their weight (Rodin et al.,
1985). It is considered ‘normal’ for women to be vigilant about
their weight, with chronic dietary restraint being an accepted
way of life (Way, 1995; McKinley, 1999). Dieting is widespread
among adolescents, and girls learn from an early age that they
will be judged by their appearance. The widely quoted ‘a
woman can never be too rich or too thin’, attributed to Wallis
Simpson, typifies Western culture (Way, 1995). The female
body is socially constructed as an object, and slimness has 
become so internalized as to appear natural (McKinley, 1999).
Fat people are seen as morally bad, with the fat person held 
responsible for his or her condition (Sobal, 1995). Women
themselves perpetuate the system by condemning their over-
weight peers (Way, 1995; Germov and Williams, 1999).

The social/biological body divide

Medical understanding of the body is premised upon the con-
cept of the body as a machine, separate from the soul; a divi-
sion attributed to the philosophy of Descartes (Turner, 1982).
The physical body became the concern of biological sciences,
and the mind and emotions fell under the rubric of social 
sciences, thus creating the dichotomies of nature–culture or
body–mind. It was not until the second half of the twentieth
century that social scientists began to consider social aspects 
of the body, recognizing the perceived opposition between 
nature and culture as a product of Western thought. After all,
cultures are assemblages of individuals with both minds and
body coexisting in the one organism (Lock, 1993). The way 
a body is presented by an individual can signify belonging to,
or, alternatively rejection of, a particular society or cultural
group. When considered as a social entity, the body is not seen
as stable, universal, and similar regardless of its setting, but as
culturally contextualized (Lock,1993).

Control and surveillance of the body

In his exploration of dieting, Bryan Turner (1982) draws a 
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parallel between the strong morality of religious constraint
and the medical dietary regimen, both of which focus on disci-
plining the body. Abstemiousness is consistent with the 
biological basis of civilized society, as is metaphor of the body
as a machine amenable to scientific control. Modern medical
dieting probably began in the seventeenth century with
Cheyne, a Scottish doctor who attributed all major illnesses 
to eating habits. Excessively obese himself, he succeeded in
trimming his own size and then proposed a system of dietary
management for the London elite as a remedy for the diseases
of civilization (Turner, 1982).

The French philosopher Foucault has profoundly influ-
enced anthropological representations of the body, parti-
cularly the concept of surveillance over that which is 
institutionalized within a culture (Lock, 1993). This concept of
surveillance and control has been applied to the preoccupa-
tion of American females with dieting and slimness (Nichter
and Nichter, 1991). Although the efforts to control body size
taken out of context appear to be both an ideology and para-
dox, they can be understood as part of American culture, char-
acterized by a continuous cycling of control and release
(puritanism and hedonism). The body becomes both the object
of punishment and the site of pleasure, the Protestant ethic 
espousing hard work and control (self-control, dietary re-
straint, regular exercise) and in turn permitting reward or in-
dulgence (such as sweet or fatty foods). Within the system, the 
individual is called upon to balance these oppositions to main-
tain a culturally acceptable weight, creating yet another di-
chotomy between the forces of good (slimness) and evil
(fatness) (Nichter and Nichter, 1991).

The supportive cultural context for the slim ideal

The pursuit of slimness by dietary restraint tempered by in-
dulgence is a culturally acceptable way of thinking and behav-
ing in Western societies. It is sustained because it is consistent
with and reinforced by norms, values and interests within the
wider cultural context. Although it has been claimed that
Western culture today places undue emphasis on the aesthet-
ics of the human body (Cash and Roy, 1999), every culture has
a concept of what is beautiful. What is unprecedented is the
persistent diminution of the ideal body, concurrent with re-
lentless enlargement of the actual body. Also unprecedented is
how ubiquitous is the presentation of the contrast. The slim
ideal is splashed across the pages of magazines and papers,
appears in movies and on television, billboards, the side of
buses, and is presented as a purchasable commodity, particu-
larly for women (Featherstone, 1991; Cash and Roy, 1999),
whereas obesity is obvious all around.

These norms and values are reinforced by many vested in-
terests in the ‘business of thinness’. The corporate dieting in-
dustry, the fitness industry, manufacturers of diet products,
women’s clothing and cosmetics, women’s beauty magazines
and cosmetic surgeons all benefit from perpetuation of a slim

ideology (Way, 1995). It has been estimated that in the USA
alone, the dieting industry grosses in the order of $35 billion,
cosmetics industry $20 billion, and cosmetic surgeons $300
million per annum (Way, 1995). The majority of people pur-
chasing weight loss products and attending weight loss cen-
tres are women, adding support for concern with weight and
thinness as a cultural phenomenon (Way, 1995). The prefer-
ence for thinness in women can also be related to the value
placed on youth and the changing role of women with the
greater participation in the workforce coinciding with lower
acceptance of the more rounded maternal image preferred in
the past.

Present understanding of and approaches towards obesity
and eating disorders are socially constructed and reflect the
shared values, beliefs and practices of Western culture. Slim-
ness as control over one’s body, and the converse, obesity as
lack of control, fits well with modern Western perceptions of
control and release (Nichter and Nichter, 1991) and reli-
giomoral management of the body (Turner, 1991). There are
shared meanings of obesity; it is a serious health problem and
costly in both economic and personal terms. It is widely held
that obesity is self-induced and amenable to change by per-
sonal sacrifice. The previously mentioned cross-cultural study
on the predictors of ideal female body shape suggested one
way to engender a healthier approach to obesity and eating
disorders: by broadening the present unrealistic cultural 
preferences and expectations of female body size to one 
that is more within the realm of the possible for more women 
(Anderson et al., 1992).

Cultural influences on medical definitions of obesity

From a sociocultural perspective, the downwards trend in rec-
ommended weight for women in the USA demonstrated 
the influence of the culturally defined desire for thinness on
the medical definition of obesity. Ritenbaugh (1982) traced the
steady decline in recommended female weight (and more 
recently men) through various revisions of recommended
weight–height tables between 1943 and 1980. At the same
time, evidence was mounting that larger body size was a
health risk for young and middle-aged adults, particularly
men, but not necessarily women (Ritenbaugh, 1982).

Defining the limits of obesity remains controversial. Studies
have repeatedly illustrated that ‘normal’ weight is perceived
by many to be the socially desirable ideal, well below medi-
cally recommended normal weight. Achieving this ‘normal’ is
unlikely, and may be unnecessary, given the health benefits of
moderate weight reduction in obese people (Sobal, 1995). The
reduction of the cut-off point for ‘ideal’ healthy weight ranges,
from 27 to 25 kg/m2 in 1994 (American Institute of Nutrition,
1994), increased the number of overweight and obese people
in the USAby 29 million (Kettle, 1998), and dramatically raised
the profile of obesity as a cause for concern. Application of an
international uniform standard for healthy weight ranges to



Chapter 4

58

the global diversity of body types has been questioned from
both the slight and the more robust extreme of the body size
spectrum (Deurenberg and Yap, 2004).

The medicalization of obesity

The ‘medicalization’ of obesity during the twentieth century
has been investigated by a number of social scientists (Sobal,
1995; Chang and Christakis, 2002). Despite much evidence for
obesity as a major health problem, there may have been some
selective use of scientific data supporting the risks of obesity at
the expense of data portraying less clear evidence of risk
(Cogan, 1999). Underutilized data show some potential health
benefits of moderate obesity, the negative consequences of di-
eting, the failure of restrictive dieting to produce long-term
weight loss, the psychological toll of weight regain and the 
potential health risks of weight fluctuation. The economic
costs of obesity have been well publicized, but seldom the cost
of the pursuit of thinness. The importance of changing other
risk factors such as physical fitness, the role of genetics and bi-
ology in determining body weight and the evidence that obese
people do not necessarily consume substantially more food
than the non-obese are not part of the core beliefs surrounding
cultural knowledge about obesity. The stigma of being obese is
firmly placed among the cultural values in Western societies
and perceptions of obesity as multifarious do not fit well with
these values (Cogan, 1999).

Although obesity has been claimed as unhealthy for cen-
turies, the medicalization of obesity really began in the 1950s,
growing dramatically during the 1960s and 1970s (Sobal,
1995). Obesity was slotted into several medical models, 
within which it was considered as a genetic, endocrine, 
environmental, personality or addictive disorder, resulting in
multiple medical strategies involving many health profes-
sionals in its treatment. Obesity became classified as a disease
in the International Classification of Diseases in 1990 (Sobal,
1995).

The medicalization of obesity occurred slowly, as the con-
cept changed within the medical framework. Chang and
Christakis documented these developments through their
analysis of entries in Cecil’s Textbook of Medicine between 1927
and 2000 (Chang and Christakis, 2002). During this time, 
obesity was transformed from a moral deviance and the re-
sponsibility of the fat individual to a disease with reduced 
individual responsibility, thus providing a rationale for thera-
peutic intervention. As a consequence the importance of struc-
tural conditions (sociocultural, environmental and material
context) was diminished, as individual factors (lifestyle, per-
sonal, behavioural) became the focus of explanation, diagno-
sis and intervention. Even the mass public health campaigns
promoting healthy lifestyles in the 1970s and 1980s directed
action towards changes in individual behaviour, minimizing
the significance of the broader sociocultural and environmen-
tal constraints (Chang and Christakis, 2002).

Within the wider society, the moral overtones surrounding
obesity remain, with obese people still considered largely re-
sponsible for their own condition. Technological or psychobe-
havioural interventions by medical or health professionals
engage only a small proportion of the obese population in 
the developed world (Sobal, 1995) and even fewer in those 
societies undergoing rapid transition. The so-called self-help
weight loss organizations, with membership in the millions,
have collectively become a 30-billion-dollar weight loss in-
dustry. Although established by non-medical groups, many 
of these apply a medical model that legitimizes the need for 
external assistance in achieving weight loss (Sobal, 1995).

More recently, a different theoretical paradigm has
emerged, which acknowledges the importance of the environ-
ment in promoting and perpetuating obesity (Eggar and 
Swinburn, 1997; Hill and Peters, 1998; Nestle and Jacobson,
2000). However, the recent emphasis on genetic factors runs
counter to this approach, and has drawn some attention away
from the social and structural context back to the individual
body, away from obesity as a social concern and back to 
obesity as an illness.

The cultural and social context for medicalized obesity

The medicalization of obesity involved the conceptual trans-
fer of perceived control and supervision of solutions to the 
biomedical model. This change neither necessarily nor solely 
depended on actions of medical personnel, but was facilitated
by consistency with other cultural norms and activities within
the wider society (Williams and Calnan, 1996; Chang and
Christakis, 2002).

The ideology of systems of surveillance and control focused
on the body (Williams and Calnan, 1996). The subordination of
desire to reason tempered by religious moral authority, and
transferred to secular institutions such as the medical profes-
sion, as well as widescale dieting, were all concordant with
capitalist ideology so central to twentieth-century Western so-
cieties (Chang and Christakis, 2002). At the same time, there
was a growing tendency towards measuring and categorizing
(whether by insurance companies, physical anthropolo-
gists, anthropometrists, elite sporting bodies or scientific 
researchers).

Powerful groups benefit from obesity as a medical problem,
the most obvious being the health-care, pharmaceutical and
fitness industries. More broadly, medicalization increased de-
pendence on other industries producing various consumer
goods compatible with this form of social control and associat-
ed with individual treatment of obesity. Medicalized obesity
thus formed a part of the wider system of disciplinary tech-
niques, or the ‘technologies of power’ that regulated and 
normalized the population (Williams and Calnan, 1996).

Within the wider Western cultural context, there are a multi-
tude of subcultures, whose perception of their own risks asso-
ciated with obesity is bound up with their cultural beliefs,
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moral values and life circumstances (Williams and Calnan,
1996). At one end of the socioeconomic continuum the 
perceived risk of obesity may be relative to the standard of a
slim trim body and addressed by joining a fitness club, attend-
ing a health farm or hiring a personal trainer. Conversely, the
primary concern of poor mothers from Ohio and Cape Town
may be a child with a good appetite and their own ability to 
provide a regular supply of food and an occasional treat (Mvo
et al., 1999; Jain et al., 2001).

Thus, the pursuit of the thin ideal woman and the change in
the meaning of obesity from a moral to a medical issue have
been consistent with a number of Western cultural norms and
values, supported by many powerful interests.

Obesity as a social and cultural issue

The medicalized approach, with its associated reduction in in-
dividual moral responsibility and increased dependence on
individualized therapeutic action (Chang and Christakis,
2002) cannot alone address the burgeoning epidemic of obesi-
ty. The social science discourses on the body presented here
have demonstrated how Western cultural context maintains
the slim ideal body and systems for its monitoring, measure-
ment and control. But cultural change is possible, and changes
are beginning to occur in the Western conception of obesity.

Some new paradigms include resistance to restrictive accept-
able body size, a shift towards a self-care model of body main-
tenance, renewed orientation to the social and environmental
causes of obesity and increasing attention to the concept of 
cultural competence.

Resistance to the normalizing process

The Western concept of obesity has changed during the 
twentieth century from a moral to a medical issue, and now
there are attempts to ‘demedicalize’ it to an alternative 
social issue through the size acceptance movement (Sobal,
1999). Size acceptance developed as a reaction to intolerance of
fat people, dissatisfaction with the cultural emphasis on 
thinness and the widespread promotion of dieting offered as a
solution to the problem of obesity. It aims to promote size 
diversity and tolerance in a size-neutral society (Sobal, 1999).
The original and largest size acceptance group is the US 
National Association to Advance Fat Acceptance (NAAFA),
with similar organizations in Canada, Britain, Australia and
Sweden (Germov and Williams, 1999; Sobal 1999). NAAFA
sees obesity as a political problem rather than a moral or 
medical one, and emphasizes possible psychological harms 
of dieting over medical claims of health risk (Sobal, 1995)
(Table 4.4). Rather than considering themselves victims, mem-
bers accept their size and learn to respond to the pressure to

Table 4.4 Moral, medical and sociopolitical paradigms of obesity.

Paradigm characteristics Moral Medical Sociopolitical

Paradigm reach Wide Medium Small and select

Perception of body fat Bad, sinful, ugly Promotes illness A fact

Perception of fat person Weak Have an illness which is beyond A member of society 

Lacks willpower individual’s control

Relationship with society Seen as a burden on society Society a source of harm through ready Confrontational

access to excess calories

Responsibility for fat condition Personal blame Condition of illness None

Neutral but not value free

Language Fat, corpulent, plump Obese, adipose, overweight Large, ample, of size

Eating Gluttony, gorging Acoria, polyphagia, hyperorexia A pleasurable social activity

Activity Sloth, laziness Lethargy, listlessness Neutral

Reaction to fat person Stigmatization of fatness Stigma of sickness and disability Acceptance of large people as normal

Discrimination Dependence on medical expertise

Disdain

Legitimizing experts Religious or traditional Scientific or clinical Selected scientists and social scientists

Organizations/industries Fashion and beauty Health care Selected magazines and books

supporting paradigm Weight loss Pharmaceutical

Sport and activity Weight loss Specialized fashions

Sport and activity

Solution focus Dependent on willingness and Treatment with medical supervision Change society’s attitudes to accept

determination of the fat person wider range of body sizes

Political fat liberation

Sources: Sobal (1995; 1999), Chang and Christakis (2002).
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conform to the slim ideal (Germov and Williams, 1999). Mem-
bership of the organization is however small, mostly female
and largely from upper socioeconomic groups.

Body maintenance, health and fitness

Changes in the relationship between modern medicine and
the public have been accompanied by growing scepticism con-
cerning the limits of medicinal capabilities and transformation
towards self-care (Williams and Calnan, 1996). At the end of
the twentieth century, health promotion and fitness focusing
on body maintenance have become dominant in Western 
culture (Featherstone, 1991). Although the obsession with
‘keeping to a diet’ is diminishing, the change is a conceptual
one from an externally defined and imposed diet regimen 
to self-regulation and self-monitoring of healthy eating
(Chapman, 1999). The health promotion and fitness move-
ment still adheres to the ‘control and release’ metaphor and the
imperatives of production and consumption. This change has
been interpreted as one in which disciplinary power has
moved from institutionalized surveillance to ‘technologies of
self’’ (Foucault, 1988). Obese people are still held responsible
for their body status, but the fitness, health food, weight loss
and beauty industries are there to assist them in their endeav-
ours to achieve culturally acceptable bodies.

A renewed social and environmental orientation
on obesity

At the same time there is growing acceptance that many of
today’s health risks are located in the environment. The food-
processing system has been described as a means for ‘value
adding’ fat, sugar and salt. Awide variety of energy-enhanced
foods that exploit the human predilection for sweet and fatty
flavours, are available, whereas nutrient-dense low-energy
foods remain comparatively expensive. Consumption of fast
foods, in ever-increasing portion sizes, is escalating. More
labour-saving devices, fewer manual jobs, increasing use of
motor vehicles, poor town planning and the perceived danger
surrounding outside activity all encourage sedentary behav-
iour (Nestle and Jacobson, 2000; Brown and Krick, 2001).

The sheer weight provided by the increasing proportion
and number of the obese in Western societies has tipped the
scales towards greater attention to structural aspects of obesi-
ty (Eggar and Swinburn, 1997; Hill and Peters, 1998; Chang
and Christakis, 2002). Obesity is the result of the accumulation
of small incremental gains in weight and a normal response 
to an abnormal, or ‘obesogenic’, environment (Eggar and
Swinburn, 1997; Neel, 1999; Hill and Peters, 1998; Brown and
Krick, 2001). This new paradigm goes beyond interpreting
obesity simply as the moral concern of the individual who fails
to measure up to the cultural ideal, or a medical condition
amenable to correction by individual lifestyle change. It 
envisages obesity as environmentally caused and largely 

preventable (Chang and Christakis, 2002), and suggests a 
reorientation to the ways in which it is addressed.

Cultural competence

There is a growing literature on cultural competence in the
provision of more effective cross-cultural communication
(Angel and Thoits, 1987; Cross et al., 1989). Initially, cultural
competence involved little more than introducing translation
services for individuals from a different cultural background
to that of the health-care provider. However, cultural 
competence is a far broader concept and includes a greater 
cultural understanding, cultural sensitivity and cultural skill
(Burchum, 2002) in relating to any cultural or subcultural
group. One purpose of this chapter has been to explore some of
the various meanings of obesity within different cultures and
subcultures, and to demonstrate that the way obesity is con-
ceived is culture specific. Gaining a cultural understanding of
a group with different norms, ideas and values takes time and
a complete understanding is never possible (Kroeber, 1963).
However, any intervention to address obesity will benefit
from considering each individual or group within its own 
cultural context.

Obesity and culture in the twenty-first century

Morbid obesity continues to increase, as does the collective
weight of those in Western countries and countries undergo-
ing transition. Considering the body within its social and envi-
ronmental context may herald a new focus on the structural
and environmental aspects of obesity. A deeper understand-
ing of how the cultural and social context contributes to and
supports the ‘obesogenic’ environment can assist in devising
more successful strategies to address obesity as a social issue.
The Western cultural environment is one of excess with an
abundance of highly processed foods in ever-increasing por-
tion sizes. Strategies that tackle instant gratification and the
‘more for less’ mindset that is so prominent in modern Western
culture may benefit from observing and listening to other cul-
tural groups who have a greater respect for and more sophisti-
cated relationship with food (Messer, 1989).

Any discussion on obesity and culture must attempt to ob-
fuscate the mind–body, nurture–nature divide. The Western
approach, grounded in the separation of the body and mind
(Turner, 1991; Lock, 1993) has focused on changing the obese
body. Although obesity is a characteristic of the body, the body
‘is not reducible solely to the biological, nor (is it) able to be
considered as a mind/body dichotomy, (but) must be consid-
ered as whole’ (Berthelot, 1991). Many cultures do not make
this separation, as verified by the more realistic preference by
developing countries and traditional groups for plumpness in
women as a signifier of beauty, health, fertility and happiness.
Renewed interest by the social sciences in aspects of the body
should result in a greater understanding of the place of the
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body in Western culture, and can contribute to a greater insight
into the ways in which the cultural context influences thinking
and feeling about obesity and ways of being obese. Such 
contextual consideration highlights the inappropriateness 
of ‘colonization’ of different cultural groups by a globalized
norm of the slim Western ideal.

The ever-diminishing breadth of the ideal female body
within Western culture calls for a modicum of realism, particu-
larly in light of the persistent expansion of the actual body. 
Hillel Schwartz’s (1986) ‘fat utopia’, where fatness is revered,
is an improbable scenario. Neither is an obese ideal likely to
become the cultural norm despite political action by the size
acceptance movement. These may, however, suggest the be-
ginning of a more rational approach to a range of body sizes
and shapes as constituting ‘normal’. An appreciation and re-
spect for different cultural interpretations of body size, norms
and behaviour important to different groups and subgroups
can assist a broader understanding of the relationship be-
tween culture and obesity. An exploration of some of the exist-
ing positive aspects of slight plumpness could begin to redress 
the current imbalance in information available on obesity
(Bradley, 1982).

Once a problem is as prevalent in Western cultures as 
obesity, it is no longer simply a medical problem but a social
one. Strategies to address so prevalent an issue, particularly
among those with least control over their circumstances, must
consider the social determinants and the cultural context in
which it occurs. The process of Westernization involves the 
addition of aspects of the new while retaining many from the
traditional culture (Szathmary, 1990; Bindon, 1995; Popkin,
2001), and is frequently accompanied by a rapid increase in
obesity. Continued investigation of this acculturation process
may help to identify the critical determinants influencing 
altered body size. The change from preferred plumpness in 
developing countries and among the most disadvantaged in
Western societies to the preference for thinness occurs first
among children and adolescents, who readily adopt the norm
of body dissatisfaction (Hill and Bhatti, 1995; Ricciardelli and
McCabe, 2001). The stage at which this transformation occurs
remains obscure and exploration of this process may con-
tribute to a greater understanding of ways in which cultural
contexts support obesity. This has begun in a recent analysis 
of the National Longitudinal Study of Adolescent Health in
the USA. Overweight-related behaviours (less healthy meal
patterns, more physical inactivity) were readily adopted by
migrant Hispanic adolescents, with concomitant weight gain.
Mexican Americans, in whom acculturation appears to follow
a different pattern, were an exception (see previous discus-
sion) (Gordon-Larsen et al., 2003).

Forty years ago, Mary Douglas (1966) proposed that in-
dividual bodies may reflect the anxieties of the social body.
Thus fatness ‘may function as a site for social reflection, or 
social diagnosis, an index of our relation to consumption in 
advanced consumer capitalism’. The obese society as a whole

may signify that the present-day Western capitalist culture 
itself is in need of remedy to prevent obesity.
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Introduction

Obesity is often considered to result from the failure of homeo-
static mechanisms that regulate body weight during exposure
to an environment that favours overeating and/or discour-
ages physical activity. In addressing the issue of ‘biology 
of obesity’, it is therefore pertinent to raise the question of
whether body weight is indeed a regulated variable. A critical
feature of any regulated system is that disturbance of the regu-
lated variable results in compensatory responses that tend to
attenuate the disturbance and to restore the system to its ‘set’
or ‘preferred’ value. The direct application of this approach to
test whether body weight is regulated in human beings is diffi-
cult because of ethical and practical reasons, but observations
on adults recovering from food shortages during post-war
famine or from experimental starvation indicate that a return
to normal body weight is eventually achieved (Keys et al.,
1950).

Conversely, excess weight gained during experimental
overeating or during pregnancy is subsequently lost, and most
individuals return to their initial body weight (Garrow, 1974).
It is also important to emphasize that a fluctuating body
weight is in general the rule, even in adults who apparently
maintain a stable body weight over months, years and
decades, and that there is in reality no absolute constancy of
body weight. Instead, body weight tends to fluctuate or oscil-
late around a mean constant value, with small to large devia-

tions from a ‘set’ or ‘preferred’ value being triggered by events
that are seasonal and/or cultural (weekend parties, holiday
seasons), psychological (stress, depression, anxiety or emo-
tions) and pathophysiological (ranging from minor health
perturbations to more serious disease states). According to
Garrow (1974), very short-term day-to-day changes in body
weight have a standard deviation of about 0.5% of body
weight, whereas longitudinal observations over periods of be-
tween 10 and 30 years indicate that individuals experience
slow trends and reversal of body weight amounting to be-
tween 7% and 20% of mean weight. There is therefore little
doubt that regulation of body weight occurs, albeit with vary-
ing degrees of precision. How such long-term weight home-
ostasis is achieved in humans is the focus of this chapter. To
address this question, it is first important to underscore the
basic concepts and principles about the flux of energy trans-
formations through which body weight is regulated.

Basic concepts and principles 
in human energetics

Energy balance and laws of thermodynamics

Life exists in a flux of energy transformations that are gov-
erned by the laws of thermodynamics. According to the first law,
energy can neither be created nor destroyed but can be trans-
formed only from one form into another. Biological systems,
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like machines, depend on the transformation of some form of
energy in order to perform work. The chemical energy ob-
tained from foods (plant or animal in origin) is used to perform
a variety of work, such as in the synthesis of new macromole-
cules (chemical work), in muscular contraction (mechanical work)
or in the maintenance of ionic gradients across membranes
(electrical work). The intermediary steps in this flux of energy
transformations between food and heat production are illus-
trated in Fig. 5.1, and are embodied in the following equation: 

Energy intake = energy expenditure + D energy stores

where energy intake refers to the metabolizable energy intake,
i.e. the energy available to perform work after taking into 
account losses in faeces and urine (see Fig. 5.1).

Thus, if the total energy contained in the body (as fat, protein
and glycogen) of a given individual is not altered (i.e. D energy
stores = 0) then energy expenditure must be equal to energy in-
take, in keeping with the first law of thermodynamics. In this
case, the individual is said to be in a state of energy balance. If the
intake and expenditure of energy are not equal, then a change
in body energy content will occur, with negative energy balance
resulting in the degradation of the body’s energy stores (glyco-
gen, fat and protein) or positive energy balance resulting in an in-
crease in body energy stores, primarily as fat. The first law of
thermodynamics, however, overlooks the possible inter-
relationships between energy intake and energy expenditure.
It does not illustrate that voluntary energy intake may rise
with intense physical activity (lumberjacks eat more than
clerks), that energy expenditure may increase in response to
increased food intake or that both energy intake and energy
expenditure can be influenced by changes in body energy
stores. It is merely concerned with initial and final states.

The second law of thermodynamics, by contrast, makes a
subtle distinction between the potential energy of food, useful
work and heat. It states that when food is utilized in the body,
whether for muscular contraction, synthesis of new tissues or

for maintenance of electrolyte equilibrium across membranes,
these processes must be accompanied inevitably by a loss of
heat. In thermodynamic terms, some energy is degraded, and
such heat energy that is no longer available for work is termed
‘entropy’. In other words, the conversion of available food en-
ergy is not a perfectly efficient process: about 75% of the chem-
ical energy contained in foods may be ultimately dissipated as
heat because of the inefficiency of intermediary metabolism in
transforming food energy into a form (e.g. adenosine triphos-
phate, ATP) that can be used for useful work, whether it be the
internal work required to maintain structure and function or
external physical work (i.e. work performed on the environ-
ment). Thus, all the energy used by the body at rest is ulti-
mately lost as heat, and physical (external) work will also be
eventually degraded as heat. These theoretical considerations
constitute the framework of a biological system in which
changes in energy intake and expenditure can oppose changes
in energy balance and body weight.

Pattern of food intake and energy expenditure

Humans eat food in a discontinuous mode, and the amount of
food eaten can range from zero up to 21 MJ per day in highly
active individuals or during acute episodes of hyperphagia.
This contrasts with energy expenditure, which is continuous,
irrespective of the conditions encountered. This irregularity of
food behaviour occurs both within a day and between days,
the latter explaining the 2–3 times greater coefficient of varia-
tion for energy intake (15–20%) than for energy expenditure
(5–8%) (Schutz and Garrow 1996). This also explains the diffi-
culties with which food intake is assessed in order to obtain 
a representative picture of ‘habitual’ food (energy) intake. 
In addition, the wide variety of feeding behaviour makes 
it tremendously difficult to track adequately both of these 
factors jeopardizing the interpretation of data on food intake.
As many factors can lead to underestimation or overestima-
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tion of energy intake, and hence leading to a bias in energy bal-
ance, it is therefore not surprising that energy requirements
are based preferentially on estimates of energy expenditure
rather than on energy intake.

Components of energy expenditure

It is customary to consider human energy expenditure as
being made up of three components: the energy spent for basal
metabolism (or basal metabolic rate), the energy spent on
physical activity and the increase in resting energy expendi-
ture in response to a variety of stimuli (including food, cold,
stress and drugs). These three components are depicted in Fig.
5.1, and are described below: 

Basal metabolic rate

This is the largest component of energy expenditure for most
individuals. Typically in developed countries, basal metabolic
rate (BMR) accounts for between 60% and 75% of daily energy
expenditure (Ravussin and Gautier, 1999). It is measured
under standardized conditions — i.e. in an awake subject lying
in the supine position, in a state of physical and mental rest in a
comfortable warm environment, and in the morning in the
post-absorptive state, usually 10–12 h after the last meal. These
conditions are referred to as ‘basal’ as they should reflect the
energy needed for the work of vital functions (maintaining
electrolyte equilibrium across cell membranes, cell and pro-
tein turnover, respiratory and cardiovascular functions, etc.).

By far the most important determinant of BMR is body size,
and in particular the fat-free mass of the body, which is influ-
enced by weight, height, age and gender. On average, men
have greater fat-free mass and BMR than women, even for the
same age, weight and height, and older people have lower fat-

free mass and BMR than young adults. Most, but not all, of the
differences in BMR among these groups disappear when BMR
is expressed as a function of fat-free mass. This is not surpris-
ing as fat-free mass contains tissues and organs that have high
metabolic activities, such as liver, kidneys, heart, and to a less-
er extent the resting muscles. In contrast, the contribution of
adipose mass to BMR is small. In a non-obese subject, adipose
tissue contributes 3–5% of the total resting energy expendi-
ture, although it represents 20–30% of total body weight (Elia,
1996). The majority of the heat production (about 60%) comes
from active organs such as the liver, kidney, heart and brain, al-
though they account for only 5–6% of total body weight (Fig.
5.2). The resting heat production of skeletal muscle per unit
mass is 15–40 times lower than that of metabolically active or-
gans, but because of its large size (more than one-half of the
total fat-free mass), it makes a significant contribution to total
heat production (about 20%).

BMR can vary by up to 10% in individuals of the same age,
gender, body weight and fat-free mass, suggesting that gen-
etic factors are also important. Day-to-day intra-individual
variability in BMR is low in men (coefficient of variation of
1–3%) but is larger in women because of changes in BMR over
the menstrual cycle. In both women and men, BMR is greater
than the metabolic rate during sleep by 5–20%, with the differ-
ence between BMR and sleeping metabolic rate being ex-
plained by the effect of arousal.

Energy expenditure due to physical activity

The energy spent on physical activity depends on the type and
intensity of the physical activity and on the time spent in dif-
ferent activities. Physical activity is often considered to be syn-
onymous with ‘muscular work’, which has a strict definition
in physics, i.e. force ¥ distance, during which external work is
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performed on the environment. During muscular work (mus-
cle contraction), the muscle produces 3–4 times more heat than
mechanical energy, so that useful work costs more than muscle
work. There is a wide variation in the energy cost of any activi-
ty both within and among individuals. The latter variation is
due to differences in body size and in the speed and dexterity
with which an activity is performed. In order to adjust for dif-
ferences in body size, the energy cost of physical activities is
expressed as multiples of BMR (Durnin, 1991). These gener-
ally range from 1–5 for most activities, but can reach values of
between 10 and 14 during intense exercise. In terms of daily
energy expenditure, physical activity can represent up to 70%
of daily energy expenditure in an individual who is involved
in heavy manual work or competitive athletics. For most indi-
viduals in industrialized societies, however, the contribution
of physical activity to daily energy expenditure is relatively
small (10–15%). In a hospitalized patient in bed, it is still lower.

Energy expenditure in response to various 
thermogenic stimuli

This component of energy expenditure — often referred to as
‘thermogenesis’— is best described by the various forms in
which it can exist. These have been described by Miller (1982)
as follows: 
1 Isometric thermogenesis. This is due to increased muscle ten-
sion; no physical work is done in the physical sense. The differ-
ences in energy expenditure in a person who is lying, sitting or
standing are due mainly to changes in muscle tone.
2 Dynamic thermogenesis. The term ‘negative work’ is used to
describe heat production of stretched muscle — with heat
again being produced without any work. For example, when
someone goes down a ladder, heat production increases but no
work is done. In the physical sense of work, contracting mus-
cles produce heat because of their inefficiency, but tensed and
stretched muscles are simply thermogenic.
3 Psychological thermogenesis. The psychological state may af-
fect energy expenditure, as anxiety, anticipation and stress
stimulate adrenaline (or epinephrine) secretion, leading to in-
creased heat production. A twofold difference can be found in
the energy cost of sitting at ease and sitting playing chess, a dif-
ference that cannot entirely be attributed to muscular move-
ment (Durnin and Passmore, 1972). The best evidence comes
from a study on pilots whose energy expenditure increased
when they were under air traffic control, with the rise being 
inversely related to their level of experience (Corey, 1948).
4 Cold-induced thermogenesis. Humans rarely need to increase
heat production for the purpose of thermal regulation because
they are able to seek an equitable environment or wear suitable
clothing — i.e. their bodies are generally kept at thermoneu-
trality. At low temperatures, their resting metabolic rate (and
hence heat production) increases. For example, normal-
weight women maintained in identical clothing in a calori-
meter room adjusted their 24-h heat production by about 7%

when the temperature in the calorimeter room was lowered
from 28∞C to 22∞C (Dauncey, 1981). It is customary to distin-
guish between two forms of cold-induced thermogenesis —
shivering and non-shivering thermogenesis. Shivering is
rhythmic muscle contraction, whereas non-shivering thermo-
genesis is increased heat production not associated with 
muscle contraction, and is due to increased activity of the 
sympathetic nervous system (particularly in brown adipose
tissue in small mammals). Non-shivering thermogenesis is in-
versely correlated with body size, age and ambient tempera-
ture and has been demonstrated to exist in adult human beings
who are chronically exposed to extreme temperatures (Jessen,
1980).
5 Diet-induced thermogenesis. Heat production increases fol-
lowing the consumption of a meal, and this thermic effect of
food is classically termed ‘specific dynamic action’. Heat pro-
duction also increases on a high plane of nutrition, the so-
called ‘luxusconsumption’. These two forms of thermogenesis
related to food have been regrouped under the term ‘diet-
induced thermogenesis’ or DIT, and are often divided into an
obligatory component (related to the energy costs of absorption
and metabolic processing of nutrients or the energy cost of tis-
sue synthesis during overfeeding) and a facultative compo-
nent, which in part results from the sensory aspects of foods
(smell and taste) and in part from stimulation of the sympa-
thetic nervous system.
6 Drug-induced thermogenesis. The consumption of caffeine,
nicotine and alcohol may form an integral part of daily life for
many individuals, and all three ‘drugs of everyday life’ stimu-
late thermogenesis (Dulloo, 1993). A cup of coffee (containing
60–80 mg of caffeine) can increase BMR by 5–10% over 1–2 h.
Oral intake of 100 mg of caffeine every 2 h during the day or
smoking of a packet of 20 cigarettes increases daily energy ex-
penditure by 5% and 15% respectively. Furthermore, the 
thermogenic effects of nicotine are potentiated by caffeine. The
cessation of elevated thermogenesis induced by nicotine, or
nicotine and caffeine, may be a factor that contributes to the
average weight gain of 7 kg after cessation of smoking.

Alternative compartmentalization 
of energy expenditure

Another way to look at the components of energy expenditure,
proposed by Dulloo and Jacquet (2003) is shown in Fig. 5.3,
where energy expenditure is divided into resting and non-
resting expenditure, but also into voluntary and involuntary
energy expenditure. Resting expenditure comprises all mea-
surements of energy expenditure made at rest— BMR, as well
as the thermic effects of food (and other food ingredients or
drugs). Non-resting energy expenditure is divided into exer-
cise (voluntary) and low level of involuntary physical activity,
which is spontaneous and subconscious. Involuntary activity
is often referred to as thermogenesis due to fidgeting or non-
exercise activity thermogenesis (NEAT). The potential impor-
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tance of variations in this involuntary energy expenditure in
body weight regulation is discussed below (in Thermogenesis
associated with physical activity).

Timescale of energy balance

As mentioned in the Introduction, there is little doubt that reg-
ulation of body weight occurs in human beings (with varying
degrees of precision), although the timescale over which it oc-
curs is not clear. In this context, it is important to emphasize 
the cardinal features of human energy balance and weight 
regulation: 
1 Human beings do not balance energy intake and energy ex-
penditure on a day-to-day basis, nor is positive energy balance
one day spontaneously compensated by negative energy bal-
ance the next day. Near equality of intake and expenditure
most often appears over 1–2 weeks. Longer measurements are
difficult to conduct and impractical because of cumulative er-
rors, but there is no doubt that over months and years the total
energy intake and expenditure must be very close in any indi-
vidual whose body weight and body composition have 
remained relatively constant.
2 This matching of long-term energy intake and energy ex-
penditure must be extremely precise, as a theoretical error of
only 1% between input and output of energy, if persistent, will
lead to a gain or loss of about 10 kg per decade. This does not
occur for most individuals, whose weight remains constant,
within a few kilograms, over several decades.
3 Even in adults who apparently maintain a stable body
weight over months, years and decades, there is in reality no

‘absolute’ constancy of body weight. Instead, body weight
tends to fluctuate or oscillate around a constant mean value.

Understanding how these short-term deviations in body
weight are corrected through changes in energy intake, in en-
ergy expenditure, or in both, still remains a challenging issue
for human research today. In such a dynamic state, within
which weight homeostasis occurs, it is likely that long-term
constancy of body weight is achieved through a highly com-
plex network of autoregulatory systems and subsystems
through which changes in food intake, body composition and
energy expenditure are interlinked.

Control of food intake

Hunger and satiety

Research into the control of energy intake in humans is very
difficult, primarily because habitual intake is not easy to mea-
sure and also because the intake of foods is altered by the ex-
periments themselves. Because of these difficulties, much of
the work carried out in humans has been concerned with
short-term hunger and appetite studies, or with short-term
satiety and satiation (Blundell et al., 1996; Stubbs 1998).

It is important to differentiate between these terms. Hunger
may be defined as a ‘demand for calories’ (e.g. after starva-
tion), whereas appetite refers to ‘a demand for a particular
food’. In laboratory animals allowed ad libitum access to stan-
dard laboratory chow, energy intake is controlled mainly by
the sensations of hunger and satiety. If (like human beings) the
laboratory rat has access to a variety of palatable foods rather
than to a monotonous diet, it may be stimulated to eat some-
thing delicious by appetite rather than by hunger. The physio-
logical mechanisms that control energy intake in the rat
certainly exist in man. If a person is deprived of food, he be-
comes hungry, and if he has eaten a lot, he becomes satiated.
Satiation refers to processes involved in the termination of a
meal, and is studied by providing individuals with test meals
and measuring the amount consumed when the food is freely
available. Satiety refers to the inhibition of further intake of a
food and meal after eating has ended.

However, lifestyle factors ensure that appetite is a powerful
but poorly controlled stimulus to eat even when not hungry
because feeding patterns are influenced strongly by psycho-
logical, economic and social factors. Even though subjects 
may feel satiated by one particular food, they will continue to
eat when a new food is presented— a phenomenon that is re-
ferred to as ‘sensory specific satiety’. Conversely, when sub-
jects are presented with a monotonous diet, their intakes are
usually low. In many parts of the Third World, the major part of
energy intake derives from one staple food, which, together
with low fat intakes, constitutes a bland and monotonous diet,
so that even when supplies are adequate, obesity is rarely seen.
These observations suggest that when the psychosocial incen-
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tives to eat are removed, human beings (like the laboratory rat
fed a chow diet) can control food intake quite precisely.

Hunger–satiety control centres in the brain

Much of our understanding about centres in the brain that are
involved with the control of food intake derives from studies
conducted in laboratory animal models (Hillebrand et al.,
2002). As a result of numerous experiments involving abla-
tion, electrical and chemical stimulation of specific areas in the
brain, it has been proposed that ‘centres’ localized in the hypo-
thalamus are involved in the control of feeding behaviour, and
in particular in the ventromedial hypothalamic (VMH) region
implicated in satiety, the lateral hypothalamic (LH) region im-
plicated in the initiation of feeding, and the paraventricular
nucleus (PVN) of the rostral hypothalamus, thought to be im-
portant in initiating the cessation of the meal. These ‘centres’
serve to analyse and integrate afferent signals that are neural
(via the vagal nerve) or circulatory (via nutrients and hor-
mones) in origin. Although these centres have received a great
deal of attention, it is now apparent that this represents a
rather simplistic view because many other hypothalamic and
extrahypothalamic areas also play a major role in the control of
food intake (Berthoud, 2002).

Nonetheless, the molecular and genetic studies over 
the past decade have led to major advancements in elucidating
the neurochemical basis for the activities of some of these 
centres (Schwartz et al., 2000; Flier, 2004). In particular, the
identification of the two subpopulations of neurons in the 
arcuate (ARC)–PVN pathway (NPY/Agouti-related peptide
(AgRP) neurons and proopiomelanocortin (POMC)/cocaine and
cocaine–amphetamine-related transcript (CART) neurons) and
the identification of melanin-concentrating hormone (MCH)
and orexin in the LH neurons have provided neurochemical
insight into the function of these sites (depicted in Fig. 5.4),
namely:

1 The NPY/AgRP neurons, which coexpress NPY (neuropep-
tide Y) and AgRP (Agouti-related peptide), are orexigenic, i.e.
their activation stimulates food intake.
2 By contrast, the POMC/CART neurons are anorexigenic, i.e.
their activation reduces food intake. POMC is cleaved into
melanocortins, including a-melanocyte stimulating hormone
(a-MSH), which exerts anorexigenic action via melanocortin-4
receptors (Mc4r) and, to a lesser extent, via Mc3r. Most arcuate
nucleus POMC neurons also express CART.
3 All of these neurons project to other regions of the hypothal-
amus, where further signal processing occurs and, in particu-
lar, in the LH area to populations of neurons expressing MCH
and orexins Aand B, all peptides that are orexigenic.

These pathways respond to afferent signals from other 
hypothalamic/extrahypothalamic regions and from the 
periphery.

Hunger–satiety signals from the periphery

The sensations of hunger and satiety result from the central 
integration of numerous signals originating from a variety of
peripheral tissues and organs, including the gastrointestinal
tract, liver, pancreas and adipose tissue, and perhaps also
skeletal muscle. The putative hunger–satiety signalling 
systems that have generated the most interest are outlined 
below.

Signals from the gastrointestinal tract

The progression of food through the stomach and small intes-
tine — which can be considered as a short-term nutrient reser-
voir — initiates a number of sequential peripheral satiety
signals that are thought to be important in influencing 
meal-to-meal feeding responses. Signals from stretch- and
mechanoreceptors or from chemoreceptors that respond to the
products of digestion (sugars, fatty acids, amino acids and
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peptides) are transmitted via vagal afferent nerves to the 
hindbrain, where integration of this visceral output occurs.
This provides a pathway whereby the physical and chemical
properties of food can have a major role in the short-term 
regulation of food intake by limiting the size of a single meal
(Havel, 2001). These types of signals may also affect energy in-
take in a subsequent meal. Among endocrine signals from the
gut that are believed to exert important influences on food in-
take are: 
1 cholecystokinin (CCK), released from the small intestine
into the circulation in response to luminal nutrients, which de-
creases meal size; 
2 peptides that are released postprandially and reduce 
appetite in humans, including gastric inhibitory peptide
(GIP), glucagon-like peptide-1 (GLP-1) and PYY, the peptide
YY(3–36); and
3 more recently, the (growth hormone-related peptide) hor-
mone ghrelin, whose concentration increases after food depri-
vation and decreases in response to the presence of nutrients in
the stomach (Tschop et al., 2001).

It is now well established that ghrelin, which is secreted by
the stomach, is a powerful stimulator of feeding and can in-
duce obesity when given chronically in rodents (Tschop et al.,
2000), through its modulation of NPY, AgRP and melanocortin
systems in the arcuate–PVN axis (Flier, 2004). In contrast, CCK
reduces food intake and inhibits gastric emptying through ac-
tions on CCKAreceptors and afferent vagal information pass-
ing to the brainstem regions of the CNS. A physiological role
for CCK in the control of meal size is suggested by the obesity
seen in rats that have a natural deletion of this gene (Moran,
2000).

Aminostatic or protein-static signals

Alink between fluctuations in serum amino acids and food in-
take was proposed nearly 50 years ago (Mellinkoff et al., 1956),
and this topic has more recently been reviewed by Bray (1997).
Dietary protein induces satiety in the short term, and con-
sumption of low-protein diets leads to increased appetite for
protein-containing foods. Administration of amino acids 
such as phenylalanine and tryptophan, which are precursors
of monoamine neurotransmitters, leads to reduced food 
intake, and the ratio of plasma tryptophan to other amino
acids affects brain serotonin, which is known to have an in-
hibitory influence on food intake. These observations lead to
an aminostatic theory, which states that food intake is deter-
mined by the level of plasma amino acids, and that this could
be related to the regulation of lean body mass, which is known
to be rigorously defended against experimental or dietary ma-
nipulation. A ‘protein-stat’ mechanism for the regulation of
lean body mass has been proposed by Millward (1995), and
draws support from the fact that food intake during growth 
is known to be dominated by the impetus for lean tissue 
deposition.

Glucostatic and glycogenostatic signals

A glucostatic theory for the regulation of feeding behaviour
was also proposed some 50 years ago (Mayer, 1953). It propos-
es that there are chemoreceptors in the hypothalamic satiety
centre that are sensitive to the arteriovenous difference in glu-
cose or to the availability and utilization of glucose. The argu-
ments in favour of this hypothesis in humans include (a) the
small decreases of blood glucose observed prior to sponta-
neous meal consumption; (b) the suppression of food intake 
induced by infusion of glucose; and (c) the spontaneous de-
crease in total energy intake observed when dietary carbohy-
drate content is increased. These same arguments in support of
the glucostatic theory of food intake also form the basis of the
proposal of Flatt (1995) that the control of food intake, via the
prevention of hypoglycaemia and maintenance of adequate
glycogen levels, primarily serves the maintenance of the carbo-
hydrate balance (see Integrated models of food intake control).

Lipostatic and adiposity signals

A lipostatic theory of food intake control, first proposed by
Kennedy (1953), postulates that substances released from the
fat stores function as satiety signals. This theory is based on a
set point control system, with body fat (rather than body
weight) acting as the regulated variable and energy intake as
the controlled variable. Body fat is thus maintained at a set
value, and any deviation from this value is detected by the 
controller of the system (the hypothalamus) via a circulating
metabolite (the error signal) that is related to the size of the fat
stores. Having detected such a deviation, the controller elicits
compensatory changes in energy intake and hence restores the
system to its pre-set or preferred level. The lipostatic hypo-
thesis is perhaps the one that provides the most plausible 
explanation for long-term regulation of the fat stores. Many
experiments support this theory, leading to the suggestion
that humans who are predisposed to obesity may have a
homeostatic mechanism in which the set point for weight 
regulation is set at a higher level than in those who are more 
resistant to obesity. The nature of the various components,
such as the set point and feedback signal(s), involved in the 
lipostatic theory remains unclear.

Leptin and insulin
A major advance came in the mid-1990s following the cloning
of the ob gene, whose protein product (leptin) is primarily pro-
duced by adipocytes, released into the circulation and acts on
hypothalamic receptors to induce satiety by inhibiting the
orexigenic NPY/AgRP neurons and stimulating the anorexi-
genic POMC/CART neurons (Schwartz et al., 2000; Flier, 2004)
(Figs 5.4 and 5.5). Rare people with mutations causing com-
plete leptin deficiency, as in the ob/ob mice, show marked hy-
perphagia and severe obesity, which can be reversed by
administration of small doses of leptin. Rare people with 
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mutations affecting the leptin receptor mechanism, like the
dbdb mice, also show hyperphagia and severe obesity, but do
not respond to the administration of leptin. In other rare cases
of severe childhood onset obesity, single gene defects have
been identified for genes which code for proteins that act
downstream to the leptin receptor in the hypothalamic neural
circuits (Fig. 5.4), in particular for POMC and Mc4r. However,
in the vast majority of humans, as in laboratory rodents, the
blood concentration of leptin is proportional to the adipose
mass, and its elevation in obese people has led to the hypothe-
sis that resistance to the action of leptin is a factor in obesity. Be-
cause blood leptin concentration varies widely in individuals
with the same degree of obesity, the possibility arises that sub-
populations might have relative leptin deficiency. Support for
this notion can be derived from the fact that relatives of leptin-
deficient patients, who are heterozygous for leptin deficiency
exhibit modest obesity and leptin levels below that expected
for their increased fat mass (Farooqi et al., 2001).

More recently, there has been a resurgence of interest in the
role of insulin as an adiposity signal (as it is secreted by the
pancreas in proportion to adiposity) in the control of food in-
take via the CNS. Like leptin, insulin also circulates at levels
proportional to body fat content and enters the CNS (in pro-
portion to their plasma level), where it interacts with auto-
nomic circuits that control meal size — including, as indicated
in Figs 5.4 and 5.5, via inhibition of NPY/AgRP neurons and
stimulation of POMC/CART neurons (Schwartz et al., 2000).
Targeted deletion of the insulin receptor in neurons leads to
obesity in mice (Bruning et al., 2000), albeit to a much lesser ex-
tent compared with the severe obesity resulting from deletion
of leptin receptors from neurons (Cohen et al., 2001).

Although leptin/insulin levels and fat mass are correlated,
their rapid fall during starvation and rapid restoration on
refeeding suggest that changes in circulating leptin and in-
sulin are independent of the dynamics of acute changes in
body fat content. Hence their circulating levels may be a func-
tion of changes in the flux of energy intake (coupled with fat

mobilization/storage) rather than a ‘lipostatic’ signal whose
level is altered as a function of the degree of depletion and re-
pletion of the fat stores. Within the context of food intake con-
trol based upon the defence of the fat stores, both the feedback
signal on food intake and the nature of the set point (if it exists)
remain elusive.

Hepatic nutrient metabolism signals

A role for hepatic metabolism in the control of food intake has
been advocated in the 1960s (Russek, 1963), and it now ap-
pears that a common pathway, leading from nutrient metabo-
lism to ATP production and cell membrane polarity changes,
may be involved in the signalling mechanism (Langhans,
1996; Friedman, 1997). The notion that hepatic oxidation of
fatty acids plays a role in the control of food intake is based
upon studies in rat, mice and man, showing that pharmaco-
logical inhibition of fatty acid oxidation leads to an increase in
food intake, which, in the rat, has been shown to be attenuated
by hepatic branch vagotomy (Langhans, 2003). It would ap-
pear therefore that a feeding modulatory signal derived from
fatty acid oxidation in abdominal tissues (as in the liver) is con-
veyed to the brain by vagal afferents. However, in contrast 
to the stimulatory effect of feeding by inhibition of fatty acid
oxidation, the evidence for a suppressive effect of feeding by
stimulation of fatty acid oxidation is inconsistent and compar-
atively weak.

Integrated models of food intake control

These various hunger–satiety signals from the periphery can
be integrated in models in which the control of food intake is
considered in three phases, but each with a distinct goal: 
1 short-term (hour to hour) blood glucose homeostasis by
dampening episodes of hypoglycaemia or hyperglycaemia; 
2 medium-term (day-to-day) maintenance of adequate hepatic
stores of glycogen that, consistent with Flatt’s glycogenostatic
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theory (Flatt, 1995), would imply corrective responses to offset
deviations from carbohydrate balance during the previous
day; and
3 long-term (weeks, months or years) maintenance of the
body’s fat and protein compartments, i.e. fat mass and fat-free
mass.

Periods of food deprivation that lead to substantial reduc-
tions in body weight are normally followed by increased food
intake (hyperphagia). Indeed, the reanalysis of data on food
intake and body composition in humans subjected to experi-
mental semistarvation and refeeding in the classic Minnesota
Experiment (Keys et al., 1950) suggests that the duration and
magnitude of such compensatory hyperphagia is determined
by three independent factors: 
1 the magnitude of fat loss; 
2 the magnitude of fat-free mass loss; and
3 the severity of energy deprivation (Dulloo et al., 1997).

These findings are consistent with the existence of powerful
signals that relate food intake to body composition as well as to
psychobiological reaction to the state of food deprivation.
Conversely, in human overfeeding trials, subjects often report
great difficulty in maintaining high levels of food intake over
long periods of time, and they spontaneously lose weight over
subsequent weeks and months, apparently by eating less
(Keys et al., 1950; Garrow, 1974).

According to the model proposed by Flatt (1995), the long-
term stability of body weight and body composition requires
not only that energy expenditure is equal to energy intake, but
also that the composition of the fuel mix that is oxidized fol-
lows that which is ingested. As the protein and carbohydrate
stores in the body are limited, they tend to be modulated by an
autoregulatory process, allowing an increase in their own oxi-
dation in response to an increase in their exogenous supply. 
In contrast, the stores of fat are not well regulated by fat 
oxidation, as an increase in dietary fat does not promote its 
oxidation. Hence (unlike carbohydrate and protein) fat bal-
ance is not precisely regulated. The failure to adjust fat oxida-
tion in response to excess intake will contribute to depletion of
glycogen stores by increasing carbohydrate oxidation, with
consequential negative feedback on total energy intake. In
other words, the size of carbohydrate stores exerts negative
feedback on total energy intake, so that high-fat diets (contain-
ing little carbohydrate) will promote excess energy intake to
reach an appropriate level of carbohydrate intake. This energy
imbalance would persist until the fat stores build up sufficient-
ly to provide a greater supply for fat oxidation. When the high-
er fat oxidation matches the higher intake, the individual
would then be both in fat balance and in energy balance, but at
a higher percentage of body fat. Indeed, obese individuals
have a significantly lower respiratory quotient (RQ) than 
lean people (Schutz, 1995) and hence a greater proportion of
their elevated energy expenditure is met by fat oxidation. The
interpretation of this concept of nutrient balance is that the
control of food intake can be viewed as both glycogenic (short

term) and lipostatic (long term), and tends to integrate control
of food intake via glycogenostatic and lipostatic signalling.
Furthermore, it also explains the role of alcohol in substrate
metabolism; alcohol disrupts nutrient balance by sparing 
fat from oxidation. It may also lead to overconsumption of 
energy as it is generally consumed in addition to normal food
intake.

This nutrient balance theory, which centres upon the need to
maintain specific carbohydrate (glycogen) stores as a determi-
nant of appetite, has been challenged by Stubbs (1995); ap-
petite did not increase in people who were fed a very low
carbohydrate (high-fat) diet to deplete the glycogen stores,
and fat oxidation increased to meet energy needs. Further-
more, in human studies in which fat content was altered from
24% to 47% but the energy density of the diet was maintained
constant, there was no evidence of high-fat-induced hyper-
phagia relative to high-carbohydrate feeding, indicating that
the hyperphagia often associated with high-fat diets may not
be due to the fat per se, but to the higher energy density (and
hence lower volume and weight) that fat contributes to the
diet. As Frayn (1995) has argued, it is too simplistic to argue
that protein, carbohydrate and fat balance can be considered
independently, and that the complex relationships between fat
and other constituents of foods in the control of appetite can-
not be ignored.

Autoregulatory adjustments 
in energy expenditure

Whatever mechanisms operate for the control of food intake,
however, this control is not by itself sufficient to explain long-
term regulation of body weight and body composition. There
is ample evidence that autoregulatory adjustments in energy
expenditure also play an important role in correcting devia-
tions in body weight and body composition.

The dynamic equilibrium model

There is a built-in stabilizing mechanism in the overall homeo-
static system for body weight regulation. As Payne and 
Dugdale (1977) have illustrated in their mathematical model
for weight regulation, any imbalance between energy intake
and energy requirements will result in a change in body
weight which, in turn, will alter the maintenance energy re-
quirements in a direction that will tend to counter the original
imbalance and would hence be stabilizing. There is a built-in
negative feedback and the system thus exhibits dynamic equi-
librium. For example, an increase in body weight will increase
metabolic rate, which will then produce a negative energy 
balance and hence a subsequent decline in body weight.

Similarly, a reduction in body weight would also be auto-
matically corrected as the resulting diminished metabolic rate
due to the loss in weight will produce a positive balance and
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hence a subsequent return towards the ‘set’ or ‘preferred’
weight. But in reality, the homeostatic system is much 
more complex than this simple effect of mass action. This is
shown in the ‘weight-clamping’ experiments of Leibel and
colleagues (1995), whereby subjects maintaining body weight
at 10% above their initial weight showed an increase in daily
energy expenditure, even after adjusting for changes in body
weight and composition. Similarly, in subjects maintaining
weight at 10% below their initial weight, daily energy expen-
diture was also lower after adjusting for losses in weight and
lean tissues.

These compensatory changes in energy expenditure (about
15% above or below predicted values) reflect changes in meta-
bolic efficiency (i.e. thermogenesis) that oppose the mainte-
nance of a body weight that is above or below the ‘set’ or
‘preferred’ body weight. There was a large interindividual
variability in the ability to readjust energy expenditure in this
study, with some individuals showing little or no evidence of
altered metabolic efficiency, whereas others showed a marked
capacity to decrease or increase energy expenditure through
alterations in metabolic efficiency.

Role of adaptive thermogenesis

The most striking feature of virtually all experiments of
human overfeeding is the wide range of individual variability
in the amount of weight gained per unit of excess energy con-
sumed. These differences in the efficiency of weight gain are
mostly attributed to (a) variability in the ability to convert ex-
cess calories to heat, i.e. in the large interindividual capacity
for diet-induced thermogenesis (DIT), and (b) differences in
body composition for the same change in body weight. In his
detailed reanalysis of data from some 150 individuals partici-
pating in the various ‘gluttony experiments’ conducted be-
tween 1965 and 1999, Stock (1999) argued that at least 40% of
these overfed subjects must have exhibited an increase in DIT,
albeit to varying degrees. Part of this variation in DIT could be
explained by differences in the dietary protein content of the
diet, with DIT being more pronounced on unbalanced diets
that are low or high in percentage of protein.

But it is also known from overfeeding experiments in identi-
cal twins that genes play an important role in the variability in
metabolism that underlies susceptibility to weight gain and
obesity (Bouchard et al., 1990). Similarly a role for genotype in
variability in enhanced metabolic efficiency during weight
loss has been suggested from studies in which identical twins
underwent slimming therapy on a very low-calorie diet
(Hainer et al., 2001). Taken together, these results demonstrate
that, in addition to the control of food intake, changes in effi-
ciency of energy utilization (via adaptive thermogenesis) play
an important role in the regulation of body weight and body
composition, and that the magnitude of adaptive changes in
thermogenesis is strongly influenced by the genetic make-up
of the individual.

Thermogenesis associated with physical activity

Amain cause of controversy about the importance of adaptive
thermogenesis in the aetiology of human obesity is the difficul-
ty of identifying which component(s) of energy expenditure
could be contributing importantly to the changes in metabolic
efficiency, and hence in adaptive thermogenesis. As depicted in
Fig. 5.3, the energy expenditure measured in the resting state,
whether as basal metabolic rate (BMR) or as thermic effect of
food, results in the production of heat (i.e. in thermogenesis).
Changes in resting energy expenditure that are not accounted
for by changes in body weight and composition reflect changes
in metabolic efficiency, and hence in adaptive changes in ther-
mogenesis. By contrast, the heat production from non-resting
energy expenditure is more difficult to quantify.

The efficiency of muscular contraction during exercise is
low (~25%), but that of spontaneous physical activity (SPA)
(including fidgeting, muscle tone and posture maintenance,
and other low-level physical activities of everyday life) is even
lower as these essentially involuntary (subconscious) activi-
ties comprise a larger proportion of isometric work. As the en-
ergy actually expended for work on the environment during
SPA is very small compared with the total energy spent on
such activities, the energy cost associated with SPA is some-
times referred to as movement-associated thermogenesis or
SPA-associated thermogenesis. It can also be argued that as
SPA is essentially beyond voluntary control (i.e. subcon-
scious), a change in the level or amount of such involuntary SPA
activity in a direction that defends a ‘preferred’ body weight
constitutes autoregulatory mechanisms that contribute to the
overall changes in metabolic efficiency. In this context, an 
increase in the amount of SPA in response to overfeeding, or a
decrease during starvation, also constitutes adaptive behav-
ioural changes in thermogenesis.

The importance of SPA-associated thermogenesis in weight
regulation is underscored by the findings that even under con-
ditions where subjects are confined to a metabolic chamber,
the 24-h energy expenditure attributed to SPA (as assessed by
radar systems) was found to vary between 400 and 3000 kJ per
day, and to be a predictor of subsequent weight gain. In fact, a
main conclusion of early overfeeding experiments (Miller et
al., 1967) was that most of the extra heat dissipation in some of
the individuals resisting obesity by increased DIT could not be
accounted for by an increase in resting metabolic rate, but
could be due to an increased energy expenditure associated
with simple (low-level) activities of everyday life. This notion
has recently gained much support from the findings of Levine
et al. (1999) that more than 60% of the increase in total daily en-
ergy expenditure in response to overfeeding was associated 
with SPA, and that interindividual variability in energy 
expenditure associated with SPA— which they referred to as
non-exercise activity thermogenesis (NEAT)— was the most
significant predictor of the resistance or susceptibility to obesi-
ty. It should however be emphasized that NEAT could also 
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include heat production resulting from the impact of physical
activity on post-absorptive metabolic rate or postprandial
thermogenesis. There is some evidence that relatively low-in-
tensity exercise may potentiate the thermic effect of food, and
that the effect of high-intensity exercise on energy expenditure
can persist well after the period of the physical activity— this
phenomenon is often referred to as post-exercise or post-SPA
stimulation of thermogenesis.

Mechanisms of thermogenesis

Ever since studies into mechanisms of DIT started in 1960s, the
focus of attention has been on the sympathetic nervous system
(SNS) which, via its neurotransmitter noradrenaline (NA),
acts upon a- and b-adrenoceptors to influence many body
functions ranging from body temperature homeostasis to
blood pressure regulation. It is now known that many other
hormones play a more permissive or facilitatory role in SNS-
mediated thermogenesis, either by altering peripheral adren-
ergic responsiveness to the thermogenic effects of NA or by
acting as peripheral signals for central activation of SNS activ-
ity to peripheral tissues. In fact, the interaction of many of the
peripheral signals (in Hunger–satiety signals from the periph-
ery) that control feeding behaviour and satiety — via inhibition
of NPY/AgRPneurons and stimulation of POMC/CART neu-
rons in the hypothalamus — also results in altered activity of
the SNS and thermogenesis (Flier, 2004).

Of particular interest for SNS-mediated thermogenesis is
the potential control by NAover biochemical mechanisms, the
activation of which leads either to an increased use of ATP (e.g.
ion pumping and substrate cycling) or to a high rate of mito-
chondrial oxidation with poor coupling of ATP synthesis; the
net result is an increase in heat production. But it was not until
the demonstration that SNS activity in a variety of tissues is in-
creased during overfeeding and decreased during starvation
(a state of energy conservation) that the SNS was considered as
a potentially pivotal efferent system in the link between diet
and thermogenesis (Landsberg et al., 1984). In fact, recent stud-
ies in mice lacking genes coding for all three b-adrenoceptors
(b1-AR, b2-AR and b3-AR) demonstrate a pivotal role for the
SNS in the mediation of DIT (Bachman et al., 2002). In contrast
with wild-type mice, which resist obesity by activating DIT
during overfeeding, mice lacking b-ARs (or b-less mice) are in-
capable of increasing thermogenesis and they develop mas-
sive obesity despite similar food intake to wild-type control
mice. Furthermore, the b-less mice are intolerant to cold expo-
sure, thereby underscoring the overlapping role of SNS via b-
AR signalling in the control of heat production in response
both to diet and cold.

It was indeed proposed some 20 years ago (Rothwell and
Stock, 1979) that these two forms of thermogenesis have a
common origin in brown adipose tissue (BAT). The thermo-
genic activity of BAT, which is abundant in small animals and
human infants, is under SNS control and is primarily mediat-

ed in brown adipocytes by a mitochondrial protein (UCP) that
allows protons to leak back across the inner mitochondrial
membrane (Cannon and Nedergaard, 2004). The resulting dis-
sipation of the proton electrochemical gradient (a phenome-
non referred to as ‘proton leak’) allows substrate oxidation to
occur without concomitant capture of some of the useful ener-
gy via the synthesis of ATP. The net effect during activation of
UCP (by cold or diet) is that substrate oxidation is effectively
uncoupled from phosphorylation with a resultant increase in
heat production.

Although in humans, several lines of evidence are consis-
tent with an important role for SNS in the regulation of ther-
mogenesis (Landsberg et al., 1984; Astrup and Macdonald
1998), the importance of BAT as a site of adaptive thermogene-
sis in the adult human proved to be elusive. Doubts about the
importance and/or recruitability of BAT-UCP or b3-adreno-
ceptors in adult human beings (Arch, 2002a) have shifted
greater attention to the skeletal muscle, which by its sheer size
(30–40% of body weight) and important contribution to daily
metabolic rate (> 20% even in ‘sedentary’ humans) has long
been advocated as the major site for adaptive thermogenesis in
large mammals.

It was reported in the mid-1990s (Rolfe and Brand, 1996) that
the phenomenon of mitochondrial ‘proton leak’ is not unique
to BAT as originally thought, but also exists in tissues other
than BAT. The fact that this could contribute as much as 50% of
the skeletal muscle heat production at rest prompted the
search for uncoupling protein(s) in this tissue. This led to the
discoveries of several new members of the ‘uncoupling’ pro-
tein family, particularly two of them, UCP2, UCP3, which have
a high sequence homology to BAT-UCP, which was renamed
UCP1. Unlike UCP1, which is expressed only in BAT, UCP2 is
expressed in all tissues so far examined (including organs in-
volved in immunity or rich in macrophages), whereas UCP3 is
expressed predominantly in skeletal muscles and BAT, and, to
a lower extent, in white adipose tissue and in the heart.

Although a number of studies have linked polymorphisms
of UCP2 and UCP3 with obesity or with low rates of energy ex-
penditure (Walder et al., 1998), there is, however, considerable
uncertainty and debate about whether these UCP1 homo-
logues have physiologically relevant uncoupling properties in
the context of adaptive thermogenesis and weight homeosta-
sis (Samec et al., 1998; Dulloo and Samec, 2001). In more recent
years, the interest about molecular effectors of thermogenesis
has focused on the co-activator protein PGC-1, a mediator of
cold-induced thermogenesis in brown adipocytes (Puigserver
et al., 1998) and whose overexpression in skeletal muscle leads
to a change of the muscle from white to red fibre type (Lin et al.,
2002). However, as yet there is no published evidence regard-
ing a physiological role for PGC-1 in skeletal muscle thermo-
genesis and DIT.

From which tissues/organs and by what molecular mecha-
nisms the extra heat due to DIT might be produced still re-
mains a mystery (Dulloo, 2002). Several other tissues and
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organs (e.g. liver, kidneys, heart, pancreas) are activated by the
SNS in response to diet (Fig. 5.6), but whether they contribute
to DIT is unknown. As for skeletal muscle, evidence that SNS-
mediated thermogenesis occurs in this tissue remains elusive.
SNS activity in skeletal muscle of rats is unresponsive to star-
vation and overfeeding (Dulloo et al., 1988), and in adult hu-
mans (where BAT is scarce or quiescent), infusion of NE
increases resting metabolic rate, but no detectable increase in
thermogenesis occurred in forearm skeletal muscle (Kurpad et
al., 1994). Nonetheless, like in rodents, modulation of SNS ac-
tivity by short-term under- and overnutrition occurs in adult
humans, as judged from measurements of NE spillover in
blood and urine (Landsberg et al., 1984), and furthermore, a
low SNS activity has been shown to be a risk factor for weight
gain in Pima Indians (Tataranni et al., 1997).

The central issue of whether in humans the subtle variations
in DIT — that over months and years lead to obesity in some
but weight maintenance in others — also reside in variations in 
SNS activity remains to be firmly established, just as the 
tissue/organ sites and molecular mechanisms that could 
account for this variability in metabolic efficiency.

Models for body composition regulation via
adaptive thermogenesis

Despite major caveats in our understanding of organ sites and
molecular mechanisms controlling adaptive thermogenesis,
the available evidence, based on studies in the rat and in hu-
mans, strongly suggests the existence of two distinct control
systems underlying adaptive thermogenesis (Dulloo et al.,

2002). One control system is a direct function of energy imbal-
ance and responds rapidly to attenuate the impact of changes
in food intake on changes in body weight through alterations
in the activity of the SNS; it is suppressed during starvation
and increased during overfeeding. The other control system
has a much slower time constant as it operates as a feedback
loop between the size of the fat stores and thermogenesis (i.e. 
a lipostatic or adipose-specific control of thermogenesis).
Whereas its suppression during weight (and fat) losses is to re-
duce the overall rate of fuel utilization during starvation, its
sustained suppression until body fat is recovered during
refeeding is to accelerate the replenishment of the fat stores.
Conversely, during periods of excess fat gain, its activation
will serve to oppose the maintenance of the excess fat and
hence to restore body fat to its ‘set’ or ‘preferred’ level.

These autoregulatory control systems, operating through
adjustments in heat production or thermogenesis, play a cru-
cial role in attenuating and correcting deviations of body
weight from its ‘set’ or ‘preferred’ value. The extent to which
these adjustments are brought about through adaptive ther-
mogenesis is dependent upon the environment (e.g. diet com-
position), and is highly variable from one individual to
another, largely because of variations in the genetic make-up
among individuals. In societies where food is plentiful all year
round and physical activity demands are low, the resultant
subtle variations among individuals in adaptive thermogene-
sis can, in dynamic systems and over the long term, be impor-
tant in determining long-term constancy of body weight in
some and in provoking the drift towards obesity in others
(Dulloo and Jacquet, 2003).

Integrating intake and expenditure

Modern lifestyle has led to considerable changes in what food
is eaten and in the amount of physical activity, within an envi-
ronment where the precise matching between energy intake
and energy expenditure is difficult. Yet, there are many indi-
viduals living in the same ‘obesogenic’ environment who
manage to resist obesity. How they achieve energy balance is
likely to be importantly determined by highly complex neu-
roendocrine systems and subsystems, some of which could be
integrated in the simple model presented in Fig. 5.7. However,
it needs to be pointed out that, despite the advances of the past
decade in our understanding of molecular pathways and con-
trol systems underlying the regulation of body weight and
body composition, the explanation for an accurate regulation
of long-term body weight in the face of poor short-term control
still remains a challenging issue for human research. When 
1attempting to explain the actual responses in energy balance
and weight regulation in real life, it is important to recognize
that several factors may be operating simultaneously on both
sides of the energy balance equation. In order to achieve long-
term constancy of body weight, compensatory adjustments
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occur in both energy intake and energy expenditure, so that
unravelling the importance of one or other is difficult, if not
impossible.

Models of body weight regulation have primarily focused
on physiologically induced autoregulatory adjustments in en-
ergy intake and in energy expenditure, i.e. those beyond vol-
untary control. However, the range of variation in body
weight is large enough to be detected consciously and there is
certainly some degree of cognitive control. As pointed out by
Garrow (1974), a change of several kilograms in body weight
can hardly be ignored as clothes that formerly would fit will no
longer do so, and there will be conceivable changes in appear-
ance, exercise tolerance and general well-being. When such
chronic energy imbalance occurs during adolescent or adult
life, it is also corrected by more or less conscious effort when
the individual decides — for efficient survival, cultural or
health reasons — that the change in body weight is no longer
acceptable. In response, they control or attempt to control food
intake or energy expenditure via changes in physical activity.
In many individuals, the importance of such cognitive (con-
scious) controls over food intake and energy expenditure can
be as important as non-conscious physiological controls in
achieving energy balance and weight homeostasis.
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Introduction

Obesity is determined by an interaction between genetic, envi-
ronmental and behavioural factors acting through the physio-
logical mediators of energy intake and energy expenditure.
Body weight is the archetypal polygenic trait, a quantitative
phenotype that usually fails to display a mendelian pattern of
inheritance because it is influenced by many different regions
of the genome. The concept that environmental factors operate
on an underlying pool of genes that contribute to obesity sus-
ceptibility has important implications for our approach to the
prevention and treatment of obesity. If some environmental
variables manifest themselves only on certain genotypes, ef-
forts to prevent obesity at a public health level can be focused
on recognition and counselling of susceptible individuals. In
addition, appreciating the importance of genetic variation as
an underlying cause helps to dispel the notion that obesity rep-
resents an individual defect in behaviour with no biological
basis, and provides a starting point for efforts to identify the
genes involved.

Much of the recent excitement about understanding and
treating obesity is based on the identification of genes that are
responsible for existing murine obesity syndromes, and the
subsequent realization that several of these genes uncover
fundamental physiological pathways that were unappreciat-
ed previously. As the endocrinological, metabolic and behav-
ioural features of monogenic rodent obesities have been well

characterized, these then provide considerable insight into the
biology that underlies each mutation. In the last 4 years, five
single gene defects causing severe human obesity have been
identified. Studies of patients with mutations in these mole-
cules have shed light on the physiological role of these mole-
cules in the regulation of body weight in humans.

Historical perspective

Obesity, defined as an excess of body fat, is frequently consid-
ered to be a ‘modern’ disease — a reflection of the excesses of
Western urbanized society. However, artefacts dating from the
Palaeolithic Stone Age clearly represent subjects with an ex-
cess of body fat, and descriptions of obese individuals have
emerged in manuscripts and medical texts from many of the
ancient civilizations from Mesopotamia to Arabia, from China
to India. This historical evidence suggests that, independent of
diet and geographical region, throughout history some indi-
viduals have harboured the propensity to store excess energy
as fat.

Gene–environment interactions

The increase in the prevalence of obesity in the last 30 years
suggests the importance of changing environmental factors, in
particular the increasing availability of energy-dense high-fat
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foods and a reduction in physical activity. Further evidence for
the critical role of environmental factors in the development of
obesity comes from migrant studies and the ‘Westernization’
of diet and lifestyles in developing countries. A marked
change in body mass index (BMI) is frequently witnessed in
migrant populations, where subjects with a common genetic
heritage live under new and different environmental circum-
stances. Pima Indians, for example, living in the USA are on
average 25 kg heavier than Pima Indians living in Mexico
(Kopelman, 2000). Asimilar trend is seen for Africans living in
the USA and Asians living in the UK. Moreover, within some
ethnic groups the prevalence of obesity has increased very
dramatically, not only among migrants but also among the in-
digenous population. In fact, the prevalence of obesity is at
present more than 60% in Nauruan men and women and also
among Polynesians in Western Samoa. This observation sug-
gests that subjects from these ethnic groups may be more sus-
ceptible to developing obesity and that environmental factors
have varying effects depending upon genetic background.

Evidence for the heritability of fat mass

There is considerable evidence to suggest that like height,
weight is a heritable trait. Genetic epidemiological studies in
different populations can attribute the underlying phenotypic
variance of a trait into genetic and/or environmental sources.
Longitudinal data from one of the largest family studies, the
Quebec Family Study of over 400 families, suggest a signifi-
cant cross-trait familial resemblance for parents and their off-
spring (0.20–0.25) and sibling relationships (0.25–0.35) (Rice 
et al., 1999). However, in traditional nuclear families, family
members generally share both genes and environment to
some degree, so it is difficult to assess the contribution of each
component.

Adoption studies

Complete adoption studies are useful in separating the com-
mon environmental effects, as adoptive parents and their
adoptive offspring share only environmental sources of vari-
ance, whereas the adoptees and their biological parents share
only genetic sources of variance. One of the largest series,
based on over 5000 subjects from the Danish adoption register,
which contains complete and detailed information on the bio-
logical parents, demonstrated a strong relationship between
the BMI of adoptees and biological parents across the whole
range of body fatness, but no relationship when adoptees were
compared with their adoptive parents (Stunkard et al., 1986a).
The Danish group have also shown a close correlation be-
tween BMI of adoptees and their biological full siblings who
were reared separately by the biological parents of the
adoptees, and a similar, but weaker relationship with half-
siblings (Sorensen et al., 1989).

Twin studies

Traditionally, the most favoured model for separation of the
genetic component of variance is based on studies of twins, as
monozygotic co-twins share 100% of their genes and dizy-
gotes 50% on average. Heritability estimates the proportion of
the total variance attributable to genetic variation under a
polygenic model by comparing the similarity of a trait within
monozygotic twins with the similarity within dizygotic twins.
Heritability is both a function of the number of genes influenc-
ing a phenotype and the proportion of phenotypic variation
accounted for by each of these genes. The advantage of studies
of the heritability of BMI is that age-dependent influences of
genes or environmental factors are the same for both twins.
Genetic contribution to the BMI has been estimated to be
64–84% (Stunkard et al., 1986b).

The most powerful genetic epidemiological design is the
study of monozygotic twins reared apart, which has all the ad-
vantages of a twin study, but does not rely on the equal envi-
ronmental exposure assumption. Correlation of monozygotic
twins reared apart is virtually a direct estimate of the heritabil-
ity, although monozygotic twins do share the intrauterine en-
vironment, which may contribute to lasting differences in
body mass in later life. Estimates vary from 40–70%, depend-
ing on age of separation of twins and the length of follow-up.
Longitudinal data from Virginia looking at adult twins and
their offspring have reported a heritability of 69% (Maes et al.,
1997). Studies of Swedish twins have suggested a heritability
of 0.70 for men and 0.66 for women (Stunkard et al., 1990),
whereas a heritability of 0.61 was observed in a cohort of UK
twins (Price and Gottesman, 1991). In a meta-analysis of re-
sults derived from Finnish, Japanese and American archival
twins, Allison observed similar correlation (Allison et al.,
1996). In addition, Price and colleagues have shown that these
correlations did not differ significantly between twins reared
apart and twins reared together, and between twins reared
apart in relatively more similar (i.e. with relatives) vs. less sim-
ilar environments (Price and Gottesman, 1991).

Familial resemblance in nutrient intake has been reported in
parents and their children (Perusse et al., 1988), although the
extent to which this is genetically determined is unclear. Twin
data suggest that there are notable genetic influences on the
overall intake of nutrients, size and frequency of meals and in-
take of particular foods. Bouchard and Tremblay (1990) have
shown that about 40% of the variance in resting metabolic rate,
thermic effect of food and energy cost of low- to moderate-
intensity exercise may be explained by inherited characteris-
tics. In addition, significant familial resemblance for level of
habitual physical activity has been reported in a large cohort of
healthy female twins (Samaras et al., 1999).
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Genetic basis of common obesity

Genetic determinants of interindividual variation in obesity
and related phenotypes are likely to be multiple and interact-
ing, with most single variants producing only a moderate 
effect.

Association studies

Genetic association studies assess correlations between genet-
ic variants at a polymorphic site and a phenotype trait of inter-
est. Such variants can either be directly involved in disease
predisposition or indirectly involved through linkage dise-
quilibrium with pathogenic variants in close proximity. To
date, association studies have largely been restricted to candi-
date genes, the dysfunction of which might reasonably be ex-
pected to result in obesity by virtue of their having putative
effects on energy intake, energy expenditure or nutrient parti-
tioning. This strategy has been extensively utilized in obesity
genetics but brings with it a number of problems, as many as-
sociation studies have been underpowered, some grossly 
so, and there is a publication bias towards the reporting of 
positive rather than negative associations, which tends to 
exaggerate the true nature or strength of an association. A
comprehensive and updated reference for all association 
studies in obesity genetics is available in the form of the 
obesity gene map established by Bouchard and colleagues 
at The Pennington Biomedical Research Centre (link to 
http: //www.obesite.chaire.ulaval.ca/genemap.html).

Linkage analysis

In linkage analysis, regions of the genome that cosegregate
with disease in families are identified. This has been an enor-
mously powerful technique for the identification of gene de-
fects causing monogenic disorders. Its utility in identifying

chromosome regions containing susceptibility genes for com-
plex disorders is less certain, given the lack of clear patterns 
of inheritance and the multiple genetic and environmental 
influences on complex traits. In a genome-wide scan, linkage
analysis is conducted using a series of anonymous polymor-
phisms, spaced at relatively constant intervals over the entire
genome e.g. ~350–370 markers with an average spacing of
10 cM. Genome scans are complicated by the fact that instead
of a single test for linkage, one must conduct multiple tests
across the entire genome. In light of this, it has been proposed
that a logarithm of odds (LOD) score ≥ 3.3 can be taken as
strong evidence of linkage, and a LOD score ≥ 1.9 but < 3.3 as
evidence suggestive of linkage.

Results from reported genome-wide linkage studies that
have examined obesity and/or related intermediate traits
have identified several loci that show positive evidence for
linkage with a LOD score ≥ 2.6. Genome-wide scans in differ-
ent ethnic populations have localized major obesity loci 
on chromosomes 2, 5, 10, 11 and 20 (Clement et al., 2002;
Comuzzzie, 2002).

Pleiotropic obesity syndromes

It is well established that obesity runs in families, although the
vast majority of cases do not segregate with a clear mendelian
pattern of inheritance. There are about 30 mendelian disorders
that have obesity as a clinical feature but often associated with
mental retardation, dysmorphic features and organ-specific
developmental abnormalities (i.e. pleiotropic syndromes). 
A number of families with these rare pleiotropic obesity 
syndromes have been studied by linkage analysis and 
the known chromosomal loci for obesity syndromes are 
summarized in Table 6.1. For a comprehensive list of 
syndromes in which obesity is a recognized part of the pheno-
type, see Online Mendelian Inheritance in Man (OMIM)
(www.ncbi.nlm.nih.gov/omim/).

Table 6.1 Human pleiotropic obesity syndromes.

Syndrome Additional clinical features Locus Reference

Autosomal dominant

Ulnar–mammary syndrome Ulnar defects, delayed puberty, hypoplastic nipples 12q24.1 Bamshad et al. (1995)

Autosomal recessive

Alstom’s syndrome Retinal dystrophy, neurosensory deafness, diabetes 2p13 Collin et al. (2002)

Cohen’s syndrome Prominent central incisors, ophthalmopathy, microcephaly 8q22 Tahvanainen et al. (1994)

X-linked

Borjeson–Forssman–Lehmann syndrome Mental retardation, hypogonadism, large ears Xq26 Turner et al. (1989)

Mehmo’s syndrome Mental retardation, epilepsy, hypogonadism, microcephaly Xp22.13 Steinmuller et al. (1998)

Simpson–Golabi–Behmel, type 2 Craniofacial defects, skeletal and visceral abnormalities Xp22 Brzustovic et al. (1999)

Wilson–Turner syndrome Mental retardation, tapering fingers, gynaecomastia Xp21.1 Wilson et al. (1991)
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Prader–Willi syndrome

Prader–Willi syndrome (PWS) is the most common syndromal
cause of human obesity, with an estimated prevalence of about
1 in 25 000. It is an autosomal dominant disorder and is caused
by deletion or disruption of a paternally imprinted gene or
genes on the proximal long arm of chromosome 15. The PWS is
characterized by diminished fetal activity, obesity, hypoto-
nia, mental retardation, short stature, hypogonadotropic 
hypogonadism, and small hands and feet (Butler, 1990). The
diagnostic criteria arrived at by a consensus group were based
on a point system; one point each was allowed for each of five
major criteria, such as feeding problems in infancy and failure
to thrive, and one-half point each for seven minor criteria, such
as hypopigmentation. A minimum of eight and a half points
was considered necessary for the clinical diagnosis of PWS
(Holm et al., 1993). There is mild prenatal growth retardation,
with a mean birth weight of about 6 lb (2.8 kg) at term, hypore-
flexia and poor feeding in neonatal life due to diminished
swallowing and sucking reflexes; infants often require assist-
ed feeding for about 3 to 4 months. Feeding difficulties gener-
ally improve by the age of 6 months. From 12 to 18 months
onwards, uncontrollable hyperphagia results in severe obesi-
ty, invariably associated with abdominal striae. Diabetes mel-
litus is not a diagnostic criterion for PWS but it is often found in
older PWS patients.

Although hyperphagia is a dominant feature in PWS 
subjects, the eating behaviour in PWS might be due to de-
creased satiation as well as increased hunger. One suggested
mediator of the obesity phenotype in PWS patients is the novel
enteric hormone ghrelin, which is implicated in the regulation
of meal-time hunger in rodents and humans, and is also a 
potent stimulator of growth hormone secretion. Fasting 
plasma ghrelin levels are 4.5-fold higher in PWS subjects than
in equally obese controls and thus may be implicated in the
pathogenesis of hyperphagia in these patients (Cummings 
et al., 2002).

Children with PWS display diminished growth, reduced
muscle mass (lean body mass) and increased fat mass — body
composition abnormalities resembling those seen in growth
hormone (GH) deficiency. Diminished GH responses to vari-
ous provocative agents, low insulin-like growth factor-I levels
and the presence of additional evidence of hypothalamic dys-
function support the presence of true GH deficiency (GHD) in
many children with PWS. GH treatment in these children de-
creases body fat, and increases linear growth, muscle mass, fat
oxidation and energy expenditure.

It is clear that the syndrome is caused by lack of the paternal
segment 15q11.2–q12, either through deletion of the paternal
‘critical’ segment or through loss of the entire paternal chro-
mosome 15 with the presence of two maternal homologues 
(uniparental maternal disomy). The opposite, i.e. maternal
deletion or paternal uniparental disomy, causes another char-
acteristic phenotype, the Angelman syndrome. This indicates

that both parental chromosomes are differentially imprinted,
and that both are necessary for normal embryonic develop-
ment. Within the 4.5-Mb PWS region in 15q11–q13, several
candidate genes include necdin, small nuclear ribonucleopro-
tein polypeptide N (SNRPN), ring zinc finger 127 polypeptide
gene, the MAGE-like 2 gene and the Prader–Willi critical re-
gion 1 gene. However, the precise role of these genes and the
mechanisms by which they lead to a pleiotropic obesity syn-
drome remain elusive. DNAmethylation can be used as a reli-
able post-natal diagnostic tool.

Albright hereditary osteodystrophy

Gs is the ubiquitously expressed heterotrimeric G protein that
couples receptors to the effector enzyme adenylcyclase, and is
required for receptor-stimulated intracellular cAMP genera-
tion. Inactivating and activating mutations in the gene encod-
ing G alpha s (GNAS1) are known to be the basis for two
well-described contrasting clinical disorders: Albright heredi-
tary osteodystrophy (AHO) and McCune–Albright syndrome
(MAS). AHO is an autosomal dominant disorder due to
germline mutations in GNAS1 that decrease expression or
function of G alpha s protein. Heterozygous loss-of-function
mutations lead to AHO, a disease characterized by short
stature, obesity, skeletal defects and impaired olfaction. Ma-
ternal transmission of GNAS1 mutations leads to AHO plus
resistance to several hormones (e.g. parathyroid hormone)
that activate Gs in their target tissues (pseudohypoparathy-
roidism type IA), whereas paternal transmission leads only to
the AHO phenotype (pseudopseudohypoparathyroidism).
Studies in both mice and humans demonstrate that GNAS1 
is imprinted in a tissue-specific manner, being expressed 
primarily from the maternal allele in some tissues and bialleli-
cally expressed in most other tissues, thus multihormone 
resistance occurs only when Gs (alpha) mutations are inherit-
ed maternally (Weinstein et al., 2002).

Fragile X syndrome

Fragile X syndrome is characterized by moderate to severe
mental retardation, macro-orchidism, large ears, prominent
jaw and high-pitched jocular speech associated with muta-
tions in the FMR1 gene (Kaplan et al., 1994). Expression is vari-
able, with mental retardation being the most common feature.
A Prader–Willi-like subphenotype of the Fragile X syndrome
has been described. The features are extreme obesity with a
full, round face, small, broad hands and feet and regional skin
hyperpigmentation. Behavioural characteristics such as hy-
perkinesis, autistic-like behaviour and apparent speech and
language deficits may help point towards the diagnosis of the
Fragile X. It has been suggested that a reasonable estimate of
frequency is 0.5 per 1000 males.
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Bardet–Biedl syndrome

Bardet–Biedl syndrome (BBS) is a rare (prevalence < 1: 100 000)
autosomal recessive disease characterized by obesity, mental
retardation, dysmorphic extremities (syndactyly, brachy-
dactyly or polydactyly), retinal dystrophy or pigmentary
retinopathy, hypogonadism or hypogenitalism (limited to
male patients) and structural abnormalities of the kidney or
functional renal impairment. The differential diagnosis 
includes Biemond’s syndrome II (iris coloboma, hypogeni-
talism, obesity, polydactyly and mental retardation) and 
Alstrom’s syndrome (retinitis pigmentosa, obesity, diabetes
mellitus and deafness).

Bardet–Biedl syndrome is a genetically heterogeneous dis-
order that is now known to map to at least six loci: 11q13
(BBS1), 16q21 (BBS2), 3p13–p12 (BBS3), 15q22.3–q23 (BBS4),
2q31 (BBS5) and 20p12 (BBS6). Although BBS had been origi-
nally thought to be a recessive disorder, Katsanis and col-
leagues (2001) demonstrated that clinical manifestation of
some forms of Bardet–Biedl syndrome requires recessive mu-
tations in one out of the six loci plus an additional mutation in
a second locus.

The BBS1 gene has recently been identified; however, the
protein does not show any significant similarity to any known
protein and its function is unknown (Mykytyn et al., 2002).
Families with BBS mapping to BBS6 have been found to har-
bour mutations in MKKS, which has sequence homology to
the alpha subunit of a prokaryotic chaperonin in the thermo-
some Thermoplasma acidophilum. Mutations in this gene also
cause McKusick–Kaufman syndrome (hydrometrocolpos,
post-axial polydactyly and congenital heart defects). In addi-
tion, the genes underlying BBS2 and BBS4 have recently been
identified. However, they have no significant homology to
chaperonins and the functions of these proteins remain 
unknown.

Molecular mechanisms involved 
in energy homeostasis

The first description of hypothalamic injury associated 
with obesity was published by Mohr in 1840 (Mohr, 1840), 
but remained unsupported until two landmark papers by
Babinski in 1901 (Babinski, 1900) and by Frohlich in 1900
(Frohlich, 1901), describing tumours in the region of the hypo-
thalamus that were associated with obesity, gonadal atrophy,
decreased vision and short stature. In 1940, Hetherington 
and Ranson published their first report, demonstrating that
electrolytic lesions in rodents involving, but not restricted 
to, the ventromedial region of the hypothalamus (VMH) 
were associated with hyperphagia (increased food intake), 
hyperinsulinaemia and obesity. However, the precise nature
of these hypothalamic pathways and the nature of their inputs
and outputs was only clarified with the identification and

characterization of single gene defects in rodent models of
obesity.

Rodent models of obesity

Since the early 1900s, a number of obese inbred strains of 
mice, both dominant (yellow, Ay/a) and recessive (ob/ob, db/db,
fa/fa, tb/tb), had been studied. In the 1990s, the genes responsi-
ble for these syndromes were identified mostly by positional
cloning techniques and these observations have given 
substantial insights into the physiological disturbances 
that can lead to obesity, the metabolic and endocrine abnor-
malities associated with the obese phenotype, and the more
detailed anatomical and neurochemical pathways that regu-
late energy intake and energy expenditure (Leibel et al., 1997).
These studies provide the basic framework upon which the
understanding of the more complex mechanisms in humans
can be built.

Leptin–melanocortin pathway

The initial observations in this field were made as a result of
positional cloning strategies in two strains of severely obese
mice (ob/ob and db/db). Severely obese ob/ob mice were found to
harbour mutations in the ob gene, resulting in a complete lack
of its protein product leptin (Zhang et al., 1994). Administra-
tion of recombinant leptin reduced the food intake and body
weight of leptin-deficient ob/ob mice and corrected all of their
neuroendocrine and metabolic abnormalities. The signalling
form of the leptin receptor is deleted in db/db mice, which are
consequently unresponsive to endogenous or exogenous lep-
tin. The identification of these two proteins established the
first components of a nutritional feedback loop from adipose
tissue to the brain. However, it is considered that the physio-
logical role of leptin in humans and rodents might be to act as a
signal for starvation, because as fat mass increases, further
rises in leptin have a limited ability to suppress food intake
and prevent obesity (Flier, 1998).

Considerable attention has focused on deciphering the 
hypothalamic pathways that coordinate the behavioural 
and metabolic effects downstream of leptin. The first-order
neuronal targets of leptin action in the brain are anorectic 
(reducing food intake) proopiomelanocortin (POMC) 
and orexigenic (increasing food intake) neuropeptide-Y/
Agouti-related protein (NPY/AgRP) neurons in the hypothal-
amic arcuate nucleus, where the signalling isoform of the 
leptin receptor is highly expressed (Schwartz et al., 2000).
In total, 40% of POMC neurons in the arcuate nucleus 
express the mRNA for the long form of the leptin receptor, 
and POMC expression is regulated positively by leptin.
POMC is sequentially cleaved by prohormone convertases 
to yield peptides, including a-melanocyte stimulating 
hormone (aMSH), which have been shown to play a role in 
feeding behaviour. There is clear evidence in rodents that a-
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MSH acts as a suppressor of feeding behaviour, probably
through the melanocortin 4 receptor (Mc4r). In fact, targeted
disruption of Mc4r in rodents leads to increased food intake,
obesity, severe early hyperinsulinaemia and increased linear
growth; heterozygotes have an intermediate phenotype 
compared with homozygotes and wild-type mice (Huszar 
et al., 1997).

Human monogenic obesity syndromes

Congenital leptin deficiency

In 1997, we reported two severely obese cousins from a highly
consanguineous family of Pakistani origin (Montague et al.,
1997). Both children had undetectable levels of serum leptin
and were found to be homozygous for a frameshift mutation
in the ob gene (DG133), which resulted in a truncated protein
that was not secreted. We have since identified three further af-
fected individuals from two other families who are also ho-
mozygous for the same mutation in the leptin gene (Farooqi 
et al., 2002). All of the families are of Pakistani origin but not
known to be related over five generations. Alarge Turkish fam-
ily that carries a homozygous missense mutation has also 
been described (Strobel et al., 1998). All subjects in these fami-
lies are characterized by severe early-onset obesity and intense
hyperphagia (Farooqi et al., 1999; 2002; Ozata et al., 1999). Hy-
perinsulinaemia and an advanced bone age are also common
features. Some of the Turkish subjects are adults with hypogo-
nadotropic hypogonadism (Strobel et al., 1998). Although nor-
mal pubertal development did not occur, there was some
evidence of a delayed but spontaneous pubertal development
in one person (Ozata et al., 1999).

We demonstrated that children with leptin deficiency had
profound abnormalities of T-cell number and function 
(Farooqi et al., 2002), consistent with high rates of childhood in-
fection and a high reported rate of childhood mortality from
infection in obese Turkish subjects. Most of these phenotypes
closely parallel those seen in murine leptin deficiency. How-
ever, there are some phenotypes for which the parallels be-
tween human and mouse are not as clear-cut. Thus, although
ob/ob mice are stunted, it appears that growth retardation is not
a feature of human leptin deficiency (Farooqi et al., 2002), al-
though abnormalities of dynamic growth hormone secretion
have been reported in one human subject (Ozata et al., 1999).
ob/ob mice have marked activation of the hypothalamic pitu-
itary adrenal axis, with very elevated corticosterone levels. In
humans, abnormalities of cortisol secretion are, if present at
all, much more subtle (Farooqi et al., 1999). The contribution of
reduced energy expenditure to the obesity of the ob/ob mouse
is reasonably well established (Trayhurn et al., 1977). In leptin-
deficient humans, we found no detectable changes in resting
or free-living energy expenditure (Farooqi et al., 1999), al-
though it was not possible to examine how such systems

adapted to stressors such as cold. Ozata and colleagues (1999)
reported abnormalities of sympathetic nerve function in 
leptin-deficient humans consistent with defects in the efferent
sympathetic limb of thermogenesis.

Response to leptin therapy

Recently, the dramatic and beneficial effects of daily subcuta-
neous injections of leptin reducing body weight and fat mass
in three congenitally leptin-deficient children were reported
(Farooqi et al., 2002). Therapy in the other two children has re-
cently commenced and comparably beneficial results have
been seen. All children showed a response to initial leptin
doses designed to produce plasma leptin levels at only 10% of
those predicted by height and weight (i.e. approximately
0.01 mg/kg of lean body mass). The most dramatic example of
leptin’s effects was with a 3-year-old boy, severely disabled by
gross obesity (weight 42 kg), who now weighs 32 kg (75th cen-
tile for weight) after 48 months of leptin therapy (Fig. 6.1) 
(Farooqi et al., 2002).

The major effect of leptin was on appetite, with normaliza-
tion of hyperphagia. Leptin therapy reduced energy intake
during an 18-MJ ad libitum test meal by up to 84% (Fig. 6.2a). We
were unable to demonstrate a major effect of leptin on basal
metabolic rate (BMR) or free-living energy expenditure (Fig.
6.2b), but, as weight loss by other means is associated with a de-
crease in BMR (Rosenbaum et al., 2002), the fact that energy ex-
penditure did not fall in our leptin-deficient subjects is notable.

The administration of leptin permitted progression of ap-
propriately timed pubertal development in the single child of
appropriate age and did not cause early onset of puberty in the
younger children (Farooqi et al., 2002) (Fig. 6.3). Free thyroxine
and thyroid-stimulating hormone (TSH) levels, although in
the normal range before treatment, had consistently increased
at the earliest post-treatment time point and subsequently sta-
bilized at this elevated level (Farooqi et al., 2002). These find-
ings are consistent with evidence from animal models, which
shows that leptin influences thyrotrophin-releasing hormone
(TRH) release from the hypothalamus (Harris et al., 2001) and
from studies illustrating the effect of leptin deficiency on TSH
pulsatility in humans (Mantzoros et al., 2001).

Throughout the trial of leptin administration, weight loss
continued in all subjects, albeit with refractory periods that
were overcome by increases in leptin dose. The families in the
UK harbour a mutation that leads to a prematurely truncated
form of leptin and thus wild-type leptin is a novel antigen to
them. Thus, all subjects developed anti-leptin antibodies after
~6 weeks of leptin therapy, which interfered with interpreta-
tion of serum leptin levels and, in some cases, were capable of
neutralizing leptin in a bioassay. These antibodies are the like-
ly cause of refractory periods that occur during therapy. The
fluctuating nature of the antibodies probably reflects the com-
plicating factor that leptin deficiency is itself an immunodefi-
cient state and administration of leptin leads to a change from
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the secretion of predominantly Th2 to Th1 cytokines, which
may directly influence antibody production. Thus far, we have
been able to regain control of weight loss by increasing the
dose of leptin.

Partial leptin deficiency

The major question with respect to the potential therapeutic
use of leptin in more common forms of obesity relates to the
shape of the leptin dose–response curve. We have clearly
shown that at the lower end of plasma leptin levels, raising

leptin levels from undetectable to detectable has profound 
effects on appetite and weight. Supraphysiological doses
(0.1–0.3 mg/kg of body weight) of leptin have been adminis-
tered to obese subjects for 28 weeks (Heymsfield et al., 1999).
On average, subjects lost significant weight, but the extent of
weight loss and the variability between subjects has led many
to conclude that the leptin resistance of common obesity can-
not be usefully overcome by leptin supplementation, at least
when administered peripherally. However, on scientific
rather than pragmatic grounds, it is of interest that there was a
significant effect on weight, suggesting that plasma leptin can

(b)

Fig. 6.1 Clinical response to leptin therapy in congenital leptin deficiency.
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continue to have a dose–response effect on energy homeosta-
sis across a wide plasma concentration range. To test this 
hypothesis, we studied the heterozygous relatives of our 
leptin-deficient subjects. Serum leptin levels in the heterozy-
gous subjects were found to be significantly lower than 
expected for percentage body fat and they had a higher 
prevalence of obesity than seen in a control population of sim-
ilar age, sex and ethnicity (Farooqi et al., 2001). Additionally,
percentage body fat was higher than predicted from their
height and weight in the heterozygous subjects compared
with control subjects of the same ethnicity. These findings
closely parallel those in heterozygous ob– and db/– mice
(Chung et al., 1998). These data provide further support for 
the possibility that leptin can produce a graded response in
terms of body composition across a broad range of plasma
concentrations.

Leptin receptor deficiency

Amutation in the leptin receptor has been reported in one con-
sanguineous family (Clement et al., 1998). Affected individu-
als were homozygous for a mutation that truncates the
receptor before the transmembrane domain and the mutated

receptor circulates bound to leptin. There are a number of phe-
notypic similarities with the leptin-deficient subjects. Leptin
receptor-deficient subjects were also born of normal birth
weight, exhibited rapid weight gain in the first few months of
life, with severe hyperphagia and aggressive behaviour when
denied food. In contrast, some neuroendocrine features were
unique to leptin receptor deficiency. The presence of mild
growth retardation in early childhood, with impaired basal
and stimulated growth hormone secretion, decreased insulin-
like growth factor (IGF)-1 and IGF-BP3 levels and evidence of
hypothalamic hypothyroidism in these subjects suggests that
loss of the leptin receptor results in a more diverse phenotype
than loss of its ligand leptin (Clement et al., 1998).

Pro-opiomelanocortin deficiency

Two unrelated obese German children with homozygous or
compound heterozygous mutations in POMC have been re-
ported (Krude et al., 1998). These children were hyperphagic,
developing early-onset obesity as a result of impaired
melanocortin signalling in the hypothalamus. They presented
in neonatal life with adrenal crisis due to isolated adrenocorti-
cotrophic hormone (ACTH) deficiency (POMC is a precursor
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Fig. 6.2 (a) Change in ad libitum food intake with leptin therapy in congenital leptin deficiency. (b) Changes in energy expenditure in response to leptin.
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of ACTH in the pituitary) and had pale skin and red hair due 
to the lack of MSH function at melanocortin 1 receptors in 
the skin. A number of groups have identified a heterozygous
missense mutation (Arg236Gly) in POMC that disrupts 
the dibasic amino acid processing site between b-MSH and 
b-endorphin (Challis et al., 2002). This mutation results in an
aberrant b-MSH–b-endorphin fusion peptide that binds to
Mc4r, with an affinity identical to that of a- and b-MSH but has
a markedly reduced ability to activate the receptor. Thus, this
cleavage site mutation in POMC may confer susceptibility to
obesity through a novel molecular mechanism (Challis et al.,
2002).

Prohormone convertase 1 deficiency

Further evidence for the role of the melanocortin system in the
regulation of body weight in humans comes from the descrip-
tion of a 47-year-old woman with severe childhood obesity, 
abnormal glucose homeostasis, very low plasma insulin but
elevated levels of proinsulin, hypogonadotropic hypogo-
nadism and hypocortisolaemia associated with elevated lev-
els of POMC. This subject was found to be a compound
heterozygote for mutations in prohormone convertase 1
(PC1), which cleaves prohormones at pairs of basic amino
acids, leaving C-terminal basic residues that are then excised
by carboxypeptidase E (CPE) (Jackson et al., 1997). We have
also recently identified a child with severe, early-onset obesity
who was a compound heterozygote for complete loss of func-
tion mutations in PC1 (Jackson et al., 2003). Although failure 
to cleave POMC is a likely mechanism for the obesity in these
patients, PC1 cleaves a number of other neuropeptides in the
hypothalamus, such as glucagon-like-peptide 1, which may
influence feeding behaviour. Intriguingly, this second patient
suffered from severe small intestinal absorptive dysfunction
as well as the characteristic severe early-onset obesity, im-
paired prohormone processing and hypocortisolaemia. We
hypothesized that the small intestinal dysfunction seen in this
patient, and to a lesser extent in the first patient we described,
may be the result of a failure of maturation of propeptides
within the enteroendocrine cells and nerves that express PC1
throughout the gut. The finding of elevated levels of progas-
trin and proglucagon provided in vivo evidence that, indeed,
prohormone processing in enteroendocrine cells was abnor-
mal (Jackson et al., 2003).

Melanocortin 4 receptor deficiency

Heterozygous mutations in Mc4r have been reported to cause
a dominantly inherited obesity syndrome in different ethnic
groups. In a study of 500 severely obese probands, we found
that approximately 5% harboured pathogenic mutations in
the Mc4r gene, making this the commonest monogenic cause
of obesity thus far described in humans (Farooqi et al., 2003). A
small number of homozygotes for Mc4r mutations have been

described; however, the heterozygotes in these families do
have an intermediate phenotype consistent with a co-
dominant mode of inheritance.

Detailed phenotypic studies of patients with Mc4r muta-
tions reveal that this syndrome is characterized by an increase
in lean body mass and bone mineral density, increased linear
growth throughout childhood, hyperphagia and severe hy-
perinsulinaemia (Farooqi et al., 2003). These features are 
similar to those seen in Mc4r knockout mice, suggesting 
the preservation of the relevant melanocortin pathways be-
tween rodents and humans. Of particular note is the finding
that the severity of receptor dysfunction seen in in vitro assays
can predict the amount of food ingested at a test meal by the
subject harbouring that particular mutation (Farooqi et al.,
2003).

We have studied in detail the signalling properties of many
of these mutant receptors and this information should help to
advance the understanding of structure–function relation-
ships and potentially provide in vitro support for the use 
of Mc4r agonists in this group of patients (Yeo et al., 2003). Im-
portantly, we have been unable to demonstrate evidence 
for dominant negativity associated with these mutants, which
suggests that Mc4r mutations are more likely to result in a 
phenotype through haploinsufficiency.

Energy expenditure genes

Although several lines of evidence suggest that obesity in hu-
mans may be in part determined by reduced energy expendi-
ture, molecular insights into the pathways for energy
expenditure have lagged behind those related to altered ap-
petite (Flier and Lowell, 1997). In most well-identified syn-
dromes of obesity in rodents, such as those involving defects in
leptin and the melanocortin pathway, obesity results from both
increased feeding and decreased energy expenditure, suggest-
ing that the leptin and melanocortin pathways are upstream of
effector mechanisms that regulate both appetite and energy ex-
penditure, and thus disruption of these pathways is likely to
have subtle effects on energy expenditure in humans too.

One biologically plausible mechanism whereby a defect in
energy expenditure could be involved in the pathophysiology
of human obesity is through an inability to adapt to positive
energy balance. Evidence for this was recently provided by
mice with deletion of the three beta receptor subtypes, b1, b2
and b3. When these ‘betaless’ mice are fed a high-fat diet, they
develop severe obesity despite food intake identical to control
mice (Bachman et al., 2002). Unlike normal mice, betaless mice
are unable to increase energy expenditure in response to a
calorifically dense diet.

Another discovery with potential relevance to the regu-
lation of energy expenditure is the identification of the co-
activator protein PGC-1, which can induce mitochondrial
biogenesis and change the thermogenic state of muscle from
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white to red fibre type. PGC-1-dependent transcriptional
pathways have recently been linked to the pathogenesis of
type 2 diabetes in humans, although the precise mechanism
through which such effects might occur has not been fully ex-
plored in vivo (Mootha et al., 2003).

Polymorphisms in candidate genes involved in nutrient
partitioning have been studied in a few population-based co-
horts in whom extensive and detailed information on diet,
physical activity and markers of intermediate metabolism
have been measured. The relationship between the Pro12Ala
variant in the nuclear receptor peroxisome proliferator-acti-
vated receptor-gamma (PPARgamma) and the ratio of dietary
polyunsaturated fat to saturated fat (P/S ratio) has been stud-
ied, and there is some evidence for a gene–nutrient interaction
(Meirhaeghe et al., 1998).

Perspectives

Although monogenic syndromes are rare, an improved un-
derstanding of the precise nature of the inherited component
of severe obesity has undoubted medical benefits. For individ-
uals at highest risk of the complications of severe obesity, such
findings provide a starting point for providing more rational
mechanism-based therapies, as has successfully been
achieved for congenital leptin deficiency. Thus, in patients
with severe obesity, a history of hyperphagia, age of onset and
family history should be sought. As congenital leptin deficien-
cy is a treatable condition, it is plausible that all children with
features of a recessive disorder should have a serum leptin
measurement. Additional features such as hypogonadism, 
severe hyperinsulinaemia, postprandial hypoglycaemia and
developmental delay should be sought as genetic counselling
of families with monogenic disorders is important.

For common polygenic obesity, a number of recent ad-
vances are likely to make significant contributions to the
search for obesity genes, including the completion of a draft of
the human genome sequence and the discovery and catalogu-
ing of single nucleotide polymorphisms (SNPs), the most
prevalent source of sequence variation throughout the 
human genome. These efforts promise to enhance our ability
to identify risk-conferring genes for complex traits such as
obesity. In this way it is hoped that genetics will continue 
to make a significant contribution to understanding the 
pathophysiology of obesity, towards the identification of 
potential drug targets and the development of more rational
mechanism-based interventions at both the individual and
population levels.
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Introduction

Although there is now a large body of evidence that many
chronic diseases of adult life, including cardiovascular disease
and diabetes, are related to impaired fetal or infant growth
(Barker, 1998), much less is known about the early origins of
obesity. Yet there is compelling evidence from animal studies
that the quantity and distribution of adipose tissue may be set
during intrauterine or early post-natal life. A number of re-
cently published human studies now support the findings of
these animal studies, and suggest that the early environment
should be a focus in the search for the determinants of body
weight. This chapter describes the findings from human 
studies relating anthropometric measurements at birth and
during infancy with adult obesity. It also describes observa-
tional studies implicating a role for specific early life 
exposures as a cause of obesity in the offspring. Although 
this research is still in an early stage, it has enormous public
health implications as it may lead to novel strategies for the
prevention of obesity.

Early growth and adult obesity

Tracking of obesity throughout life

It has long been known that obese children tend to become
obese adults. Longitudinal studies have shown that anthropo-
metric measurements in infancy and early childhood predict

body size in later life (Charney et al., 1976) and that body mass
index (BMI) in childhood and adolescence ‘track’ into late
middle age (Casey et al., 1992). For example, among 3659
Finnish adults whose body mass indices had been measured at
intervals from birth through to late adulthood, those who were
obese in later life were much more likely to have been obese as
children. In men and women, those who had above average
BMI at the age of 7 years were three times more likely to be
obese adults (Eriksson et al., 2001). These and other studies
support the idea that adult obesity may begin or become ‘en-
trained’ during childhood (Dietz, 1996), whereby factors 
influencing body weight in the early years of life may exert
long-lasting effects. However, there are data to suggest that a
predisposition to obesity may be initiated even earlier, specifi-
cally that body weight regulation may in part be determined in
utero.

Size at birth and adult body weight

In a series of studies of 1750 men and women born in Hertford-
shire, UK, at the beginning of the last century, body weight and
height were measured. At the age of 65 years, the mean BMI
(BMI = weight/height2) of the people born weighing 5.5 lb or
less was 26kg/m2, compared with a mean BMI of 25.5kg/m2

in those born weighing between 5.5 and 6.5 lb, and of
27.4 kg/m2 in those born weighing up to 9.5 lb (Barker and
Phillips, 1999). Similar findings were observed in this group
with respect to obesity; with obesity defined as a BMI greater
than 30 kg/m2, 15.2% of those in the lowest birth weight group
were found to be obese, declining to 11.5% among those who
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weighed 5.5–6.5 lb at birth but rising steeply in the highest
birth weight group, among whom 21.2% were found to be
obese (Fig. 7.1). These findings parallel previous studies in a
variety of populations, including 50-year-old Swedish men
(Casey et al., 1992) and 30- to 55-year-old American women
(Curhan et al., 1996). The Nurses Health study in the USA
found that the odds of being obese as an adult rose from 1.0 in
the women weighing between 7 and 8.8 lb at birth to 1.19 in
women whose birth weights were between 8.5 and 10 lb, and
up to 1.62 in the women who were heaviest at birth (Curhan 
et al., 1996).

A criticism of the studies relating birth weight to indices of
obesity is that few have considered whether this relationship is
confounded by other factors, particularly maternal and pater-
nal body size. Arecent analysis of the 1958 British birth cohort
showed that when adjustment was made for maternal weight,
the relationship between birth weight and BMI at age 33 disap-
peared (Parsons et al., 2001). Father’s weight or height, howev-
er, had no effect. A further problem with these studies is that
they have depended on a definition of obesity based on weight
for height as indicated by the BMI. It is known that this may be
misleading as individuals with similar BMI values may have
very different body composition. Very few studies have so far
analysed the relationship between birth weight and body
composition, but data so far published suggest that a substan-
tial part of the increased BMI of men and women who were
heavy at birth may be due to an increase in muscle and lean
body tissue rather than adipose tissue.

This evidence has come from a study of 143 men and women
of known birth weight that used dual energy X-ray absorp-
tiometry (DXA) to assess body composition at the age of 70
(Gale et al., 2001). The authors found significant positive asso-
ciations between birth weight and body mass and lean mass

but no statistically significant relationships between birth
weight and whole body fat. In both men and women, 25% of
the variation in lean mass was explained by birth weight after
adjusting for age, adult height and adult weight.

Recently, we examined 737 men born between 1931 and
1939 who had records of birth weight and weight at 1 year. We
measured their heights, weights, skinfold thickness and grip
strength; analysis showed that birth weight correlated strong-
ly with measures of height, weight and non-fat mass including
muscle mass, but not with any of the measures of adiposity
(Aihie Sayer et al., 2003). Higher birth weight in this study
therefore described babies born with more muscle and who
grew into more muscular adults, rather than babies who were
fatter and who became fatter adults. This finding may also ex-
plain why several studies have reported that the correlation
between birth weight and BMI is stronger in men than in
women, men being more muscular than women. Studies in
twins have confirmed this finding. In an analysis of twins re-
cruited from the East Flanders Prospective Twin Study (Loos et
al., 2002), it was found that the larger twin at birth tended to 
remain heavier and taller but had more lean mass and less 
subcutaneous and abdominal fat in adult life. As these associ-
ations were seen in both mono- and dizygotic twins, the find-
ings suggest that these effects are independent of genetic
influences. These data suggest that the contribution of the
heavy baby to adult obesity has been very much overestimat-
ed and that it merely reflects the association between parental
size, birth weight and subsequent size in adult life.

There is, however, increasing evidence that smaller babies
have a genuinely higher risk of obesity as adults. The small
amount of data available suggests that babies born small and
light tend to have less muscle relative to their weight than do
larger babies (Fall et al., 1999). Other work suggests that these
small babies are more likely to deposit fat on the central 
regions of the body as they grow older. This is a pattern of fat
distribution found in the insulin resistance syndrome, and as-
sociated with an increased risk of diabetes and cardiovascular
disease. Elderly men in Hertfordshire who were born small
had higher waist circumferences relative to their hip circum-
ferences by comparison with men who were larger at birth
(Law et al., 1992). This association was seen after allowing for
BMI. However, this interpretation is challenged by a study of
Swedish men, which, although demonstrating that low birth
weight was associated with higher waist–hip ratios after con-
trolling for BMI (Byberg et al., 2000), went on to show that the
higher waist–hip ratios of these lower birth weight men were
the result of their smaller hip measurements, and hence did
not reflect greater deposition of abdominal fat.

An increasing body of data suggests that low birth weight is
more closely associated with truncal fat deposition rather than
an increased waist–hip ratio. Young adult Mexicans and non-
Hispanic Americans of low birth weight were found to have
greater fat deposits on the trunk, as indicated by higher sub-
scapular–triceps skinfold ratios (Valdez et al., 1994). Similarly,
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7 to 12-year-old American children who were born small tend-
ed to have higher subscapular–triceps skinfold ratios (Malina
et al., 1996). In both of these groups, these effects were seen
across the normal range of birth weight. Being fatter adds to
the effect of birth weight on body fat distribution. In 14- to 16-
year-old English girls, those who were smallest at birth, but
fattest as teenagers, had the highest ratios of subscapular–tri-
ceps skinfolds (Table 7.1) (Barker et al., 1997). It has been sug-
gested that at younger ages these measures of truncal obesity
may be a better indicator of regional fat distribution than
waist–hip ratio. In addition, data from a number of studies of
cardiovascular risk suggest that the subscapular–triceps skin-
fold thickness ratio has an effect that is independent of, and
additive to, abdominal adiposity (Haffner et al., 1987).

Childhood growth and adult body weight

It now appears that not only size at birth but also the rate of
growth in early childhood has an impact on subsequent levels
of obesity. Several studies suggest that faster rates of matura-
tion, including earlier adiposity rebound and puberty, are as-
sociated with adult fatness. In the 1958 birth cohort, people
who achieved a greater percentage of their adult height by the
age of 7 had an increased risk of obesity at age 33 (Parsons et al.,
2001).

However, the effect of childhood growth on obesity varied
by birth weight such that there was a stronger effect in people
who were smallest at birth. Those who were born smallest but
who ‘caught-up’ fastest were most likely to be obese as adults.
The idea that rate of growth in childhood can compound the
risk of later disease and/or obesity associated with birth size
has been explored in a cohort of 3659 men and women born in
Helsinki between 1924 and 1933 (Eriksson et al., 2001). In this
group, there was a raised risk of obesity in people who were
heavier and fatter at birth. However, those who became obese
in adult life tended to have faster rates of growth in childhood.
Those who were fattest at the age of 7 had a threefold increase
in their risk of adult obesity compared with those who were
thinnest at 7 years. Figure 7.2 shows that those people who be-
came obese in later life were already taller, heavier and fatter at
the age of 7 than average. This is consistent with findings from

the 1958 British birth cohort, and adds weight to the argument
that obesity is initiated early in life.

Different patterns of growth in childhood seem also to result
in different patterns of body fat distribution. Observations
from the study of a cohort born in the UK in one week in 1946
suggest that for any given adult body size, those who were
lighter in childhood were more at risk of abdominal obesity
(Kuh et al., 2002). Being born relatively small and ‘catching up’
may also predispose to a more central pattern of body fat dis-
tribution. Approximately one-third of the children taking part
in the Avon Longitudinal Study of Pregnancy and Childhood
have shown clinically significant catch-up growth, here de-
fined as a gain in weight of greater than 0.67 standard devia-
tion (SD) scores between birth and 2 years (Ong et al., 2000).
These children were smaller and thinner at birth than other
children, but were heavier, taller and had a higher BMI, per-
centage body fat and waist circumference at the age of 5.

Two studies of children identified as ‘stunted’ at birth or in
infancy have described relationships between poor growth
and a more pronounced central pattern of fat distribution in
puberty. Walker and colleagues (2001) compared 116 stunted
Jamaican children whose height for age was more than two
standard deviations below the mean for between 9 and 
24 months with 190 non-stunted Jamaican children. They
found that the lower birth weight children had higher 
subscapular–triceps skinfold thickness ratios at age 11, and
that the subscapular–triceps skinfold thickness ratio increased
more in stunted than in non-stunted children between the ages
of 7 and 11 years. Despite remaining relatively lean, the 

Table 7.1 Mean subscapular–triceps ratio by birth weight in girls aged 14 to

16 years, above and below their median BMI.

Birth weight BMI (kg/m2) Total

Up to 21 Over 21

Up to 3000 g 0.79 (31) 0.84 (24) 0.81 (55)

Up to 3500 g 0.74 (44) 0.81 (49) 0.76 (93)

Over 3500 g 0.76 (33) 0.77 (35) 0.77 (68)

Total 0.76 (108) 0.80 (108) 0.78 (216)

Numbers of girls in parentheses.
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stunted children had more fat on their trunks than their gener-
ally fatter peers. This remained the case in the children who
had been stunted in early childhood but who had caught up in
height by the time they reached 11 years. The authors claim
that ‘the lower birth weights among the stunted children are in
large part responsible for the differences in fat distribution 
between the stunted and non-stunted children’.

Bénéfice and colleagues (2001) measured the growth of 406
Senegalese girls aged 11–15 years. They found that the girls
who were stunted in infancy caught up in body weight and
subcutaneous fat mass during puberty but not in height, and
that they, like the Jamaican girls, tended to accumulate more
subcutaneous fat on their upper bodies, including the trunk
and upper arms.

There are strong indications that these patterns of fat distri-
bution track from adolescence into adulthood (van Lenthe,
1996). These findings are of concern because they suggest that
to be born small and then to ‘catch up’ in late childhood confers
a higher risk of central obesity and related conditions in adult-
hood.

Identifiable early life factors that 
lead to obesity

Maternal nutrition

Human studies suggest that both fetal undernutrition and
overnutrition might play a part in the development of adult
obesity. Fetal nutrition is not necessarily a direct consequence
of maternal dietary intake, as the nutrients a mother consumes
are not passed directly on to the growing fetus. Fetal nutrition
is dependent on the mother’s nutritional reserves, her meta-
bolic and endocrine status, blood flow to the uterus and the
functioning of the placenta (Harding 2001). As a consequence,
mothers’ diet in pregnancy, even following extreme undernu-
trition, tends only to have small effect on the baby’s size at
birth. There is evidence that it can nevertheless affect the 
development of the baby’s organs, systems and later body
composition.

The most widely known example of the effect of maternal
starvation on adult obesity comes from the study of children
born to women following the Dutch Winter famine of 1944–45.
During the last 6 months of the Second World War, western
Holland was blockaded by the occupying German army and
large areas were affected by acute famine. At the beginning of
the blockade in November 1944, the official ration was
1200 kcal per day falling to 800 by the end of the year and drop-
ping to 580 by February 1945. For pregnant women, the calorie
intake fell at times to 700 kcal per day or less than one-third of
the recommended daily intake, and less than one-half of the
energy intake from rations in liberated Holland. People born
following the famine were studied at the age of 19. Although
birth weights were not much affected by exposure to the
famine, the subjects’ body weight in later life was. Levels of

obesity in these people were dependent on the period of their
exposure to famine. Those who had been exposed to the
famine during the first two trimesters of pregnancy were twice
as likely to be obese as those not exposed (Ravelli et al., 1976);
those exposed in the last trimester of pregnancy or in early 
infancy had 40% less chance of being obese at the age of 19.

By the time the men and women exposed to famine in utero
reached the age of 50, the picture had changed. The men were
no longer more obese than other men, but the women con-
ceived in famine were on average 7.9 kg heavier than their un-
exposed counterparts, had BMIs that were 7.4% higher and
waist circumferences 7.4 cm larger (Ravelli et al., 1999). Al-
though these gender differences are unexplained, the authors
believe that these data are consistent with the idea that early
pregnancy is a critical period in the development of the baby’s
hypothalamus, and that nutritional deprivation at this time re-
sets the regulation of appetite and growth for life. The Dutch
‘Hunger Winter’ data provide clear evidence not only that un-
dernutrition in fetal life has far-reaching consequences for
body composition throughout life, but also that the timing of
nutritional deprivation is critical in determining the precise
nature of those consequences.

Social position in early life

There is increasing evidence that social position in early life is
a predictor of obesity. In a review of childhood predictors of
adult obesity, Parsons and colleagues (1999) found 12 studies
that examined the influence of socioeconomic status (SES) on
fatness in adulthood between 10 and 55 years after birth. In
total, 10 of these studies reported an inverse relationship be-
tween obesity and the influence of SES, based on a variety of
indicators including parental occupation, parental education
and income. In the 1958 birth cohort, the mean BMI in women
increased from 23.6 kg/m2 among women born into social
classes I and II (professional and managerial) to 24.4 kg/m2 in
women born into social classes IV and V (unskilled manual)
backgrounds. In men, the range was from 25.0 to 26.1 kg/m2.
Social position is clearly an indirect measure of early life envi-
ronment but these findings suggest that factors related to low
SES in early life lead to adult obesity. It is, however, unclear
what these factors might be and as yet there is little evidence to
support or refute any speculation. Possible explanations in-
clude the effects of infant and childhood feeding, the contribu-
tion of undernourishment in early life followed by relative
overnourishment, emotional deprivation leading to comfort
eating later in life or the tendency to conform to the cultural
and social norms absorbed during childhood (Power and 
Parsons, 2000).

Maternal smoking

A study of the 1958 birth cohort suggests that maternal smok-
ing is a factor in the development of obesity. Infants of mothers
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who smoked in pregnancy were, as expected, lighter at birth
than the infants of non-smokers. However, from adolescence
they had a higher risk of obesity, which increased with age. By
the age of 33, the mean BMI of men born to mothers who
smoked was 26.09 kg/m2 compared with 25.44 kg/m2 in men
born to non-smokers, with similar differences seen in women
(25.12 vs. 24.38 kg/m2) (Power and Jefferis, 2002). Interesting-
ly, this effect of smoking was not reduced by adjustment for
birth weight.

Nutritional excess during pregnancy 
or early infancy

Higher obesity rates in later life have also been associated with
nutritional excess in fetal life and in infancy. People who have
been exposed to maternal hyperglycaemia during pregnancy
are more likely to become obese in adult life. Animal studies
have shown that the offspring of rats made hyperglycaemic in
the last week of pregnancy by continuous infusion of intra-
venous glucose are heavier both at birth and during infancy
(Proietto and Thorburn, 1994). The human parallel is in studies
of the children of women with diabetes during pregnancy. The
children were born heavy and macrosomic, which resolved it-
self by the time they were 1 year old. But their obesity recurred
in childhood. At the age of 4 years, these children began to in-
crease in BMI over and above the norm, so that by the age of
14–17 years their mean BMI was 24.6 kg/m2 compared with
20.9 kg/m2 in a control group of children. Obesity in these ado-
lescents was associated with excessive insulin secretion in
utero. This association remained after correcting for mother’s
weight. It is not simply that heavier, diabetic mothers have
heavier children. These findings lead the authors to conclude
that obesity in the offspring of diabetic mothers is the result of
‘metabolic programming’ of the fetus, that is the offspring’s
glucose–insulin metabolism is permanently altered by its 
exposure to the metabolic consequences of the mother’s 
diabetes.

A longer term follow-up of children born to diabetic moth-
ers was carried out among the Pima Indians of Arizona (Pettit
et al., 1993). In this group, women who were hypoglycaemic in
the last two trimesters of pregnancy had heavier babies who
remained fatter through childhood and in whom the tendency
to fatness persisted into adulthood. Again these effects were
independent of mothers’ size. In order to disentangle the ge-
netic influences from the effects of intrauterine exposure, a fur-
ther study was conducted, following up families in which at
least one sibling was born after the mother was diagnosed
with diabetes (Dabelea et al., 2000). In this group of 183 sib-
lings, those born to a mother with diabetes had a BMI of
2.6 kg/m2 higher on average than those born to the same
mother before she became diabetic. As siblings who are born
before or after their mother became diabetic have the same 
genetic risk of obesity, the difference in BMI has to be attri-
buted to difference in the intrauterine environment.

Infant feeding

There is a continuing debate about the role of infant feeding
and its relationship with obesity in later life. The debate 
centres on the possibility of a protective effect of breast-
feeding and studies have produced contradictory findings. A
large, recent study of 15 000 children aged 9 to 14 years in the
USA found that those who had been only or mostly fed breast
milk in the first 6 months of life were less likely to be obese 
than their peers (Gillman et al., 2001). Those who had been 
only or mostly breast fed had an odds ratio of 0.78 for being
overweight (95% CI 0.66–0.91), after adjusting for age, sex, 
sexual maturity, energy intake, time spent watching televi-
sion, physical activity, mother’s BMI and other variables 
reflecting social, economic and lifestyle factors. Being only or
mostly breast fed for at least 7 months conferred additional
benefits in protecting against obesity over being fed in this
way for only 3 months. Arecent review of 11 studies examining
the prevalence of overweight among children older than 
3 years of age found that eight of these studies showed a 
lower risk of overweight in children who had been breast 
fed (Dewey, 2003). The three studies that did not find this 
relationship lacked information on the exclusivity of breast-
feeding.

There are, however, major problems with interpreting 
these studies. Infant feeding formulas have changed over time
and it is not clear whether certain formulas are more likely to
lead to obesity than others. It is also possible that the earlier 
introduction of solid foods and their nature may be more 
important than breast-feeding per se. Finally, much less is
known about whether this effect of breast-feeding persists into
adulthood. The difficulties of obtaining accurate retrospective
data about infant feeding mean there are very few such 
studies. However, the records kept during the famine in 
western Holland in the Second World War provide an 
opportunity for retrospective analysis. The precise timing 
of the period of famine and the records kept throughout 
make the ‘Hunger Winter’ a valuable natural experiment. A
group of 625 adults aged 45 to 53 years born in Amsterdam at
the time of the famine were traced and examined (Ravelli et al.,
2000). The maternity records for these people showed no 
relationship between method of infant feeding and later life
obesity.

The mechanisms underlying the protective effect of 
breast-feeding are not yet clear. Some have speculated that
breast-fed children have greater control of their intake 
than those who were bottle fed and therefore develop better
mechanisms for self-regulating (Gillman et al., 2001). Bottle
feeding may promote more parental control over how much
and how often the infant eats, a high degree of parental control
having been found in older children to undermine intrinsic
settings for appetite and satiety (Birch and Fisher, 1998). 
Alternatively, the protective effect of breast-feeding may 
originate in the ingestion of hormones and growth factors 
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present in breast milk, which may have a programming 
effect on the mechanisms maintaining appetite and body
weight.

Early climate

Several intriguing studies have demonstrated that environ-
mental temperature around the time of birth may affect long-
term fatness; 150 years ago, Bergmann and Bodenheimer
(1847) pointed out the tendency for animals living in cooler re-
gions of the world to have a greater body size and shorter ex-
tremities than those in warmer regions. Thus, for example,
wolves living in arctic conditions, such as the Siberian wolf,
are much larger than their warmer cousins, the Indian or 
Arabian wolf. These differences in morphology, presumably
designed to aid heat conservation, have always been consid-
ered to be genetic in origin. However, this cannot be the only
explanation as some of the differences can be reproduced ex-
perimentally by exposing animals to different temperatures in
early life.

Several authors have described differences in the physical
appearance of piglets raised at different temperatures. 
Animals raised in the warm appear to be lean and elongated,
whereas those raised in the cold, even when they were 
litter mates of the same body weight, have a rotund appear-
ance, with short limbs and snout, small tail and ears, and 
more body hair (Ingram and Dauncey, 1986). These differences
in morphology are associated with differences in physiology,
behaviour, cell structure and cell function. In a recent series 
of experiments in rats, Young and Shimano (1998) studied 
fat accumulation in rats reared in a cool environment (18∞C)
compared with rats raised at 30∞C. At 60 days old, the animals
were transferred to a common temperature and their growth
and development were studied. The rats whose early rearing
was in the cooler environment gained more weight and accu-
mulated more fat in abdominal depots than the animals raised
at the higher temperature. Interestingly, this response was 
exacerbated when the rats were given access ad libitum to
sucrose.

Although the studies described here were carried out in 
laboratory animals, data are available that suggest that early
exposure to cold may increase body weight in humans as 
well. In humans, thermoregulatory responses to cold or heat
are known to be influenced by the temperature of the early 
environment (Glass et al., 1968; Diamond, 1991). Furthermore,
in 1955, Newman and Munro (1955) published their analyses
of height and weight from 15 216 young healthy white men
drafted in to the US Army between 1946 and 1953. They 
divided their subjects by state of birth and analysed the 
relationships between state means for height and weight and
the mean state temperature in the months of January and July.
The data from their paper is shown in Fig. 7.3. Recruits from
the colder states had much higher BMIs than those of their
peers.

Mechanisms linking early environmental
influences with adult body weight

What then are the mechanisms that could link events occur-
ring in very early life with adult body weight? The amount of
adipose tissue reflects both the number and average volume of
the component adipose cells. Brook (1972) has suggested that
the basic complement of adipose cells is determined during a
critical period from 30 weeks of gestation to the first year of
life. After this period, growth in adipose tissue mass depends
on an increase in cell size rather then cell number. Studies of
animals exposed to overnutrition during intrauterine and
early post-natal life show that they have more numerous
adipocytes (Brook, 1972; Aubert et al., 1979). It has therefore
been suggested that nutritional abundance in late gestation or
infancy — for example, that occurring in the offspring of gesta-
tionally diabetic women — may increase adipocyte mass by
means of an increase in cell numbers. Recent studies, however,
suggest that the number of adipocytes in adult life is not fixed
(Prins and O’Rahilly, 1997), but that fat cell acquisition seems
to occur throughout life in a process involving the expansion
and differentiation of pre-adipocytes. It is more likely that
events in early life imprint upon the development of the sys-
tems regulating body weight, permanently altering their set
point and leading to adult obesity. Although the mechanisms
are poorly understood, there is an increasing body of evidence
that appetite regulation is programmed during early life and
that leptin and insulin resistance is important in this process.
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Fetal programming of appetite

Animal work in New Zealand has shown that appetite can be
programmed in utero. Programming, the science of altered
gene expression by exposure to the environment in utero, sug-
gests that there may be a route to obesity involving program-
ming of the hypothalamus, and perturbed secretion of leptin
and insulin, both hormones related to appetite. Rats born to 
severely undernourished mothers were born much smaller
than control rats, but were found to have greater appetites es-
pecially for very high-calorie foods (Vickers et al., 2000; Breier
et al., 2001). Their appetites grew as they grew older, and their
daily calorie intake remained higher than control groups, even
after controlling for body weight. As adult rats, they were
shorter but had more body fat than adequately nourished con-
trol rats, and had higher blood pressure and markedly in-
creased fasting plasma insulin and leptin concentrations. The
overall picture is of animals born smaller and malnourished
but with an inappropriately large appetite for high-calorie
foods, which, in time, amplifies the metabolic abnormalities
shown at birth.

Leptin resistance

Leptin is a polypeptide hormone synthesized in adipocytes,
which acts at the level of the hypothalamus to suppress ap-
petite and increase energy expenditure. Many studies show
that the plasma concentrations of leptin correlate closely with
present-day weight and adiposity, and that this relationship is
established early in life, as there are positive associations be-
tween the concentrations of leptin in cord blood and adiposity
at birth (Ong et al., 1999). Studies of 502 men and women from
the Hertfordshire cohort born in the 1920s (Phillips et al., 1999)
and of 1462 women born between 1908 and 1930 (Lissner et al.,
1999) have shown that, after adjustment for the level of current
BMI, people who were small at birth have higher levels of lep-
tin. This suggests that they have a degree of leptin resistance.
These inverse relationships have also been described in pigs
(Ekert et al., 2000). Further studies have determined that these
relationships are established in the first year of life. Growth-
retarded newborn infants have lower than normal leptin 
concentrations at birth; by 12 months of age, they have higher
than normal levels (Jaquet et al., 1999).

It also appears that infants with lower plasma leptin concen-
trations at birth and lower body weight tend to gain weight
more rapidly in the first months of post-natal life (Ong et al.,
1999), suggesting that it is the increased availability of nutri-
ents post-natally which may be responsible for subsequent
obesity. This may be an explanation for the adult studies in the
UK (Power and Parsons, 2000) and Finland (Eriksson et al.,
2001) showing that catch-up growth is associated with obesity.
It is unclear, however, whether the increased availability of 
nutrients programmes leptin expression through the action of
nutrient-sensitive hormones, such as insulin or insulin-like

growth factor-1, or whether these are direct effects on the
adipocyte.

Hyperinsulinaemia

It has also been proposed that increased concentrations of in-
sulin in early life may reset the systems involved in the regula-
tion of food intake and weight. Plagemann and colleagues
(1999) have developed a rodent model of overnutrition in
early life, based on reduction of litter size, which increases the
milk intake of the pups. These pups gain weight rapidly and
become obese in adult life, as well as developing many of the
features of the metabolic syndrome. The rats also have a
marked increase in galanin-containing neurons in the arcuate
nucleus of the hypothalamus. Galanin is a potent stimulator of
food intake and it suggests that hyperinsulinaemia in the peri-
natal period may alter the functional maturation of galanin-
containing neurons.

Conclusion

Many Western countries are now facing an epidemic of obesi-
ty. Although this affects all ages, the most dramatic increase
has been among children. Between 1990 and 2000, in the USA,
the number of children who are overweight has more than
doubled. This observation suggests that the likely explanation
of the obesity epidemic is to be found in the early years of life.
The studies summarized in this chapter are tantalizing, as they
point towards the fetal or early infant environment as being an
important period in the development of lifelong obesity. In
particular, the evidence suggests that alterations in the tempo
of growth in early childhood are importantly linked with later
obesity, and that this time of life, which is often poorly docu-
mented in longitudinal studies, should be a focus for future re-
search. This research needs to be linked with appropriate
studies in animal models, which will help us understand how
early diet and other environmental factors influence the neu-
roendocrine function of the hypothalamus in determining the
set point for appetite throughout life.
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Metabolic importance of skeletal muscle and
white adipose tissue

Skeletal muscle makes up 40% of body weight in ‘reference
man’ and 30% in ‘reference woman’ (Snyder, 1975). In trained
athletes, skeletal muscle may contribute up to 65% of body
mass (Spenst et al., 1993). Even at rest, skeletal muscle metabo-
lism plays a major role in whole-body energy fluxes simply by
virtue of its bulk. During exercise, the metabolic flux in skele-
tal muscle may increase enormously and skeletal muscle 
metabolism dominates whole-body energy fluxes.

Skeletal muscle is the major reservoir of carbohydrate, in the
form of glycogen, in the body. Atypical liver glycogen content
in the fed state is around 100 g, whereas whole-body skeletal
muscle contains about 400 g typically, and may contain much
more during high-carbohydrate feeding (Acheson et al., 1988).
It is therefore evident that skeletal muscle plays a major role in
the regulation of the metabolic disposal of carbohydrate in the
body. This role is particularly evident in the fed state, when
muscle glucose utilization is increased by insulin. However,
the role of skeletal muscle in lipid metabolism should not be
underestimated. Because of its large mass, skeletal muscle is
one of the most important organs in the removal from the

bloodstream of non-esterified fatty acids (NEFAs) both at rest
and during exercise. It is also an important site of the removal
of plasma triacylglycerol (TG).

Skeletal muscle plays an important role in amino acid me-
tabolism. Intracellular concentrations of some amino acids are
several-fold greater than those in plasma, and again, by virtue
of its mass, skeletal muscle constitutes the largest reservoir of
free amino acids in the body (Bergström et al., 1974). Skeletal
muscle also contains the largest amount of protein of any sin-
gle tissue in the body, and although its rate of protein turnover
is slower than that of some smaller organs, the absolute rate of
turnover is the largest in the body (Daniel et al., 1977).

The oxygen consumption of skeletal muscle at rest, ex-
pressed per unit of tissue weight, is not as high as that of some
other organs (e.g. liver 60 mL of O2/min per kilogram wet
weight; resting skeletal muscle 4 mL of O2/min per kilogram
wet weight; Frayn, 1992), but once again, because of its mass, it
is one of the major consumers of O2 in the whole body. Varia-
tions in skeletal muscle O2 consumption have been shown to
make a major contribution to the between-person variability
in resting energy expenditure (Zurlo et al., 1990a). During 
exercise, the O2 consumption of skeletal muscle increases
enormously; values of 350 mL of O2/min per kilogram wet
weight have been recorded (Rådegran et al., 1999), and under
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those conditions muscle O2 consumption dominates that of
the body.

In comparison with skeletal muscle, white adipose tissue
contributes a smaller proportion of body weight in non-obese
subjects: 20% in ‘reference man’ and 30% in ‘reference woman’
(Snyder, 1975). However, as a source of NEFA, one of the most
important plasma energy-bearing fuels, the contribution of
white adipose tissue to whole-body energy fluxes is of major
importance. In trained athletes, the proportion of adipose 
tissue is smaller than in non-athletes (typically 9–12% of body
weight in men and women — Björntorp, 1991a), but it still
plays a key role in the supply of NEFAto exercising muscle. In
obesity, the amount of adipose tissue may, of course, increase
enormously. Although this excessive adipose tissue may not
be as metabolically active as in lean subjects, by virtue of 
its mass it exerts powerful influences on whole-body energy
fluxes.

The important role of adipose tissue in regulating delivery
of NEFA into the plasma is clear, but adipose tissue also plays
an important part in the regulation of plasma TG concentra-
tions, in two ways. The rate of NEFA delivery plays a critical
role in determining hepatic TG secretion rates. In addition,
adipose tissue is a major site of extraction of plasma TG, espe-
cially during the postprandial period. In contrast, it is clear
that adipose tissue plays only a small role in whole-body glu-
cose disposal (Coppack et al., 1990; Mårin et al., 1992; Virtanen
et al., 2001). The importance of white adipose tissue in whole-
body amino acid metabolism is not entirely clear, although for
some amino acids it may approach that of skeletal muscle
(Frayn et al., 1991).

In recent years it has become apparent that adipose tissue
also exerts major effects on whole-body energy metabolism
through the secretion of a range of peptides and other factors,
some of which may act in a local paracrine manner, but some of
which undoubtedly act as hormones signalling to the brain,
skeletal muscle and other tissues. The best understood is the
adipocyte-derived hormone leptin. Leptin deficiency in 
humans is characterized by widespread metabolic and physi-
ological disturbances, including failure of sexual maturation,
many of which are normalized on treatment with recombinant
leptin (Farooqi et al., 2002). Another adipocyte-derived pep-
tide that has been intensively studied recently is adiponectin
(also known as adipoQ or Acrp30). An interesting feature of
adiponectin secretion is that it decreases with increasing 
adipose tissue mass, the opposite of what happens with leptin
(Weyer et al., 2001). It has been suggested that adiponectin has
insulin-sensitizing effects in tissues other than adipose (Berg et
al., 2001; Yamauchi et al., 2001). Although these novel aspects 
of adipose tissue function are not the subject of this chapter,
they may well complement the better established functions of
adipose tissue in energy metabolism. Secretory functions 
of adipose tissue have been extensively reviewed elsewhere
(Mohamed-Ali et al., 1998; Frühbeck et al., 2001; Frayn
et al., 2003).

The metabolism of brown adipose tissue is different in most
respects from that of white adipose tissue and, as its contribu-
tion to whole-body energy fluxes in adult humans is probably
small, it will not be covered in this chapter. However, the study
of brown adipose tissue led to the elucidation of a potentially
very important aspect of energy metabolism in skeletal mus-
cle, white adipose tissue and other tissues. Brown adipose 
tissue is specialized for the production of heat. This is achieved
by the expression of a protein, uncoupling protein 1 (UCP1) 
or thermogenin, in the inner mitochondrial membrane. UCP1
is a member of the mitochondrial transporter family. It is a pro-
ton transporter. The effect is that the proton gradient that is
generated by the electron transport chain across the inner mi-
tochondrial membrane, and is normally used for the synthesis
of ATP, is instead discharged. Metabolic energy is therefore 
released as heat. Brown adipose tissue generates most of its
heat by oxidation of fatty acids. In 1997, a protein related to
UCP1 was discovered, now called UCP2 (Fleury et al., 1997).
There is now known to be a family of UCPs (Ricquier and
Bouillaud, 2000a). UCP2 is ubiquitously expressed, whereas
UCP3 is expressed mainly in skeletal muscle. The possibility
has been raised that these UCPs (2 and 3 especially) are in-
volved in uncoupling of oxidative phosphorylation in tissues
other than brown adipose tissue, although this has also been
much debated (Dulloo and Samec, 2001). UCP3, in particular,
could potentially play a major role in energy metabolism 
because of its expression in skeletal muscle. This will be 
discussed further in the consideration of skeletal muscle 
energy metabolism.

Both skeletal muscle and white adipose tissue are distrib-
uted in discrete sites throughout the body. These sites are not
homogeneous in their metabolic characteristics. Muscles vary
in their oxidative capacity, although in humans (as opposed to
rodents) all skeletal muscles are of mixed fibre type (Johnson et
al., 1973). Clearly, during exercise, there are muscle-specific
differences in metabolism, as different muscles are recruited to
different extents, and this implies that there is local regulation
of skeletal muscle metabolism. In the case of adipose tissue,
the differences between depots in their metabolic characteris-
tics may be quite marked and may be relevant to their role in
whole-body energy metabolism. These site-specific properties
will be discussed later in this chapter and elsewhere in this
book (see Chapter 12), but it is important at this stage to note
the large body of evidence that links the accumulation of 
abdominal, and especially intra-abdominal adipose tissue,
with adverse metabolic changes in obesity (Björntorp, 1990;
Kissebah and Krakower, 1994; Banerji et al., 1995; Abate et al.,
1995; Arner, 1997; Couillard et al., 1999). Unfortunately, 
because the intra-abdominal fat depots are not accessible 
for direct study, our knowledge of them comes only from 
in vitro studies on the metabolic properties of samples that 
are removed at operation. Most of the metabolic properties 
of adipose tissue discussed below are therefore based on 
studies of subcutaneous adipose tissue, which is accessible 
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for study in vivo (Arner and Bülow, 1993; Frayn and Coppack,
2001).

The metabolic pathways of skeletal muscle (Jones and
Round, 1990; Henriksson, 1995) and adipose tissue (Crandall
and DiGirolamo, 1990; Hollenberg, 1990; Frayn et al., 2003),
and their regulation in different states have been discussed in
detail elsewhere. The theme of this chapter will be the main
fluxes of energy-bearing fuels in these tissues, and their contri-
butions to whole-body energy fluxes. Because the emphasis
will be on energy metabolism, we will say little about amino
acid and protein metabolism, although its importance should
not be minimized. We will outline the normal metabolic con-
tributions of these tissues in the whole body, and then discuss
whether alterations in skeletal muscle or adipose tissue me-
tabolism may underlie the development of obesity. As evi-
dence on this question is not strong, we will devote more space
to a consideration of the consequences of obesity on skeletal
muscle and adipose tissue metabolism, and show how such
consequences may lead in turn to many of the adverse 
metabolic characteristics associated with obesity.

Role of skeletal muscle and adipose tissue in
normal daily energy fluxes

On a typical Western diet in which fat provides around 40% of
energy, humans eat around 300 g of carbohydrate and 100 g 
of fat (mainly TG) per day. (Clearly these are round figures, for 
illustration only.) As we eat most of this in three main meals, a
‘typical’ meal might contain around 100 g of carbohydrate and
30–40 g of fat.

The free glucose content of the body in the post-absorptive
state is around 12 g. (The plasma glucose concentration is
5 mmol/Lor about 0.9 g/L, and the extracellular fluid volume
is about 20% of body weight or 13 L.) Therefore, at one meal we
eat enough glucose to raise the plasma glucose concentration
around eightfold. In normal people, however, the rise is more
like 60–80% of basal. There are powerful homeostatic mecha-
nisms that minimize the excursions of plasma glucose concen-
tration. These mechanisms include rapid suppression of
endogenous hepatic glucose production, together with 
increased glucose disposal into cells. Skeletal muscle metabo-
lism switches rapidly in the postprandial state from almost
complete independence from carbohydrate, to rapid glucose
uptake, such that skeletal muscle is undoubtedly the major ex-
trahepatic tissue involved in this coordinated regulation of
glucose metabolism. The contribution of white adipose tissue
is very small in comparison.

A very similar argument can be made for TG fluxes. The 
extracellular TG is confined to the plasma volume (in a normal
individual, around 3 L at 1 mmol/L or 0.85 g/L; i.e. 2.5–3 g 
of extracellular TG). We eat enough TG in a typical meal to
raise our plasma TG concentration at least 10-fold. Again this
does not happen; a typical postprandial excursion in plasma

TG concentration is more like 50–60% of the fasting concentra-
tion (Coppack et al., 1990; Summers et al., 1999). This must also
imply the existence of coordinated mechanisms for regulating
the delivery of endogenous TG to the circulation, and stimu-
lating TG clearance. These have been much less studied than
those responsible for glucose homeostasis, particularly the
regulation of hepatic TG secretion in the postprandial period
(because of the methodological difficulties of such experi-
ments), but it is clear that peripheral tissues are responsible for
most of the increased TG clearance in the postprandial period.
Among these, skeletal muscle and adipose tissue play major
roles.

The role of skeletal muscle appears to be very variable from
person to person, and greatest in the highly endurance-trained
individual, in whom TG clearance is very rapid (Tsetsonis et
al., 1997). It may be much less in the habitually sedentary per-
son. In non-athletes, the role of adipose tissue appears to be
larger than that of skeletal muscle, and this may be understood
metabolically on the basis that insulin (released in the post-
prandial period) activates adipose tissue lipoprotein lipase
(LPL), the key enzyme in plasma TG clearance. Adipose tissue
also plays a key role in overall lipid homeostasis since a major 
and dramatic effect of meal ingestion is to suppress intra-
adipocyte TG hydrolysis and thus the release of NEFA from
adipose tissue. The rate of supply of NEFA to the liver is a
major determinant of hepatic TG secretion, and reduction in
adipose tissue NEFArelease is an important component of the
suppression of hepatic TG secretion by insulin in vivo
(Cummings et al., 1995; Lewis et al. 1995; Malmström et al.,
1998). These considerations have led to the description of adi-
pose tissue as a ‘buffer’ for the daily influx of dietary fatty
acids into the circulation (Frayn, 2002). As dietary fat enters the
circulation, adipose tissue TG clearance is increased by in-
sulin, and the release of NEFA is suppressed. By these means,
postprandial excursions of ‘fatty acids’ (TG and NEFA) are
minimized, just as the liver and skeletal muscle ‘buffer’ the
daily influx of glucose.

It is important to realize that metabolic regulation in 
tissues such as skeletal muscle and adipose tissue is not simply
a matter of fine-tuning metabolic pathways; even during the
normal daily pattern of meal ingestion and fasting overnight,
there are major and dramatic switches in the patterns of 
metabolism and the fluxes through pathways. This is clearly 
illustrated in Fig. 8.1, which also illustrates one important
methodological approach to the investigation of these regula-
tory mechanisms.

As there can be no doubt that obesity represents a state of
disturbed energy fluxes and storage, it is very reasonable to
consider that disturbances in these highly regulated pathways
of energy metabolism in skeletal muscle and adipose tissue
might underlie the development of obesity. It is also easy 
to imagine that, if such disturbances develop as a result of 
obesity, they might have widespread and potentially adverse
metabolic consequences.



Metabolic fuels and obesity: carbohydrate and lipid metabolism in skeletal muscle and adipose tissue

105

Skeletal muscle

Routes of ATP synthesis in skeletal muscle:
outline and methodology

Skeletal muscle is a major site of ATP turnover in the body, es-
pecially during exercise. During a marathon run, the mass of
ATP turned over in skeletal muscle alone is approximately
equal to body mass (Frayn, 2003). Clearly, skeletal muscle has
very efficient pathways for regeneration of ATP.

The main sources of free energy for ATPsynthesis in skeletal
muscle are anaerobic glycolysis and the complete oxidation of
both carbohydrate and fatty acids. Amino acid oxidation also
plays an important role, especially oxidation of the branched-
chain amino acids valine, leucine and isoleucine: in humans,
these are largely completely oxidized within skeletal muscle.
These substrates arise from the circulation (plasma glucose,
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Fig. 8.1 Major metabolic fluxes in skeletal muscle

(glucose uptake, �) and white adipose tissue (NEFA

release, �) in the overnight fasted state, and their

responses to ingestion of a mixed meal. Changes of

several-fold are observed within 60–90 min of meal

ingestion. Fluxes were estimated by selective venous

catheterization with measurement of arteriovenous

differences and blood flow. Data taken from the

studies reported in Coppack et al. (1990; 1996) with

the addition of further subjects for NEFA release.

NEFA, TG fatty acids and amino acids), from the intramuscu-
lar stores of glycogen and TG and from muscle protein. These
sources of substrate are illustrated in Fig. 8.2. Typical muscle
contents of glycogen and of TG are difficult to define, as there is
considerable variability among muscles, nutritional states and
individuals, but some representative figures are collated in
Table 8.1.

The relative contributions of extramuscular and intramus-
cular sources of fuel have been the subject of much research, 
although there are many methodological difficulties in such
studies. For instance, the contribution of intramuscular TG
during exercise has been estimated in several studies by se-
quential biopsy of the muscles involved. The results are not
consistent, due in part to the fact that skeletal muscle TG con-
centrations are extremely variable even from site to site within
a single muscle (Frayn, 1980). These studies mostly show the
expected decline in muscle TG concentration during exercise
(Carlson et al., 1971; Kimber et al., 2003), although one study

Table 8.1 Typical glycogen and triacylglycerol (TG) contents of human skeletal muscle.

Units Low-carbohydrate diet Mixed diet High-carbohydrate diet Reference

Glycogen g/kg wet weight 10 20 30–40 Bergström et al.

(1967)

kJ/kg wet weight 170 340 510–680

Typical whole-body store MJ 4.25 8.5 15

(assumes 25 kg of muscle)

TG mmol/kg wet weight – 15 (range 1–100) – Collated from a

number of sources:

range from Phillips

et al. (1996)

kJ/kg wet weight – 450 (range 30–3000) –

Typical whole-body store MJ – 11 –

(assumes 25 kg of muscle)



Chapter 8

106

using sequential biopsy suggested that muscle TG utilization
was most pronounced during the post-exercise period (Kiens
and Richter, 1998). This post-exercise decline has not been 
substantiated in other studies (Kimber et al., 2003).

An alternative approach is to estimate the contribution of
plasma NEFA to oxidative metabolism by the infusion of a 
labelled 13C-NEFA tracer to measure 13CO2 production in 
expired air, whereas whole-body fat oxidation is measured by
indirect calorimetry, and the difference is assumed to reflect

oxidation of intramuscular TG fatty acids on the basis that a
correction for the incomplete recovery of the 13C-label in ex-
pired air is made (acetate recovery factor — Sidossis et al.,
1995a). However, this technique does not distinguish intra-
muscular TG fatty acids from those arising from plasma
(lipoprotein) TG. In the last few years, a procedure has been
developed for measurement of intramuscular TG (called in-
tramyocellular lipid, IMCL) by magnetic resonance spec-
troscopy (Boesch et al., 1997). This has been applied to the 
measurement of muscle TG before and after exercise. Such
measurements show the expected duration-dependent 
decline in IMCL with endurance exercise, although no change
with high-intensity exercise (Brechtel et al., 2001). A summary
and critical review of the data on intramuscular TG utilization
during exercise concluded that this energy store is, indeed, a
significant source of fatty acids for oxidation during exercise
(Watt et al., 2002).

Muscle biopsy techniques have been more informative on
the utilization of muscle glycogen during exercise and a 
reasonably consistent picture of glycogen depletion during
exercise and repletion thereafter has been built up (Coyle,
1995). Muscle glycogen deposition in the resting state after a
meal has been studied by the technique of 13C-nuclear magnet-
ic resonance (NMR) spectroscopy (Taylor et al., 1993).

A technique which has provided a great deal of consistent
information on skeletal muscle substrate utilization is the ‘glu-
cose clamp’ (DeFronzo et al., 1979). In this technique, glucose is
infused intravenously, usually against a background of 
insulin infusion at a constant rate to raise the plasma insulin
concentration to some predetermined level (hyperinsuli-
naemic clamp). The rate of glucose infusion is varied as neces-
sary to keep the plasma glucose concentration, measured
regularly at the bedside, constant within narrow limits: hence
the plasma glucose concentration is ‘clamped’. Under these
conditions the rate of glucose disappearance from the plasma
must equal the rate of glucose entry, which is known (as it is
being infused). Any contribution from hepatic glucose release
is usually small under these conditions, although it may be es-
timated by additional infusion of a labelled glucose tracer. The
technique therefore provides a means for assessing whole-
body glucose utilization at controlled plasma insulin concen-
trations, and thus gives a measure of whole-body insulin
sensitivity: it is usually regarded as providing the ‘gold stan-
dard’ assessment of this parameter.

If indirect calorimetry is performed at the same time, the
whole-body rate of carbohydrate oxidation can be assessed. It
is usually found that under hyperinsulinaemic conditions glu-
cose oxidation increases and accounts for around 20–30% of
the total glucose disposal rate (DeFronzo et al., 1981; Felber
et al., 1993). The remainder reflects ‘non-oxidative glucose dis-
posal’, sometimes called glucose storage, although anaerobic
glycolysis will also be included in this portion. This technique
may be combined with selective catheterization of the venous
drainage of skeletal muscle, usually that of the forearm. This
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allows the estimation of glucose uptake by a specific muscle,
and — making assumptions about the uniformity of the muscle
mass — by skeletal muscle in the whole body. Such studies
show that the contribution of skeletal muscle in whole-body
glucose disposal during hyperinsulinaemia is a major one
(70–85%; DeFronzo et al., 1981; Yki-Järvinen et al., 1987). A
corollary is that skeletal muscle is the tissue which predomi-
nantly ‘sets’ the insulin sensitivity of glucose metabolism in
the whole body.

Carbohydrate metabolism in skeletal muscle at
rest and during exercise

It has been known since the forearm venous catheterization
experiments of Andres, Zierler and colleagues in the 1950s that
the main oxidative fuel of skeletal muscle after an overnight
fast at rest must be lipid; the respiratory quotient measured
across the forearm is around 0.76 (Baltzan et al., 1962). Plasma
glucose disposal by skeletal muscle in that state is therefore
small. The rate of anaerobic glycolysis of glucosyl units from
both plasma glucose and muscle glycogen also appears to be
small: net release of lactate from resting skeletal muscle after
an overnight fast is inconsistent, and close to zero (Jackson et
al., 1987).

This picture changes rapidly, however, after a meal. In the
postprandial state, the increased plasma glucose and insulin
concentrations lead to increased glucose uptake by muscle,
mainly by the insulin-regulatable glucose transporter GLUT4,
and to increased glucose disposal within the muscle cell by 
coordinated regulation of the pathways of glycogen deposi-
tion, glycolysis and pyruvate oxidation. Skeletal muscle
rapidly begins to dominate the extrahepatic disposal of glu-
cose in the body. The glucose taken up from the plasma by
muscle is either oxidized or stored as glycogen, with some
being released as lactate. Measurements made by selective ve-
nous catheterization suggest that around 25% (Elia et al., 1988;
Kelley et al., 1988; Coppack et al., 1990) to 45% (Jackson et al.,
1987) of an oral glucose load (whether given as a pure glucose
load or as part of a mixed meal) is disposed of by resting skele-
tal muscle during the 4- to 6-h postprandial period. Direct
measurements of muscle glycogen deposition by 13C-NMR
spectroscopy show muscle glycogen content increasing by
around 25%; net glycogen deposition in muscle during the 7 h
following a mixed meal accounted for around 20% of that in-
gested (Taylor et al., 1993).

In resting subjects, therefore, the role of skeletal muscle in
whole-body carbohydrate metabolism in the fasted state is
small, but in the fed state it is extremely important and domi-
nates that of extrahepatic tissues.

During exercise, the situation changes even more dramati-
cally. During light exercise (25% V

.
o2 max) there is little mobi-

lization of muscle glycogen, but glucose uptake, oxidation and
conversion to lactate are stimulated. In this condition whole-
body glucose turnover increases initially by about 50% and it

seems likely that all this increase is directed to skeletal muscle
(Romijn et al., 1993). The major point of regulation of 
increased glucose uptake in this condition is not entirely clear,
but muscle vasodilatation with increased glucose delivery
may be an important factor. Furthermore, the amount of
GLUT4 protein is a primary factor in determining the maximal
rate of glucose transport into skeletal muscle. Under normal
resting conditions, most of the GLUT4 molecules reside in
membrane vesicles inside the muscle cells. In response to 
insulin or muscle contraction, GLUT4 translocates to the cell
membrane, where it inserts to stimulate glucose transport.
Plasma insulin concentrations do not change during light ex-
ercise. However, rapid changes in GLUT4 mRNA and protein
may occur in response to exercise. Increased GLUT4 expres-
sion may be mediated by the enzyme AMP-activated kinase,
which is activated during exercise and has been demonstrated
to increase GLUT4 transcription (Rodnick et al., 1992; Ren et al.,
1994; Dohm, 2002). Further research needs to be done on the
regulation of muscle GLUT4 expression during exercise.

During heavier exercise (e.g. 65% V
.
o2 max), muscle glycogen

breakdown is stimulated and glucosyl residues from this
source are a major fuel for anaerobic and oxidative metabo-
lism. Plasma glucose utilization is also increased and lactate
may thus be recycled via hepatic gluconeogenesis. Whole-
body glucose turnover increases to more than three times 
its resting value after 2 h of exercise at this intensity, and again
this is largely taken up by skeletal muscle (Romijn et al., 1993).
Whole-body glucose oxidation measured by indirect
calorimetry may increase by about 12-fold (Romijn et al., 1993)
and most of this must be accounted for by skeletal muscle; at
85% V

.
o2 max, glucose oxidation increases about 30-fold. Meta-

bolic and physiological adjustments bringing about this 
increased carbohydrate oxidation include increased cardiac
output and muscle vasodilatation, vastly increasing glucose
delivery to working muscle and the coordinated regulation,
via changes in intracellular Ca2+ and Pi concentrations, of con-
traction and of glycogenolysis and glycolysis (Crowther et al.,
2002; for a review, see Frayn, 2003). During moderate or heavy
exercise skeletal muscle is therefore by far the dominant tissue
in glucose disposal in the body.

Lipid metabolism in skeletal muscle at rest and
during exercise

The size of the intramuscular TG store does not appear to fluc-
tuate greatly during normal daily life, except during exercise.
Although it may turn over, it is not therefore a net contributor
to muscle fatty acid oxidation at rest. In the overnight fasted
state, muscle extracts both NEFA and lipoprotein TG fatty
acids from the plasma. As in adipose tissue, the key enzyme in
plasma TG extraction is LPL, bound to the skeletal muscle 
capillary endothelium. This enzyme is more active in oxida-
tive than glycolytic muscles, and it is activated by training. Se-
lective venous catheterization clearly demonstrates that TG
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extraction does occur (Kiens and Lithell, 1989; Potts et al.;
1991). Nevertheless, measurements of plasma TG extraction
by muscle are difficult to make and we lack much information
on the magnitude and metabolic importance of this process. In
contrast, the extraction of plasma NEFA by muscle has been
much studied, usually by a combination of tracer infusion and
selective venous catheterization (Capaldo et al., 1994). At rest,
in the overnight fasted state, NEFAextraction from plasma ap-
pears to provide most of the fatty acids required for oxidation.
[Whether these fatty acids pass through an intramuscular TG
pool before oxidation is not clear: older evidence for such a
pathway (Dagenais et al., 1976) has more recently been chal-
lenged (Sidossis et al., 1995b).]

Interestingly, a recent study showed that, on a high-fat diet,
TG-derived fatty acid oxidation is increased, suggesting that
although plasma NEFA remain the main source of fat oxida-
tion, diet composition may affect the contribution of both
sources to some extent (Schrauwen et al., 2000). The rate of
fatty acid extraction from the plasma by skeletal muscle ap-
pears under most circumstances to be limited by their delivery
in plasma, i.e. by the product of muscle blood flow and the
plasma NEFA concentration (Soop et al., 1988). Additionally,
new evidence from in vitro and whole animal studies supports
the existence of transmembrane transport of NEFA, which is
likely to co-exist with passive diffusional uptake. Evidence is
also emerging for concerted actions between the membrane
and cytoplasmic fatty acid binding proteins (FABPs) that
allow for efficient regulation of NEFA transport and metabo-
lism (Glatz and Storch, 2001).

The rate of uptake of fatty acids by skeletal muscle is also a
determinant of their oxidation, as the muscle TG pool is of rel-
atively constant size. The oxidation of fatty acids has been pro-
posed to be linked to that of glucosyl units by mechanisms
described by Randle and colleagues in the 1960s (summarized
in Randle et al., 1963). Within this concept, it has been postulat-
ed that products of fatty acid oxidation (acetyl-CoA, cytosolic
citrate) exert inhibitory feedback control over the rate of glu-
cose uptake and oxidation via inhibition of phosphofructoki-
nase (a key regulatory enzyme in glycolysis) and pyruvate
dehydrogenase. This link has received most attention with 
respect to the development of insulin resistance and type 2 di-
abetes mellitus, although there is also evidence for it operating
in normal daily life (Piatti et al., 1991). Although there is consis-
tent evidence that increased NEFA concentrations are associ-
ated with insulin resistance, there are also studies that argue
against the mechanisms proposed by Randle and colleagues.
In this respect, an early NEFA-induced decline in glucose-6-
phosphate concentration has been reported, suggesting that
NEFAs primarily inhibit glucose transport/phosphorylation
(Roden et al., 1996; 1999).

Furthermore, contrary to the prediction of the glucose–fatty
acid cycle, there are indications that the intracellular availabil-
ity of glucose (rather than NEFA) may determine the nature of
substrate oxidation in human subjects by controlling fatty acid

transport into the mitochondria (Sidossis et al., 1996; Sidossis
and Wolfe, 1996). This may occur via the well-known
inhibitory effect of malonyl-CoA (formed under conditions of
high glucose and insulin) on carnitine palmitoyl transferase-1
(CPT1), a key regulatory enzyme in fatty acid oxidation 
(Zammit, 1999). However, there is some difficulty with this
concept, as muscle malonyl-CoAconcentrations either remain
constant or tend to fall during exercise (Saha et al., 1994; 
Odland et al., 1996; Winder and Hardie, 1996).

In the period following a meal, fatty acid utilization by
skeletal muscle decreases rapidly as glucose uptake and oxi-
dation become the more important processes. It seems that an
important site of control of muscle fatty acid utilization is 
exerted at the level of NEFArelease from adipose tissue, which
is rapidly reduced after a meal (Fig. 8.1). Also, there are some
recent indications from rat studies that insulin may regulate
fatty acid uptake and esterification in the myocyte (Dyck et al.,
2001; Luiken et al., 2002), suggesting there may also be direct
control of muscle fatty acid uptake in the postprandial state.
However, the physiological significance of these findings 
remains to be determined in man.

During exercise, muscle NEFAutilization increases dramat-
ically. Plasma NEFAs are the major fuel for exercise at low 
intensity (25% V

.
o2 max) (Romijn et al., 1993). At greater intensi-

ties of exercise they are also important, but other fuel sources
are more important at least for the first 2 h or so. After that,
these other sources (e.g. muscle glycogen) are depleted, and
the ultra-endurance athlete utilizes almost entirely plasma
NEFA as a fuel. Considering the size of the adipose tissue TG
store, this seems wholly sensible.

The extraction of plasma TG fatty acids by muscle has been
little explored, as mentioned above. Again, although it may
not occur at a high rate per unit mass of skeletal muscle, the
bulk of skeletal muscle means that its contribution to whole-
body plasma TG clearance may be substantial. The expression
of skeletal muscle LPL is increased considerably by training
(Seip et al., 1995), and training is also associated with a marked
improvement in fat tolerance (the increase in plasma TG 
concentration following a fat load, also called postprandial 
lipaemia) (Tsetsonis et al., 1997; Herd et al., 1998; Malkova et al.,
2000). It has been suggested that plasma TG fatty acids extract-
ed by skeletal muscle serve mainly to replenish the intramus-
cular TG pool (Oscai et al., 1990). However, on the basis of a
recent study in rats, a model has been proposed in which fatty
acids from TG mix locally at the capillaries with plasma NEFA,
where they would lead to an increase in local NEFAconcentra-
tion, and hence, NEFAuptake. This suggests that a distinction
between TG-derived NEFA and plasma NEFA in metabolic
fate within muscle cannot be made (Teusink et al., 2003). 
Skeletal muscle LPL is suppressed by insulin (Farese et al.,
1991), in contrast with adipose tissue, in which LPL is activat-
ed by insulin. This suggests that adipose tissue plays a more
important role than skeletal muscle in clearance of plasma TG
in the postprandial state. This may not be accurate, because the
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suppression of skeletal muscle LPL by insulin is not very
marked, and the bulk of skeletal muscle — particularly in an
athlete in whom muscle LPL is particularly active — may give
it an equally, or even more important role. The situation prob-
ably differs considerably between individuals.

It is generally considered that plasma TG fatty acids make
only a small contribution to oxidative fuel metabolism during
exercise. This seems to be true for exercise carried out in the
fasting state, in which plasma TG is mainly present as very
low-density lipoprotein (VLDL)-TG. However, it is possible
that the situation is different after a meal containing fat (Grif-
fiths et al., 1994; Henriksson, 1995). Chylomicron-TG is a better
substrate for muscle LPL than is VLDL-TG (Potts et al., 1991)
and there is some evidence for marked TG clearance from
postprandial plasma by exercising muscle (Ruys et al., 1989;
Griffiths et al., 1994). In addition, if the marked improvement
of fat tolerance evident in highly trained subjects does indeed
reflect improved TG clearance by skeletal muscle then this
again suggests more than a modest contribution to muscle
fatty acid delivery. However, more work is needed in this area.

Disturbances in skeletal muscle metabolism and
the development of obesity

In principle, disturbances of a number of aspects of muscle 
metabolism might impinge upon the development of obesity.
As skeletal muscle is such an important site for the ultimate ox-
idation of energy-bearing substrates, any impairment of mus-
cle oxidative metabolism will lead to the accumulation of 
body energy stores. Because skeletal muscle O2 consumption
is a major determinant of resting metabolic rate, it has been
suggested that differences between individuals in muscle 
oxidative capacity might play a role in the pathogenesis of 
obesity (Zurlo et al., 1990a).

In practice, there is some evidence for specific impairments
of muscle metabolism in subjects at risk of developing obesity,
or in the post-obese (people who were once obese but have
now lost weight). The impairment of fatty acid oxidation in
skeletal muscle apparent in obese subjects (Blaak et al., 1994a;
Colberg et al., 1995) might be a causal factor in the develop-
ment of obesity but, until there is clear evidence for the direc-
tion of cause and effect, it is difficult to interpret such findings.
It is interesting, however, that this impairment was not 
reversed by weight reduction, whereas some other aspects of
muscle metabolism were, such as glucose uptake and lactate
release (Blaak et al., 1994b). Additionally, post-obese women,
when compared with never-obese women, show decrements
in postprandial (Raben et al., 1994) and 24-h fat oxidation 
(Astrup et al., 1994). Also, a high respiratory quotient (i.e. a low
ratio of fat to carbohydrate oxidation) has been correlated with
weight gain in post-obese women (Froidevaux et al., 1993) and
in Pima Indians in Arizona (Zurlo et al., 1990b). These findings
may suggest that a lowered capacity to oxidize fat could be pri-
mary to the obese state rather than an adaptational response.

One of the marked consequences of obesity (discussed in
greater detail below) is the development of insulin resistance.
In skeletal muscle, this is evidenced by low rates of glucose 
uptake during hyperinsulinaemic clamp, and most studies of
obesity and of type 2 diabetes mellitus show that the main de-
fect, under these specific conditions, is in glucose storage 
(i.e. glycogen synthesis) rather than glucose oxidation (Bonora
et al., 1993). This finding has been extended by looking at
glycogen synthase activation in muscle biopsies and cultured
fibroblasts from non-diabetic relatives of subjects with type 2
diabetes. Although glycogen synthase activation in such sam-
ples is indeed insulin resistant (Schalin Jantti et al. 1992; Wells
et al., 1993), it is difficult to know whether this represents cause
or effect, as such relatives are themselves already insulin resis-
tant (Schalin Jantti et al., 1992).

It is even more difficult to know whether any such defect 
in insulin sensitivity could be a cause of obesity. In fact, in
prospective studies of weight change over several years, those
most at risk of gaining weight are those showing better insulin
sensitivity (Swinburn et al., 1991; Hoag et al., 1995). This has
been interpreted in terms of insulin resistance tending to
favour fat oxidation over that of glucose, and thus helping to
maintain a favourable fat balance (Eckel, 1992). Therefore, a
change in skeletal muscle predisposing to the development of
obesity might be more in the direction of increased sensitivity
to insulin. This seems counterintuitive and may be an overin-
terpretation of prospective data. Against the prospective data,
and in favour of insulin resistance in muscle as a primary 
defect, is the demonstration that transgenic mice with targeted
disruption of insulin sensitivity only in skeletal muscle accu-
mulate body fat and display some of the dyslipidaemic char-
acteristics of obesity (Moller et al., 1996).

It is known that in obese subjects postprandial skeletal mus-
cle blood flow is reduced (Baron et al., 1990). Impaired muscle
blood flow, either resting, postprandially, during exercise or in
all these states might predispose to obesity. As muscle blood
flow delivers substrates such as glucose, NEFA and TG to the
muscle tissue, defects in muscle blood flow regulation might
well have important effects, leading to the development of 
insulin resistance and the laying down of adipose tissue TG
stores. However, as yet there has been no prospective work in
this area and it is again difficult to determine whether reduced
muscle blood flow causes obesity or whether it occurs as a 
result of the obese state.

Despite the difficulties of determining cause and effect, it
can clearly be seen that a reduction in the oxidative capacity of
skeletal muscle, whether due to some intrinsic change within
the muscle or simply to lack of muscle mass, will lead to low
rates of substrate oxidation, and thereby to a propensity for
positive energy storage. This situation is particularly evident
in one situation, that of the sedentary individual. The seden-
tary lifestyle clearly leads to reduction in muscle mass, in mus-
cle capillary density and thus substrate delivery, and in muscle
oxidative capacity. Of course, the sedentary lifestyle also leads
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to positive energy balance simply on the grounds of reduced
energy expenditure, but changes in skeletal muscle metabo-
lism might be seen as the internal means by which this is 
mediated.

One interesting mechanism that could in principle link
skeletal muscle metabolism to the development of (or protec-
tion from) obesity is uncoupling of respiration. The mitochon-
drial uncoupling protein UCP3, described earlier, is expressed
in skeletal muscle. An attractive hypothesis is that UCP3
might protect against obesity in those in whom it is particu-
larly active by dissipating metabolic energy as heat. However,
although UCP3 is able to uncouple mitochondrial respiration
from ATP production, mice lacking UCP3 have normal 
metabolic rates and are not obese (Vidal-Puig et al., 2000). In 
addition, it was recently shown in humans that a diet-induced
upregulation of UCP3 did not affect mitochondrial coupling
(Hesselink et al., 2003). Rather, evidence is accumulating that
UCP3 is involved in mitochondrial transport of fatty acid an-
ions (Schrauwen et al., 2001). Although the primary function of
UCP3 does not seem to be mitochondrial uncoupling, UCP3
could still, as a consequence of its physiological function, 
affect metabolic rate explaining the observed associations 
between UCP3 and energy metabolism (Ricquier and 
Bouillaud, 2000b).

Skeletal muscle metabolism in obesity

The insulin resistance of skeletal muscle in obese subjects was
noted in 1961 by Rabinowitz and Zierler (1961), who injected
insulin into a brachial artery in obese subjects and noted a 
diminished stimulation of glucose uptake compared with lean
control subjects. The impairment of insulin-stimulated glu-
cose utilization in muscle in obesity is now well recognized
(Fig. 8.3). Because of the important role of skeletal muscle in
whole-body insulin-mediated glucose disposal outlined earli-
er, the result is reduced sensitivity to insulin in the whole body.
The consequent persistent hyperinsulinaemia may, in turn,
lead to downregulation of insulin-stimulated pathways in
other tissues including adipose tissue, as discussed later.

One consistent hypothesis for the development of insulin
resistance in obesity is that increased delivery of NEFA to the
circulation from the expanded adipose tissue mass (discussed
in more detail below) reduces the sensitivity of muscle glucose
uptake to insulin by substrate competition. This hypothesis
has been fully developed elsewhere (Felber et al., 1993). There
is also evidence that skeletal muscle in obese subjects has 
an impaired ability to oxidize fatty acids (Blaak et al. 1994a;
Colberg et al., 1995), and insulin resistance has been correlated
with accumulation of intramuscular triacylglycerol (Falholt et
al. 1988; Phillips et al., 1996; Forouhi et al., 1999). Obese women
accrue more fat in their muscle and this is directly related to the
degree of insulin resistance, decreased oxidative capacity and
increased anaerobic and glycolytic capacity (Simoneau et al.,
1995). There is increasing evidence that it is not increased TG

storage per se that causes insulin resistance, but rather other
lipid intermediates such as long-chain fatty acyl-CoA and 
diacylglycerol (Ellis et al., 2000; Itani et al., 2002), which may 
interfere with insulin signalling, thereby affecting GLUT4
translocation.

The cellular mechanisms for the loss of sensitivity to insulin
in obesity have been studied both in humans in vivo and in 
animal models. There has been considerable study in animal
models of the cellular and molecular mechanisms that may
underlie such a change, but these are outside the scope of this
chapter (Kahn and Flier, 2000). In humans, there is a clear 
impairment of the uptake of glucose across the muscle cell
membrane, demonstrated by a number of means (Laakso et al.,
1990a; Friedman et al., 1992; Kelley et al., 1996). It has been sug-
gested that there is no deficiency in total cellular content of the
insulin-regulatable glucose transporter GLUT4, but its
translocation to the cell membrane in response to insulin is 
defective (Friedman et al., 1992; Kelley et al., 1996). A recent
study, using immunohistochemistry combined with mor-
phometry, showed a reduction in the fraction of slow-twitch fi-
bres and a reduction in GLUT4 expression in slow fibres in
obese and type 2 diabetic subjects, which may both contribute
to skeletal muscle insulin resistance (Gaster et al., 2001). In ad-
dition, it has been proposed that a defect in insulin-mediated
vasodilatation, potentially an important aspect of the stimula-
tion of glucose uptake by insulin, might be involved. This has
been demonstrated both during infusion of insulin (Laakso et
al. 1990a,b) and during the endogenous hyperinsulinaemia
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following an oral glucose load (Baron et al., 1990). The cytokine
tumour necrosis factor alpha (TNF-a) is overexpressed in adi-
pose tissue in obesity (discussed below), and the same is true
of skeletal muscle (Saghizadeh et al., 1996). TNF-a expression
(mRNA content) in skeletal muscle was negatively related to
whole-body insulin sensitivity (Saghizadeh et al., 1996).

The reduction in glucose uptake, at least during conditions
of hyperinsulinaemia, reflects impairment of both oxidative
and non-oxidative glucose disposal, the latter being much
more affected than the former (Felber et al., 1987; Bonora et al.,
1993). In obese subjects, skeletal muscle has reduced oxidative
capacity and increased anaerobic and glycolytic capacities 
(Simoneau et al., 1995; 1999). Skeletal muscle insulin resistance
in obesity has been explored in more detail in subjects with
type 2 diabetes in addition to obesity, and again it appears that
multiple aspects of glucose metabolism are deranged (Kelley
et al., 1992).

White adipose tissue

Major metabolic pathways relevant to this chapter in white
adipose tissue are outlined in Fig. 8.4.

Adipose tissue carbohydrate metabolism

The uptake of glucose by white adipocytes in vitro must be one
of the most studied metabolic processes. Unfortunately, there
is little evidence that it contributes more than a few per cent to
whole-body glucose utilization, and even less that adipose tis-
sue glucose uptake makes a significant contribution to glucose
disposal in the postprandial period when it is dwarfed by the
contribution of skeletal muscle. Adipocytes have a small store
of glycogen, the concentration of which varies with feeding
and fasting (Rigden et al., 1990) but, again, this cannot be a
major contributor to whole-body carbohydrate economy.

The role of glucose in adipocyte metabolism is twofold.
First, glucose metabolism (mainly complete oxidation) seems
to be the major route of ATP generation in white adipocytes
(Frayn et al., 1995a). In addition, in the postprandial period,
glycolysis provides glycerol-3-phosphate, which is needed for
esterification of the fatty acids delivered to adipocytes from
LPL in the capillaries. It might therefore be expected that adi-
pose tissue glucose uptake would increase at this time, but 
the proportion of glucose metabolism diverted to glycerol-
3-phosphate production, even after a high-fat meal, is only
around 20% (Frayn et al., 1994).

Non-esterified fatty acid release from 
adipose tissue

The rate of release of NEFA from adipose tissue is, as outlined
above, the major determinant of the systemic plasma NEFA
concentration and thus of the delivery of NEFA to other tis-
sues. As shown in Fig. 8.1, this is a highly regulated process,
switching in a short time from its maximal rate in the normal
daily pattern to almost zero. These rapid changes in NEFA
release reflect regulation of the key enzyme in the hydrolysis
of adipocyte TG, the intracellular enzyme hormone-sensitive
lipase (HSL) (Fig. 8.4). Regulation of HSL is coordinated 
(inversely) with regulation of the pathway of fatty acid esteri-
fication: when HSLis suppressed by insulin, fatty acid esterifi-
cation is stimulated and fatty acids are effectively trapped in
adipocytes.

Recently, it has been shown in HSL-deficient animals that
adipose tissue lipolysis is maintained, although sensitivity to
catecholamine stimulation is largely lost (Osuga et al., 2000;
Wang et al., 2001). This has led to more detailed investigation of
the process of lipolysis. It now seems that there is at least one
other TG lipase expressed in adipose tissue, although this
other lipase does not have the cholesterol esterase activity that
is characteristic of HSL (Okazaki et al., 2002). It has also been
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appreciated that the acute regulation of lipolysis is achieved
only in part through reversible phosphorylation of HSL and
consequent changes in its enzyme activity. Perilipin is a pro-
tein that coats the fat droplet in white adipocytes (Londos et al.,
1996). Perilipin, like HSL, is phosphorylated in response to 
elevation of cellular cyclic AMP (via protein kinase A). Phos-
phorylation of perilipin causes it to move away from the fat
droplet, whereas HSLtranslocates from a cytoplasmic location
onto the surface of the lipid droplet (Clifford et al., 2000).

In normal daily life, it appears that most of the regulation 
of NEFA delivery from adipose tissue reflects the inhibitory 
effect of insulin on HSL. HSL is stimulated by agents that 
raise the cellular cyclic AMP concentration, particularly b-
adrenergic agents, and in the longer term by a number of hor-
mones, including growth hormone and cortisol, which may
either affect enzyme expression or modify the sensitivity to
catecholamines (e.g. by regulation of adrenoceptor expres-
sion). In normal subjects fasted overnight, local introduction
of propranolol into subcutaneous adipose tissue has no effect
on lipolysis, suggesting that adrenergic stimulation of lipoly-
sis is not operative in this state (Arner et al., 1990). Instead the
lipolytic ‘tone’ against which insulin acts may be set by the
normal early morning rise in cortisol (Samra et al., 1996a) and
perhaps by overnight growth hormone pulses (Cersosimo et
al., 1996; Samra et al., 1999).

During exercise, there is a marked increase in NEFA deliv-
ery from adipose tissue, and this is undoubtedly mediated pri-
marily by b-adrenergic stimulation (Arner et al., 1990). In
sustained high-intensity exercise, it may be reinforced by a
slight fall in the plasma insulin concentration, and by secretion
of both cortisol and growth hormone (Hodgetts et al., 1991).
Despite these changes, the rate of NEFA delivery does not 
increase in proportion to the intensity of exercise (Romijn et al.,
1993). It seems that adipose tissue perfusion during intense 
exercise may be inadequate to carry away all the fatty acids re-
leased in lipolysis (Bülow, 1993). Evidence for this comes from
the sudden release of NEFA that is observed when exercise
stops (Hodgetts et al., 1991, Romijn et al., 1993); presumably a
sudden relief of relative vasoconstriction allows ‘flushing out’
of NEFAs that have been trapped within the tissue.

Triacylglycerol clearance by adipose tissue

Adipose tissue LPL is least active in the overnight fasted state,
but even in that condition there is significant removal of 
plasma TG. In fact, systemic plasma TG concentrations corre-
late inversely with adipose tissue TG clearance (Potts et al.,
1995), suggesting a role for adipose tissue in ‘setting’ the fast-
ing plasma TG concentration. Clearly, the rate of hepatic
VLDL-TG secretion is also a determinant of plasma TG con-
centrations, but this in turn is regulated largely by the rate of
delivery of NEFAfrom adipose tissue. TG clearance in skeletal
muscle does not relate in such a way to the plasma TG concen-
tration (Potts et al., 1991).

It has been suggested earlier that adipose tissue may play a
particularly important role in TG clearance in the postprandi-
al period when its LPL is activated by insulin, and possibly by
other hormones including those released from the gut in re-
sponse to feeding (Oben et al., 1992). Adipose tissue extraction
of chylomicron-TG is avid, averaging around 30% of the arter-
ial concentration in a single passage through the tissue (Potts et
al., 1991), although we find that this varies considerably from
person to person. The quantitative role of adipose tissue in re-
moval of plasma TG in the postprandial period has been esti-
mated by a number of means. Mårin et al. (1990) fed a meal
containing 120 g of fat labelled with 14C-oleic acid and assessed
deposition by sequential adipose tissue biopsies. After 24 h,
60 g of this had been deposited in adipose tissue (in a group
who had eaten a carbohydrate-rich breakfast), and the figure
increased slowly over the next month. Romanski et al. (2000)
performed similar studies and found that 24% (in men) to 35%
(in women) of an oral fat load had been deposited in subcuta-
neous adipose tissue after 24 h. Studies with selective venous
catheterization suggest that in normal subjects about 35% of
the fat load given in a mixed meal is stored in adipose tissue
over the subsequent 6 h (Coppack et al., 1990). The magnitude
of postprandial lipaemia is inversely related to the LPL activi-
ty measured in plasma following injection of heparin, which
releases LPL from its endothelial binding sites (Jeppesen et al.,
1995), although this does not distinguish between LPL re-
leased from different tissues. Defective activation of adipose
tissue LPL is associated with increased postprandial lipaemia
(Katzel et al., 1994).

It is important to understand differences in the action of LPL
in different tissues. In skeletal muscle it appears that the fatty
acids released by the action of LPL on plasma TG are quantita-
tively extracted by the muscle: no net ‘overspill’ of fatty acids
is seen during the postprandial period, for instance, when
skeletal muscle LPL is active against chylomicron-TG 
(Coppack et al., 1990; Evans et al., 2002). The fate of these fatty
acids is, as outlined earlier, either esterification to replenish the
intramuscular TG pool (ultimately a source for fatty acid 
oxidation) or direct oxidation. In adipose tissue, plasma TG 
extraction by LPL provides the source of fatty acids for 
deposition as intracellular TG, the ultimate energy store of 
the body. This process must be highly regulated, as the body’s
fat store is so closely related to whole-body energy balance. 
It is not therefore surprising to find an additional level of 
control in adipose tissue. LPL-derived fatty acids in adipose
tissue are not all taken up by adipocytes for esterification and
storage. A proportion of these appear always to be released
into the venous plasma in the form of NEFA(Frayn et al., 1994;
Evans et al., 2002).

So far as is known at present, this role of LPL in delivery 
of NEFA into the plasma is specific to white adipose tissue.
However, regulation of the fate of LPL-derived fatty acids 
is a key process in the regulation of fat storage. In the fasted 
state there would seem little ‘sense’ in storage of plasma TG-
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derived fatty acids, when the adipocyte itself is liberating fatty
acids at a high rate into the plasma. Accordingly, in that state
there is almost complete release of LPL-derived fatty acids as
NEFA into the plasma (Frayn et al., 1994). Adipose tissue LPL
in the fasted state acts as a generator of plasma NEFAaddition-
al to the intracellular HSL, except that the source of fatty acids
is hepatic TG, secreted as VLDL-TG, rather than adipocyte TG.
In the postprandial period, however, this changes dramatical-
ly with much greater ‘capture’ of LPL-derived fatty acids for
esterification within the adipocytes (although never complete,
at least after the relatively normal meals that we have studied)
(Frayn et al., 1994; 1995b; Evans et al., 2002).

Regulation of fat storage in white adipose tissue therefore
primarily involves regulation of LPL, but the fine-tuning is
provided by regulation of the pathway of fatty acid uptake
and esterification in adipocytes. The regulation of this path-
way is becoming clearer. First, it depends upon simultaneous
suppression of HSLactivity, generating a concentration gradi-
ent so that fatty acids flow into rather than out from
adipocytes. It is stimulated in a positive sense by insulin
(Frayn et al., 1994) and by the acylation-stimulating protein
(ASP). ASP is a potent stimulator of fatty acid esterification 
in adipocytes (Sniderman et al., 1997). It is produced locally
within adipose tissue by the interaction of three components
of the alternate complement pathway (D or adipsin, B and C3),
themselves secreted from adipocytes, and this interaction is
markedly stimulated by the presence of chylomicrons
(Maslowska et al., 1997; Scantlebury et al., 1998). Regulation 
of the fate of LPL-derived fatty acids in adipose tissue is 
the subject of intense study at present, not least because of the
potentially adverse consequences of disturbed regulation of
this pathway (Sniderman et al., 1998).

Disturbances in adipose tissue metabolism and
the development of obesity

The question has often been posed as to whether alterations 
in adipose tissue metabolism might lead to a predisposition 
to obesity. This simple question is extraordinarily difficult 
to answer, not least because adipose tissue metabolism is so
profoundly altered by obesity per se, and potentially by a pre-
vious history of obesity, that it is virtually impossible to distin-
guish cause and effect. Nevertheless, there are some very
plausible mechanisms whereby particular characteristics of
adipose tissue might predispose to obesity.

The theory, once prevalent, that the number of fat cells is 
determined in infancy and invariant thereafter, suggests that
an overweight child may become an overweight adult because
the capacity is there, whereas a lean child could not so easily
become obese in adulthood. Attractive as this idea is, there is
no evidence for it (Ashwell, 1992): in fact, even octogenarians
have adipocyte precursors that can differentiate into mature
adipocytes (Hauner et al., 1989).

Much attention has centred upon adipose tissue LPL. The

idea that overexpression of LPL might provide a stimulus to
fat storage has found some favour, not least because many
studies show adipose tissue LPL activity to be increased in 
established obesity (Eckel, 1989). However, it is again extreme-
ly difficult to distinguish cause and effect. Because of the 
complex regulation of fat storage discussed above, it seems
unlikely that overactivity of LPLin itself could cause excessive
storage. Adipose tissue seems to have the capacity to regulate
the amount of fat it stores independently of LPL capacity. For
instance, in human LPL deficiency, adipocytes are normally 
fat filled (Peeva et al., 1992), and in mice with adipose tissue-
specific deficiency of LPL, adipose tissue lipid stores are 
maintained by upregulation of de novo lipogenesis (Weinstock
et al., 1997). The possibility that disturbed regulation of other
components of the fat-storage system, e.g. of the enzymes of
fatty acid esterification or of ASP, could lead to excessive fat
deposition has not been explored extensively, although it is
known that ASPconcentrations are increased in obese subjects
(Cianflone et al., 1995).

In healthy groups of obese women, entrapment of LPL-
derived fatty acids (fatty acids delivered with a meal) in 
adipose tissue appears to be increased (Binnert et al., 1998;
Kalant et al., 2000). It is difficult to know whether this might be
primary, or some form of adaptive response to obesity, or per-
haps a feature of subject selection: fatty acid ‘trapping’ might
be most effective in those who are protected from the metabol-
ic complications of obesity. It is clear that insulin has a fat 
storage-promoting effect. Weight gain is a notable feature in
type 1 diabetic subjects intensively treated with insulin (The
DCCT Research Group, 1988). It can easily be seen how insulin
could promote fat storage through stimulation of adipose 
tissue LPL and of the esterification pathway. However, this is
difficult to reconcile with the demonstration in prospec-
tive studies (discussed earlier) that insulin resistance within
the normal range is associated with protection against 
weight gain, as hyperinsulinaemia is a marker for such insulin
resistance. It may be that the effect of intensive insulin 
treatment is mediated more via increased energy intake in 
response to hypoglycaemia. Alternatively, there may be 
differences between acute and chronic effects of insulin.

There is some direct evidence for a role of HSL in suscepti-
bility to obesity. Net fat deposition reflects the balance 
between two processes: fat mobilization and fat storage. If
HSLactivity is reduced, then there will be an increase in net fat
deposition. This possibility was examined by measurement 
of HSL activity in adipose tissue biopsies in non-obese first-
degree relatives of obese subjects (Hellström et al., 1996); it was
found that maximal HSLactivity was reduced by about 50% in
the relatives, compared with control subjects with no immedi-
ate family history of obesity. In the more physiological setting
of responses in vivo to a mixed meal or to insulin infusion, there
is evidence that in post-obese women (formerly obese women
who have reduced their weight to the normal range, and who
are considered to be a model of the genetically ‘at risk’) the
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ability of insulin to suppress plasma NEFA concentrations 
is enhanced (Raben et al., 1994; Toubro et al., 1994). Thus, the
tendency towards net fat storage would again be enhanced.

Again, it is possible that blood flow plays a part in the devel-
opment of obesity. Fasting adipose tissue blood flow is de-
creased in obese subjects as is the postprandial rise (Coppack
et al., 1990; Summers et al., 1996). The mechanism by which re-
duced blood flow could lead to obesity is not clear and other
factors, such as increased ASP production, seem much more
likely to predispose to an increase in adipose tissue mass.

In animal models, more direct roles for changes in adipose
tissue metabolism may be observed. For instance, in the model
of rodent obesity produced by lesion of the ventromedial hy-
pothalamus, adipose tissue metabolism remains normally
sensitive to insulin (at least as judged by glucose uptake),
whereas muscle metabolism becomes insulin resistant, and
fuels are diverted to adipose tissue, where they are stored 
as TG (Pénicaud et al., 1987). The obese (ob/ob) mouse fails to
produce the signal molecule leptin in adipose tissue, and as
leptin is thought to signal to the hypothalamus both to 
increase energy expenditure and to decrease food intake, 
obesity follows (Rohner-Jeanrenaud and Jeanrenaud, 1996).
However, it appears that human obesity is characterized more
by ‘leptin resistance’ (elevated plasma leptin concentrations)
than by hypoleptinaemia (Considine et al., 1996). Only a very
small number of subjects have been described in whom there
is complete leptin deficiency (Barsh et al., 2000).

Adipose tissue metabolism in obesity

Obesity involves a disproportionate increase in the amount of
adipose tissue relative to other tissues. A notable feature of 
established obesity is an elevation of the plasma NEFAconcen-
tration (Opie and Walfish, 1963). This has been attributed to
the increased adipose tissue mass (Flatt, 1972). In fact, NEFA
release per unit mass of adipose tissue is reduced in obese com-
pared with lean subjects (Lillioja et al., 1986), and a truer pic-
ture is probably that fat mass, responsible for NEFA release,
expands more than lean body mass, responsible for NEFA
clearance. The reduction in NEFArelease per unit mass of adi-
pose tissue may be explained in part by the presence of larger
adipocytes, the increased volume representing mainly inert
TG in the intracellular droplet. The compensatory fasting hy-
perinsulinaemia in obesity also downregulates NEFA release
from adipose tissue (Campbell et al., 1994). Large adipocytes
filled with inert lipid may also explain the reduction in blood
flow per unit mass of adipose tissue which is observed in obe-
sity (Coppack et al. 1992; Blaak et al., 1995; Summers et al., 1996;
Virtanen et al., 2002), although not the failure of ‘obese’ adipose
tissue blood flow to respond to nutrient ingestion (Coppack et
al., 1992; Summers et al., 1996; Karpe et al., 2002).

In established obesity, adipose tissue acquires many charac-
teristics that could be described as insulin resistance. HSL is
not suppressed normally by insulin (Jensen et al., 1989; 

Coppack et al., 1992), and adipose tissue LPL is not activated
normally by insulin (Coppack et al., 1992; Eckel, 1987; Ong and
Kern, 1989) (Fig. 8.5). The net effect is that there is a resistance
to net fat storage, even in the presence of elevated insulin con-
centrations (Frayn et al., 1996a). Thus, it has been speculated
that insulin resistance is an adaptive phenomenon in obesity,
which tends to limit further weight gain (Eckel, 1992). This is
probably no different from saying that energy requirements in
the whole body increase in obesity (Prentice et al., 1986); thus,
larger meals are needed to generate fat storage equivalent to
that seen in leaner subjects. Insulin resistance of adipose tissue
metabolism might then be seen as the metabolic mechanism
for readjustment of body fat content (Frayn et al., 1996a).

There are many reasons, however, for supposing that the
‘insulin resistance’ of adipose tissue metabolism is a major fac-
tor underlying the cardiovascular risk of established obesity
(Kissebah et al., 1976; Frayn and Coppack, 1992; Frayn, 1993;
Sniderman et al., 1998). Insulin resistance appears to affect
multiple metabolic processes in adipose tissue. Of these, the
most studied but perhaps least physiologically relevant is glu-
cose transport. In fact, there is divergent evidence for insulin
resistance of glucose utilization in adipose tissue in vivo in obe-
sity, some studies showing no such effect (Coppack et al., 1996)
but others showing impaired glucose utilization (Virtanen
et al., 2002).

Other metabolic processes that are responsive to insulin in
adipose tissue include suppression of fat mobilization by HSL,
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activation of LPL and stimulation of the pathway of fatty acid
esterification. There is evidence that each of these may become
‘insulin resistant’ in obesity (reviewed above for HSL and
LPL). The net effect may be increased delivery of fatty acids to
the circulation, especially in the postprandial period due to
failure to entrap fatty acids in adipose tissue (Frayn, 2002). The
adverse consequences of inappropriate fatty acid delivery in
the postprandial period have been reviewed recently (Frayn et
al., 1996b; 1997). In addition, there may be impaired clearance
of circulating TG in the postprandial period, due both to 
failure to activate LPL (Coppack et al., 1992; Potts et al., 1995)
and impaired postprandial vasodilatation in adipose tissue 
(Summers et al., 1996: Virtanen et al., 2002): substrate delivery
is an important component of LPL action (Samra et al., 1996b).

Obesity is characterized by widespread insulin resistance,
as noted earlier, so that it is reasonable to suggest that some fac-
tor associated with increased adipose tissue mass leads to the
development of insulin resistance in other tissues. The possi-
ble role of excess delivery of NEFA to the circulation has been
discussed above. Other candidates have, however, been sug-
gested. An interesting one is the cytokine, TNF-a. TNF-a is ex-
pressed in adipose tissue, and its expression is increased in
obesity (Hotamisligil et al., 1995). TNF-a is a powerful inducer
of insulin resistance in other tissues, including skeletal muscle
(Hotamisligil et al., 1994). In animal models of obesity, neutral-
ization of TNF-a with a specific antiserum markedly improves
sensitivity to insulin (Hotamisligil et al., 1993). The idea that
excessive TNF-a liberation from an expanded adipose tissue
mass might explain the widespread insulin resistance of obe-
sity (Hotamisligil and Spiegelman, 1994) is an attractive one,
but is not yet proven in humans (Koistinen et al., 2000). Other
so-called adipokines have been invoked to explain this link, 
as discussed earlier in the chapter. Resistin is a peptide 
secreted from adipose tissue that seems to produce insulin 
resistance in rodents (Steppan et al., 2001). However, the 
evidence about resistin has been conflicting even in rodents
(Way et al., 2001) and even more so in humans (Savage
et al., 2001; Janke et al., 2002; McTernan et al., 2002). This is an 
interesting and developing area but it is outside our scope.

The quantitative relationship between degree of obesity and
insulin resistance is not particularly strong (Bogardus et al.,
1985), although it is certainly true that the vast majority of
obese people are insulin resistant (Clausen et al., 1996). Some of
the variability observed undoubtedly reflects variations in fat
distribution: it is clear that visceral or upper body fat distribu-
tion is more strongly associated with insulin resistance than
lower body fat distribution (Björntorp, 1991b; Kissebah and
Krakower, 1994).

There is an ongoing debate on which of the abdominal fat
compartments, visceral or subcutaneous, is most strongly as-
sociated with insulin resistance (Frayn, 2000). Excess supply of
NEFA from visceral fat directly enters the portal circulation
and could have several adverse effects on hepatic metabolism,
leading to hyperglycaemia and hyperinsulinaemia. Although

subcutaneous adipose tissue may be less metabolically active
(per unit weight) than visceral adipose tissue, it is a consider-
ably larger mass than the visceral fat compartment, resulting
in a large release of NEFA into the systemic circulation (Guo
et al., 1999). Abate et al. (1995) concluded that subcutaneous 
truncal fat plays a major role in obesity-related insulin resist-
ance in men, whereas intraperitoneal and retroperitoneal fat
have a role of less importance. The impact of type 2 diabetes on
insulin sensitivity is much greater than that of obesity (Hollen-
beck et al., 1984), although within subjects with type 2 diabetes,
the degree of obesity is a major determinant of insulin re-
sistance (Campbell and Carlson, 1993). The latter observation
suggests a reason why weight loss can induce marked im-
provement in glycaemic control in type 2 diabetes (Campbell
and Carlson, 1993).

Alterations in adipose tissue metabolism in obesity may
therefore have profound effects throughout the body. It can
certainly be argued that adipose tissue is a key site of the
pathogenesis of the diverse metabolic consequences of 
obesity.
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Introduction

The role of dietary composition in modifying the risk of excess
weight gain has become a subject of intense interest since the
issue of obesity gained prominence as a new public health
problem (WHO, 2000). The major policy implications affect in-
dustrial interests and therefore have political implications.
The problem of excess weight gain is also of considerable 
clinical significance. Few doctors know how to handle the 
distinctions between the nutritional and dietary factors which
contribute to managing weight loss and those dietary princi-
ples which contribute to the primary prevention of weight
gain, or of regain in those patients who have lost weight. Addi-
tionally, there is also often confusion about the role of different
macronutrients, i.e. fat, carbohydrate, protein and alcohol,
and how to cope with new propositions suggesting that partic-
ular aspects of dietary composition, affecting either the struc-
ture or detailed composition of the macronutrient, influence
metabolism or weight management. This chapter provides an
overview of these issues, how to assess the energy needs of
obese patients and whether obese patients have a particular
propensity to metabolize nutrients differently, thereby limit-

ing their ability to lose weight and their tendency to weight re-
gain. First, however, it may be helpful to understand why peo-
ple are eating as they do and how this dietary pattern is
different from the foods available during the evolutionary
pressures on humans.

An evolutionary perspective: the
importance of animal protein and essential
fatty acids

There has been some debate about how dietary factors have af-
fected the evolutionary development of human energy needs,
and what these imply in terms of the types of food which, ide-
ally, we should eat. Particular interest has been taken in the
idea that, as Homo sapiens evolved in Africa, early humans
moved from a vegetarian existence, seen in other primates, to
an omnivorous lifestyle characterized by the need for the
hunting of animals as well as the gathering of fruits and roots
from the jungle. The food habits of early man have been
claimed to be particularly rich in animal protein with a plenti-
ful supply of fruit, leaves and root vegetables (Eaton et al.,
1988). Crawford and Marsh (1989) have highlighted the step
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change in the increased brain size of man compared with other
non-human primates and suggested that this induces an 
intrinsically greater need for the n-3 essential fatty acids
(EFAs) for brain myelination and development than in other
primates and animals (except the dolphin!). The supply of
these n-3 EFAs was assured by the availability of fish from
rivers, thereby directly providing the essential long chain n-3
EFAs as well as the appreciable amounts of the precursor n-3
fatty acid, linolenic acid. Linolenic acid was in addition found
in tree nuts and in the membranes of lean animals, which were
also consuming a wider range of linolenic acid-containing
plants than those eaten by man.

Crawford emphasized the importance of rivers and the sea
coast not only in allowing the ready transport in primitive
boats of humans out of Africa, but also in providing a ready
source of fish protein enriched with these essential fatty acids.
The fish and other meats also provided rich sources of min-
erals such as zinc and iron needed to ensure effective growth,
immunity and haematopoiesis in areas where malaria was
rampant. Thus, the movement of tribes down the Nile delta
into the Mediterranean and through the Arabian Sea led to the
development of the first outstanding civilization between the
Tigris and Euphrates (in present-day Iraq), where the family
groups benefited from nutrient-rich river deltas ideal for fish
and the development of semi-permanent hamlets.

Then, 10 000 years ago, came the discovery of the ability to
keep cereal seeds in a dried form for eventual consumption
and for planting prior to the next season. This led to the first
formal agriculture. Towns and cities were viable because it
was now possible to store good sources of energy from cereals
on cleared land that could then be intensively cultivated. The
body was used to handling the carbohydrates found in fruits
and roots but what are traditionally called complex carbohy-
drate sources of cereal origin were, in evolutionary terms, new
major food sources. There seems to have been, over the very
few millennia since then, little opportunity for evolutionary
pressures on humans to alter markedly their normal process-
ing of nutrients. Famines and long periods of semistarvation
have probably been of importance in selecting metabolically
efficient humans, preferably of small size, as emphasized 
by Neel’s development of the thrifty genotype hypothesis
(Neel et al., 1998) and Prentice’s highlighting of the numerous
famines over the last 10 000 years (Prentice, 2001). Certainly
humans as well as animals have highly effective and du-
plicated neurohormonal mechanisms that trigger greater food
intakes and behavioural responses to food deprivation, but
only modest systems for shutting off excess consumption 
(see later).

Biological evolution in terms of 
dietary availability

The traditional mammalian and early human diets were very
low in fat, with intakes probably of the order of 10% of total en-

ergy and most of the dietary fatty acids in unsaturated forms
derived from plants, fish and the membranes of other animals.
Similarly, sugar intakes were very modest and derived mainly
from ripe fruit. Perhaps in keeping with this evolutionary his-
tory, humans have specialized taste receptors for sweet, salt
and the umami taste which is derived from glutamine and
other amino acids found in animal proteins. There is also a
great appreciation of the mouth feel and olfactory properties
of different fats. Thus, these primeval drives relate to rare and
essential dietary features with sugars/sweetness being a 
surrogate for the drive for energy.

Fat intakes

The traditional Mediterranean, Chinese and Japanese diets
consumed until about 50 years ago contained very modest
amounts of fat (15–25% energy), although extremely active
Cretan shepherds, studied as part of the famous Keys’ Seven
Country Study (Keys, 1980), had higher intakes from olive 
oil than was normal in the Mediterranean area at that time
(Ferro-Luzzi et al., 2002). Dietary fat has traditionally been
seen as a rare commodity that amplifies the quality of the diet
because it usually contains volatile fatty acids, and other
odours, which are readily sensed by the 300 or more human 
olfactory receptors and perceived as extremely attractive. In
addition, humans (as well as animals) enjoy the ‘mouth feel’
and melting qualities of fats. This feature is poorly understood
and does not seem to relate to specific taste or olfactory recep-
tors, but it is increasingly being studied, for example, by
chocolate manufacturers!

The transformation in food supply and its effects
on macronutrient intake

Butter was a traditionally expensive food, available only to the
rich. With the French invention of margarine in the nineteenth
century, with its better keeping qualities, it became possible to
obtain cheaper fat. Then, in the twentieth century— particular-
ly after the Second World War— there was a universal govern-
mental initiative, with huge subsidies of agricultural research,
buildings and equipment, as well as direct payments for crop
and animal production. This led to a remarkable increase in
animal protein and crop production and substantial increases
in the availability of butter and vegetable oils. These prized
commodities could then be eaten even by the poor. Detailed
UK and US studies showed the relationship between stunted
sick children and their prevailing appalling diets and poverty
(Boyd Orr, 1936). Stunting could be remedied if the diet had
more animal protein— stunted children then grew. This led to 
a strategic focus on intensive agricultural production. Thus, 
as countries became more affluent and went through the 
so-called ‘nutrition transition’, there was a marked increase in
sugars, fats, oils and animal protein. This ‘cheap food’ policy
allowed even the poor to eat plenty of meat, butter/fats and
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sugar and thereby obtain the animal protein conducive to their
children’s growth, as well as plenty of energy from fats and
sugars to maintain physical workload.

Unfortunately, this food policy was associated with a huge
epidemic of coronary heart disease in the 1940–60s, affecting
first the more affluent and agriculturally most innovative
countries. Cardiovascular disease and especially coronary
heart disease have become the biggest causes of death and dis-
ability in the world, and particularly now in developing coun-
tries (WHO, 2002). Western countries responded from the
1970s by removing the overt fat from carcasses and manipulat-
ing the fatty acid composition of vegetable oils to first lower
the saturated and later the trans fatty acid content. However,
they maintained the production of less metabolically adverse
fats to fill cheap but desirable foods, e.g. fried and baked prod-
ucts. These are sold in huge amounts on the basis of ‘consumer
choice’, with incomprehensible, although compositionally 
accurate, food labels. Heart disease rates fell as the saturated
fatty acid intakes came down (Stephen and Wald, 1990), but
obesity and diabetes rates escalated as total fat and sugar 
intakes went up further (see later). Soon the industrial produc-
tion of excess beef, fat and oils exceeded the food needs of af-
fluent societies and so were dumped, with huge US, EU and
Japanese farming and export subsidies, on the developing
world where now coronary heart disease deaths and disability
numbers exceed those of the developed world (Ezzati et al.,
2002) and obesity rates are escalating (Popkin, 2001).

Sugars

The traditional Mediterranean, Chinese and Japanese diets
contained negligible amounts of free sugar, the only sugar
coming from the modest amounts in ripened fruits and veg-
etables. These staple foods of early man were important
sources of energy, so perhaps it is not surprising that not only
are there specific taste receptors for sweetness, but also that 
the thresholds for discriminating sweetness fall and the 
pleasurable appreciation of sweet tastes increases when the
body is deprived of energy and sweet sensations. This pleasur-
able sensation arises from the linking of the primary afferent
input from the taste-related neurons to the limbic system,
which responds to the development of pleasant tastes. Dried
fruits were therefore sought-after commodities; later it was
found that sugar cane could be crushed and processed to 
extract crystallized sugar. In the second half of the twentieth
century, sugar beet growing was encouraged in temperate 
climates, which resulted in a vast multibillion dollar trade 
in sugar being produced in excess, and marketed as one of 
the cheapest, as well as universally desirable, commodities.
Sugared drinks, including teas, and confectionery have 
been prized for centuries and the remarkable expansion of 
the soft drink industry globally is another indication of a 
manufacturing response to biological drives and commercial 
opportunities.

Fructosans and corn syrups

The industrial intensification of cereal production became so
effective that production exceeded even the huge demand for
cattle-lot feeding. It was then discovered that corn could be
treated industrially with fermenting enzymes to produce
food-quality syrups, rich in fructose and mixtures of varying
molecular weight saccharides. These could then be sold in
bulk for use in soft drinks and foods instead of using the pro-
ducts for industrial alcohol production or other less profitable
enterprises. Thus, corn syrup and fructosan use has escalated
remarkably and has been linked observationally to the devel-
opment of obesity in the US by Bray and others (Bray et al.,
2004, in press). Elliott et al. (2002) now propose that the marked
increase in fructose, as distinct from glucose, intake is particu-
larly conducive to the development of obesity and its comor-
bidities for a variety of metabolic reasons (see below).

The combination of fats and sweets is an even more power-
ful and pleasurable stimulant, as Drewnowski (1998) has 
emphasized. It is little wonder that food manufacturers, re-
sponding to taste panels and sales returns, have focused, par-
ticularly in the last 20 years, on providing this evolutionarily
rare but highly prized sensory mix as a routine in an increas-
ingly varied number of foods made for convenient consump-
tion. They have then gone further and recognized that more
can be consumed if, for example, cereal-based products are re-
fined to remove their bulk by disrupting the cellular structure
of the cereals and therefore limiting the water bulking nature
of the grain. These ‘fast food’ products are easily consumed
but, from a weight management point of view, they are very
energy dense, i.e. high in kilocalories per gram of product.

Energy density and food intake

Clearly, fat with its intrinsic energy value of 9 kcal/g is more
energy dense than sugars (4 kcal/g), so if both are contained
within foods with little bulking water, they can readily be con-
sumed, stimulate pleasurable sensations and yet provide sub-
stantial amounts of energy. Prentice and Jebb (2003) have
recently provided an excellent summary of the huge variation
in the energy density of present-day Western foods and com-
pared them with traditional unrefined cereal-based African
(Gambian) foods. Figure 9.1 shows that fats dominate the 
development of high energy density foods but some high-
quality ‘Western’ products can be produced with similar 
energy densities to the Gambian foods.

Energy density has an important impact on daily food 
intake: if volunteers are offered a variety of foods that have had
either their fat or their sugar content manipulated then the
normal response of adults is to eat the same volume of food as
usual, i.e. there is no immediate adaptation in intake to reduce
overall consumption when the fat or the sugar content is 
surreptitiously raised (Stubbs et al., 2001). This means that 
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normal adults who are provided (unwittingly) with an array
of high-fat foods, providing 60% rather than 20% energy as fat,
automatically continue to eat the same volume of food for sev-
eral days and can accumulate 2 extra days’ energy intake, for
example 5000 kcal, within 1 week without consciously or sub-
consciously responding to the higher energy density of the
meals. Figure 9.2 provides an integrated graph of studies
(Prentice and Jebb, 2003) on the responses during the first 2
weeks to changes in the energy density of the diet and indi-
cates this in terms of the proposed limits for low, medium and
high energy density foods suggested by Cameron-Smith and
Egger (2003). Clearly, the types of foods that are being con-
sumed at present by many Western populations (see Fig. 9.1)
are highly conducive to weight gain, particularly if the indi-
viduals are inactive.

The effective normal control of food intake in
relation to dietary macronutrients

Animal studies have shown that body weight is remarkably
well regulated when animals live under their normal environ-
mental conditions. In rodents, and perhaps in man, there are
separate systems for physiologically altering the choice of
foods so that animals seek and eat an appropriate combination
of foods to meet their needs for both protein and energy. 
Animal experiments show that the quality of the protein af-
fects intake and that essential amino acids, and an appropriate
balance of amino acids in relation to the growing needs of the
animal, govern the amount of protein consumed. Protein-rich
foods readily lead to satiety and rodents are particularly likely
to then search for sugar-rich carbohydrates to meet their 
energy needs. These two systems are traditionally associated
with different neurophysiological mechanisms.

Some of these findings seem to apply to humans and, under
normal environmental conditions, total energy intake is ex-
ceptionally well controlled. Fomon and colleagues (1969)
showed that when babies have their milks diluted they will
rapidly adjust the volume of milk consumed to maintain their
energy intake. Normal adults also respond to intakes, for ex-
ample a soft drink 30–60 min before a normal meal, but may
not compensate fully, particularly if the pre-meal snack or
drink contains fat (Cotton et al., 1996). The energy content of
the early part of a meal, e.g. a soup, is also unconsciously
sensed so that either immediately or over a 3–4 day period
people spontaneously alter their intake of the main course to
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compensate for the physiologically perceived energy content
of the early part of that meal. The quick responders alter their
main course intake rapidly, whereas the slow responders take
up to 4 days to adjust (Booth et al., 1976).

Visual and other taste and olfactory cues are also triggered
so that unconsciously a highly coloured or flavoured item on
the table, presented with a high-energy soup, automatically
leads subsequently to a reduced intake of the main course.
Then, if that day’s soup is changed to a lower energy content,
the visual and/or olfactory cues confuse the short-term regu-
lation of intake and it takes the slow responders a further 3–4
days to readjust, provided that there is a consistent conjunc-
tion of the soup’s energy content and the colour/taste of say a
yoghurt pot on the table (Booth et al., 1976)!

This physiological control of behavioural responses 
explains why so many clinical studies lead to confusing results
without very careful control of the circumstances of testing.
Readers may also be familiar with the sudden marked satiety
that develops after a weekend of exceptionally large meals. 
Indeed, the control of energy intake is so effective with 
rapid, medium- and longer term adjustments that in almost all
people energy intake is controlled on a month-by-month basis
to within about 1% of body needs. A consistent 2% error will
lead within a year to about a 5-kg gain or loss in weight, where-
as even in our modern conditions— so conducive to weight
gain— the average weight increase of the average man or
woman amounts to 0.5–1.0 kg per year— an error of less than
1.5% of energy turnover.

The control of food intake in young women is more complex
because they have a menstrual cycle-linked fall in energy 
intake in the pre-ovulatory stage of the cycle— and a smaller
hormonally controlled fall in basal metabolic rate (BMR)—
followed by a post-ovulatory rise in intake and BMR. Thus,
there is a negative energy balance before ovulation and a posi-
tive balance post ovulation in premenopausal women not 
taking an oral contraceptive (Bisdee et al., 1989). On a month-
by-month basis, they remain in balance unless general circum-
stances lead to their eating more than their energy needs. If
women then become pregnant, their post-ovulatory positive
energy balance persists so that they accumulate energy, this
positive balance being accentuated in most societies by the
marked fall in physical activity in the third trimester when the
women’s BMR related to fetal and uterine metabolism rises.
Only when women have to continue their physical activity in
late pregnancy does their physiologically controlled intake go
up (Durnin, 1987). Yet once breast-feeding starts, the mothers
immediately become very hungry as they cope with the extra
750 kcal per day energy demand for breast milk production;
some of this energy comes from stored fat.

Traditionally, women on low-fat diets, i.e. 15–20% fat, with
little or no added sugars do not gain weight during adult life,
as seen in Japanese or Chinese societies. After the menopause,
when their menstrual cycling of intake and BMR wanes and
then eases, weight gain may occur (Yoshiike et al., 2002). In so-

cieties in which the breast-feeding rate is low, post-pregnancy
weight gain is more common, in part because of the failure to
reduce the extra body fat physiologically produced in antici-
pation of breast-feeding.

Genetic factors also influence intake, BMR and exercise pat-
terns (Bouchard et al., 1997), but compensatory intake mecha-
nisms seem better in the young, as shown by the subsequent
restitution of body weight in young compared with older
overfed adults who had gained weight (Roberts et al., 1995).
The control of intake is also normally downregulated with 
increasing age. The last few decades of progressive mecha-
nization and computerization of the home, transport and
work have led to most people in affluent societies becoming
sedentary. The secular and age-related fall in food intake of the
young active man to the same individual 45 years later has
been shown to amount to about 270 kcal per day for each
decade of declining activity, with little or no change in the
metabolic efficiency of the declining lean body mass (James
et al., 1989).

Dietary factors overwhelming the normal control
of food intake

Despite this regulatory ability of humans to control their
weight, three factors, already highlighted, seem able to bypass
or overwhelm the normal control of food intake and thereby
induce weight gain: (a) an increase in dietary fat that seems to
have less satiety-inducing properties (Astrup, 2001; Bray et al.,
2004); (b) raised sugar intakes, particularly if given between
meals in drinks (De Castro, 1993; Raben et al., 2002); and (c) a
sedentary state.

Inactivity automatically demands that our physiological
downregulation of intake is effective even when confronted
with societal pressures to take part in social events where
meals, often of high density, but of unknown composition, are
served. When these, and other foods, are available with visual-
ly attractive variety and highly desirable sweet/fat options of
high energy density then the habitual amount of food, based
on physiological behavioural programming, breaks down.

Cotton et al. (1996) showed that an evening meal that is rich
in fat is particularly conducive to inducing a positive energy
imbalance because the opportunity for short-term physiologi-
cal compensation by going to sleep overnight and then having
a standard breakfast (if consumed at all) is lost. The same calo-
ries, however, taken as a large breakfast can lead to physiolog-
ical adjustments in intake at lunch time and during the rest of
the day. Furthermore, substantial amounts of fat or sugars in 
a single meal— for example, at a weekend— will not entrain a
consistent subsequent fall in appetite because the input is
episodic. Therefore, having the main meal of the day in the
evening and episodic feasting, particularly with high-
fat/sugar meals, may circumvent our normal energy balance
controlling mechanisms.

The difference in the effective control of intake with age is
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also seen when people are presented with large portion sizes.
Orlet Fisher et al. (2003) have shown that babies and very
young children do not respond to the presentation of an 
abnormally large portion of food or drink, whereas older 
children and adults spontaneously consume more when given
larger portions. These greater portion sizes are presented by
food marketers as a desirable and economically attractive 
option so that psychological and social factors, together with
marketing pressures, can confuse, and indeed overwhelm, the
normal physiological regulation of food intake.

Energy requirements and how to assess
them in normal and obese subjects

Monitor food patterns not energy intake

Doctors and dietitians have traditionally assumed that all they
have to do to assess energy needs is to ask the individual or 
patient to recall or write down what he or she has had to eat ei-
ther the previous day (the 24-h recall method) or over the last
week, month or year (dietary history methods). Alternatively,
patients can be asked to write down details as they eat their
meals and snack, and provide some indication of the quanti-
ties eaten over a week or two. The health professional can even
go further and specify that they weigh everything to obtain re-
ally accurate records. This is time-consuming and difficult if
meals are taken out because recipes are unavailable for check-
ing the hidden fat and sugar intakes.

Unfortunately, all of these methods may give extremely 
inaccurate results, particularly in obese people — the more
overweight the subject the greater their underestimation of ac-
tual routine energy consumption. The 24-h recall technique,
even in good hands, produces on average a 20% underesti-
mate, and dietary histories have to be taken very carefully, for
example with food models and urinary checks to assess
whether the urinary nitrogen output is consistent with the
supposed dietary protein intake (Kipnis et al., 2002). Even the
‘gold standard’ method of weighing everything unfortunately
leads some individuals — particularly weight-conscious
women and overweight subjects — to unconsciously reduce
their intake as shown by their weight loss during the measure-
ment period. These biases led nutritionists and doctors to be-
lieve that obese patients were really existing on 800 kcal per
day and yet failing to lose weight when in practice they were
consciously or unconsciously failing to register what they
were really eating. The fundamental point is that weight loss
always occurs (in the absence of occasional water accumula-
tion) when energy intake falls below energy needs.

Food diaries are still, however, exceptionally valuable if
doctors can train themselves to be non-judgemental and sup-
portive. This way, patients asked to record both a food diary
and the amount of activity they undertake for a week or a
month but, who fail to lose weight, will often come to realize

their inappropriate patterns of eating. They may have consid-
ered these to reflect unusual celebrations when in practice the
diary shows them to be routine. They may also be surprised to
realize how sedentary they are.

Predicting or measuring energy needs as a true
index of normal food intakes

These concepts of inaccurate food records led to the develop-
ment of a new approach that relies on predicting total food
needs. Figure 9.3 shows that a substantial proportion of food
needs reflects the demands of the BMR. The BMR is highly 
reproducible (1–2% variation at most) if measured with great
care, and prediction equations based on BMR measurements
on over 11 000 adults globally were developed (Schofield et al.,
1985), which take account of women’s lower BMR for their
weight. Women have more fat and less metabolically active
lean tissue, otherwise known as fat-free mass (FFM), so their
BMR and total energy needs are about 80% of that of men of the
same age and weight. The BMR equations also reflect the fall in
FFM with age— the FFM itself does not decline in its metabolic
rate with age. Figure 9.3 shows how much the energy needs
decline with age and how food intake control seems to be per-
manently reset at a higher level in post-obese people, despite
what would have been expected for their weight-related lower
energy requirements.

To this BMR can be added about 10% of the total energy 
intake which, on average, is the cost of digesting, absorbing,
storing, processing and oxidizing the energy consumed. This
has been called diet-induced thermogenesis (DIT) because it is
an inevitable use of dietary energy just to remain in energy 
balance. Protein intake leads to about 10–20% of its energy
being used in its assimilation, whereas the cost of storing fat is
very small— about 3–5%. Glucose storage as glycogen costs 5%
of the glucose energy consumed but much more is used if syn-
thesized into fat. This fat synthesis is, however, unusual in 
humans on modest fat intakes because any extra energy is
readily stored from the dietary fat component with the dietary
carbohydrate being oxidized preferentially to fuel metabolic
processes. Thus, overfeeding with fat leads to very small 
increases in thermogenesis (Dallosso and James, 1984), where-
as carbohydrate overfeeding induces a greater metabolic 
response but with the associated dietary fat then being 
preferentially stored (Bisdee and James, 1985).

Once the BMR is measured or estimated then it is possible to
predict the total amount of energy being used, depending on
whether people are engaged in light, moderate or heavy phys-
ical activity. To simplify the concepts, the DIT costs are incor-
porated into the costs of physical activity and express the total
energy output as a physical activity level (PAL) that is the ratio
of total energy expenditure to the BMR. This concept is now 
almost universally used because it takes account of the fact
that moving around costs more in heavier people. The average
PALs can then be estimated for men and women and their total
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energy requirements displayed (Fig. 9.3). All of these values
are specified and take account of the subject’s age, sex and size.
Note that in general the literature shows that women are less
physically active than men, so the PAL ranges are crude esti-
mates of the energy needs of men and women of all ages and
weights, but of different physical activity levels. The heavy
physical activity values are, however, rarely of relevance be-
cause this level of exertion is so unusual in most industrialized
societies. Multiple studies with doubly labelled D2

18O water,
the new reference method for the accurate but extremely 
expensive monitoring of total energy expenditure, have
shown that these PAL and BMR estimates are far more 
accurate than those based on food diaries or history-taking to
assess food habits (see Chapter 2).

Are obese subjects more metabolically efficient?

We showed many years ago that the DIT (Shetty et al., 1981) and
the metabolic response to the sympathetic nervous system’s
metabolic drive (Jung et al., 1979) seemed less in both obese 
and, more importantly, post-obese subjects (i.e. formerly 
obese individuals) who are now of normal weight and have a
family history of obesity. The differences were small and had to
be measured with meticulous care. Children of overweight 
parents were also observed to be both lower in their resting 
metabolism and less spontaneously active (Griffiths and

Payne, 1976) and members of obese Pima Indian families had a
family-associated lower resting metabolic rate and were more
prone to subsequent weight gain (Ravussin et al., 1988). Fur-
thermore, Bouchard, in his classic, highly controlled twin 
overfeeding studies (Bouchard et al., 1990), showed that twin
pairs differed greatly in their weight gain but the differences 
between monozygotic twins were very small.

Given the recognized multiple genetic contributions to the
susceptibility of different individuals to weight gain, the issue
is whether there are differences in the handling of carbohy-
drates, fats and protein, which might explain these different
susceptibilities as highlighted by Bouchard. There is some 
evidence that the formerly obese individuals have a lower 
oxidation rate of fats and therefore oxidize more glucose (Lean
and James, 1988) when studied with meticulous care in whole-
body calorimeters. These results could have reflected possible
longstanding physiological adaptations to the prescribed
lower fat intakes for post-obese subjects and not to genetic 
differences. Many other studies of BMR or DIT have, in 
practice, failed to pick up differences, but the authors then 
conclude, incorrectly, that the individual metabolic differ-
ences do not exist or are unimportant (James et al., 1987a).

Many years ago, Dugdale and Payne (1971) proposed that if
an individual stored more of their energy during the day as
protein rather than glycogen or fat then they would automati-
cally be using more dietary energy to synthesize proteins. If
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hard to sustain. The BMRs can be estimated as shown in Table 9.2, based on the original Schofield et al. (1985) equations, with more robust data provided to the
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they also gained more FFM than fat during weight gain then
they would have a greater BMR as well as an enhanced DIT,
thereby limiting the further long-term accumulation of ener-
gy. Reanalysis (Dulloo et al., 1996) of both the differential
weight and FFM losses and regain in the classic Minnesota
semistarvation studies (Keys et al., 1950) showed a marked
variation in the ratio of energy deposited or lost as protein (this
being called the ‘p value’ for an individual) (see Chapter 5).
However, this ‘p ratio’ is not easily measured, even with the
more sophisticated techniques of protein turnover measure-
ment that we introduced for use in humans. Nevertheless, it is
clear that there is a limit to the amount of FFM that can be accu-
mulated or lost as protein on normal diets, so the fatter the per-
son, the smaller the ‘p ratio’ for subsequent further weight
gain (Forbes, 1987). If a patient continues to overeat despite
pre-existing weight gain then the increment of metabolically
active FFM that can then be laid down falls to 15–20%. This in
turn means that, as Schutz (1995) showed, even more weight
has to be accumulated before sufficient FFM has been gained
to burn off the extra kilocalories coming from the excess 
intake.

If discrepancies of only 0.5–1.0% in energy turnover explain
normal weight gain, a metabolic basis for an individual’s
weight gain could be responsible for their susceptibility to
obesity. These interindividual differences are, however, small
compared with the more readily measured rates of energy 
intake and expenditure. As daily food intake varies even 
more than physical activity, this means that appetite control is
exceptionally well controlled. The issue is whether small 
discrepancies in intake control, or interindividual metabolic
differences, dominate in the determination of who gains
weight. The societal shifts in weight must, however, be 
explained by the failure of most people to adapt their intakes
perfectly. When young adults stop playing sports this often in-
duces energy imbalance and weight gain. The weight gain in
women following the menopause is probably a reflection of
the changes in the hormonal control of appetite (see below).
Thus, societal, social and personal factors, as well as interindi-
vidual differences in metabolism, probably determine why
one person rather than another gains weight.

Gender-based differences in metabolic efficiency

We showed that men automatically gain more protein per unit
weight increase than women and thereby burn more calories
and so gain less weight before again achieving energy balance.
This seems to be a reasonable explanation for why in most 
societies women on average are more obese than men (James
and Reeds, 1997). The limits on FFM accumulation also help to
explain why there is a remarkable shift in BMI distribution
curves in the population so that extreme obesity (BMIs > 40)
increases far faster than expected from the average weight
gains of the population. The rebalancing or a plateau in weight
with an excess intake of only 50–100 kcal per day may take 3–5

years to achieve because of the incremental diurnal effects of
energy storage during the day and loss at night (Schutz, 1995).
At these extreme weights, with less extra FFM/kg weight
gained, about 8000–8500 kcal/kg have been stored rather than
the usual 7000–7700 kcal/kg. This amplifies the difficulty of 
losing weight because in practice a daily deficit of 1000 kcal
will still require 2–3 years for many very obese individuals to
lose all the excess weight that they had slowly stored over
20–30 years.

Optimum macronutrient intakes

Table 9.1 gives the World Health Organization’s recent assess-
ment of nutrient needs for the population. Here the fat intake is
set at 15–35%— the latter higher figure assumes there is a sub-
stantial amount of physical activity that in practice is unusual.
The World Health Organization, from an obesity point of view,
had considered 20–25% fat as the upper limit for fat intakes
(WHO, 2000). This lower fat limit is also more appropriate for
combating hypertension as shown by the DASH trials (Sacks

Table 9.1 Ranges of population nutrient intake goals.

Dietary factor Goal (% of total energy, unless 
otherwise stated)

Total fat 15–30%

Saturated fatty acids < 10%

Polyunsaturated fatty acids (PUFAs) 6–10%

n-6 Polyunsaturated fatty acids 5–8%

n-3 Polyunsaturated fatty acids 1–2%

Trans fatty acids < 1%

Monounsaturated fatty acids (MUFAs) By difference*

Total carbohydrate 55–75%†

Free sugars‡ < 10%

Protein 10–15%¶
Cholesterol < 300 mg per day

Sodium chloride (sodium)§ < 5 g per day (< 2 g per day)

Fruits and vegetables 400 g per day

Total dietary fibre From foods**

Non-starch polysaccharides (NSP) From foods**

*This is calculated as: total fat (saturated fatty acids + polyunsaturated fatty

acids + trans fatty acids).

†The percentage of total energy available after taking into account the

energy consumed as protein and fat, hence the wide range.

‡The term ‘free sugars’ refers to all monosaccharides and disaccharides

added to foods by the manufacturer, cook or consumer, plus sugars naturally

present in honey, syrups and fruit juices.

§The suggested range should be seen in the light of the Joint WHO/FAO/UNU

Expert Consultation on Protein and Amino Acid Requirements in Human

Nutrition, held in Geneva from 9–16 April 2002.

¶Salt should be iodized appropriately. The need to adjust salt iodization,

depending on observed sodium intake and surveillance of iodine status of

the population, should be recognized (WHO, 2003).
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et al., 2001) and even lower intakes were used by Ornish to 
reverse the poor atheromatous state of patients with pre-
existing coronary artery disease (Ornish et al., 1990). Table 9.1
includes a 10% figure for added sugars, which reflects the new
concerns about the effects of free sugars, e.g. in sugary drinks,
on energy imbalance (Raben et al., 2002).

The report also proposes exercise patterns equivalent to
PALs of 1.7–1.8, which demand 60–90 min of daily active 
walking to help with weight maintenance. This differs from
the previous proposal for 30 min five times weekly, which was
suggested on the basis of the recognized cardiovascular bene-
fits of some exercise in the current state of exceptionally inac-
tive Americans. Morris’s original studies emphasized the
importance of some vigorous activity to obtain cardiological
fitness to prevent myocardial infarction (Erlichman et al.,
2002a,b).

The adjustments in food-intake control 
with weight gain: implications for weight
loss diets

The histograms in Fig. 9.3 illustrate the fact that, as patients
gain weight, their BMR and total energy expenditure rise un-
less they reduce their physical activity (as often happens,
seemingly, in response to the handicap of moving their heavier
weight around) (Petersen et al., 2004). Nevertheless, over-
weight and obese patients are usually eating more than people
of the same age and height, which seems strange if their long-
term food-intake control is working properly. This regulated
but higher intake of food seems to suggest an upward read-
justment of the apparent ‘set point’ of appetite control. This is
in keeping with careful clinical observation: when obese 
patients are put on a severely restricted diet one might expect
them to simply lose weight without any desire to eat, given
their huge energy stores. In reality, they immediately respond
as if they are being semistarved!

Thus, as with normal-weight volunteers who are experi-
mentally semistarved, there is a sharp 15% fall in their BMR
and an immediate induction of hunger with a natural food-
seeking response (Leibel et al., 1995). This implies that, unlike
Roberts’ studies (Roberts et al., 1995) on acute overfeeding in
the young, the pathophysiological adjustment in food-intake
control makes it more difficult to lose weight. Indeed, studies
of post-obese people showed that they considered themselves
as severely restricted in what they could eat years after losing
weight, and therefore recorded spuriously low intakes for
their measured total expenditure. The much larger groups of
formerly obese individuals studied in the US also show a 
continuing obsessive and conscious control of their food in-
take and a determination to exercise substantially— dissipat-
ing 2000–3000 kcal per week by exercising in an attempt to
control their apparent pathophysiological drive to eat more
and regain the weight that they had lost (Klern et al., 1997).

Prescribing a weight loss diet

The implications of these marked differences in energy needs
relating to gender, weight, age and physical activity are impor-
tant clinically. It is inappropriate, given the huge differences in
energy needs, to simply put all patients on a calorie-restricted
diet with a total intake of, for example 1000 kcal per day — the
bigger the person the greater their present intake so on a stan-
dard low-calorie diet these very heavy patients will get an 
intense physiological drive to eat and resist weight loss. This
led us to propose (Lean and James, 1986) and then use a deficit
diet that provides 500–600 kcal less than their individually 
estimated energy needs. This deficit diet scheme is now used
in most clinical drug trials of weight loss (Finer et al., 2000;
James et al., 2000). Figure 9.4 provides graphs to specify the 
energy intake of patients on an energy-deficit diet, and the 
appropriate total fat, saturated fat and protein intakes.

It has been shown that, whether patients are placed on a
1000-kcal or a 500-kcal deficit diet, they lose weight at the same
rate because, again unconsciously, those on a 1000-kcal deficit
adjust their intake to limit their deficit to about 500 kcal
(Toplak et al., 2002).

As weight loss occurs, the FFM inevitably declines, so the
BMR falls together with the physical activity costs of move-
ment. There are two components contributing to the fall in BMR.
The initial fall reflects an increase in the metabolic efficiency of
the FFM in response to a reduction in plasma T3 levels and a fall
in the adrenergic drive to the BMR-related tissues (Jung et al.,
1980). Subsequently, there is a slow progressive fall in BMR as
the FFM declines with weight loss (Prentice et al., 1991).

This reduction in energy output minimizes the impact of 
the energy-deficit diet, so a downwards readjustment in the 
energy prescription is needed if weight loss is to continue.
These deficit diets do not immediately stress the physiolog-
ical control of food intake and can be expected to lead to
7 ¥ 500 kcal/week = 3500 kcal, which amounts to about a 
0.5-kg weekly weight loss. A 10-kg weight loss leads to a 

Years BMR in MJ per day from body weight (W)

Male Female

10–17 0.074 W + 2.754 0.056 W + 2.898

18–29 0.063 W + 2.896 0.062 W + 2.036

30–59 0.048 W + 3.653 0.034 W + 3.538

60–74 0.0499 W + 2.930 0.0386 W + 2.875

75+ 0.0350 W + 3.434 0.0410 W + 2.610

Table 9.2 The predicted basal metabolic rates for males and females.

These values are based on Schofield et al. (1985), which were used by

FAO/WHO/UNU in their energy requirement report, but with the > 60-year-

old values taken from the UK Department of Health’s calculations using

substantially greater numbers of BMR values for those > 60 years.



Chapter 9

132

permanent fall in energy needs amounting to about 300 kcal
per day: a patient then has permanently to eat 300 kcal per 
day less, or do considerably more exercise, to maintain his 
or her lower weight plateau. Unfortunately, weight gain is
common because patients consider that once they have lost
weight they can then return to their previous food and exercise
habits.

Fats and fatty acids in relation to weight 
loss regimens

For several decades, formula diets were advocated for obese
patients, based on the concept that severely restricting the car-
bohydrate intake to below about 60 g per day would induce

ketosis and thereby put patients into an anorexic state as they
slim. The original 340–350 kcal diets of protein only with min-
erals and vitamins (e.g. the original Cambridge diet) were then
banned because it was considered that they had not been 
tested adequately for their long-term safety. In any case, a re-
analysis of the weight losses showed that, in practice, after 3
months, the patients could not have been keeping to the pre-
scribed diets because they failed to continue to lose weight at
the expected rate (James, 1984).

The re-emergence of the Atkins diet also reflects a scheme
for inducing ketosis but combines the low carbohydrate intake
with the use of an unlimited protein intake to help boost 
satiety. In the short term, despite the inappropriately high sat-
urated fatty acid composition, the weight loss itself allows a

3000

(a)

2800

2600

2400

2200

2000

1800

En
er

g
y 

p
re

sc
ri

p
ti

o
n

 (
kc

al
)

1600

1400

1200

1000

800
50 60 70

Present weight (kg)

18–29 years

18–29 years

75+ years

75+ years

60–74 years

60–74 years

30–59 years

30–59 years

70
25.0

Fat
Saturated

fat Protein
g/day

22.5

17.5

20.0

12.5

15.0

7.5
40

60

90

120

150

10.0

60

50

40

30

20

80 90 100 110 120

3000

2800

2600

2400

2200

2000

1800

En
er

g
y 

p
re

sc
ri

p
ti

o
n

 (
kc

al
)

1600

1400

1200

1000

800
50 60 70

Present weight (kg)

70
25.0

Fat
Saturated

fat Protein
g/day

22.5

17.5

20.0

12.5

15.0

7.5
40

60

90

120

150

10.0

60

50

40

30

20

80 90 100 110 120

(b)

Fig 9.4 Selecting appropriate energy and

macronutrient intake with an energy-deficit diet.

(a) Men; (b) women. Prescribing appropriate diets

for individual needs based on a 600-kcal deficit

diet (Lean and James, 1986) that provides 20%

total fat, 7% saturated fatty acids and 20%

protein. The energy prescription is based on the

BMR equations shown in Table 9.2, with the total

predicted energy need for weight stability

estimated on the basis of light activity with a PAL of

1.4. From these values, 600 kcal are subtracted to

provide the prescribed intakes needed (as shown)

when there is an energy deficit of 600 kcal. Thus,

the overweight or obese patient can be provided

with a specific series of menus with the maximum

appropriate fat content and with the additional

protein needed for individuals in energy deficit.

Free sugar intake should be limited to less than

10% of the prescribed energy diet.
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fall in plasma cholesterol and triglycerides (Samaha et al.,
2003) but there are, as yet, no studies showing the long-term
superiority of the Atkins diet in weight management. It is clear,
however, that it is very unwise to maintain a high saturated
fatty acid intake over a long period, as this has been proven to
increase markedly the risk of cardiovascular disease.

Weight loss is proportional to the lowering of the fat intake
(Astrup et al., 2000) providing that total energy intakes do fall—
ad libitum low-fat diets are less effective. There is also a debate
as to whether carbohydrate-rich diets should be modified to
include much more monounsaturated fat, for example from
olive oil, the new safflower or maize oils, thereby helping to
minimize the carbohydrate-induced rise in plasma triglyc-
erides, and a tendency for HDL-cholesterol to fall. Older
longer term studies, however, showed that this carbohydrate-
induced hypertriglyceridaemia is a short-term effect (Fried
and Rao, 2003). These studies underline the importance of not
being confused by short-term effects.

Carbohydrates, glycaemic index and fructosans

Many years ago it was emphasized that high fibre-containing
diets were needed for optimum colonic function and to mini-
mize the demand for insulin in the post-absorptive state, but
confusion arose over the most appropriate way of measuring
fibre. The most direct and logical approach is that based on 
Englyst’s methods, as his techniques monitor specific 
components of cellular carbohydrates. The non-starch 
polysaccharides are diverse in nature, with pectins and gums
having a lipid-lowering effect, whereas the less digestible
water cellulose-containing polysaccharides have greater
colonic bulking properties (Cummings et al., 1997). Insulin se-
cretion and the induction of insulin resistance depend in part
on the rapidity of glucose absorption, which can now be mea-
sured as rapidly digestible starches, but Jenkins and col-
leagues (2002) have developed a crude test for the glycaemic
properties of foods (Foster-Powell et al., 2002) and these diets
are becoming popular. There is some evidence that a low 
glycaemic index diet promotes weight loss. It also seems clear
that the induction of insulin secretion leads to greater energy
storage— as seen for example in the routine weight gain that
follows the more intensive treatment of diabetics with insulin
itself or sulphonylureas. Low glycaemic, fibre-rich diets are
therefore valuable components of diets aimed at minimizing
weight gain (Swinburn et al., 2004).

Fructose-rich diets, although not stimulating immediate 
insulin secretion, are now being invoked as particularly 
disadvantageous because the fructose eludes the normal 
glucose-mediated controls on metabolism and perhaps ap-
petite. The fructose is readily absorbed and transported into
cells, where triglyceride synthesis is stimulated (Elliott et al.,
2002; Bray et al., 2004). Thus, weight management needs to
take account of both the total energy intake and the type of fats
and carbohydrates in the advised dietary scheme.

Protein intakes

Although the usual diets eaten by mankind contain 10–15% of
the dietary energy as protein, there is an increased need for
protein once the energy intake is reduced below the mainte-
nance requirements. Thus, a protein intake that amounts 
to about 1.5 g of protein per kilogram ideal body weight is
needed for weight loss diets, and this higher intake not only 
reduces the loss of lean body mass (Layman et al., 2003), but
also helps to enhance satiety as previously noted. Thus, it is
useful to have up to 20% protein in weight loss diets.

Alcohol

Alcohol, once ingested, is preferentially metabolized and 
excess energy taken as alcohol seems to lead to selective fat
storage. On this basis, one might expect alcohol intakes to be
strongly related to excess weight gain. However, at higher 
intakes, alcohol induces microsomal oxidation, which then
dissipates energy without being linked to ATP turnover and
the propensity to weight gain. Thus, heavy drinkers are not
necessarily overweight and may even be thin, particularly if
the alcohol induces gastritis and other intestinal dysfunctions.
In management terms, alcohol has the disadvantage of not
only providing additional calories without nutrients, but it
can also lead patients to take a more relaxed view of their diet
and induce non-compliance with a prescribed weight reduc-
tion programme.

Salt implications in relation to obesity

Logically, salt would seem to have nothing to do with obesity
and metabolic needs but clinically it can be important for three
reasons.
1 It is of physiological significance; as highly salted foods
make children and adults thirsty, this amplifies the likelihood
in modern circumstances of greater soft drink or other calorie-
containing intakes.
2 The propensity of obese patients to hypertension will be 
amplified if they are on a high salt intake — a common feature
because of the obese patient’s higher absolute intake.
3 Attempts to treat the associated hypertension with 
angiotensin-converting enzyme (ACE) inhibitors are 
thwarted by high-salt diets; thus, clinicians need to consider
salt as well as the macronutrient needs of their patients.
Unfortunately, high-salt diets have been sought after for cen-
turies, substantial amounts of salt being used to preserve
foods, as well as to enhance or disguise the taste of different
prepared and cooked foods. Salt has been derived from either
sea water or the discovery of salt sources in pits and mines —
this formerly rare commodity was used as a form of payment
(the ‘salary’) by the Romans, with salt as well as spice trails
traversing the Andes, the Sahara and Asian trade routes for
centuries. Today, manufacturers deliberately keep the salting
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of foods high, not only to stimulate thirst but to enhance crude-
ly the taste of their products. In most Western societies, 85% of
salt comes from purchased foods, not cooking or table salt
(James et al., 1987b), so patients need explicit advice on food
purchases and the problems associated with high-salt intakes.

Conclusions

It is important to understand how to estimate patients’ energy
requirements and to recognize the likelihood of their being
confused about their energy intake. They will also be con-
stantly bombarded by the marketing of novel diets that are
often geared to providing a mechanism for constraining total
energy intake by advocating very specific foods, or eating 
patterns, which, in practice, means that the patients control
their intake.

Although the normal protein intake amounts to 10–15% of
energy in most normal diets, it is accepted that a higher protein
intake (e.g. 20%) not only helps to maintain satiety, but also
minimizes the loss of lean tissues when energy intake is below
that required to maintain body weight. In practice, low-fat
(e.g. 15–20%) diets are appropriate as long as the carbohydrate
intake is rich in plant-based, non-starch polysaccharides and
that the intake of added sugars is kept to a minimum. The stan-
dard use of a minimum of 400 g of vegetables and fruit per day
brings additional benefits in terms of both bulking, and the
cardiovascular- and cancer-protective properties of these 
dietary components. Thus, patients who are put on a carefully
arranged programme of eating with a low energy density diet
may find themselves eating far more in weight terms than they
have consumed for many years. The heavier patient may also
be able to progressively lose weight on diets that contain
2000–3000 kcal per day, depending upon the degree of over-
weight of the patient and their estimated energy requirements.

The biggest challenge is to change the microenvironment of
the patient. This means that the individual’s partner and his or
her family need to transfer to a similar type of diet, thereby
minimizing the risk of the patient regaining their weight. 
Additionally, this helps the long-term maintenance of a more
appropriate diet conducive to the well-being of both children
and adults in the family.
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Eating behaviour and appetite control

Appetite fits into an energy-balance model of weight regula-
tion, but it is not necessary to believe that appetite control is an
outcome of the regulation of energy balance. Appetite is sepa-
rately controlled and is relevant to energy balance, as it modu-
lates the energy intake side of the equation. This happens
because appetite includes various aspects of eating patterns,
such as the frequency and size of eating episodes (gorging vs.
nibbling), choices of high- or low-fat foods, energy density of
foods consumed, variety of foods accepted, palatability of the
diet and variability in day-to-day intake. All of these features
can play a role in encouraging energy intake to exceed energy
expenditure, thereby creating a positive energy balance. If this
persists then weight gain will ensue. Moreover, there appears
to be no unique pattern of eating or forms of energy intake that
will exclusively or invariably lead to an excess of energy intake
over expenditure.

Nevertheless, some characteristics of the expression of 
appetite do render individuals vulnerable to overconsump-
tion of food; these characteristics can be regarded as risk factors.
These risk factors and other modulating features of the expres-
sion of appetite will be highlighted by an analysis of how 
appetite is regulated.

Can eating behaviour be controlled for the
management of obesity?

It is widely accepted that body weight control and, by implica-
tion, a lack of control arise from an interaction between biolo-
gy and the environment, particularly the food supply reflected
in the nutritional environment. The link between these two 
domains is eating behaviour and the associated subjective sen-
sations that make up the expression of appetite. It is this eating
behaviour that transmits the impact of biological events into
the environment, and which also mediates the effects of the
nutrient environment on biology. Appetite is not nutrition,
rather it is the expression of appetite which allows nutrition to
exert an effect on biology and vice versa. Consequently, adjust-
ments in the processes regulating the expression of appetite
should have a significant impact on body weight regulation.

Of course, obesity can be managed by direct changes in the
environment itself, to enforce an increase in physical activity
or to coercively prevent food consumption. Equally, pharma-
cological or surgical interventions can be made directly in 
biology to prevent the assimilation of food or to alter the 
energy balance. In addition, adjustments in the environment
and biology have the potential to influence body weight 
indirectly by altering food intake, often by acting on the signals
involved in processes regulating appetite.
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It should be kept in mind that behaviour is only approxi-
mately 30–60% of energy expenditure (depending on the
amount of volitional exercise taken and the extent of non-
intentional movements or spontaneous activity), but behav-
iour accounts for 100% of energy intake. As this behaviour is
controlled by the voluntary musculature, eating should, in
principle, be subject to conscious control. In practice, such con-
trol is very difficult to implement.

However, in principle, appetite can be controlled for the
management of obesity. We can envisage interventions either
in specific foods that influence biology, which in turn adjusts
eating behaviour, or through a direct and deliberate cognitive
control of behaviour. Alternatively, eating can be influenced
via pharmacological or physiological interventions in the
mechanisms controlling behaviour. There are many reasons to
believe that an adjustment to the expression of appetite is the
best chance we have to prevent the persistent surfeit of energy
consumed over energy expended, which is characterizing

much of the world’s population. At the end of this chapter we
should be better informed about the possible strategies for reg-
ulating appetite to prevent further escalation of the obesity
epidemic.

Conceptualization of the system controlling
eating behaviour

It is now accepted that the control of appetite is based on a 
network of interactions forming part of a psychobiological
system. The system can be conceptualized on three levels (Fig.
10.1). These are the levels of psychological events (hunger per-
ception, cravings, hedonic sensations) and behavioural opera-
tions (meals, snacks, energy and macronutrient intakes); the
level of peripheral physiology and metabolic events; and 
the level of neurotransmitter and metabolic interactions in the
brain (Blundell, 1991). Appetite reflects the synchronous oper-
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ation of events and processes in the three levels. When appetite
is disrupted, as in certain eating disorders, these three levels
become desynchronized. Neural events trigger and guide 
behaviour, but each act of behaviour involves a response in the
peripheral physiological system; in turn, these physiological
events are translated into brain neurochemical activity. This
brain activity represents the strength of motivation to eat and
the willingness to refrain from feeding.

The lower part of the psychobiological system (Fig. 10.1) 
illustrates the appetite cascade which prompts us to consider
the events which stimulate eating and which motivate organ-
isms to seek food. It also includes those behavioural actions
that actually form the structure of eating, and those processes
that follow the termination of eating and which are referred to
as post-ingestive or postprandial events.

Even before food touches the mouth, physiological signals
are generated by the sight and smell of food. These events con-
stitute the cephalic phase of appetite. Cephalic phase respons-
es are generated in many parts of the gastrointestinal tract;
their function is to anticipate the ingestion of food. During and
immediately after eating, afferent information provides the
major control over appetite. It has been noted that ‘afferent 
information from ingested food acting in the mouth provides
primarily positive feedback for eating; that from the stomach
and small intestine is primarily negative feedback’ (Smith
et al., 1990).

Episodic and tonic signals for 
appetite control

It is useful to distinguish between two types of signals in-
volved in appetite control. Traditionally, a distinction has been
drawn between short- and long-term regulation of appetite,
but the connotation of episodic and tonic is more appropriate
functionally (Halford and Blundell, 2000). Episodic signals are
mainly inhibitory (but can be excitatory) and are usually gen-
erated by meals or episodes of eating. These signals oscillate in
accordance with the pattern of eating, and are intimately asso-
ciated with the signalling of satiety; they are the counterparts
of the short-term signals. Tonic signals arise from tissue stores,
including adipose tissue, and exert a tonic pressure on the 
expression of appetite; they are equivalent to the long-term
signals. These two sets of signals — one set responding sharply
to changes in behaviour and the other providing a slow modu-
lation— are integrated within complex brain networks that
control the overall expression of appetite (Fig. 10.2).

Satiety signals and the satiety cascade

Important episodic signals are the physiological events that
are triggered as responses to the ingestion of food and which
form the inhibitory processes that first of all stop eating and
then prevent the recurrence of eating until another meal is trig-

gered. These physiological responses are termed satiety sig-
nals, and can be represented by the satiety cascade.

Satiation can be regarded as the complex of processes that
brings eating to a halt (causes meal termination), whereas sati-
ety can be regarded as those events that arise from food con-
sumption and which serve to suppress hunger (the urge to eat)
and maintain an inhibition over eating for a particular period
of time. This characteristic form of an eating pattern (size of
meals, snacks, etc.) is therefore dependent upon the coordinat-
ed effects of satiation and satiety, which control the size and
frequency of eating episodes (Blundell and Halford, 1994).

Initially, the brain is informed about the amount of food in-
gested and its nutrient content via sensory input. The gastroin-
testinal tract is equipped with specialized chemo- and
mechanoreceptors that monitor physiological activity and
pass information to the brain mainly via the vagus nerve (Mei,
1985). This afferent information constitutes one class of ‘sati-
ety signals’ and forms part of the preabsorptive control of 
appetite. It is usual to identify a post-absorptive phase that
arises when nutrients have undergone digestion and have
crossed the intestinal wall to enter the circulation. These prod-
ucts, which accurately reflect the food consumed, may be me-
tabolized in the peripheral tissues or organs or may enter the
brain directly via the circulation. In either case, these products
constitute a further class of metabolic satiety signals. Addi-
tionally, products of digestion and agents responsible for their
metabolism may reach the brain and bind to specific chemore-
ceptors, influence neurotransmitter synthesis or alter some 
aspect of neuronal metabolism. In each case, the brain is 
informed about some component of the metabolic state result-
ing from food consumption.

It seems likely that chemicals released by gastric stimuli or
by food processing in the gastrointestinal tract are involved in
the control of appetite (Read, 1990). Many of these chemicals
are peptide neurotransmitters, and many peripherally admin-
istered peptides cause changes in food consumption (Smith
and Gibbs, 1995). At present, a good deal of interest is being
shown in these peripheral signals of appetite control and some
will be described below.

Cholecystokinin

Much recent research has confirmed the status of cholecys-
tokinin (CCK) as a hormone mediating meal termination 
(satiation) and possibly early-phase satiety. This can be
demonstrated by administering CCK intravenously and mea-
suring changes in food intake and hunger. CCK will reduce
meal size and also suppress hunger before the meal; these 
effects do not depend on the nausea that sometimes accompa-
nies an intravenous infusion (Greenough et al., 1998a,b). Food
consumption (mainly protein and fat) stimulates the release of
CCK (from duodenal mucosal cells), which in turn activates
CCKA-type receptors in the pyloric region of the stomach.
This signal is transmitted via afferent fibres of the vagus nerve
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to the nucleus tractus solitarius (NTS) in the brainstem. From
here the signal is relayed to the hypothalamic region, where 
integration with other signals occurs.

Animal data suggest that endogenous CCK release medi-
ates the preabsorptive satiating effect of intestinal fat infu-
sions, and may in turn be critical in regulating the intake of fat
(Greenberg et al., 1992). As in rats so in humans— intestinal
infusions of fat produce a reduction in food intake and pro-
mote satiety (Welch et al., 1985). In humans, the satiety effect of
fat infused directly into the duodenum can be blocked by the
CCKA receptor antagonist loxiglumide. Fat infusions signifi-
cantly decrease both food intake and hunger in both male and
female volunteers, effects that are reversed by the CCKA an-
tagonist (Lieverse et al., 1994). High-fat breakfasts have been
shown to produce both greater feelings of satiety (signified by
reduced levels of hunger, desire to eat and prospective con-
sumption) and elevated endogenous plasma CCK levels. Col-
lectively, these studies support the theory that CCK plasma
levels are a potent fat (or fatty acid)-stimulated endogenous
satiety factor, the effects of which on food intake and feeding
behaviour are mediated by CCKAreceptors. The CCKArecep-
tor antagonist loxiglumide blocks the effect of CCK-8 on 
appetite in humans (Gutzwiller et al., 2000), demonstrating

that the appetite-suppressing effect of CCK-8 infusions, such
as that of duodenal fat, is mediated by CCKAreceptors.

It has also been shown that synthetic CCKA-type agonists
suppress food intake in humans. This type of drug has been
developed because of its potential as an anti-obesity agent,
and it has been necessary to design the chemical structure in
order to prolong the duration of action. In one example, the
drug was administered by a nasal spray (when taken by
mouth the drug was too rapidly metabolized in the stomach).

This drug, known by the number ARL1718, caused a signifi-
cant reduction in meal size and had a longer duration of action
than observed after infusions of CCK itself. These studies, to-
gether with those on the peptide hormone itself, do suggest
that CCK has the properties of a true satiation signal that con-
tributes to the termination of a meal. The action of CCK cer-
tainly acts in concert with other meal-related events, such as
gastric distention for example.

Glucagon-like peptide (GLP)-1

Glucagon-like peptide (GLP)-1 is an incretin hormone, 
released from the gut into the bloodstream in response to in-
testinal nutrients. Endogenous GLP-1 levels increase follow-
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ing food intake. In lean men, infusions of glucose directly into
the gut produce corresponding decreases in appetite and 
increases in blood GLP-1 (Lavin et al., 1998). Oral carbohydrate
induces an endogenous plasma GLP-1 response in lean
women (Ranganath et al., 1996). These studies suggest a role
for GLP-1 in mediating the effects of carbohydrate (specifical-
ly glucose) on appetite.

In healthy men of normal weight, infusions of synthetic
human GLP-1 (7–36) during the consumption of a fixed break-
fast test meal enhanced ratings of fullness and satiety when
compared with the placebo infusion (Flint et al., 1998). During
a later ad libitum lunch, food intake was also significantly re-
duced by the earlier GLP-1 infusion. Intravenous GLP-1 dose-
dependently reduced spontaneous food intake and adjusted
appetite in lean male volunteers. This marked reduction in
food intake and enhancement in satiety was also observed in
overweight/obese male patients with type 2 diabetes. In obese
men, intravenous GLP-1 potently reduced food intake either
during or post infusion (Näslund et al., 1998) and, at lower sub-
anorectic doses, slowed gastric emptying. Reductions in in-
take and slowed gastric emptying were accompanied by
decreased feelings of hunger, desire to eat and prospective
consumption, and a prolonged period of post-meal satiety.

These data demonstrate that exogenous GLP-1 reduces food
intake and enhances satiety in humans, both lean and obese.
However, it should be kept in mind that the doses of GLP-1 ad-
ministered are usually higher than the normal values seen in
blood after a meal. Consequently, although GLP-1 receptors
could be a possible target for anti-obesity drugs, the physio-
logical role of GLP-1 itself in the normal mediation of satiety is
still not confirmed. Nonetheless, GLP-1, through its action as
an incretin which prompts the release of insulin, will certainly
have some indirect role on the pattern of eating behaviour.

Peptide YY

This peptide has received substantial publicity following the
publication of a report in 2002. This hormone is similar in
structure to the orexigenic neuropeptide NPY(70% amino acid
sequence identity), and in the past, peptide YY (PYY) has been
regarded, like NPY, as a potent stimulator of food intake. How-
ever, in a series of studies in rats, mice and in one human study
(all included in one paper), Batterham and colleagues (2002)
have demonstrated that peripheral PYY3–36 administration
reduces food intake and inhibits weight gain in rodents. These
effects on intake and body weight are not observed in trans-
genic animals that are lacking NPY Y2 receptors (the NPY Y2
receptor knockout), thereby implicating these receptors in me-
diating the anorectic effects of PYY.

In 12 lean healthy people (male and female), a 90-min
PYY3–36 infusion (at levels mimicking a normal physiological
response) reduced hunger. Then, 2 h after the infusion, the 
participants were offered a buffet meal. Food intake was sig-
nificantly reduced in those who had received the PYY3–36 in-

fusion, and the inhibition over appetite was maintained for the
following 12 h. In addition, in a further report, PYY infusions
were made in both lean and obese subjects, causing a 30% 
reduction in the size of a lunch offered after the infusion, and
also decreasing the 24-h energy intake by 23% in lean and by
16% in obese people (Batterham et al., 2003). The feeling of
hunger was also suppressed for over 3 h following the PYY
infusion, as were the plasma levels of ghrelin (see later). 
Moreover, the natural plasma levels of PYY were lower in
obese people than in the lean subjects, and were inversely cor-
related with the body mass index (BMI). The lower levels of
PYY in obese people could mean a weaker satiety signalling
through this hormone and therefore a greater possibility of
overconsumption. All of these findings are consistent, and 
together they make a coherent story concerning the role of 
PYY in appetite control and obesity. But, for the moment, only
very few studies have been carried out on humans.

However, it should be noted that there is considerable dis-
agreement about the effect of PYY administered in animals.
Rather a large number of researchers have been unable to
demonstrate a reduction in food consumption following 
PYY administration, despite the application of considerable
methodological power. These data may point to differences 
in the action or metabolism of administered PYY between 
animals and humans, but they have not halted progress 
towards developing a PYY-based treatment for obesity.

Amylin

Much recent research has also focused on amylin, a pancreatic
rather than a gastrointestinal hormone, which also has a 
potent effect on both food intake and body weight (Reda et al.,
2002). Peripheral administration of amylin reduces food in-
take in mice and rats, and meal size in rats. Chronic or periph-
eral administration of amylin over a period of 5–10 days
produces significant reductions in cumulative food intake,
body weight and body mass of rats (Rushing et al., 2001).
Amylin administration blocks the hyperphagic effects of NPY
(Morris and Nguyen, 2001). Thus, amylin appears to be a com-
ponent part of the appetite regulation system. The effect of
amylin on human food intake, food choice or appetite expres-
sion has yet to be assessed fully. However, pramlintide (a
human amylin analogue), given to replace deficits in endoge-
nous amylin in people with diabetes, does prevent weight gain
and induces a small weight loss in patients over a 1-year 
period (Ratner et al., 2002).

Satiety cascade peptides

In the overall control of the eating pattern, the sequential 
release and then deactivation of the peptides described above
can account for the evolving biological profile of influence
over the sense of hunger and the feeling of fullness (Blundell
and Näslund, 1999). The actions of these hormones therefore



Chapter 10

142

contribute to the termination of an eating episode (thereby
controlling meal size) and subsequently influence the strength
and duration of the suppression of eating after a meal. Individ-
ual variability in the release and maintenance of the levels 
of hormones (or the sensitivity of receptors) may determine
whether some individuals are prone to snacking between
meals or to other forms of opportunistic eating. The overall
strength or weakness of the action of these peptides will help
to determine whether individuals are resistant or susceptible
to weight gain.

Tonic signals of appetite control: role of leptin

One of the classical theories of appetite control has been the no-
tion of a long-term regulation involving a signal that informs
the brain about the state of adipose tissue stores. This idea has
given rise to the notion of a lipostatic or ponderstatic mecha-
nism (Weigle, 1994). Indeed this is a specific example of a more
general class of peripheral appetite (satiety) signals believed
to circulate in the blood, reflecting the state of depletion or 
repletion of energy reserves that directly modulate brain
mechanisms. Such substances may include satietin, adipsin,
tumour necrosis factor (TNF or cachectin, so named because it
is believed to be responsible for cancer-induced anorexia),
adiponectin and resistin, together with other substances 
belonging to the family of agents called cytokines.

In 1994, a landmark scientific event occurred with the dis-
covery and identification of a mouse gene responsible for 
obesity (Zhang et al., 1994). Amutation of this gene in the ob/ob
mouse produces a phenotype characterized by the behaviour-
al trait of hyperphagia and the morphological trait of obesity.
The gene controls the expression of a protein (the ob protein)
by adipose tissue and this protein can be measured in the 
peripheral circulation. The identification and synthesis of the
protein made it possible to evaluate the effects of experimental
administration of the protein either peripherally or centrally
(Campfield et al., 1995). Because the ob protein caused a reduc-
tion in food intake (as well as a possible increase in metabolic
energy expenditure) it has been termed ‘leptin’. There is some
evidence that leptin interacts with NPY, one of the brain’s most
potent neurochemicals involved in appetite, and with the
melanocortin system. Together, these and other neuromodu-
lators are involved in a peripheral–central circuit that links an
adipose tissue signal with central appetite mechanisms and
metabolic activity.

In this way the protein called leptin probably acts in a 
similar manner to insulin, which has both central and periph-
eral actions; for some years it has been proposed that brain 
insulin represents a body weight signal with the capacity to
control appetite.

At the present time the precise relationship between the 
ob protein and weight regulation has not been determined.
However, it is known in animals and humans who are obese
that the measured amount of ob protein in the plasma is

greater than in lean counterparts. Indeed there is always a very
good correlation between the plasma levels of leptin and the
degree of bodily fatness (Maffei et al., 1995). Therefore al-
though the ob protein is perfectly positioned to serve as a sig-
nal from adipose tissue to the brain, high levels of the protein
obviously do not prevent obesity or weight gain. However, the
ob protein certainly reflects the amount of adipose tissue in the
body. As the specific receptors for the protein (namely the ob
receptor) have been identified in the brain (together with the
gene responsible for its expression) a defect in body weight
regulation could reside at the level of the receptor itself rather
than with the ob protein. It is now known that a number of
other molecules are linked in a chain to transmit the action of
leptin in the brain. These molecules are also involved in the
control of food intake, and in some cases a mutation in the gene
controlling these molecules is known and is associated with
the loss of appetite control and obesity. For example, the MC4-
R mutation (melanocortin concentrating hormone receptor 4)
leads to an excessive appetite and massive obesity in children,
just like leptin deficiency (see below and Chapter 6).

Genetic mutations and appetite control

Leptin deficiency

It seems clear that for the majority of obese people, the ob pro-
tein (leptin) system is not a major cause of rapid or massive
weight gain. However, for certain individuals very low levels
of leptin (or the absence of leptin) do constitute a major risk
factor. Recently, a very few individuals have come to light. For
example, two young cousins have been studied who dis-
played marked hyperphagia from a very early age. This 
hyperphagia took the form of a constant hunger, accompanied
by food cravings and a continuous demand for food 
(Montague et al., 1997). The eldest of the two cousins had
reached a body weight of more than 90 kg by the age of 9. Her
serum leptin level (like that of the cousin) was very low, and
subsequently a mutation in the gene for leptin was revealed.
This finding seems to implicate leptin (ob protein) in the con-
trol of the drive for food, that is, in the expression of hunger
and active food seeking rather than with satiety or the short-
term inhibition of eating. Leptin therefore appears to modu-
late the tonic signal associated with the translation of need into
drive; when leptin levels are low or absent then the drive is un-
leashed and results in voracious food seeking (see Fig. 10.2).

The human examples of leptin deficiency due to a genetic
mutation are largely consistent with the experimentally
demonstrated effects of leptin in animals. One feature is very
clear. The cases of human leptin deficiency indicate that the 
effect of leptin on body weight is exerted entirely through an
action on appetite control (energy intake), and not through 
energy expenditure (see Chapter 6). Leptin deficiency does not
involve a defect in metabolic energy expenditure. The human
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observations are consistent with the removal of a braking 
action of leptin on appetite control. This phenomenon is quite
different from the removal of a single satiety signal, which
would lead only to an increase in meal size or a modest 
increase in meal frequency.

Mutations in the melanocortin system

Histochemical studies have shown the existence of a network
of pathways in the brain that use chemicals called
melanocortins. These are compounds derived from the pre-
cursor proopiomelanocortin (POMC). A significant member
of this class is called alpha-melanocyte stimulating hormone
(a-MSH). When administered directly into the brain of an ex-
perimental animal, a-MSH inhibits food intake and the effect
is mediated via the MC4 receptors (Mc4r) in the paraventricu-
lar nucleus (PVN). Consistent with these experimental find-
ings are the observations on individuals with mutations in the
MC4-R gene who display a form of severe obesity. As the Mc4r
is inhibitory for food intake, a mutation that caused a deficien-
cy of these receptors would be expected to remove the inhibi-
tion. The phenotype of the Mc4r mutation is characterized by a
defect in appetite regulation that manifests as severe hyper-
phagia, particularly in children. At test meals, carriers of the
Mc4r mutation have been shown to eat three times the amount
of food of normal-weight children (Farooqi et al., 2003). There
is no doubt that people with the Mc4r mutation have abnormal
energy intakes and are obese, but the suggestion that they
have a tendency to display binge eating disorder (Branson et
al., 2003) has been hotly disputed. However, this particular
system is clearly implicated in the central system of appetite
regulation, and Mc4r mutations represent the single most
common monogenic form of obesity.

Appetite signals: satiety or drive?

Of the studies that indicate an increase in appetite, many 
attribute the effect to a defect in satiety (normal inhibition of
eating) or to the loss of some braking action on appetite. That
is, inferences about overconsumption tend to favour a disrup-
tion of inhibition rather than a stimulation of drive. However,
some 50 years ago, there was an equal emphasis on the excita-
tory or drive features of appetite. This was embodied in 
Morgan’s ‘central motive state’ and in Stellar’s location of this
within the hypothalamus (Stellar, 1954). One major issue was
to explain what gave animals (and humans) the energy and 
direction that motivated the seeking of food. These questions
are just as relevant today, but the lack of research has pre-
vented much innovative thinking.

In the light of knowledge about the physiology of energy
homeostasis, and the utilization of different fuel sources in the
body, it is possible to make some proposals. One source of the
drive for food arises from the energy used to maintain physio-
logical integrity and behavioural adaptation. Consequently,

there is a drive for food generated by energy expenditure. 
Approximately 60% of total energy expenditure is contributed
by the resting metabolic rate (RMR). Consequently, RMR pro-
vides a basis for drive and this resonates with the older concept
of ‘needs translated into drives’. In addition, through adapta-
tion, it can be envisaged that other components of energy ex-
penditure would contribute to the drive for food. The actual
signals that help to transmit this energy need into behaviour
could be reflected in oxidative pathways of fuel utilization
(Friedman and Rawson, 1994), abrupt changes in the availabil-
ity of glucose in the blood (Campfield et al., 1995) and, eventu-
ally, levels of brain neurotransmitters such as NPY, which
appear to be linked to metabolic processes. Leptin is also likely
to play a role via this system.

In turn, this drive to seek food, arising from a need gen-
erated by metabolic processing, is given direction through
specific sensory systems associated with smell, but more 
particularly with taste. It is logical to propose that eating be-
haviour will be directed to foods having obvious energy value.
Of particular relevance to the present situation are the charac-
teristics of sweetness and fattiness of foods. In general, most
humans possess a strong liking for the sweet taste of foods and
for the fatty texture. Both of these commodities indicate foods
that have beneficial (energy yielding) properties.

Accordingly, appetite can be considered as a balance be-
tween excitatory and inhibitory processes. The excitatory
processes arise from bodily energy needs and constitute a
drive for food (which in humans is reflected in the subjective
experience of hunger). The most obvious inhibitory processes
arise from post-ingestive physiological processing of the con-
sumed food, and these are reflected in the subjective sensation
of fullness and a suppression of the feeling of hunger. How-
ever, the sensitivity of both the excitatory and inhibitory
processes can be modulated by signals arising from the body’s
energy stores.

It should be noted that the drive system probably functions
in order to ensure that energy intake at least matches energy
expenditure. This has implications for the maintenance of 
obesity, as total energy expenditure is proportional to body
mass. This means that the drive for food may be strong in obese
individuals in order to ensure that a greater volume of energy
is ingested to match the raised level of expenditure. At the
same time, although there is a process to prevent energy intake
falling below expenditure, there does not seem to be a strong
process to prevent intake rising above expenditure. Conse-
quently, any intrinsic physiological disturbance that leads to 
a rise in excitatory (drive) processes or a slight weakening of
inhibitory (satiety) signals would allow consumption to drift
upwards without generating a compensatory response. For
some reason a positive energy balance does not generate 
an error signal that demands correction. Consequently, the
balance between the excitatory and inhibitory processes has
implications for body weight regulation and for the induction
of obesity.
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Ghrelin and hunger drive

Ghrelin is found both in the gut and the brain, the gut being the
major source of plasma ghrelin. Endogenous ghrelin levels 
appear to be responsive to nutritional status; for instance,
human plasma ghrelin immunoreactivity increases during
fasting and decreases after food intake. Unlike the other pe-
ripheral peptides described earlier, ghrelin stimulates rather
than inhibits feeding behaviour. Both peripheral and central
infusions of ghrelin have been shown to stimulate food intake
in rats and mice (Wren et al., 2000). Decreased endogenous
ghrelin levels are observed in genetically obese rats and mice,
and in dietary-induced obese rats exposed to a high-fat diet
(Ariyasu et al., 2002). In lean humans, endogenous plasma
ghrelin levels rise markedly before a meal (Cummings et al.,
2001) and are suppressed by food intake. In lean healthy vol-
unteers, ghrelin infusions increase food intake, pre-meal
hunger and prospective consumption, demonstrating a
marked but short-term effect on human appetite (Wren et al.,
2001). However, when tested in the laboratory, obese people
have a lower level of endogenous ghrelin which is not 
suppressed by food intake (Tschöp et al., 2001).

For these reasons it has been proposed that ghrelin, linked to
the initiation of eating, acts as a compensatory hormone. This
means that in obese people and in animals that are made fat ex-
perimentally, ghrelin levels would be reduced in an apparent
attempt to restore a normal body weight status. Therefore,
ghrelin illustrates the characteristics of both an episodic and
tonic signal in appetite control. From meal to meal, the oscilla-
tions in the ghrelin profile act to initiate and to suppress
hunger; over longer periods of time, some factor associated
with fat mass applies a general modulation over the profile of
ghrelin and therefore, in principle, over the experienced inten-
sity of hunger. This means that when weight is lost, for 
example following a period of food restriction and weight loss,
ghrelin levels would rise and therefore promote the feeling of
hunger. This is likely to be one of the signals that makes the loss
of body weight so difficult to maintain.

Homeostatic and hedonic processes of
appetite control

In the homeostatic approach to appetite control, the emphasis
is on processes subserving hunger and fullness in which 
drives arising from biological needs (see previous section) are
balanced by physiological satiety signalling systems. The 
hedonic component of eating refers to the feeling of pleasure
that is associated with eating, and with the concepts of incen-
tive value and reward value of foods. As noted in the previous
sections, a physiological substrate for the homeostatic control
of eating has become quite well characterized (Figs 10.1 and
10.2) and involves a cluster of peripheral peptides, together
with a network of biogenic amines and neuropeptides in the

brain. A biological substrate mediating hedonic processes 
has also been investigated and includes a largely separate set
of brain neurotransmitters, including glutamate, opioids, en-
docannabinoid and dopamine pathways and the associated
receptor systems. Together, these circuits are probably respon-
sible for the biological basis of concepts such as needing, want-
ing and liking that are associated with the selection and
consumption of foods.

One immediate question concerns the degree of indepen-
dence or separation of these two sets of processes, and there-
fore of the underlying neural circuits. Another question,
equally significant, concerns the extent to which the homeo-
static and hedonic components are responsible for the devel-
opment of weight gain and obesity. Are individuals who are
susceptible to weight gain characterized by defects in satiety
signalling and chronic high levels of hunger; or are they char-
acterized by an overwhelming hyper-responsivity to the 
perceived pleasantness of foods?

Researchers have recently attempted to test the indepen-
dence of the two systems by methodologically separating 
hedonic response from homeostatic drive. Pharmacological
evidence suggests that the substrates are rather separate. For
example, in obese subjects, administration of the serotoniner-
gic drug d-fenfluramine (Blundell and Hill, 1987) suppressed
the sensation of hunger, but had no effect on the appreciation
of the pleasantness of food. Conversely, nalmafene, an opioid
agonist, reduced the rated pleasantness of palatable foods, but
had no effect on hunger (Yeomans and Wright, 1991).

This double dissociation concept indicates that appreciation
of palatability is associated with a specific substrate that can 
be pharmacologically and, to an extent, methodologically 
dissected from the substrate mediating hunger (Blundell and
Rogers, 1991). However, it is still possible for a functional 
interaction to occur when the manipulation is made through
the natural commodity (selected food), rather than through a
more selective artificial manipulation.

Hunger and pleasure —do they interact?

Considering that most studies have repeatedly shown that
palatability has a positive effect on intake and meal size 
would suggest that the palatability of foods is involved in the
process of satiation. However, it is less clear whether the
palatability of food also has an influence on feelings of hunger
and satiety (de Graaf et al., 1999). The possibility of an interac-
tion between palatability and hunger was specifically investi-
gated almost 20 years ago. On separate occasions, subjects
consumed a fixed energy meal composed of either highly pre-
ferred foods or less preferred equivalent food items (Hill et al.,
1984). There was an enhancing effect of palatability (even the
sight of a preferred food) on subsequent hunger, which 
remained high during the meal. However, this fixed meal de-
sign did not allow the disclosure of any effect on energy intake.
More recently, an overall increase in hunger following con-
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sumption of a palatable preload and an equivalent decrease in
hunger following a bland preload with corresponding adjust-
ments in ad libitum intake were revealed (Yeomans et al., 2001).
The authors reported this difference to be irrespective of 
preload energy or macronutrient content.

Several researchers have examined the effect of food palata-
bility on subsequent satiety. Foods eliciting an enhanced hedo-
nic response appear to promote a more rapid recovery in
hunger up to 3 h following consumption than a less palatable
preload (Rogers and Blundell, 1990). Moreover, there is evi-
dence that some stimulation of intake occurs over the 24-h pe-
riod following consumption of optimal-preference sweetened
yoghurt preloads (Monneuse et al., 1991). In a more recent
study, the effect of food palatability on the degree of energy
compensation following preloads has been investigated 
(Yeomans et al., 2001). The capacity of people to demonstrate
compensation is usually regarded as a sign of the sensitivity of
the system and indicates good appetite control. However, the
presence of a more palatable food prevented compensation.
Taken together these studies indicate that the response to the
palatability of food does exert an effect on energy intake, and
this appears to be mediated via a modulation of hunger. This
means that when the homeostatic and hedonic systems are
stimulated simultaneously (by food) a synergy occurs that
modulates the control of appetite. This process appears to con-
stitute one way through which the hedonic potential of foods
could lead to weight gain.

The system does appear to operate asymmetrically; 
although enhanced hedonic response to foods can augment
hunger (and therefore food intake), the presence of strong 
satiety (developing over the course of a meal) does not down-
regulate palatability (e.g. Yeomans and Symes, 1999). Indeed it
has been documented that subjects in a state of satiety can 
be induced to prolong their eating by offering them highly
palatable foods (Looy et al., 1992). It is also noticeable that the
reasons people give for stopping eating emphasize fullness
and loss of hunger rather than a decline in the pleasantness of
the food (Mook and Votaw, 1992; Zandstra et al., 2000). In 
other words subjects do not generally perceive the decline in
pleasantness to be the most important factor in terminating
meals.

Food choice, hedonic response and obesity

In addition to an interaction between palatability and hunger,
the perceived pleasantness or hedonic response to foods could
also modulate appetite control indirectly by influencing the
choice of foods. There is considerable evidence that this is the
case. In an experiment in which subjects sampled a range of
foods containing varying amounts of fat and rated their sen-
sory preferences, there was a positive relationship between the
rated pleasantness of the fat content of the foods and measures
of the adiposity of the subjects (Mela and Sacchetti, 1991). The
fatter the subjects, the greater was their rated pleasantness 

of the fatty foods. More recently, the food choices of monozy-
gotic twins discordant for body weight have been assessed
(Rissanen et al., 2002). The twins with the highest degree of 
fatness displayed a significantly higher preference for fatty
foods. If it is assumed that the expression of food preferences is
influenced at least in part by the pleasure yielded by the foods
then these studies have demonstrated that levels of body 
fat are associated with a greater rating of pleasantness of fat-
containing foods.

Hedonic responsivity and addiction?

In recent times it has been suggested in the media that some
people may crave particular foods excessively because they
have become addicted to the properties of the foods in a 
manner analogous to the way in which people become addict-
ed to certain drugs. In fact, it is likely that the reward value of
foods and the reward properties of drugs are mediated via the
same neural pathways. The pleasure that arises from the taste
and consumption of food depends upon the activity of partic-
ular neurotransmitter systems (see earlier section). This activ-
ity is generated through a natural physiological route, namely
the afferent pathways linking gustatory and olfactory sense
organs to the brain circuits. Certain addictive drugs can have
such powerful rewarding properties (and potent withdrawal
effects) because they act directly upon the receptors of the
neural circuits with a strength far in excess of that generated by
food being eaten. Consequently, there is a huge difference 
in the potency and quality of the reinforcing sensations gen-
erated by food and drugs.

Recent research has explored the link between vulnerability
for addiction, its relation to brain dopamine activity and po-
tential of excessive weight gain. Sensitivity to reward (STR), a
psychobiological trait reportedly linked to the neurobiology
of the mesolimbic dopamine pathway, was used to examine
how hedonia, the capacity to experience pleasure, might 
relate to overconsumption and subsequent weight gain (Davis
et al., 2004). Contrary to predictions of a linear relationship 
between BMI and STR, an inverted-U relationship was re-
vealed with overweight subjects (BMI > 25, < 30) scoring 
higher than obese and normal-weight subjects. Is it possible
that low anhedonia (high STR) promotes a lifestyle of hedo-
nically driven overconsumption, which, over time, downreg-
ulates mesolimbic dopamine availability to compensate for its 
overstimulation?

There is evidence to support this proposition. For example,
positron emission tomography (PET) scans of normal-weight
healthy subjects eating a favourite meal revealed an increase in
dopamine release that correlated with the degree of experi-
enced pleasure. Another study demonstrated that the avail-
ability of the dopamine D2 receptor was decreased in obese
subjects in proportion to their BMI (Wang et al., 2001).

These studies map onto the idea that there is an optimal
level or inverted-U relationship between hedonic predis-
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position and dopamine activation (Volkow et al., 1999). 
Subjects who were administered with the dopamine agonist
methylphenidate found it either pleasant or unpleasant, 
depending on their DRD2 receptor levels. Those finding the 
effects pleasant had significantly lower levels of the dopamine
receptor than those who found it unpleasant (Volkow et al.,
1999). It can therefore be construed that potent stimuli (includ-
ing palatable foods) elicit a positive hedonic response through
the stimulation of dopamine activity in people who have a ten-
dency towards anhedonia (low pleasure response). However,
there is no evidence to date to test the notion that particularly
hedonic individuals respond aversively to highly palatable
foods. It has been suggested that dopamine activity relating 
to excessive food consumption might only involve activation
of brain reward circuitry within normal limits, with other 
psychological factors exerting stronger effects (Robinson and
Berridge, 2003).

Risk factors for appetite control

Most researchers do not have any trouble accepting the idea
that the state of a person’s metabolism constitutes a major risk
for developing weight gain and becoming obese. However, as
obesity develops, metabolic characteristics change so that the
state of obesity itself is associated with a different metabolic
profile to that accompanying the process of weight gain. This
makes it important to do longitudinal studies (while weight is
increasing) as well as cross-sectional studies (comparing lean
and obese subjects). Recently, Ravussin and Gautier (1999)
have drawn attention to this issue and have outlined those
metabolic and physiological factors associated with weight
gain and with the achievement of obesity.

The tendency to gain weight is associated with a low basal
metabolic rate, low-energy cost of physical activity, a low ca-
pacity for fat oxidation (relatively high respiratory quotient—
RQ), high insulin sensitivity, low sympathetic nervous system
activity and a low plasma leptin concentration. In the state 
of obesity itself, many of these risk factors (or predictors of
weight again) are reversed.

Just as certain metabolic variables (risk factors) can lead to a
positive energy balance, so we can envisage certain behav-
iourally mediated processes that themselves constitute the risk
factors leading to hyperphagia or ‘overconsumption’ (high-
energy intake leading to a positive energy balance). These
processes may be patterns of eating behaviour, the sensory 
or hedonic events that guide behaviour or sensations that 
accompany or follow eating. For convenience, this cluster 
of events can be referred to as behavioural risk factors. These
events may include a preference for fatty foods, weakened 
satiation (end-of-meal signals), relatively weak satiety (post-
ingestive inhibition over further eating), strong orosensory
preferences (e.g. for sweetness combined with fattiness in
foods), a binge potential and a high food-induced pleasure re-

sponse. In turn, these events may be subdivided to describe
more specific components, leading to a risk of overconsump-
tion (Blundell and Cooling, 2000).

These behavioural risk factors can be regarded as biological
dispositions that create a vulnerability for weight gain and
which manifest themselves through behavioural acts them-
selves, or through physiological processes that promote or
permit changes in behaviour.

However, such risk factors alone would be unlikely to lead
to a positive energy balance in a benign environment, i.e. one
in which the food supply and the cultural habits worked
against excessive consumption. In most of today’s societies,
however, the food environment exploits biologically based
dispositions and this promotes the achievement of a high-
energy intake. This concept is set out in Table 10.1.

Individual variability: resistance and
susceptibility to weight gain

The features described in Table 10.1 indicate that it is not the
environment alone that is to blame for the epidemic of obesity.
Individual traits and characteristics make some people (adults
and children) much more likely than others to gain weight and
become obese. Some of these traits are associated with physio-
logical processes such as the strength of satiety signalling or
the potency of the hedonic response to highly palatable foods;
in turn these processes will certainly be linked to allelic varia-
tion in particular genes. The picture is complicated, and the
polygenic nature of the processes contributing to weight gain
will be difficult to elucidate, and even more difficult to convert
into management strategies.

Table 10.1 Postulated interactions between behavioural risk factors and

the obesogenic environment, which generate a tendency for

overconsumption.

Biological vulnerability (behavioural risk factor)

Preference for fatty foods

Weak satiation (end-of-meal signals)

Orosensory responsiveness

Weak post-ingestive satiety

Environmental influence

Abundance of high-fat (high energy density) foods

Large portion size

Availability of highly palatable foods with specific sensory–nutrient

combinations

Easy accessibility to foods and presence of potent priming stimuli

Potential for overconsumption

≠ Fat intake

≠ Meal size

≠ Amount eaten

≠ Frequency of eating

≠ Tendency to reinitiate eating
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The individual risk factors that confer susceptibility to
weight gain may exist not only at the level of specific satiety
mechanisms but also at the level of general dispositions, such
as the one measured by the disinhibition factor of the Three
Factor Eating Questionnaire (TFEQ) (Stunkard and Messick,
1985). The processes underlying a high score on this factor
seem to encourage ‘opportunistic eating’, a tendency that will
be exacerbated by many food-related features of the obeso-
genic environment (Lawton et al., 2004). Just as some individu-
als are very susceptible to weight gain, others are resistant 
and can remain lean even consuming a potentially weight-
inducing high-fat diet (MacDiarmid et al., 1996).

The logic concerning weight gain can also be applied to
weight loss, and there is now clear evidence that in response to
the negative energy balance induced by physical activity,
some people compensate by increasing food intake so as to re-
sist weight loss, whereas others do not and consequently lose
weight (Blundell et al., 2003).

The message from studies on eating behaviour and appetite
control is that there exists considerable individual variability
underlying the strength of satiety, the willingness to eat and
the degree of susceptibility to environmental stimulation;
managing the epidemic of obesity is made substantially more
difficult (and complicated) by this variability.
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Introduction

This chapter will consider the basic components of whole-
body energy metabolism, including the contributions from
physical activity and diet, and the potential regulatory role of
the sympathetic nervous system. The main part of the chapter
will focus on non-obese people, aiming to describe the under-
lying normal physiology, but the final sections will consider
the influence of obesity on energy expenditure.

Energy expenditure: definition,
measurement and components

Definitions

The various chemical processes that underlie the functions of
the body require the continuous provision of energy. In most
cases, this energy is supplied by high-energy bonds within
adenosine triphosphate (ATP). ATP availability is maintained
by the utilization of the major fuels, glucose and fatty acids. 
Although in the short term some fuel utilization and ATP
production can occur anaerobically (e.g. by the production of
lactate from glucose), the capacity and duration of such provi-
sion is limited, and for all practical purposes only the 
oxidation of the fuels to carbon dioxide and water is of im-
portance. Thus, the overall processes involved in the body’s
energy metabolism can be summarized by first, the oxidation

of fuels producing carbon dioxide, water and ATP (with 
approximately 60% of the food energy being released as heat
during the production of ATP) and second, the utilization of
the ATPin the chemical processes of the body. Thus, the energy
contained within the fuels (originally the food consumed) is
first converted to ATP or lost as heat, and subsequently uti-
lized in various metabolic processes (Fig. 11.1). This overall
process is referred to as energy expenditure, and represents
the utilization of food energy to maintain the functions of the
body. The close relationship between energy expenditure 
and the metabolic processes of the body explains why the 
term metabolic rate is used synonymously with energy 
expenditure.

Measurements

Energy expenditure can be measured using either the release
of heat or the consumption of oxygen and production of 
carbon dioxide (as a by-product of the chemical reactions). 
Direct caloric measurement (i.e. measuring heat released) of
whole-body energy expenditure requires complex, expensive
equipment (a direct calorimeter) and is only appropriate in
closely defined experimental conditions. An alternative, more
widely used approach is to assess energy expenditure using
indirect calorimetry, calculating energy expenditure from the
rates of oxygen use and carbon dioxide production. The ad-
vantage of such measurements of respiratory gas exchange 
is that an assessment can also be made of which fuel (i.e. 
carbohydrate or fat) is being used as a substrate for energy 
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drate. The other major difference between the substrates is the
ratio of carbon dioxide produced to oxygen consumed— the
respiratory quotient (RQ). Thus, measurement of respiratory
gas exchange enables energy expenditure to be estimated, 
and the RQ value provides an indication of the principal 
substrate(s) being utilized.

The traditional approaches of using direct or indirect
calorimetry techniques to determine energy expenditure are
able to detect minute-by-minute changes in energy expendi-
ture but are of limited use in longer term studies, or for 
measuring free-living energy expenditure. This problem can
be overcome by using the doubly labelled water (DLW) tech-
nique (using the non-radioactive isotopes deuterium and oxy-
gen-18) to assess mean daily total energy expenditure over a
period of 10–14 days in adults (for a review, see Prentice, 1988
and Chapter 2). This technique is based on the principle that
the metabolic processes of the body involve the incorporation
of water in a number of reactions. When such reactions occur,
the oxygen from the water will end up as carbon dioxide (and
be lost from the body in expired air), whereas the hydrogen
will end up in water and only be lost in sweat, urine and as res-
piratory water vapour. The rate of incorporation of water and
labelled water into these metabolic pathways is proportional
to the rate of whole-body energy metabolism, so a measure-
ment of the differential loss of oxygen and hydrogen labels
from an initial, ‘doubly labelled’ loading dose provides an es-
timate of the body’s rate of carbon dioxide production, and
thus oxygen consumption, over the period of measurement
(for a more detailed account, see Murgatroyd et al., 1993).

The disadvantages of the DLW method are the availability
and cost of the isotope, and the duration of the measurement.
The method is unsuitable for detecting short-term differences
in energy expenditure. The technique is also unable to deter-
mine what fuel mix is being used. The former problems can be
overcome with the ‘bicarbonate–urea’ method (Elia et al.,
1995), which produces valid estimates of total energy expendi-
ture over a period for 2–3 days, involving the measurement of
carbon-14 appearance in urinary urea. This method is rela-
tively inexpensive, but does involve administering a radioac-
tive substance (admittedly in very small amounts).

Many researchers have attempted to use techniques such as
heart rate (HR) monitoring and movement sensing to find
cheaper and more feasible ways of measuring energy expendi-
ture. There is a reasonably close relationship between HR and
energy expenditure, so records of HR give an estimate of 
energy expenditure. The optimal method for energy expendi-
ture estimation via HR monitoring is called the FLEX HR
method (Spurr et al., 1988). In this method, HR and oxygen 
uptake (V

.
o2) for each person are simultaneously monitored

while lying down, sitting, standing and doing exercise. The
FLEX HR is determined from the highest HR in the resting
state and the lowest HR from light activity. At low levels of 
energy expenditure (i.e. changes in posture at rest), HR 
rises more steeply than energy expenditure. Furthermore, HR

metabolism. The disadvantage of indirect calorimetry is the
need for either a respiratory valve and noseclip for exercising
subjects or a ventilated canopy for resting subjects. A res-
piration chamber can be used for both resting and exercising
measurements, the complexity and expense being less than 
for a direct calorimeter. A more extensive account of the prin-
ciples of indirect calorimetry and methods of measurement
can be found in Frayn and Macdonald (1997) and Murgatroyd
et al. (1993).

An important principle in relation to energy expenditure
and substrate utilization relates to the differences in oxygen
utilization and energy release for the different macronutrients.
Table 11.1 illustrates the major differences, showing the more
than twofold difference in energy released per gram of nutri-
ent during the oxidation of fat compared with carbohydrate or
protein, and that for the energy expenditure a greater oxygen
uptake is needed when using fat as a fuel rather than carbohy-

Food + O2
CO2 + H2O + ATP + Heat

Muscle contraction
Membrane potentials
Biosynthesis and repair

Heat

Fig 11.1 Summary of energy exchanges in the body.

Table 11.1 Summary of oxidation of the macronutrients. (Adapted from

Frayn and Macdonald, 1997.)

Glucose

1 g of glucose + 0.747 L O2 = 0.747 L of CO2 + 0.6 g H2O + 15.15 kJ

RQ = 1.0

Energy content = 15.15 kJ/g

Energy release = 20.83 kJ/L O2

Triglyceride

1 g of fat + 2.023 L O2 = 1.436 L CO2 + 1.07 g H2O + 39.63 kJ

RQ = 0.71

Energy content = 39.63 kJ/g

Energy release = 19.59 kJ/L O2

Protein

1 g of protein + 1.031 L O2 = 0.859 L CO2 + 0.403 g H2O + (urea, ammonia

and creatinine) + 19.72 kJ

RQ = 0.833

Energy content = 19.72 kJ/g

Energy release = 19.13 kJ/L O2
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is affected by factors other than physical activity, such as emo-
tional stress, high temperature and humidity, dehydration
and illness in which changes in HR are unrelated to V

.
o2

changes.
Motion sensors are mechanical and electronic instruments

that are used to estimate energy expenditure by picking up
motion or acceleration of a limb or the trunk. This method has
been criticized because of inaccuracy. Pedometers rely heavily
on individual calibration of stride length. Triaxial monitors are
designed to incorporate more planes of measurement. Most
devices are inappropriate for use in a swimming pool. Recent-
ly, the combination of HR and motion sensors has been used to
estimate energy expenditure. The principle is to use a motion
sensor as a back-up measure to confirm that elevations in 
HR are representative of response to physical activity. The 
preliminary studies showed of this method for energy expen-
diture estimation to be valid (Rennie et al., 2000). Further 
investigation in free-living subjects to validate against DLW 
is necessary.

Predicting resting metabolic rate

Information on resting energy expenditure in conjunction
with a multiplier for other components of energy expenditure
(see next section) is essential to calculate energy requirements
at a population level. There are several prediction formulas for
resting metabolic rate (RMR). The most commonly used RMR
prediction equations are those of Harris and Benedict (1919)
and Schofield (1985) (Table 11.2). The formulas are different in
terms of the inclusion of weight, height, age and sex (Harris
and Benedict, 1919; Schofield, 1985). These formulas provide a
valid estimation of RMR for population-based studies in
which measuring RMR is not feasible. However, individual er-

rors make it necessary to measure RMR instead of predicting it
in individual studies.

Components of energy expenditure

Whole-body energy expenditure can be separated into a num-
ber of components, with the major distinctions being between
rest and activity (Fig. 11.2). The actual distribution of total en-
ergy expenditure between these two components obviously
depends on the level of physical activity. In sedentary 
non-obese people the energy expended in physical activity ac-
counts for only 20–40% of the total energy expenditure
(Ravussin et al., 1986), whereas this proportion can be even less
in obese individuals.

Author(s) Formula* Population in which formula 
was developed

Males

Harris and Benedict [66 + (13.8 ¥ W) + (5 ¥ H) - (6.8 ¥ A) ¥ 4.18] Normal weight

Schofield (18–29 years) [(63 ¥ W) + 2896)] Normal weight and obese

Schofield (30–59 years) [(48 ¥ W) + 3653)] Normal weight and obese

Schofield (18–29 years) [(63 ¥ W) - (0.42 ¥ H) + 2953] Normal weight and obese

Schofield (30–59 years) [(48 ¥ W) - (0.11 ¥ H) + 3670] Normal weight and obese

Females

Harris and Benedict [655 + (9.5 ¥ W) + (1.9 ¥ H) - (4.7 ¥ A) ¥ 4.18] Normal weight

Schofield (18–29 years) [(62 ¥ W) + 2036] Normal weight and obese

Schofield (30–59 years) [(34 ¥ W) + 3538] Normal weight and obese

Schofield (18–29 years) [(57 ¥ W) + (11.84 ¥ H) + 411] Normal weight and obese

Schofield (30–59 years) [(34 ¥ W) + (0.06 ¥ H) + 3530] Normal weight and obese

Table 11.2 Prediction formulas for resting metabolic rate (kJ/24 h).

*W, weight in kilograms; H, height in centimetres; A, age in years.

Fasting RMR

Thermic effect of food

Posture and spontaneous
physical activity

Voluntary physical
activity

Fig 11.2 Components of daily energy expenditure —the distribution

represents a sedentary individual. Broken lines indicate that voluntary activity

can be variable, a large amount of voluntary activity will increase the total

energy expenditure and reduce the proportional contribution of the other

components.
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lated above baseline. The term TEF is most appropriately used
when considering the increase in metabolism associated with
a single meal, and can be measured in resting subjects using in-
direct calorimetry with a ventilated canopy. DIT should really
be used to describe the longer term effects on total energy ex-
penditure of a given dietary intake (i.e. it is that component of
24-h energy expenditure associated with the amount and com-
position of the food consumed). Thus, DIT can be reduced dur-
ing periods of underfeeding, or when consuming a high-fat
diet, or increased during overfeeding, especially with a high
carbohydrate intake.

The thermic effect of food: potential influencing factors

A major problem when trying to draw conclusions about pos-
sible differences in thermogenic responses to different-sized
meals is the duration of the responses. Large meals (in excess
of 4 MJ) can stimulate energy expenditure for several hours,
making it very difficult to determine the total responses. There
is some evidence that small meals produce smaller overall
thermogenic responses than large meals, but in many cases the
conclusions may not be reliable because of inappropriate
study designs. For example, Tai and colleagues (1991) com-
pared the thermogenic responses over a 5-h period to a single,
3.1-MJ meal, or to six 0.52-MJ meals eaten at 30-min intervals.
The overall thermogenic response over the 5 h was less with
the six small meals, but this is likely to be in part due to the in-
termittent nature of the measurements, and the failure to mea-
sure the total response to the multiple small meals. Similarly,
Vaz and colleagues (1995) found a smaller thermogenic re-
sponse over 2 h to three 1.05-MJ meals consumed in the first
60 min than to a single 3.15-MJ meal at the start of the 2 h. How-
ever, neither response was maximal by 2 h, and measurements
of energy expenditure were only made for 10–12 min in every
30. Thus, it would be unsafe to conclude that for the same total
energy intake, a series of small meals is associated with a
smaller thermogenic response than a single large meal.

We recently found that an irregular meal frequency for 14
days led to a lower postprandial energy expenditure than with
a regular meal frequency in lean (Farshchi et al., 2004) and
obese women (Farshchi et al., 2005). Although a comprehen-
sive feeding study is required to investigate the mechanism of
this effect, it may have some practical significance as Western
populations are increasingly moving away from regular
meals, perhaps because of wider availability of ready pre-
pared meals at home and greater opportunity to eat more
meals outside the home.

It appears that meal type affects the TEF, with solid food pro-
ducing a greater response than homogenized liquids with the
same nutrient content (Brondel and Le Blanc, 1985). This has
been attributed to the solid food being more palatable, produc-
ing a hedonistic response that increases the activation of the
sympathetic nervous system (SNS). However, although we
have confirmed this effect of solid food (compared with a 

Resting energy expenditure

Fasting, resting metabolic rate

In most individuals the major component of total energy ex-
penditure is resting metabolic rate (RMR). The fasting RMR,
measured after an overnight fast and a period of at least 30 min
of supine rest at a comfortable temperature, is a more appro-
priate assessment of a person’s baseline level of metabolism
than trying to determine their basal metabolic rate (BMR),
which has stricter measurement criteria. The latter is of little
value when considering energy metabolism in relation to 
obesity and is an expression that should not be used unless the
criteria have been strictly met. The fasting RMR includes the
expenditure of energy for maintaining membrane potentials,
resting cardiorespiratory function, basal rates of turnover of
proteins and maintenance of body temperature.

Other factors such as cold, stress and drugs can affect RMR.
The main determinants of fasting RMR are body size and com-
position, in particular the size of the fat-free mass (FFM),
which is of course where the metabolic processes occur. Thus,
the larger a person is, the greater their fasting RMR will be. Al-
though the size of the FFM is the major determinant of fasting
RMR, there may also be an influence of fat mass, age and sex,
and these four factors can together account for approximately
80% of the variation in fasting RMR that is seen among 
individuals (Rising et al., 1994). However, it is clear that FFM 
is the most important determinant of fasting RMR. Segal and 
colleagues (1989) showed that in young men (thus, removing
influences of age and gender) when differences in FFM were
taken into account by analysis of covariance, there was no
residual effect of fat mass, even though their subjects had a
wide range of fat masses.

In general, fasting RMR is approximately 90 J/kg FFM/min.
Thus, someone weighing 75 kg, with a FFM of 63 kg (i.e. 16%
fat), will have a fasting RMR of approximately 5.7 kJ/min.
Some variation in the metabolic activity of the FFM does occur,
as a consequence of differences in the composition of the FFM
(Elia, 1992). Thus, a person with a larger proportion of their
FFM as muscle will tend to have a lower fasting RMR/kg FFM
than someone who had a greater proportion as visceral or-
gans, brain and heart (which have a higher metabolic activity
than resting muscle).

Food ingestion

The consumption of food is associated with an increase in 
energy expenditure and oxygen consumption. This was first
observed over 200 years ago by Lavoisier and, since then, has
been described by a number of terms. The most appropriate
terms for this process are the thermic effect of food (TEF) and
dietary (or diet-induced) thermogenesis (DIT). Thermogene-
sis literally means heat production, and so can be equated with
energy expenditure. However, it is most appropriately used to
represent conditions in which energy expenditure is stimu-
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liquid test meal), we did not find an accompanying enhance-
ment of the plasma noradrenaline response (an index of the
SNS) to the test meal (Habas and Macdonald, 1998).

It is widely believed that the TEF is greater when consuming
a high-carbohydrate meal than after an isoenergetic meal that
is high in fat. This is partly based on the demonstrations that
administration of glucose (either orally or intravenously)
stimulates energy expenditure by the equivalent of 7–10% of
the amount of glucose stored (Thiebaud et al., 1983a) but
triglyceride infusion only produces an increase in energy ex-
penditure equivalent to 2% of the fat stored (Thiebaud et al.,
1983b). However, these effects are not always apparent when
food is ingested, as Kinabo and Durnin (1990) found no differ-
ence in the TEF over 5 h when meals with 70% carbohydrate or
65% fat were compared.

The types of carbohydrate and fat ingested may also have
significant effects on the TEF. Oral ingestion of fructose pro-
duces a greater thermogenic response than the same amount
of glucose (Tappy et al., 1986), but it is less clear whether simi-
lar effects occur when mixed-nutrient test meals are used.
Meals containing saturated fat appear to produce a lower TEF
than meals containing medium-chain triglyceride (Scalfi et al.,
1991). It has been shown that substitution of 6 g of visible fat for
fish oil for a period of 3 weeks was accompanied by an increase
in fasting energy expenditure and fat oxidation (Couet et al.,
1997). It has been known for over 100 years that protein has a
larger stimulatory effect on TEF than fat or carbohydrate. How
this translates to possible differences in meals with varying
protein content remains the subject of investigation. Further
work is needed to establish the effect of diet composition on
energy expenditure.

Recently, much attention has been focused on the flavanol
content of foods and their possible influence on energy expen-
diture. It was reported that tea consumption can promote fat
oxidation and increase 24-h energy expenditure (Dulloo et al.,
1999; Rumpler et al., 2001). Admittedly, both studies reported
that these promoting effects are related not only to caffeine con-
tent, but also to other constituents such as polyphenols, which
have a synergistic effect on thermogenesis. Polyphenols may
reduce the turnover of noradrenaline, explaining the synergis-
tic impact of these components on energy expenditure.

Diet-induced thermogenesis: effects on total 
energy expenditure

With normal diets, eaten in sufficient quantities to satisfy ener-
gy requirements, the overall stimulation of energy expendi-
ture is equal to 8–10% of the energy intake (Schutz et al., 1984).
Thus, an individual with a fasting RMR of 4 kJ/min remaining
supine and fasting for 24 h would use 5.76 MJ of energy. 
In order to maintain energy balance, the individual would 
require an energy intake equivalent to 110% of this (6.34 MJ)
because of the amount of energy expended in DIT. Thus, it
should be obvious that a low total energy intake will be associ-

ated with a lower DIT, and thus a smaller total energy expen-
diture. This contributes to the reduction in energy expenditure
seen with negative energy balance. However, the adaptation
to excess energy intake is controversial. It was reported that an
excessive total energy intake can lead to increased DIT and
total energy expenditure, especially if carbohydrate is eaten to
excess. This implies that the weight gain is lower than expect-
ed according to the raised energy intake. On the other hand,
other investigations failed to confirm this phenomenon. It was
suggested that there is a threshold in cumulative overfeeding
which could trigger the facultative thermogenesis to maintain
energy balance. However, this is unlikely to occur with the
modest degrees of overeating that are likely to contribute to
the development of obesity.

Growth

Growth in children involves numerous complex chemical
processes that have a substantial energy cost. Protein synthe-
sis and turnover alone account for approximately 25% of fast-
ing RMR in healthy adults. The increased protein deposition
occurring during growth has an additional energy cost and
contributes to the elevated energy expenditure seen during
growth spurts in children.

Cold

There is no doubt that in many animal species (e.g. rats), chron-
ic exposure to the cold is associated with an increase in energy
expenditure. During the early stages of cold exposure, energy
expenditure increases due to shivering, but in the rat this is
soon replaced by non-shivering mechanisms of increased 
energy expenditure (non-shivering thermogenesis).

Exposure of human beings to the cold will produce an in-
crease in energy expenditure due to shivering. Vigorous shiv-
ering can raise energy expenditure at least fourfold above
baseline resting values. There is some controversy over the 
effects of cold exposure on non-shivering energy expenditure
in humans. There is some evidence of increased thyroid hor-
mone function and sleeping energy expenditure in non-obese
women exposed to mild cold (Lean et al., 1988), which may
represent a stimulation of non-shivering thermogenesis. In
addition, Bruck and colleagues (1976) showed that 10 days of
continued exposure to mild/moderate cold was associated
with an increase in fasting, resting energy expenditure. How-
ever, this effect was small (10–15%) compared with the effect
seen in cold-adapted rodents, and was only observed in 
those subjects demonstrating adaptation to the cold by a 
lowering of the core temperature threshold needed to elicit a
shivering response.

Hormonal factors

It has been known for several decades that thyroid hormone
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administration increases RMR. The effect on the RMR appears
after several days of hormonal administration. Hyperthyroid
patients have a higher metabolic rate due to the blood T3 level
and may attain 180% of the standard value (Randin et al., 1986).
There is no general agreement about the mechanism of thyroid
hormone effect, but an increase in the Na,K-ATPase activity 
in various tissues and in the protein turnover rate are likely
contributors.

There is some evidence that menstrual cycle affects RMR in
women (Solomon et al., 1982). Solomon and colleagues (1982)
reported that RMR decreased at menstruation and fell to its
lowest point approximately 1 week before ovulation, subse-
quently rising until the beginning of the next menstrual peri-
od. The variation of RMR measurements over the menstrual
cycle may be due to the sex hormone variations over the peri-
od. Further investigation is needed to determine the effect of
menstrual cycle on RMR variation in women.

Gene polymorphism and energy expenditure

Genetic factors may contribute to the interindividual differ-
ences observed in the components of energy expenditure. It
has been reported that variations in resting metabolic rate 
appear to be lower within families than between them, which
indicates that resting metabolic rate is at least to some extent
genetically determined.

Adrenoceptors have attracted substantial attention as pos-
sible genetic factors contributing to energy expenditure regu-
lation. It was reported that a missense mutation in codon 64 of
the gene for the b3-adrenoceptor with a replacement of trypto-
phan by arginine (Trp64Arg) may be implicated in obesity
(Clement et al., 1995; 1996). However, this was not confirmed
by others (Gagnon et al., 1996). Studies on the association be-
tween the Trp64Arg polymorphism and RMR also showed
contradictory results (Clement et al., 1995; Gagnon et al., 1996;
Sipilainen et al., 1997).

Uncoupling proteins (UCPs) have also been investigated as
factors controlling heat generation at the mitochondrial level,
which might affect energy balance, but the results were incon-
clusive (Ricquier and Bouillaud, 2000). Overall, in light of the
emerging importance of gene polymorphisms in energy ex-
penditure regulation, further investigations are required.

Non-exercise activity thermogenesis

Non-exercise activities are the activities of daily living other
than exercise and include sitting, standing and fidgeting. 
Evidence has recently appeared that variation in non-exercise
activity thermogenesis (NEAT) may tend to change energy
balance and contribute to the physiology of weight change
(Levine et al., 2000). NEAT was identified as an effective factor
for resisting fat gain in the event of overfeeding. A variety of
factors affect NEAT such as occupation, age, genetic back-
ground, body composition and seasonal variations. However,

determining the true estimate of non-exercise activities is diffi-
cult in free-living individuals. The mechanism of NEAT needs
further investigations (Levine, 2003).

Physical activity

The majority of the population are now so sedentary that
physical activity accounts for only approximately 30% of total
daily energy expenditure. This has undoubtedly contributed
to the increased incidence of obesity in recent years, and low
levels of physical activity are also a separate identified risk 
factor for the occurrence of cardiovascular disease. Thus, in-
creased levels of physical activity are important for promoting
health, and as part of the necessary lifestyle strategy needed to
reduce the chances of developing obesity. This section will
focus on the latter, considering the levels of energy expendi-
ture associated with different types of physical activity, and
also assessing the potential effects of regular physical activity
on resting energy expenditure and weight control.

At the simplest level, activity-related energy expenditure
can be defined as any situation that raises energy expenditure
above the resting supine or seated level. Thus, maintaining an
upright posture requires a higher energy expenditure than
when seated, and the difference is usually 20–50% of the seat-
ed value. Any type of activity which is weight bearing (e.g.
walking, running, climbing) requires an energy expenditure
that is proportional to body weight and speed of movement.
By contrast, activities such as swimming, rowing and to some
extent cycling are less affected by body weight. Table 11.3
shows approximate energy expenditures for standard activi-
ties, although the actual value for any individual is dependent
on his or her body weight and how the exercise is performed.
One of the effects of learning an activity and performing it 
regularly is that improvements can be made in the effective-
ness (or efficiency) of movements, so that a slightly lower ener-
gy expenditure is needed for the same activity. However, 
this effect is fairly modest, and is unlikely to alter the energy
expenditure by more than a few per cent.

Consideration of the values presented in Table 11.3 shows
the potential effect of different levels of physical activity on en-
ergy expenditure. If a 70-kg individual with an inactive total
daily energy expenditure of 9 MJ increased his or her activity

Table 11.3 Energy costs of physical activities.

Sleeping 4.5

Sitting 5.0

Standing 6.0

Brisk walking (6.4 km/h) 30

Running (8 km/h) 43

Cycling (16 km/h) 30

Swimming (25 rn/min) 28

Values are kJ/min for a non-obese 70-kg individual.
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levels by walking for 30 min every day at 6.4 km/h, this would
require the expenditure of an additional 750 kJ (i.e. 30 kJ/min
for exercise— 5 kJ/min resting value ¥ 30 min).

Thus, this would increase total daily expenditure by only
8%. Obviously, if the individual walked or ran faster, for
longer, uphill or carrying a load, this would increase the ener-
gy costs.

Types of physical activity

The simplest distinction that can be made is to separate the
types of activity into those that occur as a result of aerobic
metabolic pathways, and those that require anaerobic mecha-
nisms of energy release. The latter are the short-duration,
high-intensity types of activity, such as sprinting (e.g. running
for a bus) or running up the stairs. These types of activity have
very high rates of energy expenditure (over 100 kJ/min) but
can only be sustained for a few seconds. Thus, the total amount
of energy expended is small. In addition, because the immedi-
ate energy release is anaerobic (usually with the production of
lactate) it takes several minutes to recover from the metabolic
disturbances produced. This anaerobic type of activity is of lit-
tle value in relation to the control of body weight, although it
may be of value in relation to developing and maintaining
muscle mass.

Aerobic types of physical activity are of much greater im-
portance for total daily energy expenditure, and the preven-
tion and treatment of obesity. When describing an individual’s
capacity for aerobic activity, the term maximal oxygen uptake
(V

.
o2 max is widely used. This is usually expressed as millilitres

of O2 per kilogram of body weight (or sometimes kilogram 
of FFM) per min and describes the maximum rate that an 
individual can sustain for at least 1 min. Sedentary individuals
with a low V

.
o2 max will usually have values ranging from 30 

to 40 mL/kg/min, whereas those accustomed to high levels 
of physical activity and with a high V

.
o2 max can have values 

exceeding 60 mL/kg/min. When one considers that a non-
obese individual would have a fasting, resting energy 
expenditure of approximately 75 J/kg/min (equivalent to
3.8 mL/O2/kg/min) if his or her V

.
o2 max was 35 mL/kg/min

the individual would be exhausted when increasing energy
expenditure by less than 10-fold above resting.

Physical activity at a large proportion of V
.
o2 max (above 70%)

cannot be maintained for long periods of time, except in those
who are physically highly trained. However, provided some-
one becomes accustomed to being active, lower intensities of
effort (40–60% V

.
o2 max) can be sustained for extensive periods of

time (up to several hours). Under these conditions, physical ac-
tivity can make a substantial contribution to total energy 
expenditure, especially if the person’s V

.
o2 max is reasonably

high. For example, a 75-kg individual with a V
.
o2 max of

45 mL/kg/min would consume approximately 300 L of oxy-
gen if exercising at 50% of this maximum for 3 h, which is the
equivalent of 6 MJ (1 L of oxygen leading to the release of 

approximately 20 kJ of energy). If the individual remained at
rest for those 3h, the energy expenditure would have been 1MJ.
Thus, sustained recreational activities such as walking or cy-
cling can be associated with a substantial energy expenditure.

Fuel utilization during activity

It has been known for many years that high-intensity activity
requires a continuous supply of carbohydrate to the exercising
muscles, whereas lower intensity exercise can be sustained
through the oxidation of fatty acids (for a review, see Astrand
and Rodahl, 1977). At exercise intensities below 50% of an in-
dividual’s V

.
o2 max, oxidation of fat is the major source of ener-

gy, whereas activity above this intensity requires a greater
contribution from carbohydrate. Thus, if increased physical
activity is to be used as part of a lifestyle strategy to prevent or
treat obesity, it is usually of benefit to use lower intensity ac-
tivities that maximize the rates of fat oxidation. There have
been some suggestions that obese individuals are character-
ized by an alteration in the fibre-type profile within their skele-
tal muscles, such that they have a reduced capacity for
oxidizing fat (Wade et al., 1990), but this is a controversial topic
that has not been confirmed by subsequent studies. It is clear
that increasing the level of habitual physical activity (training)
can improve fat utilization at a given exercise intensity, but as
most obese individuals are physically inactive, obesity will 
reduce the level of fat utilization during activity.

Physical activity and resting energy expenditure

There has been substantial debate for many years as to
whether the level of physical activity, or training, can affect
resting energy expenditure. It is well established that pro-
longed, high-intensity exercise can elevate resting energy ex-
penditure for several hours but it is less clear whether regular
exercise training, or increased habitual physical activity, has a
similar effect. In a cross-sectional study, Broeder and col-
leagues (1992a) could find no relationship between V

.
o2 max and

resting energy expenditure (per kg FFM), although it is inter-
esting to note that the subjects with the lowest V

.
o2 max had the

highest percentage body fat content. An associated study from
the same authors (Broeder et al., 1992b) could find no effect 
of 12 weeks of increased physical activity, which increased 
V
.
o2 max by 10% on resting energy expenditure of young men.

However, an interesting observation from this study was that
the trained subjects showed small reductions in body fat con-
tent, indicative of a slight negative energy balance over the
study period. Normally, negative energy balance is associated
with a reduction in resting energy expenditure, but the 
exercise-trained subjects did not show such a reduction. 
By contrast, Poehlman and colleagues (1991) found a weak 
relationship between resting energy expenditure and V

.
o2 max

in non-obese young women, even when body composition
was taken into account.
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Thermogenic stimuli

It has been known for over 60 years that the catecholamines
noradrenaline and adrenaline can stimulate resting energy ex-
penditure in humans (Cori and Buchwald, 1930). The plasma
adrenaline threshold for stimulating energy expenditure is
just above normal resting adrenaline concentrations (Macdon-
ald et al., 1985), with mild stimuli such as postural change and
mental arithmetic being capable of raising the concentrations
above this threshold. Maximal stimulation of energy expendi-
ture (25–30% above resting) occurs when adrenaline concen-
trations rise to 5- to 10-fold above basal. It was originally
thought that catecholamine-induced thermogenesis was due
to a stimulation of lipolysis in adipose tissue and increased fat
oxidation (Steinberg et al., 1964), but it is now clear that at
steady state there is a generalized stimulation of metabolism
with increased fat and carbohydrate oxidation and little
change in RQ. In association with this, it is clear that many tis-
sues of the body are involved in the thermogenic response 
to catecholamines, with skeletal muscle and the viscera 
being particularly important (for a review, see Webber and
Macdonald, 1993).

It is possible that some of the nutrient-induced thermogene-
sis discussed earlier is due to a stimulatory effect of cate-
cholamines, as in some circumstances the beta-adrenoceptor
antagonist propranolol can reduce the energy expenditure re-
sponse to glucose (Acheson et al., 1983) or to food (Astrup et al.,
1990).

However, it is of interest that not all nutrients produce ther-
mogenic responses in the same tissues or organs. Intravenous
infusion of amino acids increases whole-body energy expen-
diture by 19%, with one-half of the effect occurring in the
splanchnic tissues (Aksnes et al., 1995). By contrast, the stimu-
lation of energy expenditure due to oral ingestion of fructose
or glucose has no effect on the splanchnic tissues (Brundin and
Wahren, 1993).

The sympathetic nervous system

Since the demonstration by Landsberg and Young (1978) of 
reduction in SNS activity during fasting in rats, there has 
been great interest in the possibility that altered sympa-
thoadrenal control of metabolism and thermogenesis may
contribute to the development of obesity. Furthermore, 
sympathomimetics, which stimulate energy expenditure, are
viewed as of potential therapeutic value for obese individuals.
However, review of the literature on the assessment of sym-
pathoadrenal activity in obese people yields conflicting 
information, with similar numbers of studies showing re-
duced, unchanged or increased SNS activity in obese people 
compared with lean subjects (Young and Macdonald, 1992).
Interestingly, this review provided clearer evidence of 
reduced adrenal medullary activity in obese people, and 
the implications of this for energy expenditure deserve further

Physical activity, energy balance and body weight

One argument against the use of increased physical activity as
a means of regulating energy balance is that it will stimulate
energy intake. However, many studies have now shown that
when subjects change from a sedentary lifestyle to moderate
degrees of physical activity, there is no increase in energy in-
take. The study by Broeder and colleagues (1992b) provides an
example of this, where 1 h of exercise, 4 days per week for 12
weeks, was not accompanied by any increase in voluntary
food intake. Obviously, very high levels of physical activity
need to be accompanied by an appropriate energy intake, with
a high-carbohydrate diet being of particular importance when
high-intensity exercise is performed.

The other benefit of increased physical activity is as an ad-
junct to dietary modification for weight loss in obesity. Obvi-
ously, if increased activity is added to a certain dietary energy
deficit then theoretically a greater negative energy balance and
more body fat loss should be achieved. However, of greater
importance is that the combination of diet and exercise pro-
duces a greater loss of body fat (but not FFM) than diet alone
(Kempen et al., 1995). Furthermore, Racette and colleagues
(1995) showed that increasing physical activity levels im-
proved the ability of obese subjects to comply with a dietary 
restriction programme.

In addition, physical activity is widely recommended to
prevent and treat obesity-related complications such as dia-
betes and coronary heart disease (CHD). Although the cardio-
vascular benefits of increased physical activity are likely to be
multifactorial, much attention has been focused on the known
high-density lipoprotein (HDL) cholesterol-raising effects of
regular physical activity. Physical activity can also lower
serum triglyceride concentration and favourably influence
both low-density lipoprotein and HDL particle sizes. Further-
more, physical activity increases insulin sensitivity and re-
duces the likelihood of type 2 diabetes developing. Although
the beneficial effects of physical activity on lipid and carbohy-
drate metabolism are modest and variable, they are likely to be
specifically important in reducing the morbidity and mortali-
ty from CHD on a population level, and may be important in
patients with atherogenic dyslipidaemia.

Mechanisms and sites of thermogenesis and
the sympathetic nervous system

There are numerous thermogenic mechanisms, including sub-
strate cycling, mitochondrial uncoupling in brown adipose
tissue and increased sodium pump activity, the details of
which are beyond the scope of this chapter. However, it is
worthwhile considering which tissues and organs may be im-
portant sites of thermogenesis (i.e. increased resting energy
expenditure) in adult humans, and what role the SNS may
have in regulating their metabolic activity.
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attention. An extension to this review (Macdonald, 1995)
revealed an altered relationship between an index of SNS 
activity (muscle sympathetic nerve activity) and resting 
energy expenditure in Pima Indians, indicating that the devel-
opment of obesity in this group may be associated with a 
defective SNS influence on metabolism.

Although there is some evidence of a link between SNS acti-
vation and the TEF response to a meal, especially in younger
but not older subjects (Schwartz et al., 1990), the administra-
tion of a beta-adrenoceptor antagonist does not always reduce
the TEF response (Nacht et al., 1987). However, we have ob-
served an effect of diet composition on fasting plasma nora-
drenaline concentrations (an index of SNS activity) and the
responses to meal ingestion, such that high-sucrose diets and
test meals produce larger responses than high starch or high
fat (Raben et al., 1997). In addition, the high-sucrose diet was
associated with a greater 24-h energy expenditure than the
other two diets. Thus, further studies are needed to examine
the influence of diet composition on any SNS effect on energy
expenditure.

Some caution is needed when considering the possible use
of sympathomimetics to stimulate energy expenditure in
obese people because undesirable cardiovascular effects may
occur. It is clear that catecholamine stimulation of energy ex-
penditure in humans is mediated by beta-adrenoceptors, with
some debate as to the dominant receptor subtype (b2 or b3).
However, the concern is that any generalized activation of 
the SNS or release of adrenaline from the adrenal medulla 
has the potential of producing stimulation of the heart (b1-
adrenoceptors) or of increasing blood pressure due to alpha-
adrenoceptor effects causing arterial vasoconstriction. Thus,
any pharmacological approach needs to be selective for effects
on energy expenditure, in order that undesirable side-effects
are avoided.

Obesity and energy expenditure

Given that obesity can only develop as a consequence of a pro-
longed period of positive energy imbalance, a reduction in en-
ergy expenditure can theoretically contribute to weight gain.
For many years there was a widely held view that very low
resting energy expenditures may be a cause of obesity. How-
ever, it is now clear that such low resting energy expenditures
only occur in severe hypothyroidism and that this is a negligi-
ble cause of obesity. The advent of respiration chamber and
DLW techniques for the measurement of 24-h energy expendi-
ture has shown that obese people do not have reduced resting
or total energy expenditures compared with non-obese peo-
ple. In fact, because obese people are larger, with a greater FFM
than non-obese people, they usually have a greater total ener-
gy expenditure expressed per person (Welle et al., 1992). In
weight-stable obese subjects, this higher total energy expendi-
ture is usually accompanied by a fasting resting energy expen-

diture per kilogram of FFM, which is the same as that seen in
non-obese subjects.

That the development of obesity requires a prolonged peri-
od of positive energy balance is easily demonstrated by con-
sidering the amounts of energy involved. Table 11.4 compares
the body composition of a non-obese 70-kg individual and a
100-kg obese person. The difference in total body fat (26.6 kg) is
equivalent to 1037 MJ of stored energy. If the non-obese per-
son’s total energy expenditure was 10 MJ/day, with a positive
energy imbalance of +10% of this (1 MJ/day), it would take at
least 3 years to increase body weight and fat content to those of
the 100-kg person. In reality, most cases of obesity probably de-
velop over a longer period of time, with a smaller daily posi-
tive energy imbalance. The increased incidence of obesity in
the UK over the past 15 years has occurred at a time when the
total energy intake of the population is said to have fallen
(Prentice and Jebb, 1995), indicating the important contribu-
tion that low energy expenditure is likely to have. Prospective
studies in the Pima Indians (a group with a high predisposi-
tion to the development of obesity) have shown that in adults a
low 24-h energy expenditure is associated with a high weight
gain over the next 2 years (Ravussin et al., 1988).

Similar observations have been made in infants (Roberts
et al., 1988) and children (Griffiths et al., 1990), although in all
cases the lower energy expenditure does not statistically ac-
count for more than 40% of the weight gain. Subsequent obser-
vations on the Pima Indians showed that in males (but not
females), weight gain was associated with a lower energy 
expenditure that was associated with spontaneous physical
activity (Zurlo et al., 1992).

Thus, a low 24-h energy expenditure, due at least in part to
low physical activity, is a risk factor for weight gain and the de-
velopment of obesity. Weight-stable obese people do not have
a low energy expenditure, if anything it is elevated, but physi-
cal activity makes a smaller contribution to total energy expen-
diture than in non-obese people. Although there is evidence of
reduced TEF responses to meals in obese people, this is proba-

Table 11.4 Body composition and body energy content.

Non-obese Obese

Weight (kg) 70 100

Fat mass (kg) 8.4 35

Fat % body weight 12 35

Fat energy (MJ) 327 1365

FFM (kg) 61.6 65

Glycogen (kg) 1 1

CHO energy (MJ) 16 16

Protein (kg) 15 16

Protein energy (MJ) 255 272

Total energy (MJ) 598 1653

Fat energy as % total 55 83
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bly secondary to their insulin resistance and possibly the insu-
lating effect of the adipose tissue (Brundin et al., 1992). Weight
reduction to non-obese values is almost always associated
with a normalization of these reduced TEF responses
(Bukkens et al., 1991; Tataranni et al., 1994).
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Overview of lipid and lipoprotein
metabolism

Cholesterol and triglycerides are hydrophobic compounds
that are transported in the blood by lipoproteins. On the basis
of their density and composition, four major subclasses 
of lipoproteins have been identified: chylomicrons, very 
low-density lipoproteins (VLDLs), low-density lipoproteins
(LDLs) and high-density lipoproteins (HDLs) (Fig. 12.1).

Chylomicrons are the largest, most buoyant lipoproteins
and contain mostly triglycerides. The protein constituents of
these particles are apolipoprotein (Apo) E and C (II and III), as
well as small intestine-synthesized Apo B48, which are re-
sponsible for lipoprotein catabolism and structural integrity.
Chylomicrons are synthesized in the intestine shortly after a
meal and represent the form by which most of the dietary fatty
acids are transported in the plasma. Endothelial lipoprotein 
lipase (LPL) is responsible for the hydrolysis of triglycerides
contained within chylomicrons. The resulting chylomicron
remnants are taken up by remnant receptors in the liver.
VLDLs are synthesized by the liver and contain Apo B100, E
and C. VLDL synthesis rates rely mainly on the availability of
neutral lipids from de novo lipogenesis, hepatocyte cytoplas-
mic triglyceride stores, fatty acids derived from lipoproteins
taken up by the liver (mainly chylomicron remnants) or 
plasma free fatty acids.

The relative contribution of each of these sources varies

upon nutritional, hormonal and metabolic status of the patient
(Lewis, 1997). In the fasting state, most triglycerides are con-
tained within VLDL particles. Intermediate-density lipopro-
teins (IDLs) and LDLs are the catabolic products of VLDLs,
resulting from the hydrolysis of the triglyceride content of
VLDL particles by both LPL and hepatic lipase (Shepherd and
Packard, 1989). LDL particles are the main carriers of choles-
terol in the blood. Apo B100 synthesized in the liver is their
main protein constituent, and only one molecule of Apo B is
found per LDL particle. IDL and LDL are taken up by the liver
through binding to the hepatic Apo B/E receptor (LDL recep-
tor). The formation of HDL particles results from the hydroly-
sis of VLDL to LDL, a process during which excess surface
components aggregate to form nascent HDL particles (Fig.
12.1). The major apolipoproteins of HDL particles are Apo A-I
and Apo A-II. According to the concept of reverse cholesterol
transport (Reichl and Miller, 1989), HDLparticles promote the
net movement of cholesterol from extrahepatic tissues back to
the liver (Lamarche et al., 1999a).

Dyslipidaemic states and the risk of
coronary heart disease

Coronary heart disease (CHD) is recognized as a major cause
of mortality and morbidity in affluent societies. In this regard,
the scientific evidence supporting the notion that high plasma
cholesterol and LDL-cholesterol concentrations are associated
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with an increased risk of CHD is unequivocal (Gotto et al.,
1990; Adult Treatment Panel III, 2002; Kwiterovich, 2002). Epi-
demiological studies have established that each 1% increase in
LDL-cholesterol leads to a 1–2% increase in coronary artery
disease mortality rate (Kwiterovich, 1998). Accordingly, inter-
ventions aimed at plasma LDL-cholesterol reduction have
been shown to decrease significantly coronary artery disease
events (Kwiterovich, 1998; 2002).

However, measuring LDL-cholesterol levels, along with
traditional CHD risk factors such as cigarette smoking, hyper-
tension, diabetes and family history of cardiovascular disease,
enables the identification of only approximately 50% of the
population that will eventually develop the disease (Wilson
et al., 1987). For instance, a study from Genest and colleagues
(1991) has shown that there is considerable overlap in plasma
cholesterol concentrations among subjects with and without
CHD, as almost 50% of patients with the disease had rather
‘normal’ plasma cholesterol levels (Genest et al., 1991). Ac-
cordingly, Sniderman and Silberberg (1990) have suggested
that, although mean plasma cholesterol levels may be higher
in patients with CHD than in healthy subjects, the overlap of
cholesterol values in these two groups of individuals is such

that the ability of cholesterol alone to discriminate subjects at
risk for CHD is relatively weak (Sniderman et al., 1980; Snider-
man and Silberberg 1990). With respect to cholesterol lower-
ing, although the relative reduction in coronary heart disease
event rate has been shown to reach about 25–30% in clinical tri-
als, a relatively small percentage reduction in absolute CHD
event rate has been observed, with a very significant number
of treated patients developing either a first or a recurrent event
(Kwiterovich, 2002). Consequently, beyond traditional risk
factors and LDL-cholesterol levels, a collection of non-
traditional risk factors has recently emerged including homo-
cysteine levels, prothrombotic factors and proinflammatory
markers, as well as measures reflecting lipoprotein hetero-
geneity, such as Apo B levels, triglyceride concentrations and
small, dense LDL particles.

The study of apolipoprotein concentrations certainly pro-
vides some additional information on the risk of coronary
heart disease, as these variables could be indicative of the 
concentrations of lipoproteins that promote or protect against
premature atherosclerosis. Studies have shown that approxi-
mately one-half of patients with coronary artery disease have
elevated LDL-Apo B levels (Sniderman et al., 1980). Patients
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with elevated LDL-Apo B, but with LDL-cholesterol values
within the normal range, are generally characterized by an 
elevated number of small, dense LDL particles, which have
been shown in several studies to be associated with an in-
creased risk of cardiovascular disease (Lamarche et al., 1999b).
The presence of these atherogenic LDL particles most likely
arises from an increased flow of triglycerides from triglyc-
eride-rich lipoproteins to LDLs, through the action of the cho-
lesteryl ester transfer protein (CETP). Such transfer, which
contributes to deplete LDLparticles in cholesterol ester and in-
creases their triglyceride content, is amplified in hypertriglyc-
eridaemic states (Lamarche et al., 1999b). LDL heterogeneity
reflecting differences in LDLparticle composition and density
is now recognized as an important factor that contributes to
the link between dyslipidaemic states and the risk of coronary
heart disease.

Epidemiological studies have also clearly established that a
low plasma HDL-cholesterol concentration is a very potent
and independent risk factor for coronary heart disease 
(Gordon and Rifkind 1989; Després et al., 2000). The levels of
Apo A-I, the main protein component of HDL, are also 
reduced in patients with coronary heart disease (Rader
et al., 1994). Despite the fact that HDL-cholesterol has long
been recognized as an independent risk factor, HDL particles
are also heterogeneous in size and composition (Lamarche et
al., 1999a; Rader 2002). As for LDL, the presence of hyper-
triglyceridaemia also appears to be a major factor modulating
HDL metabolism (Lamarche et al., 1999a). There is a well-
established negative relationship between plasma HDL-
cholesterol level and triglyceride concentrations (Gordon et
al., 1977; Albrink et al., 1980; Davis et al., 1980; Petersson et al.,
1984), and patients characterized by high plasma triglyceride
levels frequently have low HDL-cholesterol. Among mecha-
nisms explaining this association, small HDL particles, which
are the product of intravascular lipolysis of triglyceride-
enriched HDL, could be cleared more rapidly, are less stable 
or are more prone to shed Apo A-I than large HDL particles
(Lamarche et al., 1999a). Thus, although the contribution of
plasma triglyceride level itself as a risk factor for CHD remains
equivocal— several studies have shown that high plasma
triglyceride levels were no longer a risk factor for CHD after
statistical adjustment for HDL-C concentration (Austin,
1991)— it appears that triglyceride enrichment of HDL parti-
cles plays a significant role in modulating HDL metabolism.
The clinical importance of HDL particle composition and size
remains to be established. Nevertheless, knowledge about
lipid and lipoprotein metabolism has evolved considerably 
in recent years, and future studies are likely to further refine
cardiovascular disease risk prediction through the measure-
ment of additional lipid lipoprotein-related variables. It is 
increasingly clear that clinicians now need to go beyond 
simple plasma cholesterol level measurements in CHD risk 
assessment.

Obesity and dyslipidaemia: importance of
visceral adipose tissue

Obesity is commonly associated with chronic diseases such 
as hypertension, type 2 diabetes and cardiovascular disease
(Sims and Berchtold, 1982; Bray 1985; NIH Consensus Confer-
ence, 1985; Garrison et al., 1987; Kissebah et al., 1989). Excess
body fatness has also been frequently associated with dyslipi-
daemic states and with alterations in other cardiovascular dis-
ease risk factors (Kissebah et al., 1989; Després 1991; 1994a;
Ford 1999). Some prospective studies have found that obesity
was a significant predictor of cardiovascular disease-related
mortality, although this association appears to be of lower
magnitude than the relationships of cardiovascular disease
mortality to well-known risk factors such as smoking, hyper-
tension and dyslipidaemia (Bray et al. 1972; Barrett-Connor
1985; Kissebah et al. 1989; Manson et al. 1995). This section de-
scribes how the morphologic heterogeneity of obesity, more
specifically regional body fat distribution, accounts for the
most important part of the association between obesity and
the related metabolic complications.

In 1947, Jean Vague (Vague, 1947) was the first to describe
the sex-related difference in body fat distribution and to fore-
see its correlation with the complications of obesity. He de-
fined the accumulation of upper body fat mostly found in men
as android obesity, this type of obesity being more frequently 
associated with diabetes, hypertension and cardiovascular
disease. He also referred to gynoid obesity to describe a condi-
tion in which body fat was preferentially accumulated in the
gluteal–femoral region. He suggested that this pattern of fat
distribution, mostly found in women, was not associated with
the expected complications of obesity (Vague, 1947) (Fig. 12.2).
Several prospective studies that have used the ratio of waist
and hip circumferences (the widely used waist–hip ratio,
WHR) have now confirmed that the android type of obesity,
now referred to as abdominal obesity, is more closely associat-
ed with a cluster of metabolic complications such as dyslipi-
daemias, hyperinsulinaemia and a higher risk of diabetes 
and cardiovascular diseases than an excess of total body 
fatness per se (Kissebah et al., 1982; Björntorp, 1984; Lapidus et
al., 1984; Larsson et al., 1984; Ohlson et al., 1985; Ducimetière et
al., 1986; Donahue et al., 1987).

Measurement of visceral adipose tissue: age
and gender differences

As mentioned above, the most widely used measurement of
body fat distribution has been the WHR. The rationale for
using this index is that the higher is the accumulation of 
abdominal fat, the higher is the ratio of waist–hip circumfer-
ences. However, this measurement does distinguish the



Chapter 12

166

amount of adipose tissue located in the abdominal cavity (the
intra-abdominal or visceral adipose tissue) from the subcuta-
neous abdominal adipose tissue. With the development of
imaging techniques such as computerized tomography and
magnetic resonance, it has become possible to accurately
quantify the amount of fat located in the various body com-
partments, including the abdominal cavity (Sjöström et al.,
1986; Ferland et al., 1989; Després et al., 1991). On the basis of
differences in the density of tissues, adipose tissue can be dis-
tinguished from bone and muscle, and the size of the visceral
and subcutaneous adipose tissue compartments can be 
reliably estimated by measuring areas of the corresponding
tissues on a single scan at the abdominal level, usually at 
the L4–L5 vertebrae (Sjöström et al., 1986; Ferland et al., 1989;
Després et al., 1991) (Fig. 12.3).

Starting in the late 1980s, studies were published creating an
increasingly large body of knowledge regarding correlates of
abdominal visceral obesity in various populations and physi-
ological conditions. These studies have indicated that age and
gender are important correlates of visceral adipose tissue ac-
cumulation. Using computerized tomography methodology,
Lemieux and colleagues (1993) have noted that for any given
body fat mass value, men have at least twice the amount of 
visceral adipose tissue than that found in premenopausal
women (Fig. 12.4). Whether such a gender difference in viscer-
al adipose tissue accumulation could account for the well-
known difference in cardiovascular risk factors between men
and women has also been examined (Lemieux et al., 1994). In a
cross-sectional comparison of subgroups of men and women,
matching for the level of visceral adipose tissue largely elimi-

nated most of the differences in plasma lipoprotein levels,
with the exception of plasma HDL-C concentrations, which re-
mained higher in women than in men (Lemieux et al., 1994).
Additional studies have been performed on the importance of
visceral fat accumulation on sex differences in LDL particle
size, which is generally lower in men than women (Lemieux et
al., 2002). When comparing subgroups of men and women with
similar increases in triglyceride concentrations (> 2 mmol/L)
and similarly elevated visceral adipose tissue areas (> 100 cm2),
LDL particle size was significantly lower in men vs. women,
suggesting that the gender differences in plasma triglyceride
levels and visceral adipose tissue area could not entirely ex-
plain this sex difference (Lemieux et al., 2002).

The prevalence of obesity increases with age (Reeder et al.,
1992), and total body fat mass as well as visceral adipose tissue
accumulations are significant positive correlates of age (Enzi et
al., 1986; Seidell et al., 1988; Schwartz et al., 1990; Kotani et al.,
1994). Globally, the cardiovascular disease risk profile also 
deteriorates with age, and it has been shown that the concomi-
tant increase in visceral adipose tissue was one of the important
factors associated with the development of a more atherogenic
metabolic profile (Lemieux et al., 1995; DeNino et al., 2001).
However, it also appears that other age-related processes that
are independent of the variation in total adiposity and visceral
adipose tissue deposition contribute to the alterations in plas-
ma lipid and lipoprotein concentrations as well as insulin sen-
sitivity (Lemieux et al., 1995; DeNino et al., 2001). Thus, a
substantial proportion of age and gender differences in the
metabolic risk profile predictive of the risk of type 2 diabetes
and cardiovascular disease could be attributed to concomitant
variations in visceral adipose tissue accumulation.

Visceral obesity and related complications:
the metabolic syndrome

It is now well established that visceral obesity is a critical cor-
relate of several metabolic complications found in obesity
(Kissebah et al., 1989; Kissebah and Krakower, 1994). In order
to sort out the relative contribution of total body fatness vs. vis-
ceral adipose tissue accumulation as correlates of metabolic 
alterations, we have used a simple approach in which we com-
pared two subgroups of obese men matched for total body fat,
but with either low or high levels of visceral adipose tissue
measured by computerized tomography. These two groups
were then compared to lean control subjects (Fig. 12.5). As
shown in Fig. 12.5, only men with high levels of visceral adi-
pose tissue displayed significantly higher plasma triglyceride
levels and lower HDL-C concentrations as well as a reduced
HDL2-C/HDL3-C ratio compared with the two other sub-
groups. Comparable results were obtained when similar
analyses were conducted in women (not shown).

It is important to point out that plasma LDL-cholesterol lev-
els are often within the normal range in subjects with visceral

Gynoid obesity

Gluteofemoral
adipose tissue
accumulation

Abdominal
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accumulation
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Fig 12.2 Android and gynoid types of obesity as first defined by Vague

(1947), with preferential accumulation of adipose tissue in the abdominal
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distribution is more closely associated with the metabolic complications of

obesity.
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obesity. However, we have reported that viscerally obese sub-
jects were characterized by significant increases in Apo B as
well as in LDL-Apo B concentrations (Fig. 12.6) (Pouliot et al.,
1992). Thus, visceral obesity is associated with an increased
LDL-Apo B/LDL-C ratio, which is suggestive of alterations in
the composition of LDL particles. Studies from our group 
(Tchernof et al., 1996), in which a 2–16% polyacrylamide gradi-
ent gel electrophoretic procedure was used to assess the pro-
portion of small, dense LDL particles as well as LDL particle
size, have revealed that visceral obesity is also associated with
the predominance of small, dense LDL particles in the plasma
(Tchernof et al., 1996; Lemieux et al., 2002).

Visceral obesity is, therefore, associated with a dyslipi-
daemic state that includes hypertriglyceridaemia, hypoal-
phalipoproteinaemia, a reduced HDL2-C/HDL3-C ratio,
elevated Apo B concentration, a greater proportion of small,
dense LDL particles and an increased C/HDL-C ratio. How
this dyslipidaemic phenotype substantially increases the risk
of coronary heart disease will be discussed in a subsequent
section of this chapter.

Using the approach described above to compare obese sub-
jects with either low or high levels of visceral adipose tissue to
lean control subjects, we have observed that obese men and
women with high levels of visceral adipose tissue were also
characterized by significantly higher fasting plasma insulin
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concentrations and by higher insulinaemic and glycaemic re-
sponses to a standard oral glucose load, suggesting a link be-
tween visceral fat accumulation and insulin resistance
(Després et al., 1989a; Pouliot et al., 1992) (Fig. 12.7). In a recent
study, Brochu and colleagues (2001) examined a subgroup of
women who were obese but had a normal metabolic profile.
Specifically, women who, despite being obese, were metaboli-
cally normal (normal insulin sensitivity) were compared with
equally obese women who were insulin resistant and had 
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similar levels of obesity. It was found that the major feature of
‘metabolically abnormal’ (insulin-resistant) women was an in-
creased visceral fat accumulation measured by computerized
tomography (Brochu et al., 2001). Other studies have now em-
phasized the importance of visceral fat accumulation in the as-
sociation between obesity and risk factors for type 2 diabetes.
Specifically, in both men and women, visceral adipose tissue

accumulation has been positively associated with fasting in-
sulin and C-peptide levels, as well as with the insulin response
to an oral glucose challenge (Després et al., 1989a; Pouliot et al.,
1992). These associations appeared to be independent from
concomitant variations in total body fat mass (Lemieux and
Després, 1994; Wajchenberg, 2000). The negative correlations
between CT-measured visceral fat accumulation and glucose
disposal assessed with the hyperinsulinaemic–euglycaemic
clamp technique is also a well-established phenomenon 
(Wilson et al., 1987; Bonora et al., 1992; Goodpaster et al., 1997;
Dvorak et al., 1999; Brochu et al., 2000; Sites et al., 2000; DeNino
et al., 2001; Rendell et al., 2001). In addition, prospective studies
have shown that visceral obesity is associated with an in-
creased risk of developing type 2 diabetes (Bergstrom et al.,
1990; Boyko et al., 2000). Thus, individuals with visceral obesi-
ty are frequently characterized by both hyperinsulinaemia
and insulin resistance.

Reaven was the first in 1988 (Reaven, 1988) to suggest 
the term ‘insulin resistance syndrome’ (or syndrome X) to 
describe a cluster of metabolic abnormalities including 
hypoalphalipoproteinaemia, hypertriglyceridaemia, hyper-
insulinaemia and increased blood pressure. Through its
strong relation with most components of the syndrome, vis-
ceral adipose tissue accumulation is now a recognized and
perhaps central element of the cluster (Després 1993; 1994b;
Lemieux and Després, 1994). In a recent report, experts from
the American National Education Program (Adult Treatment
Panel III, 2002) issued a new definition for the syndrome, now
called ‘metabolic syndrome’, which included abdominal obe-
sity, atherogenic dyslipidaemia, raised blood pressure, insulin
resistance with or without glucose intolerance, and a pro-
thrombotic/proinflammatory state. To screen for the presence
of the metabolic syndrome, the ATPIII panel recommended
the simultaneous occurrence of three or more of the following
components: (a) abdominal obesity (as defined by a waist cir-
cumference greater than 102 cm in men and 88 cm in women);
(b) elevated plasma triglyceride levels (greater than or equal to
1.69 mmol/L); (c) low HDL-cholesterol (below 1.04 mmol/L
in men and below 1.29 mmol/L in women); (d) high blood
pressure (greater than or equal to 130/85 mm Hg); and (e) ele-
vated fasting plasma glucose (greater than or equal to
6.1 mmol/L) (Adult Treatment Panel III, 2002). Other compo-
nents of the metabolic syndrome, such as insulin resistance,
the proinflammatory state and the prothrombotic state, were
not included in the clinical variables to identify individuals 
affected by the metabolic syndrome, as they cannot be used 
in routine clinical evaluation at the present time (Adult 
Treatment Panel III, 2002).

New additional components of the metabolic syndrome,
such as the proinflammatory/prothrombotic states, are also
closely correlated with the presence of excess body fatness and
abdominal obesity. The acute phase reactant C-reactive pro-
tein (CRP) is a sensitive marker of inflammation (Gabay and
Kushner, 1999). Circulating levels of this protein are generally
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low in patients without acute illness, but, using high-sensitiv-
ity assays, it has been possible to investigate the relationship
between previously considered normal plasma CRP levels
and cardiovascular disease (Ross, 1999). Several studies have
now demonstrated that elevated high-sensitivity CRP levels
are independently associated with an increased risk of cardio-
vascular disease mortality and morbidity, as well as with acute
coronary events in both men and women (Ridker et al., 1997;
1998; 2000; Koenig et al., 1999; Thompson et al., 2000). Elevated
CRP levels are also correlated with body weight and body
mass index (BMI) as well as insulin resistance (Ford, 1999; Hak
et al., 1999; Visser et al., 1999; Yudkin et al., 1999).

In a recent study, Lemieux and colleagues examined a sam-
ple of 159 men and found that, among subjects with a high
body fat mass, those with high visceral adipose tissue areas
had the highest CRP levels (Lemieux et al., 2001). The nature of
the relationship between CRP and adiposity has not been
clearly established. However, it has been proposed that other
adipose tissue-secreted proinflammatory cytokines such as in-
terleukin 6 (IL-6), IL-1b or tumour necrosis factor alpha (TNF-
a) may be involved in CRP level increases in obesity (Visser et
al., 1999; Yudkin et al. 1999; 2000). Accordingly, plasma levels of
TNF-a) and IL-6 are increased in obese subjects (Bastard et al.,
2000; Hotamisligil, 2000). The haemostatic and fibrinolytic sys-
tems may also be affected in obese patients as these patients
tend to have higher fibrinogen, factor VII, factor VIII, von
Willebrand factor and plasminogen activator inhibitor levels
than non-obese individuals. A close association has generally
been observed between abdominal obesity and disturbances
in plasminogen activator inhibitor, fibrinogen, factor VIII and
von Willebrand factor, whereas less consistent results have
been found for factor VII (Vague et al., 1989; Juhan-Vague et al.,
1991; Mertens and Van Gaal, 2002). Adipose cells are responsi-
ble for plasminogen activator inhibitor-1 production, which
possibly explains elevated levels found in abdominal obesity
(Juhan-Vague et al., 1991; Mertens and Van Gaal, 2002).

Thus, abdominal, visceral obesity appears to be closely 
associated with a cluster of metabolic abnormalities, including
dyslipidaemia and insulin resistance, as well as a prothrom-
botic/proinflammatory state, which are also features of the
metabolic syndrome. We suggest that excess visceral adipose
tissue accumulation represents an important and perhaps 
central component of this constellation of high-risk metabolic
features (Després 1993; 1994b; Lemieux and Després, 1994).

The insulin-resistant, dyslipidaemic,
proinflammatory and prothrombotic state
of abdominal obesity: an important cause of
coronary heart disease

Although at present there is no prospective study having iden-
tified visceral obesity as an independent risk factor for cardio-
vascular disease and related mortality, several studies have

suggested that a substantial increase in the risk of cardiovas-
cular disease results from the cluster of metabolic abnormali-
ties found in visceral obesity, namely hyperinsulinaemia,
insulin resistance, hypertriglyceridaemia, hypoalphalipopro-
teinaemia, hyperapolipoprotein B and the dense LDL pheno-
type, as well as an altered proinflammatory cytokine
production and a prothrombotic profile. The prevalence of the
metabolic syndrome has recently been examined in a large US
cohort (NHANES), and it was found that approximately 25%
of the overall population was characterized by the metabolic
syndrome. This proportion increased dramatically with age,
as 43% of the population above 60 years of age were character-
ized by the metabolic syndrome (Ford et al., 2002). The meta-
bolic syndrome and its associated risk factors have now
emerged as factors contributing to the same extent as cigarette
smoking to premature CHD. This phenomenon will cause
major prejudice to the trend for a reduction in CHD events,
which has been observed over the past three decades and was
largely explained by the management of hypertension and el-
evated LDL-cholesterol levels in the US population (Adult
Treatment Panel III, 2002).

Few studies have examined the contribution of the various
components of the clustering metabolic abnormalities found
in visceral obesity to coronary heart disease risk. The Québec
Cardiovascular Study examined this issue in a prospective 
design. In 1985, the cardiovascular disease risk profile of a 
random sample of 2443 middle-aged men living in the metro-
politan area of Québec City was evaluated (Dagenais et al.,
1990). This evaluation included the measurement of fasting
plasma lipid and lipoprotein levels. After exclusion of men
who showed clinical signs of ischaemic heart disease (IHD)
(exertional angina, coronary insufficiency, non-fatal myocar-
dial infarction and coronary death) and of men with triglyc-
eride concentrations above 4.5 mmol/L, the incidence of IHD
over 5 years was studied in a sample of 2103 men initially free
of IHD. Over the 5-year follow-up, 114 men developed clinical
signs of IHD.

When comparing the risk profiles of these 114 men to the
1989 men who remained healthy over the 5 years, it was found
that men who eventually developed IHD had an elevated sys-
tolic blood pressure and a much higher prevalence of diabetes
(Lamarche et al., 1995). Body fatness, at least as crudely as-
sessed by the BMI, was not significantly different among these
groups. Significant differences were found in the plasma
lipoprotein and lipid profile between men with IHD and men
who remained healthy. Plasma total cholesterol and triglyc-
eride levels were significantly higher in men who developed
IHD than in those who remained event free. The mean Apo B
concentration was also 12% higher in men who developed
IHD. In concordance with previous prospective data, plasma
HDL-C concentrations were lower and the cholesterol/HDL-
C ratio was substantially higher (by 16%) in men who devel-
oped IHD than in men who remained healthy over the 5-year
follow-up (Lamarche et al., 1995).
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By classifying subjects according to various dyslipidaemic
phenotypes, Lamarche and colleagues (1995) found that,
whereas 51% of the 1989 men who remained healthy over the
follow-up were normolipidaemic, less than one-third of men
who developed IHD were initially characterized by a normal
lipoprotein–lipid profile, emphasizing the importance of al-
terations in plasma lipoprotein–lipid levels as risk factors for
the development of IHD (Lamarche et al., 1995). An elevated
Apo B concentration was also found in 42% of men who devel-
oped IHD (Lamarche et al., 1996). Quantification of the relative
risk of IHD associated with each dyslipidaemic phenotype in-
dicated that, in accordance with previous studies, elevated
LDL-cholesterol levels were associated with an increased risk
of IHD. However, men with hypertriglyceridaemia, but with
normal Apo B levels, were not characterized by a higher risk of
IHD, whereas men with hyperapo B with or without high
triglyceride concentrations had a 2.5- to 3.0-fold increase in
IHD risk (Lamarche et al., 1996). Multiple regression analyses
revealed that after including Apo B level in a model to predict
IHD risk, this variable was found to be the best metabolic pre-
dictor of IHD (Lamarche et al., 1996). These results emphasize
that an elevated plasma Apo B concentration, a frequent con-
sequence of visceral obesity, is predictive of an increased IHD
risk, even in the absence of marked elevation in total choles-
terol or LDL-cholesterol levels.

As hyperinsulinaemia is commonly accompanied by in-
sulin resistance, the fasting insulin concentration is often used
as a crude index of in vivo insulin resistance. This assumption
is especially valid in non-diabetic subjects with no impairment
in glucose tolerance (Laakso, 1997). Some prospective studies
have reported a significant association between fasting hyper-
insulinaemia and mortality from coronary heart disease, al-
though this relationship did not appear to be independent 
from other factors (Pyörälä 1979; Welborn and Wearne 1979; 
Eschwège et al., 1985; Yarnell et al., 1994). In the Québec 
Cardiovascular Study, fasting insulin levels were measured in
the plasma of men who then developed ischaemic heart dis-
ease and in matched control subjects of the 1985 cohort. Dia-
betic patients were excluded from the analyses and IHD
subjects were matched with control subjects for smoking
habits, BMI, alcohol consumption and age. Fasting plasma in-
sulin levels were 18% higher in men who then developed IHD
than in men who remained asymptomatic. Furthermore, fast-
ing plasma insulin concentration was found to be an indepen-
dent predictor of IHD risk, even after control for other risk
variables, including plasma lipid and lipoprotein concentra-
tions (Després et al., 1996). By performing stratified analyses, it
was also found that the combination of both hyperinsuli-
naemia (upper tertile of fasting insulin values distribution)
and elevated Apo B levels (above the 50th percentile of Apo B
distribution) was associated with more than a 10-fold increase
in IHD risk (Fig. 12.8) (Després et al., 1996). It is also important
to emphasize that this high-risk combination of hyperinsuli-
naemia and hyperapo B is frequently found in visceral obese

patients, even in the absence of glucose intolerance or type 2
diabetes.

As mentioned, the predominance of small, dense LDLparti-
cles in the plasma is another condition that has also been asso-
ciated with an increase in the risk of IHD. Small, dense LDL
particles have been reported to be more prevalent in coronary
heart disease patients than in healthy control subjects (Fisher,
1983; Crouse et al., 1985; Austin et al., 1988; Griffin et al., 1990;
1994; Tornvall et al., 1991; Campos et al., 1992; Coresh et al.,
1993; Jaakkola et al., 1993), and there is evidence suggesting
that these particles have atherogenic properties, which could
be mediated by an increased filtration rate in the subendothe-
lial space of the artery wall (Packard 1994; Rajman et al., 1994),
an increased susceptibility to oxidation (Chait et al., 1993; 
Dejager et al., 1993; de Graaf et al., 1993), a reduced affinity 
for the LDL receptor (longer residence time in the plasma) 
(Silliman et al., 1994) and an increased capacity to bind to inti-
mal proteoglycans (La Belle and Krauss, 1990). Recent results
from the Québec Cardiovascular Study have also shown that
dense LDL particles are indeed predictive of a significant in-
crease in the risk of IHD over 5 years (Lamarche et al., 1997).

Furthermore, the simultaneous combination of small, dense
LDL particles with elevated Apo B concentrations has been
found to be associated with a sixfold increase in the risk of IHD
(Lamarche et al., 1997). The hypothesis that small, dense LDL
particles may be associated with an increased risk of IHD was
recently confirmed within the large-scale, population-based,
prospective design of the Québec Cardiovascular Study
(Lamarche et al., 2001). Additional work by St Pierre and col-
leagues (2001) investigated further various electrophoretic
characteristics of LDL particles and their relationship to the
risk of IHD. In addition to having smaller and denser LDLpar-
ticles, IHD cases also had a smaller number of LDLsubclasses,
and the higher LDL-cholesterol levels found in cases was
mainly attributable to a 40% elevation of small LDL particle
cholesterol content. Taking into account the amount of choles-
terol located in the small, dense LDL fraction was found to
markedly improve the ability to predict disease risk in the
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Québec Cardiovascular Study (St Pierre et al., 2001). As the pre-
dominance of small, dense LDL particles is closely associated
with the hypertriglyceridaemic low HDL-cholesterol dyslipi-
daemic state of visceral obesity (Campos et al., 1991; Katzel et
al., 1994; Tchernof et al.,1996), these recent results provide fur-
ther support to the notion that small, dense LDL particles rep-
resent another component of the dyslipidaemic profile of
visceral obesity that increases the risk of IHD.

The contribution of the inflammation marker CRP to the 5-
year risk of developing IHD was also recently examined with-
in the Québec Cardiovascular Study design (Pirro et al., 2001;
St Pierre et al., 2003a). As mentioned, accumulating evidence
indicates that inflammation may be involved in the aetiology
of acute coronary syndromes and that plasma CRP is a signifi-
cant predictor of future IHD events (Ridker et al., 1997; 1998;
2000; Koenig et al., 1999; Thompson et al., 2000). However, only
a few population-based studies had been published, and it
was still unclear whether the age of the population and time of
follow-up could modify the association of CRP to IHD. Recent
results by Pirro et al. (2001) indicated that CRP level predicted
the short-term risk for IHD (< 2 years), but not the long–term
risk. Moreover, the risk associated with high CRP levels was
independent of other known risk factors only in younger men
(≤ 55 years). These results suggest that disease prediction by el-
evated CRP may be especially relevant for younger middle-
aged men and in the case of events occurring early after the
evaluation (Pirro et al., 2001).

Finally, we found that the use of a particular combination of
non-traditional risk factors, namely elevated insulin and Apo
B levels and dense LDL particles, predicted a more than 20-
fold increase in IHD risk than in those not showing this triad of
metabolic abnormalities (Lamarche et al., 1998). The strength
of the relationship between non-traditional risk factors and
IHD risk was not found to be affected by adjustment for tradi-
tional risk factors. Once again, these results emphasize the
ability of features of the insulin resistant–dyslipidaemic state
of visceral obesity to identify individuals at risk for cardiovas-
cular disease (Lamarche et al., 1998).

Visceral adipose tissue and the insulin
resistant–dyslipidaemic syndrome:
physiopathology and causal relationships

The physiological mechanisms underlying the relationship
between abdominal obesity and clustering features of the
metabolic syndrome have been extensively studied over 
recent years. Although several hypotheses have been put for-
ward, some aspects of this relationship remain unclear at the
present time. Hepatic VLDL synthesis is as a central factor in
the dyslipidaemic state of abdominal obesity (Lewis 1997;
Lewis et al., 2002). In fact, the hypertriglyceridaemic state of
this condition is primarily due to VLDL overproduction,
whereas the concomitant low HDL-cholesterol levels and pre-

dominance of small, dense LDL particles appear to be conse-
quences of high triglyceride levels (Lewis 1997; Lamarche et
al., 1999a; Lewis et al., 2002). Availability of fatty acids in the
liver is recognized as the primary determinant of reduced Apo
B degradation and VLDL overproduction (Lewis, 1997),
which has led to the hypothesis that an increased fatty acid
flux from adipose tissue located within the abdominal cavity
through the portal vein to the liver could potentially explain
abdominal obesity-related hypertriglyceridaemia (Björntorp,
1990). Visceral adipose cells have a high lipolytic activity,
which is poorly inhibited by insulin (Kissebah et al., 1989;
Kissebah and Peiris, 1989 Björntorp, 1990). This hypothesis is
now known as the ‘portal vein theory’.

The activity of the enzyme LPLis responsible for the catabo-
lism of triglyceride-rich lipoproteins such as chylomicrons
and VLDL. Its activity measured in post-heparin plasma has
been reported to be lower in viscerally obese patients (Després
et al., 1989b), which contributes to the reduction in the catabo-
lism of triglyceride-rich particles and to elevated plasma
triglyceride concentrations. The high concentrations of
triglyceride-rich lipoproteins found in visceral obesity also
favour an increased lipid transfer by the cholesterol ester
transfer protein (CETP) between VLDL particles and LDL as
well as HDL particles. HDL particles then become relatively
depleted in cholesterol esters and enriched in triglycerides.
Triglycerides can also be transferred to LDL by CETP and this
phenomenon also reduces the cholesterol to triglyceride ratio
in LDL particles. As hepatic triglyceride lipase (HL) activity
has been reported to be increased in visceral obesity (Després
et al. 1989b; Després and Marette, 1994), triglyceride-rich HDL
and LDL particles are then submitted to hydrolysis by this en-
zyme, generating small, dense LDL and HDL particles and, as
a consequence, reduced HDL-cholesterol levels, especially in
the HDL2 subfraction (resulting in a reduced HDL2-C/HDL3-
C ratio) (Fig. 12.9).

In recent years, some studies have suggested that the ab-
dominal subcutaneous adipose tissue area was a better corre-
late of insulin resistance than visceral adipose tissue area
(Abate et al., 1995; Goodpaster et al., 1997; Marcus et al., 1999).
In addition, morphological examination of subcutaneous fat
has led to the identification of two distinct compartments
within the subcutaneous anatomical region: a superficial layer
of adipose tissue, evenly distributed under the abdominal skin
layer, and a deeper subcutaneous adipose tissue compart-
ment, located under the superficial adipose tissue layer
(Markman and Barton, 1987), and reports by Misra et al. (1997)
and Kelley and colleagues (2000) investigated whether esti-
mating the area of the deep subcutaneous fat compartment
could bring further insight into the relationship between ab-
dominal obesity and metabolic risk factors. These investiga-
tors found that measures of the deep subcutaneous fat
compartment were better predictors of insulin resistance than
visceral adipose tissue area (Misra et al.,1997; Kelley et al.,
2000). These results were supported by some (Smith et al., 2001;
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Toth et al., 2001), but not all, studies on this topic (Lovejoy et al.,
2001; Ross et al., 2002), which contributed further to the contro-
versy. However, a recent study by Jensen et al. (2003) examined
the correlation between fat content of the two abdominal com-
partments and whole-body glucose disappearance during
high- and low-dose insulin infusions. The study indicated that
the correlation between deep subcutaneous abdominal adi-
pose tissue and glucose disappearance, which was significant
only at high insulin doses, was accounted for by the correla-
tion between visceral fat and deep abdominal subcutaneous
fat (Jensen et al., 2003). Accordingly, Deschenes and colleagues
(2003) found a relatively strong correlation between visceral

adipose tissue area and deep subcutaneous fat area, which
could partly explain discrepancies among studies. They also
found that visceral adipose tissue area was the best predictor
of plasma lipid and lipoprotein levels, particularly with mea-
sures of hepatic lipoprotein synthesis. This relationship was
independent of concomitant variation in other adiposity mea-
sures such as deep abdominal subcutaneous area or total body
fat mass, which provides indirect support to the portal vein
theory (Deschenes et al., 2003).

On the other hand, whether such a theory is a plausible
physiological mechanism to explain visceral obesity-related
insulin resistance has been a matter of intense debate recently.
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inhibition of lipolysis by insulin. This phenomenon stimulates VLDL synthesis and secretion as well as gluconeogenesis in the liver and inhibits hepatic extraction of

insulin. The activity of lipoprotein lipase (LPL) is low, which leads to increased plasma concentrations of triglycerides (TG). The increased hepatic lipase (HL) activity

contributes to the formation of small, dense LDL particles from TG-enriched LDL particles. It also leads to decreased HDL-cholesterol concentrations, HDL2-C/

HDL3-C and HDL size. Adipose tissue releases cytokines that may modulate adipose tissue metabolism via paracrine effects, exert direct effects on the vascular

endothelium and atherogenic plaque, or interfere with insulin signalling in the muscle, thereby contributing to peripheral insulin resistance.
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The excess free fatty acid release through the portal system to
the liver may be associated with a reduced hepatic insulin ex-
traction (Hennes et al., 1990; Svedberg et al., 1990), which could
partly contribute to the hyperinsulinaemic state of this condi-
tion (Björntorp, 1990; Després, 1991). It may also be associated
with an increased hepatic gluconeogenesis, leading to an ele-
vated hepatic glucose production. This phenomenon could
contribute to the deterioration in glucose tolerance frequently
found in viscerally obese patients (Björntorp, 1992; Després
and Marette, 1994) (Fig. 12.9). At present, the literature sug-
gests that excess systemic free fatty acid release is involved in
skeletal muscle insulin resistance through inhibition of insulin
signalling and glucose transport, as well as inhibition of glyco-
gen synthase, pyruvate dehydrogenase and hexokinase 
(Kelley et al., 1993; Boden et al.,1994; Griffin et al., 1999; 
Thompson and Cooney, 2000). One would suggest that the
highly lipolytic properties of visceral fat could account for an
important part of these effects.

However, studies by Jensen and colleagues (Basu et al., 2001)
examined the relative contribution of splanchnic and non-
splanchnic tissues to systemic free fatty acid (FFA) release and
found that approximately 75% of fatty acids released originat-
ed from non-splanchnic tissues. Thus, further studies are 
required to elucidate the nature of the association between vis-
ceral adipose tissue accumulation, high FFAlevels and periph-
eral insulin resistance. In this regard, recent results on
lipodystrophic mice and ectopic fat accumulation have led to
the suggestion that the appearance of insulin resistance in a
high dietary fat intake context may be due to an increased lipid
burden on skeletal muscle and liver resulting from a reduced
capacity for excess fat storage when facing caloric excess 
(Reitman et al., 1999; Nadler and Attie, 2001). Several papers
have now emphasized that an increased muscle lipid content
is closely associated with insulin resistance (Goodpaster et al.,
1997; Goodpaster and Kelley 2002). Moreover, a very elegant
study by Kim and colleagues (2001), performed in mice over-
expressing either liver or skeletal muscle LPL, showed insulin
resistance specific to the tissue overexpressing LPL, suggest-
ing a direct and causative relationship between the accumula-
tion of intracellular fatty acids and insulin resistance (Kim et
al., 2001). Of note, these effects were independent from those of
circulating adipocyte-derived hormones (see below). Accord-
ing to this hypothesis, insulin resistance could be due not only
to lipids released from fat, but also to a reduced capacity for 
excess lipid storage (Nadler et al., 2000; Kim et al., 2001).

More recently, the increasingly recognized endocrine and
paracrine nature of the adipose organ has emerged as a new
line of investigation to elucidate the link between fat accumu-
lation and the related metabolic complications. Adipose tis-
sue-secreted cytokines (adipocytokines) have been proposed
as potential links between the adipocyte, insulin resistance
and atherosclerosis. For example, studies have shown that the
secretion of TNF-a is increased in adipose tissue of obese ro-
dents and humans, and that elevated levels of this cytokine

may interfere with insulin signalling (Hotamisligil, 2000), or
lead to insulin resistance in muscle by increasing nitric oxide
production in this tissue through activation of inducible nitric
oxide synthase (Perreault and Marette, 2001). A recent study
by Weyer and colleagues (2000) provided additional support
to the notion that the adipocyte plays a central role in the aeti-
ology of insulin resistance. This study demonstrated that an
enlarged subcutaneous adipocyte size was predictive of the
risk of type 2 diabetes, independent from insulin resistance.
The authors suggested that these findings may be attributable
to the fact that enlarged adipocytes secrete increased amounts
of TNF-a (Weyer et al., 2000). Studies in humans and rodents
also recently suggested that additional adipocytokines such as
resistin, adiponectin and IL-6 may contribute to obesity-relat-
ed insulin resistance (Fried et al., 1998; Steppan et al., 2001;
Spranger et al., 2003). Proinflammatory cytokines originating
from adipose tissue have also been involved in the process of
atherogenesis and linked to the previously discussed elevated
plasma CRP found in patients with an increased risk for 
cardiovascular disease (Blake and Ridker, 2002).

Taken together, available data support the notion that sever-
al factors related to body fat accumulation and distribution
may contribute to the cluster of metabolic abnormalities ob-
served in the metabolic syndrome, and the related risk of type
2 diabetes and cardiovascular disease. Adipose tissue fatty
acid release and storage capacity, as well as secreted cytokines,
may be involved in the aetiology of the syndrome. The
anatomical location of visceral adipocytes close to the liver,
combined with possible depot-specific alterations in various
adipocyte or adipose tissue features probably play important
roles in this process. This highly complex aetiology is concor-
dant with the rather heterogeneous clinical manifestations of
the metabolic syndrome, and suggests the possibility of in-
terindividual variability in the extent to which each patho-
physiological mechanism is involved.

Genetic susceptibility to metabolic
complications of visceral obesity

Some abdominally obese individuals may be especially prone
to develop the clinical features of the metabolic syndrome,
whereas others may appear to be relatively protected. As illus-
trated above, the cluster of metabolic abnormalities related to
visceral obesity represents an extremely complex phenotype
with a multifactorial aetiology. Although environmental fac-
tors obviously contribute to the development of obesity, genet-
ic factors clearly modulate the susceptibility to this condition
(Bouchard, 1991). In a similar manner, the magnitude of the
metabolic complications found in a given viscerally obese pa-
tient partly depends upon his/her genetic predisposition. In
this regard, several candidate genes could be responsible for
the variability observed in the dyslipidaemic phenotype of
visceral obesity. For example, genes coding for apolipopro-
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teins, lipoprotein receptors, enzymes responsible for lipopro-
tein metabolism or genes that are expressed in adipose tissue
could be involved in the development of the metabolic 
syndrome (Després et al., 1992). In recent years, several 
publications from investigators in our group have identified
genetic polymorphisms that are associated with the magni-
tude of the ‘dysmetabolic’ state found in visceral obesity
(Pouliot et al., 1990; 1994a; Després et al., 1993; Vohl et al., 1995;
1996; 1997; Berthier et al., 2001; 2003; Engert et al., 2002; St Pierre
et al., 2002; 2003b; Couillard et al., 2003; Robitaille et al., 2003;
Tremblay et al., 2003). The following section lists a few 
examples.

Apolipoprotein genes have proven to be interesting candi-
dates. By studying isoforms of Apo E, it was found that excess
visceral adipose tissue accumulation and hyperinsulinaemia
were associated with hypertriglyceridaemia only in carriers of
the Apo E2 allele or among Apo E3 homozygotes (Pouliot et al.,
1990; Després et al., 1993), whereas Apo E4 carriers did not
show these associations. Thus, the Apo E polymorphism 
altered the expected relationship of visceral obesity and 
hyperinsulinaemia to hypertriglyceridaemia. We have also
examined the potential contribution of an Apo B-100 gene
EcoRI polymorphism in men (Pouliot et al., 1994a). Our results
indicated that among subjects who were heterozygous for the
absence of the EcoRI restriction site, visceral obesity was asso-
ciated with elevated Apo B concentrations. However, this rela-
tionship could not be found among homozygotes for the
presence of this EcoRI restriction site. We have also shown that
viscerally obese men heterozygous for the absence of this
polymorphism were more likely to develop the dense LDL
phenotype (Vohl et al., 1996). The MspI polymorphism of the
Apo A-II gene has also been found to be a modulator of the
dyslipidaemic state of visceral obesity, as carriers of the fairly
frequent M1 allele with high levels of visceral fat were charac-
terized by a lower HDL2–cholesterol/HDL3–cholesterol ratio
than viscerally obese patients with other Apo A-II genotypes
(Vohl et al., 1997). More recently, a study of Apo CIII gene poly-
morphisms led to the identification of a SstI polymorphism
also modulating the association between visceral adipose tis-
sue accumulation and plasma triglyceride levels in viscerally
obese men. This polymorphism has also been associated with
the presence of small, dense LDL particles (Couillard et al.,
2003).

Genes coding for enzymes involved in lipoprotein metabo-
lism have also been studied, namely hepatic lipase, lipopro-
tein lipase and microsomal transfer protein (Vohl et al. 1995; St
Pierre et al., 2002; 2003b). Homozygous carriers of the HindIII
polymorphism in the LPL gene characterized by visceral obe-
sity were found to be more susceptible to hypertriglyceri-
daemia than heterozygous viscerally obese patients (Vohl
et al., 1995). The hepatic lipase –514CÆT polymorphism,
which is normally associated with increased HDL-C concen-
trations, was found to have no impact on HDL-C levels in the
presence of visceral obesity (St Pierre et al., 2003b). In a study

on the microsomal transfer protein –493GÆT polymorphism,
it was found that the presence of visceral obesity modulated
the impact of the mutation on total cholesterol and LDL-Apo B
levels as well as on LDL particle size (St Pierre et al., 2002).
These results emphasize once again that the expression of a
given atherogenic phenotype results from the complex inter-
action between genetic and environmental factors.

Important adipose tissue-expressed genes are also being in-
vestigated at present (Engert et al., 2002; Berthier et al., 2003;
Robitaille et al., 2003; Tremblay et al., 2003). For example, the
–174GÆC polymorphism of IL-6 was significantly associated
with indices of adiposity and parameters of glucose and in-
sulin homeostasis (Berthier et al., 2003). Anumber of polymor-
phisms have been identified in the resistin gene, and some of
the 5¢-flanking variants showed significant associations with
BMI (Engert et al., 2002). The IVS2–BclI polymorphism of the
glucocorticoid receptor was associated with longitudinal
changes in fatness through adolescence in women (Tremblay
et al., 2003). Finally, using a new paradigm in the study of gene
and environment interactions, Robitaille and colleagues
(2003) examined the interaction between a PPAR-gamma
polymorphism and dietary fat intake. This study demonstrat-
ed that high dietary fat intake was associated with the pres-
ence of several metabolic abnormalities in patients with the
P12/P12 genotype, whereas none of these associations was
found in the A12 allele carriers, which suggested that the
PPAR-gamma polymorphism could modulate the association
between dietary fat intake and features of the metabolic 
syndrome (Robitaille et al., 2003).

It should be pointed out that although not all of these poly-
morphisms have been associated with altered protein levels or
enzyme activities, the associations found could be resulting
from a linkage disequilibrium between these polymorphisms
and other unknown genes significantly modulating genetic
susceptibility to the dyslipidaemic state of visceral obesity. Fu-
ture studies using new high-throughput methodologies, such
as DNAmicroarrays and real-time PCR, are likely to accelerate
research on the genetic susceptibility to the metabolic syn-
drome in abdominal obesity. Moreover, the combination of
several gene variants (gene–gene interactions) or of genetic
variants and variables of the environment, such as gene–diet
interactions, may eventually lead to a better understanding of
the variability in clinical manifestations of the metabolic syn-
drome. The challenge in clinical practice will be to integrate all
of this genetic information in the evaluation of the risk associ-
ated with visceral obesity.

Therapeutic implications

As revised in this chapter, visceral obesity is associated with a
cluster of metabolic abnormalities contributing to increase the
risk of type 2 diabetes and IHD. The proper identification of
patients with visceral obesity has important public health 
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implications. The use of computerized tomography repre-
sents a precise and reliable procedure to identify viscerally
obese patients. However, this expensive methodology is not
readily available to most clinicians. Several studies have used
the waist–hip ratio as a measurement of abdominal obesity
and until recently, this variable had been considered as a rele-
vant tool in the assessment of abdominal fat accumulation
(Kissebah and Peiris, 1989). We and others have now demon-
strated that the waist circumference by itself is a better corre-
late of visceral adipose tissue accumulation than the WHR 
or other anthropometric measures (Pouliot et al., 1994b; 
Rankinen et al., 1999; Chan et al., 2003).

As mentioned earlier, the combined use of a particular triad
of non-traditional risk factors (elevated insulin, Apo B and
small, dense LDLparticles) has contributed to a better identifi-
cation of patients at markedly elevated risk of developing IHD
in the Québec Cardiovascular Study. Given that visceral fat ac-
cumulation generally predicts Apo B and fasting insulin levels
and that there is a close correlation between fasting plasma
triglyceride concentrations and the presence of the small,
dense LDLphenotype, Lemieux and colleagues (2000) have at-
tempted to predict the presence of this high-risk metabolic
triad using waist circumference and triglyceride levels. These
analyses were performed in a sample of healthy white middle-
aged men. It was found that men with a low waist circumfer-
ence (below 90 cm) and low triglyceride levels (below
2 mmol/L) had a low probability (approximately 10%) of
being characterized by the atherogenic metabolic triad. On the
other hand, using the same cut-off values, the probability of
being characterized by the metabolic triad increased to 80% in
men characterized by both an elevated waist circumference
and increased triglyceride levels (Lemieux et al., 2000). This
simple clinical phenotype termed ‘hypertriglyceridaemic
waist’ will probably prove very useful in the identification of
high-risk patients following further validation in other popu-
lations and longitudinal designs.

As discussed, excess visceral adipose tissue accumulation
plays a significant role in the pathophysiology of a number of
clustering abnormalities. Accordingly, weight loss therapy
leading to a reduction in the visceral adipose tissue mass has
been suggested to be associated with improvements in several
aspects of the metabolic risk profile (Després and Lamarche,
1993; Heilbronn et al., 2001; Tchernof et al., 2002; Brochu et al.,
2003; Kreisberg and Oberman, 2003). In this regard, a critical
review of weight loss studies suggested that the visceral adi-
pose tissue compartment may be preferentially mobilized in
response to a negative energy balance (Smith and Zachwieja,
1999). Thus, it appears that interventions producing a signifi-
cant mobilization of visceral adipose tissue may contribute to
alleviate some of the abnormalities leading to type 2 diabetes
and cardiovascular disease.

When considering weight reduction, however, the clinician
is confronted with crucial questions: which mode of interven-
tion should be chosen, how much weight loss would be

enough to obtain significant health benefits, and how the high
rate of relapse usually observed in the post-weight loss state
should be approached. Definitive answers to these questions
have not yet been provided. However, important studies on
lifestyle intervention recently demonstrated that counselling
patients with the aim of reducing weight, total intake of fat and
saturated fat, while increasing fibre intake and physical activi-
ty, led to a significant reduction in the longitudinal risk of 
developing type 2 diabetes (Tuomilehto et al., 2001). Most 
interestingly, changes in the diabetes incidences were directly
proportional to the extent to which patients were compliant to
clinical recommendations. This highly effective intervention
was even more effective than metformin therapy alone
(Knowler et al., 2002). These results clearly emphasize that 
behavioural modifications have a high potential for health 
improvements. Although the aforementioned studies were
not designed to evaluate the respective contributions of exer-
cise, caloric restriction and weight loss on health outcomes, the
inclusion of an exercise prescription probably played a signifi-
cant role in the results achieved and long-term maintenance of
a reduced body weight. In this regard, physical activity may
represent an interesting adjunct to weight reduction interven-
tions as it has been shown to have beneficial effects on carbo-
hydrate and lipid metabolism, irrespective of the weight loss
achieved (Lamarche et al., 1992).

Regarding the amount of weight loss required to obtain
health-related benefits, studies tend to demonstrate that body
weight normalization is not necessary to achieve substantial
metabolic benefits (Poirier and Després, 2003). In a recent
weight loss protocol in post-menopausal women, Brochu and
colleagues (2003) examined whether it was necessary to reach
a low value of visceral adipose tissue (below 110 cm2 in that
study) to induce favourable metabolic changes. Interestingly,
results did not favour the necessity of reaching any given
threshold of visceral adipose tissue to improve the risk profile.
Moreover, moderate visceral fat losses yielded similar meta-
bolic improvement compared with large losses (Brochu et al.,
2003). These results suggest that moderate weight loss, specifi-
cally in the abdominal region, may represent an effective strat-
egy for risk management in abdominal obesity. Keeping
realistic expectations and objectives as far as weight loss is con-
cerned, and adding a significant amount of exercise, may help
in reducing the risk of relapse.

Conclusions

Excess visceral adipose tissue accumulation appears to re-
present a central component of the clustering metabolic 
abnormalities leading to an increased risk of type 2 diabetes
and cardiovascular disease. When present, this condition is 
associated, in both men and women, with insulin resistance,
compensatory hyperinsulinaemia, glucose intolerance, a 
dyslipidaemic state including high plasma triglycerides, 
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low HDL-C, an increased cholesterol/HDL-C ratio, hyper-
apolipoprotein B and an increased proportion of small, dense
LDL particles, as well as with a prothrombotic and proinflam-
matory profile. Evidence from prospective studies including
recent observations from the Québec Cardiovascular Study 
cohort have indicated that this cluster of metabolic abnormali-
ties clearly increases the risk of IHD in men. It is therefore clini-
cally relevant to identify and treat these high-risk patients. 
On the basis of its high prevalence in affluent societies, it is 
proposed that visceral obesity and the concomitant develop-
ment of the metabolic syndrome will probably represent the
most prevalent cause of type 2 diabetes and CHD in the coming
years. Concerted efforts to prevent and treat this condition are
needed.
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Introduction

Obesity has been recognized by the World Health Organiza-
tion as one of the world’s major health problems. The 
prevalence of obesity [defined as a body mass index (BMI)
> 30 kg/m2] is rising in many regions of the world, with rates of
around 20% in many Western countries (Gutierrez-Fisac et al.,
2000; Torrance et al., 2002). Prevalence levels are higher in some
selected populations, such as Polynesians (McAnulty and
Scragg, 1996; Leonard et al., 2002), Australian Aborigines (Mc-
Dermott et al., 2000), Pima Indians (Krosnick, 2000) and other
groups. The causes of this epidemic are multifactorial and 
discussed elsewhere in this book (Chapters 1, 7 and 9) but in-
volve the interaction of an increasingly ‘obesogenic’ environ-
ment with genetic predisposition.

This rising tide of obesity is of great concern because of its
multiple health consequences, including insulin resistance,
type 2 diabetes, hypertension, dyslipidaemia, sleep apnoea
and polycystic ovary syndrome (Pi-Sunyer, 2002). It can 
aggravate the symptoms of arthritis and has been associated
with increased risk of breast cancer and of other cancers. This
chapter will discuss some of the known mechanisms by which
obesity causes its many metabolic consequences.

Obesity and insulin resistance

The relationship between obesity and insulin resistance has
been known for many years (Rabinowitz and Zierler, 1962).

More recently, Ferrannini and colleagues (1997) reported on
behalf of the European Group for the study of insulin resis-
tance that insulin sensitivity declines linearly with BMI at an
age-adjusted rate of 1.2 mol/min/kg of fat-free mass. This
study used the ‘gold standard’ measurement of insulin action,
the euglycaemic hyperinsulinaemic clamp, to measure insulin
sensitivity in a large group of normotensive Caucasian men
and women aged 18–85 years with BMIs ranging from 15 to
55 kg/m2.

What causes insulin resistance in obese subjects?

A surprising large number of different causes for obesity-
induced insulin resistance have been described including 
excess availability of free fatty acids (FFAs), overproduction of
some cytokines and reduced production of others.

Free fatty acids

Lipolysis from an enlarged fat mass leads to an increase in cir-
culating FFAlevels in obesity (Gorden, 1960; Groop et al. 1991;
Baldeweg et al., 2000). Several well-designed studies have
shown that elevation of FFAs can cause insulin resistance
rapidly (Thiebaud et al., 1982; Boden et al., 1994; Roden et al.,
1996). When FFAs are elevated acutely to 1.9 mM, insulin ac-
tion declines and glycogen synthesis diminishes after a delay
of 3 h. Preceding this is a decrease in glucose oxidation and a
reduction in glucose-6-phosphate concentration, suggesting
that the reduced rate of glycogen synthesis is due to an impair-
ment of glucose transport into the muscle cell rather than a 
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defect in the activity of glycogen synthase (Roden et al.,
1996) as had been proposed previously (Boden et al., 1994). In
the converse situation, lowering of elevated FFA levels in
obese subjects by 60–70% using the anti-lipolytic drug acipi-
mox improved oral glucose tolerance and insulin action as
measured by the hyperinsulinaemic clamp (Santomauro et al.,
1999).

The specific mechanisms by which excess FFA supply to
muscle tissue leads to insulin resistance are multiple (Fig.
13.1). Possibly central to these is the overproduction of long-
chain acyl CoA (LCACoA) secondary to oversupply of FFA.
These metabolically active lipids have been proposed to lead
to activation of protein kinase Cq (Griffin et al., 1999), which in
turn impairs the action of the insulin signalling cascade possi-
bly by serine phosphorylation of insulin receptor substrate
(IRS) proteins. Excess accumulation of LCACoAs may also
lead to increased production of ceramide (Schmitz-Peiffer
et al., 1999), a derivative of palmitate. It has been shown that 
ceramide can inhibit protein kinase B (PKB) (or Akt) (Zhou
et al., 1998), which, among other signalling functions, is an im-
portant intermediary in the transduction of the insulin signal
(Summers et al., 1998). LCACoAs have also been shown to in-
hibit hexokinase, the enzyme responsible for the first step in
glucose metabolism in muscle (Thompson and Cooney, 2000)
providing another mechanism for fat-induced muscle insulin
resistance.

FFAs also stimulate gluconeogenesis (Chen et al., 1999). In a
process termed autoregulation, an acute elevation in gluconeo-
genesis does not lead to an increase in endogenous glucose
production (Clore et al., 1991; Roden et al., 2000). Hepatic au-

toregulation has been proposed to be due to either (or both) ex-
trahepatic or intrahepatic mechanisms. The extrahepatic
mechanism is an elevation in insulin levels, possibly stimulat-
ed by FFA (Boden and Jadali, 1991), whereas the intrahepatic
mechanism has been proposed to be secondary to activation of
glycogen synthase and inactivation of glycogen phosphory-
lase by increased concentrations of glucose-6-phosphate sec-
ondary to increased gluconeogenesis (Youn and Bergman,
1990). However, chronic exposure to FFA such as in obesity or
after consumption of a high-fat diet does result in both in-
creased gluconeogenesis and endogenous glucose production
(Fig. 13.2) (Andrikopoulos and Proietto, 1995: Song et al., 2001;
Lam et al., 2002). Multiple mechanisms have been proposed
(Lam et al., 2003) including elevation of acetyl-CoA, citrate,
NADH or ATP (Lam et al., 2002; 2003), accumulation of PKCd
(Lam et al., 2002) and increased protein levels of the gluco-
neogenic enzyme fructose-1,6-bisphosphatase (Song et al.,
2001) among others.

Irrespective of the mechanism by which excess fat stimu-
lates gluconeogenesis, the consequences are greater than just
an increase in endogenous glucose production. Chronic 
stimulation of gluconeogenesis in the kidney, induced in
transgenic rats by the overexpression of phosphoenol pyru-
vate carboxykinase (PEPCK), has been shown to result in
marked peripheral insulin resistance, especially in brown and
white adipose tissue (Lamont et al., 2003) as well as some 
features of the metabolic syndrome (Thorburn et al., 1999).

Thus, in summary an important way that obesity causes in-
sulin resistance is by the excessive circulation of FFAs, which
cause peripheral insulin resistance directly and which also
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stimulate gluconeogenesis. Secondarily, such enhanced glu-
coneogenesis can cause a further increase in the severity of pe-
ripheral insulin resistance. However, excess circulating FFAs
are not the only way by which obesity causes insulin resistance.

Adipokines

One of the most interesting and surprising developments in
the understanding of the link between obesity and insulin re-
sistance was the discovery that adipocytes make and secrete 
a series of cytokines and other hormones that impact either
positively or negatively on insulin sensitivity, and that the ex-
pression of these cytokines is altered by weight gain or weight
loss. These molecules include tumour necrosis factor alpha
(TNF-a), resistin, adiponectin, interleukin 6 (IL-6) and leptin
(Bastard et al., 2000; Bruun et al., 2003).

Tumour necrosis factor alpha

In the early 1990s, it was shown that TNF-a could modulate
glucose transport in cultured cells (Stephens and Pekala, 1991)
and that chronic infusion of human recombinant TNF into rats
induced both hepatic and muscle insulin resistance (Lang

et al., 1992). Hotamisligil and colleagues (1993) then reported
overexpression of TNF-a in adipose tissue from four different
rodent models of obesity and insulin resistance. Mechanisms
of TNF-a-induced insulin resistance include reduction in
GLUT4 expression (Stephens and Pekala, 1991) and reduced
tyrosine phosphorylation of the insulin receptor, in particular
of its first downstream substrate IRS-1 (Hotamisligil et al.,
1994a,b) and upregulation of suppressor of cytokine sig-
nalling (SOCS-3) proteins (Emanuelli et al., 2001).

The role of TNF-a-induced insulin resistance in human 
obesity and type 2 diabetes has been more controversial, with
some studies finding elevated expression in obesity (Kern et
al., 1995; Dandona et al., 1998; Kopp et al., 2003) and type 2 dia-
betes (Miyazaki et al., 2003), whereas others have reported no
reliable relationship between elevated TNF-a levels and obe-
sity (Koistinen et al., 2000) or a failure of removal of TNF-a
using a specific antibody to improve insulin sensitivity in 
subjects with type 2 diabetes (Ofei et al., 1996).

Resistin

Resistin is a member of a novel family of secreted proteins that
includes resistin-like molecule alpha (RELMa, known also as
FIZZ1), RELMb (FIZZ2) and resistin (FIZZ3). In rodents, re-
sistin has been shown to be secreted by adipocytes, and to im-
pair glucose tolerance and insulin action when infused into
mice (Steppan et al., 2001). Studies on L6 rat skeletal muscle
cells have demonstrated that resistin impairs glucose trans-
port without altering insulin signalling, suggesting that the re-
duction in glucose transport is due to a decrease in the intrinsic
activity of cell surface glucose transporters (Moon et al., 2003).
In in vivo studies, however, Rajala and colleagues (2003) report
that resistin and RELMb infusion powerfully stimulates en-
dogenous glucose production without impairing peripheral
(mainly muscle) glucose clearance. One study has also 
reported increased resistin expression in human abdominal
tissue (McTernan et al., 2002). In contrast with these findings,
several studies have reported reduced resistin expression in
human (Nagaev and Smith, 2001; Savage et al., 2001; Way et al.
2001; Janke et al., 2002) and rat (Milan et al., 2002) obesity. In-
sulin (Haugen et al., 2001), free fatty acids (Juan et al. 2001) and
TNF-a (Fasshauer et al., 2001) have all been shown to inhibit re-
sistin expression, providing a mechanism for the reduced re-
sistin levels, as all of these factors are elevated in obesity. Thus,
even if resistin does induce insulin resistance in some tissues,
the fact that it is downregulated in obesity makes it unlikely
that resistin plays a major role in the insulin resistance of 
obesity.

Adiponectin

Adiponectin (Acrp30), first reported in 1995, is a 30-kDa secre-
tory protein made exclusively in adipocytes. It is structurally
similar to complement factor C1q and forms large homo-
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oligomers (Scherer et al., 1995). Secretion of adiponectin is
stimulated by PPARg agonists (Maeda et al., 2001; Yang et al.,
2002) and decreased by androgens (Nishizawa et al., 2002), cor-
ticosteroids (Fasshauer et al., 2002) and TNF-a (Maeda et al.,
2001). Adiponectin has been shown to be reduced in patients
with obesity (Arita et al., 1999; Weyer et al., 2001) or type 2 dia-
betes (Hotta et al., 2000) and in relatives of patients with type 2
diabetes (Lihn et al., 2003), and to increase with weight reduc-
tion (Yang et al., 2001). A study conducted on obese, diabetic
monkeys showed that, like humans, these animals have re-
duced adiponectin levels and demonstrate a positive relation-
ship between adiponectin levels and insulin sensitivity
measured with a hyperinsulinaemic, euglycaemic clamp
(Hotta et al., 2001), a relationship later confirmed in humans
(Tschritter et al., 2003). Knockout of the adiponectin gene in
mice causes moderate insulin resistance (Kubota et al., 2002),
whereas in the converse situation, administration of
adiponectin has been shown to reverse insulin resistance in
mice (Yamauchi et al., 2001), possibly by enhancing the effect of
insulin to suppress endogenous glucose production (Berg et
al., 2001; Combs et al., 2001), and by stimulating AMP kinase in
skeletal muscle and liver (Yamauchi et al., 2002). Two receptors
have been cloned: AdipoR1 is expressed in skeletal muscle,
whereas AdipoR2 is found in liver (Yamauchi et al., 2003a).
Two recent studies have reported a possible protective effect of
adiponectin on the development of type 2 diabetes (Daimon
et al., 2003; Spranger et al., 2003). This is consistent with a study
showing that overexpression of the globular domain of
adiponectin protects ob/ob mice from becoming diabetic 
(Yamauchi et al., 2003b).

In addition to its effects of improving insulin sensitivity,
adiponectin has effects on the vasculature to reduce the risk of
atherosclerosis. Thus, in atherosclerosis-prone apolipoprotein
E-deficient mice, overexpression of adiponectin reduced le-
sion formation in the aortic sinus by 30% compared with con-
trol mice, and the lipid droplets became smaller (Okamoto et
al., 2002). Using another model of atherosclerosis induced by
mechanically damaging the neointimal vascular lining, it was
shown that adiponectin deficiency led to a marked neointimal
thickening and increased proliferation of vascular smooth
muscle cells, which was attenuated by adenoviral expression
of adiponectin (Matsuda et al., 2002). Adiponectin inhibits
DNA synthesis in cultured smooth muscle cells induced by a
variety of growth factors (Matsuda et al., 2002).

Interleukin 6

Type 2 diabetes is associated with features of the acute-phase
response. One of the mediators of the acute-phase response is
interleukin 6 (IL-6) (Baumann and Gauldie, 1994). Elevated
circulating levels of IL-6 were found in patients with features
of the metabolic syndrome (compared with age and sex-
matched control subjects) (Pickup et al., 1997). IL-6 is secreted
by adipocytes (Mohamed-Ali et al., 2001) and is elevated in

obesity (Vgontzas et al., 1997). Subsequently, there have been
several reports of a positive relationship between IL-6 levels
and insulin resistance (Fernandez-Real et al., 2001; Kern et al.,
2001; Vozarova et al., 2001), suggesting that overproduction of
IL-6 in obese subjects was one cause of insulin resistance in
obesity. This conclusion was reinforced by the findings that IL-
6 levels fall after weight loss (Bastard et al., 2000; Bruun et al.,
2003) and that IL-6 induces defects in insulin signalling in 
hepatocytes (Senn et al., 2002).

This view of the insulin resistance-inducing role of IL-6 has
been challenged by studies showing that IL-6 is secreted by
muscle tissue (Ostrowski et al., 1998), that its secretion is de-
pendent on the glycogen content of muscle (Steensberg et al.,
2001) and that IL-6 inhibits the secretion of TNF-a (Starkie et
al., 2003). Indeed it has been shown that IL-6-deficient mice de-
velop obesity and glucose intolerance. This effect of IL-6 was
shown to be centrally acting, as intracerebroventricular, but
not intraperitoneal, administration of IL-6 partly reversed the
defect by increasing energy expenditure (Wallenius et al.,
2002). The recent demonstration that insulin dramatically
stimulates IL-6 mRNA production in insulin-resistant but not
control muscle tissue (Carey et al., 2003) may offer an explana-
tion for the reported relationship between insulin resistance
and IL-6 levels. Thus, contrary to IL-6 being a cause of insulin
resistance, it has now been proposed that IL-6 may be used as a
therapy for the treatment of metabolic disorders (Febbraio and
Pedersen, 2002).

Leptin

Leptin was discovered in 1994 as the mutated gene causing 
severe obesity in the ob/ob mouse (Zhang et al., 1994). It is a 16-
kDa peptide, cytokine-like hormone produced in fat cells and
secreted into the bloodstream. It is transported into the brain
through the choroid plexus, using a saturable mechanism, and
it reduces food intake and stimulates energy expenditure.
Leptin functions as a long-term regulator of energy balance
rather than a short-term satiety signal. Complete deficiency of
leptin leads to severe obesity in both humans (Montague et al.,
1997) and mice (Zhang et al., 1994). Leptin has many other ac-
tions apart from its anorectic activity. These include effects on
bone turnover (Blain et al., 2002), regulation of puberty and fer-
tility (Moschos et al., 2002), and modulation of the acute-phase
response by its capacity to modulate cytokine production
(Faggioni et al., 1999).

The effects of leptin on glucose metabolism and insulin sen-
sitivity have been thoroughly studied but the results have
been confusing and at times contradictory (for a review, see
Ceddia et al., 2002). Thus, in some studies, leptin has been
shown to profoundly impair the action of insulin to stimulate
glucose transport (Fig. 13.3), glycogen synthase, lipogenesis
and protein synthesis in isolated adipocytes (Muller et al.,
1997), and exposure of human liver cells to leptin impairs in-
sulin action (Cohen et al., 1996). These in vitro investigations
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are consistent with studies showing a relationship between 
insulin resistance and leptin levels independent of body fat
mass (Segal et al., 1996; Fischer et al., 2002). Although this rela-
tionship has been attributed to the action of insulin to increase
leptin levels (Mohamed-Ali et al., 1997; Fischer et al., 2002),
other studies have failed to find a stimulatory effect of insulin
on leptin production (Pratley et al., 1996; Segal et al., 1996).

Although data from some studies suggest that leptin causes
insulin resistance, other studies have shown the opposite.
When leptin-deficient ob/ob mice were treated with leptin,
there was a dramatic lowering of glucose and insulin. This
could not be reproduced in pair-fed animals, leading the 
authors to suggest that the hypoglycaemic affect of leptin is
partly independent of its weight-reducing effect in these 
animals (Schwartz et al., 1996). Similarly, intravenous and 
intraventricular administration of leptin to wild-type mice
(Kamohara et al., 1997) and subcutaneous administration of
leptin in rats (Sivitz et al., 1997) increased glucose turnover,
glucose uptake and insulin sensitivity. In other studies, leptin
has been reported to enhance the suppression of endogenous
glucose production by insulin but to have no effect on glucose
transport (Rossetti et al., 1997).

Thus, many mechanisms have been described that may ex-
plain the relationship between obesity and insulin resistance.
The view of the adipocyte as a simple repository for fat has

been dramatically changed by the discovery that fat cells can
manufacture and secrete powerful molecules, many related to
the cytokine system, which can modulate insulin action and
glucose metabolism. In addition, these compounds can have
powerful effects on nutrient intake and vascular health.

Obesity and diabetes

Although obesity almost always causes insulin resistance,
only a subset of obese, insulin-resistant subjects develop dia-
betes. These often have a family history, suggesting the need
for a genetically determined tendency to develop the disorder.
It is now clear that diabetes can only occur if there is a defect 
in insulin secretion (Groop, 2000; Boitard, 2002). Therefore, 
it appears that a genetic tendency to develop beta cell 
failure is necessary for the development of diabetes, but the
triggers for this failure are environmental. Excess fat is a pow-
erful factor in triggering beta cell failure in genetically suscep-
tible individuals.

There is evidence that FFA excess can contribute to beta cell
failure. In the diabetes-prone zucker diabetic fatty (ZDF) rats,
an elevation of FFAs precedes the development of hypergly-
caemia by 2 weeks (Lee et al., 1994). The excess FFAs accumu-
late in the beta cell to 10 times that measured in control islets,
and are associated with impaired glucose-mediated insulin
secretion (Lee et al., 1994). Normalization of FFA levels by di-
etary energy restriction in these hyperphagic animals reduced
circulating FFAlevels, normalized beta cell abnormalities and
prevented the development of hyperglycaemia (Lee et al.,
1994).

Several different mechanisms have been proposed by which
excessive fat accumulation in islets leads to impaired insulin
secretion. These include increased production of ceramide
leading to apoptosis (Maedler et al., 2001) by a variety of 
mechanisms, including increased nitric oxide formation
(Shimabukuro et al., 1998a), inhibition of mitochondrial respi-
ratory chain complex 3 (Gudz et al., 1997), or by inhibition of
Akt kinase activity (Kulik et al., 1997; Zhou et al., 1998). In addi-
tion, there may be direct apoptotic effects of free fatty acyl moi-
eties via lipid peroxidation (Das, 1999) and by reducing Bcl2
expression (Shimabukuro et al., 1998b). Figure 13.4 shows one
hypothetical mechanism by which excess non-esterified fatty
acids lead to apoptosis via the production of ceramide and the
activation of NFkB, resulting in the increased expression of 
inducible nitric oxide synthase (iNOS) and overproduction 
of nitric oxide, leading to apoptosis (Unger and Orci, 2002).
Figure 13.4 also shows evidence that fa/fa rats that are severe-
ly obese because of a mutation of the leptin receptor have 
upregulation of the initial enzyme in this pathway, serine-
palmitoyl transferase (Fig. 13.4b) and evidence that this is as-
sociated with an increased production of ceramide (Fig. 13.4c).

Interestingly, on day 2 of an 8-day FFA incubation, an in-
verse relationship has been found between intracellular
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triglyceride content and the percentage of dead beta cells, 
suggesting that the ability to store triglyceride is protective
and that it is non-esterified FFAs that are harmful (Cnop et al.,
2001; Listenberger et al., 2003). Thus, prolonged exposure of
FFAs may be more toxic if the ability to esterify fatty acids is
limiting. This was confirmed recently by the overexpression of
hormone-sensitive lipase in beta cells. This led to beta cell
damage in high-fat fed mice. Interestingly, the higher expres-
sion of hormone-sensitive LPL resulted in more mobilization
of FFAs and lower triglycerides in the islets of transgenic mice,
suggesting that it is the FFAs that are harmful and not stored
triglyceride (Winzell et al., 2003).

In conclusion, excess fat availability predisposes to diabetes
by inducing insulin resistance and by causing beta cell failure
in some genetically susceptible individuals.

Obesity and the metabolic syndrome

The metabolic syndrome refers to a cluster of disorders often
occurring together in the one individual, which include cen-
tral obesity, impaired glucose tolerance or insulin resistance,
hypertension, dyslipidaemia, hyperuricaemia and elevation
of plasminogen activator inhibitor-1 (PAI-1) (Ford and Giles,
2003). The metabolic syndrome is thus a major risk factor for
cardiovascular disease. The syndrome is highly prevalent. In
the USA, a survey conducted between 1988 and 1994 of 8814
men and women aged over 20 years looked in each individual
for the presence of at least three of the following: elevated
waist circumference (> 102 cm men and > 88 cm in women),
low HDL (< 1.04mmol/L), hypertension (BP > 130/85) or ele-
vated fasting glucose (> 6.1 mmol/L), and found a prevalence

of 21.8%, rising from 6.7% in subjects 20–29 years of age to 42%
in those aged 60–69 years (Ford et al., 2002). The association of
the metabolic syndrome with obesity was clearly demonstrat-
ed in the same dataset, in which only 4% of lean adolescents
had the metabolic syndrome compared with 30% in over-
weight adolescents (Cook et al., 2003). Furthermore, a prospec-
tive population-based cohort study on 937 individuals aged
40–65 years concluded that BMI was the central feature of the
syndrome in both sexes (Maison et al., 2001).

What is the link between obesity and the
metabolic syndrome?

A clue to the relationship between obesity and the metabolic
syndrome is provided by the fact that the strongest relation-
ship is between the metabolic syndrome and visceral adipose
tissue (for a review, see Wajchenberg, 2000; von Eyben et al.,
2003). Visceral adiposity has been linked to insulin resistance
(Fujioka et al., 1987; Pouliot et al., 1992), and primary insulin re-
sistance generated by production of transgenic animals has
been shown to result in features of the metabolic syndrome
(Bruning et al., 1998; Thorburn et al., 1999). This suggests that
one way in which obesity can cause the metabolic syndrome is
by causing insulin resistance. In addition, another feature of
the metabolic syndrome, elevated circulating PAI-1 levels may
be caused by excessive production of PAI-1 in visceral fat. In
rats, PAI-1 mRNA has been found to be increased only in vis-
ceral fat during the development of obesity (Shimomura et al.,
1996).

There is a surprising emerging association between obesity,
insulin resistance, features of a low-grade inflammatory state
and the metabolic syndrome. There is a relationship between
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elevated C-reactive protein and obesity (Visser et al., 1999) and
a significant positive correlation has been found between C-
reactive protein and several features of the metabolic syn-
drome, including total cholesterol, triglyceride, glucose and
uric acid levels, with a negative correlation with HDL-choles-
terol levels (Frohlich et al., 2000). This study also confirmed the
relationship between C-reactive protein and BMI (Frohlich et
al., 2000). These relationships have also recently been demon-
strated in a different population (Tamakoshi et al., 2003). The
relationship of obesity with this mild inflammatory state may
be via the production of insulin resistance, as it has been
shown that the elevated levels of PAI-1, another characteristic
of the metabolic syndrome, are related to insulin resistance in-
dependent of obesity (Nakamura et al., 2003; Solano et al.,
2003). However, associations do not provide information as to
what is cause and what is effect. A clue to the direction of this
relationship is given by studies showing that the administra-
tion of croton oil to rabbits to initiate an acute-phase response
resulted in a sixfold increase in triglycerides and a decrease in
HDL-cholesterol (Cabana et al., 1989), suggesting that an in-
crease in acute-phase proteins causes some features of the
metabolic syndrome.

How could acute-phase proteins induce features of the
metabolic syndrome? One potential mechanism is the overex-
pression of 11b-hydroxysteroid dehydrogenase type-1 (11b-
HSD-1), an enzyme that locally converts the inactive cortisone
to the active cortisol (Stewart, 2003). Inflammatory stimuli in-
crease the expression of 11b-HSD-1 in a variety of tissues, in-
cluding aortic smooth muscle cells (Cai et al., 2001), osteoblasts
(Cooper et al., 2001) and cultured human amnion fibroblasts
(Sun and Myatt, 2003). Transgenic mice overexpressing 11b-
HSD-1 in adipose tissue to the same extent as that found in
obese humans developed visceral obesity, insulin resistance,
diabetes, hyperlipidaemia, hyperphagia (Masuzaki et al.,
2001) and hypertension (Masuzaki et al., 2003). Recently, 
elevated 11b-HSD-1 activity and mRNA levels have been re-
ported to correlate with adiposity, fasting glucose, insulin and
insulin resistance in human subjects, showing that the level 
of 11b-HSD-1 expression is associated with the metabolic 
syndrome in human subjects (Lindsay et al., 2003).

Thus, a testable hypothesis for the relationship between
obesity and the metabolic syndrome can be presented as in 
Fig. 13.5. Much remains to be discovered, including how in-
sulin resistance causes the mild inflammatory state, how in-
flammatory markers upregulate 11b-HSD-1 and how excess
local production of corticosteroid causes the features of the
metabolic syndrome.

Obesity and polycystic ovary syndrome

Polycystic ovary syndrome (PCOS) is a common condition af-
fecting women of reproductive age that causes anovulation,
menstrual irregularities, infertility, hirsutism and acne (Hull,

1987; Polson et al., 1988). Approximately 50% of women with
PCOS are overweight or obese, and these women are more
likely to have more hirsutism and menstrual irregularities
(Franks et al., 1991; Gambineri et al., 2002). Obesity is a risk fac-
tor for POCS because obesity is a cause of insulin resistance.

The association of insulin resistance with hirsutism and
menstrual irregularities has long been known (called ‘la dia-
bète des femme à barbe’— the diabetes of bearded women)
(Achard and Thiers, 1921). The presence of hyperinsulinaemia
in hyperandrogenic women with PCOS was reported in 1980
(Burghen et al., 1980). Insulin has been shown to stimulate an-
drogen production from both ovarian stroma and thecal tissue
(Barbieri et al., 1984; Willis et al., 1996; Nestler et al., 1998) (Fig.
13.6). Hyperinsulinaemic clamps performed on small groups
of intact or oophorectomized women confirmed that the an-
drogenic effect of hyperinsulinaemia was due to the action of
insulin on the ovary rather than on the adrenal gland (Stuart
and Nagamani, 1990).

In obese women, insulin resistance is likely to be secondary
to the excess adipose tissue by mechanisms discussed above.
Consistent with this is the fact that weight loss (Huber-
Buchholz et al., 1999; Crosignani et al., 2003) and insulin-
sensitizing agents such as metformin (Velazquez et al., 1994)
and thiazolidenediones (Dunaif et al., 1996) all lower insulin
levels and have been shown to reverse features of the PCOS
and lead to ovulation in a substantial proportion of women.

It has also been shown that insulin resistance is a feature of
non-obese women with PCOS. It has been postulated that in
these women, the action of insulin is disrupted by excessive
serine phosphorylation of the insulin receptor, presumably
secondary to an overactive serine/threonine kinase. As
P450c17, an important regulatory enzyme of androgen
biosynthesis, is modulated by serine phosphorylation, it has
been proposed that in these women a single defect could 

Insulin resistance

Obesity

Mild inflammatory state

Up-regulation of 11b-hydroxysteroid dehydrogenase-1

Metabolic syndrome

Fig 13.5 Hypothesized mechanism for the development of the metabolic

syndrome in obesity.
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explain both insulin resistance and hyperandrogenism
(Dunaif, 1997).

Conclusion

Obesity can cause many serious metabolic complications in-
cluding many key features of the metabolic syndrome such 
as insulin resistance, type 2 diabetes and dyslipidaemia and
polycystic ovary syndrome. Recent work is unravelling the
many and complex mechanisms responsible for this relation-
ship. The facts that the adipocyte manufactures and secretes
many compounds that can modify insulin action and that obe-
sity is associated with a mild inflammatory state are two of the
most surprising outcomes of recent research in this area.
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from one woman with PCOS (PCOS) and one healthy woman (non-PCOS)

and cultured in the absence or presence of various concentrations of insulin.

After 16 h, cells were quickly frozen and thawed, and the testosterone

content of cells and media was assayed by radioimmunoassay (RIA). Net

steroid synthesis was calculated by subtracting the steroid content of cells
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Introduction

A question often asked by patients is whether a hormonal ab-
normality has caused their obesity. Although endocrine disor-
ders are often associated with characteristic changes in body
composition and body weight, these disorders — and so far as
we know, abnormalities of the major neuroendocrine circuits
in the brain controlling energy balance — play little role in the
pathogenesis of common obesity, which is overwhelmingly
the consequence of environmental and behavioural factors.
This is a point of clinical significance because classical en-
docrine disorders are now being diagnosed with increasing
frequency in overweight and obese subjects, simply because
the prevalence of obesity in the population is rising. In this 
situation, both patient and doctor may consider a relationship
between the two, whereas there is usually very little or none.
The great majority of the endocrine abnormalities that are ob-
served in patients with obesity are caused by the obesity. These
endocrine abnormalities are mostly maladaptive and are re-
sponsible for many of the metabolic complications of obesity.

This chapter first considers the rare endocrine disorders that
can play primary aetiological roles in the development of 
obesity. The main focus of the chapter — endocrine changes
that are brought about as direct consequences of common 
obesity — are then considered in detail, and points of clinical
relevance are highlighted. The important effects of obesity on
insulin secretion and action, and its role in the pathogenesis of
the metabolic syndrome and diabetes, are dealt with else-
where in this book and will not be considered here. Finally, the
question concerning which biochemical and other clinical in-
vestigations are worthwhile in obese patients will be exam-

ined, together with the everyday clinical problem of interpret-
ing endocrine test results in obese patients.

Primary endocrine disease and obesity

In the weight reduction clinic, routine investigation for classi-
cal endocrine diseases seldom yields a diagnosis that explains
a patient’s obesity. At first sight this can seem surprising, as
adipose tissue differentiation, and uptake and storage of fatty
acids are controlled by sophisticated endocrine mechanisms
involving the brain, the foregut and the autonomic nervous
system (Fig. 14.1). Although it is not unusual for morbidly
obese subjects to be screened biochemically for hypothy-
roidism and hypogonadism, and if there is clinical suspicion to
investigate for Cushing’s syndrome, these diagnoses are very
rarely made. Rather, the clinical history usually identifies
longstanding lifestyle-related factors as the principal cause of
weight gain. Weight gain is a common presenting symptom 
of primary hypothyroidism, but it is usually modest, seldom
more than a few kilograms, unless the diagnosis remains over-
looked for a long period, by which time other symptoms are
obvious. Similarly, although hypogonadism can be associated
with weight gain, it is not usually a major factor in obesity,
rather redistribution of body fat. Obesity also clouds the bio-
chemical diagnosis of hypogonadism, particularly in men in
whom obesity suppresses levels of sex hormone-binding glob-
ulin (SHBG), and total and free testosterone.

Panhypopituitarism has more potential for weight gain, al-
though secondary hypoadrenalism may offset this. However,
in the absence of delayed diagnosis, panhypopituitarism is a
very rare cause of obesity, and in the absence of hypothalamic
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damage can not be considered a sufficient cause of morbid
obesity.

Cushing’s syndrome is also a rare diagnosis in patients re-
ferred for morbid obesity alone, as it is more usually associat-
ed with fat redistribution and muscle wasting. In Liverpool, a
diagnosis of pituitary Cushing’s disease was made only once
from 400 patients referred for assessment of morbid obesity.
Except for research purposes, there is little merit in routine bio-
chemical screening of obese patients for hypothyroidism, hy-
pogonadism, growth hormone (GH) deficiency or Cushing’s
syndrome. The presence of other typical clinical features will
suggest the need for biochemical investigation, just as in non-
obese patients.

The hypothalamus plays a critical role in the regulation of
food intake, energy expenditure and in regulating the internal
metabolic milieu via the autonomic nervous system and the
anterior pituitary gland. Not surprisingly, hypothalamic dys-
function, caused by acquired insults or by genetic defects,
principally affecting the mediobasal hypothalamus in the 
region of the arcuate, ventromedial, dorsomedial and para-
ventricular nuclei can cause major disturbances of energy reg-
ulation, culminating in obesity (Pinkney et al., 2002). The
magnetic resonance imaging (MRI) scan of a patient with a

glioma compressing the hypothalamus is shown in Fig. 14.2.
Table 14.1 summarizes the principal endocrine disorders
known to lead to significant weight gain and obesity, includ-
ing structural lesions of the hypothalamus. The majority of 
patients with acquired structural hypothalamic damage will
gain weight, and weight gain correlates with more extensive
endocrine dysfunction, including the presence of diabetes in-
sipidus and growth hormone deficiency, and perhaps the radi-
ological extent of the lesions (de Vile et al., 1996; Lustig et al.,

Brain

Anterior pituitary

Sympathetic system

Food ingestion

Pancreas

LH/FSH

TSH

ACTH

Insulin

Adipose tissue

Catechol-
amines

Sex
steroids

Thyroid
hormone

Cortisol

Growth
hormone

Fig 14.1 Adipose tissue has three principal sets of external endocrine

regulatory mechanisms, coming from the central nervous system via the

anterior pituitary and the sympathetic nervous system, and from the foregut.

Short-term metabolic responses are dominated by insulin and noradrenaline,

whereas longer term adaptations are also influenced by the anterior pituitary

endocrine pathways.

Fig 14.2 Coronal MRI brain scan in a patient with a glioma compressing the

basal hypothalamus. The tumour (arrowed) has disrupted the medial basal

hypothalamus, breached the floor of the third ventricle and disturbed the

normal configuration of the ventricle. Hypothalamic lesions are extremely

rare causes of obesity.

Table 14.1 Primary endocrine causes of obesity in humans.

Structural diseases of the hypothalamus

Craniopharyngioma

Pituitary macroadenomas with suprasellar extension

Other primary tumours, infiltrations, inflammatory diseases of the

hypothalamus

Trauma, surgery and radiotherapy to hypothalamus

Other endocrine factors that can contribute to weight gain

Hypothyroidism

Hypogonadism

Growth hormone deficiency

Panhypopituitarism

Genetic forms of obesity associated with hypothalamic dysfunction

Prader–Willi syndrome

Leptin mutation

Leptin receptor mutation

Proopiomelanocortin mutation

Prohormone convertase mutation

MC4 receptor mutation
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2003; Daousi et al., 2005). Such is the rarity of structural hypo-
thalamic disease, however, that in the absence of suggestive
clinical features, brain imaging does not have a routine role in
the investigation of morbid obesity.

Prader–Willi syndrome is one of the commoner genetic
causes of obesity that is associated with hypothalamic dys-
function. This diagnosis is usually suggested by characteristic
phenotypic features, including a history of hyperphagia, and
is confirmed by genetic testing. All the other genetic forms 
are rare, with the possible exception of mutations in the
melanocortin 4 receptor (Farooqi et al., 2003). Although the
number of recognized monogenic forms of obesity is likely to
increase further, this group of diseases makes only a very small
contribution to the overall prevalence of morbid obesity in the
population.

Endocrine consequences of obesity

The endocrine consequences of obesity can be viewed broadly
as physiological adaptations to positive energy balance. How-
ever, obesity is far from a transient physiological state, and
many of these adaptations are ultimately maladaptive, either
opposing attempts at weight loss or contributing in various
ways to the metabolic complications of obesity.

Pituitary–adrenal axis

Glucocorticoids profoundly influence fat distribution and are
therefore of interest to clinicians and researchers. Obesity is as-
sociated with complex changes in the pituitary–adrenal (PA)
axis (Table 14.2). Although obese subjects usually have normal
basal plasma and urinary cortisol levels, a variety of more sub-
tle changes in the axis have been reported in obese subjects, in-
cluding accelerated cortisol production and degradation
(Migeon et al., 1963; Galvao-Tales et al., 1976), reduced daytime
variation with diminished morning peaks (Strain et al., 1980;
Marin et al., 1992; Ljung et al., 1996) and modest elevation of
plasma adrenocorticotropic hormone (ACTH) levels (Slavnov
and Epstein, 1977). The PA axis is often described as being
‘hyper-reactive’ in obesity. For example, the ACTH response

to insulin-induced hypoglycaemia has been found to cor-
relate positively with body weight (Weaver et al., 1993). 
Meal-induced activation is also greater in women with central
obesity (Korbonits et al., 1996), and hyper-responsiveness of
the PA axis has been observed in obese subjects in response to
stimulation by neuropeptides and stress (Pasquali et al., 1993;
1998). Elevations in salivary cortisol profiles have also been as-
sociated with stress and central obesity in men (Rosmond et al.,
1998), in support of the concept that stress may contribute to
central obesity through activation of the PA axis. The distinc-
tion between cause and effect in the relationship between obe-
sity and defects in the PA axis is problematic, however, and
although the hypothesis that stress-induced PA defects play a
primary role, particularly in the development of central obe-
sity, is plausible, it awaits convincing proof.

There are many similarities between central obesity and
Cushing’s syndrome, and it is important not to miss a diag-
nosis of Cushing’s syndrome in centrally obese patients.
Cushing’s syndrome, which is typically associated with
marked central obesity (Fig. 14.3), is characterized also by 
insulin resistance, hyperinsulinaemia, impaired glucose 

Table 14.2 Principal characteristics of the pituitary–adrenal axis in obesity.

Normal 24-h urinary cortisol excretion

Flat diurnal plasma cortisol profile

Reduced morning plasma cortisol peak

Increased stress-induced ACTH secretion

Resistance of ACTH to cortisol feedback

Impaired low-dose dexamethasone suppression

Decreased cortisol-binding globulin

Increased cortisol clearance

Increased adrenal androgen production

Fig 14.3 Central obesity in a patient with Cushing’s disease caused by an

ACTH-secreting adenoma of the pituitary gland. Redistribution of body fat to

the abdomen and the back of the neck (‘buffalo hump’), with loss of

peripheral fat and muscle are evident. Recently, the patient had also

developed diabetes and hypertension.
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tolerance, hypertension and dyslipidaemia (Rebuffe-Scrive
et al., 1988). This similarity has led to the suggestion that cen-
tral obesity might be a localized form of Cushing’s syndrome
affecting central adipose tissue (Bujalska et al., 1997).

There are several additional lines of evidence that support
an association of increased PA activity and central obesity.
Cushing’s syndrome has been associated with diminished
lipolysis, and this may lead to a decreased capacity of abdomi-
nal adipocytes to mobilize fat, contributing to the develop-
ment of central obesity. Other abnormalities described in
Cushing’s syndrome include decreased plasma SHBG and
raised free testosterone levels, and this also clearly has the po-
tential to influence fat distribution. Furthermore, the action of
sex steroids is also regulated at tissue level. Glucocorticoids
are dependent not only on pituitary drive and adrenal secre-
tion, but also upon receptor binding and local metabolism.
Thus, the enzyme 11-b-hydroxysteroid dehydrogenase 
converts cortisol to cortisone, and regulates tissue steroid
availability. Evidence to support the hypothesis that such a
mechanism could determine visceral fat accumulation 
comes from transgenic studies in mice that overexpress 11-b-
hydroxysteroid dehydrogenase in fat. These animals devel-
oped central obesity and the metabolic syndrome (Masuzaki
et al., 2001). The significance of this mechanism in human 
central obesity remains uncertain.

Changes in skeletal muscle in central obesity and Cushing’s
syndrome also show intriguing similarities. A relative de-
crease in type 1 muscle fibres was seen in central obesity and
Cushing’s syndrome (Rebuffe-Scrive et al., 1988). Type 1 fibres
have greater insulin sensitivity and bind insulin more effi-
ciently. Insulin sensitivity correlates positively with the pro-
portion of type 1 fibres and inversely with that of type 2b fibres.
Thus, muscle fibre composition in Cushing’s syndrome re-
sembles that seen in central obesity, again implying that in-
creased tissue exposure to glucocorticoids occurs in centrally
obese subjects, perhaps from increased PAaxis activation.

Differences in the secretion and action of sex steroids are
thought to be primarily responsible for the gender difference
in fat distribution, and the adrenal cortex contributes signifi-
cantly to androgen production in women. The principal
adrenal androgens, dehydroepiandrosterone (DHEA) and an-
drostenedione can be converted to testosterone in adipose tis-
sue stromal cells, acting directly on neighbouring adipocytes.
The obesity-related changes in PA function also include 
increased adrenal androgen production and urinary 17-
ketosteroid excretion (Simkin 1961; Kurtz et al., 1987). In 
premenopausal women, serum levels of the adrenal androgen
DHEA correlate positively with truncal fat accumulation, but
these effects are not seen in men (Usiskin et al., 1990; Williams
et al., 1993). In women, in whom adrenal androgen production
is proportionately more important than gonadal androgen
production, a shift towards central obesity may be an effect of
increased adrenal androgen output. Thus, in healthy post-
menopausal women, androgen levels have also been found to

predict the subsequent development of central obesity (Khaw
and Barret-Connor, 1991). The stimulation of DHEA and
DHEA/17-hydroxyprogesterone ratio after administration of
ACTH has also been correlated with body weight (Brody et al.,
1987). Androgens impair insulin sensitivity, and the resulting
hyperinsulinaemia leads to suppression of levels of SHBG, re-
sulting, in turn, in increased free testosterone levels and fur-
ther visceral fat accumulation. Thus, adrenal androgens are
likely to play a significant role in the development of central
obesity in women.

In summary, complex dysregulation of the PAaxis is appar-
ent in subjects with central obesity, and could play a primary
role, either alone or in combination with additional endocrine
mechanisms described below, in the pathogenesis of central
obesity. Cause and effect are difficult to distinguish. The two
principal changes in this axis are increased central activation
with resistance to glucocorticoid feedback, and increased
adrenal and tissue responsiveness.

Growth hormone–insulin-like growth factor-1 axis

Multiple changes in the GH–IGF axis — especially reduced GH
secretion — are present in obese individuals (Table 14.3). As
with the pituitary–adrenal axis, these changes are conse-
quences of common obesity, rather than factors with any pri-
mary causal role. However, deficient GH secretion is certainly
relevant to increasing body fatness. Subcutaneous fat is
markedly increased in GH-deficient subjects (Tanner and
Whitehouse, 1967) and central rather than peripheral adipo-
sity is closely associated with GH hyposecretion (Vahl et al.,
1997). In one study of GH-deficient subjects, visceral fat was
decreased by 30% after 6 months of treatment with GH
(Bengtsson et al., 1994). GH deficiency is associated with im-
pairments of lipolysis in fat and protein synthesis in muscle —
an unfavourable combination in the context of obesity. Several
mechanisms contribute to reduced GH levels in obesity 
including inhibition of secretion by nutrient and neuro-
endocrine signals, increased binding and clearance. GH 
secretion is reduced in response to both pharmacological and
physiological stimuli (Maccario et al., 2000). The reduction in
GH secretion is due mainly to a reduction in pulse amplitude
rather than frequency (Veldhuis et al., 1995). The clearance of
both exogenous GH and endogenous GH is also increased in

Table 14.3 Principal abnormalities of the GH–IGF axis in obesity.

Decreased pituitary GH secretion

Increased GHBP production

Decreased IGFBP-1

Decreased IGFBP-3

Low/normal total serum IGF-1

Increased levels of free IGF-1

Decreased gastric ghrelin secretion
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obesity (Veldhuis et al., 1991, Langendonk et al., 1999), and the
consequences of reduced GH secretion are further amplified
by increased levels of GH-binding protein (GHBP) (Postel-
Vinay et al., 1995), particularly in central obesity (Fisker et al.,
1997).

Circulating fatty acid (FA) levels are typically increased in
obesity, and also contribute to the downregulation of GH se-
cretion. A direct inhibitory effect of FA on pituitary GH secre-
tion could explain this phenomenon (Alvarez et al., 1991).
Chronic carbohydrate overfeeding also impairs GH responses
without any increase in body weight (Merimee and Fineberg,
1973). At present, it is unclear whether this results from direct
nutrient effects or neuroendocrine mechanisms. Insulin also
suppresses GH secretion in vitro (Yamashita and Melmed,
1986), and so hyperinsulinaemia may contribute to GH hy-
posecretion in obesity. Other factors involved in the downreg-
ulation of GH secretion are insulin-like growth factor (IGF)-1
and its binding proteins. IGF-binding proteins 1 and 3 (IGFBP-
1, IGFBP-3) are reduced in obesity, with serum IGFBP-1 in-
versely related to fasting insulin levels and central fat
distribution (Weaver et al., 1990; Bang et al., 1994). Insulin stim-
ulates synthesis of IGF-1 and suppresses that of IGFBP-1.
Thus, the hyperinsulinaemia of obesity, in conjunction with in-
creased IGF-1 output from an expanded adipose tissue mass,
may explain the elevated levels of free IGF-1 observed in obe-
sity (Frystyk et al., 1995). Free IGF-1 exerts negative feedback
on GH secretion in pituitary cells. Confirming this mecha-
nism, the GH response to GHRH in obese humans is sup-
pressed by exogenous IGF-1 (Maccario et al., 2001). A final
mechanism for GH hyposecretion is suggested by the recent
finding in obesity of reduced plasma levels of the gut hormone
ghrelin (see below).

Evidence that GH hyposecretion contributes to the mainte-
nance, and perhaps the pathophysiology of the obese state is
provided by clinical trials of GH in obese subjects. In a 9-month
duration study of GH in men with central obesity, total body
and visceral fat declined by 9.2% and 18.1%, with improved
glucose tolerance, lipid profile and blood pressure (Johansson
et al., 1997). The mechanisms responsible for the beneficial 
effect on fat mass are probably multiple, including increased
lipolysis, increased lean body mass and resting metabolic rate.
There is evidence that GH may augment plasma leptin levels
in GH-deficient humans (Bianda et al., 1997), which could pro-
mote negative energy balance. Furthermore, in preadipocytes,
IGF-1 promotes and GH suppresses adipocyte differentiation
(Smith et al., 1988; Richelsen, 1997), raising the interesting pos-
sibility that the high IGF-1/low GH environment of obesity
favours adipocyte differentiation. Finally, the observation that
weight loss reverses the defects in GH and IGF-1 secretion and
reduces GHBP levels (Rasmussen et al., 1995; 1996) confirms
that these abnormalities are indeed secondary to obesity.

In addition to GHRH and somatostatin, ghrelin has
emerged recently as a third major regulator of GH secretion.
Ghrelin is a 28-amino-acid peptide expressed in neuroen-

docrine cells of the gut— mainly in the gastric fundus— but it 
is also expressed in the arcuate nucleus of the hypothalamus
(Kojima et al., 1999). Ghrelin is the endogenous ligand for the
growth-hormone-secretagogue receptor. Whether adminis-
tered to pituicytes in vitro, ICV to animals or by peripheral 
injection to animals and humans, ghrelin provokes growth
hormone secretion. Unexpectedly, both ICV and peripheral in-
jection of ghrelin in animals and humans also elicited feeding
responses, and weight gain was observed in animals. Gastric
ghrelin expression and secretion increase with fasting and de-
cline in the postprandial state. In the stomach, ghrelin has a
prokinetic effect, whereas circulating ghrelin appears to stim-
ulate feeding and induce weight gain and gastric acid secre-
tion through central effects. The effect on weight is mediated
through central antagonism of leptin and other anorectic 
cytokines through signals delivered via vagal afferents, 
rather than a direct blood-borne effect on the hypothalamus
(Shintani et al., 2001). This action appears to be mediated
through increased expression of hypothalamic neuropeptide-
Y and Agouti-related protein (AGRP) (Kamegai et al., 2000).
Ghrelin may also stimulate feeding through the orexin system
of the lateral hypothalamus (Toshinai et al., 2003). In human
obesity, reduced plasma ghrelin concentrations have been re-
ported (Tschöp et al., 2001). This apparently appropriate adap-
tation may be caused in part by the hyperinsulinaemia of
obesity (Flanagan et al., 2003).

While the role of ghrelin in energy homeostasis remains to
be fully clarified, it appears that ghrelin links feeding and GH
secretion. Although increased ghrelin secretion may elicit
hunger, and ghrelin downregulation in the stomach may be an
appropriate adaptation to the fed state, long-term suppression
of ghrelin in the obese state clearly does not prevent continued
food consumption and may be maladaptive. Low ghrelin se-
cretion might also contribute to the reduction of growth hor-
mone secretion observed in the obese state. An interesting
recent observation has been the finding of increased plasma
ghrelin levels in Prader–Willi syndrome (Cummings et al.,
2003). This finding could explain the marked hyperphagia
characteristic of this syndrome.

Pituitary–gonadal axis

Sex steroids are important regulators of adipose tissue metab-
olism and play a significant role in some of the endocrine con-
sequences of obesity, especially in women. The production of
17b-oestradiol and its precursors, including androstenedione
and testosterone, decreases in women with normal ageing and
the menopause. However, obesity in women is associated
with subtle and complex changes in the pituitary–ovarian axis
and ovarian function (Aziz, 1989). These will be considered in
detail.

Androstenedione and testosterone concentrations are often
elevated, and the plasma ratio of oestrone to oestradiol is in-
creased. In postmenopausal obese women, serum oestrone
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and oestradiol also correlate with fat mass (Meldrum et al.,
1981). Levels of free oestrogen are increased, in conjunction
with reduced SHBG — a pattern similar to the one observed in
women with polycystic ovary syndrome (see below). In both
women and men, altered production of SHBG in the obese
state leads to major changes in sex steroid dynamics. Levels of
SHBG are inversely related to fat mass and waist–hip ratio
(Evans et al., 1983), and so obesity results in increased free
steroid levels and clearance. Body weight and waist–hip ratio
correlate inversely with SHBG levels and directly with free
testosterone. The clearance of testosterone increases as the
availability of SHBG decreases, the consequence of an in-
creased fraction of unbound testosterone available for hepatic
extraction and clearance (Vermulen and Ando, 1979). Obesity
probably influences SHBG production by several mecha-
nisms. Insulin directly inhibits SHBG synthesis (Plymate et al.,
1988), and hyperinsulinaemia is probably the main mecha-
nism responsible for the characteristic reduction of SHBG pro-
duction in obesity. Hyperinsulinaemia, in conjunction with
increased tissue free IGF-1 at ovarian level, further increases
thecal androgen secretion (Barbieri et al., 1986; Barbieri and
Hornstein, 1988). Central obesity in women is characterized
by higher total testosterone, increased oestradiol and reduced
SHBG rather than lower body obesity (Kirschner et al., 1990).
In men, obesity is also associated with reductions in circulat-
ing concentrations of SHBG, but androgen levels (total and
free testosterone) are also reduced (Zumoff et al., 1990; Haffner
et al., 1993). In this situation, gonadotrophin levels and stimu-
lated androgen secretion are usually normal. Obese men with
lower free testosterone have lower lipolytic responses to cate-
cholamines and higher LPL activity in adipose tissue. These
metabolic adaptations may contribute to lower triglyceride
turnover and further fat accumulation in obese subjects.

Adipose tissue is also able to sequester steroids, including
androgens, because of their high lipid solubility, and most sex
steroids are preferentially concentrated within adipocytes
rather than plasma (Wahrenberg et al., 1989). As a result, the
steroid pool is significantly greater in obese than in lean sub-
jects — the fat volume in obese subjects is much larger than the
intravascular space and tissue steroid levels are many times
higher than plasma (Feher and Brodrogi, 1982). However, 
adipose tissue serves not only as a reservoir but also as an 
important site for steroid metabolism— androgens are irre-
versibly aromatized to oestrogens or reversibly converted to
other androgens (Longcope et al., 1969; Schinder et al., 1972).
Aromatization increases with age and is two to four times
higher in postmenopausal women. Androstenedione is the
major substrate for oestrogen formation. The interconversion
of oestrone to oestradiol is greater in omental than subcuta-
neous fat (Deslypere et al., 1987). Furthermore, adipose tissue
17-hydroxysteroid dehydrogenase activity, determined by 
the conversion of oestrone to oestradiol, is higher in pre-
menopausal than postmenopausal women, and women have
higher activity than men. Oestrogens are not passive by-

products of obesity because they positively promote
preadipocyte proliferation, preservation and further expan-
sion of adipose tissue.

There are two potential explanations for the increase in 
androgen production rate in female obesity. One is increased
pituitary–gonadal and/or pituitary–adrenal drive. Alterna-
tively, the increase in ovarian and adrenal production is stimu-
lated by peripheral factors such as insulin, and with falling
SHBG production, increased bioactivity and clearance of free
steroid. Increased androgen levels may favour central fat 
deposition with an additional increase in steroid clearance
through adipose tissue sequestration and metabolism. Unlike
most hormone receptors, the number of androgen receptors in
fat cells increases with exposure to testosterone. Interestingly,
hypogonadism in men is associated with a significant de-
crease in the lipolytic response to catecholamines, whereas
treatment with testosterone normalizes this response and in-
creases triglyceride turnover. The lipolytic effect of testos-
terone is mediated by an increase in beta-adrenoceptor
numbers and the activity of adenylate cyclase, protein kinase
A and hormone-sensitive lipase. The density of abdominal
subcutaneous adipose tissue alpha-adrenoceptors is higher in
men than women and, although the main effect of androgens
is lipolytic, these hormones also increase the number of 
anti-lipolytic a2-adrenoceptors. Long-term treatment with
testosterone of hypogonadal men leads to a marked decrease
in both LPL activity and FA uptake in abdominal but not
femoral subcutaneous fat. Thus, androgen deficiency in 
men and androgen excess in women both have significant 
impacts on fat distribution. Such results are in keeping 
with studies that show an increased density of androgen 
receptors in visceral compared to subcutaneous fat (Sjögren
et al., 1995).

The obesity-related abnormalities of the pituitary–gonadal
axis are of major clinical importance in women. This subject is
discussed in more detail in Chapters 13 and 20, and so only the
principal endocrine issues will be summarized here. Hyper-
androgenism, ovulatory and menstrual disturbances are com-
mon consequences of obesity, and can be viewed as additional
aspects of the metabolic syndrome with which they are closely
associated. Female hirsutism is one of the most common 
causes of referral to an endocrinologist, and menstrual dis-
turbance, obesity, diabetes and cardiovascular risk factors are
identified frequently in this group. In women, obesity is also
associated with an increased risk of hormone-sensitive carci-
nomas. Menarche frequently occurs at a young age in obese
girls and oligomenorrhoea and amenorrhoea are common in
adulthood. Weight loss has a salutary effect on ovulatory func-
tion with the return of menses in previously amenorrhoeic
obese women. Polycystic ovary syndrome (PCOS) is the most
common endocrine disorder of reproduction, and is discussed
further in Chapter 13. Moderate degrees of excess body weight
are frequently observed in the syndrome, fuelling speculation
that obesity is a causal factor. The multiple endocrine and
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Subsequent studies with insulin-sensitizing agents, met-
formin and thiazolidinediones (Velasquez et al., 1994; Dunaif
et al., 1996; Iunro and Nestler, 2001) confirm these results. Met-
formin has also been shown to have a favourable effect on hir-
sutism in PCOS (Kelly and Gordon, 2003). An additional
mechanism by which insulin influences androgen secretion
involves IGFBP-1. Lean women with PCOS show a positive
correlation between plasma insulin and IGF-1 concentrations
and a negative one with IGFBP-1, a pattern identical to that in
obesity (Conway et al., 1990). IGF-1 is a potent amplifier of LH-
induced androgen synthesis (Erickson et al., 2001), and as
IGFBP-1 acts as an inhibitor of IGF-1 action, its suppression by
insulin favours increased androgen production by increasing
ovarian levels of free IGF-1.

In conclusion, obesity and insulin resistance play important
roles in the pathogenesis of female hyperandrogenism and in-
fertility. The observation that weight loss improves menstrual
function in obese women with PCOS supports a causal role for
obesity in the reproductive disturbance.

Pituitary–thyroid axis

Although hypothyroidism can present with modest weight
gain, primary disorders of the pituitary–thyroid (PT) axis do
not play any significant role in the aetiology of common obesi-
ty. Thyroid hormone is an important physiological regulator
of energy balance (Zhang and Lazar, 2000), and during fasting,
overfeeding and in obesity, adaptations occur at all levels of
the PT axis. The availability of free hormone measurements
and more sensitive thyroid-stimulating hormone (TSH) as-
says over the last two decades has aided research in this area. A
study of lean and obese children has reported that the median
TSH and thyroid hormone levels were elevated in obese sub-
jects, although still within the conventional laboratory refer-
ence range (Stichel et al., 2000).

Increased TSH and decreased prolactin responses to TRH
are also seen in obesity (Scaglione et al., 1991), suggesting cen-
tral upregulation. Levels of TSH also correlated with body fat
and plasma leptin in obese subjects (Pinkney et al., 1998) con-
sistent with central upregulation. Experimental data in hu-
mans confirm that the PT axis is under nutritional control.
Overfeeding increases total levels of thyroid hormone and 
reduces levels of reverse-T3 (Davidson and Chopra, 1979),
whereas fasting reduces free T3 and free T4 levels in obese sub-
jects (Kvetny, 1995). Although 5¢-deiodinase activity is under
nutritional control, and regulates T4–T3 conversion, the fast-
ing-induced fall in T3 is mainly due to reduced thyroid secre-
tion (Kinlaw et al., 1985).

Therefore, the main nutritional and obesity-related changes
in the PT axis occur centrally. The mechanism for this involves
the action of leptin in the arcuate nucleus on proopiome-
lanocortin (POMC) and NPY-containing neurons (Legradi et
al., 1998; Fekete et al., 2000). Thus, the PT axis makes appropri-
ate adaptations to fasting, defending body weight and muscle

metabolic defects associated with PCOS are summarized in
Table 14.4.

In PCOS, the ovaries show thickened cortices, thecal hyper-
plasia, immature granulosa cells and increased numbers of
atretic follicles. In contrast with obesity, the ovaries are the
major source of androgens in PCOS, with LH-dependent
testosterone production. Also in contrast with obesity, many
subjects with PCOS exhibit increased LH secretion. PCOS is
characterized also by increased plasma androstenedione and
testosterone, and a reversed oestradiol–oestrone ratio. SHBG
levels are also reduced in PCOS as in obesity. Testosterone is
formed in peripheral tissues by conversion from androstene-
dione and DHEA, whereas oestrone is both secreted by the
ovaries and derived from extragonadal aromatization. In both
PCOS and obesity, aromatization rates of androstenedione to
oestrone by adipose tissue rise with increasing body weight.

The aetiology of PCOS is controversial. Much evidence sup-
ports a role for insulin resistance, and this may explain the as-
sociation of PCOS with central obesity. Insulin increases free
testosterone levels in PCOS by increasing production of testos-
terone and suppressing that of SHBG (Nestler et al., 1991).
Women with PCOS are insulin resistant and hyperinsuli-
naemic, and often develop impaired glucose tolerance and
type 2 diabetes (Oberfield, 2001). Although the degree of hy-
perinsulinaemia is proportional to body weight, lean women
with PCOS are also insulin resistant. However, obese women
with PCOS are significantly more hyperinsulinaemic than
non-obese women with PCOS (Franks et al., 1991). Sup-
pression of gonadal steroidogenesis with a long-acting 
gonadotrophin-releasing hormone (GnRH) analogue does
not affect plasma insulin levels or insulin sensitivity (Geffner
et al., 1986), which argues against hyperandrogenism as a
cause of insulin resistance. Hyperinsulinaemia is thought to
promote ovarian steroidogenesis. Consistent with this mecha-
nism, Nestler and colleagues (1989) observed a fall in plasma
insulin and testosterone levels in obese women with PCOS
given diazoxide, with no effect on gonadotrophin release. 

Table 14.4 Principal endocrine and metabolic abnormalities associated

with PCOS.

Increased adrenal androgen secretion

Increased ovarian testosterone secretion

Increased aromatization of androstenedione

Increased oestrone/oestradiol ratio

Increased LH/FSH ratio

Decreased SHBG

Increased free steroid concentrations

Decreased IGFBP-1

Insulin resistance

Hyperinsulinaemia

Type 2 diabetes

Dyslipidaemia
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mass. As with other endocrine mechanisms, the PT axis has lit-
tle capacity for the opposite adaptation in obesity. Although
thyroid hormones have attracted interest in obesity treatment,
their primary effect is to reduce lean rather than fat mass. This
and other side-effects, particularly cardiac arrhythmias, mean
that therapeutic hyperthyroidism is neither an effective nor
safe treatment for obesity.

Endocrine functions of adipose tissue

The discovery of leptin by Friedman (Zhang et al., 1994) con-
firmed the previous predictions of Coleman (1973), that adi-
pose tissue had an endocrine role in the control of energy
balance. Table 14.5 summarizes some of the principal hor-
mones and other substances known to be expressed in, or 
released from, adipocytes. Some of these factors have local au-
tocrine and paracrine roles within adipose tissue, whereas
others are released from adipose tissue into the general circu-
lation, where they exert a variety of remote effects, many of
which are endocrine in nature. Some of the main relationships
are summarized in Fig. 14.4. The clinical relevance of many of
these mediators is not yet established, but given their potential
clinical importance they will be discussed briefly.

Although the adipose tissue–brain axis is clearly of major
physiological importance in the control of energy balance and
reproduction, it is far less clear whether many of the other 
endocrine effects for which there is evidence are of primary
physiological significance in the lean state, as opposed to 
representing maladaptive ‘spillover effects’ in the obese state.
These mediators have attracted great interest because some of

them may contribute directly to the pathophysiology of 
obesity. Apart from leptin, the other adipose tissue peptides
that best fit the classical definition of hormones are
adiponectin, IL-6 and resistin. TNF-a, several other cytokines
and angiotensinogen may also be released from adipose tissue
and possibly also fit this definition.

Leptin is the best characterized endocrine product of the
adipocyte, the main function of which is to act as a blood-borne

Table 14.5 Classical and local hormones released by adipose tissue.

Hormones

Leptin

Adiponectin

IL-6

IGF-1

Resistin

Angiotensinogen

Paracrine/autocrine mediators

TNF-a
IL-1b
IL1ra

IL-8

Prostanoids

Products of local steroid metabolism

Oestrogens

Glucocorticoids

Other molecules with distant metabolic effects

Fatty acids

Brain

Leptin

Pancreas

Blood vessels

Liver

Muscle

Adipose tissue

Fatty acids
Cytokines
Leptin

Fatty acids
Cytokines
Leptin
Adiponectin

Adiponectin
Cytokines
Angiotensinogen

Adiponectin
Fatty acids
Cytokines
Leptin

Fig 14.4 Endocrine targets of adipose tissue. The

principal physiological endocrine target is that of leptin —
the brain. Fatty acids also affect insulin secretion and

action, thereby influencing carbohydrate and lipid

oxidation. Increased or decreased production by adipose

tissue of other mediators probably also contributes to the

metabolic and vascular complications of obesity.
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signal to the brain to indicate the level of fat storage, and en-
able the organism to adapt its behaviour and metabolism ac-
cordingly. Thus, leptin, acting principally through the arcuate
nucleus of the hypothalamus, suppresses feeding and increas-
es energy expenditure. Short-term fasting or overfeeding are
sufficient to down- or upregulate leptin production in advance
of major weight change. The two main pathways mediat-
ing these effects are the NPY–AGRP pathway and the
MSH–CART pathway (Schwartz et al., 2000). Whether the 
hyperleptinaemia of obesity is of any clinical consequence is 
controversial, although it is obvious that hyperleptinaemia
alone is unable to offset weight gain. This may be because of
leptin resistance at receptor level, induced either by diet or
supranormal leptin concentrations. Soon after its discovery,
leptin was found to promote glucose uptake in vivo
(Kamohara et al., 1997). Since then, many other groups have
examined the effects of leptin on insulin action with varying
results. However, in leptin-deficient subjects with lipodystro-
phy the administration of recombinant leptin clearly im-
proved glycaemic control and lipid profiles (Oral et al., 2002),
in keeping with an important effect of leptin on insulin sensi-
tivity. Thus, in contrast with hyperleptinaemia, leptin defi-
ciency has a clear deleterious effect on glucose homeostasis
and lipid metabolism.

Leptin is also an important link between fuel storage and 
reproductive function, playing a pivotal role in initiating 
the onset of puberty in humans by stimulating pulsatile go-
nadotrophin secretion (Farooqi, 2002). Thus, mutations in lep-
tin and its receptor are associated with hypogonadotrophic
hypogonadism as well as severe obesity. It is plausible also
that hyperleptinaemia contributes to the earlier onset of
menarche seen in females with common obesity. Although it is
not known whether leptin contributes directly to the ovarian
dysfunction that is common in obesity, both leptin and its re-
ceptor are expressed in ovarian tissue. At present, the princi-
pal significance of leptin in the clinic is that severe early-onset
obesity and hypogonadotrophic hypogonadism should
prompt consideration of one of the rare genetic forms of 
obesity.

Adipose tissue expresses a variety of cytokines and other
molecules (Mohamed-Ali et al., 1998), and these are still being
discovered. IL-6 has been shown to be released into the circu-
lation in humans (Mohamed–Ali et al., 1997) and therefore
clearly could play an endocrine role. Both IL-6 and TNF-a are
important mediators of inflammation and could contribute to
insulin resistance and the increased risks of cardiovascular
disease that accompany obesity. Adiponectin (formerly also
known as acrp30, GBP28 and AdipoQ) is a 28-kDa peptide ex-
pressed principally by adipocytes (Scherer et al., 1995) and has
attracted great interest. This peptide hormone is secreted by
adipocytes and circulates in plasma. Its physiological role re-
mains uncertain. Adiponectin levels are reduced in obesity
(Arita et al., 1999) and in a variety of groups of subjects with
type 2 diabetes or coronary heart disease. The regulation of

adiponectin remains to be fully characterized, but weight loss
increases adiponectin production (Yang et al., 2001). The func-
tion of adiponectin remains controversial, but it has been
shown to enhance insulin sensitivity in several situations
(Berg et al., 2001; Yamauchi et al., 2001) and to have antiathero-
genic effects (Yamauchi et al., 2003). Therefore, a reduced out-
put of adiponectin from adipose tissue in obesity may be yet
another maladaptive effect of obesity, and predispose to the
metabolic syndrome and vascular dysfunction. At present
there are no clinical applications for adiponectin.

Resistin was first characterized as an adipocyte product that
was suppressed by treatment with the thiazolidinedione drug
rosiglitazone (Steppan et al., 2001), and is therefore a good can-
didate as another hormone linking obesity to insulin resis-
tance. Although a modulator of insulin action in animals
(Steppan et al. 2001; Moon et al. 2003), the role of this hormone
in humans remains undecided.

Adipose tissue also expresses components of the renin–an-
giotensin system. Angiotensinogen is expressed and secreted
by adipocytes, and angiotensin II promotes adipocyte differ-
entiation (Ailhaud et al., 2000). Obese subjects have increased
adipose tissue expression of several components of the
renin–angiotensin system and it has been suggested that this
may contribute to the pathogenesis of hypertension in obese
subjects (Gorzelniak et al., 2002). If so, this would be another
maladaptive endocrine consequence of obesity.

Apart from increased fuel storage, obesity clearly leads to a
wide variety of changes in adipose tissue. In addition to obesi-
ty-associated changes in insulin secretion and action, the up-
and downregulation of a range of adipocyte hormones and
other mediators is also likely to have deleterious metabolic
consequences, and probably contributes towards much of the
pathophysiology of obesity (Fig. 14.5). Before leaving the en-
docrinology of adipose tissue, the question remains— why is
central obesity more harmful than excess subcutaneous fat ac-
cumulation? There appear to be two reasons for this. Although
difficult to study non-invasively in humans, visceral adipose
tissue (VAT) possesses a different set of regulatory and secre-
tory characteristics from subcutaneous adipose tissue, includ-
ing increased adrenergic sensitivity (Lonnqvist et al., 1995) and
reduced expression of leptin (Montague et al., 1997). Secondly,
VAT is better placed anatomically to influence hepatocellular
function. This led Bjorntorp to formulate the portal hypothesis
of insulin resistance (Bjorntorp, 1990). Thus, the ‘first pass ef-
fect’ of fatty acids, cytokines and other VAT-derived mediators
is more likely to impair hepatic insulin sensitivity, in turn lead-
ing to disorders like diabetes and the metabolic syndrome dis-
cussed in Chapters 12, 13 and 18.

Endocrine testing in obese patients

There are two common clinical situations in which it may 
be necessary to undertake and interpret basal or dynamic 
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endocrine tests on patients with obesity (Table 14.6). The first is
the patient with an endocrine problem who also happens to be
obese, in which case the interpretation of many common en-
docrine tests will be confounded. As obesity is becoming more
and more common, this situation is frequently encountered in
the endocrine clinic, and the problem is most acute in the mor-
bidly obese. The second situation in which the question of en-
docrine testing may arise is in the assessment of a new patient
referred with obesity. Patients themselves often ask if there is a
hormonal cause for their weight gain, and it is not unusual for
referring doctors to ask if the patient could have Cushing’s
syndrome. In this case, before the patient steps aboard the in-
vestigational conveyer belt, the clinician should bear in mind
that the great majority of the endocrine abnormalities that will
be identified in an obese patient are only consequences of the
obesity, without any primary aetiological significance, and

with no therapeutic implications at present. Careful history
and examination by an endocrinologist should exclude en-
docrine disease in most cases.

Interpreting endocrine tests in obese patients

Low total testosterone levels, mainly secondary to suppres-
sion of SHBG, are the rule in obese males. In morbidly obese
males, levels as low as 5 nmol/L, and sometimes lower, are not
uncommon, and as there is no ‘cut-off ’ value in obesity this
may cause diagnostic uncertainty. Free testosterone levels are
also suppressed, and so this assay is probably not a satisfacto-
ry substitute for total testosterone measurements. It is always
important to measure testosterone in the morning as levels 
decline throughout the day. However, the suppression 
of testosterone in obesity is insufficient to cause clinical 
hypogonadism, and usually this will be ruled out by the 
concurrent demonstration of normal concentrations of go-
nadotrophins. Therefore, the appropriate test, if required, 
is measurement of both testosterone (free or total) and go-
nadotrophins. Routine measurement of SHBG in obese males
adds little to clinical decision-making. There is no good reason
routinely to measure testosterone in obese males unless there
is a reason to suspect hypogonadism, for example failure to 
develop/loss of secondary sexual characteristics, small testes,
gynaecomastia, female body habitus, loss of libido or erectile
dysfunction. This is not to say that the low-testosterone state in
obese males may not have a deleterious long-term effect on
health, or perpetuate the obese state by impairing lipolysis.
There is no rationale at present for testosterone administration
in obese males with suppressed testosterone levels, although

Increased
Leptin

Leptin resistance
Insulin

Insulin resistance
Adrenal activity

Cytokines
IGF-1

Angiotensinogen?

Increased adipose tissue Hormone-dependent cancers

Infertility

Hirsutism

Diabetes

HypertensionAtherosclerosis

Dyslipidaemia

Increased
visceral
adipose
tissue

Decreased
GH

Ghrelin
Adiponectin

SHBG

Testosterone Androgens

Fig 14.5 Endocrine changes (inner circle) play pivotal roles

in the pathogenesis of the major metabolic complications of

obesity (outer circle). The principal sexual dimorphism is in

androgen production. Increased ovarian and adrenal

androgen production and bioactivity are prominent in obese

women, whereas testosterone levels decline in men. Many

of the endocrine effects also tend to oppose weight loss

(e.g. hyperinsulinaemia, leptin resistance, low growth

hormone and low testosterone in males) or to favour

visceral fat deposition (e.g. pituitary–adrenal activation,

increased androgens in females).

Table 14.6 Abnormalities of common endocrine tests in obese subjects.

Unstimulated tests

Low testosterone (males)

Low SHBG (males and females)

Raised adrenal androgens and testosterone (females)

Low growth hormone

Raised/normal ACTH

Dynamic tests

Reduced growth hormone response to insulin or glucagon

Increased cortisol response to ACTH

Increased cortisol response to CRF

Reduced suppression of cortisol with low-dose dexamethasone
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there is much more to be learned about pituitary–gonadal in-
teractions in male obesity.

A measurement of TSH is always worthwhile because hy-
pothyroidism is common, and with increasing obesity in the
population, both hypothyroidism and hyperthyroidism are
now presenting in more obese patients. In morbidly obese sub-
jects it is appropriate also to measure free T3 or free T4 so that
rare instances of secondary hypothyroidism are not over-
looked. Given an obese population, patients with previous 
hypothyroidism may ask if this endocrine abnormality is rele-
vant to the development of obesity. The answer to this is usual-
ly no, although significant weight gain (not enough to cause
obesity on its own) is not unusual after the treatment of hyper-
thyroidism. Whether this is because previous hyperthy-
roidism has prevented weight gain that otherwise would have
occurred, or because a rapid decline in thyroid hormone feed-
back resets energy balance around a new level, is not clear. In
the occasional obese patient, subclinical hypothyroidism may
contribute a small amount to weight gain, but is most unlikely
to be a sufficient explanation for obesity, and certainly not for
morbid obesity. In obesity, the PTA can be upregulated, and
this may give rise to a small increase in concentrations of TSH,
although the total level rarely exceeds 5 iu/L. Although it is
not known whether obese hypothyroid patients might require
supranormal thyroxine replacement, thyroxine is an ineffec-
tive treatment for obesity. Furthermore, given the effects of
thyroid hormone on lean body mass, and its potential for car-
diac arrhythmias, supraphysiological thyroid supplementa-
tion has no place in the treatment of obesity.

Cushing’s syndrome causes central obesity, but on its own it
is not a sufficient explanation for morbid obesity. Neverthe-
less, Cushing’s syndrome clearly can occur in individuals 
who happen also to be obese. Cushing’s syndrome can be 
extremely subtle, and its investigation is not necessarily
straightforward, even in lean subjects. Unless there is other
clinical evidence of Cushing’s syndrome there is a very low
yield from investigating morbidly obese patients routinely for
this diagnosis. Moreover, given the high prevalence of pitu-
itary and adrenal ‘incidentalomas’, such investigations can be
misleading. Diagnostic doubt most commonly arises in fe-
males with central obesity and hyperandrogenism who are
often hirsute and hypertensive, and may have cutaneous stri-
ae. Appropriate endocrine screening tests include serial uri-
nary free cortisol (UFC) excretion, diurnal cortisol studies,
low-dose dexamethasone suppression testing, and plasma or
urinary androgen profiles. However, the major caveats are
that obesity may result in borderline UFC excretion and im-
paired low-dose dexamethasone suppression testing, requir-
ing repeat tests or additional diagnostic procedures. Simple
observation may be the best course of action when endocrine
screening tests for Cushing’s syndrome are inconclusive.

If pituitary function testing is required in obese individuals,
there are several important caveats, principally the probability
of false-positive diagnosis of GH or testosterone deficiency.

This is a problem in obese patients with suprasellar structural
lesions or Prader–Willi syndrome, who are often GH- and/or
testosterone-deficient. Growth hormone secretion is sup-
pressed in obesity and fails to increase normally in response to
the usual provocative stimuli (Maccario et al., 2000). Ghrelin
appears to be the only stimulus that overcomes this, although
its clinical use has yet to be assessed in detail. Reliable ranges
for IGF-1 in obesity are lacking, and the interpretation of GH
and IGF-1 levels in obesity is not straightforward. Most IGF-1
assays measure total serum IGF-1, and this does not reflect the
bioactive free fraction.

In view of the high prevalence of diabetes in obese subjects,
it is mandatory to screen for diabetes using fasting blood glu-
cose or a glucose tolerance test. We also routinely measure the
fasting lipid profile, with measurement of LDL and HDL-
cholesterol and triglyceride, because of the high risk of cardio-
vascular disease associated with obesity.

Endocrine testing in the obese child

In children, the classical causes of morbid obesity include di-
agnoses such as Prader–Willi syndrome and craniopharyn-
gioma, and the other causes listed in Table 14.1. However, in
the absence of suggestive clinical features, such as growth fail-
ure, visual field defects or a characteristic phenotype, there is
little point in routine endocrine screening for every obese
child, given the relative rarity of these diagnoses. Failure of 
linear growth or pubertal progression clearly are important
features that may be indicative of hypothalamic disease. 
Although dependent upon age and severity of the obesity, 
the overwhelming majority of children referred at present 
for evaluation of severe obesity appear to have ‘lifestyle-
related’ obesity, inherited from their parents and the home 
environment.

As in adults, TSH is a worthwhile test in children. Sex
steroid and gonadotrophin levels have to be interpreted with
caution, recognizing the stage of pubertal development. As for
adults, children need to be screened for complications of obe-
sity. Type 2 diabetes, caused by obesity, is becoming increas-
ingly common in children, and so screening for diabetes is also
essential in obese children. Likewise, dyslipidaemia and hy-
pertension have their origins in childhood, and should be
measured.

Various features that should prompt consideration of one of
the rare monogenic obesity syndromes include severe early-
onset obesity, a family history of severe obesity— especially in
the presence of consanguinity, and hypogonadotrophic hy-
pogonadism. At present, genetic testing in obesity is a research
tool. If advances in understanding the genetic influences on
common obesity, such as melanocortin-4 receptor mutations
(Farooqi et al., 2003), eventually lead to the development 
of specific therapeutic interventions, as has been the case 
already with mutations in the leptin gene (Farooqi et al., 1999),
it is possible that an increased role for genetic testing might
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Definition and classification

At its simplest level, obesity in children, as in adults, arises
when there is an excess of body fat. Setting a definition of obe-
sity for children that will have utility in a clinical setting pre-
sents a formidable task; it is far more complicated than in
adults for several reasons. Ideally, a definition of obesity for
children should accurately reflect body fatness, and have cut-
off points that are predictive of adverse health. Each of these
requirements is difficult to meet in the paediatric population.

Because children are growing, all body compartments are
increasing in size, although at variable rates. Thus, any mea-
sure of excess weight is a moving target and needs to be tied to
age. A further complexity arises because biological age and
chronological age, although closely correlated, are not inter-
changeable — a problem that is particularly apparent around
the time of puberty, when body composition changes are 
dramatic.

In adults, the universally recognized body mass index
(BMI) cut-off points to define overweight and obesity are
based on research evidence that links BMI levels to health
risks, and are also convenient whole numbers. ABMI of 25–29
defines overweight and a BMI of 30 or above defines obesity
(NHLBI Obesity Education Initiative Expert Panel, 1998). In
adults, mortality risk increases with increasing BMI (Calle
et al., 1999), and a BMI above 25 is associated with elevated risk
for cardiovascular disease (Seidell et al., 1996) and diabetes
(Colditz et al., 1995). In children, although there are substantial

immediate and remote health consequences to obesity, data
are not adequate to set cut-off points based on health effects.

As will be discussed in detail in later sections, BMI-for-age
has been adopted as the basic measure for clinical assessment
of obesity in children and adolescents. BMI-for-age is well cor-
related with adiposity (Pietrobelli et al., 1998) and has been
linked to morbidity (Freedman et al., 1999). BMI-for-age per-
centile charts for boys and girls are available for a number of
reference populations (Rolland-Cachera et al., 1991; Cole et al.,
1995; Kuczmarski et al., 2000). Monitoring of childhood
growth with percentile charts is a familiar activity for health
practitioners who have used height and weight percentile
charts for several decades. BMI-for-age growth charts are
structured like the weight-for-age and stature-for-age charts.
This should make adoption of monitoring this aspect of a
child’s growth relatively straightforward.

Standard practice tends to resist change, however. In 2001,
an estimated 19% of US paediatricians reported using BMI to
monitor obesity and 12.5% reported using BMI-for-age per-
centiles (Barlow et al., 2002). The explosion of articles on child-
hood obesity and its alarming increase may lead to more rapid
adoption of BMI-for-age monitoring. Like any screening tool,
BMI-for-age represents a trade-off between precision and 
accuracy on the one hand, and ease of use on the other. The
American Academy of Paediatrics recommends annual moni-
toring of BMI in youth (Committee on Nutrition, 2003). The
use of BMI-for-age is justified by its comparison to criterion
measures of fatness. These measures are discussed in the fol-
lowing section.
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Measures of body fatness

In a laboratory setting, in contrast with a clinical or field set-
ting, direct measures of body fatness are possible. Such meth-
ods conceptualize the human body as having two or more
compartments: a fat compartment, and at least one compart-
ment for fat-free mass. Although these body composition
analysis methods are more precise than the anthropometric
measures discussed in the following section, they are not with-
out their own limitations (Table 15.1). Whole-body methods of
fatness include underwater weighing (hydrodensitometry),
isotopic dilution and dual energy X-ray absorptiometry
(DXA). Regional and visceral adiposity can be assessed 
with computerized tomography (CT), magnetic resonance
imaging (MRI) or DXA. Table 15.1 describes these methods
and lists some of their advantages and disadvantages for 
measurement in children. Although these methods, when ap-
plied by trained technicians, provide more accurate measures

of body fatness than do non-laboratory methods, none is
broadly applicable to clinical use owing to the interrelated 
issues of cost, technical requirements and time, as well as 
limitations due to their invasiveness, necessity of subject coop-
eration and, for some (such as the CT scan), the associated
health risks (Goran, 1998; Ellis, 2000). Furthermore, because
such methods are not widely used, population-based refer-
ence data are not available.

Non-laboratory methods are those applicable to field and
clinical studies. These methods are validated against the labo-
ratory methods summarized above. Bioelectric impedance
analysis is a non-laboratory method that has gained wide-
spread use because it is non-invasive (surface electrodes on
hand and foot) and rapid. Impedance analysis is based on elec-
trical resistance, which is directly related to total body water.
Several equations to relate impedance measures to percentage
body fat have been published for use in children and adoles-
cents (Houtkooper et al., 1989; Deurenberg et al., 1989; 1990;

Table 15.1 Strengths and limitations of laboratory methods for assessing body fatness in children and adolescents.

Method Strengths Limitations Type

Underwater weighing (hydrodensitometry) Measures body density Requires high subject compliance Whole body

Highly reproducible Unsuitable for use in young children

Accurate Relies on assumption of composition of fat-free

mass, which is unsystematically influenced by

age, sex and ethnicity

Air-displacement plethysmography Measures body density High cost Whole body

Quick Accuracy in children has not been established

Non-invasive Instrument designed for adults

Minimal subject compliance needed Relies on assumption of composition of fat-free  

mass, which is unsystematically influenced by age,

sex and ethnicity

Dual energy X-ray absorptiometry (DXA) Highly reproducible High cost Whole body and 

Accurate Slight radiation exposure regional

Quick

Minimal subject compliance needed

Total body water – isotope dilution (2H, 18O) Direct measure of body water High cost Whole body

Provides estimates of fat-free mass,  Difficult analysis (mass spectrometer needed)

fat mass and percentage body fat Relies on assumption of composition of fat-free 

mass, which is unsystematically influenced by age,

sex and ethnicity

40K counting Measure of body cell mass Shielded room Whole body

Scary for children

Computerized tomography (CT) Accurate Exposure to radiation Regional

Regional/visceral adiposity can be High cost

measured Requires high subject compliance

Magnetic resonance imaging (MRI) Accurate High cost Regional

Regional/visceral adiposity can be Requires high subject compliance

measured

No exposure to radiation
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1991; Kushner et al., 1992). Experience to date suggests 
that caution is warranted when applying equations that have
been developed in one study population to other groups
(Pietrobelli et al., 1998; Phillips et al., 2003).

Anthropometric measures, such as height, weight, circum-
ferences and skinfolds, represent low-cost, minimally inva-
sive measures of nutritional status in general, and of obesity in
particular. For children, these measures are moving targets; all
will increase with age, and will do so at variable rates.

Weight-for-height indices do not measure fatness directly
but are correlated with direct measures of body fatness (Cole,
1991). Many indices, derived from combinations of height and
weight, have been proposed for use in adults dating back to
the nineteenth century (Cole, 1991). These include weight/
height, weight/height2 (Quetelet’s index or BMI), weight/
height3 (Rohrer or Khosla–Lowe index), weight1/3/height
(ponderal index) and height/weight1/3 (Sheldon’s index)
(Smalley et al., 1990). Weight/heightP (Benn index) establishes
the power to which height is raised, based on a population-
specific analysis, which minimizes the residual correlation of
the index with height. These various indices based on height
and weight have been proposed to meet two non-interchange-
able goals: to be maximally correlated with a criterion measure
of body fatness or to be minimally correlated with height (Cole
and Rolland-Cachera, 2003). In adults, there is a general con-
sensus for use of the body mass index to assess relative weight.
BMI meets both goals: it is correlated with adiposity and large-
ly uncorrelated with height.

In children, changing relationships between height and
weight with age complicate the situation. Whereas in adults
adjusting weight by height raised to the power of 2 best re-
duces correlation with height, in children the ‘best’ power
changes with age, such that for young children it is of the 
order of 2, and in puberty it is closer to 3 (Rolland-Cachera
et al., 1982). It would be possible to use Rohrer’s 
index (weight/height3) for early adolescents and BMI
(weight/height2) for children, or to have a continually chang-
ing exponent across childhood and adolescence. However, for
consistency with adult definitions, and because BMI is more
strongly correlated with adiposity in adolescence than is
Rohrer’s index, BMI is used for children and adolescents as it is
for adults.

Child and adolescent obesity: definition 
and classification

In children, the choice of BMI-for-age to assess obesity offers
continuity for the measure of obesity across the lifespan.
Weight and height can be measured accurately with relative
ease. BMI can be calculated as weight in kilograms divided by
squared height in metres, or weight in pounds divided by
squared height in inches, with the quotient multiplied by 703
(see formulas below). Because weight and height are highly
correlated (about 0.7 in childhood), a measure of relative

weight needs to account for the increases in weight that in-
creased height brings, which are independent of fatness.

BMI = weight (kg)/height (m)2

BMI = [weight (lb)/height (in)2] ¥ 703

Another method for determining relative weight in children
that adjusts weight for height is weight-for-stature, but it is not
recommended for clinical assessment of obesity. BMI-for-age
compares children of the same age but not necessarily of the
same height. Weight-for-stature compares children of the
same height but not necessarily of the same age. In the widely
adopted United States 1977 National Centre for Health Statis-
tics growth charts, weight-for-stature percentiles were avail-
able for boys up to 58 in tall and girls up to 54 in tall (Hamill
et al., 1979). With the 2000 growth chart revision and the intro-
duction of the BMI-for-age growth charts for boys and girls
ages 2–20 years (Ogden et al., 2002), weight-for-stature charts
were retained for children of 30–48 in in height, due to the
widespread programmatic use of weight-for-stature in nutri-
tional assessment of US pre-school children. In the US, ap-
proximately 5% of 5-year-old children are taller than 48 in
(Flegal et al., 2002).

It is important to recognize that the BMI-for-age and weight-
for-stature charts are not equivalent for the centile of relative
weight into which an individual child will fall. Differences 
between weight-for-stature centiles and BMI-for-age centiles
have been compared in US children aged 2–5 years. Weight-
for-stature percentiles tend to be lower than BMI-for-age per-
centiles, with larger differences between the two measures at 4
and 5 years of age; between 2 and 3 years of age the difference
between percentile measures is highly dependent upon the
child’s height (Flegal et al., 2002). BMI-for-age charts are rec-
ommended for classification of overweight in US children and
adolescents.

BMI rises rapidly from birth to about the age of 2, and then
declines gradually until about the age of 6 — the adiposity re-
bound — when it then begins to increase again throughout
childhood and adolescence (Fig. 15.1). In adults, there is gener-
al consensus that a BMI above 25 indicates overweight and a
BMI above 30 indicates obesity. In children and adolescents, it
is not possible to identify a single BMI cut-off point as a thresh-
old for defining obesity because BMI is changing with age
across development. Instead, centile charts, based on a large
set of reference data, are constructed.

Plotting height and weight on growth charts is a familiar
practice in paediatrics. To determine a child’s centile for
height, the intersection of the child’s age and height is plotted
on a growth chart and the corresponding centile is read off.
Thus, using the United States Centres for Disease Control
(CDC) 2000 growth charts (Kuczmarski et al., 2000), a 10-year-
old boy who is 1.43 m tall would be at approximately the 75th
percentile of height for his age, and a boy of the same age who
is 1.25 m tall would be below the 3rd percentile of height for his
age. To construct centile charts, a representative sample of 
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2 to 20 years: Boys
Body mass index-for-age percentiles
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Fig 15.1 (a) US BMI-for-age growth charts for boys aged 2–20 years (Kuczmarski et al., 2000).
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2 to 20 years: Girls
Body mass index-for-age percentiles
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Fig 15.1 (b) US BMI-for-age growth charts for girls aged 2–20 years (Kuczmarski et al., 2000).
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children in the population for which charts are being devel-
oped is measured. Then, using the LMS method (Cole, 1990),
smoothed curves can be constructed for any centile. The LMS
method requires construction of curves describing the median
(M), the coefficient of variation (S) and the degree of skewness
or power (L) of the distribution. Given these three curves 
(Fig. 15.2 provides LMS curves for US BMI), an anthropomet-
ric measurement can be converted to a z-score (also called 
standard deviation score, SDS) with the following formula,
where z is z-score, A is the anthropometric measure (e.g. BMI),
M is the median, L is the power and S is the coefficient of varia-
tion read from the curves appropriate to the child’s age and
sex:

z = [(A/M)L - 1]/L ¥ S

z-scores can then be converted to centiles by referring to a table
of probabilities of the standard normal distribution: a z-score
of 0 corresponds to the 50th percentile, –0.67 to the 25th per-
centile, –1.28 to the 10th percentile, 1.04 to the 85th percentile
and 1.65 to the 95th percentile. In clinical practice, percentiles
can be read directly off the growth charts.

Until the release of the CDC 2000 growth charts 
(Kuczmarski et al., 2000), reference curves for BMI were not
available for clinical use in the USA; however, they have been
available longer in the UK and France. US growth charts and
corresponding LMS values and percentiles are available on-
line (http: //www.cdc.gov/growthcharts), as are the charts
for the UK (http: //www.health-for-all-children.co.uk).

Rather than calculating and plotting BMI, some clinicians
determine whether a large difference exists between a child’s
weight and height centiles (Hulse and Schilg, 1996; Mulligan
and Voss, 1999). Although there is intuitive appeal to directly
comparing weight-for-age centiles with height-for-age cen-
tiles to assess obesity, this approach is not recommended. The
notion is that for a child whose weight-for-age percentile ex-
ceeds the height-for-age percentile, excess weight or adiposity
is likely. Although this approach of subtracting weight-for-age
centile from height-for-age centile (W–H index) and then look-
ing at the magnitude of the difference does not require the cal-
culation of BMI, the W–H index has the undesirable properties
of being only weakly correlated with weight and negatively
correlated with height (Cole, 2002). Cole has constructed
charts linking weight and height centiles to BMI centile for UK
and US reference data (Fig. 15.3). These charts can be used to
estimate BMI centile from weight centile and height centile,
and should be used if BMI is not directly calculated. The point
at which a child’s height and weight centiles intersect on the
chart can be plotted and then BMI centile read off, following
the slanted lines up to the right. Using these charts, BMI cen-
tiles based on height and weight centiles can be calculated ac-
curately enough for clinical purposes (Cole, 2002).

The dashed line in Fig. 15.3a is the line of identity, indicating
where weight and height centiles are equal (W–H index of 0).
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Fig 15.2 BMI LMS curves for boys and girls aged 2–20 years from United

States 2000 CDC BMI growth reference (Kuczmarski et al., 2000). (a) Box-

Cox power; (b) median BMI; (c) coefficient of variation.

The four points shown on the UK chart (Fig. 15.3a) indicate
where a short lean, short heavy, tall heavy and tall lean child
would fall on the chart. It is clear that the line of identity is clos-
er to the tall heavy child than to the short heavy child, even
though both have the same BMI centile. This means that using
the W–H index, the tall heavy child would be less likely to be
characterized as overweight than the short heavy child, even
though they both have a BMI above the 99th percentile for age.
Therefore, BMI centiles rather than the W–H index should be
used to define obesity in children and adolescents.
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2 Long-term health risks of childhood obesity are mediated
through adult obesity, and therefore separating the effect of
obesity in childhood from the effect of obesity in adulthood on
adult morbidity is difficult.
3 Health risk increases linearly with increasing adiposity, and
there does not exist a clear threshold above which level adi-
posity has deleterious health effects.

Thus, it is not possible at present to provide a cut-off point
for defining obesity in children and adolescents that is linked
to risk; the choice of a cut-off point is essentially arbitrary.

Although BMI is a measure of relative weight and not adi-
posity, it is correlated with adiposity as measured by skinfold
thickness, percentage body fat from DXA and bioelectrical 
impedance analysis (BIA), and total fat mass from DXA. 
Correlations between BMI-for-age and average triceps and
subscapular skinfold thicknesses range from 0.68 in 2- to 5-
year-old boys to 0.85 in 6- to 19-year-old girls (Mei et al., 2002).
The correlation of BMI-for-age with percentage body fat by
DXA is about 0.81 in boys aged 6–19 years and about 0.86 in
girls aged 6–19 years, with slightly lower correlations in chil-
dren aged 3–5 years; similar results were found for total fat
mass measured by DXA(Mei et al., 2002). In a research setting,
the 95th percentile BMI cut-off point of the US growth refer-
ence has been shown to increase the risk of obesity persistence
into adulthood (Guo et al., 2002), and is linked with elevated
cardiovascular risk factor levels, such as blood pressure, cho-
lesterol and blood glucose (Freedman et al., 1999). It should be
noted that although the adequacy of BMI to assess adiposity
has been well evaluated in black and white youth, there has
been limited research on the use of BMI in other racial-ethnic
groups (Dietz and Robinson, 1998).

Using reference curves for BMI, a specific centile (e.g. the
95th percentile) is chosen as the threshold to indicate over-
weight or obesity. Obviously, which centile is chosen as the
cut-off point affects the proportion of children and adolescents
who are declared overweight. It is also important to keep in
mind that a centile-based definition sets the prevalence of obe-
sity for boys and girls at all ages to the proportion above the
cut-off centile (e.g. 5% if 95th percentile). This statistical defin-
ition requires the same proportion of boys and girls at all ages
to be declared as above the cut-off point at the time the refer-
ence is constructed. The ‘true’ prevalence of excess adiposity is
unlikely to be independent of sex and age (Cole and Rolland-
Cachera, 2003). Choice of the reference population will also 
affect obesity rates. BMI reference curves for childhood and
adolescence are available for the US (Kuczmarski et al., 2000),
France (Rolland-Cachera et al., 1991) and the UK (Cole et al.,
1995). An international BMI reference (Cole et al., 2000) has also
been developed and will be discussed in the next section. 
Although all these reference curves are of similar shape, the 
location of a particular centile for a given age and sex will 
correspond to different BMI values. A 10-year-old girl at the
95th percentile of BMI on the US charts would have a BMI of
23, a 10-year-old girl at the 95th percentile of BMI on the UK
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Fig 15.3 Charts linking weight and height centile to BMI centile for children

and adolescents for UK (a) and USA (b) reference data (Cole, 2002). Dashed

line in (a) indicates line of identity where weight centile equals height centile.

Points described in the text. (Figures reprinted with permission.)

Choosing a cut-off point

BMI centiles or z-scores are useful to compare relative weights
among children or to monitor a child’s growth across time, but
to use BMI centiles or z-scores to define obesity, a cut-off point
must be determined. Although an ideal cut-off point to define
obesity in children and adolescents would be related to risk for
present or future morbidity, this is not possible at this time for
three reasons: 
1 Children and adolescents experience less obesity-related
morbidity than do adults.
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charts would have a BMI of ~22, and on the French curve the
corresponding BMI would be less than 19.

In order to facilitate global comparisons of trends in child-
hood and adolescent obesity rates (Prentice, 1998; Guillaume,
1999), the International Obesity Task Force (IOTF) developed
BMI centile curves based on pooled data for children and ado-
lescents aged 2–18 years from nationally representative sur-
veys conducted in Brazil, Great Britain, Hong Kong, the
Netherlands, Singapore and the USA (Cole et al., 2000). The
IOTF BMI curves were drawn using the LMS method individ-
ually for the six national samples, which were then averaged;
centiles corresponding to a BMI of 25 and a BMI of 30 at age 18
were fit to the data. That is, these centiles were chosen as ex-
trapolations into childhood of the well-accepted adult BMI
cut-off points of 25 and 30 to define overweight and obesity re-
spectively. Unlike other child references, the IOTF curves have
continuity from childhood into adulthood. These internation-
al standards are useful for allowing obesity rates in different
countries to be meaningfully compared, but there is controver-
sy about whether they should be used clinically to classify 
children and adolescents as overweight or obese (Jebb and
Prentice, 2001; Reilly, 2002; Rona and Chinn, 2002). There are
strong arguments in favour of using national, rather than 
international, standards to define childhood and adolescent
obesity clinically (Reilly, 2002; Reilly et al., 2002). The interna-
tional BMI reference curves have not been sufficiently evalu-
ated to determine their validity for obesity classification in
children and adolescents, whereas national BMI reference
standards in the US and the UK have been well-evaluated
(Freedman et al., 1999; Reilly, 2002; Wright et al., 2002).

Although few studies have directly compared national 
and international reference curves, it appears that the sensitiv-
ity of the international standard is lower than national 
standards, and that sensitivity and specificity differ by 
sex (Reilly et al., 2000). Variability within the individual coun-
try curves that make up the international BMI reference re-
quires caution when applying this international definition to
clinical classification of obesity in children and adolescents,
particularly during early adolescence when population differ-
ences in the timing of puberty may limit applicability (Reilly,
2002).

Various cut-off points have been used to define overweight
and obesity depending upon the reference population used.
Table 15.2 provides a comparison of BMI values for 9- and 15-
year-old boys and girls using the US (Kuczmarski et al., 2000),
UK (Cole et al., 1995), French (Rolland-Cachera et al., 1991) and
IOTF (Cole et al., 2000) reference curves at cut-off points that
have been used to classify children and adolescents as over-
weight or obese. The US 85th percentile, UK 91st percentile,
and IOTF centile corresponding to a BMI of 25 at age 18 are
broadly equivalent; the French 90th percentile runs at a lower
level of BMI. At the higher obesity definition of the US 95th
percentile, UK 98th percentile, French 97th percentile and
IOTF centile corresponding to a BMI of 30 at age 18, the French
cut-off point has the lowest BMI values and the IOTF has the
highest— the US and UK references are intermediate.

It should be noted that centile curves for BMI provide a
growth reference rather than a growth standard. Whereas a
growth standard would delineate ‘optimal’ growth, a growth
reference describes the population for which it is constructed
without any implication that it would be ‘best’ for individuals
to follow the pattern of growth depicted. It has been recom-
mended that national BMI references be ‘frozen’ at their 
present-day levels (Wright et al., 2002) to facilitate compar-
isons within a population across time.

Sensitivity and specificity

Ascreening test for obesity in children and adolescents should
have high specificity (low false-positive rate) in order to mini-
mize the number of children and adolescents who are incor-
rectly labelled as overweight or obese (Himes and Dietz, 1994).
The potential negative psychological effects of labelling youth
as overweight or obese argue for maximizing specificity in-
stead of sensitivity. Although maximization of specificity over
sensitivity means that this screen will miss a large number of
truly overweight children, the assumption is that with annual
rescreening, these children will be identified.

The sensitivity and specificity of ‘BMI-based’ definitions of
overweight and obesity have been evaluated against ‘gold
standard’ definitions of adiposity. Using a gold standard defi-
nition of obesity as greater than the age- and sex-specific 85th

Table 15.2 Comparison of BMI centiles that have been used as cut-off points to define obesity from the USA (Kuczmarski et al., 2000), UK (Cole et al., 1995),

France (Rolland-Cachera et al., 1991) and the International Obesity Task Force (Cole et al., 2000) for boys and girls aged 9 and 15 years.

Centile Age 9 Age 15 Centile Age 9 Age 15

Overweight Boys Girls Boys Girls Obesity Boys Girls Boys Girls

US 85th 18.6 19.1 23.5 24.1 95th 21.1 21.8 26.8 28.1

UK 91st 19.0 19.8 23.1 24.1 98th 21.0 22.0 26.0 27.0

French 90th 18.0 17.4 22.4 22.5 97th 19.7 19.5 23.8 25.2

IOTF BMI = 25 at age 18 19.1 19.1 23.3 23.9 BMI = 30 at age 18 22.8 22.8 28.3 29.1
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percentile of total body fat as measured by DXA, the false-
positive rates of using the 85th and 95th percentiles of BMI
from NHANES I were calculated as about 5% for the 85th 
percentile and less than 1% for the 95th percentile (Lazarus et
al., 1996).

Sensitivities and specificities of the 85th percentile from the
CDC 2000 BMI reference have been calculated using the 85th
percentile of NHANES III triceps and subscapular skinfold
thickness measurements, and the 85th percentile of percent-
age body fat from DXA (Mei et al., 2002). Using sum of skin-
folds as the gold standard, sensitivities were 78.3%, 92.7% and
84.7% for BMI-for-age in 2- to 5-year-olds, 6- to 11-year-olds
and 12- to 19-year-olds respectively; corresponding specifici-
ties were 88.3%, 91.5% and 90.5% (Mei et al., 2002). Using per-
centage body fat from DXA as the gold standard, sensitivities
were 88.5%, 98.6% and 100%, with specificities of 79.4%, 67.7%
and 72.2% in children aged 2–5 years, 6–11 years and 12–19
years respectively (Mei et al., 2002). This illustrates that the
85th percentile BMI is more specific and will decrease the pro-
portion of individuals incorrectly classified as overweight as
compared to DXA.

Use of the 95th percentile of the US BMI reference will 
minimize the number of children and adolescents who are clas-
sified as overweight when they do not have excess adiposity.
Children and adolescents whose BMI falls at a lower percentile
may have excess adiposity, and US screening guidelines at pre-
sent recommend further evaluation if a youth’s BMI is between
the 85th and 95th percentile and secondary risk characteristics
are present (Barlow and Dietz, 1998). The assessment section
that follows describes how these cut-off points are integrated
into a comprehensive obesity assessment.

Assessment

In addition to measurement of height and weight to calculate
BMI, comprehensive assessment requires a more detailed
medical evaluation, including a medical history. Further, be-
fore any treatment plan is considered, a family history and
‘lifestyle’ assessments should be undertaken. Finally, readi-
ness for change, on the part of the child, and of the child’s par-
ents should be evaluated. This comprehensive assessment
should be repeated annually.

BMI-for-age assessment

Accurate measurement of weight and height are needed for
calculation of BMI. Both height and weight should be obtained
with the child in light clothing and without shoes. Large hair
arrangements can present a challenge for the measurement of
height.

The CDC website (http://www.cdc.gov/growthcharts)
contains tables in multiple formats and other supporting ma-
terials for calculating BMI percentiles in children using the US

growth reference. The clinical charts are also available in 
Spanish and French. There are several on-line BMI-for-age
percentile calculators as well. Clinicians are encouraged to 
calculate BMI at all well-child visits and plot the value on a 
sex-specific BMI-for-age chart (Fig. 15.1). As discussed above,
despite its intuitive appeal, the discrepancy between weight-
for-age and height-for-age percentile is not directly equivalent
to BMI-for-age and should not be used to identify overweight.
Cole (2002) has developed an equation and nomogram that
approximates BMI-for-age based on the weight-for-age and
height-for-age percentiles (Fig. 15.3).

Although there is general agreement about the use of BMI-
for-age to identify excess weight in children, the terminology
differs. In the US, the terms at-risk-for-overweight and over-
weight are used to designate the 85th and 95th percentile cut-
off points. In the UK, the terminology is overweight and
obesity, similar to the adult terminology, and the terms over-
weight and obese generally signify the 91st and 98th percentiles
of the UK90 reference (Gibson et al., 2002). Scottish guidelines
proposed in 2003 (Scottish Intercollegiate Guidelines Net-
work, 2003) have not been adopted throughout the United
Kingdom (to date) (Table 15.3).

A set of recommendations for the evaluation and treatment
of paediatric obesity were developed by an expert panel under
the auspices of the United States Department of Health and
Human Services (Barlow and Dietz, 1998) (Fig. 15.4). These
practical recommendations start with assessment of age- and
sex-specific BMI percentile. The 85th and 95th percentiles are
recommended to designate at-risk-for-overweight (85th per-
centile) and overweight (95th percentile). These cut-offs are sta-
tistical definitions, based on an external reference population.
In the US, the CDC 2000 growth reference, which was 
developed with pooled data from several nationally represen-
tative surveys conducted between 1964 and 1980, is used
(Kuczmarski et al., 2000). The 95th percentile BMI cut-off point
was selected to screen for overweight. As can be seen in the 
top of Fig. 15.4, children and adolescents whose BMI exceeds
the 95th percentile should undergo an in-depth medical 
assessment.

Children who screen between the 85th and 95th percentile
BMI are considered ‘at risk of overweight’. For these children,

Table 15.3 Initial screening clinical recommendations for assessment of

obesity in children and adolescents (US).

1 Measure child’s weight and height

2 Calculate BMI [BMI = weight (kg)/height (m)2]

3 Plot BMI-for-age on BMI growth chart appropriate for child’s sex and

determine BMI centile

4 Determine if child’s BMI is above the 95th percentile (overweight),

between the 85th and 95th percentiles (at risk for overweight) or below

the 85th percentile (not at risk of overweight).
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Other anthropometric assessment measures

Because BMI is a measure of weight adjusted for height rather
than adiposity, under some circumstances it may be useful to
assess fatness using skinfold thickness. Skinfolds measure the
subcutaneous fat depot, which correlates with overall percent-
age body fat. For children or adolescents with large amounts of
muscle mass, an elevated BMI will be misleading. When a
child with BMI-for-age in excess of the 95th percentile is
clearly not overfat, no further assessment will be needed. For
the rare circumstance when a muscular child is suspected of
excess adiposity, assessment of skinfold thickness may be
helpful in confirming excess fatness. Taking skinfolds proper-
ly requires training to minimize measurement error. National-
ly representative reference data for skinfolds at selected sites
are available (Must et al., 1991, National Center for Health 
Statistics, 1982). These measurements are not part of routine
obesity assessment.

Regional adiposity

Regional adiposity, or fat distribution, may also be of impor-
tance in obesity assessment. As is seen consistently in studies
of adults, a central pattern of fat distribution, or abdominal
adiposity, is associated with adverse levels of classic cardio-
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Fig 15.4 Recommended overweight screening

for children and adolescents — US guidelines.

(Reprinted with permission from Himes and Dietz,

1994.)

a second level of screening is appropriate. Additional parame-
ters should be considered: family history of obesity, elevated
blood pressure levels, elevated total serum cholesterol, con-
cern about weight or large incremental increases in BMI. When
BMI-for-age is monitored, a large change in BMI (in excess of 3
or 4 BMI units over 1 year) suggests excess fat accretion. Con-
cern about weight by the child or the child’s parent is consid-
ered a positive second-level screening attribute. Achild with a
BMI between the 85th and 95th percentile who presents with
any of these second-level screening attributes should be re-
ferred for in-depth medical assessment.

All children, regardless of their weight status, should be re-
evaluated every year (Committee on Nutrition, 2003). The
BMI and BMI percentile should be recorded in the patient’s
chart. BMI can be monitored longitudinally by plotting BMI
on the BMI-for-age charts. The National Obesity Forum (UK)
(Gibson et al., 2002) and Scottish Intercollegiate Guidelines
Network (SIGN) (2003) have also promulgated assessment
guidelines based on BMI-for-age. The SIGN guidelines for
management of paediatric obesity are evidence based, and the
quality of evidence for each recommendation is graded. At
present, the evidence base for the recommendations is ac-
knowledged to be poor, as it was derived from observational
studies, non-analytic studies (e.g. case reports and case series)
and expert opinion.
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vascular risk factors, independent of total fatness or weight
status. Elevations in LDL and total cholesterol, triglycerides
and insulin as well as lower levels of HDL are associated with
more centralized fat patterning (Freedman et al., 1999). Central
adiposity is also associated with higher diastolic and systolic
blood pressure (Morrison et al., 1999a). Some researchers have
suggested that indirect measures of abdominal fatness, such
as skinfold ratios, waist–hip ratio or waist circumference,
could be as useful as BMI in early identification of children
who would benefit from lifestyle interventions (McCarthy et
al., 2001). The criterion measures used to assess abdominal
adiposity are MRI, CT scan and regional DXA(Table 15.1). An-
thropometric measures that correlate with abdominal adipos-
ity include waist circumference, waist–hip ratio and a number
of skinfold ratios, including subscapular/triceps and (sub-
scapular + suprailiac)/triceps. Of the various anthropometric
measures of abdominal adiposity, waist circumference ap-
pears to be the best based on its strong correlation with region-
al DXA and its weak correlation with sex, race and overall
fatness (Daniels et al., 2000). Although some reference data for
waist circumference in children are available from several
countries (Zannolli and Morgese, 1996; Moreno et al., 1999;
McCarthy et al., 2001; Pietrobelli et al., 2002), waist circumfer-
ence assessment is not recommended at present as part of rou-
tine screening.

Medical assessment

Obesity in the vast majority of children will be of the simple 
or primary sort, not associated with another disease state. 
Although the line of demarcation is not always clear, obesity
that presents with psychological problems or accompanies
Down’s syndrome or non-specific mental retardation is con-
sidered simple. Obesity due to other pathology is far less com-
mon, but these exogenous causes must be ruled out as an early
step in assessment. As part of differential diagnosis, the condi-
tions to be ruled out fall into two main categories: genetic syn-
dromes and endocrinological abnormalities.

Of the genetic syndromes, Prader–Willi (or Prader–Lab-
hart–Willi) is the most common specific syndrome, with
prevalence estimated at one per 10 000 to one per 15 000 (Burd
et al., 1990). Two chromosomal abnormalities seem to account
for the syndrome, which presents with a range of symptoms 
in addition to obesity, including neonatal hypotonia, or-
thopaedic abnormalities, excessive appetite and hyperphagia,
temper tantrums and self-abusive behaviours (Cassidy, 1997).
Other genetic syndromes occur with far lower frequency and
include Bardet–Biedl, Cohen (or Pepper), Alstrom, Biemond,
Laurence–Moon, Börjeson–Forssman–Lehmann and Carpen-
ter. These syndromes all present with other symptoms, such as
abnormalities of facial appearance, polydactyly, hypogenital-
ism or neurological deficits (Chiumello and Poskitt, 2003).

Endocrine disorders that present with obesity in childhood
include Cushing’s syndrome, hypothyroidism or growth 

hormone deficiency. These rare conditions may be suspected
when weight gain is normal but linear growth is poor. These
characteristics contrast with simple obesity; before puberty,
obese children tend to be taller than their peers. Also exceed-
ingly rare are abnormalities associated with the hormone 
leptin. Leptin deficiency will be evident as low serum leptin
accompanied by severe early-onset obesity and hyperinsuli-
naemia. Leptin receptor abnormalities are often accompanied
by central hypothyroidism and hypercortisolism, as well as
delayed sexual maturation (Yanovski, 2001). Finally, certain
hypothalamic tumours may be associated with obesity. It 
is important to stress that these conditions are exceedingly
rare. In the absence of other clinical signs, a search for genetic,
neurological or endocrine abnormalities is not part of 
standard diagnostic assessment.

Amedical assessment, including a medical history, is an im-
portant aspect of comprehensive obesity assessment for sever-
al reasons. First, it is necessary to identify patients with rare
medical conditions that predispose the child to obesity. Sec-
ond, where obesity is present, health may already be adver-
sely affected. The presence of either exogenous causes or of
significant obesity-related comorbidities will influence to
whom the child is referred and how aggressively the condition
is treated.

Adverse health effects of obesity, affecting many organ sys-
tems of the body, may already be present at the time of assess-
ment. Chapter 16 details the health consequences of obesity 
in childhood, and therefore these are considered only very
briefly here. Immediate health consequences, which may be
present at the time of obesity assessment, include certain
lower extremity orthopaedic conditions, sleep disordered
breathing and sleep apnoea, and non-alcoholic steatohepatitis
(Must and Strauss, 1999). Also seen are adverse levels of classic
cardiovascular risk factors, including systolic and diastolic
blood pressure, total cholesterol and subfractions, triglyc-
erides and blood glucose (Smoak et al., 1987; Morrison et al.,
1999a,b). Impaired glucose tolerance and frank type 2 diabetes
are increasingly seen in obese children, and may be present at
diagnosis, especially where there is a family history of type 2
diabetes with onset before age 40 (Mitchell et al., 1994). Certain
psychological disorders may be associated with obesity and
should be routinely assessed as part of the medical history. Bu-
limic eating disorders, including binge eating, may be associ-
ated with adolescent obesity, particularly in girls (Friedman
et al., 1995). When discontent about weight is internalized,
poor self-esteem may result. Depression scores can also be ele-
vated in overweight children (Erickson et al., 2000).

In addition to the full medical history that is part of standard
clinical assessment, additional items of relevance for obesity
evaluation should be included. Height and weight or obesity
status of the biological and non-biological mother and father
should be obtained, if possible. Parental obesity has been
linked to childhood overweight, as it reflects both heritability
of the condition and the influence of shared environment.
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Parental obesity is strongly associated with child overweight
in younger children; its influence appears to dissipate as the
child ages (Whitaker et al., 1997). Information on the age at 
obesity onset in the child should be obtained, by review of 
the growth chart if available, or by parent report. In addition to
parental obesity, family history of other chronic conditions,
such as type 2 diabetes, hyperlipidaemia, heart disease, stroke,
hypertension and thyroid disease should be obtained. When
these conditions are present, the risk for the overweight 
child is further elevated. Overweight onset before the age of 
8 has been linked to its likelihood of persistence into adult-
hood (Freedman et al., 2001). When BMI has been monitored
and plotted, examination of the growth chart provides an 
objective tool for looking at relative weight status over time. 
In addition, the medical history may provide important infor-
mation regarding family history of obesity-related comorbidi-
ties, such as type 2 diabetes, as well as disordered eating and
depression.

Lifestyle assessments

Weight management, whether weight maintenance or weight
loss is indicated, relies on sustained changes in diet and activ-
ity. For this reason, assessment of present-day diet, eating be-
haviours, physical activity and sedentary behaviours is a key
aspect of evaluation for treatment. Efforts at standard assess-
ment guides for diet and activity for use in paediatric practice
are under way (International Life Sciences Institute Center for
Health Promotion, 2002).

At the time of writing, we do not know which aspects of diet
are the most useful for assessment, so a global assessment 
of diet and eating patterns is recommended. For younger 
children, the information should be obtained from the parent
or primary caregiver. Assessment of frequency with which
fruits, vegetables, sweets, salty snacks, fried foods, low-fat
milk, whole milk and soda are consumed will provide an 
overall picture of food choices, and the likelihood of excess
caloric intake. Beverage choice may be an important source of
excess calories (Mrdjenovic and Levitsky, 2003). The frequen-
cy of breakfast consumption, meals eaten away from home
and meals eaten ‘as a family’ should be assessed (Siega-Riz
et al., 1998; Neumark-Sztainer et al., 2003). Food eaten or 
prepared outside of the home is more likely to be higher in
calories, due to menu offerings, lack of parental control and
large portion sizes (French et al., 2001; Young and Nestle, 2003).
The information obtained from this assessment may offer 
useful entry points for discussion and more constructive 
counselling.

Activity assessment should include both physical activity
and sedentary behaviour. Information on structured activity,
such as physical education at school, team sports, lessons or
hobbies, should be complemented by information about un-
structured time. This includes activities of daily living, such 
as household chores, walking to school or yard work. Time

spent in sedentary behaviour, particularly television viewing,
should be assessed, given its direct association with over-
weight (Gortmaker et al., 1990). The child and parent should be
asked about the frequency with which meals are eaten in front
of the television (Coon et al., 2001). Similarly, time spent play-
ing computer or video games should be assessed. The pres-
ence of a television and/or computer in the child’s bedroom 
is also of interest given its relation to time spent viewing 
(Dennison et al., 2002). Knowledge of household structure,
neighbourhood safety and who, if anyone, is at home after
school will help the clinician provide realistic observations
and should make any counselling on these issues more 
relevant to the child and the family.

Family readiness

Assessment of family readiness for change could be seen as the
final step of obesity assessment or as the first step of obesity
therapy. Behaviour change theory suggests that change will
not occur until the individual is ready. Attempts at weight
management counselling or referral to a weight management
programme may alienate families who are not ready, and/or
may contribute to the child’s negative self-concept. As such,
these attempts may compromise weight management efforts
in the future. Assessment of readiness to make change should
be included as part of comprehensive obesity assessment 
(Barlow and Dietz, 1998; Dietz, 1999). In the context of 
childhood obesity, motivation to address a child’s weight 
problem requires that both the child and the child’s family are
ready to address the issue with concrete changes.

Motivational interviewing, borrowed from the treatment 
of addictive behaviours, grew out of the conviction that 
advice-giving is undermined by the nature of the clinician–
patient encounter. By encouraging the patient to actively 
engage in problem analysis and goal-setting, behaviour
change is more likely to occur (Emmons and Rollnick, 2001). 
In the area of obesity, motivational interviewing has the 
potential to increase readiness for change among individuals
and their families. Training programmes that teach motiva-
tional interviewing skills are available throughout the US and
Europe.

As with any clinical encounter, the clinician’s skill at engag-
ing the patient and the patient’s parents is central to getting
valid information and setting an environment that will 
promote effective counselling. Provider questions should be
open ended and non-judgmental. The parents should be 
asked if they deem the child’s weight to be a problem. If 
they do, they should be asked what changes in the family
would be needed to help the child address his or her weight
problem. If the parents do not see the child’s weight as a prob-
lem, the clinician should enquire as to what might occur to
make them see it as something to be addressed. Depending on
the child’s age, a similar exchange should be initiated directly
with the child.
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Clinician deportment and choice of terms

Obesity in childhood was dubbed ‘the dismal condition’ by
Dwyer and Mayer 30 years ago (1973). Despite the rising
prevalence of childhood overweight, discrimination is wide-
spread: the overweight child is often socially isolated (Strauss
and Pollack, 2003), the target of teasing and bullying by peers
(Neumark-Sztainer et al., 1998) and is assumed to be ‘lazy and
dishonest’ by children (Staffieri, 1967; Latner and Stunkard,
2003) and even by adults (Neumark-Sztainer et al., 1999).
Health-care professionals are not immune to ‘anti-fat’ bias
(Harvey and Hill, 2001; Teachman and Brownell, 2001). It
seems likely that the overweight child and perhaps the child’s
parents have internalized this negative societal reaction.

The clinician who discusses weight with paediatric patients
and their family members should appreciate the importance
of an accepting, non-judgmental tone. Recognizing that the
weight problem may be a highly sensitive and emotionally
charged issue, the clinician should handle the assessment
carefully. In particular, because obesity runs in families, many
parents will be obese themselves and will have experienced
their own frustrations and negative societal reaction. For ado-
lescents who are trying to separate from their parents, navigat-
ing the role of family involvement in weight management is
challenging (Frelut and Flodmark, 2003). The advice for
health-care professionals recommended by the National Task
Force on the Prevention and Treatment of Obesity for adults
(2002) is broadly applicable to those who treat children. Some
adaptations of the physical office space such as large-size ex-
amination gowns, and large blood pressure cuffs, are relevant
to those who treat children and adolescents (National Task
Force on the Prevention and Treatment of Obesity, 2002).
Weight should be assessed in a private setting and recorded
without comment. Every opportunity for enhancing self-
esteem and self-acceptance during the medical encounter
should be exploited.

The words to describe or talk about the child’s weight
should also be chosen carefully. Most of the terms used to de-
scribe excess weight appear to be offensive to obese adults, as
shown by Wadden and Didie (2003); to date no similar study
has been conducted with children or adolescents. Particularly
undesirable for the obese individuals surveyed were the terms
fatness, excess fat, obesity and large size. The term weight was
most preferred. If weight and lifestyle assessment is to be a
positive, or at least a neutral, experience, clinicians are encour-
aged to avoid potentially offensive terminology.

Future directions

Increasing rates of child and adolescent obesity in many coun-
tries make the need for screening and assessment protocols all
the more urgent. At present there is reasonably good consen-
sus about the use of BMI-for-age and percentile cut-off points
for defining obesity in children. The availability of nationally

representative data for the US and several European countries
represents an encouraging beginning. Application of refer-
ence curves developed in one population to assessment of a
different population can present difficulties due to variability
in growth by race and differences in maturational timing. The
global nature of the present epidemic makes for a pressing
need for nationally relevant reference curves.

It is unlikely that all countries will have the resources to 
create their own growth curves. With continued usage by the
obesity research community, we may better understand the
strengths and limitations of the International Obesity Task
Force growth standards and the implications of their utiliza-
tion for clinical assessment. Incorporating what has been
learned from the initial international standards, a second in-
ternational reference could be undertaken with more coun-
tries and with better representation from around the world.

Reference data for waist circumference may prove useful as
a second-level screen for central adiposity, and to identify chil-
dren at particular risk for obesity-related comorbidities. As the
reference data available at present for waist circumference
(Zannolli and Morgese, 1996; Moreno et al., 1999; McCarthy
et al., 2001; Pietrobelli et al., 2002) are used by researchers 
and clinicians, the utility of this information should become
apparent.

As suggested by James (2003), the possibility of an im-
proved height–weight index that exploits the ease of computa-
tion that computers provide is real. With improvements in
technology, it may also be possible to develop a clinically use-
ful, direct measure of body fat. It seems certain that a measure
that directly reflects adipose tissue, rather than weight, will be
more strongly linked to disease outcomes.

Finally, whatever measures and definitions of obesity are
developed in the future, the present explosion of childhood
obesity is likely to provide the evidence base needed to tie cut-
off points to physical and psychosocial health risk. Ironically, a
‘benefit’ of high rates of childhood obesity worldwide may be
to improve screening and diagnosis of the condition.
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Obese children and adolescents have ongoing existing medi-
cal and psychosocial morbidity and the risks for adult ill
health are increased. The increasing prevalence of obesity in
childhood and adolescence has heightened the awareness of
conditions that are known to be associated with childhood and
adolescent obesity. Of considerable concern is the emergence
of conditions that were previously considered relevant only to
adult obesity.

The true prevalence of obesity-related morbidities remains
largely unknown. Most data come from clinical studies repre-
senting highly selected patient groups. As the prevalence of
childhood and adolescent obesity increases and as the per-
centage of children and adolescents in the heavier weight cate-
gories also increases, true prevalence data can be obtained as a
result of population-based methods.

This chapter will examine both the physical and the psy-
chosocial consequences and complications of childhood obe-
sity, with an emphasis on recognition and diagnosis.

Consequences of childhood obesity

The consequences of childhood and adolescent obesity are de-
tailed below (for a summary, see Table 16.1).

Adult obesity

The first consequence of childhood and adolescent 
obesity is adult obesity. Tracking studies have used variable
definitions of obesity, different length of follow-up and 
many of the large cohort studies commenced well before 
the worldwide increase in obesity began. There have 
been variable predictions of adult obesity tracking through
from childhood obesity, but no study has demonstrated 
the absence of a relationship between childhood and adult
weight.

Earlier studies found that less than one-third of obese adults
were obese in childhood. More recent studies show that over
75% of obese children remain obese as adults and that they 
are more obese than adults who had adult onset obesity
(Freedman et al., 2001). Up to 50% of obese adolescents remain
obese in adulthood, and the later in adolescence that over-
weight persists and the greater the degree of overweight, the
more likely it is that an individual will be an obese adult
(Power et al., 1997; Guo et al., 2000).

Tracking studies are unable to distinguish between the in-
fluences of genes, environment and social behaviours on the
tracking of body weight. It is likely that other lifestyle habits
that impact on obesity, including physical activity, track into
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adulthood. Childhood may be a more flexible time to perma-
nently alter tracking trajectories.

Clinical highlight
Tracking data support intervention in and prevention of childhood
and adolescent obesity.

Belonging to an obese family

The second consequence of childhood and adolescent obesity
is that the child or adolescent is likely to be part of an obese
family.

There is strong evidence for a significant genetic component
to obesity in children and adolescents, from family, twin and
adoptee studies (Stunkard et al., 1990). The offspring of two
obese parents have an 80% chance of becoming obese (Garn
and Clark, 1976). This compares with a less than 10% chance
for the offspring of two lean parents and an intermediary risk
for the offspring of one lean and one obese parent. By the age of
17 years, the children of two obese parents are three times as
obese as the children of two lean parents. Genes may not be ex-
pressed fully until adulthood but when obesity has been pre-
sent from childhood it tends to be more severe.

In longitudinal studies in children, for which parental
weights are available and used for their predictive value,
parental obesity more than doubles the risk of adult obesity
among both obese and non-obese children under 10 years of
age (Whitaker et al., 1997; Margarey et al., 2003). This is a life-
time, rather than an immediate risk. Obese children under 
3 years of age without obese parents appear at lower risk of
obesity in adulthood, but among older children obesity is 
an increasingly important predictor of adult obesity.

The predictive power of parental morbidity is also seen in
cardiovascular risk (Bao et al., 1997). Children of parents with
documented coronary artery disease have significantly higher
body weight and body mass index (BMI) from childhood.
They also have higher mean blood pressure, total cholesterol,
LDL-cholesterol, glucose and insulin, but these differences
may not become clinically significant until late adolescence.

Clinical highlight
In the management of childhood and adolescent obesity, take a family
weight history and a family metabolic risk history.

Puberty is a risk time for further weight gain

The third consequence of childhood obesity is that the onset 
of adolescence is not associated with more favourable body
composition. Body fatness changes throughout childhood
and adolescence, with gender differences (Dugdale and
Payne, 1976). There is a predominance of fat deposition in the
first 12 months of life: it is normal for a baby to look chubby.
From 12 months until approximately 4–6 years of age the per-
centage of body fat reduces, with lean tissue deposition more
marked, and then from about 6 to 10 years fat deposition pre-
dominates. Adiposity rebound describes the point of rever-
sion from a tendency to increasing leanness to one of
increasing fatness around 4–6 years (Rolland-Cachera et al.,
1990). An earlier age at adiposity rebound is associated with
greater adiposity in later adolescence. The adiposity rebound
may simply be the description of an epiphenomenon; children
who are genetically predisposed to obesity, who mature early
as a result of higher body weight and who are exposed to cer-
tain environmental risks go on to become fatter earlier.

Girls show an increase in fat-free mass that slows over ado-
lescence. Boys, in contrast, have a continuing increase in fat-
free mass into young adulthood. Total body fat increases with
age in adolescent girls and produces the long-observed adult
gender dimorphism in body composition (Guo et al., 1998).
Gender dimorphism begins before puberty, with girls as
young as 4 years having a higher body fat than boys, when
matched for age, height, weight and BMI (Byrnes et al., 1999).

Adipose tissue studies parallel clinical observation. The
adipocyte size peaks first around 12 months of age, followed
by a fall and then a second rise starting from peri-puberty. Up
to about 10 years of age most of the increase in fat depot in lean
subjects is from increased cell size. The next major increase in
fat cell number is at puberty. In obese subjects the number of fat
cells increases throughout childhood and adolescence, and by
the end of puberty they have over twice as many fat cells as
lean subjects (Knittle et al., 1979). This proliferation can be
modified by lifestyle intervention.

Clinical highlight
‘Puppy fat’ is a myth and adolescence is a high-risk time for excessive
fat deposition. Upward crossing of BMI centiles in a child or adoles-
cent is a time for action.

Fat distribution matters

The fourth consequence of childhood and adolescent obesity
is that it matters where the fat is distributed. Obese children
and adolescents show a variation in fat distribution, which is
present prior to adolescence, and there is a genetic influence on
this distribution of body fat. Deep visceral fat depots in chil-
dren, whatever their degree of obesity, are much less than
those seen in adults, so that subcutaneous fat is predominant
in both the obese and the non-obese children when compared

Table 16.1 The consequences of childhood and adolescent obesity.

Adult obesity

Belonging to an obese family

Puberty is a risk time for further weight gain

Fat distribution already matters

Increased adult morbidity and mortality

Disadvantaged in health-care provision

Adverse adult psychological outcomes
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with intra-abdominal fat. The waist–hip ratio is lower in fe-
males aged 6–17 years than in males and the ratio falls with
age, levelling out at mid-adolescence (Gillum, 1987). Waist cir-
cumference measures in childhood track into adulthood.
Waist circumference in mid-childhood is predictive of over-
weight at early puberty indicating tracking of abdominal dis-
tribution of fat. Subscapular–triceps skinfold ratio is also a
good discriminator of centralized fat distribution. The use of
skinfold callipers, however, requires practice and callipers
may not be wide enough in obese children and adolescents.

Anthropometric markers of central fat distribution correlate
with markers of the metabolic syndrome, including blood
pressure and HDL-cholesterol (Freedman et al., 1999). Central
obesity in children is also associated with adverse haemostatic
factors, as measured by fibrinogen and plasminogen activator
inhibitor-1. The waist circumference appears the most signifi-
cant predictor for all cardiovascular risk factors, with BMI
having a much lower predictive value (Savva et al., 2000).
There are no accepted cut-off points for waist circumference in
children and adolescents because the relationship between
waist measure and metabolic complications in children and
adolescents remains undefined. It has been suggested that
children with 33% or more body fat and a waist circumference
of 71 cm or more are likely to have an adverse cardiovascular
risk profile (Higgins et al., 2001).

Clinical highlight
Waist circumference may indicate cardiovascular risk in obese chil-
dren and adolescents and certainly can be used for longitudinal as-
sessment in weight management.

Increased adult morbidity and mortality

The fifth consequence of obesity in childhood and adolescence
is an increased risk of morbidity and mortality in adulthood,
with origins in childhood. These long-term consequences of
childhood and adolescent obesity are difficult to study, be-
cause of the time delay between origins of disease and disease
appearance. In a 40-year follow-up of overweight children
born in Europe in the first half of last century there were two
clear findings. There was an increased mortality in adult life in
children whose standard deviation weight score was > +3 in
puberty and a significant increase in chronic disease in adult-
hood, as well as an earlier appearance of that chronic disease
(Mosberg, 1989).

A review of the subjects from the third American Harvard
Growth Study (1922–1935) also provides an example of the
long-term risks associated with overweight in adolescence
(Must et al., 1992). For men, but not for women, there was an in-
creased risk for all cause mortality and colorectal cancer. For
both men and women there was an increased risk of morbidity
from coronary artery disease and vascular disease, and for
women an increased risk of arthritis.

Aretrospective study, based on over 13 000 individuals mea-

sured as children or adolescents between 1933 and 1945 in
Maryland, USA, also had similar findings (Nieto, 1992). There
was a linear increase in adult mortality with increasing rela-
tive weight before puberty for both genders, and for relative
weight in adolescent females only.

Clinical highlight
Obesity in childhood and adolescence confers a disease risk in adult-
hood, irrespective of adult weight status.

Not all future disease risk for obese children and adoles-
cents is cardiovascular and not all cardiovascular risk in 
children and adolescents is associated with obesity. Cardio-
vascular risk factors are influenced by obesity and fat distribu-
tion, and they place the child and/or adolescent into an overall
worse lifetime risk category.

The most consistent evidence comes from the Bogalusa
Heart Study, Louisiana, a cross-sectional plus longitudinal
epidemiological survey of the early natural history of athero-
sclerosis. Autopsy findings from young subjects in the 
Bogalusa study, who died predominantly from trauma,
demonstrated the presence of fatty streaks and fibrous
plaques in the coronary arteries, which increased with age,
with detectable abnormalities in the 2–15 years age group
(Berenson et al., 1998). There were strongly significant correla-
tions between the presence of cardiovascular risk factors and
this atherosclerotic change. Subjects with zero, one, two and
three or four risk factors had 19.1%, 30.3%, 37.9% and 30.5%,
respectively, of the intimal surface of the aorta covered in fatty
streaks. In the Muscatine study from Iowa, coronary calcifica-
tion was more prevalent in young adults, who, as children,
had elevated cardiovascular risk factors (Mahoney et al., 1996).

Increasing body fatness in children is associated with an in-
crease in cardiovascular risk factors (Fig. 16.1). Risk factor
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prevalence increases with a BMI above the 85th percentile, but
children with a BMI above the 95th percentile are 2.4 times
more likely to have elevated cholesterol than children with a
BMI less than the 85th percentile, with even higher estimated
risks for systolic blood pressure, LDL-cholesterol, diastolic
blood pressure and fasting insulin (Freedman et al., 1999a,b;
2001). The cardiovascular risk associations do not always vary
linearly with age: associations for blood pressure and triglyc-
eride tend to be stronger in the younger children, whereas
LDL-cholesterol and insulin are stronger in older groups. An
increase in adiposity is the second most significant predictive
variable for serum lipids and lipoprotein levels, after the initial
lipid and lipoprotein values. The strength of the relationship
increases from adolescence into young adulthood and the 
relationship appears stronger among males. Cardiovascular
risk factors in parents further predict the presence of such risk
factors in their offspring.

Clustering and tracking of cardiovascular risk factors in
children and adolescents and associations with obesity have
been described in other populations. The Muscatine study
showed that adolescent obesity, especially in males, is associ-
ated with higher levels of total and LDL-cholesterol in adult-
hood. Hypertensive children who continue to have high blood
pressure in adulthood are more likely to have higher body
weight, BMI and waist circumferences. In the Netherlands, the
Amsterdam Growth and Health Study demonstrated strong
tracking of lipoproteins and body fatness (Twisk et al., 1997).

Clinical highlight
Afasting lipid profile should be considered in obese children and ado-
lescents, particularly those who have a family history of cardiovascu-
lar risk factors. The levels of lipids are unlikely to be at the levels at
which pharmacotherapy is indicated but these levels can be used both
as an indicator of risk and a monitor of successful intervention.

Insulin is an independent risk factor for cardiovascular dis-
ease in adults, and insulin resistance also predicts the future
risk of type 2 diabetes in adults. Hyperinsulinaemia in child-
hood has been found in several populations known to be at
high risk for type 2 diabetes (McCance et al., 1994). Hyperin-
sulinaemia is a common finding in childhood and adolescent
obesity (Fig. 16.2) and may be the initial signal of the metabol-
ic syndrome. Hyperinsulinaemia in children and adolescents
is associated with adverse lipid and lipoprotein levels, and this
association is independent of obesity, age or glucose level
(Jiang et al., 1995). In the context of obesity, the development of
the metabolic syndrome in adults is associated with childhood
BMI and childhood insulin levels, but the relationship with 
insulin disappears after adjustment for childhood BMI 
(Srinivasan et al., 2002). The relationship between BMI and in-
sulin levels appears non-linear, with a sharp increase at about
the 95th BMI centile. Whether hyperinsulinaemia with insulin
resistance increases efficiency of fat storage or decreases risk
for further weight gain is unclear.

Clinical highlight
A fasting insulin should be considered in obese children and adoles-
cents, particularly those who have a family history of type 2 diabetes
or cardiovascular disease.

Disadvantaged in health-care provision

The sixth consequence of child and adolescent obesity is the
difficulties in providing health care, particularly in the hospi-
tal setting. The main difficulties relate to anaesthesia, equip-
ment and accommodation, and drug dosage. The anaesthetic
care of the obese adult has been well considered, but obese
children and adolescents are likely to experience similar risks
and difficulties. These include pre-existing abnormal lung
function, difficulties in ventilation (especially when supine),
difficulties with intubation and with venous access. Standard
paediatric equipment may be too small to use in obese children
and adolescents. Hospital furniture may not accommodate
body size and in extreme circumstances may require prema-
ture admission to adult facilities, often a very inappropriate
placement. Paediatric dosing is carried out on a weight basis.
As the proportion of lean to fat mass in obese children and ado-
lescents is altered, the dosage assumptions may be incorrect.
Thus, a chance for both therapeutic overdosing and underdos-
ing exists. In situations in which protein intake is adequate it
should be assumed that about 30% of excess weight is lean
body mass. As the rest is increased fat mass there is the chance
of an increased volume of distribution, particularly for more
lipophilic drugs.

Clinical highlight
Manage the obese child and adolescent both age and weight 
appropriately.

0

1

2

3

4

5

6

7

8

SDS

HOMA IR

8–10 11–13 14–16

Age (years)

Fig 16.2 BMI SD score and insulin resistance score as measured by

homeostasis model assessment (HOMA) in non-diabetic children and

adolescents attending a teaching hospital weight management service

(unpublished data from K. Steinbeck, 2003).



Childhood obesity: consequences and physical and psychosocial complications

235

Adverse adult psychological outcomes

The seventh consequence of childhood and adolescent obesity
is adverse psychosocial outcomes in adult life. Just as the 
medical consequences of childhood obesity extend into adult-
hood, so do the psychosocial impacts. A study of American
women who were obese as adolescents found that they
achieved a lower final educational level, had lower incomes
and greater rates of poverty and were less likely to marry when
compared with peers of lower body weight (Gortmaker et al.,
1993). Similar findings have been described in European stud-
ies. Although outside the scope of this chapter, discriminatory
practices against obese youths and young adults have been de-
scribed in health facilities, teaching, employment, rental ap-
plications and admission to tertiary education. Obesity is not
associated with lower intellectual function, as an explanation
for poorer personal achievement. These findings represent a
high personal cost of obesity with significant societal implica-
tions. These costs are even more difficult to define than those
related to physical morbidity and mortality.

Complications of childhood obesity

An important part of the management of childhood and ado-
lescent obesity is the diagnosis and management of existing
obesity-related comorbidity. Complications of obesity are
physical and non-physical. The greater the degree of obesity,
the greater the likelihood of obesity-related comorbidity and
the greater the chance of multiple comorbidities. Symptoms
need to be actively sought. Children may not perceive symp-
toms as abnormal. Adolescents may be reticent to discuss
symptomatology owing to concerns that it may represent
something serious or that they may be ridiculed. The symp-
toms of some obesity-related comorbidities may be different
in children and adolescents from those in adults. Physical
complications may be of minor medical significance but of
major importance to the individual (Table 16.2).

Physical complications of childhood obesity

The following complications are morbidities of minor medical
significance but of major importance to management. Little re-
search has been directed to these complications and there are
no data related to prevalence. These complications will be fa-
miliar to those clinicians who manage child and adolescent
obesity.

Heat intolerance

Adipose tissue acts as insulation, and inhibits the natural dis-
sipation of body heat. Any increase in physical activity and
muscle use increases superficial skin perfusion and sweating,
in order to lose body heat (Haymes et al., 1975). In child and

adolescent obesity, heat intolerance is seen at rest and further
exacerbated by physical activity. Sweating and perceptions of
hotness, together with excessive facial flushing are common.
These symptoms and signs may be the reason that physical 
activity is avoided or terminated early.

Heat rash and other skin lesions

Overheating and sweating combined with deeper skinfolds
increase the likelihood of intertrigo and heat rash in obese chil-
dren and adolescents. Fungal infections are common in the
groin and axilla and under breast tissue in both sexes. Obese
children and adolescents have a greater body surface area than
their leaner peers and lose more fluid by perspiration and 
insensible fluid loss. In clinical practice, obese children 
and adolescents are frequently described as always thirsty and
drinking copious volumes of liquid. Obese children and ado-
lescents often wear cover-up clothing to hide their body size
and shape, which further exacerbates heat-related symptoms.
This makes physical examination harder. Tact and sensitivity
are required to ensure that an adequate examination is 
performed.

Breathlessness

In the absence of lung pathology, shortness of breath on exer-
tion is a common morbidity in obese adults. There are no pub-
lished data to confirm this in children, although it is often
observed in clinical practice. Increased respiratory effort will
be required at rest because of chest wall mechanics and viscer-
al fat. The situation is worsened by physical activity— another
reason why obese children and adolescents avoid physical 
activity.

Tiredness

Tiredness is a prevalent general symptom in obese children
and adolescents. The presence of obstructive sleep apnoea
should be considered. Tiredness may also be secondary to 
the increased physical effort of daily lifestyle activity and is 

Table 16.2 Complications of minor medical significance.

Heat intolerance*

Heat rash and intertrigo*

Breathlessness on minimal exertion*

Tiredness*

Musculoskeletal discomfort*

Pseudogynaecomastia

Male genitalia of small appearance

Cutaneous striae

*May impact on activity management in obesity.
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exacerbated by low levels of physical fitness and exercise tol-
erance in obese children and adolescents.

Musculoskeletal discomfort

Obese children and adolescents on questioning will regularly
admit to general musculoskeletal discomfort in feet, ankles
and calves, which is exacerbated by physical activity. Back,
knee and hip discomfort are uncommon, even in high grades
of obesity, unless there is associated trauma or orthopaedic 
abnormality. This non-specific discomfort is likely due to soft-
tissue strain and distortion, as a result of the physical forces of
excess weight, altered centre of gravity (with pronounced
lumbar lordosis) and gait abnormalities. These factors in-
crease the risk of falls and soft-tissue injury and contribute 
towards the perception of clumsiness in obese children and
adolescents. Musculoskeletal discomfort is another deterrent
to physical activity, the body is more comfortable at rest and
when supported.

Staging of puberty

Published data suggest that older children and adolescents are
competent at self-grading against line drawings of the Tanner
stages of pubertal development. It is often difficult clinically to
assess breast stage in obese children and adolescents. Assess-
ment of secondary sexual hair (adrenarche) may be discordant
with gonadarche, and a bone age and biochemical assessment
of gonadal function may be required, particularly if preco-
cious puberty is a concern. Obese girls overestimate breast de-
velopment by self-assessment in about 40% of cases, much
higher than for non-obese girls of similar age.

Pseudogynaecomastia in males

A general increase in subcutaneous truncal fat can simulate
gynaecomastia. Pseudogynaecomastia is differentiated from
true gynaecomastia initially by palpation. Ultrasound of the
chest wall will define fat and glandular tissue if palpation is
equivocal. The sequelae of pseudogynaecomastia are psy-
chosocial rather than medical, and the psychological impact
may determine surgical intervention. Weight loss may im-
prove the appearance.

Small genitalia in males

Obese prepubertal males may have the appearance of an 
abnormally small penis. The vast majority of obese boys will
have a normal size penis for age, buried in a large pubic fat
pad. Appearances will improve with the pubertal increase in
penile size. Applying downwards pressure towards the pubic
symphysis will allow better determination of penile size.
Some boys will experience difficulties in micturition when
standing. Obesity and true micropenis may co-exist — either as

two unrelated conditions or as part of a hypogonadal state
such as Klinefelter’s or Bardet–Biedl syndrome.

Cutaneous striae

Cutaneous striae, or stretch marks, occur as a result of dermal
collagen disruption (Sheu et al., 1991). These are a response to
rapid deposition of fat. In obesity these are most likely seen
over the abdomen and hips. Striae occur in pathological states
such as Cushing’s syndrome with obesity. In this situation,
striae have a different distribution, being in the axillae and
groin as well as on the abdomen, and are combined with other
dermal abnormalities (such as skin fragility and bruising) 
that are not generally present in obesity. Striae will fade 
with weight loss and/or stabilization but will not disappear
completely.

Clinical highlight
There is a higher level of chronic physical discomfort in the obese child
and adolescent, which has the potential to greatly affect the lifestyle 
of obese children and adolescents. These discomforts will counteract
attempts to increase physical activity as part of a management 
programme and are likely to further impair self-esteem.

Morbidities of significant medical importance

Obesity in children and adolescents is associated with major
medical comorbidity. Comorbidities are more likely to be pre-
sent in the higher grades of obesity and in the older child or
adolescent. There is not an obesity threshold below which a
child or adolescent can be assumed to be free of morbidity.
Table 16.3 shows the major medical complication groupings.

Cardiovascular

Hypertension
In parallel with the increasing prevalence of childhood and
adolescent obesity is the change in the epidemiology of hyper-
tension in these age groups. Most hypertension is now essen-
tial or primary, rather than secondary to renal disease, and
generally clustering with other cardiovascular risk factors
(Rosner et al., 2000; Sorof and Daniels, 2002). Obese children
and adolescents have higher blood pressures and higher
prevalence rates for hypertension than children of leaner body
weight. About one-third of obese children and half of obese
adolescents are hypertensive. There is a doubling of preva-
lence between the 75th and 95th BMI percentiles. Initially, hy-
pertension in childhood obesity is predominantly systolic.
Isolated systolic hypertension is an independent risk factor for
cardiovascular disease in adults, and in children it may well
contribute to their total cardiovascular burden as adults.

Hypertension is probably underdiagnosed in obese chil-
dren and adolescents. Blood pressure rises with age and
height, and age-related percentile charts are required. The 
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arbitrary cut-off points are >90th for high normal blood pres-
sure and >95th for hypertension.

The accurate measurement of blood pressure in obese chil-
dren and adolescents requires the correct blood pressure cuff
(both width and length). If it is too large, the blood pressure
reading will be falsely low; if it is too narrow then the reading
will be falsely elevated. The width of the cuff bladder should
be 40% of the circumference of the mid upper arm. Blood pres-
sure seems more variable in obese children than in their leaner
peers, and standardization of measuring conditions is also 
important.

Cardiac abnormalities
The effects of obesity on the adult heart are well documented,
including left ventricular hypertrophy, right ventricular hy-
pertrophy and cardiac failure. Controlled echocardiography
studies in obese children and adolescents show that mean left
ventricular mass, ventricular septal and posterior wall thick-
ness and the internal dimension of the left ventricle in diastole
are all greater in severely obese children than in their lean coun-
terparts (Alpert, 2001). These studies have small subject num-
bers and it is not possible to generalize these findings.
Echocardiography should be considered in children and ado-
lescents with severe obesity, particularly if they are hyperten-
sive and have additional symptoms such as palpitations,

shortness of breath and syncope. Areferral for specialist assess-
ment would also be appropriate under these circumstances.

Blood vessel structure and function
Increased intimal–medial thickness and reduced vascular
compliance are present in children with diabetes and familial
hypercholesterolaemia— both are known risk factors for early-
onset adult cardiovascular morbidity. Obese adolescents have
decreased maximum forearm blood flow and increased fore-
arm vascular resistance (Rocchini et al., 1992). Increased vascu-
lar stiffness and endothelial dysfunction are best correlated
with abdominal fat and insulin levels (Tounian et al., 2001).

Heart rate variability
There is an increased heart rate variability in obese children
and adolescents when compared with leaner peers (Martini 
et al., 2001). On formal testing there are abnormalities of sym-
pathetic and parasympathetic function. The significance of
these findings is unknown and variations in heart rate are not
associated with consistent clinical symptoms. Physical train-
ing in obese children alters these autonomic findings by de-
creasing the ratio of sympathetic to parasympathetic activity.

Respiratory

Obesity increases the work or effort required to breathe. Me-
chanical forces such as the weight of the chest wall and the nar-
rowing of airways are coupled with diffusion abnormalities.
Lung function is altered in obese children (Inselma et al., 1993).
Airway narrowing, reduced diffusion capacity and ventila-
tory tiring are common.

Sleep-disordered breathing

Sleep-associated breathing disorders are frequently found 
in child and adolescent obesity in clinical practice. These dis-
orders include increased air flow resistance in the upper 
airways, reduction in air flow, regular heavy snoring and 
multiple and brief cessations of breathing during sleep 
(apnoeas) with compensatory arousals.

Although obesity is considered a risk factor for sleep-
associated breathing disorders in children and adolescents,
the prevalence of these disorders is less clear. In one case–con-
trol study of children and adolescents recruited from families
with and without sleep apnoea, obesity is a risk with an odds
ratio of over 4.5 (Redline et al., 1999). If the study population is
selected for obesity, the prevalence of an abnormal sleep study
in such children is between 30% and 50% (Marcus et al., 1996).
There is also a correlation between the degree of obesity and
the severity of the documented sleep disturbance, with 5–10%
having severe obstructive sleep apnoea, and 50% of severely
obese children having a degree of central hypoventilation.
Daytime somnolence and tiredness are not commonly re-
ported in children with established obstructive sleep apnoea.

Table 16.3 Significant medical complications present in childhood and

adolescent obesity.

Cardiovascular

Hypertension

Cardiac muscle abnormalities

Abnormal blood vessel structure and function

Increased heart rate variability

Respiratory

Sleep-disordered breathing

Pickwickian syndrome

Asthma

Endocrine

Type 2 diabetes (and acanthosis nigricans)

Changed onset of puberty

Polycystic ovaries

Orthopaedic

Foot pronation

Tibia vara (Blount’s disease)

Slipped capital epiphysis

Gastrointestinal

Hepatic steatosis

Gastro-oesophageal reflux

Cholelithiasis

Neurological

Benign intracranial hypertension
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Neurocognitive deficits (memory and learning perfor-
mance) may be present in morbidly obese children with ob-
structive sleep apnoea (Rhodes et al., 1995). Sleeping in the
upright position and adenotonsillar hypertrophy increase the
chances of obstructive sleep apnoea. Truncal obesity, a short
broad neck and a crowded oropharynx are other clinical clues
to the presence of sleep apnoea, and the degree of fasting 
hyperinsulinaemia may predict severity.

If sleep-disordered breathing is suspected, referral to a pae-
diatric sleep unit is necessary, as diagnosis will require an
overnight sleep study. Tonsillectomy and adenoidectomy will
reduce the symptoms of obstructive sleep apnoea in obese
children, even in the absence of weight reduction. In fact, ton-
sillectomy and/or adenoidectomy may be associated with a
further increase in BMI (Soultan et al., 1999).

Pickwickian syndrome
The Pickwickian syndrome is present when ventilation capac-
ity cannot be increased to overcome chronic hypoxia and to
normalize blood carbon dioxide. It is characterized by severe
obesity, hypersomnolence, pulmonary hypertension and
right-sided heart failure, polycythaemia, daytime hypox-
aemia and hypercapnia. The syndrome is associated with 
pulmonary embolism and sudden death in children. It is 
uncommon and is most likely to be diagnosed in secondary
obesity, including hypothalamic hyperphagia syndromes and
Prader–Willi syndrome.

Asthma
It has been suggested that a causal relationship exists between
asthma and obesity in children, although not all studies are
supportive of this. Both conditions are increasing in preva-
lence. There may be complicated causality in that those chil-
dren who have asthma may be less physically active because
of their respiratory condition, thus increasing their risk of obe-
sity. Additionally, drugs used to treat asthma, glucocorticoids
in particular, may also increase a child’s risk of obesity. There
may be other common lifestyle markers or links that are not
readily apparent, especially as the link between the two condi-
tions is a recent one.

Using doctor-diagnosed asthma as the criterion, American
data in over 12 000 children and adolescents aged between two
months and 16 years found that the highest risk for asthma
was a family history, but a BMI > 85th percentile almost dou-
bled the risk (Rodriguea et al., 2002).This study identified some
ethnic differences in risk and presentation. Others have identi-
fied female gender as a risk for obesity-associated asthma. In a
study of 600 children, girls who were obese at 11 years were
more likely to have asthma between the ages of 11 and 13 years,
and more so if they entered puberty early (Castro-Rodriguez 
et al., 2001). In a cross-sectional study on over 9000 German
boys and girls at school entry, the female gender risk for asth-
ma was also identified (von Kries et al., 2001). Obesity in girls
did not increase the risk of other atopic phenomena and this

suggests that the aetiology of obesity-related asthma may be
related to fat mass and possibly its distribution.

Exercise induces a greater frequency and degree of bron-
chospasm in obese children who are not known to have asth-
ma (Gokbal and Atas, 1999). Obese children who experience
shortness of breath and chest discomfort, with physical activi-
ty in particular, should be considered for assessment and man-
agement of exercise-induced bronchospasm, with a particular
emphasis on its prevention.

Weight reduction improves lung function in obese adults, so
it is likely that weight management in children and adoles-
cents will reduce the impact of asthma.

Endocrine

Type 2 diabetes
In 1996, Pinhas-Hamiel and colleagues published a paper de-
scribing an increase in the incidence of type 2 diabetes in ado-
lescents over the previous decade. The proportion of newly
diagnosed patients with type 2 diabetes rose from 4% to 16%,
but if the age group of 10–19 years was selected, the figure was
33%. Both obesity and a family history of type 2 diabetes are
strongly associated with type 2 diabetes in children and ado-
lescents. Type 2 diabetes is associated with excess body weight
in 95% of cases, whereas type 1 diabetes is associated with ex-
cess body weight in only 20% of cases.

Ethnicity is also a strong risk factor. Indigenous populations
are at greater risk of developing type 2 diabetes in young 
age groups (Harris et al., 1996). British case report studies 
have identified South Asian and Middle Eastern ethnicity 
as a major risk group (Ehtisham et al., 2000). An increase in the
incidence of type 2 diabetes in children has occurred in 
Japan with Westernization of the diet (Kitigawa et al., 1998).
Additional risk factors for the development of type 2 diabetes
in children and adolescents are female gender, puberty 
and acanthosis nigricans as the external expression of insulin
resistance.

Puberty is a state of transient physiological insulin resis-
tance, primarily due to the increased production of growth
hormone and insulin-like growth factor-1 (IGF-1). This phe-
nomenon is more marked in females than in males. When 
insulin resistance is extreme prior to puberty, the onset of 
pubertal insulin resistance may be enough to induce type 2 di-
abetes. Diabetes does not resolve following puberty and cessa-
tion of growth.

Acanthosis nigricans is a dermatological abnormality that,
in children and adolescents, has to date almost exclusively
been described in insulin-resistant states. Acanthosis nigricans
has a darkened, velvety, raised appearance and is most easily
seen in darker skinned individuals; in lighter skinned individ-
uals, the ridges of dermal overgrowth may be more easily 
palpated than visualized. Acanthosis nigricans may be 
associated with truncal skin tags in the adolescent. In obesity, 
it is commonly found around the neck, and in the flexures 
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including the groin and axillae. Scrubbing in an attempt to 
reduce it will exacerbate the condition. In severe cases crack-
ing and fissuring of the skin may appear and expert dermato-
logical input may be required. The pathophysiology of
acanthosis nigricans is not completely understood. It has 
been suggested that the elevated insulin levels act through 
the IGF-1 receptor to cause dermal overgrowth, but this does
not explain the predilection for certain areas or the racial
predilection. The management is weight loss and the reduc-
tion of insulin resistance. Metformin can be used as adjunctive
therapy.

It is not practicable to perform a standard oral glucose toler-
ance test in all obese children and adolescents. Afasting blood
glucose should be performed in obese children and adoles-
cents from minority groups, in those with acanthosis nigricans
and in those with a family history of diabetes.

Prevalence data for type 2 diabetes in children and adoles-
cents are likely to be underestimated because of the insidious
onset of type 2 diabetes, making diagnosis difficult unless it is
entertained. The majority of cases are asymptomatic or pre-
sent with fungal or other skin infections, rather than with the
classic symptoms of hyperglycaemia— polydipsia, polyuria
and weight loss.

In a representative sample of 2867 US adolescents from 
the National Health and Nutrition Examination Survey III
(1988–1994) the estimated prevalence of type 2 diabetes was
0.41% and similar prevalence figures are being reported else-
where (Fagot-Campagna, 2001). Rates as high as 5% have been
found among adolescents in native American populations. In
an obesity clinic population of 167 obese American children
and adolescents, 25% of younger obese children and 21% of
obese adolescents had impaired glucose tolerance diagnosed
by 2-h glucose tolerance test (Sinha et al., 2002). Undiagnosed
diabetes was present in 4% of the adolescents. Similar findings
have been described in older studies.

Lifestyle intervention is the cornerstone of management in
type 2 diabetes. Adherence to such regimens, particularly
when there may be no perceived clinical benefit is difficult in
adolescence. Adolescence is a period of change in lifestyle 
behaviours with increasing independence from family and 
reduction in physical activity, particularly in females. The
standard drug therapies in adult type 2 diabetes have never
been evaluated for safety or efficacy in children and adoles-
cents. Relatively higher doses of pharmacotherapy are re-
quired during puberty. Adolescent females require
counselling about pregnancy— the risk of fetal abnormalities
and overgrowth syndrome with poor control of diabetes, and
the requirement for insulin therapy prior to conception.

The early onset of a progressive, chronic disease will 
increase the number of younger adults presenting with 
both the macrovascular and microvascular complications of 
diabetes, and the ensuing coronary and cerebrovascular
events, visual impairment, limb amputations and chronic
renal failure.

Puberty and reproduction

Puberty in females
It is well recognized in adults that body weight at both ex-
tremes influences menstrual function and fertility. There is
also evidence that weight status influences menarche. Over
the last 10–15 years, there has been a decrease in the mean age
of menarche. It is likely that this lowering of menarchal age is
associated with the rise in the prevalence of obesity over the
same time. Best evidence for this comes from the analysis of
data from the United States NHANES (Adair and Gordon-
Larsen, 2001; Wang, 2002). The effect of body weight on early
maturation is evident at BMI > 85th percentile. One-third of
overweight girls could be expected to reach menarche before
the age of 11 years and in those who reach menarche before the
age of 10 years the prevalence of overweight is even higher.

These are population trends and menarche is still falling
within the normal age range (9–16 years). True precocious 
puberty with sexual maturation apparent before the age of 8
years should be referred for specialist assessment whatever
the BMI percentile of the child.

Early menarche is associated with earlier onset of sexual 
activity and its attendant risks. Adolescents who experience
earlier menarche are more likely to have depression and 
substance abuse and eating disorders. Endometriosis, in-
creased severity of dysmenorrhoea and menstrual cramping
and increased risk of spontaneous abortion are more common
in young adulthood. Early menarche is a well-established risk
factor for breast cancer and has been linked to other cancers,
including those of the ovary and thyroid.

Puberty in males
Although early maturation is twice as likely to occur in over-
weight females, the reverse is true in boys. Overweight boys
are less likely to have early maturation than their leaner peers.
The physiological explanation for this observation is unclear
but does parallel the gender differences in pubertal body com-
position. Girls increase fat mass during puberty and higher,
earlier fat mass may signal readiness for sexual maturation.
Conversely, for males lean body mass increases with sexual
maturity and boys with a relatively higher lean body mass are
the earlier maturers. Increased adipose tissue aromatase activ-
ity and conversion of androgen to oestrogen could theoreti-
cally impact on sexual maturation in males at a hypothalamic
level.

Reproductive

Polycystic ovary syndrome
The polycystic ovary syndrome (PCOS) comprises late menar-
che, oligomenorrhoea or amennorrhoea, with hirsutism, acne,
abdominal obesity, acanthosis nigricans and insulin resistance
(Arslanian and Witchel, 2002). Hyperinsulinaemia increases
ovarian thecal androgen production and induces the 
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characteristic endocrine pattern of elevated free androgen and
increased luteinizing hormone (LH)/follicle-stimulating hor-
mone (FSH) ratio. This pattern is increasingly being described
in younger obese adolescents. The true prevalence of PCOS 
in adolescents is unknown. It is probably underdiagnosed 
because adolescents are less likely have to the characteristic 
ultrasound changes (Rosenfield et al., 2000). Elevated free
testosterone levels are the most consistent finding. Oligomen-
orrhoea or delayed menstruation may be dismissed as normal
for adolescents, and it may be difficult to distinguish clinically
between adolescent anovulation and PCOS. Insulin resistance
can be significant in this situation, with a 50% reduction in pe-
ripheral tissue insulin sensitivity and hepatic insulin resis-
tance (Lewy et al., 2001) and is further manifested in a reduced
sex hormone-binding globulin (SHBG), which magnifies an-
drogen effects. Fasting insulin and other measures of insulin
resistance remain significantly higher in adolescent females
with hyperandrogenism than in age-matched control subjects,
even when corrected for BMI. There is an association between
premature adrenarche and subsequent ovarian hyperandro-
genism (Ibanez et al., 1998), although body weight is not a
strong discriminator in this group.

The efficacy of weight reduction alone in obese adolescents
with PCOS has not been demonstrated. The most commonly
used medication is the oral contraceptive to suppress ovarian
androgen production, with or without an anti-androgen. The
oral contraceptive in some adolescents can cause weight gain,
as can the anti-androgen, cyproterone acetate. Metformin
therapy has been reported to induce ovulation and improve
the endocrine profile in obese adolescents with PCOS. There
has also been recent interest in thiazoledinediones. Pharma-
cotherapy must be prescribed with lifestyle change, given the
longer term risks of type 2 diabetes and heart disease.

Orthopaedic

Obese children also have a characteristic walking pattern,
with longer cycle duration, lower cadence, lower velocity and
a longer stance period than normal-weight subjects and they
often display forms of gait asymmetry (Hills and Parker, 1992).

Foot pronation
Foot pronation, or flat feet, is more common in obese children
and adolescents, often associated with genu valgus and lax lig-
aments (Napolitano et al., 2000). The longitudinal arch of the
foot is low or absent in the ‘flat foot’. There is significant ever-
sion of the subtalar complex during weight-bearing, with a
dorsiflexed and abducted navicular bone. A decreased foot-
print angle and an increased surface area of the foot in contact
with the ground are characteristic, as are increased static and
dynamic plantar pressures (Dowling et al., 2001). This func-
tional deformity produces non-specific joint and ligamentous
discomfort and pain. Management involves attention to risk
factors, the use of orthotics and stretching exercises. Suppor-

tive, enclosed footwear will also counteract a tendency to
pronation and improve comfort during physical activity.
Obese children and adolescents tend to have a broad foot,
which further limits their choice of footwear.

The primary orthopaedic morbidities associated with over-
weight and obesity in children and adolescents are Blount’s
disease (Thompson and Carter, 1990) and slipped capital
femoral epiphysis (Loder et al., 1993).

Blount’s disease
Blount’s disease, or idiopathic tibia vara, is a pathological
bowing of the tibia. The condition is classified according to 
the age of onset. Infantile (3 years or younger), juvenile 
(between 4 and 10 years) and adolescent (11 years and older).
All affected older patients are obese, and there is a 2: 1 male
preponderance.

Tibial bowing is initiated by suppression of epiphyseal
growth as a result of abnormal pressures causing repetitive
trauma to the growth plate. There is then failure to adequately
ossify the endochondrium, exacerbated by the adolescent
growth spurt. The presentation is knee pain, with slowly pro-
gressive clinical deformity. Radiological examination will
show wedging of the epiphysis. Histological changes include
abnormal cellular islands of hyaline cartilage, foci of necrotic
cartilage, prominent intertrabecular vascularity and prema-
ture closure of the medial aspects of the epiphysis. The treat-
ment is surgical and if obesity persists there is a high degree of
recurrence, particularly in younger males.

Slipped capital femoral epiphysis (Fig. 16.3)
The presentation for slipped capital femoral epiphysis is hip
pain (or referred knee pain) and limitation of movement. The
histological and radiological appearances are similar to those
described for Blount’s disease. The condition is also associated
with endocrine disorders, including hypothyroidism and
growth hormone therapy for short stature. Hypothyroidal
slippage is usually bilateral and is associated with obesity,
short stature and skeletal immaturity. Obese children present
earlier, at a mean age of 12 years (13 years for non-obese chil-
dren) and are more likely to have bilateral slippage (in > 40% of
cases). The clinical threshold for radiological assessment
should be low and the films reviewed by a radiologist with
paediatric expertise. If the diagnosis is missed, the hip joint
will develop early degenerative change with further impair-
ment of function. The treatment is surgical. It is important to
minimize the period of immobility post surgery in the obese
child or adolescent in order not to aggravate weight gain.

Gastrointestinal

Gastrointestinal morbidity is almost certainly underdiag-
nosed in child and adolescent obesity. Gastro-oesophageal 
reflux is the most common clinical condition, and hepatic
steatosis is the greatest long-term risk.
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Hepatic steatosis (fatty liver)
Hepatic steatosis has been described in children and adoles-
cents as an important obesity comorbidity (Guzzaloni et al.,
2000; Rashid and Roberts, 2000). The prevalence of fatty liver
as diagnosed by ultrasound is 33% in obese prepubertal chil-
dren and rises to nearly 50% in late puberty. BMI and the level
of elevation of hepatic transaminases both correlate with the
degree of fatty liver across all age groups. The liver is palpable
in only a minority of cases. There is limited liver biopsy infor-
mation in children and adolescents and no formal criteria for
when this should be performed. In one small biopsy study of
obese children, inflammatory changes were present in 88% of
cases and fibrosis in 75%. One 10-year-old had established cir-
rhosis. These findings suggest that fatty accumulation in the
young liver may be particularly damaging.

Little is known of the impact of intervention in hepatic
steatosis in children and adolescents, but weight loss of ap-
proximately 10% of body weight has been shown to reduce
both hepatic size and transaminase levels. There is unlikely to
be spontaneous resolution.

Gastro-oesophageal reflux
There are no studies of the prevalence or health sequelae of
gastro-oesophageal reflux in obese children and adolescents,
although it is well recognized clinically. Children and adoles-
cents will not spontaneously offer symptoms of reflux but
readily identify when questioned discomfort or burning with
meals, certain foods or with postural change. Weight manage-
ment, the avoidance of overeating episodes and antacids are
the first-line therapy. Ranitidine is commonly used in paedi-
atric practice and should be prescribed if symptoms persist to
avoid ulceration. Endoscopy should only be considered if
symptoms persist. There is a case report of a Nissen fundopli-
cation procedure in an obese 10-year-old boy who had pain
and apnoea that were secondary to reflux and not responsive
to medical therapy (Lobe and Schropp, 1993).

Cholelithiasis
In children and adolescents, gall bladder disease is more com-
monly found in girls, but the overall prevalence rate is low
(0.13%) (Palasciano et al., 1989). Obesity is associated with
higher gall bladder volumes in children and adolescents. In es-
tablished cholelithiasis, obesity and hypertriglyceridaemia
are the most common predisposing factors. Over 10% of 
subjects who have gallstones will develop pancreatitis. 
Laparoscopic cholecystectomy is considered the surgical in-
tervention of choice for children and adolescents. Older ado-
lescents who are treated with very low-energy diets may have
an exacerbation of underlying gall bladder pathology. An 
ultrasound should be performed if abdominal pain occurs
during this therapy.

Neurological complications

Benign intracranial hypertension
Benign intracranial hypertension is more common in women
and more so in obese women. There are limited data on the oc-
currence of benign intracranial hypertension in children and
adolescents (Lessell, 1992), but the condition should be con-
sidered in obese adolescent females presenting with either
persistent headache (in over 90% of cases), visual disturbance
and/or papilloedema. Associated hypothyroidism will in-
crease the risk of benign intracranial hypertension. It is not a
benign condition, despite its name, and formal assessment of
visual fields and visual acuity are mandatory.

Specific genetic defects

It is beyond the scope of this chapter to consider specific obesi-
ty syndromes in detail. Intellectual disability and short stature
with unusual physical stigmata should arouse a high level of
clinical suspicion. These syndromes include Prader–Willi,
Bardet–Biedl, Alstrom and Cohen syndromes. The single gene
defects that cause severe, early-onset obesity with unrelenting
weight gain include leptin deficiency, leptin resistance, proopi-
omelanocortin mutations (subjects have bright red hair), 
proconvertase-1 defect and peroxisome proliferative-activated
receptor-gamma 2 defect. These are all extremely rare. The
most common single gene defect is the incidence of mutations
involving the melanocortin-4 receptor. The phenotype in-
cludes increased linear growth, increased fat-free mass, severe
hyperinsulinaemia and increased bone mineral density.

The effect of weight management on 
obesity-related comorbidities

There is evidence that cardiovascular risk factors — blood
pressure, total and HDL-cholesterol, triglycerides and insulin
in children and adolescents can be favourably altered by
weight management (Epstein et al., 1989; Knip and Nuutinen
1993). The percentage loss of body fat or body weight required

Pelvis

Growth
plate

Femur

Epiphysis

Slip

Fig 16.3 Slipped femoral capital epiphysis.
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to improve metabolic risk is generally modest, about 5–10%.
The metabolic improvement in obese children and adoles-
cents is more likely to be significant if there is an exercise com-
ponent to management. Children seem to be able to maintain
this metabolic improvement for some years, following inter-
vention. The fall in insulin levels correlates with the decrease
in relative overweight, although levels do not return to normal
control values. The effects of such metabolic changes with re-
spect to the long-term macrovascular morbidity are not known.

Psychosocial complications of 
childhood obesity

It is easier to document the physical comorbidities of child-
hood obesity than it is to describe the psychological and social
consequences of childhood obesity. Research into the psycho-
logical complications of obesity in children and adolescents
has usually considered stigmatization, self-esteem and friend-
ship rather than formal diagnostic criteria for psychiatric
pathology.

It is clear in clinical practice that obese children and adoles-
cents suffer distress. The type and degree of that distress is
harder to quantify. Less clear too are the psychological conse-
quences of child and adolescent obesity. Physical comorbidity
persists into adulthood but there is much less information on
long-term psychological sequelae of childhood obesity.

It is likely that the earliest complications or consequences of
childhood and adolescent obesity are in the psychological and
social arenas (Fig. 16.4). Studies that assessed the psychosocial
impact of obesity were often performed when obesity was less
prevalent. It is not known how the increasing prevalence of
obesity in children and adolescents might impact on societal
responses to obesity.

Stigmatization and stereotypes

This is what others think about obese children and adoles-
cents. Stigmatization by the peers of obese children and 
adolescents is well recognized and documented. Obesity in
children is more stigmatized than clear, single physical dis-
abilities (Goodman et al., 1963). Children aged 10–11 years
show a remarkably consistent ranking of drawings of disabili-
ty, which is independent of age, gender, ethnicity and socio-
economic status. Obesity is ranked lowest when compared
with amputation, crutches, physical abnormality and severe
scarring. When children assign descriptions to three silhou-
ettes — thin, muscular and fat — the fat silhouette is most likely
to receive the epithets of ‘gets teased’ and least likely to be de-
scribed as a ‘best friend’ (Staffieri, 1967). Cheating, lazy, lying,
naughty, mean or stupid were other descriptors.

Older children are more likely to display negative views
about obesity (Lawson, 1980). However, this stereotyping has
some abstract qualities about it, as children do not necessarily

apply it to classmates. Despite an overweight silhouette being
associated with negative stereotypes, stereotyping is relative-
ly independent of the rater’s own body weight (Hill and Silver,
1995). Children at an early age have assimilated both health
messages and societal messages related to fatness and thin-
ness. Less is known about how the obese child or adolescent
feels about themselves, because this question is not directly
asked in studies. Providing children with medical explana-
tions for obesity does not reduce stereotyping and does not in-
fluence their aversion for sharing activities with an obese peer.

The obese child and adolescent also have to cope with nega-
tive perceptions from adults — parents, health providers and
others. Clinically, it is often observed that one child or adoles-
cent is presented for management despite siblings of similar
obesity who are not. This discrepancy is probably due to
parental perception of obesity and is more likely to be directed
at girls. Boys are more likely to be described as strong and
solid. There are often significant parenting and control issues
with the presenting child, which may both initiate referral and
interfere with management. Between 50% and 75% of parents
do not identify an overweight child as overweight and this
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Fig 16.4 The psychosocial world of the obese child and adolescent.
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finding is more prevalent in the lower socioeconomic classes
(Baughcum et al., 2000), despite parents being able to weight
classify themselves accurately. Reasons for this inaccurate per-
ception of their child’s weight status are likely to be complex.
These include denial (too hard to deal with), a belief (unfound-
ed) that their child will grow out of their obesity, a belief that a
big child is a healthy and loved child, and failure to perceive
obesity as a high future physical health risk. Those parents
who do perceive their children as obese are more likely to re-
port poorer health and well-being for their child, particularly
boys (Wake et al., 2002). The level of concern in parents who re-
port their child as obese is higher for more obese children.
Health providers are likely to hold stereotypic views about
childhood and adolescent obesity, as reflected in some referral
letters and, until recently, obesity has not occupied much of the
content in medical education.

In clinical practice this antipathy is not usually sponta-
neously described by the child or adolescent, and parents may
be unaware of the extent of their child’s distress. Not only is the
obese child receiving messages of unacceptability about their
physical appearance, but also they are most unhappy to share
that experience.

How do the responses by others and their own
responses affect the obese child?

The prejudice and discrimination directed towards the obese
are well established by the time children have reached prima-
ry school age. Research into childhood obesity has generally
not examined the specific problems related to being an obese
child in our society (Friedman and Brownell, 1995). Forty
years ago, obese adolescents were described as having person-
ality traits that were similar to those seen in persecuted mi-
norities (Monello and Mayer, 1963).

The term self-esteem is frequently used in discussion about
childhood obesity, but it may be used with limited under-
standing. How self-esteem is measured varies from study to
study. It may be a global measure of self-esteem or self-worth,
or may concentrate on specific areas such as academic perfor-
mance, body appearance, sporting prowess or social compe-
tence (French et al., 1995).

There is little evidence to support the notion that self-esteem
is significantly affected in obese pre-school children (Klesges
et al., 1992). In children of primary school age the relationship
between self-esteem and body weight is generally inverse, but
not strong. Many obese children have measures within the 
accepted ranges, but a positive relationship between relative
weight and self-esteem has never been shown. If a distinction
is made between general self-esteem and body self-esteem, re-
lationships between body self-esteem and weight are much
clearer. Generally, no gender differences are identified in this
age group, but there is a trend towards girls exhibiting higher
body dissatisfaction (Hill et al., 1994). Although obese primary
school children have lower self-esteem in relation to physical

appearance and athletic competence, they do seem to differ
from their leaner peers in popularity, but they are judged as
less ‘pretty’ (Phillips and Hill, 1998).

The inverse relationship between self-esteem and body
weight becomes much stronger and clearer in adolescents, as
social acceptance, athletic competence and physical appear-
ance become more significant to the individual. A sense of 
social well-being and a sense of psychological wholeness are
major tasks of adolescence. This fall in self-esteem at the start
of the second decade is more pronounced in females, is present
in males to a lesser degree and with some variation by race
(Kimm et al., 1997; Strauss, 2000). Obese adolescents who ex-
hibit decreasing levels of self-esteem are more likely to smoke
and drink alcohol than those who maintain self-esteem during
adolescence, which may further compromise weight manage-
ment. High-level physical activity in children and adolescents
is an important determinant of self-esteem and obesity makes
such activity difficult, despite its multifactorial benefits
(Strauss et al., 2001). Intuitively stereotyping and discrimina-
tion might lead to fewer friends or less satisfactory peer rela-
tionships for obese children and adolescents. Although not
found in younger children, obese adolescents have less robust
social networks, which may predispose to the social isolation
characteristic of many obese adults.

What do obese children and adolescents think
about their obesity?

This aspect is much harder to assess. Dissatisfaction with body
size and a desire to lose weight have been found even in young
children, particularly in girls. Young boys often express a de-
sire to be heavier, but equate this with muscularity, not fatness.
A wish to change body size or shape is found in all weight
groups, not just obese children. There is no evidence that over-
weight children or adolescents have a distorted body image.
Overweight children are more accurate at estimating their real
body shape than lean children (Probst et al., 1995). Overweight
children do, however, express greater dissatisfaction with
their body size (Probst et al., 1995; van der Wal and Thelen,
2000).

There is little information as to what children or adolescents
might believe is the cause of their obesity, how their obesity
might be reduced and what future effects their obesity may
have. To understand beliefs, a knowledge of cognitive devel-
opment is important. Younger children may have simplistic
and concrete views about aetiology and may well believe that
obesity is somehow their fault. If their parents are obese they
may well incorporate parental views into their belief system.
Their world is very immediate and the concept of long-term
behaviours and the impacts of these on weight will be poorly
perceived. Children who internalize their obesity — believe
that they are responsible for it — score lower on self-esteem
measures (Pierce and Wardle, 1997). Older adolescents 
may have a better understanding of aetiology and future 
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implications, but this does not generally translate into behav-
iours necessary for weight control. Many day-to-day behav-
iour traits seen in obese children and adolescents are a result of
the behaviour of others towards them. These traits include not
eating in public and including at school, dressing in loose,
cover-up clothing even when the weather is hot, avoiding situ-
ations when they may have to undress in front of others and
avoidance of situations in which their lack of physical skills
will be noted.

Are there any formal psychiatric disorders 
that are more prevalent in obese children 
and adolescents?

Behavioural problems diagnosed by parental report seem to
be more common in obese children, with oppositional conduct
disorder more frequent (Braet and Van Strien, 1997; Mustillo 
et al., 2003). It is not clear whether this behaviour stems from
parental attempts at weight regulation. Depression and anxi-
ety might be expected in obese children and adolescents and
there is evidence that BMI is positively correlated with depres-
sion in older children and adolescents. Depression in these age
groups may present differently to adults. Depression is also

more common in obese children and adolescents presenting
for weight management than in BMI-matched children and
adolescents in the community. The relationship is clearer in fe-
males. Causality is hard to define as overeating and reduced
physical activity may be part of a depressive complex, rather
than the other way around.

Does treatment of obesity make a difference?

Improving self-efficacy and self-competency are accepted
general approaches when working with children in whom be-
haviour change is desired (Harter, 1982). Such an approach re-
quires that effort is rewarded with some form of success. There
is a lack of evidence available on the impact of weight manage-
ment interventions on child and adolescent well-being and
body image, or for that matter on parenting capacity, confi-
dence and satisfaction. It is not possible to say whether weight
management will improve or worsen a child’s or adolescent’s
psychosocial well-being, as there is evidence for both out-
comes (Mellin et al., 1987; O’Brien et al., 1990; Cameron, 1999).
To avoid further compromise of a sense of well-being, strate-
gies that focus on a variety of outcomes besides weight change
should be employed.

Inspect oropharynx to
assess possibility of
airflow obstruction
• Size – can the posterior
  airway be visualized?
• Are the tonsils enlarged?

Chest auscultation
for expiratory wheeze

Arm
• Take blood pressure
  using an appropriate
  width cuff
• Check in axilla for
  acanthosis nigricans

Inspect groin for
intertrigo and
acanthosis nigricans

In male, genitalia
may be buried in
pubic fat pad

Look for facial
hirsutism and acne
in females with
menstrual abnormalities

Neck
• Is acanthosis
  nigricans present?
• A short wide neck
  will predispose to
  obstructive sleep
  apnoea

Measure waist
circumference

Striae will often
be present on
the abdomen

Is there excess
bowing of the tibia?

• Check for pes planus
  (flat foot) with over
  pronation
• Are shoes suitable
  and supportive?
  Assess pattern of
  wear
• Is gait abnormal?
  Is there a limp?

Fig 16.5 Clinical examination of the obese child and

adolescent.
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Childhood and adolescent obesity and 
disordered eating

Restrained eating and dieting behaviours are already present
in pre-adolescent children (Hill and Oliver, 1992; Braet and 
Wydhooge, 2000). Age, female gender and increasing weight
have all been associated with a greater frequency of weight
control behaviours and concerns. By adolescence, dieting be-
haviours are well entrenched, sometimes with purging behav-
iours (Field et al., 1999). There are differences between eating
styles in obese and normal-weight children and adolescents
(Braet and Van Strien, 1997). Obese children and adolescents
have more emotional and external cued eating. Clinically,
these behaviours include sneaky eating, stealing of food and
constant complaints about hunger. It is important to encour-
age parents to understand non-hunger eating, even in small
children. Obese adolescent females exhibit psychological 
features that predate the development of eating disorders, 
including concerns about self-esteem based on physical ap-
pearance. Obesity in adolescence is a risk factor for eating dis-
orders in adulthood (Burrows and Cooper, 2002).

Eating is not driven by hunger alone but is also controlled by
restraint (self-imposed eating controls) and by disinhibition
(loss of control of intake in the presence of certain cues).
Parental eating behaviours influence those of their offspring,
with the mother/daughter combination being the strongest
(Cutting et al., 1999; Hood et al., 2000). Disinhibition in the par-
ent predicts both obesity and excess weight gain in offspring.
High restraint and low disinhibition in parents is protective
against excess weight gain in their offspring. High levels of
parental restriction and disinhibition— the classical combina-
tion for binge eating— increases the likelihood of excessive
weight gain in their offspring. It is not possible to say whether
parental influence is by modelling of parental behaviours or
whether genetic factors around eating control also come into
play.

Summary and conclusions

Obesity in childhood and adolescence is not a healthy state
and the degree of obesity is related to the presence of comor-
bidity. Comorbidities in childhood obesity are likely to be un-
derdiagnosed. This is a complex result of failure to perceive
the seriousness of the condition (education), prejudice and
stigmatization by health professionals. Obese children and
adolescents often do not voice their symptoms as they are 
unaware of their significance. Change in associated morbidi-
ties is one outcome indicator for successful weight manage-
ment. Children do not grow out of obesity, and obesity in
adolescence is a dangerous situation, as it will persist into
adulthood.
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Introduction

Associations have been recognized for centuries between obe-
sity and diabetes — indeed, Hindu physicians of 1500 years
ago described a syndrome affecting older overweight patients
who passed large volumes of sweet-tasting urine. Type 2 dia-
betes may be the most important medical consequence of obe-
sity because it is common, can adversely affect health in many
ways and is expensive to manage.

Most of this chapter focuses on type 2 diabetes; however, it
has become increasingly recognized that type 2 diabetes is
often part of a more complex syndrome of insulin resistance,
dyslipidaemia, hypertension and vascular dysfunction, to-
gether termed the metabolic syndrome. We shall first review the
evidence that obesity leads to type 2 diabetes and then discuss
in detail how an increased fat mass leads to an increased risk of

diabetes and other features of the metabolic syndrome. Other
mechanisms, including the effects of diabetogenic drugs, will
also be discussed. Management of both type 1 and type 2 dia-
betes can be complicated by co-existing obesity, and present-
day and future approaches, including the role of diet, physical
activity, anti-obesity drugs and obesity surgery, will be de-
scribed with specific reference to diabetes. The importance 
of weight loss in diabetes prevention has recently been 
highlighted following publication of the results from diabetes
prevention trials, which will be discussed.

Finally, the syndrome of non-alcoholic fatty liver disease
(NAFLD), which may lead to non-alcoholic steatohepatitis
(NASH) and eventually cirrhosis, is becoming increasingly
recognized. This syndrome shares many clinical features with
obesity, insulin resistance and the metabolic syndrome, so 
it has been included in this chapter and its management is 
discussed.
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Epidemiological associations

This section looks at the epidemiological associations of 
obesity, type 2 diabetes and the metabolic syndrome.

Obesity

Obesity has reached epidemic proportions globally, and all 
evidence suggests that the situation is likely to deteriorate
(WHO, 1998). In the USA alone, more than 97 million adults
are obese, and more than one-half of the population is over-
weight. Data from the third National Health and Nutrition 
Examination Survey (NHANES III: 1988–1994) showed that
20% of US men and 25% of US women are obese (Kuczmarski
et al., 1994). In England and Wales, the prevalence of obesity
has increased in adults from 6% in men and 8% in women in
1980 to 21% of men and 23.5% of women in 2001. The Health
Survey for England (2003) from 1993 to 2001 also reported an
increase in the prevalence of obesity in older people. In 2001,
24.5% of men aged 65–74 years had a body mass index (BMI)
>30 kg/m2 compared with 15.2% in 1993. Likewise, in women
the rise was seen from 21.5% in 1993 to 30.2% in 2001. It is this
rise in obesity that appears to be the driving force behind the
epidemic of type 2 diabetes at present.

Type 2 diabetes

Type 2 diabetes comprises about 70–90% of all cases of dia-
betes, approximately one-half of which are undiagnosed
(Jervell, 1997). Coincident with the high rates of obesity, the
prevalence of type 2 diabetes is also escalating and this in-
crease is expected to continue, so that that by the year 2010 it is
predicted that a total of 216 million people worldwide will
have type 2 diabetes (Amos et al., 1997). There is enormous
variation in type 2 diabetes prevalence between populations,
and especially populations who have changed from a tra-
ditional to a modern ‘Westernized’ lifestyle, for example

American Pima Indians, Micronesians,migrantAsian Indians,
Mexican Americans and other Pacific Islanders (King and
Rewers, 1993). The prevalence of type 2 diabetes ranges from
zero in rural Melanesia (the highland population of Papua
New Guinea) to 40% in Micronesians (Nauru) and more than
50% in the population of Pima Indians of the USA (King and
Rewers, 1993). This variation in prevalence results from a com-
bination of differences in genetic susceptibility, changes in
diet, obesity, physical inactivity and, in certain situations, fac-
tors relating to intrauterine development.

Obesity and overweight have been closely associated with
the development of type 2 diabetes in epidemiological sur-
veys. For example both the nurses’ health study and the 
physicians’ health study in the USA showed an exponential 
relationship between BMI and the relative risk of developing
type 2 diabetes (Chan et al., 1994; Colditz et al., 1995). The risk is
increased two- to eightfold at a BMI of 25 (compared with a rel-
ative risk of 1 at BMI 22 kg/m2), rising dramatically to 40- to 90-
fold at a BMI above 35 kg/m2 (Fig. 17.1). Weight gain in adult
life appears to be a particularly important predictive factor,
perhaps of greater importance than BMI itself (Fig. 17.2).
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The increased prevalence of type 2 diabetes in obese and
overweight subjects is also dependent upon ethnicity. For 
example, the prevalence of diabetes associated with an in-
crease in desirable body weight from 100% to > 140% is higher
among Mexican Americans than amon African Americans and
European Americans in the USA(Fujimoto, 1996). The risk for
Asian populations is also greater at a lower BMI, to the extent
that cut-off levels for obesity have recently been redefined in
these populations, largely as a result of the strong associations
with diabetes and the metabolic syndrome (WHO, 2000).

The importance of fat distribution

Although obesity is traditionally defined by the presence of
excessive total body fat, the pattern of body fat distribution
seems to be particularly important in terms of diabetes risk.
Vague (1956) first described the association with diabetes 
of ‘android’ (upper body or truncal) obesity characterized 
by distribution of subcutaneous and visceral fat around the 
abdomen. Central adiposity is an important clue to the pres-
ence of insulin resistance and hyperinsulinaemia. By contrast,
‘gynoid’ obesity in the gluteofemoral region is only weakly 
associated with insulin resistance. Although most epidemio-
logical surveys have only used BMI as a predictor of diabetes
risk, there is also good evidence that subjects with central adi-
posity, as assessed by measurements of waist circumference or
waist–hip ratio (WHR), are at greater risk of type 2 diabetes,
cardiovascular disease (CVD) and stroke, independently of
the risk associated with a raised BMI (Fig. 17.3) (Lapidus
et al., 1984; Larsson et al., 1984; Ohlson et al., 1985; Calle et al.,
1999). Awaist circumference above 104 cm (40 in) for men and
above 88 cm (35 in) for women indicates abdominal
obesity/visceral obesity. A healthy WHR is considered to be
< 0.95 for men and < 0.80 for women (National Institute of
Health, 1998; Despres et al., 2001).

Metabolic syndrome

The metabolic syndrome (syndrome X, insulin resistance syn-
drome) describes a cluster of metabolic alterations associated

with excess body weight. The typical abnormalities include
impaired glucose tolerance, upper body obesity, dyslipi-
daemia, insulin resistance, hypertension, coagulation abnor-
malities, hyperuricaemia and polycystic ovary syndrome in
women. The Third Report of the National Cholesterol Educa-
tion Program Expert Panel on Detection, Evaluation and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment
Panel III [ATP III]) has defined individuals with the metabolic
syndrome as having three or more of the criteria listed in Table
17.1 (ATP III, 2001).

Insulin resistance has been proposed to be the underlying
feature that links all the manifestations of metabolic syn-
drome. Much research in the last 10 years or so has focused on
the features and complications of the syndrome (Reaven, 1988;
Zavaroni et al., 1999).

The hallmarks of the metabolic syndrome include increased
body weight and waist circumference (abdominal obesity),
raised fasting or postprandial blood glucose concentrations
(glucose intolerance), an adverse lipid profile, including high
blood triglyceride levels and low concentrations of HDL-
cholesterol, and increased blood pressure (hypertension). 
The common underlying element linking these adverse risk
factors for progression of atherosclerosis appears to be insulin
resistance (Reaven, 2001).

The prevalence of metabolic syndrome is increasing. 
Approximately 47 million Americans (including 10–15 million
individuals with type 2 diabetes), or about 1: 4 adults, have the
metabolic syndrome (Ford et al., 2002). As the US population
ages and becomes more obese, the prevalence of metabolic
syndrome is likely to increase steadily. As with diabetes, eth-
nicity is also an important factor when considering the risk 
of developing the metabolic syndrome. African-American
women have an approximately 57% higher prevalence than
men, and Hispanic women have a 26% higher prevalence than
men (Ford et al., 2002). High rates are also seen in some Asian
populations (Das, 2002).

Of the 23% of men and women in the USA with metabolic
syndrome, approximately 50% showed evidence of insulin re-
sistance (Ford et al., 2002). Therefore being overweight and
obese is associated with insulin resistance and a cluster of

Table 17.1 Diagnostic criteria for the metabolic syndrome*.

Abdominal obesity [waist circumference > 102 cm (40 in) in men, > 88 cm

(35 in) in women]

Hypertriglyceridaemia ≥ 1.7 mmol/L (150 mg/dL)

Low HDL-cholesterol [< 1.04 mmol/L (40 mg/dL) in men, < 1.3 mmol/L

(50 mg/dL) in women]

High blood pressure (≥ 130/85 mmHg)

High fasting glucose [IGT – blood sugar ≥ 6.1 mmol/L (110 mg/dL)]

*The presence of three or more of these factors defines a subject as having

metabolic syndrome.
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metabolic disorders, including type 2 diabetes (Fig. 17.4). This
is important in terms of disease risk, particularly as the meta-
bolic syndrome is associated with a greater risk of developing
complications of atherosclerosis, such as myocardial infarc-
tion, peripheral vascular disease and stroke.

Overall, these data indicate that obesity, (especially truncal)
is associated with an increased risk of type 2 diabetes and the
metabolic syndrome. However, it is important to remember
that this does not prove a causative link. Many obese subjects
will not develop type 2 diabetes or complications of the meta-
bolic syndrome: other factors, both inherited (such as b-cell
reserve) and acquired (such as physical activity levels), 
determine whether or not an individual will develop these
conditions.

Pathophysiological links between obesity,
type 2 diabetes and the metabolic syndrome

This section will first review normal glucose metabolism, with
reference to the key role of insulin, and then focus on abnor-
malities found in type 2 diabetes and the metabolic syndrome,
reviewing some of the key research that supports a pathophys-
iological link between obesity, type 2 diabetes and risk of 
vascular disease.

Insulin synthesis and secretion

Insulin is synthesized and secreted by the b-cells of the islets of
Langerhans. The precursor of insulin in the b-cells is the single
chain preproinsulin. During insulin synthesis, a 24-amino-
acid signal sequence is first cleaved from preproinsulin by a
peptidase yielding proinsulin. Proinsulin splits releasing
equimolar amounts of insulin and C-peptide. Basal insulin 
secretion in healthy subjects is pulsatile in nature, with a cycle

of 8–9 min. During a meal, insulin is released from the pancre-
atic b-cell in response to increased concentrations of glucose
and amino acids. Already before glucose is absorbed, various
signals lead to insulin release. These include vagal nerve acti-
vation during swallowing, and release of glucagon-like pep-
tide 1 (7–36) amide (GLP-1) and gastric inhibitory polypeptide
(GIP) upon contact of the duodenum with food (Creutzfeldt
and Nauck, 1992). An identical amount of glucose given by
mouth elicits about twice as much insulin release as when
given intravenously, which underlines the physiological 
importance of these mechanisms. Insulin release after a meal 
is biphasic, with an initial peak followed by a trough, and a 
second, later peak (Fig. 17.5).
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Fig 17.4 Relationship between metabolic syndrome and
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Metabolic effects of insulin

Insulin acts on three main target tissues — the liver, muscle and
adipose tissue. As the first step in its action insulin binds to a
four-subunit protein membrane receptor. The b-subunit of the
receptor contains a transmembrane protein with an adenosine
triphosphate (ATP) binding site and has latent tyrosine kinase
activity. Binding of insulin to the receptor activates tyrosine 
kinase that can phosphorylate other proteins such as the in-
sulin receptor substrate (IRS-1). IRS-1 generates a cascade of
signals within the target cell, which affect glucose transport,
glycogen synthesis and many other key metabolic processes in
lipid and protein metabolism (Fig. 17.6).

Normal glucose homeostasis

The plasma glucose concentration reflects the balance be-
tween intake (glucose absorption from the gut), tissue utiliza-
tion (glycolysis, pentose phosphate pathway, TCA cycle,
glycogen synthesis) and endogenous production (glycogenol-
ysis and gluconeogenesis). Glucose homeostasis entails an in-
tricate interplay of various mechanisms, which can be divided
into glucose-elevating and glucose-lowering mechanisms, for
which the liver plays a central role (Gerich, 1993). The liver
normally contains a large amount of carbohydrate in the form
of glycogen, and is capable of converting glucose into glyco-
gen and of converting glycogen back into glucose. Moreover,
the liver is equipped with the machinery of gluconeogenesis.

Insulin will rapidly diminish hepatic gluconeogenesis and
glycogen breakdown, even at low plasma insulin levels. After
an overnight fast, plasma insulin levels are sufficient to keep
hepatic glucose production at about one-third of its maximum
capacity (DeFronzo, 1988). In the liver, insulin stimulates
glycogen synthesis and also promotes the synthesis of long

chain fatty acids. The lipids are then packaged into very low-
density lipoproteins (VLDL), which are secreted into the
blood. In adipose tissue, insulin induces lipoprotein lipase, an
enzyme that ‘offloads’ triglycerides by hydrolysing them into
glycerol and fatty acids in adipose tissue. At the higher plasma
insulin levels seen after a meal, insulin will also stimulate 
muscle and adipocyte glucose uptake, by activating glucose
transporter-4 (GLUT-4) (Kahn, 1992). In muscle, insulin in-
creases glucose transport, glucose metabolism and glycogen
synthesis. Insulin also increases cellular uptake of amino acids
and stimulates protein synthesis in many tissues (Fig. 17.7).

Pathogenesis of type 2 diabetes

Hyperglycaemia in type 2 diabetes results from a malfunction
of the inter-relationship between insulin secretion and insulin
action; it is characterized by both b-cell dysfunction and in-
sulin resistance (Bergman, 1989; Kahn and Porte, 1996). The b-
cells of the islets of Langerhans act as glucose sensors to
maintain a balance between hepatic glucose production and
the rate of insulin-dependent utilization of glucose by muscle
and adipose tissue. When islet b-cell function is impaired, in-
sulin secretion is inadequate. Consequently, hepatic glucose
production increases and this increase correlates directly with
the degree of fasting hyperglycaemia.

There has been much debate as to whether insulin resistance
is the primary defect that precedes b-cell failure in the evolu-
tion of hyperglycaemia in type 2 diabetes or vice versa. The ini-
tial idea that insulin resistance could be the primary defect
(Himsworth and Kerr, 1939), whereas b-cell dysfunction was a
late phenomenon due to exhaustion after years of compen-
satory hypersecretion(DeFronzo,1988;Reaven,1995) has been
challenged by accumulating evidence from cross-sectional
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and longitudinal studies examining b-cell function and in-
sulin sensitivity, suggesting that impaired b-cell function is
necessary for the development of type 2 diabetes (Gerich,
1998; Kahn, 2001; Pratley and Weyer, 2001).

The UKPDS (UK Prospective Diabetes Study Group, 1995)
evaluation of b-cell function using the homeostasis model as-
sessment (HOMA) indicated that b-cell function was already
reduced by 50% at diagnosis, and there was subsequent fur-
ther deterioration regardless of therapy. Commonly found 
defects in b-cell function include reduced or absent first-
phase insulin responses to intravenous glucose, delayed 
responses to ingestion of mixed meals, decreased pulsatile and
oscillatory insulin release, increased release of proinsulin-like
molecules and impaired ability to compensate for superim-
posed tissue insulin resistance (Brunzell et al., 1976; Polonsky
et al., 1996). Second-phase insulin release may also be reduced.

Normally there is a curvilinear hyperbolic relationship be-
tween b-cell function and insulin sensitivity, so that as insulin
sensitivity decreases, b-cell function increases in a compen-
satory fashion to maintain normal glucose (Bergman et al.,
1981). People who develop impaired glucose tolerance (IGT)
and progress to type 2 diabetes fall off this curve owing to an
inability of b-cells to compensate for insulin resistance.

Insulin resistance

Insulin resistance can be defined as the inability of the insulin
to produce its usual biological actions at circulating concentra-
tions that are effective in normal subjects. Insulin resistance in
the context of glucose metabolism is characterized by an in-
ability of insulin to lower plasma glucose levels through sup-
pression of hepatic glucose production and stimulation of
glucose utilization in skeletal muscle and adipose tissue. Both

inherited and acquired influences contribute to the develop-
ment of insulin resistance. Mutations in insulin receptors, glu-
cose transporters and signalling proteins have been identified
but these are relatively rare. The acquired causes of insulin 
resistance include obesity, reduced physical activity, hyper-
glycaemia, ageing, increased levels of free fatty acids (FFA),
glucocorticoids and other drugs, pregnancy and smoking.

Insulin resistance and metabolic syndrome

Insulin resistance is viewed as a common denominator for the
various components of the metabolic syndrome. A clustering
of risk factors, including elevated triglycerides, decreased
HDL-cholesterol, hypertension and hyperinsulinaemia, is
often observed in patients who are found to be insulin resis-
tant. However, although obese patients with metabolic 
syndrome are frequently insulin resistant, not all individuals
with obesity and insulin resistance develop the metabolic 
syndrome.

Insulin resistance and lipid metabolism

There is growing evidence that hypertriglyceridaemia is a
marker for increased risk of coronary artery disease (Austin,
1991). This is particularly the case if it is associated with vis-
ceral obesity (Despres et al., 2001). The lipid triad consists of 
elevated serum triglycerides, small LDL particles and low
HDL-cholesterol. These abnormalities appear to be caused by
the insulin-resistant state itself rather than by elevated insulin
concentrations or obesity. Insulin resistance impairs lipo-
protein lipase. Increased FFA flux induces accumulation of
triglycerides and VLDL particles in the liver. Thus, reduced
lipoprotein lipase activity and excessive liver output of
triglycerides results in elevated plasma triglyceride concen-
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trations. Cholesterol ester transfer proteins (CETPs) mediate
exchange of triglycerides for cholesterol esters with LDL and
HDL, resulting in accumulation of triglycerides and loss of
cholesterol esters content in LDL and HDL, thus explaining
the lowering of HDL-cholesterol levels and small dense LDL
particles (see Chapter 12).

Insulin resistance and hypertension

Elevated blood pressure is commonly associated with other
risk factors of the metabolic syndrome (Reaven et al., 1996).
However, there is some dispute whether hypertension is the
product of the insulin resistance state. Several possible mecha-
nisms have been proposed. Insulin resistance has been shown
to enhance sympathetic adrenergic activity (Reaven et al.,
1996), and to upregulate angiotensin II receptors by a post-
translational mechanism (Nickenig et al., 1998). Recent studies
have shown that stress activates the hypothalamic–pitu-
itary–adrenal axis (HPA) and sympathetic nervous system.
Thus, it is suggested that metabolic syndrome results from
HPA activation, and that hypertension develops as a conse-
quence of sympathetic nervous system activation, which is
amplified by insulin and leptin (Chrousos and Gold, 1992;
Ljung et al., 2000). An alternative (but not mutually exclusive)
hypothesis is that sodium retention associated with impaired
vasodilatation also predisposes to blood pressure elevation in
insulin resistance.

Insulin resistance and prothrombotic state

A prothrombotic state predisposes to atherosclerotic plaque
formation and cardiovascular events. The link between a pro-
thrombotic state and other metabolic risk factors is not clearly
understood. Possibly, overloading of the liver with lipids in
patients with insulin resistance may stimulate the synthesis of
various coagulation factors. The observation that increased
plasma plasminogen activator inhibitor 1 (PAI-1) levels were
associated with insulin resistance and atherothrombosis
added for the first time a pathological basis for an association
of the insulin resistance syndrome not only with metabolic,
atherosclerotic risk but also with atherothrombotic risk 
(Shimomura et al., 1996).

How does obesity lead to insulin resistance?

The mechanisms whereby increased adipose tissue mass re-
sults in a reduction in insulin action in adipose tissue and at
other sites, especially skeletal muscle and liver are becoming
better understood. It is now clear that multiple factors are in-
volved, including metabolic factors, principally free fatty
acids, local production of adipocyte hormones, collectively
known as adipokines, and effects mediated by altered secre-
tions and action of systemic hormones and neurotransmitters,

such as cortisol and noradrenaline. This section will describe
how these factors are altered in obesity and how these changes
result in insulin resistance.

Free fatty acids and the Randle cycle

A rise in adipose tissue mass is associated with an increase in
circulating free fatty acids; the large adipocytes typical of obe-
sity secrete greater quantities of free fatty acids (Weyer et al.,
2000). High concentrations of free fatty acids have been shown
to inhibit glucose metabolism in muscle in vitro and in vivo, but
the precise mechanisms have not been fully elucidated. The
concept of substrate competition between FFA and glucose
metabolism to explain this effect was proposed by Randle et al.
(1963), but the original description has now been refined, and
it appears that there are many points at which this could occur
(reviewed in Boden and Shulman, 2002). One possibility is that
reduced sensitivity to insulin’s effects on skeletal muscle is
due to inhibition of glucose transport or its phosphorylation
by hexokinase, thus reducing the amount of glucose being 
metabolized by the glycolytic pathway, and also reducing
glycogen synthesis. Most experimental evidence now points
towards the defect being in glucose transport, rather than 
hexokinase activity (Cline et al., 1999; Dresner et al., 1999). An
alternative explanation is that FFA directly interfere with in-
sulin signalling, perhaps via PKCq, resulting in reduced IRS-1
tyrosine phosphorylation (Griffin et al., 1999). The net result is
that muscle selectively uses more FFA to generate ATP and 
reduces the ability of insulin to promote glucose uptake. In
liver, the effect of raised FFAis to promote both gluconeogene-
sis and glycogenolysis, resulting in an increase in hepatic 
glucose production for a given concentration of insulin. In 
uncomplicated obesity, this insulin resistance is compensated
for by increased insulin secretion, so circulating glucose con-
centrations remain normal, but hyperglycaemia develops if
there is a co-existing defect in insulin secretion (Fig. 17.8).

Adipokines

Recent years have seen rapid advances in our understanding
of the adipocyte as an endocrine organ; many of these hor-
monal products have been found to influence insulin sensitiv-
ity in experimental animal models, and there is increasing
evidence that some may also be important in humans. Tumour
necrosis factor alpha (TNF-a) was one of the first adipokines to
be identified that also caused insulin resistance. TNF-a may
act in part by interfering with phosphorylation of the insulin 
receptor, thus reducing insulin action directly (Hotamisligil 
et al., 1993). Its production is increased in animal models of
obesity and insulin resistance, such as the Zucker fatty rat, and
treatment of these animals with antibodies to TNF-a improves
insulin resistance (Hotamisligil and Spiegelman, 1994).

Plasma concentrations are also increased in humans with
obesity and type 2 diabetes (Miyazaki et al., 2003). Resistin was
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recently identified as an adipocyte product — initial reports
based on work in rodents suggested that it might be an impor-
tant mediator of insulin resistance, as resistin expression is 
related to fat mass, and administration of resistin impaired in-
sulin action in mice (Steppan et al., 2001). However, circulating
resistin concentrations are low in humans, casting some doubt
on its pathophysiological role in insulin resistance (Ukkola,
2002).

Adiponectin has also attracted recent interest; this peptide is
inversely related to insulin resistance — concentrations fall as
fat mass increases, and it has also been found to improve in-
sulin action experimentally. It is also of note that polymor-
phisms of the adiponectin gene have been associated with
insulin resistance and type 2 diabetes in some human popula-
tions (Weyer et al., 2001; Hara et al., 2002). Adiponectin may
also protect against the vascular dysfunction that is frequently
present in association with insulin resistance, as it has been
found to inhibit cell adhesion and other pro-inflammatory
processes in vessel walls (Okamoto et al., 2000).

Leptin may also play a role, as leptin has been shown to 
directly stimulate fat oxidation in skeletal muscle, probably
through stimulation of a-AMP kinase, which reduces the 
activity of acetyl CoA carboxylase, leading to preferential 
use of lipid as a metabolic fuel (Minokoshi and Kahn, 2003).
Other adipocyte products such as interleukins 1 and 6 may
also have indirect effects on insulin action, but at present 
the evidence that they are major players in the process is less
convincing.

Systemic hormones and neurotransmitters

Increased circulating levels of cortisol, due to activation of 
the hypothalamic–pituitary–adrenal (HPA) axis have long
been recognized to be present in obesity, and the association of
hypercortisolaemia with insulin resistance and diabetes is
well known (Bjorntorp, 1995). It is less clear whether the subtle
abnormalities play a significant role in causing insulin resis-
tance in obese subjects, but recent work demonstrating in-
creased activity of 11b-hydroxysteroid dehydrogenase in
omental adipocytes, thus enhancing steroid action in this 

tissue is of some interest (Bujalska et al., 1997). Despite insulin
resistance in peripheral tissues, other sites, notably the 
central nervous system, appear to remain insulin sensitive in
obesity.

The hyperinsulinaemia of insulin resistance may thus result
in an exaggerated response to insulin at these protected sites.
One of the effects of this is an increase in sympathetic nervous
system activity, which is thought to be one mechanism that 
explains the increase in blood pressure seen in obesity 
(Anderson et al., 1991; Reaven et al., 1996). It is less widely ap-
preciated, however, that this might also contribute to insulin
resistance in skeletal muscle, and an increase in hepatic glu-
cose production, thus tending to increase circulating glucose
and stimulate further insulin secretion (Koopmans et al., 1998).
Hyperleptinaemia may also contribute to increased sympa-
thetic nervous system (SNS) activity in these circumstances.

Does obesity lead to b-cell dysfunction?

As long as insulin resistance is compensated for by increased
insulin secretion then obese subjects will remain euglycaemic.
It is only when b-cell failure supervenes that glucose tolerance
becomes impaired, eventually leading to diabetes. This raises
the important question as to whether obesity itself is a factor in
the development of b-cell failure, or whether the processes of
insulin resistance and b-cell dysfunction develop as a result of
different pathological processes. As with the pathophysiology
of insulin resistance, the processes described here are not 
mutually exclusive, and it is likely that a combination of 
factors is involved.

One of the earliest abnormalities of insulin secretion seen in
obesity is a loss of the first phase of insulin secretion; this is also
associated with loss of the usual pulsatility of insulin secretion
and an increase in the release of split pro-insulin products.
This suggests disruption of the usually tightly regulated pat-
terns of insulin secretion, which heralds a progressive decline
in all b-cell functions. Evidence from the UKPDS study sug-
gests that b-cell reserve is already reduced to 50% of normal at
the time of diagnosis of diabetes (Holman, 1998).
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Lipotoxicity

Evidence from animal models of type 2 diabetes, particularly
those due to deficiency or resistance to the fat-derived hor-
mone, leptin, such as the db/db mouse and OLETF rat, shows
that triglyceride becomes deposited within the islets, particu-
larly in b-cells (Man et al., 1997). It is suggested that this can re-
sult in metabolic changes that reduce glucose responsiveness,
and that high concentrations of oxidized lipid may promote an
inflammatory response involving nitric oxide and free radical
production, ultimately leading to b-cell apoptosis. This is sup-
ported by experimental data showing that when lipotoxicity is
reduced using a thiazolidinedione drug, nitric oxide produc-
tion and apoptotic rates fall (Pickavance et al., 2003). In 
humans, the response to an acute lipid infusion is an initial in-
crease in insulin secretion, but this response is lost with pro-
longed elevation of non-esterified fatty acid (NEFA), giving
additional weight to the possibility that raised NEFA con-
tributes to loss of b-cell function (Carpentier et al., 1999).

Islet amyloid polypeptide

Islet amyloid polypeptide (IAPP), also known as amylin, was
identified as the principal component of islet amyloid, a fre-
quent finding in islets of subjects with type 2 diabetes. IAPP is
a peptide product of the b-cell that is co-secreted with insulin.
Although IAPP has been reported to have a number of effects
as a circulating hormone, including effects on gastric empty-
ing, its main role appears to be as an autocrine regulator of 
insulin secretion. Accumulation of IAPP as amyloid fibrils 
appears to occur as a consequence of increased insulin secre-
tion, and might contribute to the progressive development of
b-cell dysfunction that is characteristic of type 2 diabetes
(Marzban et al., 2003).

Fetal malnutrition

The observation that infants of low birth weight have a greater

risk of developing diabetes in later life has led to the sugges-
tion that early influences may affect b-cell reserve and other
metabolic factors that might predipose to insulin resistance
and diabetes (Hales and Barker, 1992). This remains a contro-
versial area, and evidence at present makes it difficult to pre-
cisely define the magnitude of this effect (see Chapter 7).

Drugs as a cause of weight gain and 
type 2 diabetes

When considering the causes of obesity and type 2 diabetes, it
is important that iatrogenic causes are not forgotten. A large
number of drugs (Table 17.2) have been shown to cause weight
gain, and some of these have also been found to contribute 
to insulin resistance and other metabolic abnormalities that
might predispose to the metabolic syndrome and type 2 dia-
betes. The potential role of glucocorticoids has already been
discussed above, as the doses necessary to treat inflammatory
and other disease are often diabetogenic. Another group of
drugs that deserves special mention are drugs used to treat
psychiatric disease, particularly the so-called ‘atypical’ anti-
psychotic drugs, such as olanzapine and risperidone. A num-
ber of case reports have highlighted the fact that use of these
agents may precipitate uncontrolled diabetes, sometimes with
ketoacidosis, both in subjects with known diabetes and in pre-
viously undiagnosed patients (Wirshing et al., 1998). These
have been supported by surveys showing a higher than ex-
pected prevalence of diabetes in patients taking such agents
(Kornegay et al., 2002). The mechanisms underlying this asso-
ciation seem complex. They may include an effect to increase
food intake and thus weight gain, exacerbating insulin resis-
tance, but may also include inhibitory effects on b-cell function
(Baptista et al., 2002).

Protease inhibitors and nucleoside reverse transcriptase in-
hibitors used to treat HIV infection have been associated with
alterations in fat distribution, notably an increase in central
adiposity and loss of subcutaneous fat from the face, arms and

Class Examples

Anticonvulsants Sodium valproate, phenytoin, gabapentin

Antidepressants Citalopram, mirtazepine

Antipsychotics Chlorpromazine, risperidone*, olanzepine*

Beta-blockers Atenolol

Corticosteroids Prednisolone*, dexamethasone*

Insulin All formulations

Sex steroids Medroxyprogesterone acetate, progesterone, combined oral contraceptives

Oral hypoglycaemic drugs Glibenclamide, gliclazide, repaglinide, rosiglitazone, pioglitazone

Antiretroviral drugs Indinavir*, ritonavir*, didanosine*

Table 17.2 Drugs associated with weight gain.

Those marked with an asterisk have also been associated with increased diabetes risk.
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legs. This lipodystrophy has also been associated with an in-
crease in insulin resistance, dyslipidaemia and a greater risk 
of diabetes (Galli et al., 2001). With prolonged survival now 
becoming commonplace in HIV infection, the problem of
long-term adverse metabolic effects of this drug-induced
lipodystrophy is becoming increasingly recognized; such pa-
tients should be assessed for cardiovascular and diabetes risk,
and counselled and treated appropriately (Justman et al.,
2003).

In general it is important to avoid using potentially diabeto-
genic drugs in obese patients, or drugs that might cause
weight gain in patients with diabetes, particularly if they are
already obese. Alternatives are frequently available, and
health professionals should be aware of this issue, and be pre-
pared to adapt their usual prescribing when appropriate.

Management of obesity in 
patients with diabetes

Most patients with type 2 diabetes are significantly over-
weight; around 80–90% are obese (National Diabetes Data
Group, 1985). Promoting weight loss in people with type 2 
diabetes is proposed as the cornerstone of therapy, yet is one of
the most difficult goals to accomplish in patient management.
Weight loss of as little as 5–10% will improve glucose control,
reduce blood pressure and improve lipid profiles, thereby
being of particular benefit to people with diabetes. There is
also the likelihood that improvement or elimination of other
obesity-related comorbid conditions such as cardiovascular
disease, stroke, sleep apnoea and certain types of cancer (such
as colon, rectum, breast and gall bladder) can be achieved if
sustained weight loss can be achieved (National Institute of
Health, 1998; Lean et al., 1999).

This section focuses on different therapeutic strategies in the
management of obesity in patients with diabetes. Lifestyle
modifications using a hypocaloric diet and exercise are con-
sidered the primary objective. This may need to be followed 
by use of antiobesity drugs or drugs that reduce insulin re-
sistance, treating commonly associated risk factors such as 
hypertension and dyslipidaemia. In case of morbid obesity,
bariatric surgery plays a major role.

Benefits of weight loss

The benefits of weight loss are detailed below.

Glycaemic control

Several studies have demonstrated that many patients with
type 2 diabetes who achieve substantial weight loss can dis-
continue oral hypoglycaemic medication or insulin therapy
(Pi-Sunyer, 1993a). A behavioural study conducted by Wing

and colleagues (1987a) using intensified dietetic and lifestyle
measures showed that a 10% initial weight loss could improve
glycaemic control (Dattilo and Kris-Etherton, 1992). In the
same study patients who achieved more than 14 kg of weight
loss had near normalization of HBAc levels with reduction in
blood pressure and improvement in insulin sensitivity and
dyslipidaemia. However, it should be noted that the propor-
tion of patients who achieve these goals is low, and there are
few data on long-term effects beyond about 12 months.

A 32-week study also undertaken by Wing and colleagues
(1994) has shown that improvement in measures of glycaemic
control associated with weight loss can be enhanced when
weight loss is achieved through extreme calorie restriction
(400 cal per day). In an effort to determine how much weight
loss is required to achieve fasting plasma glucose of
<6.0 mmol/L, the UKPDS (UK Prospective Diabetes Study
Group, 1990) showed that a 10-kg weight loss (16% of ideal
body weight) was necessary if individuals had initial fasting
plasma glucose of 6–8 mmol/L compared with a weight loss of
26 kg (41%) if initial blood glucose was more than 14 mmol/L.

Blood pressure

Patients with type 2 diabetes are frequently also hypertensive,
and lowering of blood pressure to < 140/80 mmHg is an im-
portant treatment target. Most of the studies on the benefits of
weight loss on blood pressure have been conducted in people
without diabetes. A meta-analysis by MacMohan et al. (1987)
showed the benefits of dietary intervention on blood pressure.
Weight loss of 9.2 kg in hypertensive patients resulted in a re-
duction of 6.3 mmHg systolic and 3.1 mmHg diastolic blood
pressure compared with control subjects (MacMohan et al.,
1987). This reduction in blood pressure was demonstrated re-
gardless of sodium intake (Maxwell et al., 1984). In the Dietary
Intervention Study in Hypertension (DISH) and Hyperten-
sion Control Program (HCP), overweight patients with con-
trolled hypertension were withdrawn from antihypertensive
drug treatment. Subsequent modest weight loss by diet 
therapy resulted in a significant reduction in redevelopment
of hypertension after 1 year (Langford et al., 1985; Stamler et al.,
1987). For non-hypertensive obese subjects, weight loss is a
very effective way to prevent hypertension (Cutler, 1991); 
according to this study, each kilogram of weight loss results in
an approximately 0.45 mmHg reduction in diastolic blood
pressure. It is disappointing that there is remarkably little pub-
lished information on the effects of dietary-induced weight
loss on blood pressure in people with diabetes.

Lipids

Modest weight loss induced by either dieting or exercise is 
associated with an increase in HDL-cholesterol and reduction
in LDL-cholesterol. Serum triglycerides are also reduced 
(Pi-Sunyer, 1993b; National Institute of Health, 1998). A meta-
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analysis by Dattilo and Kris-Etherton (1992) showed that
weight reduction was associated with significant decrease 
in LDL and VLDL-cholesterol and increase in HDL by
0.0007 mmol/L for every kilogram of weight loss. Early data
from the UKPDS clearly demonstrated the beneficial effects of
dietary change and weight loss on plasma lipids in the short
term (Manley et al., 2000).

Treatment of obesity in diabetes

The following approaches are considered in the treatment of
diabetes.

Lifestyle modification

Weight loss is a key therapeutic objective. Even modest weight
reductions in the range of 5–10% of initial body weight are 
associated with significant clinical improvements in a wide
range of comorbid conditions (Wing et al., 1987a; Goldstein,
1992). Successful weight loss requires that more energy be ex-
pended than is consumed over a period of time. Patients need
to modify their dietary intake to achieve a decrease in energy
intake while maintaining a nutritionally adequate diet. The
target of a weight loss programme should initially be to de-
crease body weight by 10% (National Institute of Health, 1998;
WHO, 1998). However, even a 5% weight reduction improves
risk factors and risk of comorbidities. Several factors should be
taken into consideration, for example the patient’s risk factors,
degree of obesity, previous attempts at weight loss and per-
sonal and social capacity to undertake lifestyle changes.
Changes in lifestyle may be encouraged by using communica-
tions and counselling skills to promote behavioural change; 
it should be remembered that some patients may not be 
motivated to lose weight — it is therefore important to assess
‘readiness to change’ before giving detailed advice about
lifestyle changes.

The first step in dietary therapy is an estimate of patient’s 
actual energy requirements and to recommend a diet with 
a defined energy deficit. This can be estimated from self-
reported 3- to 7-day food diaries, but under-reporting is 
quite common; energy expenditure can be accurately esti-
mated using formulas based on body weight, height, age, 
sex and physical activity levels (Lean and James, 1986) (see
Chapter 9). A deficit of 300–500 kcal/day will produce a
weight loss of 300–500 g/week, and a deficit of 500–
1000 kcal/day will produce a weight loss of 500–1000 g/week
(National Institute of Health, 1998). It is important to encour-
age patients to move away from a ‘Western’ diet to a diet cen-
tred on fruits, vegetables, whole grains, fish and poultry.
Limiting dietary fat equal to or less than 30% of total calories
can help patients reduce energy intake and achieve weight
loss. There has been recent controversy as to whether this de-
gree of fat restriction is necessary, and it may be possible to

achieve significant improvements in risk factors and weight
loss by substituting saturated fats with mono- and polyun-
saturated fats, particularly those containing fish oils (omega-3
polyunsaturated fatty acids, PUFAs), provided that the total
energy intake is also reduced (Reaven, 2003). Increasing the
proportion of low glycaemic index foods may also help meta-
bolic control, but is unlikely to influence weight loss (Brand-
Miller and Foster-Powell, 1999).

Very low-calorie diets

Very low-calorie diets (VLCDs) are defined as diets of
400–800 kcal/day. They can be helpful in achieving weight
loss goals in obese persons with type 2 diabetes and improving
glycaemic control independent of weight loss (Wing, 1995).
VLCDs are usually recommended for persons who are 30% or
more above their ideal body weight (National Task Force on
the Prevention and Treatment of Obesity, 1993). They can in-
duce rapid weight loss over a 2- to 3-month period but they do
not seem to facilitate weight maintenance.

VLCDs are mainly used to replace one or two meals per day.
Their use is contraindicated in renal disease, cerebrovascular
disease and type 1 diabetes because of the potential risk of 
ketosis and hypoglycaemia. However, when used with 
carefully selected persons and appropriate medical monitor-
ing VLCDs appear to be relatively safe (Wadden et al., 1983).
Therefore they are mainly reserved for the induction of a 
medically indicated rapid weight loss in patients with
BMI > 40 kg/m2, for example prior to surgery or for the rapid
improvement of comorbidities and glycaemic control.

Physical activity and exercise

Regular exercise improves body weight, plasma lipids, blood
pressure, insulin sensitivity and glucose tolerance. It also
maintains general fitness, balance, mobility and sense of well-
being. WHO guidelines state that moderate exercise such as
brisk walking for 30–60 min three or four times per week is
beneficial and easier to maintain. The general consensus at the
International Association for the Study of Obesity, May 2002,
was that 30 min of moderate exercise intensity activity daily,
preferably all days of the week, is of importance for limiting
health risks for coronary heart disease and diabetes. However,
prevention of weight gain in formerly obese individuals re-
quires 60–90 min of moderate intensity activity (Saris et al.,
2003).

Pharmacotherapy in the obese diabetic patient

When treating patients with type 2 diabetes it is important to
consider whether the drugs prescribed, particularly those
used to treat hyperglycaemia and hypertension, may predis-
pose to weight gain and thus compromise attempts to improve
glycaemic control and other risk factors. This is one reason
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why metformin is considered the first-line pharmacological
treatment for hyperglycaemia in overweight and obese pa-
tients with type 2 diabetes, and is supported by positive bene-
fits on complication rates, including macrovascular disease
seen in UKPDS (1998). a-Glucosidase inhibitors such as acar-
bose are also weight neutral, and are worthy of consideration,
although gastrointestinal tolerability can be a significant prob-
lem (Holman et al., 1999). When prescribing agents that might
predispose to weight gain, such as sulphonylureas, thiazo-
lidinediones and insulin, it is important to discuss this with
patients, and consider specific additional dietary input at that
time.

Combination therapy is often now used in patients who re-
quire insulin; combining metformin and insulin has the partic-
ular advantage that weight gain is significantly attenuated
and glycaemic control improved. Thiazolidinediones are 
worthy of a particular mention, because although they cause
weight gain, with an increase in adipose tissue mass, the
amount of visceral adipose tissue is decreased, which may
partly explain how they improve insulin sensitivity (Kelly et
al., 1999). When treating hypertension, the use of beta-blockers
may also cause modest weight gain, although it is important to
note that atenolol showed similar efficacy in terms of reduc-
tion in complications in the UKPDS study (1999).

Use of anti-obesity drugs in diabetes

The evidence base for using pharmacotherapy specifically tar-
geted to produce weight loss as an adjunct to diet and physical
activity for patients with type 2 diabetes is steadily growing.
The two drugs that are licensed at present for long-term use
(up to 2 years) are orlistat and sibutramine. The pharmacology
of these and other drugs that produce weight loss is described
in detail in Chapter 25.

Orlistat is an inhibitor of intestinal lipases, which produces
weight loss via fat malabsorption. The main side-effects are GI
related, and due to an increase in fat in the stool. Orlistat has
been evaluated in combination with sulphonylureas, met-
formin and insulin in studies of up to 12 months’ duration. In
general, weight loss is greater with orlistat than with placebo,
although the degree of weight loss is less than that seen in
studies of non-diabetic patients, consistent with the observa-
tion that subjects with type 2 diabetes find it more difficult to
lose weight than people without the condition (Wing et al.,
1987b). Despite a modest placebo-subtracted weight loss of
about 2–3 kg in these studies, about twice as many patients
(50% of the total) achieved a weight loss of 5% or greater, and
this was associated with significant improvements in gly-
caemic control (HbA1c falls of about 0.5%), blood pressure and
improved lipid profiles (Hollander et al., 1998; Miles et al.,
2001) (Fig. 17.9).

Sibutramine is a centrally acting serotonin and noradrena-
line reuptake inhibitor; it is thought to cause weight loss by in-
creasing satiety after meals, and by increasing thermogenesis.

It can cause dry mouth, constipation, difficulty sleeping, and
also results in a modest rise in pulse and in some patients,
blood pressure. It has been evaluated in patients with type 2
diabetes treated with diet alone, sulphonylureas or met-
formin in studies of 6–12 months’ duration. The placebo-
subtracted weight loss in these studies was in the range of
4–5 kg, with 2.5–3 times as many patients than placebo losing
5% of body weight (Serrano-Rios et al., 2002; McNulty et al.,
2003) (Fig. 17.10). This was associated with improvements in
HbA1c of 0.5%, with greater falls in those who lost 10% of body
weight or more. Lipid profiles were improved; notably triglyc-
erides fell by up to 20% and HDL-cholesterol increased by
about 10%. These benefits were partly offset by small increases
in blood pressure, and the contraindication in subjects with 
established cardiovascular disease and uncontrolled hyper-
tension may limit its use in the diabetic population.

Who should be offered pharmacotherapy for
weight loss in diabetes?

Pharmacotherapy available at present, as described above, is
likely to benefit a significant proportion of obese patients with
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type 2 diabetes, but translating these trial results into clinical
practice is difficult. Furthermore, the lack of long-term out-
come data is a barrier to widespread adoption given the costs
of such treatment. Pharmacotherapy should be considered in
those patients who are motivated to enter a weight loss pro-
gramme, where such facilities exist, and only used within the
terms of the product licence. Drugs should not be continued
long term in patients who obtain no weight loss benefit, al-
though it may be reasonable to allow diabetic patients longer
than 3 months to achieve a 5% weight loss, given the difficulty
these patients have in losing weight.

Other agents and the future

Other drugs for obesity, such as phentermine, are only 
licensed for short-term use, and there is no evidence of their 
effectiveness in patients with diabetes, so it is not possible to
recommend their use. Many other drugs, including cannabi-
noid receptor antagonists, cholecystokinin, GLP-1 analogues
and the anticonvulsants zonisamide and topiramate are 
undergoing clinical trials, and may yet expand the range of
drugs available to treat the obese diabetic patient.

Surgical treatment in morbidly obese patients
with type 2 diabetes

Arecent survey in a diabetic clinic in Liverpool, UK, indicated
that 8% of patients with type 2 diabetes had morbid obesity
(BMI > 40 kg/m2), compared with only 1–2% expected in the
population; such patients are rarely included in clinical trials
of pharmacotherapy, so it is worth considering what is the best
treatment for such individuals. Surgical approaches to obesity
management are becoming increasingly sophisticated and are
now much safer than previously (see Chapter 26), with many
procedures carried out laparoscopically. Furthermore, there is
now increasing evidence that they may be a very effective
treatment for morbidly obese patients with type 2 diabetes.
For example, in a retrospective series of nearly 800 patients
treated with a Roux-en-Y gastric bypass, one-quarter of whom
had type 2 diabetes, over two-thirds of the diabetic patients
were normoglycaemic and off treatment after up to 14 years 
of follow-up (Pories et al., 1995). Unfortunately there are no
prospective data on surgical treatment of morbidly obese pa-
tients with diabetes, or comparisons with medical treatment,
but this option should certainly be seriously considered for
such patients.

Weight loss and diabetes prevention

There is overwhelming evidence from dietary, pharmacologi-
cal and surgical studies of weight loss that the onset of type 2
diabetes can be substantially delayed, and sometimes pre-
vented by weight loss in susceptible subjects with impaired

glucose tolerance. Two studies of dietary, exercise and behav-
ioural intervention, the Finnish and the American diabetes
prevention studies both demonstrated that a weight loss of
about 7%, maintained for 4–6 years, reduced the incidence of
new diabetes by 58% in subjects with IGT (Tuomilheto et al.,
2001; Diabetes Prevention Program Research Group, 2002). 
Interestingly, the lifestyle programmes were more effective
than metformin, which only reduced diabetes by 30%. A 4-
year study with orlistat, the XENDOS study, included over
3000 patients, 21% of whom had IGT, and showed an addition-
al 37% reduction over and above that of lifestyle intervention
(Anon, 2002). In the Swedish Obese Subjects study of surgery
for morbid obesity, after 2 years the incidence of new-onset 
diabetes was 6.5% in the control group, compared with less
than 0.5% in the intervention group, a 16-fold relative risk 
reduction (Sjöstrom et al., 1999). These findings appear to per-
sist for up to 10 years following surgery. The challenge is how
to put these important findings into practice. Large-scale
screening for glucose intolerance has been considered, but
given that it is likely to affect 20–30% of the population
screened, this is unlikely to be adopted. More targeted screen-
ing and intervention might be appropriate, but the ideal strat-
egy is yet to be devised. It is also unlikely that the resources will
be available to deliver the intensity of intervention used in the
DPP study, so more general, population-based approaches
seem more likely to be used. Specific interventions, such as
drug treatment and surgery, might be used in those individu-
als deemed to be at greatest risk.

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is a generic term
used to describe a spectrum of pathological changes that may
occur in the liver in association with obesity and insulin resis-
tance. It is recognized that a spectrum of changes may be pre-
sent, ranging in severity from a simple ‘fatty liver’, through 
to a hepatitic-type picture, or non-alcoholic steatohepatitis
(Fig. 17.11), to a more complex picture with fibrosis and, ulti-
mately, cirrhosis (reviewed by Day, 2002). At present there is
nothing to distinguish the changes seen in the liver in associa-
tion with NAFLD from those seen with alcohol excess; it is
therefore important to exclude an alcoholic aetiology and
other causes of chronic liver disease (such as viral hepatitis or
haemochromatosis) when assessing such patients. Patients
may present with isolated increases in hepatic enzymes, often
as an incidental finding (particularly a raised AST) or with
more severe forms of the disease, such as cirrhosis. The evi-
dence linking obesity to the presence of NAFLD is now be-
coming stronger: most patients are obese, and the incidence
appears to be rising together with that of obesity; one survey in
patients undergoing surgery for morbid obesity suggested
that 25% of such patients have NASH (Dixon et al., 2001). 
Patients are nearly always insulin resistant, and some go on to
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develop type 2 diabetes (Comert et al., 2001). It is presently 
unclear what leads up to 25% of subjects to progress to fibrosis
and cirrhosis, whereas the majority follow a relatively benign
course; increases in adipose tissue and gut-derived cytokines,
notably TNF-a have been implicated in precipitating fibrosis
and progression of disease, possibly by activating pathways of
oxidative stress; genetically determined responses, including
polymorphisms in liver enzymes, may determine the ultimate
response to these stressors but, given a strong enough stimu-
lus (such as that seen following jejuno-ileal bypass), most sub-
jects will develop NASH (de Knegt, 2001).

Obese patients with clinically significant persistent eleva-
tions in liver enzymes (greater than two times the upper limit
of normal) therefore warrant investigation to exclude other
forms of liver disease, and possibly a liver biopsy to determine
prognosis and help decide whether treatment is indicated.
Most treatments at present have been tried on an empirical
basis, and there is only limited evidence to support their use.
Metformin has been used in a number of small trials with good
effect (Nair et al., 2002; Urso and Visco-Comandini, 2002); early
reports also suggest that thiazolidinediones, such as rosiglita-
zone and pioglitazone, may also be of benefit (Neuschwander-
Tetri et al., 2003). Probucol, a lipid lowering agent with
antioxidant properties, has been shown to lower ALT in one
study (Merat et al., 2003). Most authorities support modest,
gradual weight loss (Sasaki et al., 2003); diets high in fat, such
as the Atkins diet, and approaches that result in rapid weight
loss, such as the use of VLCDs or bariatric surgery, should
probably be avoided. One small study has suggested that orli-
stat is effective; this has the theoretical advantage of reducing
lipid supply to the liver (Assy et al., 2001). Other suggestions,
not yet subjected to randomized trials, might be use of anti-

bodies to TNF-a, or use of antioxidants, to delay or prevent the
progression to fibrosis.
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Introduction

Obesity is a well-recognized cardiovascular risk factor that 
exerts effects on the heart and circulation both directly and
also by its association with other known risk factors such as
hypertension or diabetes (Eckel et al., 2002). Impaired cardio-
vascular fitness is also common in obese subjects and is an ad-
verse factor that appears to predict increased mortality from
cardiovascular disease independently of the degree of obesity,
and thus both ‘fatness’ and ‘fitness’ are important indepen-
dent and modifiable risk factors for heart disease (Stevens
et al., 2002). This is clearly of major importance to both obese 
individuals and to the health of the community as a whole.

In the past, the effects of obesity on respiratory function
have been considered separately from the cardiovascular 
effects of obesity; however, in this chapter we will explore the
interaction between obesity, heart and lung disease in an 
attempt to better understand the cardiorespiratory conse-
quences of obesity. Obesity, especially upper body obesity, is
linked with snoring, sleep-disordered breathing (SDB) and
cardiovascular disease, and thus has important influences on
cardiorespiratory function, both while awake and asleep
(Wilcox et al., 1998a).

Physical fitness and obesity as predictors of
mortality risk in obesity

Asedentary lifestyle and consequent lack of physical fitness is
believed to be a predictor of increased mortality. Aseries of re-
ports from a longitudinal study of a population that consisted
of predominantly white US male college graduates (Aerobics

Centre Longitudinal Study) showed that performance on a
maximal treadmill test indicated that those individuals in 
the lowest quartile of fitness had an increased mortality risk 
independent of their degree of obesity. These findings were
confirmed and extended subsequently in a report from 
the Lipid Research Study (Stevens et al., 2002), which used 
data from 7589 subjects (2506 women, 2860 men) aged be-
tween 30 and 75 years, examined in eight US centres between
1972 and 1976 and followed until 1988. The subjects had a
mean age of 46 years and body mass indices (BMIs) of 27.4 for
men and 24.9 for women, perhaps reflecting a clinical trial bias
in favour of healthier subjects; 12% of subjects were obese
(BMI ≥ 30), whereas 33% of women and 50% of men were over-
weight (BMI = 25–29.9 kg/m2). The adjusted mortality hazard
ratio for ‘fit–fat’ women was 1.3 compared with 1.30 for ‘unfit–
not fat’ women and 1.57 for ‘unfit–fat’ women. The values for
men were 1.44, 1.25 and 1.49, respectively, with no significant
interaction between fitness or fatness in men or women.

Physical fitness does not completely ameliorate the health
hazard of obesity (Eckel et al., 2002; Stevens et al., 2002).There-
fore, it appears that both fatness and fitness are potentially
modifiable risk factors for mortality.

Obesity and sudden death

Obesity increases the risk of sudden death (Messerli et al.,
1987). A variety of mechanisms have been suggested which 
include increased sympathetic nerve activity, prolongation of
the QT interval and structural heart disease such as coronary
artery disease and cardiomyopathy. Snoring and obstructive
sleep apnoea (OSA) are common in obese subjects and have
been linked to an increased risk of sudden death, and therefore
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the association of obesity with OSA is likely to be another fac-
tor contributing to the risk of sudden death in obesity (Seppala
et al., 1991).

The US Nurses Health study is a prospective study of a co-
hort of 12 1701 nurses aged 30–55 years who completed a ques-
tionnaire about their medical history, coronary heart disease
(CHD) risk factors, lifestyle and menopausal status at entry in
1976 and have been followed up at 2-year intervals by mail. In
this cohort, the risk of sudden death increased with age and
was associated with at least one known CHD risk factor in
most instances, of which smoking, hypertension and diabetes
conferred a 2.5- to fourfold increase in risk of sudden death.
Obesity and a family history of myocardial infarction before
the age of 60 years each conferred a moderate (1.6-fold) in-
crease in risk. These data showed that, as in men, the risk of
sudden death was associated with risk factors for CHD, in-
cluding obesity, and, as expected, most deaths (88%) were clas-
sified as arrhythmic (Alpert, 2001; Albert et al., 2003). Given
that other vascular risk factors are common in obese people,
the total risk of sudden death in obese women is likely to be
substantially increased. Although coronary heart disease is
the underlying heart disease responsible for sudden death in
most instances, other diseases such as cardiomyopathy are
also common in obese people.

Increased sympathetic nerve activity promotes cardiac 
arrhythmias and has been shown to be increased in obesity 
in normotensive (Grassi et al., 1995) and hypertensive subjects,
whereas weight reduction tends to normalize these changes.
The degree of sympathetic nerve overactivity during sleep
and while awake is further increased by coexistent OSA that
occurs in a significant proportion of obese people (Grunstein 
et al., 1993).

The long QT syndrome is a genetically diverse inherited 
disorder of cardiac myocyte ion channels which leads to 
prolonged ventricular repolarization, and predisposes indi-
viduals with it to a characteristic type of ventricular tachycar-
dia (torsades de pointes) and sudden death (Schwartz et al.,
2000). In susceptible individuals, changes in autonomic nerve
activity (sympathetic overactivity) and electrolyte distur-
bances can prolong the duration of ventricular repolarization
to a critical degree, causing serious and potentially fatal 
cardiac arrhythmias.

The use of diuretics and laxatives is well known to cause
electrolyte changes, particularly hypokalaemia and hypo-
magnesaemia, which prolong ventricular repolarization,
lengthen the QT interval on the surface electrocardiogram
(ECG) and increase the risk of ventricular tachycardia/fibril-
lation, especially in those with the long QT syndrome
(Schwartz et al., 2000). Treatment of obesity with ultra low-
energy diets has been reported in some, but not many, studies 
to be associated with a risk of sudden death, and changes in
electrolytes caused by these types of diets may be the mecha-
nism responsible for this risk of death, especially in suscepti-
ble subjects.

In a study of both obese and non-obese women with a nor-
mal QT interval corrected for heart rate (QTc) at rest, Corbi and
colleagues compared free fatty acid (FFA) and catecholamine
levels in women, separated by the presence and pattern of obe-
sity, and examined the effects of weight loss (approximately
12 kg over 12 months) in obese people. Obese women were
subdivided into either peripheral (waist–hip ratio, WHR, 
≤ 0.85) or central (WHR > 0.85) fat distributions, and it was
demonstrated that there was a close positive relationship be-
tween obesity and FFA levels and the QTc (Corbi et al., 2002).
There was a similar relationship with plasma catecholamines,
including both adrenaline (mainly originating in the adrenal
glands) and noradrenaline (which spills over from sympa-
thetic nerves). The authors showed that with weight reduction
of the same magnitude over 12 months in both groups of obese
women, reduced QTc, FFAs and both noradrenaline and
adrenaline levels were significantly more in women with cen-
tral obesity. These findings suggest that weight reduction may
reduce the risk of sudden death in obese people by modifying
increased sympathetic nerve activity and its effects on ventric-
ular repolarization.

It is likely that the changes in sympathetic nerve activity and
QTc in obese subjects, particularly those with abdominal obe-
sity, are most important in the subgroup with an inherited ion
channel disorder. Although patients in this study had a normal
QT interval at rest, this group can be assumed to contain sub-
jects with inherited ion channel abnormalities, in whom these
changes are potentially very important.

Dietary fat and fatty acid content have been linked to risk of
CHD and sudden death in the population in general, and may
also be important in obese people. Although the traditional
view of the ‘diet–heart hypothesis’ focused on the importance
of unsaturated fat intake, there have been a number of recent
studies that have demonstrated that dietary intake of n-3
polyunsaturated fatty acids (PUFAs) may be an important fac-
tor in sudden death in those with or without known CHD. Of
special interest have been the long-chain n-3 PUFAs (mainly
derived from seafood) and intermediate chain n-3 PUFAs (de-
rived from canola oil and walnuts in Western diets). None of
these is synthesized by humans and they are therefore essen-
tial fatty acids. Recently, Leaf and colleagues (2003) proposed a
cellular mechanism to explain the link between dietary intake
of fat and risk of sudden death based on observations from a
number of animal and human studies that suggest that n-3
PUFAs reduce the risk of ventricular fibrillation and therefore
sudden death by stabilizing myocyte ion channels.

Taken together, these findings suggest that the diet of obese
subjects is likely to affect their health in a number of ways.
Given that obesity is associated with an increased risk of sud-
den death, consideration should be given to measures such as
improving physical fitness and increasing the dietary intake of
intermediate and long-chain essential PUFAs, which may re-
duce the risk of sudden death without necessarily leading to
loss of adipose tissue. Finally, the health benefits of weight 
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reduction using caloric restriction may also be adversely 
affected by the composition of the diet used to achieve it.

Obesity and vascular disease

For many years, obesity has been suspected to confer an in-
creased risk of morbidity and mortality due to coronary artery
and peripheral vascular diseases. However, because of differ-
ences in the way obesity was defined and measured, and of
specific methodological problems, proving the validity of this
apparent relationship has been difficult. As has been discussed
earlier, obesity often occurs in a cluster with established meta-
bolic vascular risk factors and lack of physical fitness, making
it more difficult to establish whether the presence and pattern
of obesity is an independent vascular risk factor.

A number of studies have reported that predominantly 
abdominal fat distribution may be at least as important as BMI
as a determinant of cardiac risk. The Gothenburg study re-
ported by Larsson and co-workers (1984) was an early 
epidemiological study of men, which demonstrated that ab-
dominal fat distribution was a risk factor for CHD, but, once
the data had been adjusted for smoking, blood pressure and
total cholesterol levels, this was not statistically significant.

In a prospective study of a cohort of middle-aged Finnish
men who were followed for 11 years, two indices of abdominal
obesity (waist measurement and waist–hip ratio) were used,
and coronary events that were defined using MONICAcriteria
(Lakka et al., 2002) were reported. The study showed that the
risk of coronary events in men with a waist–hip ratio of 0.91
was increased almost threefold and that the waist–hip ratio
was more powerful and consistent than BMI in predicting the
risk of future CHD events. In this study, smoking and poor fit-
ness were not only more common in obese people but, as in
other studies, were independent risk factors for CHD, aug-
menting the risk of CHD and increasing the potential benefits
of identifying and modifying all of these risk factors in obese
people.

The effects of obesity in general, and its distribution in par-
ticular, on CHD risk have also been shown to occur in women.
In an 8-year follow-up of the US Nurses Health Study, Rexrode
and co-workers (1998) reported that among women the waist
circumference and waist–hip ratio were strongly and indepen-
dently associated with an increased age-adjusted risk of CHD.
The adverse effects of abdominal fat distribution were also
seen in relatively lean women (BMI < 25 kg/m2). For example,
after adjusting for BMI and other cardiac risk factors, women
with a waist–hip ratio of 0.88 or higher had a relative risk of
CHD of 3.25 compared with those with a ratio of below 0.72
(Fig. 18.1).

Detection of coronary artery calcification using X-rays has
been used as a marker of atherosclerotic coronary artery dis-
ease in the past but, although highly specific, this method
lacked sensitivity. The advent of modern CT scanners, particu-

larly those using electron beam technology, has increased the
sensitivity of this non-invasive method to detect CHD without
apparent loss in specificity. In a study of 1160 asymptomatic
men, Arad and co-workers (2001) compared anthropomor-
phic, metabolic and insulin resistance measurements with
coronary calcium scores derived from electron beam CT exam-
inations, and showed that coronary calcium scores were posi-
tively and independently correlated with visceral obesity,
glucose levels and insulin resistance. The relationship be-
tween visceral obesity and coronary calcification as a measure
of CHD was present whether subjects had elevated glucose
levels or not.

A critical question in those at risk of vascular disease is the
mode of presentation. Calcification is a marker of relatively
stable plaques and therefore although it identifies those with
risk factors who have actually developed vascular disease,
these individuals are not necessarily those at highest risk and
are therefore most likely to benefit from interventions to re-
duce risk. The development of acute coronary syndromes in
patients with vascular disease identifies a group of patients
with a markedly increased temporal risk of adverse outcomes.
The spectrum of presentations of acute coronary syndromes
includes sudden death and acute myocardial infarction with
either ST elevation or depression and unstable angina. Acute
rupture of an atherosclerotic plaque is well known to be re-
sponsible for the clinical manifestations of acute coronary syn-
dromes in most patients; although this is usually a single
lesion, multiple unstable plaques can occur in some patients. It
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is also clear that subclinical plaque rupture can occur. Identify-
ing the factors responsible for the development of acute 
phases in the course of otherwise stable disease has been the
subject of intensive investigation.

Inflammation is increasingly understood to be an important
factor in the pathophysiology of atherosclerosis and in the 
development of acute vascular syndromes (Eckel et al., 2002). 
Elevated inflammatory markers such as C-reactive protein
and cytokines have been shown to occur not only in acute vas-
cular syndromes but also in people at future risk of developing
acute vascular events.

Interleukin (IL) 6 is a cytokine that is produced in response
to several factors, including infection, IL-1, interferon-g and
tumour necrosis factor alpha (TNF-a), and it has pleiotropic
effects on cellular and humoral immunity in response to infec-
tion, inflammation and tissue injury. IL-6 is a central mediator
of the acute-phase response and a primary determinant of pro-
duction of C-reactive protein by the liver.

The Physicians’ Health Study was a randomized, double-
blind, placebo-controlled trial of the effectiveness of aspirin
and b-carotene in the primary prevention of cardiovascular
disease and cancer in 22 071US male physicians, aged 40 to 84
years, with no prior history of myocardial infarction, stroke,
transient ischaemic attack or cancer. As part of this study a
prospective, nested, case–control study of IL-6 as a potential
marker for future myocardial infarction among participants
was performed and this showed that IL-6 levels at baseline 
appeared to identify men at future risk of acute myocardial 
infarction (Ridker et al., 2000).

Adipose tissue is now well recognized to be a source of 
inflammatory mediators with production of TNF-a and IL-6.
Increased production and release of these mediators may play
a significant role in promoting the development of atheroscle-
rosis and its complications (Loskutoff and Samad, 1998).

The effect of obesity on the risk of developing atherosclero-
sis and its acute and chronic complications is compounded by
the apparent prothrombotic effects of obesity, meaning that
the consequences of plaque rupture are likely to be more ad-
verse than in lean subjects. The identification of adipose tissue
as a source of inflammatory mediators with production of pro-
inflammatory cytokines, such as TNF-a, interleukins (includ-
ing IL-6) and also C-reactive protein, provides a conceptual

framework linking obesity, insulin resistance and atheroscle-
rosis (Rader, 2000).

Cholesterol lowering has been shown to reduce the risk of
future vascular events and in obese subjects, relatively modest
weight loss achieved by diet, drugs (Marks et al., 1998), or a
combination of the two, is associated with significant changes
in lipid levels, which, if sustained, would have major benefi-
cial effects on future risk of vascular events.

Drugs such as statins (HMG CoA reductase inhibitors) ap-
pear to have pleiotropic effects, which include stabilization 
or ‘passivization’ of potentially vulnerable atherosclerotic
plaques. Inflammatory markers such as C-reactive protein
have been shown to be reduced during statin treatment and
may be a marker of risk reduction.

OSA appears to confound the relationship between obesity,
inflammation and cardiovascular risk (Lattimore et al., 2003).
In a Japanese study of 30 men with OSA and 14 obese control
subjects (mean BMI = 27.7 kg/m2), levels of C-reactive protein
and IL-6 produced from peripheral blood monocytes were sig-
nificantly higher in obese subjects with OSA than in control
subjects, and the levels fell after a month’s treatment of OSA
using nasal continuous positive airway pressure (Yokoe et al.,
2003), an effect independent of the effects of obesity.

Our understanding of the relationship between obesity and
risk of CHD has advanced substantially in recent years. Evi-
dence that obesity, especially abdominal obesity, is related to
increased risk of atherosclerotic vascular disease has become
increasingly convincing and accepted. Advances in our 
understanding of the key role inflammation plays in the 
development and course of atherosclerosis have allowed us to
examine the potential mechanisms by which obesity may con-
tribute to this process, and perhaps provide clinicians with
better measures to assess the risk reduction conferred by mod-
ification of obesity and other factors, such as smoking and
physical inactivity, which commonly cluster with it.

Obesity and hypertension

Obesity is associated with increased blood pressure levels 
in both normotensive and hypertensive children and adults 
in a large number of studies. Although the mechanisms by
which obesity leads to higher blood pressure levels are not
completely understood, studies of weight reduction have
shown that it can lower blood pressure and some of its effects
on the heart and circulation.

In the US, obesity in childhood has increased dramatically
since the 1960s and similar trends have been noted in other
countries. In children, obesity increases the risk of hyperten-
sion approximately threefold across all levels of BMI with no
threshold of effect, and interventional studies have shown that
blood pressure reduction can be achieved (Sorof and Daniels,
2002), as has been reported more extensively in adults. Where-
as hypertension in paediatric practice was formerly consid-

Table 18.1 Components of a proposed ‘syndrome Z’.

Obstructive sleep apnoea

Hypertension

Increased sympathetic nerve activity

Central (visceral) obesity

Insulin resistance

Dyslipidaemia

From Wilcox et al. (1998a).
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ered more likely in children with genetic hypertension and
those with renal disease, this pattern has changed and obesity-
related hypertension has assumed much more importance.

The diagnosis of hypertension in adults is relatively
straightforward but in children, blood pressure values have to
be adjusted for age, gender and height, making accurate diag-
nosis of hypertension more difficult than in adults, and the sig-
nificance of borderline elevated blood pressure in children is
potentially more important as it appears to be a precursor of
hypertension in adulthood. Unlike in adults, it has been re-
ported that the early pattern of hypertension in childhood has
been that of systolic rather than diastolic hypertension. The
use of an appropriate blood pressure cuff size is relatively
more important than in adult practice; blood pressure will
tend to be overestimated if the cuff is too small, seen com-
monly in adults, but, more importantly, it can be underesti-
mated if the cuff is too large. The recommended cuff size is one
with a bladder width that is approximately 40% of the arm cir-
cumference midway between the olecranon and the acromion
process (Sorof and Daniels, 2002).

The pathophysiology of hypertension in obesity hyperten-
sion in children and adults remains to be fully elucidated.
Characteristically, such patients have increased sympathetic
nerve activity, increased insulin levels and increased activity
of the renin–angiotensin–aldosterone system. Obesity hyper-
tension is one of the salt-sensitive variants of essential hyper-
tension. Although there is clearly a strong association between
obesity hypertension, sodium sensitivity and insulin resis-
tance, there is no simple relationship that integrates these 
observations into an explanation of why blood pressure is 
increased in these patients.

Activation of the sympathetic nervous system occurs early
in the course of obesity and is involved in many of its chronic
manifestations, including the cardiovascular complications of
hypertension, left ventricular hypertrophy, congestive heart
failure and arrhythmias. Recent research interest has focused
on the role of leptin, produced in adipocytes, in the regulation
of the sympathetic nervous system in obesity.

Leptin is a 16-kDa peptide produced mainly in adipose 
tissue and has been conceived to play a regulatory role 
(‘adipostat’) (see Chapter 6) in determining fat mass by 
reducing appetite and thus inhibiting food intake — probably
in the hypothalamus — and by increasing thermogenesis via 
increased sympathetic nerve activity. However, many of the
results of studies in animal and human subjects have been 
contradictory.

In a recent study by Eikelis and co-workers (2003), adrena-
line secretion and leptin levels were measured in a range of
healthy obese subjects who had a wide variety of leptin levels,
normal-weight healthy subjects and patients with heart fail-
ure (high noradrenaline levels), essential hypertension (high
noradrenaline levels), pure autonomic failure (low noradrena-
line levels) and healthy elderly subjects (reduced adrenaline
levels). Leptin levels were not low in the two models of high

sympathetic tone (heart failure and hypertension). In fact, 
elevated leptin levels found in heart failure were due to re-
duced renal clearance. Plasma leptin levels were normal in 
autonomic failure and in the elderly. Thus, the concept that
leptin directly stimulates sympathetic efferent activity ap-
pears to be overly simplistic. Clearly, further studies are need-
ed to clarify the relationship, in obesity, of total fat mass, fat
distribution and the autonomic nervous system.

A series of studies in obese adults have shown that short-
term weight loss reduces blood pressure substantially (Dahl 
et al., 1958; Tuck et al., 1981; MacMahon et al., 1986; Rocchini 
et al., 1989; Kotchen et al., 1993). Typically, there is a fall in both
weight and blood pressure that is associated with a natriuresis,
which is most marked in the acute phase and increases gradu-
ally thereafter.

In a study of 26 Japanese obese women, mean age of 50 years
with BMI of 34 kg/m2 (Kanai), an average weight loss of 
9 kg reduced mean blood pressure by 11 mmHg. In this 
study, the fall in blood pressure did not correlate with weight
or BMI but did correlate with reduction in intra-abdominal 
obesity measured by CT scan. These results do not exclude the
possibility that weight and adiposity expressed as BMI are im-
portant, but do suggest that fat distribution is a more impor-
tant factor than obesity alone in affecting blood pressure in
obese people.

End-stage renal disease and congestive heart failure are
major consequences of chronic essential hypertension. When
hypertension and diabetes are both present, as they com-
monly are in obesity, the risk of end-stage renal disease is 
substantially increased. Obesity has a number of effects on
renal function which promote an increase in blood pressure,
including increasing renal tubular sodium reabsorption, im-
pairing pressure natriuresis and intravascular volume expan-
sion due to activation of the sympathetic nervous system and
renin–angiotensin system and by physical compression of the
kidneys, particularly when visceral obesity is present (Hall 
et al., 2003). Early functional changes of microalbuminuria 
and expression of growth- and/or fibrosis-promoting factors
precede major histological changes in the kidney (Eckel
et al., 2002). It is believed that chronic obesity promotes grad-
ual loss of nephron numbers and function.

In animal studies, a relationship can be shown between
caloric intake and renal disease. Excess intake promotes and
energy restriction protects against glomerular injury. Long-
term studies of the effects of caloric restriction or weight re-
duction in human subjects are lacking (Eckel et al., 2002; Hall 
et al., 2003).

Prevention of end-stage renal disease is a major objective of
treatment in hypertension. In obese people, treatment goals in
hypertension should include not only weight reduction and
good blood pressure control, but also correction of the associ-
ated metabolic abnormalities to try to prevent further renal in-
jury and consequent irreversible nephron loss (Hall et al.,
2003).
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Obesity, hypertension and patterns of
cardiac hypertrophy

Obesity when predominantly central in distribution is charac-
teristically associated with a number of cardiac structural
changes, which include right and left ventricular dilatation
and hypertrophy, left atrial dilatation and fatty infiltration of
the conducting system. Peripheral (lower body) obesity ap-
pears not to be associated with hypertension or structural
changes in the heart and circulation.

The effect of obesity on blood pressure begins early in the
course of this disorder. Hypertension occurs commonly in
obese children and adults of all ages but daytime hypertension
is not a prerequisite for the presence of left ventricular hyper-
trophy in obese subjects, and this observation, along with 
an apparent increase in cardiomyopathy and heart failure 
in obese subjects led to the notion of the ‘cardiomyopathy 
of obesity’ (Alpert, 2001). An additional factor contributing
adversely to the severity of left ventricular hypertrophy and
systolic dysfunction in obese patients is coexistent OSA
(Wilcox et al., 1998b).

Remodelling of the heart occurs in response to chronic
changes in distending pressure in systole, diastole or both.
This is distinct from the changes in cardiac function which
occur in response to an acute load. At a cellular level, this
process is due to hypertrophy of cardiac myocytes in a config-
uration that depends on the type of load to which the heart is
responding (Figs 18.2 and 18.3).

Isolated pressure overload of the left ventricle, such as that
which occurs in hypertension in the absence of obesity, pro-
duces a pattern of hypertrophy in which the left ventricle 
remodels with a symmetrical increase in wall thickness, 
without an increase in diastolic diameter, but a reduction in
end-systolic diameter or concentric hypertrophy. At a cellular
level, this pattern of hypertrophy results from addition of new
myofibrils in a parallel pattern. This change in geometry has
the effect of reducing left ventricular systolic wall stress and
therefore is an adaptation that reduces the left ventricular
work in response to this pressure overload (Fig. 18.2).

Volume overload of the left ventricle occurs typically in 
mitral or aortic regurgitation, when the ventricle has to gener-
ate a greater stroke volume because of valvular regurgitation
in order to maintain net forward stroke volume and cardiac
output. Therefore the overload of the ventricle occurs in dias-
tole, causing increased diastolic wall stress. The heart re-
sponds to this stress by adding new sarcomeres in series.
Dilatation of the ventricle in response to this chronic volume
overload increases diastolic wall stress, but typically end-
systolic diameter and volume are unchanged. Left ventricular
wall mass increases to a greater degree despite apparently
more modest increases in wall thickness (Fig. 18.3).

Obesity has been associated with eccentric ventricular 
hypertrophy in which both the diameter and wall thickness of

the left ventricle are increased at all levels of blood pressure.
The apparently different effects of obesity and hypertension
on left ventricular geometry led to the concept of the ‘dimor-
phic’ effects of obesity and hypertension on left ventricular 
hypertrophy and systolic function. Thus, lean hypertensive
individuals are expected to have concentric hypertrophy, cen-
trally obese but normotensive individuals have eccentric 
hypertrophy, and the combination of obesity and hypertension
produces an unfavourable situation of both volume and pres-
sure overload (or systolic and diastolic pressure overload), re-
sulting in dilatation and dysfunction and potentially earlier
heart failure in the course of their disease. However, the rela-
tionship between central obesity and left ventricular hypertro-
phy is not as simple as first thought and many obese subjects
have concentric hypertrophy even if they are normotensive.

The importance of left ventricular hypertrophy lies in its
value as an adverse prognostic factor in hypertension. In 
hypertensive subjects, echocardiographically measured left
ventricular mass is a more powerful prognostic factor than

Pressure overload

Increased systolic
pressure

Increased systolic
wall stress

New myofibrils
in parallel

Concentric
hypertrophy

Wall thickening

-

Fig 18.2 Pattern of ventricular remodelling: response to pressure overload.

In this setting, the pressure overload occurs in systole, leading to increased

systolic wall stress. (Adapted from Grossman et al., 1993.)
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Fig 18.3 Pattern of ventricular remodelling: response to volume. In this

setting, the pressure overload occurs in diastole, resulting in increased

diastolic wall stress to which the heart responds by ‘eccentric’ hypertrophy.

(Adapted from Grossman et al., 1993.)
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systolic or diastolic blood pressure (Levy et al., 1991). Anti-
hypertensive drugs vary in their effects on regression of ven-
tricular hypertrophy, and regression of cardiac and vascular
hypertrophy is considered to be an important goal in treating
hypertension (Levy et al., 1994).

Studies of the effect of weight reduction have provided evi-
dence supporting the notion that obesity causes both hyper-
tension and left ventricular hypertrophy. The effects of weight
reduction (average of 8 kg) on left ventricular hypertrophy
were examined by MacMahon and co-workers (MacMahon 
et al., 1986) in a population of young obese, predominantly
male, subjects (mean age 42 years and BMI of 33 kg/m2).
Obesity, expressed as BMI, was independently associated
with systolic, diastolic blood pressure and left ventricular
mass. Following weight reduction, blood pressure fell by an
average of 13/14 mmHg (systolic/diastolic) and echocardio-
graphic left ventricular mass by 20%. The effects of weight 
reduction on left ventricular mass were reported to be 
statistically independent of effects on blood pressure.

In clinical practice, interventions to reduce weight typically
involve a combination of increased exercise, and potentially
fitness, as well as weight loss, with variable effects on fat mass
and distribution in individual subjects. Although assessing
the relative impacts of these different factors on blood pressure
and cardiac structure may be a relevant research question, in
practice they are usually combined and therefore the total ben-
efit that this approach can achieve is more clinically relevant.
Exercise itself has effects on cardiac structure, which vary with
the type and intensity of the exercise programme undertaken.

Hinderliter and colleagues (2002) studied the effect of either
improved fitness through regular aerobic exercise or exercise
plus a behavioural weight reduction programme with wait-
listed control subjects in a randomized controlled study of 82
overweight or obese men and women (mean BMI = 31 kg/m2)
who were sedentary and included normotensive and hyper-
tensive subjects. Patients with hypertension had no drug treat-
ment for at least 6 weeks. Over 6 months, blood pressure fell
(6/7 mmHg in the weight management group and 3/4 mmHg
in the aerobic exercise group) and both groups had significant
reductions in left ventricular septal and posterior wall thick-
ness, but not indexed left ventricular mass, compared with the
control subjects. Although previous studies have shown that
weight reduction promotes ventricular remodelling in obese
people, this study showed that regular aerobic exercise had
beneficial effects on ventricular remodelling whether or not
weight loss occurred.

There is increasing evidence that factors other than blood
pressure itself lead to left ventricular hypertrophy. Only ap-
proximately 50% of hypertensive subjects have left ventricular
hypertrophy, suggesting there may be genetic and other fac-
tors that determine the hypertrophic response to a given blood
pressure load in an individual. The results of a number of stud-
ies in animals and human subjects have suggested that in-
creased sympathetic nerve activity leads to left ventricular

hypertrophy, and a recent study that separately examined the
role of cardiac sympathetic nerve activity showed that the 
degree to which this was increased was a major determinant 
of left ventricular hypertrophy (Schlaich et al., 2003).

Thus, obese subjects who appear to have increased sympa-
thetic nerve activity independently of the presence of hyper-
tension would be more likely to have increased left ventricular
mass, regardless of geometric changes, provided that this 
involved cardiac as well as peripheral sympathetic nerve 
activity. Such a situation has usually been measured using 
microneurographic techniques.

Obesity and stroke

Obesity is well recognized to be a risk factor for coronary
artery disease as described earlier; however, the relationship
between obesity and stroke has been less clear-cut. Established
stroke risk factors, such as hypertension, left ventricular 
hypertrophy, diabetes and hypercholesterolaemia, are com-
mon in obese people and these associated stroke risk factors
have been considered to explain the increased risk of stroke in
obese subjects. As in other vascular consequences of obesity,
OSA is a potential confounder of this association given that it 
is common in obese people and in patients with stroke or 
transient ischaemic attacks (Harbison and Gibson, 2000).

In a prospective study from the Physicians Health Study,
Kurth and co-workers (2002) examined the relationship 
between increasing adiposity, measured as BMI, and self-
reported stroke over a period of 12.5 years in the 21 414 partic-
ipating US physicians. The study population was relatively
healthy and although 38% were overweight, only 6% of the
subjects were obese. There was little change in BMI during the
course of the study. For each 1-unit increase in BMI, total, 
ischaemic and haemorrhagic stroke risk increased by 6%, and
after adjusting for hypertension this reduced to 4%. This was
unaffected by diabetes, alcohol consumption and smoking
status for total and ischaemic stroke, but the risk of haemor-
rhagic stroke remained increased by 6%. There is no equiva-
lent study in women; those studies that have been published
have shown variable and inconclusive results.

The mechanism by which obesity might mediate an in-
creased risk of stroke independent of associated hypertension
or diabetes remains to be established, but elevated inflamma-
tory markers, cytokines and pro-thrombotic factors observed
in obese subjects are all possibilities that might be involved 
in increasing the risk of acute vascular disease, including 
ischaemic stroke in obese people.

Obesity and congestive heart failure

Congestive heart failure is a major cause of morbidity and
mortality, whether manifested as predominantly systolic or
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diastolic heart failure. Given the ominous prognosis of this
condition, prevention of this disorder is now considered to be
a major medical health issue. The cardiac response to obesity is
characterized by left ventricular dilatation and hypertrophy,
which are known precursors to later congestive heart failure.
The progression from risk factor to heart failure has been
shown clearly in systemic hypertension (Levy et al., 1996;
Lloyd-Jones, 2002), in which pressure overload leads to con-
centric hypertrophy with early diastolic dysfunction and late
systolic dysfunction.

As in other disease processes linked with obesity, heart fail-
ure is complicated by coexistent other risk factors, which in-
clude not only hypertension and diabetes, but also sleep
apnoea. Patients with severe congestive heart failure are often
cachectic and this has the potential to complicate our under-
standing of a possible link between increasing adiposity and
congestive heart failure. Therefore, it is important to distin-
guish between obesity as a possible factor leading to heart fail-
ure and the effects of established heart failure on metabolism
and body composition.

Obesity has been identified as a risk factor for heart failure in
extremely obese patients and more recently this relationship
has been shown to hold for patients with less severe obesity (a
recently published report from the Framingham study by
Kenchaiah and co-workers (2002) in which 5881 subjects were
followed for a mean of 14 years). Criteria used to define over-
weight and obesity as well as those to define heart failure have
varied in previous studies. The authors excluded under-
weight subjects (BMI < 18.5 kg/m2) and used BMI to define
overweight (BMI = 25–29.9 kg/m2) and obesity (BMI
≥ 30 kg/m2). Presentation with an initial episode of heart fail-
ure was classified by a panel of three experienced cardiolo-
gists, using criteria previously used as part of the Framingham
Heart Study. Peripheral oedema, common in obese subjects
without heart failure, is only a minor criterion in this definition
in which this is only included if not attributable to another
cause.

Only 16% of the subjects in this study were obese; one-half of
the men and one-third of the women were overweight and 
extreme obesity (BMI ≥ 40) was rare (only eight men). After 
adjustment for known heart failure risk factors (mainly 
hypertension and diabetes, both of which increased with 
increasing BMI) there was an incremental increase in risk of
developing heart failure of approximately 5% for women and
7% for men for each increase of BMI by 1 kg/m2. Compared
with normal-weight women, overweight women had a 50%
increase in congestive heart failure risk and obese women had
a doubling of risk. In men, overweight analysed as a categori-
cal variable was associated with a 20% increase, and obesity a
90% increase in risk of congestive heart failure. Analysed as a
continuous variable, there did not appear to be a threshold of
effect of obesity on the risk of developing congestive heart fail-
ure in men or women.

From this study, based on an accepted normal study popula-

tion, obesity could be attributed as the cause of congestive
heart failure in approximately 11% of men and 14% of women.
The prospective nature of the study, demonstration of a pro-
gressive, stepwise increase in risk with increasing BMI and the
temporal relationship between documentation of obesity and
the subsequent development of heart failure are clearly
strengths of this study.

The ‘obesity paradox’ in congestive heart failure lies in the
observation that although obesity is a risk factor for the devel-
opment of heart failure among patients with heart failure,
those with a higher BMI have a better prognosis. Another fac-
tor that complicates our understanding of the relationship 
between adiposity and heart failure is OSA. As previously dis-
cussed, snoring and sleep apnoea occur commonly in obese
subjects and when such patients have a dilated cardiomyopa-
thy or left ventricular systolic dysfunction due to another fac-
tor such as coronary heart disease, the combination is an
adverse one (Malone et al., 1991; Wilcox et al., 1998b; Kaneko 
et al., 2003).

As a consequence of the development of congestive heart
failure, some patients develop periodic breathing and central
apnoeas (Cheyne–Stokes respiration) during sleep, and such
patients are typically normal or underweight, have worse sys-
tolic function, typically quite severe (left ventricular ejection
fraction < 20%) and have a worse prognosis than those with or
without OSA.

Exercise capacity or ‘fitness’ is a prognostic factor in patients
with heart failure and is independent of left ventricular sys-
tolic function. Patients with a lower maximal exercise capacity
(often measured as maximal oxygen uptake or V

.
o2 max) have a

worse prognosis. Although cachexia is a recognized adverse
prognostic factor in patients with heart failure, this relation-
ship persists even among patients who are not cachectic
(Davos et al., 2003).

Therefore, even in patients with established systolic heart
failure, fitness and fatness remain important prognostic fac-
tors, as they are present in obese people who have apparently
normal cardiac function. However, in heart failure, fitness and
fatness have discordant effects on prognosis, with fatness
being not only a predictor of risk of developing heart failure,
but also a marker of lower risk once heart failure develops.
Given the major burden imposed by congestive heart failure
on patients, their families and the community in general,
physicians increasingly understand the importance of inter-
vening to prevent the development of heart failure and obesity
needs to be understood in this context.

Effects of obesity on 
intra-abdominal pressure

Abdominal pressure can be measured in various ways and 
intravesical and rectal pressures correlate well with directly
measured intra-abdominal pressure. Increasing abdominal
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obesity not only increases intra-abdominal pressure signifi-
cantly, but also intrathoracic pressure and central venous, pul-
monary arterial and pulmonary venous pressure.

The effects of obesity on intra-abdominal pressure may be
an important factor contributing to cardiac, respiratory and
other consequences of obesity. Raised intra-abdominal pres-
sure is likely to be another factor causing breathlessness in
obese people and, for example, it partly explains why obese
subjects commonly develop marked increases in dyspnoea
with postural changes such as stooping or bending or lying
down in the prone or supine position.

Studies in dogs have shown that increasing intra-
abdominal pressure using an implanted balloon that was 
progressively inflated to a pressure of 25 mmHg resulted in 
elevated systolic and diastolic blood pressure in the systemic
circulation, which returned to baseline values 2 weeks after
balloon deflation (Bloomfield et al., 2000). These changes in
blood pressure occurred without changes in renin, aldos-
terone, natriuretic peptides or catecholamines, suggesting
that intra-abdominal pressure affects blood pressure by other
means and may be an independent factor contributing to ele-
vated blood pressures that are common in many, but not all,
obese subjects.

Elevated abdominal and thoracic pressure results in in-
creased cerebral venous pressure, and therefore increased 
intracranial pressure, and at least partly explains the associa-
tion of obesity with increased intracranial pressure in pseudo-
tumour cerebri (Sugerman et al., 1997).

Effects of obesity on lung function

Symptoms of breathlessness are a common complaint in over-
weight and obese subjects, and these may be cardiac or res-
piratory in origin or a combination of the two. General
deconditioning is not unusual in obese people and therefore
fitness, or rather lack of it, rather than ‘fatness’, may be an im-
portant factor in some patients with obesity and complaints of
effort intolerance.

Obesity has a number of effects on respiratory function,
which can interact with the effects of obesity on the heart and
circulation to cause breathlessness (Fig. 18.4). The distribution
of body fat in obese subjects has specific effects on heart and
lung function (Unterborn, 2001). Obesity influences upper air-
way reflexes, lung function and lung mechanics, and may af-
fect the central control of breathing primarily. Body posture is
an important modulating factor in obese people, which can be
critically important in sedated or sleeping obese subjects.

The effects of obesity on lung function include a reduction 
in forced expiratory volume at 1 sec (FEV1) and forced vital 
capacity (FVC), with a normal spirometric ratio (FEV1/FVC),
an increased residual volume and a normal diffusing capacity
for carbon monoxide (DLCO). Measurement of the DLCO can
be useful in distinguishing those obese patients who have

parenchymal lung disease. Complaints of wheezing and the
use of bronchodilator drugs are common in obese people, but
whether or not obesity is associated with airway hyper-
responsiveness has been controversial. A series of recent 
studies tends to support the view that although complaints of
asthma and the use of treatments for it are common in obese
people, objectively measured airway hyper-responsiveness is
not (Schachter et al., 2001; Sin et al., 2002).

The major effect on lung mechanics is a decrease in overall
compliance, mainly due to the effects of obesity on the chest
and abdominal wall rather than on the lungs as such. There are
also effects of obesity on upper airway tone and hence resis-

0 3 6 9 12 15 18 21
0

5

10

15

20

25

Years

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

 o
f 

h
ea

rt
 f

ai
lu

re
 (

%
)

(a)

No. at risk
Normal
Overweight
Obese

1729
955
493

1688
929
477

1634
880
448

1568
815
409

1477
757
372

1227
634
296

296
248
104

0 3 6 9 12 15 18 21
0

5

10

15

20

25

Years

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

 o
f 

h
ea

rt
 f

ai
lu

re
 (

%
)

(b)

No. at risk
Normal
Overweight
Obese

869
1378
457

822
1322
433

758
1254
403

690
1163
370

637
1071
342

512
871
276

105
171
51

Normal

Overweight

Obese

Normal

Overweight

Obese

Fig 18.4 Obesity and the risk of future congestive heart failure in (a) women

and (b) men. (From Kenchaiah et al., 2002.) Obesity was associated with an

increased risk of heart failure in both men and women, without evidence of a

threshold effect.



Chapter 18

278

tance, which add a mechanical load that increases the work of
breathing. Thus, healthy obese but eucapneic subjects can be
demonstrated to have increased work of breathing at rest.
Maximum voluntary ventilation can also be shown to be 
reduced.

Obesity leads to mismatch of blood flow and air flow in 
the lungs, resulting in an increased alveolar–arterial oxygen
(A-aO2) difference; this ventilation–perfusion mismatch, 
although present in the upright position, is worsened 
significantly when supine (Unterborn, 2001).

A proportion of obese people will progress to develop the
obesity–hypoventilation or ‘Pickwickian’ syndrome. The fac-
tors responsible for development of hypercapnic respiratory
failure in obese people are not entirely understood, but in 
the past the importance of OSA in combination with morbid
obesity with or without parenchymal lung disease has been
greatly underestimated (Piper and Sullivan, 1994).

Obesity, sleep-disordered breathing and
cardiorespiratory disease

Obesity is known to be associated with cardiovascular disease,
including systemic hypertension, pulmonary hypertension,
atherosclerosis and congestive heart failure. Understanding
the pathophysiological basis of this relationship is potentially
compounded by emerging knowledge of the importance of
the link between obesity, particularly central or upper body
obesity, and SDB, including sleep apnoea and hypercapnic res-
piratory failure.

Obesity is strongly linked with OSA as defined by ob-
structed breathing efforts typically associated with snoring,
and either partial (50% reduction in breathing amplitude —
hypopnoea) or complete apnoea for 10 s or more (Grunstein et
al., 1993). An apnoea–hypopnoea index of > 5/h has been used
to define ‘sleep apnoea’, and when associated with symptoms
of tiredness or sleepiness this is known as the ‘sleep apnoea

syndrome’. Only a minority of patients with sleep apnoea
have symptoms of sleepiness and not all patients who are
obese and who may snore have sleep apnoea.

The definition of sleep apnoea, based on these respiratory
parameters, has been empirical and almost certainly overly
simplistic. In making comparisons between the cardiovascu-
lar and respiratory consequences of SDB, it becomes clear that
the cardiovascular consequences of OSA are much more seri-
ous than the respiratory consequences, mainly hypercapnic
respiratory failure with/without associated lung disease
(‘overlap syndrome’).

The prevalence of OSA increases with age and obesity. 
Epidemiological studies have shown that OSA (apnoea–
hypopnoea index ≥ 5/h) affects up to 24% of men and 12% of
women between the ages of 30 and 65 years; the ‘OSA syn-
drome’ affects 4% of men and 2% of women in this age range.
Among morbidly obese people, the proportion who present
with OSA rises to approximately 50%. It is important to note
that obesity is less clearly related to OSAin older patients. Data
from the Sleep Heart Health Study (Young et al., 2002) showed
that OSAin older people (age > 60 years) was poorly predicted
by higher BMI, neck circumference, waist–hip ratio and self-
reported breathing pauses. The reason for the differences in
the SDB risk factors by age was not clear. However, it is clear
that OSA is a significant factor that interacts with obesity and
its cardiorespiratory consequences.

OSA is now established as a risk factor for systemic hyper-
tension during the day, as well as cyclical blood pressure and
heart rate fluctuations at night. This understanding is based on
animal and human studies that include cross-sectional and
prospective epidemiological studies and treatment trials
using nasal continuous positive airway pressure (nCPAP)
treatment. Human studies have shown that nCPAP eliminates
the nocturnal blood pressure changes and lowers daytime
blood pressure independently of other factors such as obesity
itself and antihypertensive drugs. The mechanism by which
OSA causes hypertension is not known, but increased periph-
eral sympathetic nerve activity has been shown to be present
night and day and to be reduced by nCPAP treatment (Hedner
et al., 1995; Narkiewicz et al., 1998). In rats, sympathetic block-
ade or adrenalectomy prevents the blood pressure increase in
response to repetitive hypoxia during sleep. There is also evi-
dence that beta-blockers are more effective antihypertensive
drugs in OSA (Kraiczi et al., 2000), providing additional 
support for the notion that the sympathetic nervous system 
is critically important for the development of systemic 
hypertension in OSA.

Sleep apnoea and pulmonary hypertension

Pulmonary hypertension is associated with OSA, occurring in
20–40% of patients; although this is typically mild to moderate
in severity, it can be severe. The prevalence of pulmonary 
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Fig 18.5 Cardiorespiratory factors contributing to dyspnoea in obesity. 
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hypertension in OSA is increased by increasing obesity and 
by the presence of parenchymal lung disease such as chronic
obstructive pulmonary disease.

Evidence in favour of a causal relationship includes obser-
vation of pulmonary hypertension in animals exposed to
repetitive hypoxia, regression of pulmonary hypertension in
children with OSA due to enlarged tonsils and adenoids, and
some studies of the effect of treatment of OSA with nCPAP in
human subjects.

Given what is known about the relationship between in-
creasing obesity and OSA, approximately 50% of morbidly
obese subjects would be expected to have OSA, and approxi-
mately 25% of these subjects would have pulmonary hyper-
tension, or at least 1 in 10 morbidly obese subjects overall
unselected for a history of snoring or sleep apnoea.

Summary

Obesity has a plethora of effects on the heart, circulation, respi-
ratory function and sleep, which combine to reduce quality
and length of life for the obese individuals who form an ever-
increasing proportion of the population, particularly in more
industrially developed nations. In considering the cardiovas-
cular effects of obesity, it is clearly important to understand the
respiratory effects of obesity, given the physiological impor-
tance of these heart–lung interactions. In addition, increasing
recognition of snoring and sleep apnoea among obese subjects
(especially those with abdominal or visceral fat distributions)
presents an opportunity to advance our understanding of the
circadian health consequences of obesity and offers new op-
portunities to intervene to improve it. The fact that many dif-
ferent cardiovascular risk factors ‘cluster’ together in obese
subjects enables these to be identified more readily and, more
importantly, modified.
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Introduction

England and Scotland together have one of the fastest growing
obesity rates in the world. Women of the reproductive age
group are also susceptible to the epidemic of obesity as the
rates of childhood obesity increase. Furthermore, women 
are having children when they are older when they are more
likely to be obese. Of 287 213 singleton pregnancies in the
North West Thames (London) area, 27.5% of the women had a
body mass index (BMI) of 25–29.9 and 10.9% had a BMI > 30.
Obesity carries significant health consequences for fertility
and pregnancy outcome with increased perinatal morbidity
and mortality, as well as increased costs for the health service.

Obesity and fertility

The effects of obesity on fertility are detailed below.

Nutrition and ovarian function

Nutritional status has a considerable influence on female re-
production. In most mammals this is a means of ensuring that

the pregnant mother and her newborn have access to enough
food to maximize the chances of survival. Not only is being 
underweight associated with amenorrhoea as with anorexia
nervosa through hypothalamic mechanisms, but also obesity
is associated with anovulation. In obesity, the mechanisms of
anovulation are complex, involving both peripheral and cen-
tral pathways.

Body fat and body fat as a percentage of total weight are im-
portant to ovulation; however, polycystic ovaries have an ef-
fect additional to that of obesity. The term polycystic ovaries
refers to the typical ovarian morphology — enlarged ovaries
with increased stroma and increased follicle number. Poly-
cystic ovary syndrome (PCOS) is conventionally defined as
the combination of hyperandrogenism (hirsutism and acne)
and anovulation (oligomenorrhoea, infertility and dysfunc-
tional uterine bleeding) with polycystic ovaries on ultrasound
scanning (Franks, 1989). The aetiology of polycystic ovary and
PCOS appears to be genetic, with environmental precipitants.

Obesity is a common feature, occurring in 35–40% of cases of
PCOS (Franks, 1989). It is not clear whether obesity acts to 
amplify the effects of PCOS or whether the mechanisms of 
obesity and the aetiology of PCOS are linked. Obese women
presenting with PCOS are more likely to have menstrual 
disturbance and more likely to be hirsute than lean PCOS
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women. Total testosterone and luteinizing hormone are simi-
lar in the two groups (Kiddy et al., 1990). But sex hormone-
binding globulin concentrations (SHBG) are lower in obese
women. SHBG levels were inversely correlated with BMI in
PCOS women and control subjects, the values being lower in
PCOS women. Insulin may be the factor that links the SHBG 
and obesity, and hyperinsulinaemia may be related to the
anovulation in these women. Indeed, hyperinsulinaemia and 
insulin resistance may be the final common pathway by which
anovulation occurs in women with obesity or in women with
PCOS.

Hyperinsulinaemia and obese 
polycystic ovary syndrome

Hyperinsulinaemia and insulin insensitivity are well-
recognized features of uncomplicated obesity (see Chapter 8),
although the primary abnormality is unknown.

Women with polycystic ovaries are hyperinsulinaemic
(Dunaif et al., 1987; Mahabeer et al., 1989) but, unlike type 2 
diabetes, this is associated with a normal proportion of split
proinsulin and concentrations of specific insulin are signifi-
cantly elevated (Conway et al., 1993; Robinson et al., 1993a).
Women with polycystic ovaries are more insulin resistant than
weight-matched control women, the obese PCOS women hav-
ing a degree of insulin insensitivity similar to that found in
type 2 diabetes (Dunaif et al., 1989). The hyperinsulinaemia is
associated with insulin resistance in terms of glucose and lipid
metabolism (Robinson et al., 1996). Oligomenorrhoeic PCOS
women, but not PCOS women with regular menstrual cycles,
are more insulin resistant than weight-matched control
women (Robinson et al., 1993b). Menstrual dysfunction does
not appear to affect insulin sensitivity. Amenorrhoea due to
suppression of the pituitary–ovarian axis does not alter in-
sulin levels or action (Geffner et al., 1986). It seems more likely
that hyperinsulinaemia and/or insulin resistance contributes
to menstrual disturbance.

Weight loss following calorie restriction in obese PCOS sub-
jects is associated with improvement in ovulatory function
and a reduction in insulin concentrations (Kiddy et al., 1990).
The reduced hyperinsulinaemia precedes improved ovula-
tory function (Kiddy et al., 1992). The common occurrence 
of insulin resistance in PCOS and the link between 
hyperinsulinaemia and PCOS provide the rationale for the use
of insulin-sensitizing agents in the treatment of PCOS. The
clinical relationship of insulin and ovarian action would seem
to be in accord with in vitro experiments demonstrating that in-
sulin augments luteinizing hormone-driven oestrogen secre-
tion from granulosa cells (Willis et al., 1996). The interaction of
gonadotrophin and insulin action on the ovaries is summa-
rized by Franks and colleagues (2000). Insulin resistance is
usually measured in terms of glucose effect. The possibility 
exists therefore that insulin action on ovarian function is not
influenced by insulin insensitivity in other tissues.

Metformin and obesity

Metformin has been used in several studies in PCOS women
(summarized in Table 19.1). Although some biochemical para-
meters improve in women who use metformin, there has not
been a clear benefit in terms of ovulation or hirsutism. Atrial of
metformin may well be used on an individual basis. Diarrhoea
and gastrointestinal upset were reported in 10–40% of PCO
subjects (Moghetti et al., 2000; Pasquali et al., 2000). Metformin
has been shown to improve insulin secretion in obese PCOS
women (Nestler and Jakubowicz, 1997). A recent meta-
analysis has shown metformin treatment to be associated 
with improved ovulation rates. However, the authors also
concluded that better ovulation rates could be achieved by
weight loss.

Leptin and ovulation

Increased leptin concentrations are found in obesity. Leptin is
secreted by white adipocytes acting on the hypothalamus to
influence energy intake and energy expenditure (see Chapter
3). Reduced leptin during undernutrition is associated with
decreased satiety and decreased energy expenditure. De-
creased leptin concentrations are associated with anovulation,
a mechanism of reducing the chance of pregnancy when calo-
rie stores are low. The physiological role of the high level of
leptin found in obesity is probably limited. PCOS subjects, 
especially obese women, have increased leptin concentrations
(Muhittin et al., 2002).

Energy expenditure in obese 
polycystic ovary syndrome

Total energy expenditure can be considered to have 
three main contributors: resting energy expenditure (REE), 
exercise and thermogenic activities such as postprandial 
thermogenesis (PPT) (see Chapter 6). PPT is believed to 
have an obligate and facultative component and the latter 
may be reduced in obese and pre-obese subjects, although
there is considerable debate about this point. PPT and 
REE have been measured in women with PCOS and 
compared with weight-matched control subjects (Robinson et
al., 1992). The REE was similar in PCOS subjects and control
subjects, but PPT was reduced in women with PCOS. PPT 
correlated negatively with insulin sensitivity in the women
with PCOS but not in the control group. The association 
between glucose-induced thermogenesis and insulin 
resistance has been demonstrated in a large group of subjects
(Camastra et al., 1999). Reduced PPT may predispose to 
obesity although the obese woman clearly has an increased 
energy intake compared with the lean woman by virtue of 
increased lean body mass. Reduced PPT may be a marker for
an associated reduction of satiety acting at a hypothalamic
level.



Adult obesity: fertility

283

Pregnancy

The effects of obesity on pregnancy are discussed below.

Maternal body composition

The weight gain of the maternofetal unit is a function of the 
accumulated energy stores and the energy required to main-
tain these stores (Hytten and Leitch, 1971). Protein and fat are
accumulated through pregnancy, whereas the increased lean
body mass demands an increase in resting energy expendi-
ture. There is also an increase in PPT associated with the in-
creased energy intake. In order to measure the fat stores and to
facilitate assessment of basal metabolic rate per unit lean body
mass, body composition has been measured. The measure-
ment of body composition should allow for the increase in
water content of lean tissue during pregnancy, from 72.5% at
10 weeks to 75% at 40 weeks’ gestation (van Raaij et al., 1988).
Two whole-body methods combined give the best estimate of
fat gained during pregnancy (Prentice et al., 1996), with an 
average total fat gain of 3.0 kg by late pregnancy and a gain in
maternal fat stores of 2.6 kg.

The total energy needs of pregnancy amount to 360 MJ or
about 1.2 MJ/day (Hytten and Chamberlain, 1980). This was
later modified (Hytten, 1991) and gives values of a 2.7-kg in-
crease in fat stores for a pregnancy in which the weight gain
was 12.4 kg with a baby delivered of 3.3 kg. The extra require-
ments of energy through pregnancy are not equal to the in-
creased energy intake of normal pregnancy and there is a large
field of work on why this should be the case.

Basal metabolic rate (BMR) or resting metabolic rate (RMR)
has been measured in several longitudinal studies. There were
differences in the developed compared with the developing
world; this review will concentrate on the ‘developed’ world.
In a serial study using 24-h calorimetry, it was concluded that
there were highly characteristic changes with each subject and
large intersubject differences (Prentice et al., 1989). Lean
women tended to have a decrease in BMR early in pregnancy
before the rise beyond 20 weeks’ gestation, whereas women
with an increased BMI and increased fat mass showed an in-
creased basal metabolic rate from the beginning of gestation.
The energy maintenance costs of pregnancy were strongly cor-
related with the degree of fat mass of the women before they
became pregnant (r = 0.72) and the weight gained during preg-
nancy (r = 0.79) (Prentice et al., 1996).

Table 19.1 Summary of studies of metformin use in PCOS. NA, not applicable; TDS, three times daily.

Authors Design Patient no Metformin, Insulin BMI Testosterone Ovulation Menstrual
treatment: dose, resistance rate loss
controls duration

Chou et al. (2003) Randomized 32 (15:17) 500 mg, TDS, No change No change Decrease NA No change

double-blind 3 months

placebo

Vandermolen et al. Randomized 28 500 mg, TDS, No change No change No change Increase NA

(2001) double-blind 7 weeks

placebo

Kolodziejczyk et al. Observational 39 500 mg, TDS, Decrease Decrease NA NA Increased

(2000) 3 months cycle length

Moghetti et al. (2000) Randomized 23 500 mg, TDS, Decrease No change NA NA No change

double-blind 6 months

placebo

Pasquali et al. (2000) Double-blind 40 (20:20) 850 mg, BD, Decrease Decrease NA NA Increased

6 months frequency

Unluhizarci et al. (1999) Observational 17 500 mg,TDS, Decrease No change Decrease NA NA

4–5 weeks

Morin-Papunen et al. Observational 20 500 mg, TDS, Decrease No change Decrease NA Increased

(1998) 4–6 months cycles

Nestler et al. (1998) Randomized 61 500 mg, TDS, Decrease No change No change NA NA

placebo 4–5 weeks

Ehrman et al. (1997) Observational 20 850 mg, TDS, No change No change No change NA NA

3 months
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Diet-induced thermogenesis (DIT) and PPT have been stud-
ied in pregnancy. This is the increment in energy expenditure
after consumption of a meal. Two studies have demonstrated
no change in DIT during pregnancy (Nagy and King, 1984;
Spaaij et al., 1994). Two other studies have demonstrated 
decreased PPT during pregnancy (Illingworth et al., 1987;
Robinson et al., 1993a). The latter study also demonstrated the
reduction in PPT to correlate with the degree of insulin insen-
sitivity during normal pregnancy. There has been no specific
study of obesity and PPT in pregnancy, but obese women are
more insulin resistant, consistent with reduced PPT found in
other settings (Camastra et al., 1999).

The thermogenic response to weight-bearing or non-
weight-bearing exercise appears to change little during preg-
nancy. Energy intake is difficult to establish, although there 
is little evidence for increased error in longitudinal studies
through pregnancy. Prentice and colleagues (1996) conclude
that an energy intake increment of between 0.3 and 0.5 MJ/day
is needed, representing 84–140 MJ through pregnancy. The 
increased intake does not meet the increased energy needs.

Metabolism during normal and obese pregnancy

Normal pregnancy is characterized by significant changes to
intermediary metabolism wherein insulin resistance appears
to play a central role. Fasting blood glucose levels are decreased
in normal pregnancy, reaching a nadir at 12 weeks’ gestation
and remaining at this level until term. The mechanism for this is
uncertain. It does not appear to be related to fetal demand (the
fetus weighs 16 g at 12 weeks) or to changes in insulin concen-
tration. Plasma glucose excursions around the fasting level are
not great after food until the third trimester and cumulative
glucose concentrations over 24 h have been reported to be
slightly increased (Cousins et al., 1980) or decreased (Gillmer
et al., 1975) compared with non-pregnant levels.

After a glucose load, peripheral glucose uptake is enhanced
in insulin-sensitive tissues (largely skeletal muscle), whereas
hepatic glucose production is suppressed. During pregnancy,
compared with the same postpartum women, the peak 
glucose concentration was increased by approximately
0.5 mmol/L and delayed, from 30 to 60 min (Lind, 1975). 
No data are available for obese pregnant women. In the 
non-pregnant state, however, obesity is associated with 
similar post-glucose load plasma glucose concentrations to
lean subjects, but insulin concentrations are increased.

Fasting plasma insulin levels increase through pregnancy
but these changes do not occur at the same stage of pregnancy
as the decrease in glucose concentrations. This would seem to
preclude any cause and effect relationship between the two
unless insulin sensitivity is also changing and the pancreatic b-
cell glucostat is set at a different level (Lind et al., 1973; Kuhl
and Holst, 1976). For a given glucose challenge, the pregnant
woman is stimulated to produce more insulin so that plasma
insulin concentrations may be double those observed in the

non-pregnant (Lind, 1975; Freinkel, 1980). A cohort of obese
women [>150% ideal body weight (IBW), roughly equivalent
to BMI of 33 kg/m2] have been studied through pregnancy
(Kalkhoff et al., 1988). The same pattern of changes in plasma
glucose and hyperinsulinaemia was seen compared with a
non-obese control group.

Obese premenopausal women are insulin resistant com-
pared with non-obese control women (Ludvik et al., 1995). 
Uncomplicated pregnancy is an insulin-resistant state,
demonstrated by the euglycaemic clamp (Ryan et al., 1985) 
intravenous glucose tolerance test with minimal modelling
(Buchanan et al., 1990) and the short insulin tolerance test
(Robinson et al., 1993a).The insulin resistance of pregnancy is
associated with a lower apparent volume of distribution for
insulin and decreased insulin clearance (Jolly et al., 2003). The
importance of this for insulin resistance in pregnancy is not
clear. The insulin resistance is more marked in obese women
before and during otherwise uncomplicated pregnancy, but
the effects of the increased insulin resistance are unknown.

Glucose turnover in pregnant women has been assessed
with non-radioactive stable isotopes (Kalhan et al., 1979). The
isotopic enrichment of a glucose tracer primed infusion
method allows the calculation of systemic glucose production
or hepatic glucose output. Although one would expect hepatic
glucose output to be similar in obese and lean pregnant
women, there are no data regarding this. Hepatic glucose out-
put is not elevated in subjects with type 2 diabetes until the
fasting plasma glucose is greater than 8 mmol/L (DeFronzo,
1988).

Non-esterified fatty acid (NEFA) concentrations are vari-
able in non-pregnant normal subjects and the length of fasting
has a major influence. There is no agreement in the literature as
to whether post-absorptive NEFA concentrations are altered
in normal pregnancy. NEFA levels rise more quickly in 
pregnant women fasting from 12 to 18 h compared with 
non-pregnant control women (Metzger et al., 1982).

Triglyceride levels fall in early pregnancy and then rise to
term; by the third trimester of pregnancy, there is a two- to
threefold increase in plasma triglyceride (Herrera et al., 1987).
There are lesser increases in cholesterol concentrations. Very
low-density lipoprotein (VLDL), low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) all show increased
concentrations in normal pregnancy. VLDL and IDL levels are
increased but compositionally unchanged (Warth et al., 1975).
Triglyceride rises more than cholesterol and phospholipid in
LDL and HDL. Cholesterol levels rise through pregnancy
mainly as LDL-cholesterol. HDL-cholesterol levels peak in
mid-pregnancy then fall towards term. The hypertriglyceri-
daemia probably is a result of three factors. Increased adipose
tissue lipolysis, related to insulin insensitivity, enhances
NEFA delivery to the liver and contributes to the increased
VLDL (Kissebah et al., 1982).

Maternal hyperphagia and unmodified lipid absorption
from the gut lead to increased chylomicron concentrations.



Adult obesity: fertility

285

Reduced lipoprotein lipase activity, especially in adipose tis-
sue, means there is reduced capacity for triglyceride removal
(Herrera et al., 1987). Maternal hypertriglyceridaemia is pre-
sent in the second and third trimesters of normal pregnancy,
and is associated with the degree of maternal insulin resis-
tance (Robinson et al., 1993a). Maternal BMI correlates with
triglyceride concentrations (r = 0.58, P < 0.01) in the second
trimester but this association is lost in the third trimester.

Obese pregnant women had increased concentrations of
branched-chain amino acids compared with lean pregnant
control women (Felig et al., 1969). During normal pregnancy,
total plasma amino acid concentrations decrease compared
with non-pregnant women (Kalkhoff et al., 1988). During the
second trimester of non-diabetic pregnancy, total amino acid
concentrations were reduced in obese women compared with
the lean group. There was no significant difference in total
amino acid concentrations during the third trimester, but histi-
dine concentrations were increased in the obese women. Al-
though there are several studies of protein turnover in normal
pregnancy using stable non-radioactive tracers (Thompson
and Halliday, 1992), there are no specific studies of the effects
of obesity. One would predict that the insulin resistance of 
normal pregnancy would be associated with increased amino
acid turnover and this would be further elevated in insulin-
resistant obese women.

Fetal growth

Glucose has been believed to be the main fuel for fetal growth
(Fig. 19.1) (Ginsberg and Cramp, 1977). Although other fuels
are now believed to be important, the relative caloric load to
the fetus from glucose, fat and protein is unknown (Sheath et
al., 1972; Kalkhoff et al., 1988; Knopp et al., 1992). Increased

serum triglyceride concentrations in the mother were thought
to be an indicator of the increased importance of maternal lipid
oxidation, sparing carbohydrate and protein for fetal use
(Warth et al., 1975). Furthermore, the propensity for ketosis 
is more rapid and profound in the post-absorptive state than in
non-pregnant women and the term ‘accelerated starvation’
was coined to describe these changes (Metzger and Freinkel,
1987). It was suggested that the increased ketone body and 
free fatty acid concentrations in the post-absorptive state 
represent increased oxidation by the mother of these metabo-
lites, and that this more rapid adjustment to fat catabolism 
allows glucose to be spared for transplacental transfer. The
other side of this process was said to be ‘facilitated anabolism’.
The increased postprandial rise in glucose and other fetal fuels
was hypothesized to be a mechanism for promoting fetal
growth.

Maternal regional adiposity is also associated with fetal
growth. The influence of regional distribution of fat on new-
born size was investigated in a sample of 702 women whose
preconceptual nutritional characteristics were recorded. Each
0.1 unit increase in pregravid waist–hip ratio predicted a 120-g
greater birth weight, a 0.51-cm greater length and a 0.3-cm
greater head circumference (Brown et al., 1996).

In the placenta of the guinea pig, which is haemochorial and
therefore similar to the human, hydrolysis of maternal triglyc-
eride in very low-density lipoprotein (VLDL) liberates NEFA
in the placental bed and is potentially a major fetal fuel
(Thomas, 1987). In support of this hypothesis is the observa-
tion that maternal triglyceride concentrations measured in the
second trimester correlate better with fetal birth weight than
does maternal glucose (Knopp et al., 1992; Nolan et al., 1995).

Fetal macrosomia will be discussed under the effects of obe-
sity on pregnancy.

Hyperglycaemia

Placental lipase

Elevated VLDL-TG Increased protein turnover

Maternal insulin resistance/hypoinsulinaemia

Glucose

Maternal

Placenta

Fetal

NEFA Amino acids

Fetal
pancreas

Fetal adiposity Hyperinsulinaemia

Fig 19.1 This illustrates the Pederson hypothesis

whereby maternal insulin resistance or insulin

secretion deficit leads to maternal

hyperglycaemia. The maternal glucose crosses

the placenta into the fetal circulation, stimulating

the fetal pancreas to secrete more insulin. This

renders the fetus hyperinsulinaemic in addition to

hyperglycaemic. Increased amino acid delivery to

the fetus, also related to reduced maternal insulin

effect, also drives fetal hyperinsulinaemia.

Triglyceride does not directly cross the placenta

but NEFAs liberated by placental lipase can and

do cross. This fuel source can calibrate fetal

adiposity but not hyperinsulinaemia.
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The effects of obesity

The adverse consequences of obesity in pregnancy can be 
divided broadly into maternal complications and fetal com-
plications. The complications of maternal obesity are shown 
in Table 19.2.

Maternal complications

The following complications may arise.

Gestational diabetes and pregestational diabetes

Gestational diabetes has an incidence of 14–25% in pregnan-
cies complicated by obesity (Table 19.2). Maternal diabetes is
associated with an increased incidence of fetal macrosomia,
polycythaemia, intrauterine death, birth trauma and neonatal
hypoglycaemia. In the medium term, the infant may have 
developmental delay (Rizzo et al., 1991). In the long term 
there may be metabolic complications for the offspring of the
diabetic mother as adults in terms of obesity or early diabetes
(Pettitt et al., 1983; 1988). The mothers have an increased risk of
birth trauma due to the macrosomic infant and have an in-
creased chance of developing type 2 diabetes in later life.

Gestational diabetes mellitus (GDM) can be defined as dia-
betes first discovered during pregnancy; it usually remits after
pregnancy but this is not required to make the diagnosis. The
increased incidence of GDM in obese pregnant women has
been ascribed to increased insulin resistance combined with
an insulin secretory deficit. Increasing BMI is associated with
insulin insensitivity in normal pregnancy (Robinson et al.,
1993a). As there is considerable evidence that GDM precedes
type 2 diabetes (O’Sullivan, 1984; Dornhorst et al., 1990) these
women probably represent a subset of insulin-resistant
women who have inadequate insulin secretion in the face of
insulin resistance. That being the case, the increased preva-
lence of obesity in women with GDM may represent a com-
bined predisposition to both obesity and type 2 diabetes rather
than obesity increasing the risk of type 2 diabetes per se.

The prevalence of diabetes in pregnancy, mostly gestational
diabetes, with maternal obesity was found to be 10.6% com-
pared with 2.8% in lean women (Edwards et al., 1978). When
obesity is defined as 135% or more of IBW the relative risk for
GDM is 6.57 (Abrams and Parker, 1988).

The logical treatments of obesity and gestational diabetes
are not clear as there are no randomized studies of diet treat-
ment in obese subjects with or without GDM. Maternal obesity
and excessive weight gain in pregnancy are associated with
fetal macrosomia and treatment should be directed to avoid
this (Boyd et al., 1983), although the long-term outcome of such
treatment is unknown. The US Institute of Sciences has made
recommendations for weight gain during pregnancy, includ-
ing obese women (BMI > 26–29) of 7.0–11.5 kg. This is not the

practice of the authors: many UK units observe good outcome
with mothers gaining less than 6.8 kg (Pimblett, 1996).

Total energy intake is crucial in pregnancy complicated by
diabetes or obesity. Women with gestational diabetes are often
treated with energy restriction. In a trial of hypocaloric diets
for women with gestational diabetes, women gained a mean of
2 kg from 28 weeks’ gestation (Dornhorst et al., 1991). The inci-
dence of macrosomia was reduced to that of the general popu-
lation when no infant was small for gestational age. Maternal
ketosis should be avoided as this may be detrimental to the
fetus (Rizzo et al., 1991). When the maternal energy intake was 
restricted to 5.02 MJ/day, improved glycaemic control was 
accompanied by increased maternal ketonaemia (Magee et al.,
1990). However, when energy was restricted to 6.92 MJ/day,
there was an improvement in glycaemic control with reduced
triglyceride levels, which was not accompanied by increased
maternal ketonaemia (Knopp et al., 1991). Women with pre-
existing type 1 or type 2 diabetes (most of whom will need 
insulin before and during the pregnancy) will have dietary
prescriptions on the basis of their weight. Hypoglycaemia can
be a problem, especially in the first trimester, and the dietary
prescription should take this into account. Insulin treatment of
gestational diabetes is required more often in obese women
than in lean women (Comtois et al., 1993). Exercise is a useful
adjunct to dietary management of gestational diabetes and 
has been shown to improve glycaemic control (Jovanovic-
Peterson and Peterson, 1991).

Most would recommend a diet high in complex carbohy-
drate, around 50% of the total energy intake. This should also be
combined with an effort to reduce refined carbohydrate 
although moderate amounts of sucrose are not harmful. 
Soluble fibre reduces glucose and triglycerides but this has not
been specifically tested in the obese woman with diabetes. Most
women in the UK consume more than the recommended 51 g of
protein per day prior to pregnancy. There is a theoretical con-
cern that excessive protein restriction could lead to fetal insulin
resistance/insulin secretion programming for that infant as an
adult and increase the likelihood of adult diabetes (Hales and
Barker, 1992). Protein restriction should therefore be avoided.

Hypertensive disorders of pregnancy

The relationship between essential hypertension and obesity
in non-pregnant subjects is well recognized (Kannel et al.,
1967). Hypertension during pregnancy may be pre-existing or
pregnancy associated; the two conditions are not entirely sep-
arate and the studies do not always differentiate them. Pre-
eclampsia has an incidence of 6–14% (Bianco et al., 1998; Beaten
et al., 2001; Kumari, 2001).

The prevalence of hypertension in severely obese preg-
nant women varies between 5% and 66% (Edwards et al., 1978;
Gross et al., 1980; Garbaciak et al., 1985; Abrams and 
Parker, 1988). The relative risk of hypertension (compared to a
lean control group) is 4.49 when obesity is defined as a BMI
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>33 kg/m2 (Abrams and Parker, 1988) and 8.70 (Garbaciak
et al., 1985) and 2.42 (Edwards et al., 1978) when obesity is 
defined as a BMI >37 kg/m2 .

In a Swedish population, hypertensive disease among nulli-
parous women was 2.8% in lean women compared with 10.2%
in obese women (Cnattingius et al., 2001). In a multiethnic UK
population, the relative risk of pre-eclampsia was 1.44 in an
overweight group and increased to 2.14 in an obese group 
(Sebire et al., 2001).

Infections

Women with a BMI of 30 or more have two to three times more
postoperative infections than thinner women (Myles et al.,
2002). Urinary tract infections (UTIs) include urethritis, cysti-
tis and pyelonephritis. The relative risk of UTI in mild obesity
is 1.42 (Abrams and Parker, 1988). Some (Garbaciak et al., 1985;
Abrams and Parker, 1988; Sebire et al., 2001), but not all 
(Edwards et al., 1978) workers have found a further increase in

Table 19.2 Various pregnancy complications of maternal obesity are illustrated, categorized according to BMI 20–25, 25–30 and  >30. For each BMI, the

proportion of women having a particular complication is shown. The odds ratio is given numerically and graphically, with BMI 20–25 defined as OR = 1.

Graphical representation of previous column

BMI Proportion OR (99% CI)

Antenatal complications
Gestational diabetes 20–25 0.75

25–30 1.70 1.68 (1.53–1.84)

>30 3.50 3.6 (3.25–3.98)

Pre-eclampsia 20–25 0.70

25–30 0.97 1.44 (1.28–1.62)

>30 1.43 2.14 (1.85–2.47)

Maternal complications
Wound infection 20–25 0.39

25–30 0.59 1.27 (1.09–1.48)

>30 1.34 2.24 (1.91–2.64)

Urinary tract infection 20–25 0.69

25–30 0.84 1.17 (1.04–1.33)

>30 1.10 1.39 (1.18–1.63)

Pulmonary embolism 20–25 0.04

25–30 0.07 1.41 (0.91–2.19)

>30 0.08 1.48 (0.82–2.69)

Delivery complications
Induction of labour 20–25 15–26

25–30 19–24 1.27 (1.23–1.30)

>30 24.65 1.70 (1.64–1.76)

Emergency caesarean section 20–25 7.83

25–30 10.25 1.30 (1.25–1.34)

>30 13.40 1.83 (1.74–1.93)

Postpartum haemorrhage 20–25 10.38

25–30 13.19 1.16 (1.12–1.21)

>30 17.07 1.39 (1.32–1.46)

Neonatal complications
Birth weight >90th centile 20–25 9.03

25–30 13.41 1.57 (1.50–1.64)

>30 17.46 2.36 (2.23–2.50)

Admission to SCBU >24 h 20–25 5.14

25–30 5.52 1.22 (1.16–1.28)

>30 6.48 1.34 (1.25–1.44)

Breast-feeding 20–25 65.5

25–30 60.3 0.86 (0.84–0.88)

>30 50.1 0.58 (0.56–0.60)

0.5 1.0 1.5 2 3 4
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the incidence of UTI in severely obese women during preg-
nancy. Wound infections are also more common in obese
women (Sebire et al., 2001).

Anaemia

Anaemia is less common in obese non-pregnant women than
in lean women (Rimm et al., 1975); this may be related to
oligomenorrhoea and therefore reduced menstrual blood loss
prior to conception. Obese pregnant women also have a re-
duced prevalence of anaemia. It is not clear whether this re-
lates to obese women starting pregnancy with more iron stores
than lean women (Edwards et al., 1978; Garbaciak et al., 1985;
Abrams and Parker, 1988). The relative risk for anaemia in 
severely obese pregnant women is between 0.56 and 0.72.

Thromboembolic disease

Thromboembolic disease is rare in pregnancy, therefore large
studies are required to have the power necessary to demon-
strate any increase in prevalence. In a study of the North West
Thames area of London, the prevalence of thromboembolism
was 0.05% in a normal-weight population compared with
0.06% in moderately obese women, but 0.12% in the very obese
group [odds ratio (OR) 1.60, 1.01–2.56, P < 0.001], with smok-
ing being included in the regression model (Sebire et al., 2001).
Thromboembolism in pregnancy is most likely to occur post
partum and obesity is a major risk factor. In the most recent
Confidential Enquiry into Maternal Deaths in the United
Kingdom (1997–1999), there were 35 deaths from thromboem-
bolism; risk factors were present in 25 out of the 35 and 13
women were overweight. Obese women undergoing caesare-
an section should receive thromboembolic prophylaxis in the
form of early mobilization, compression stockings and pro-
phylactic heparin where necessary.

Mode of delivery and postpartum complications

An increased rate of induction of labour has been reported in
obese women compared with normal-weight women (Gross
et al., 1980; Sebire et al., 2001), whereas the duration of labour
and percentage of instrumental deliveries are the same. The
caesarean section rates are increased in obese women and in-
clude both emergency and elective caesarean sections with 
a 1.15- to 3-fold increase over the rates in lean women 
(Bianco et al., 1998; Sebire et al., 2001). In three US studies, the
non-obese caesarean section rate was between 8.6% and 13.3%
(Edwards et al., 1978; Garbaciak et al., 1985; Abrams and 
Parker, 1988). In moderately obese women, the caesarean sec-
tion rate was 12.4–16.9%, rising to 11.0–21.5% in the very obese
group. Reasons for increased caesarean section rates in the
obese women included macrosomia-associated cephalopelvic
disproportion, fetal distress and slow progress of induced
labour (Galtier-Dereure et al., 1995). For morbidly obese

women (mean BMI 57.2 ± 9.2) who are attempting a successful
vaginal delivery after a previous caesarean section, vaginal
delivery is 13%, which is significantly lower than the quoted
success rate of 70–80% in a leaner population (Chauhan et al.,
2001). Endometritis is also more common in obese women
post caesarean sections but tends to follow the emergency 
operations. Prophylactic antibiotics is routine practice for
women undergoing surgical delivery in many obstetric units.

Breast-feeding

Maternal obesity appears to be associated with a reduction in
breast-feeding (Donath and Amir, 2000; Sebire et al., 2001; Li
et al., 2003). Matched records from the Paediatric Nutrition Sur-
veillance System and the Pregnancy Nutrition Surveillance
System from seven US states were obtained over the period
1996–1998. Maternal characteristics were identified and
women who were obese (BMI > 29) before pregnancy breast fed
for ~2 weeks less than pre-pregnancy normal-weight subjects.
Those women who failed to reach the recommended weight
gain during pregnancy, and those who exceeded the recom-
mended gestational weight gain, breast fed for 1 week less than
those who gained the recommended weight (Li et al., 2003).
Other significant risk factors were identified for failure to initi-
ate breast-feeding: these included low infant birth weight,
smoking, late introduction of prenatal care and poverty. 
Although there may be an association between obesity and
poor breast-feeding practices, the mechanisms are unclear.
Poor milk production, mechanical difficulties of breast-feeding
and psychological factors have been suggested but were not as-
sessed in this study. Further studies are required to test the
mechanisms of poor breast-feeding practices in obese women.

Weight gain of pregnancy

Normal pregnant women gain a mean weight of 10–12 kg dur-
ing their pregnancy. Women with severe obesity (> 37 kg/m2

pre-pregnancy weight) had a higher prevalence of low weight
gain (5.5 kg) during pregnancy (31.2%) than to a non-obese
control group (4.3%) (Edwards et al., 1978). Women weighing
over 90 kg were more likely to have low weight gain than 
those mothers weighing less than 90 kg (Gross et al., 1980).
However, it is not clear whether this low weight gain can be 
labelled inadequate, and the optimal weight gain in obese
women is therefore controversial. The Institute of Medicine
recommends a minimum of 6.8 kg, even for massively obese
women to improve fetal outcome (Institute of Medicine, 1990).
A randomized trial looking at low-fat eating in pregnancy, in
an attempt to uphold these recommendations, also incorpo-
rated educational interventions and exercise programmes. 
Although the intervention seemed to have some benefit in 
normal-weight women there was no significant benefit in
overweight women (Polley et al., 2002).

Although many clinicians would treat maternal obesity and
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gestational diabetes with energy restriction, formal random-
ized control trials of maternal calorie restriction on maternal
and fetal outcome are required. Certainly, the meals should be
spread through the day to avoid ketosis.

Long-term effect of pregnancy on 
maternal obesity

Many women attribute long-term weight gain to a previous
pregnancy. In a study of 7000 women who had two pregnan-
cies within 6 years, a weight gain of 9 kg in the first pregnancy
had a significant effect on body weight prior to the second
pregnancy. Therefore, weight gain in excess of 9 kg during
pregnancy is more likely to be retained after pregnancy
(Greene et al., 1988). There is a strong association between
weight gain in pregnancy and postpartum weight retention
(Polley et al., 2002). Aweight gain of 10 kg is statistically associ-
ated with best fetal outcome, but those data are based on the
whole population, lean and obese. The ideal weight gain for
the mother may not be the same as the ideal weight gain for the
fetus.

Pregnancy after adjustable gastric banding and
weight control

Pregnancy has been investigated after laparoscopic banded
gastroplasty (LBG). The aim of the operation is to produce
early satiety and decrease food consumption. In a study of 265
fertile couples with an obese female who had had gastric band-
ing performed between 1990 and 1998, there were 23 com-
pleted pregnancies. The average weight loss was 10–12 kg
over 4 months to 4 years. Of the pregnancies that went to full
term (18), none had complications related to obesity. Of the 18,
there were 14 vaginal deliveries and four caesarean sections,
with a mean birth weight of 3.6 kg (range 2381–3912 g). Two
subjects who gained the most weight during pregnancy had
no fluid in their bands and hence no restriction of food intake
with weight gain of 31–39 kg. Of the women (12) who kept the 
diameter of their bands constant during the pregnancy, 
three subjects lost weight (1.8–7.6 kg) and nine gained weight
(1.4–25 kg). Three women required removal of fluid because of
nausea and vomiting (Martin et al., 2000).

Effect of obesity on the fetus

Maternal obesity may cause fetal macrosomia, congenital 
abnormalities and perinatal morbidity and mortality.

Fetal macrosomia

Fetal macrosomia has been defined by a variety of methods;
the relative importance of each may depend on the outcome 
of interest. For example, a fetal weight greater than 4 kg will

have ‘mechanical’ implications for safe delivery and beyond.
The centiles for gestational age, birth weight or a more sophis-
ticated birth weight ratio based on gestation, maternal weight,
maternal height, parity and ethnic group have more predictive
power (Sanderson et al., 1994). Macrosomia can also be defined
in terms of relative fetal obesity (for example, skinfold thick-
ness or magnetic resonance imaging-based abdominal fat)
and one may hypothesize that the long-term outcome for the
infant is more dependent on relative obesity.

The main risk factors for fetal macrosomia are maternal dia-
betes and maternal obesity (Fig. 19.1). The original Pederson
hypothesis (Pederson et al., 1954) suggested that the increased
glucose concentrations in the diabetic mother led to fetal 
hyperglycaemia. The hypothesis suggested that the fetal pan-
creas is able to respond to hyperglycaemia from the 20th week
of gestation, and this leads to fetal hyperinsulinaemia. The
fetus then uses the glucose to increase fat stores. The hyper-
insulinaemia is to an extent autonomous and this leads to
neonatal hypoglycaemia. Maternal obesity may have a role in
fetal macrosomia, but what are the mechanisms involved
when the mother’s glucose concentration is normal? Maternal
obesity is more important to fetal macrosomia than GDM,
when the glucose is only slightly elevated. GDM is associated
with a greater risk of neonatal hypoglycaemia. Maternal 
obesity is associated with fetal hyperinsulinaemia, even in 
the absence of maternal diabetes (Hoegsburg et al., 1993). Fetal
macrosomia may involve glucose protein and lipid metabo-
lism (Fig. 19.1). Maternal insulin resistance is associated with
elevated VLDL triglyceride and increased energy delivery to
the fetus. The insulin resistance may lead to increased protein
turnover, which in turn could lead to fetal hyperinsulinaemia.

The association of maternal obesity and fetal macrosomia is
independent of maternal diabetes mellitus, but the effects are
additive. Fetal macrosomia is more common in the obese non-
diabetic mother than in the lean mother with gestational dia-
betes (Maresh et al., 1989). Indeed, the risk of fetal macrosomia
is greater for the infant of the non-diabetic obese mother than
for the infant of a lean mother with gestational diabetes. One
study looking at morbidly obese women with a BMI > 40 at
booking showed the incidence of fetal macrosomia to be 32%
compared with 9.3% in the non-obese group (Kumari, 2001).

When macrosomia is defined in terms of birth weight
greater than 4000 g, the prevalence is 1.3–1.7% and mothers are
more likely to be obese. Mothers are also more likely to be
older, have greater parity, have a greater prevalence of mater-
nal diabetes and more likely to be post mature (>42 weeks’ ges-
tation) (Spellacy et al., 1985).

There is a relationship between maternal weight gain and
birth weight for mothers who are underweight, normal
weight and mildly obese (Abrams and Laros, 1986). However,
very obese mothers (greater than 33 kg/m2 IBW) demonstrate
no correlation between weight gain during pregnancy and
fetal weight.

Clinical methods or special investigation poorly predict
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fetal macrosomia. Recent studies indicate that fasting mater-
nal triglyceride concentrations taken in the first or second
trimester of pregnancy may be a better predictor of fetal
macrosomia than maternal glucose concentrations (Knopp et
al., 1992; Nolan et al., 1995; Kitajima et al., 2001). Ultrasound
prediction of birth weight is particularly poor for macrosomic
infants (Grandjean et al., 1980). Macrosomia is a major cause of
obstructed labour (Boyd et al., 1983), and there is a higher rate
of induction of labour and a higher rate of operative delivery.
The induction of labour solely on the grounds of fetal macro-
somia appears counterproductive. Expectant management is
associated with fewer caesarean sections without compromis-
ing neonatal outcomes. Other delivery and post-natal compli-
cations in the macrosomic infant include shoulder dystocia,
low Apgar scores at 1 and 5 min, birth asphyxia, fractured 
clavicle and brachial cord injuries.

One study that looked at the contributing factors to shoul-
der dystocia found that maternal obesity was not a significant
independent risk factor for shoulder dystocia (OR 0.5), but
that fetal macrosomia was the single most important predic-
tor. The adjusted ORs were 39.5 for birth weight greater 
than 4500 g and 9 for birth weight between 4000 and 4499 g
(Robinson et al., 2003).

Congenital abnormalities

There is still much debate as to whether obesity is an indepen-
dent risk factor for non-chromosomal congenital abnormali-
ties in the offspring. Case–control studies based on patient
questionnaire and interview data have reported higher risks
of neural tube defects (Shaw et al., 1996; 2000; Werler et al.,
1996). In contrast, two studies involving several thousands of
women failed to confirm this association (Feldman et al., 1999;
Moore et al., 2000). The contribution of diabetes, or the predis-
position to diabetes, to the positive association with neural
tube defects is still uncertain and may have been an as yet
unidentified confounding variable. Controlling for folate
usage was included in the analysis.

Perinatal morbidity and mortality

Perinatal mortality is defined as the number of stillbirths and
deaths within the first week of life per 1000 births. Although all
studies that include a non-obese control group demonstrate an
increased perinatal mortality rate, this is only significant in
studies of larger numbers of women. The overall perinatal
mortality is increased and related to the degree of obesity. The
presence of other antenatal complications is additive to the
perinatal mortality. In a retrospective cohort of 8000–16 000
women with a prenatal weight > 100 kg, the relative risk 
for neonatal death increased from 0.8 in 1980–1984 to 1.6 in the
period 1995–1999, whereas that for fetal death remained the
same (Lu et al., 2001). In this study, the proportion of women
with a BMI > 29 increased from 16.3% in 1980–1984 to 36.4% in

the 4-year period of 1995–1999, which again reflects the in-
creasing prevalence of obesity in pregnancy. One large study
reported that only late fetal deaths are significantly higher in
overweight women (OR 1.7) (Cnattingius et al., 1998).

There is some conflict with respect to rates of premature 
delivery before 32 weeks. One large study involving thou-
sands of women by Sebire and colleagues showed that mater-
nal obesity reduced the risk of preterm delivery (OR 0.81);
Cnattingius also reported a decrease (OR 1.6). The latter found
this association in nulliparous women but not in parous
women (Cnattingius et al., 1998). In a study of survival in 771
infants delivered preterm, the number of deaths after 48 h to 18
months was increased in obese mothers. Maternal obesity and
gestational age at delivery were associated with an increased
death rate.

Most studies report a beneficial effect of maternal obesity on
delivery of the small for gestational age (SGA) infant (Beaten
et al., 2001; Sebire et al., 2001).

Long-term consequences of maternal
obesity for the fetus

Infants of obese mothers are at higher risk of being overweight
at 12 months of age than are infants of normal-weight mothers
(Edwards et al., 1978). Both environmental and genetic factors
are important in the development of obesity. The intrauterine
environment may be an important non-genetic factor in the
development of adult obesity. Low birth weight is associated
with increased prevalence of several adult conditions, includ-
ing diabetes, although the relative contribution of maternal
energy intake and genetic factors to birth weight are not clear
(Hales and Barker, 1992). Birth weight is a crude measure of the
effect of the intrauterine environment on metabolic program-
ming and the relative increase in fat mass with low lean body
mass of the macrosomic infant may be as important.

Maternal diabetes during pregnancy is associated with in-
creased fetal calorie delivery. The offspring are more likely to
be obese as children, adolescents and as young adults (Pettitt
et al., 1983). Diabetes during pregnancy in Pima Indian women
results in a higher prevalence of type 2 diabetes (45%) in the
offspring at age 20–24 years than in non-diabetic women
(1.4%) or women who later became diabetic (prediabetic,
8.6%) (Pettitt et al., 1988). It is not possible to attribute the 
increased risk to maternal diabetes or the resulting fetal
macrosomia.

Cost of maternal obesity

A House of Commons Public Accounts Committee in the UK
has recently published a report which suggests that obesity
costs society at least £2.5 billion per year. In a retrospective
study, the cost of prenatal care in overweight women exceeded
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that in normal-weight control subjects by 5.4- to 16.2-fold and
this was dependent on the degree of obesity (Galtier-Dereure
et al., 1995). In another prospective study conducted by the
previous author, the average cost of hospital antenatal care
was five times higher in mothers who were overweight before
pregnancy than in normal-weight control women. The dura-
tion of hospital stay both day and night was also higher by 
3.9- and 6.2-fold respectively (Galtier-Dereure et al., 2000). 
Increased rates of caesarean sections and infectious morbidity
may also contribute to prolonged hospital stay. Another 
potential contributor to the cost associated with maternal 
obesity is the increased number of neonatal admissions to 
special-care baby units.

Contraception in the obese woman

Pregnancy carries higher risks for the obese mother than the
lean mother; it would therefore be prudent for a mother to con-
ceive at a time when these risks can be minimized and if possi-
ble not conceive when overweight. In total, 10 women per
100 000 die from complications of pregnancy, whereas 1.3 non-
smoking women per 100 000 may die of circulatory disease
when taking combined oral contraception (Guillebaud, 1995).
It should be emphasized that any risk to the women from side-
effects of her contraceptive methods are small compared to her
obesity, and her infant’s risk from pregnancy.

Combined oral contraceptive pills

Combined (oestrogen and progestogen containing) oral con-
traceptives increase the blood pressure (within the normoten-
sive range) and increase venous thromboembolic disease risk.
These risks are greater in obesity. However, the same precau-
tions regarding advice for contraceptive measures should be
applied to obese women as non-obese women. Therefore, pre-
vious venous thromboembolic disease, present hypertension
and present smoking should be taken into account when pre-
scribing oestrogen-containing contraception (Vessey et al.,
1977). Although there are large epidemiological studies of the
use of combined oral contraception and the relative effects of
obesity, randomized studies for obese women are lacking. A
woman without previous thromboembolic disease, hyperten-
sion or smoking may use standard combined oral contracep-
tion (containing ethinylestradiol, 30 or 35 mg). Desogestrel 
and gestodene are associated with around a twofold increase
in risk of thromboembolic disease compared with those con-
taining the other progestogens. It is advisable for obese
women (BMI > 30 kg/m2) not to use combined oral contracep-
tion containing gestodene or desogestrel, but they may use
levonorgestrel, norethisterone or ethynodiol. Using the last
three, the excess risk of thromboembolic disease is about 5–10
cases per 100 000 women per annum. The risk of deep vein
thrombosis is relatively high in obese subjects having surgery

or after leg immobilization. Contraception should be stopped
prior to surgery and heparin prophylaxis considered.

Yasmin contains drosperinone and ethynylestradiol. Dros-
perinone has diuretic properties due to antimineralocorticoid
activity and is also an antiandrogen. It is being used at present
as an alternative to Dianette (lyproterone acetate and ethinyl-
estradiol) in PCOS and is reported not to be associated with
weight gain (Foidart, 2000). The suppression of ovulation 
by oral contraceptives is not affected by orlistat therapy 
(Hartman et al., 1996).

Progesterone-only contraceptive pills

The progestogen-only pill (POP) has a higher failure rate than
the combined oral contraceptive — 3.1 compared with 0.38
user failure rates per 100 woman-years (Vessey et al., 1982). A
non-significant increase in failure rate was found in over-
weight users of the progestogen-only pill compared with non-
obese users. Cerazette, containing desogestrel, is the first POP
to be primarily anovulant. If no other form of contraception is
suitable it is recommended that overweight (>70 kg) women
take two progestagen-only pills per day, especially in the
under 30-year-old group (Guillebaud, 1995). Both progesto-
gen ring and norplant have increased failure rates in obese
women compared with lean women. The effectiveness of
progestagen-only contraception in obese women is therefore
dependent on the method of delivery.

Injectables

Injectables include depoprovera (medroxyprogesteroneac-
etate) and implanon (etonogestrel). Depoprovera is adminis-
tered every 12 weeks and is a very popular choice among obese
women in whom the oral contraceptive pill is contraindicated. 
Depoprovera is equally effective in obese and non-obese
women. The side-effect profile in overweight and obese
women may be better with respect to uterine bleeding than in
control women (Connor et al., 2002).

Implanon, which is a single 40-mm by 20-mm subdermal
rod releases etonorgestrel (the biologically active metabolite
of desogestrel) over 3 years. The blood levels of etonorgestrel
are certainly lower in women of very high BMI, and it has been
suggested that those women with increased body mass (i.e.
>100) may need to discuss changing their implanon early, at
about 2 years instead of 3 years. However, if the woman is
amenorrhoeic, which is highly suggestive of anovulation, it
might be appropriate for her to continue to the third year, even
if she weighs over 100 kg.

Intrauterine devices

These include the copper intrauterine devices (IUDs) and,
more recently, the hormone-releasing intrauterine systems.
The product licence for the levornorgestrel intrauterine 
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system (Mirena) indicates effectiveness for 5 years, although
efficacy for 7 years has been reported. The system has an addi-
tional benefit in improving menorrhagia with a reduction in
blood loss of up to 90% (Rybo, 1995). An advantage of the sys-
tem is that it releases progesterone locally into the uterine 
cavity, thereby reducing the systemic side-effects associated
with oral contraceptive pills.

Summary

Obesity in pregnancy is a major public heath issue, both in
terms of the number of obese women involved and the sever-
ity of the potential complications. Prevention of adult obesity
may start as early as the intrauterine environment, and this
poses a challenge to the medical profession with respect to 
intervention strategies. Other intervention endpoints include
diet and exercise, beginning in childhood and adolescence.
Despite these strategies, obesity will remain an antenatal high-
risk factor which all obstetric personnel should be able to iden-
tify and monitor.

Any obese women planning pregnancy should be educated
about the potential complications of obesity in pregnancy, and
should embark on a weight-reducing programme prior to be-
coming pregnant. A reliable contraceptive method should be
used in the interim. It is recommended that at least 6 months be
allowed to achieve a 10% reduction in body weight. Dietary
advice about energy restriction is required prepregnancy but
weight reduction in pregnancy is not recommended. Dietary
advice should be supported with an exercise programme. A
multidisciplinary health-care team is required for the manage-
ment of the obese pregnant woman.

Adequate screening programmes should be in place for the
detection of pre-eclampsia and gestational diabetes, and 
the sequelae of these. Judicious decisions are required about
the timing and mode of delivery, which bear in mind the 
possibility of fetal macrosomia and the increased infectious
morbidity associated with caesarean section.
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Sleep-disordered breathing: pathogenesis

The details of pathogenesis are outlined below.

The physiology of sleep

To sleep physiologists, humans exist in three states: wakeful-
ness, non-rapid eye movement (NREM) sleep and rapid eye
movement (REM or dreaming) sleep. There are marked differ-
ences between these three states in many aspects of physiol-
ogy. Sleep has profound effects on breathing and these effects
are usually greatest during REM sleep. Sleep can amplify the
effects on breathing of drugs such as alcohol and opiates.

In normal subjects, sleep is associated with a fall in minute
ventilation, primarily due to a drop in tidal volume. As a re-
sult, there is a small rise in arterial blood carbon dioxide ten-
sion (Paco2) and a small fall in arterial blood oxygen tension
(Pao2). During NREM sleep, the hypoxic drive to breathe is re-
duced and the ventilatory response to hypercapnia is dimin-
ished. This depression of chemosensitivity is greatest during
REM sleep.

Sleep is also associated with a reduction in tone of the upper
airway dilator muscles, with a resulting increase in resistance
to air flow. REM sleep is characterized by postural muscle 
atonia, with bursts of eye movements and associated periph-
eral muscle twitches (phasic REM). Phasic REM is associated

with marked breathing irregularity. The loss of postural mus-
cle tone during REM sleep leaves us largely reliant on the 
diaphragm (a non-postural muscle) for maintaining ventila-
tion. An individual with abnormal diaphragm function, either
due to neuromuscular disease or to mechanical disadvantage
(kyphoscoliosis, lung disease or obesity) will have impaired
breathing in sleep, particularly during REM sleep. Acombina-
tion of these factors, such as an obese patient with lung dis-
ease, will be at even greater risk of developing sleep-related
respiratory failure.

Definitions in sleep-disordered breathing

Sleep-disordered breathing is defined by the loss of a normal
pattern of breathing during sleep and ranges from snoring
through to profound nocturnal hypoventilation and respira-
tory failure during sleep. Intermittent snoring, with no associ-
ated sleep fragmentation (so called ‘simple snoring’) is
common and generally not considered part of the spectrum of
sleep-disordered breathing. On the other hand, heavy snoring
can result in arousals from sleep with accompanying sleep dis-
ruption (Guilleminault et al., 1992) and should be considered
part of the disease state.

Obstructive sleep apnoea (OSA) is characterized by repeti-
tive episodes of a complete cessation of air flow (apnoea) dur-
ing sleep, due to collapse of the upper airway generally at the
level of the pharynx (Remmers et al., 1978). During an apnoea,
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continued respiratory efforts occur against the closed airway
(Table 20.1), with resulting hypoxaemia, until the apnoea is
terminated by arousal from sleep with restoration of upper air-
way patency. Typically, after a few deep breaths, this cycle is re-
peated, often hundreds of times through the night (Fig. 20.1).
The recurrent arousals cause sleep fragmentation resulting in
daytime sleepiness (McNamara et al., 1993).

Significant upper airway obstruction can occur in the 
absence of complete collapse of the upper airway. Increased

airway resistance can produce a measurable reduction in air
flow (hypopnoea) with the same consequences (hypoxaemia
and arousal) as an apnoea. Even very minor increases in air-
way resistance (without detectable reductions in air flow) can
produce recurrent arousals and excessive daytime sleepiness;
the upper airway resistance syndrome (Guilleminault et al., 1992).

Patients with impaired daytime respiratory function, what-
ever the cause, will have abnormal breathing, and will often
develop impaired gas exchange during sleep. These patients
may have prolonged periods of hypoxaemia lasting minutes,
usually due to reduced ventilation (hypoventilation), al-
though worsening ventilation–perfusion mismatch may also
contribute. Hypercapnia also develops during sleep owing to
hypoventilation. These prolonged episodes of sleep-related
hypercapnic hypoxia can lead to a resetting of chemoreceptors
with subsequent blunted daytime chemosensitivity and the
development or worsening of daytime hypercapnic respira-
tory failure. In addition, the prolonged exposure to hypox-
aemia and hypercapnia may lead to pulmonary hypertension
and right-sided heart failure, cor pulmonale. Patients with these
severe forms of respiratory failure in sleep include patients
with many types of chronic lung disease, respiratory muscle
failure due to neuromuscular disorders and, importantly, the
obesity hypoventilation syndrome (OHS) (see below).

Central apnoea refers to cessation of air flow with no 
detectable respiratory effort (in contrast with obstructive 
apnoeas in which breathing efforts are often vigorous). There
is some confusion surrounding this term as it has been used to
describe the patterns of breathing in patients where hypoven-
tilation is the predominant pathology. This pattern of breath-
ing, which tends to occur in patients with awake hypercapnia
and reduced respiratory drive, should be differentiated from
the ‘true’ central apnoeas that classically occur as part of the

Table 20.1 Definitions in sleep-disordered breathing.

Apnoea

Complete cessation of air flow for at least 10 s

Hypopnoea

Reduction in air flow for at least 10 s, ending with an arousal or associated

with oxygen desaturation of at least 3%

Obstructive event

Continued respiratory effort occurs despite reduced air flow as above

Central event

Respiratory effort is absent, with absent air flow

Periodic breathing (Cheyne–Stokes respiration)

Respiration that waxes and wanes, alternating between hyperventilation and

central apnoea —seen in patients with heart failure or neurological disease

Hypoventilation

An abnormal rise in PaCO2 during sleep, usually associated with oxygen

desaturation, with or without discrete respiratory events

Apnoea–hypopnoea index (AHI) (respiratory disturbance index, RDI)

Number of apnoeic and hypopnoeic episodes per hour of sleep; >5 is usually

considered abnormal

ECG

EEG

EEG (s)

EMG

EOG (L)

EOG (R)

50

Sa
O

2 
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)

Airflow

Thor Mov
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Fig 20.1 A 5-min tracing of a patient with typical

severe OSA. The upper traces show the variables

used for sleep staging (ECG, electrocardiogram;

EEG, electroencephalogram; EMG,

electromyogram; EOG, electro-oculogram) and

indicate this patient is in REM sleep. The apnoeas

are indicated by intermittent cessation of air flow

(air flow: nasal air flow) and are obstructive in

nature, as continued respiratory effort is seen

when air flow is absent (Thor Mov, thoracic

movement or effort; Abdo Mov, abdominal

movement or effort). Repetitive falls in oxygen

saturation (Sao2) are seen following each apnoea.
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periodic breathing seen in patients with cardiac failure 
(Rubinstein et al., 1989) (also called Cheyne–Stokes breathing).
In this breathing pattern, ventilation waxes and wanes from
hyperventilation to central apnoea. Periodic breathing can
also occur in patients with neurological disease due to strokes
or rarely as an idiopathic form. Sporadic central apnoeas may
also occur in patients with severe OSA and usually disappear
when the OSAis treated. The aetiology of central apnoea in the
patient with cardiac failure is complex involving interplay be-
tween circulation time, brisk chemoreceptor drive and upper
airway narrowing (Rubinstein et al., 1989).

Pathogenesis of obstructive 
sleep apnoea: general

Upper airway collapse occurs when the negative (or suction)
pressure applied to the upper airway during inspiration is
greater than the dilating forces applied by the upper airway
muscles, such as genioglossus (Remmers et al., 1978; Sullivan
et al., 1990). Collapse of the upper airway usually occurs in the
retropalatal or retroglossal areas, and most patients have more
than one site of collapse. Less frequently, upper airway col-
lapse can occur at the epiglottis or glottis (Rubinstein et al.,
1989). The determinants of the site of collapse in individual 
patients are unclear. Any factors that reduce airway size, de-
crease airway muscle tone, increase upper airway compliance
or lead to the generation of a greater inspiratory pressure will
predispose to the development of OSA (Sullivan et al., 1990).
Muscle tone and suction pressure are influenced by sleep stage
and the relative respiratory drive to the diaphragm versus that
to the upper airway dilator muscles.

Several studies have shown that the pharyngeal airway is
smaller in patients with OSA than in normal subjects
(Fleetham, 1992; Schwab et al., 1993). When the airway size is
reduced, a greater suction pressure is required during inspira-
tion. In the awake state, patients with OSA have increased
upper airway dilator muscle activity that normalizes air flow
resistance despite the anatomically smaller airway (Horner et
al., 1991; Mezzanotte et al., 1992). This compensatory increased
upper airway muscle activity is lost during sleep, particularly
in the genioglossus (Remmers et al., 1978), resulting in airway
closure. However, although the increased waking genioglos-
sus activity is seen in some patients with OSA (Mezzanotte 
et al., 1992), some patients have similar genioglossus muscle
activity values to control subjects. Compensatory muscle 
activity may be increased in other muscle groups, or other
mechanisms may be important in such patients.

Patients with OSA may also have defects in the sensory
mechanisms that normally protect the upper airway from clo-
sure (Larsson et al., 1992). However, it is difficult to determine
whether identified defects in sensory control (based on both
clinical and histopathological changes) in patients with OSA
have a role in the genesis of OSA or are due to chronic airway
vibration from snoring.

Pathogenesis of obstructive sleep apnoea: 
the role of obesity

Obesity is one of the strongest risk factors for OSA and there
are a number of ways in which obesity can reduce upper air-
way size and therefore predispose the upper airway to col-
lapse. External neck circumference is increased in patients
with OSAand this measurement may explain some of the link
between obesity and sleep apnoea (Davies et al., 1990; Katz et
al., 1990). Neck circumference is an index of neck fat deposi-
tion, particularly in the lateral pharyngeal fat pads, and this fat
deposition may lead to airway narrowing and OSA (Koenig
and Thach, 1988). Imaging studies have shown that these fat
pads are increased in size in obese patients with OSA(Brown et
al., 1986). However, excess fat deposition around the airway is
not a universal finding in obese OSA patients (Ciscar et al.,
2001) and well-matched control subjects are often difficult to
obtain. Other studies have shown that obese sleep apnoea 
patients have larger tongues (Do et al., 2000) and smaller upper
airway volumes (Fleetham, 1992) than non-obese patients.
Obesity may predispose to OSAby increasing the size of upper
airway soft-tissue structures, although the cause of this in-
creased size is unknown. There may be soft-tissue oedema
from the repeated vibration of snoring and apnoea. Human
upper airway pathological studies have been described infre-
quently in sleep apnoea, although in one report more fat and
muscle was observed in the uvula of sleep apnoea patients
(Schwab et al., 1995; Do et al., 2000).

Recently, a case–control study examining the upper airway
using a sophisticated volumetric analysis magnetic resonance
imaging (MRI) scan found that OSA patients had a larger vol-
ume of soft tissue surrounding the upper airway than control
subjects. Control subjects were matched in terms of sex, age,
ethnicity and for craniofacial size and visceral neck fat. They
concluded that OSA is associated with a significantly larger
tongue, lateral pharyngeal walls and total amount of soft tis-
sue. In a multivariable logistic regression, the volume of the
tongue and lateral walls was shown to independently increase
the risk of sleep apnoea (Schwab et al., 2003).

Apart from upper airway narrowing, fat deposition in the
chest and abdomen contribute to OSA. In morbidly obese pa-
tients, neck size is a better predictor of sleep apnoea than other
body anthropomorphic measures (Grunstein et al., 1995a).
However, in a wide weight range of clinic patients with sleep
apnoea, we observed that waist measurement provided 
similar or better statistical correlations with sleep apnoea
(Grunstein et al., 1993a). Abdominal obesity may reduce lung
volumes, particularly in the supine posture, and so reduce
upper airway size. Lung volume directly influences upper 
airway size during respiration. Thoracic inspiratory activity
produces caudal traction on the trachea, increasing the pha-
ryngeal cross-sectional area (Van de Graaff, 1988). This effect
may be reduced in obese patients, as impaired respiratory
muscle force has been noted in obese patients (Lopata and
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Onal, 1982). Cephalad movement of the trachea, as would
occur with a decrease in lung volume, decreases upper airway
size and increases pharyngeal resistance (Series et al., 1990).
Passive inflation of the lung producing an increase in end-
expiratory lung volume increases the size of the retropalatal
airway (Begle et al., 1990).

It is likely that obesity promotes sleep apnoea through a 
variety of mechanisms. In some patients, subcutaneous neck
or peripharyngeal fat may be the critical load that tips the bal-
ance in favour of upper airway closure in sleep. In other pa-
tients, abdominal fat loading may be important. As yet there
are no data on how weight loss relates to changes in the upper
airway fat.

In addition, more speculatively, the central obesity–sleep
apnoea link may be related to abnormal upper airway muscle
function. Obesity is associated with changes in relative muscle
fibre composition in skeletal muscle (Wade et al., 1990). Some
studies of sleep apnoea patients before and after weight loss
have shown changes in upper airway function rather than
structure (Begle et al., 1990), supporting a hypothesis of abnor-
mal upper airway muscle function in obese patients with sleep
apnoea.

Obesity hypoventilation syndrome

The majority of patients with OSAhave normal arterial carbon
dioxide (Paco2) tensions when awake. The term obesity 
hypoventilation syndrome (OHS) describes those patients
with obesity and daytime hypercapnia (and usually hypox-
aemia) in the absence of lung or muscle disease. This associa-
tion between obesity, hypersomnolence and hypercapnia was
recognized for many years, and was labelled Pickwickian syn-
drome (in honour of Joe, the fat boy, in Dickens’ Pickwick
Papers). However, the pathogenesis of the condition was poor-
ly understood and the link with OSA not recognized. Early
theories were that obesity produced a load to breathing,
which, together with depressed chemosensitivity, produced
OHS. The recognition that sleep apnoea was present in these
patients and that relief of upper airway obstruction by tra-
cheostomy effectively treated the respiratory failure altered
our understanding of OHS. Upper airway obstruction is a cru-
cial factor in the pathogenesis of OHS (Sullivan et al., 1990).

However, most patients with OSAdo not have hypercapnia
when awake and so upper airway obstruction alone is not
enough to produce OHS. In addition, the majority of patients
with obesity and eucapnia have normal resting ventilation
and occlusion pressures, and normal or increased responses to
hypoxia and hypercapnia. The prevalence of OHS in the obese
population is unknown but it is probably underdiagnosed. 
A recent study found that 31% of obese patients (BMI
> 35 kg/m2) admitted to medical wards had OHS (Nowbar et
al., 2000).

There are no longitudinal studies on the development of
OHS but, almost certainly, OHS starts out as heavy snoring

and then OSA, and sleep-induced respiratory abnormalities
occur before the development of daytime respiratory failure.
During an apnoeic period, Paco2 rises acutely and Pao2 falls
(Fig. 20.2). When the apnoea is terminated by an arousal, ven-
tilation increases and oxygen and carbon dioxide levels can 
return to normal. If arousal responses or ventilatory responses
to hypoxia or hypercapnia are depressed, the apnoeic periods
will be longer, the degree of blood gas derangement greater
and the normalization of blood gases in the period following
arousal compromised (Sullivan et al., 1990). In those patients
who are able to compensate for the loss of ventilation during
apnoeic periods by increased ventilation between events,
overall eucapnia will be maintained. In contrast, if the com-
pensatory mechanisms are poor then overall ventilation will
be reduced during sleep, with the development of persistent
hypercapnia and hypoxia during sleep. This will result in re-
setting of the chemoreceptors (Berthon-Jones and Sullivan,
1987) and progression to daytime carbon dioxide retention.
Sleep fragmentation as a result of repetitive arousals will also
depress arousal responses. Arousal responses can be further
impaired in patients who are prescribed sedatives/hypnotics
to improve insomnia, opiate analgesics to ease musculoskele-
tal pain or by consumption of alcohol. The term Pickwickian
syndrome should be replaced by OHS or OSA with awake res-
piratory failure, which better describes the syndrome within
the spectrum of sleep-disordered breathing.

It is likely that the development of OHS is multifactorial,
with the key elements being a combination of obesity (in-
creased upper airway loading and reduced lung volumes),
OSA, poor chemoreceptor function (particularly defective
arousal responses to hypoxia) and possibly alcohol consump-
tion (reducing upper airway tone and arousal responses to 
asphyxia) (Sullivan et al., 1990). Assessment of chemoreceptor
function in this patient group is made difficult as prolonged
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Fig 20.2 A 2-h oximetry recording, with transcutaneous (tc) CO2

monitoring in a patient with severe OSA and OHS (obesity hypoventilation

syndrome). The black bar indicates a period of REM sleep. There are repetitive

arterial oxygen desaturations, with profound hypoxaemia in REM sleep,

associated with a marked rise in tcCO2, indicating hypoventilation.
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exposure to hypoxia and hypercapnia will alter ventilatory 
responses, but studies in other diseases have shown familial
clustering in the level of chemosensitivity, suggesting a 
genetic component (Fleetham et al., 1984) as well.

It is important to stress that awake hypercapnia can occur in
obese patients in the absence of any smoking history or
lung/muscle disease (Leech et al., 1987). More recently, leptin
has been implicated in sleep-disordered breathing in obese
subjects. In obese, leptin-deficient mice with OHS, leptin 
replacement resulted in an increase in minute ventilation
(awake and asleep) and increased chemosensitivity to carbon
dioxide during sleep (Leech et al., 1987). These changes were
independent of food intake, weight and carbon dioxide 
production. Patients with OSA have higher leptin levels than
subjects with similar obesity without OSA (O’Donnell et al.,
1999). Leptin levels fell significantly in a group of 22 patients
with OSA after 4 days of treatment with continuous positive
airway pressure (CPAP) (Phillips et al., 2000) possibly due to
reduced sympathetic activity. OSA may well be a confounder
in some of the hormonal associations observed in central obe-
sity and is possibly associated with resistance to the weight-
reducing effects of leptin. In this context, hyperleptinaemia
and accelerated weight gain appear closely associated with
worsening of sleep apnoea (Chin et al., 1999). Recently, we ob-
served that higher circulatory leptin levels were associated
with hypoventilation in obesity. In human obesity, leptin 
resistance is common and leptin may well act as a respiratory
stimulant so that deficiency or resistance to the effects of leptin
may promote OHS (Phipps et al., 2002).

Sleep-disordered breathing: epidemiology

Epidemiology in the general community

Studies examining prevalence in the area of sleep-disordered
breathing have largely concentrated on self-reported esti-
mates of snoring and daytime sleepiness. These symptoms are
commonly reported in the general community, including
obese subjects, and sleepiness may have many causes (Table
20.2). In addition, snoring may be underestimated if history
from a bed partner is unavailable. Therefore, questionnaire 
estimates of OSA are difficult to interpret and are of limited
usefulness.

The Wisconsin Sleep Cohort Study (Young et al., 1993) is the
largest reported prevalence study in which sleep studies were
performed. This group found an apnoea index of > 5 events per
hour in 9% of female and 24% of male middle-aged public ser-
vants. The OSA syndrome (daytime sleepiness and an apnoea
index of > 5 per hour) was found in 2% of women and 4% of
men. An apnoea index of > 15 events was found in 4% of
women and 9% of men. Our group has found a similar preva-
lence of OSA in an Australian rural community using home
monitoring of breathing (Bearpark et al., 1995).

Even when sleep studies are performed, estimates of preva-
lence are made difficult by the varying definitions of OSA
used. In the past, researchers have used an apnoea index of 
> 5 events per hour to define OSA. However, given that hy-
popnoeas and even increased upper airway resistance can
produce the OSAsyndrome, that definition is probably inade-
quate. Other measurements may be important, such as arousal
index or changes in heart rate and blood pressure through 
the night. In addition, more recent work (see later) has sug-
gested that an apnoea index as low as 1–5 events per hour may
influence the development of hypertension (Peppard et al.,
2000b).

Epidemiology in the obese population

Multiple investigations have consistently shown that obesity,
particularly central obesity, is strongly associated with sleep-
disordered breathing in adults (Grunstein et al., 1993a; 1995a.
Measurements of central obesity such as waist or neck mea-
surements are closely linked to OSA in sleep clinic popula-
tions, and this association remains tight in the general
population, although not as strong as in sleep clinic cohorts. In
the Busselton Sleep Survey there was a strong effect of body
mass index (BMI) in increasing the risk of sleep-disordered
breathing in the community (Bearpark et al., 1995) (Fig. 20.3).

There are limited data on the prevalence of sleep apnoea in
the obese population. The Swedish Obese Subjects study,
which examined 3034 subjects with BMIs > 35, found that over
50% of obese men reported habitual loud snoring (Grunstein 
et al., 1995b) compared with 15% in age-matched non-obese 
subjects. Similarly, 33% of men and 12% of women in this
study reported a history of frequent witnessed apnoeas. Ques-
tionnaires tend to underestimate the prevalence of OSA. The
exact prevalence of the spectrum of sleep-breathing disorders
in obese individuals is unknown, but it is clear that OSA and
related conditions occur in a very high proportion of obese
subjects.

More recent longitudinal studies have demonstrated a
strong association between weight gain and the development

Table 20.2 Sleepiness in the obese patient.

Inadequate amounts of sleep

Lifestyle (especially shift work and commercial drivers), insomnia

Drugs (causing sleepiness/disrupting sleep)

Hypnotics, alcohol, drug abuse

Disorders disrupting sleep

OSA, PLMS

Primary brain disorders

Narcolepsy, IHS

IHS, idiopathic hypersomnolence; OSA, obstructive sleep apnoea; PLMS,

periodic leg movement disorder.
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of sleep-disordered breathing. The Wisconsin group prospec-
tively twice evaluated 690 randomly selected local residents at
4-year intervals for the presence of sleep-disordered breathing
(Peppard et al., 2000a). They found that weight gain of 10% 
predicted an approximate 32% increase in the apnoea–
hypopnoea index (AHI), and similarly, weight loss of 10% 
predicted a 26% fall in the AHI. Therefore, even relatively
small changes in baseline weight have a powerful impact on
the degree of sleep-disordered breathing.

Epidemiology: other risk factors for
obstructive sleep apnoea

Age

The prevalence of OSAincreases with age. Some of this associ-
ation may be due to increased central fat deposition with age,
but other factors, such as changes in tissue elasticity and venti-
latory control and cardiopulmonary and neurological comor-
bidity, may be important.

Gender

In the middle-aged population, the risk of OSAis three to four
times greater in males than in females (Redline et al., 1994).
However, the prevalence of OSA increases in women after the
menopause, suggesting a protective role for female hormones
(hormone replacement therapy, HRT) or an OSA-promoting
role for male hormones. These effects may be due to hormonal
influences on ventilatory control and mechanical behaviour of

the upper airway (Brooks and Strohl, 1992) or on patterns of
body fat deposition. The redistribution of fat from peripheral
to central sites that occurs with menopause may lead to in-
creased prevalence of sleep apnoea due to upper airway mass
loading. Alternatively, the change in hormonal status may af-
fect the arousal of ventilatory responses to blood gas changes
during sleep. Finally, after menopause, the female airway may
be more collapsible due to changes in upper airway mechani-
cal properties from lowered female hormone levels.

Recently, a number of large epidemiological studies have 
indicated that female HRT in menopause may protect against
OSA (Bixler et al., 2001; Shahar et al., 2003). However, clinical
trials of oestrogen administration in menopausal OSA have
been disappointing (Cistulli et al., 1994).

Familial, genetic and maxillofacial factors

Familial clustering of OSAhas been noted, independent of age
and obesity. This association is probably due to similarities in
facial structure affecting upper airway dynamics during sleep.
Certain maxillofacial appearances such as class 2 malocclu-
sion and retroposed mandible are strongly linked to OSA in
non-obese subjects (Nelson and Hans, 1997). In obese patients,
certain familial maxillofacial structures will further increase
the likelihood of OSA.

Some congenital conditions are linked to OSA. The Pierre
Robin sequence is strongly associated with OSA owing to
mandibular shortening. Patients with Down’s syndrome are
predisposed to OSAdue to oropharyngeal crowding and obe-
sity. Nearly two-thirds of patients with Marfan’s syndrome
have OSA (Cistulli and Sullivan, 1995), despite a thin body
habitus, due to abnormal compliance of upper airway tissue.

Any conditions causing narrowing of the upper airway,
such as tonsillar and adenoidal hypertrophy, macroglossia
and high-arched palates, will predispose to the development
of OSA. Nasal obstruction is also a significant risk factor for
OSA (Lofaso et al., 2000). Again, the presence of these abnor-
malities will interact with obesity to produce a greater risk for
OSA(Ferguson et al., 1995).

Comorbid conditions

Many endocrine abnormalities are associated with an in-
creased prevalence of OSA. Hypothyroidism reduces
chemosensitivity and promotes airway narrowing by upper
airway myopathy and myxoedematous infiltration 
(Grunstein and Sullivan, 1988). More than 50% of patients
with acromegaly have OSA, and an increased prevalence of
central sleep apnoea has been seen associated with increased
disease activity (as assessed by biochemical markers) 
(Grunstein et al., 1991). Cushing’s disease is also associated
with OSA(Rosenow et al., 1998).

Cardiac failure (whatever the cause) is associated with a
high incidence of sleep-disordered breathing. In a recent study
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of 450 patients with cardiac failure referred to a sleep labora-
tory (either with sleep symptoms or persistent dyspnoea), 72%
had more than 10 apnoeas/hypopneas per hour (Sin et al.,
1999). Patients had OSA or central sleep apnoea
(Cheynes–Stokes respiration), with OSA more common in
those patients with BMI > 35 kg/m2.

Cerebrovascular disease is associated with the presence of
sleep-disordered breathing. Arecent report examined patients
in both the acute and convalescent stages of a first-ever stroke
(haemorrhagic or ischaemic) (Parra et al., 2000). In the acute
phase, 71% of patients had an AHI greater than 10, with an AHI
> 30 in 28%. Cheyne–Stokes breathing was seen in 26%. In the
convalescent phase (3 months later), the overall AHI and the
amount of Cheyne–Stokes breathing had fallen, but the ob-
structive apnoea index was unchanged. Some patients had
persistent central apnoeas following their stroke.

Sleep-disordered breathing: clinical aspects

The clinical aspects are detailed below.

Symptoms and signs of 
sleep-disordered breathing

History and physical examination have fairly poor sensitivity
and specificity for the detection of sleep-disordered breathing
(Redline and Strohl, 1998). The typical symptoms associated
with OSAare heavy snoring and excessive daytime sleepiness
(EDS). The reporting of witnessed apnoeas is a relatively spe-
cific symptom but is also relatively insensitive. Other symp-
toms are listed in Table 20.3. Nocturnal symptoms include
those related to the breathing disorder, such as choking and
gasping, nocturia and nocturnal gastro-oesophageal reflux.
Daytime symptoms are related to the effects of sleep fragmen-
tation and include morning headaches, fatigue, poor memory
and concentration, alteration in mood and impotence 
(McNamara et al., 1993). Importantly, the arousal responses to

upper airway narrowing during sleep can be so brisk that
some patients (particularly women) can present with insom-
nia, restless sleep or anxiety (Ambrogetti et al., 1991).

These symptoms emphasize the importance of obtaining a
confirmatory history from the spouse, bed partner and other
family members. Few people are aware that they snore or stop
breathing during sleep. The initial consultation is often pre-
cipitated by the bed partner’s concerns about snoring and 
apnoea. Excessive sleepiness may be recognized by the pa-
tient, but may be under-reported if patients are unaware that
their sleepiness is abnormal or are afraid of the potential con-
sequences of excessive daytime sleepiness (EDS) (such as loss
of driving licence or work).

Examination of the upper airway may be important. Obvi-
ous pharyngeal crowding and tonsillar enlargement suggest
upper airway obstruction (Hoffstein and Szalai, 1993). The 
vibration of soft tissues due to heavy snoring can lead to a 
reddened and oedematous uvula and soft palate. Systemic 
hypertension is commonly associated with OSA. Detailed
cephalometric measurements, as predictors for OSA, seem to
be more useful in the non-obese populations (Redline and
Strohl, 1998).

Diagnosis of sleep-disordered breathing

The gold standard approach for the investigation of sleep-
disordered breathing is an overnight in-laboratory sleep study
(polysomnography, PSG). Sleep stage, sleep architecture and
arousals from sleep are monitored during a full sleep study 
by two electroencephalogram (EEG) channels, two electro-
oculogram (EOG) channels and one electromyogram (EMG)
channel. Breathing during sleep is usually monitored qualita-
tively with a measure of air flow at the nose/mouth, usually
two measures of respiratory effort, such as diaphragm EMG
and chest wall and abdominal movement, and oxygen satura-
tion. Other variables measured include ECG, leg EMG, trans-
cutaneous carbon dioxide, body position and snoring. A
sleep study should be scored manually and, as a minimum, the
report should include the total amount of sleep and propor-
tions of different sleep stages, the number of respiratory
events seen (apnoeas and hypopneas per hour both in REM
and non-REM sleep), the degree of oxygen desaturation
recorded, the number of EEG arousals and the presence or ab-
sence of periodic leg movements. Definitions of events are not
standard across all sleep laboratories and different methods
for measuring air flow and other respiratory variables have 
differing sensitivities.

In the area of sleep-disordered breathing, the definitions of
normal and abnormal sleep are under constant revision. In
general, an AHI of less than 5 events per hour would be con-
sidered normal, with an AHI of greater than 15 events per hour
considered to represent at least moderate disease. An AHI of
5–15 events per hour would be considered mild disease, but
there is significant individual variability in the symptoms re-

Table 20.3 Symptoms of sleep-disordered breathing.

Snoring

Daytime sleepiness

Disrupted sleep

Choking or gasping during sleep

Dry throat/mouth in morning

Morning headaches

Nocturia

Heartburn

Poor memory/concentration

Fatigue

Impotence

Altered mood/irritability
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lated to this mild degree of OSA. If a patient is symptomatic,
then a trial of treatment is warranted. However, more recent
studies have suggested that an AHI of between 1 and 5 may
significantly increase the risk of developing hypertension, 
regardless of symptoms (Redline et al., 1994).

Although polysomnography (PSG) is considered the best
available test for the diagnosis of OSA, patients with OSA can
have significant night-to-night variability in the severity of
their disease, with the potential for a false-negative study (see
Table 20.4). A negative PSG with high clinical suspicion war-
rants further review and often even a repeat sleep study.

The expense and inconvenience of polysomnography has

led to a search for alternative tools for the diagnosis of OSA.
Overnight oximetry can detect repetitive oxygen desatura-
tions seen in OSA (Fig. 20.4) and can be diagnostic in some 
patients (Gyulay et al., 1993). However, not all apnoeic events
produce significant desaturation and so a normal oximetry
study does not exclude OSA. Similarly limited, portable or ‘at-
home’ systems have had some success in the diagnosis of OSA
but again do not necessarily exclude the diagnosis if negative.
Currently, they are probably most useful in patients in whom
the clinical suspicion is high or patients who cannot readily 
be studied in a laboratory, such as the immobile or medically
unstable patient.

Consequences of sleep-disordered breathing

Psychosocial effects

Excessive daytime sleepiness is characteristic of sleep apnoea.
However, sleepiness and fatigue are commonly reported
symptoms in the general community, particularly in the obese
population. The sleepiness seen in patients with OSA is pre-
dominantly related to repetitive arousal and sleep fragmenta-
tion, but a direct effect of hypoxaemia is possible (Montplaisir
et al., 1992). However, OSA is characterized by a range of EDS
and there is a relatively poor correlation between markers of
severity of OSA, such as AHI, and daytime sleepiness. It seems
likely that people vary in their susceptibility to the effects of
sleep fragmentation and sleep deprivation. There are no sim-
ple tests to accurately quantify daytime sleepiness. Sleepiness
may lead to both impaired work performance and driving
(Findley et al., 1989). Patients with untreated OSA form an im-
portant risk group for motor vehicle accidents. Driving perfor-
mance on various simulators is impaired in patients with OSA
(Juniper et al., 2000). Treatment with nasal CPAP dramatically
improves daytime sleepiness and driving simulator perfor-
mance (Findley et al., 2000; Juniper et al., 2000).

Many studies have found that OSApatients perform poorly
on psychometric tests compared with control subjects. Sleep
apnoea leads to defects in executive function and working
memory in both adults and children (Beebe and Gozal
2002).There is a variable degree of improvement in cognitive
function with nasal CPAP (Montplaisir et al., 1992). The detri-
mental effects of OSAhave other social implications, with data
from the Swedish Obese Subjects study showing that, in equal-
ly obese men and women, OSA is associated with impaired
work performance, increased sick leave and a higher divorce
rate (Grunstein et al., 1995a).

Cardiovascular effects

Acute effects
The acute cardiovascular effects seen during obstructive
events have been well characterized, with marked changes in
both systemic and pulmonary arterial blood pressure. As an

Table 20.4 Reasons for false-negative sleep studies.

Poor sleep efficiency (laboratory effect)

Little or no REM sleep seen

Usual sedatives or alcohol not taken

Patient not sleeping in usual position (especially supine)

Occurrence of subcriterion events

Night-to-night variability in the severity of OSA (significant in milder disease)
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Fig 20.4 (a) A 1-h oximetry recording during sleep in a patient with severe

OSA, showing typical repetitive arterial oxygen desaturations. (b) A 1-h

oximetry recording during sleep in the same patient during treatment with

nasal CPAP, with desaturations abolished and Sao2 maintained above 90%.
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obstructive apnoea progresses, there are increasing swings 
in pleural pressure, worsening hypoxaemia, bradycardia 
(vagally mediated) and increased sympathetic nerve activity.
As the apnoea is terminated by arousal, with increased venti-
lation, heart rate increases and both systolic and diastolic
blood pressure increase markedly (Fig. 20.5), often by more
than 100 mmHg. These profound haemodynamic fluctuations
are largely due to surges in sympathetic nerve activity result-
ing from the combination of blood gas derangement, large
swings in intrathoracic pressure and arousals. Patients with
OSA have increased sympathetic activity through the night,
with persistence of this increased activity into wakefulness
(Carlson et al., 1993). In addition, these patients have a potent
pressor response to hypoxia compared with normal subjects
(Hedner et al., 1992), possibly due to repetitive nocturnal 
hypoxia. Studies using an elegant canine model of OSA have
shown that sustained hypertension develops after 1–3 months
of OSA (Brooks et al., 1997). Studies in rats have found that 
intermittent hypoxia induces a persistent increase in diurnal
blood pressure, mediated through renal sympathetic nerve 
activity and the renin–angiotensin system (Fletcher et al., 1999).

Chronic effects
The chronic cardiovascular effects are detailed below.

Hypertension
Sleep apnoea is a common finding among patients in hyper-
tension clinics and similarly, many patients with OSA have 
hypertension (Stradling and Crosby, 1991; Worsnop et al.,
1998). A cross-sectional study of 1400 patients who were re-
ferred for a sleep study showed that the degree of OSAwas an
independent predictor of morning blood pressure (Grunstein
et al., 1993a). Left-ventricular hypertrophy (as assessed by
echocardiography), an important outcome of hypertension,

was shown to be increased in normotensive patients with OSA
compared with matched control subjects without OSA
(Hedner et al., 1990). Studies of blood pressure as measured by
intra-arterial monitoring, automated daytime blood pressure
readings or 24-h ambulatory blood pressure have demonstrat-
ed a fall in blood pressure levels after CPAP treatment (Work-
ing Group on OSA and Hypertension, 1993). Despite these
studies, a causal link between OSAand hypertension has been
disputed due to the presence of important confounders such
as obesity and age. However, more recently published data
from two large epidemiological studies have provided
stronger evidence that OSA is an independent risk factor for
hypertension, regardless of obesity. Data from the Sleep Heart
Health Study, a large cross-sectional community-based study
with more than 6000 subjects, found that AHI and percentage
of sleep time with an oxygen saturation below 90% were 
significantly associated with systemic hypertension, indepen-
dent of anthropomorphic variables such as BMI, waist–hip
ratio and neck circumference (Nieto et al., 2000).

Similarly, prospective data from the Wisconsin Sleep Cohort
Study (Bixler et al., 2001), which followed more than 700 sub-
jects over 4–8 years, have found a dose–response association
between sleep-disordered breathing and hypertension, inde-
pendent of measures of obesity. In this study, an AHI < 4.9
events per hour had an odds ratio for hypertension at follow-
up of 1.42, with odds ratios of 2.03 and 2.89 for AHIs of 5.0–14.9
and >15 respectively. Therefore, it is likely that the acute noc-
turnal surges in blood pressure in response to chemoreflex-
medicated hypoxic stimulation of sympathetic activity lead to
chronic hypertension (Somers et al., 1989). A number of mech-
anisms have been postulated for this process, including 
enhanced vasoconstriction and endothelial dysfunction (Kato
et al., 2000; Wolk et al., 2003). Further support for an indepen-
dent effect of OSAon blood pressure has been provided by re-
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Fig 20.5 A 5-min tracing of a patient with typical

severe OSA. The upper traces show the variables

used for sleep staging (ECG, electrocardiogram;

LEG, leg electromyogram; EOG, electro-oculogram;

EMG, submental electromyogram; EEG,

electroencephalogram) and indicate this patient is

in REM sleep. The apnoeas are indicated by

intermittent cessation of air flow (autoflow: nasal

air flow) and are obstructive in nature, as continued

respiratory effort is seen when air flow is absent
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apnoea. The lowest trace is a non-invasive recording

of blood pressure (BP) showing an increase in both

systolic (> 50 mmHg) and diastolic blood pressure

(> 25 mmHg) at the end of an apnoea.
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cent studies showing that effective nasal CPAP reduces blood
pressure compared with subtherapeutic CPAP (Pepperell et
al., 2002; Becker et al., 2003).

Cardiovascular disease and mortality
As with hypertension, cause-and-effect relationships between
OSAand other cardiovascular endpoints are difficult to estab-
lish. A number of groups have reported an increased risk of
myocardial infarction and stroke in sleep apnoea (Hung et al.,
1990; Palomaki et al., 1992). Potential mechanisms of athero-
sclerosis include endothelial dysfunction and a vascular in-
flammatory response from hypoxia. C-reactive protein level
(CRP) (an index of the presence of systemic inflammation and
probably atherogenesis) is elevated in OSA (Shamsuzzamam
et al., 2002). Effective CPAP therapy was associated with a re-
duction in CRP in a population with severe OSA (Yokoe et al.,
2003). A number of pro-atherogenic factors have been shown
to be promoted by untreated OSA (Dyugovskaya et al., 2002).
Data from the Sleep Heart Health Study have demonstrated a
relationship between AHI and prevalent cardiovascular dis-
ease (as defined by various manifestations of ischaemic heart
disease, heart failure and stroke) (Shahar et al., 2001). The odds
ratios were fairly modest and surprisingly there did not ap-
pear to be a dose–response ratio above an AHI of 10. However,
a criticism of this study is the mean age of the group (65 years).
Prior work has suggested that the effects of OSAon cardiovas-
cular disease, including mortality, are most marked in those
patients under 50 years.

A prospective study of more than 1600 patients found that
age, BMI, hypertension and apnoea index were independent
predictors of death (Lavie et al., 1995). He and colleagues
(1988) observed an increased cumulative mortality in un-
treated patients with an apnoea index > 20 compared with AHI
< 20, again most marked in patients under 50 years. Treatment
with CPAP or tracheostomy reduced the mortality. Snoring is 
a strong risk factor for sleep-related strokes, whereas sleep 
apnoea symptoms (snoring plus reported apnoeas or EDS) 
increase the risk of cerebral infarction, with an odds ratio of 8.0.
Mechanisms other than increased blood pressure and sympa-
thetic activity may be involved. Tests of platelet aggregation
increased overnight in a group of patients with OSAcompared
with decreasing overnight in control subjects (Sanner et al.,
2000). Treatment with CPAP decreased the night-time level of
platelet aggregability and reversed the overnight rise seen
pretreatment.

Other studies of vascular responsiveness have demon-
strated impaired vasodilatation in patients with OSA, both
with and without hypertension (Carlson et al., 1996). These
findings have implications in analysis of data linking obesity
and cardiac disease. More recently, Peker and colleagues
(2002) did a 7-year follow-up study of 182 middle-aged men.
They concluded that the risk for cardiovascular disease is in-
creased fivefold in middle-aged men with OSA, and that effec-
tive treatment decreases the risk to one-tenth of that in

untreated men. More difficult still is the issue of treating pa-
tients with OSA who do not have significant sleepiness, with
the aim of preventing the effects of sleep-disordered breathing
on cardiovascular outcomes (Hedner, 2001).

Pulmonary hypertension and lung disease
Obstructive apnoeas can produce pulmonary hypertension
acutely, largely due to hypoxic pulmonary vasoconstriction
although hypercapnia may also play a role. Anumber of stud-
ies have found a relationship between OSA and the develop-
ment of daytime pulmonary hypertension (PHT), with the
prevalence of PHT ranging from 10% to 70% in patients pre-
senting with OSA (Weitzenblum et al., 1988; Sajkov et al., 1994;
1999). Some of these studies have included patients with lung
disease, particularly chronic obstructive pulmonary disease
(COPD), as well as OSA, possibly confounding the results.
However, there are several studies that carefully excluded pa-
tients with any lung disease and these studies have found PHT
in 10–40% of patients with OSA(Bady et al., 2000). It seems like-
ly that individual variation in the response of the pulmonary
vasculature to hypoxia accounts for the development of PHT
in some patients with OSA. Sleep-disordered breathing
should therefore be excluded in any patient who has PHT.

The overlap syndrome describes those patients with both OSA
and lung disease, particularly COPD. The combination of
these diseases results in a greater degree of pulmonary hyper-
tension and blood gas abnormality than expected for each dis-
ease alone. In general, patients with COPD develop daytime
hypercapnia only when their lung function falls below 30% of
their predicted level. However, patients with only moderate
COPD (lung function > 40% predicted) can develop significant
awake hypercapnic hypoxic respiratory failure if they have co-
existent OSA. The hypercapnia is due to hypoventilation sec-
ondary to changes in ventilatory control and can be partly or
fully reversed with effective treatment of the sleep apnoea.

Endocrine abnormalities
Impaired growth hormone (GH) secretion in adults can lead to
central obesity and reduced bone and muscle mass; patients
with obesity have low levels of GH. Men with OSA have a de-
fect in both GH and testosterone secretion (Grunstein et al.,
1989; 1993b) that can be reversed with CPAP treatment, inde-
pendent of any weight change. The low GH levels in OSA pa-
tients may be additive to the already low levels of obesity, but
it remains unknown whether the changes in GH and testos-
terone in OSA result in any measurable changes in body com-
position or body fat distribution.

In a group of patients with a high likelihood of OSA, based
on questionnaire data, plasma insulin levels were found to be
increased in both men and women, independent of obesity
(Schwab et al., 1995). Recently, Ip and colleagues (2002) studied
250 consecutive subjects from a sleep clinic who did not know-
ingly have diabetes mellitus. They essentially found that obe-
sity and also sleep apnoea severity and minimum oxygen
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saturation were independent determinants of insulin resis-
tance. In another study of 150 mildly obese subjects, sleep-
disordered breathing was independently associated with glu-
cose intolerance and insulin resistance (Punjabi et al., 2002). A
further study examined patients with type 2 diabetes mellitus
and OSA, and found an improvement in insulin sensitivity
after treatment with CPAP (Brooks et al., 1994). This improve-
ment again was independent of any changes in weight or other
treatment. These data suggest that OSAhas an effect on insulin
resistance, possibly through increased sympathetic nerve 
activity. Some of the hormonal abnormalities in central obesity
may be attributable to OSA.

Sleep-disordered breathing: treatment

The approach to any treatment should be tailored to suit the 
individual patient and in sleep-disordered breathing it will be
determined primarily by the severity of symptoms and the
severity of the OSA. Asecondary consideration is the presence
or absence of cardiovascular risk factors. The question as to
whether patients should be treated for this latter reason alone,
regardless of symptoms, remains unanswered and this area is
made more difficult by the fact that compliance with the most
successful form of treatment available (CPAP) is related to the
relief of symptoms. However, patient denial, either conscious
or not, may produce an asymptomatic patient and, if possible,
family input should be sought when a patient with a highly
positive study denies symptoms. Patient occupation may also
influence the decision to treat, particularly given data regard-
ing motor vehicle accidents and OSA, and the fact that sleep
deprivation, which is common in commercial drivers, may 
act synergistically with even mild OSA to increase daytime
sleepiness.

Weight loss

Weight loss is an important part of any treatment regime in

which the disease is related to obesity. Weight loss, either by
caloric restriction (Smith et al., 1985; Pasquali et al., 1990;
Schwartz et al., 1991; Suratt et al., 1992; Kansanen et al., 1998;
Sampol et al., 1998) (Table 20.5) or bariatric surgery (Harman 
et al., 1982; Charuzi et al., 1985; Sugerman et al., 1992; Pillar 
et al., 1994) (Table 20.6), significantly reduces the severity 
of OSA. Even moderate weight loss (10%) can decrease the
AHI and improve daytime alertness. Recently published 
longitudinal data on 690 subjects, followed over 8 years with
sleep studies, showed that a 10% weight gain predicted an in-
crease in the AHI of around 32% and a 10% weight loss pre-
dicted a decrease of 26% in the AHI (Peppard et al., 2000a;
Shahar et al., 2001).

Short-term effects of weight loss

Several small clinical studies have evaluated the short-term ef-
fects of varying degrees of weight loss in patients with OSA.
The majority of these studies all demonstrated that weight loss
was associated with an improvement in OSA. However, these
studies are uncontrolled, as they have varying degrees of obe-
sity at baseline. Smith and colleagues (1985) demonstrated not
only a reduction in OSA with weight loss, but also a reduction
in pharyngeal critical closing pressure, which indicated a re-
duction in upper airway collapsibility.

Several case series of significant weight loss following
bariatric surgical procedures have been published. Although
there was an improvement in OSA with dramatic weight loss,
the amount of weight loss did not always correlate with the 
degree of improvement in OSA.

Long-terms effects of weight loss

Detailed long-term studies of weight loss are lacking. In a
group of 313 patients with BMI > 35 kg/m2 assessed by ques-
tionnaire 1 year after bariatric surgery, there were marked 
improvements in habitual snoring (82% preoperatively to 
14% at follow-up), observed sleep apnoea (33% to 2%) and

Table 20.5 Effects of dietary weight change on severity of OSA.

Study Participants Follow-up Intervention Weight change, AHI change,
(months) kg (%) events/hour (%)

Smith et al. (1985) 15 5.3 Diet instruction 9.6 (9) 25.8 (47)

Pasquali et al. (1990) 23 ? VLCD 18.5 (61) 33.5 (49)

Schwartz et al. (1990) 13 16 DIET 7.3 (17) 50.8 (61)

Suratt et al. (1992) 8 24 VLCD 20.6 (13) 28 (30)

Kansanen et al. (1998) 15 3 Diet 9.2 (8) 12 (38.7)

VLCD, very low-calorie diet.
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daytime sleepiness (39% to 4%) (Dixon et al., 2001). This group
had lost an average of 48% of their excess weight. However, 
the effects of weight loss on OSA are variable, and many pa-
tients have significant residual disease that warrants further
treatment. In addition, there have been reports of OSA recur-
ring, despite maintenance of weight loss (Pillar et al., 1994;
Sampol et al., 1998). For these reasons, patients should be 
re-assessed after weight loss and regularly during weight
maintenance.

Other general measures

Alcohol and sedatives such as benzodiazepines should be
avoided in patients with sleep-disordered breathing. These
drugs can reduce pharyngeal muscle tone and depress arousal
responses, resulting in more and longer apnoeas during sleep.
Similarly sleep deprivation can impair upper airway muscle
tone and increase arousal thresholds, increasing any tendency
to OSA. Smoking cessation can reduce self-reported snoring
possibly by effects of smoke on airway inflammation and
should be encouraged (as always).

Body position may influence the frequency of apnoea and
hypopneas in 50–60% of patients (Cartwright, 1984). The AHI
increases in a supine position and is lower in an elevated posi-
tion (30–60°) and lateral position (McEvoy et al., 1986). Some
patients have predominantly positional apnoea (related to the
supine posture), and attempts to avoid this position during
sleep may help reduce the severity of OSA. However, posi-
tional therapy may not be effective in the obese patient. Posi-
tional therapy should however be considered in patients with
OSA who have at least twice the number of respiratory events
in the supine position compared with the lateral position and
have an AHI of <10 events per hour. Nasal obstruction will
worsen any tendency to snoring and OSA, and should be 
treated (usually pharmacologically); there is little evidence
that nasal surgery is of any use in the treatment of OSA. The 
effects of external nasal dilator strips on snoring are variable,
with some studies reporting success (Pevernagie et al., 2000).
These strips have no effect on OSA.

Continuous positive airway pressure

The application of nasal CPAP for the treatment of OSA
was first described by Sullivan and colleagues (1981) and 
revolutionized the field of sleep-disordered breathing 
(Sullivan et al., 1981). Nasal CPAP is the most effective treat-
ment available for OSA. ACPAP machine works by delivering
positive pressure to the upper airway via a nose (or face) mask,
thus providing a pneumatic splint that prevents upper airway
closure. The pressure is usually generated by an electro-
mechanical blower that delivers air flow through wide-bore
tubing to a nasal mask with a fixed expiratory resistance. 
Adjusting the air flow allows different pressures to be deliv-
ered at the nares. The optimal pressure required to prevent
upper airway closure is determined by a sleep study. The 
required pressure can vary between 4 and 20 cmH2O. Many
patients show a rebound phenomenon during these treatment
nights, with markedly increased amounts of REM and 
slow-wave sleep.

Treatment with nasal CPAP normalizes sleep architecture
(Fig. 20.4), decreases upper airway oedema and significantly
improves daytime sleepiness both subjectively and objec-
tively (Sullivan et al., 1994). Studies have shown that CPAP
improves daytime alertness, cognitive function, mood and
quality of life in patients with OSA of all degrees of severity,
from mild (including upper airway resistance syndrome) through
to severe (Engleman et al., 1994; 1999; Jenkinson et al., 1997;
Ballester et al., 1999). These studies include carefully con-
trolled trials with either placebo tablets or subtherapeutic
CPAP (Jenkinson et al., 1999). There is also evidence that treat-
ment with CPAPreduces the incidence of actual and near-miss
traffic accidents in patients with OSA (Krieger et al., 1997). As
discussed previously, CPAP treatment reverses many of the
adverse effects of OSA on blood pressure, pulmonary hyper-
tension and various hormonal levels, including leptin, and
mortality.

CPAP does not cure OSA. When treatment with CPAP is
stopped, OSArecurs and symptoms return. However, regular
use of CPAPmay lead to a reduction in the underlying severity

Table 20.6 Effects of surgical weight change on severity of OSA.

Study Baseline Follow-up Comment

Harman et al. (1982) AHI: 78 AHI: 1.4 Jejuno-ileal bypass, mean weight loss 108 kg

Pillar et al. (1994) AHI: 40 AHI: 11 Gastric bypass/gastroplasty (14 patients), initial results at 4/12

BMI: 45 BMI: 33

AHI: 24 Same group at follow-up at 7 years: note non-significant change in weight, but significantly worse OSA

BMI: 35

Sugerman et al. (1992) AHI: 64 AHI: 26 Gastric bypass/gastroplasty (40 patients), mean weight loss 57 kg

Charuzi et al. (1985) AHI: 89 AHI: 8 Gastric bypass (13 patients), mean weight change 73%
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of OSAas assessed by sleep studies performed after a period of
treatment. This reduction in severity is probably due to the ef-
fects of CPAP in reducing upper airway oedema and treating
sleep deprivation. Recently, Barnes and colleagues (2002) re-
ported in a randomized crossover study of CPAP vs. a placebo
tablet in mild OSA that CPAP failed to improve measures of
objective or subjective sleepiness in patients with mild OSA,
and that placebo effect may account for some of the treatment
responses previously reported (Barnes et al., 2002).

The main problem limiting the efficacy of CPAP has been
long-term compliance (Grunstein, 1995). Various studies of
compliance indicate that somewhere between 40% and 70% of
patients have difficulties with compliance (Krieger, 1992). On
the whole, those centres that provide more intensive initial
(within the first few weeks of treatment) assistance to patients
have better long-term compliance than others; compliance
with treatment in this initial period predicts long-term compli-
ance. In addition, those patients who have the greatest symp-
tomatic improvement with CPAP are, not surprisingly, the
more compliant. The CPAP machine and mask remain fairly
cumbersome and inconvenient. Side-effects related to the 
patient–mask interface are the most common and, although
often minor, have a major impact on patient tolerance and use
of the treatment. Poorly fitting masks can cause skin irritation
and even ulceration. More importantly, poor mask fit can 
result in an air leak, either around the mask or through the
mouth. Due to the high air flow generated by the CPAP ma-
chine, leaks can produce major effects on the mouth and nose,
with dryness of the mouth and nasal congestion and rhinor-
rhoea. These problems can be effectively treated by improving
mask fit, providing a chin-strap to prevent mouth-opening or
humidifying and warming the air with humidifiers built into
the circuit. The technology of mask and machine is constantly
improving, with machines available now that ramp pressure
up slowly at sleep onset and continuously adjust the required
pressure through the night. These modifications may improve
compliance in some patients. Those patients who require
higher pressures or have milder disease are less likely to be
compliant. Obese patients with OSA generally require higher
pressures than patients who are not obese.

Despite these problems, CPAP remains highly effective for
the treatment of all symptoms related to all degrees of OSAand
should not be abandoned without intensive attempts to im-
prove an individual’s tolerance and compliance.

Newer generations of CPAP devices that provide automatic 
adjustments of positive airway pressure are widely available.
The algorithms employed by these devices are not well known
and are variable between various devices (Farre et al., 2002).
Auto-adjusting devices are generally just as effective as con-
ventional fixed CPAP in OSAoutcomes. There is also evidence
that auto-adjusting devices are associated with lower mean
pressures than conventional CPAP; however, this has not been
shown to be associated with better compliance rates (Littner 
et al., 2002).

Mandibular advancement devices

Mandibular advancement devices (MADs) are intraoral or-
thodontic devices that are designed to displace the mandible
anteriorly, increasing the anteroposterior diameter of the
upper airway and so reducing upper airway closure and col-
lapse when worn at night. These devices are effective at reduc-
ing snoring, assessed both objectively and subjectively
(Pasquali et al., 1990). The effects of these devices in OSA are
less clear. A number of uncontrolled studies have demon-
strated significant reductions in the AHI with MADs, but
many patients had significant residual apnoea and some 
patients had an increased AHI with these devices (Schmidt-
Nowara et al., 1995; Clark et al., 1996). Controlled trials com-
paring MADs with CPAP have confirmed that MADs reduce
the AHI by around 50% in some (not all) patients with mild to
moderate OSA and significantly reduce daytime sleepiness
(O’Sullivan et al., 1995; Ferguson et al., 1996). However, CPAP
treatment results in a lower AHI and is successful in more 
patients. In 48 patients with OSA, randomized to 8 weeks of
CPAPvs. 8 weeks of MAD (a crossover trial), there were signif-
icantly greater improvements in a number of sleep variables
with CPAP than with the MAD. The authors of the study con-
cluded that MAD did not represent first-line therapy for OSA
patients (Engleman et al., 2002).

These devices (MADs) require careful orthodontic attention
to ensure that adequate anterior displacement of the mandible
is achieved. The efficacy of these devices is likely to be reduced
in the more obese patients as skeletal factors and maxillofacial
abnormalities are less important in the genesis of upper air-
way obstruction in this group. In general, these devices tend to
be less effective in those patients with more severe OSA. How-
ever, if a patient is intolerant of CPAP, it may be worthwhile 
trialling a MAD. There are few data available on compliance.
Short-term side-effects are generally minor and are related to
excessive salivation, jaw and tooth discomfort and occasional
joint discomfort. Fortunately, serious complications are not
common, but occlusal changes may occur.

The American Academy of Sleep Medicine has published
guidelines about the use of oral appliances. Essentially, oral
appliances are indicated as first-line therapy in simple snoring
and mild OSA, and as second-line therapy for patients with
moderate to severe OSA when other therapies have failed
(American Sleep Disorders Association, 1995).

Tracheostomy

Prior to the advent of CPAP, tracheostomy was the only effec-
tive treatment for OSA (Standards of Practice Committee for
the American Sleep Disorders Association, 1996). This opera-
tion is invasive, with significant morbidity, particularly in
obese subjects, and is only partly effective in treating OHS. It
should be reserved for those patients with very severe OSA,
who are completely intolerant of any other treatment. Prior to
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any surgery, the patient should be reviewed in a specialist
sleep centre, with intensive attempts to introduce nasal CPAP,
including customized masks, humidification of inspired air
and even ENT review/intervention to facilitate CPAP usage.
With skilful surgery and close follow-up, tracheostomy may
be a last-resort therapeutic option in some patients.

Uvulopalatopharyngoplasty and other upper
airway surgery

Uvulopalatopharyngoplasty (UPPP) was originally described
in Japan in the 1950s for the treatment of heavy snoring, and in-
volves a careful surgical removal of the uvula and part of the
soft palate (with or without tonsillectomy). The operation was
introduced to the USA for the treatment of OSA in the early
1980s and was greeted with some enthusiasm. However, 
the efficacy of UPPP in the treatment of OSA is limited 
(Rodenstein, 1992). When treatment success is defined as a re-
duction in AHI of only 50%, a successful result is seen in less
than 50% of patients. There are no preoperative tests that satis-
factorily predict the response to surgery. There is a significant
morbidity and even mortality. Excessive removal of palatal 
tissue can lead to velopharyngeal incompetence, with nasal 
regurgitation and speech changes. Subsequent use of CPAP
may be more difficult following UPPP. Not surprisingly, many
studies report particularly poor results in obese patients. 
Present-day guidelines state that the efficacy of UPPP is vari-
able and that it should only be considered after non-surgical
therapies have failed (Standards of Practice Committee for the
American Sleep Disorders Association, 1996).

Modifications of the UPPP have been introduced where 
either a surgical laser is used to resect the palate (laser-assisted
uvulopalatoplasty, LAUP) or high-frequency radio waves
(somnoplasty) are used in an attempt to stiffen palatal tissue.
The treatment response is variable and unpredictable. Ryan
and Love (2000) studied 44 patients at baseline and 3 months
after LAUP, and reported worsening of OSA (AHI increased
by more than 100%) in 30% of their patient group, with a very
poor relationship between subjective and objective measures
of efficacy. There is clearly a placebo effect in snoring surgery,
which has been demonstrated in other forms of surgical inter-
vention. Recently, a randomized controlled study comparing
temperature-controlled radiofrequency ablation to the tongue
base and palate (TCRFTA) with CPAP and sham CPAP (inef-
fective CPAP) showed that treatment with TCRFTAand CPAP
improved quality-of-life scores and sleepiness in mild to mod-
erate OSA(Woodson et al., 2002).

More complex maxillofacial surgery, usually performed in
two phases, has been used with some success in the treatment
of OSA. The first phase involves a UPPP in combination with
genioglossus advancement, via a mandibular osteotomy, and
hyoid myotomy. The Stanford group has reported overall suc-
cess rates of around 60% with this procedure, but with less suc-
cess in those patients with more severe disease (>60 events 

per hour and desaturation to 70%) and in the morbidly obese
(Powell et al., 1998). The second phase involves bimaxillary 
advancement, which was reported to be as successful as CPAP
in treating a group of patients with severe OSA (AHI 68 per
hour) and a mean BMI of 31 kg/m2 (Riley et al., 1993). In con-
trast, Bettega and colleagues (2000) found that phase I surgery
was generally ineffective in OSA, with successful results in
only 22% of patients. In their study, phase II surgery was suc-
cessful in 75% of patients, but morbidity was significant. These
complex surgical procedures are highly specialized and not
widely available.

Pharmacological treatment

There are no placebo-controlled studies showing constant effi-
cacy of any medication in OSA or OHS (Hedner and Grote,
2002). Obviously, weight-lowering drugs may be of benefit
through weight loss but no drug has been found that alters the
collapsibility of the upper airway during sleep. Studies look-
ing at agents such as medroxyprogesterone, protriptyline and
SSRIs as a primary therapy for OSA have been disappointing.
Arecent systematic review concluded that present data do not
support the use of drugs as an alternative to CPAP in OSA
(Smith et al., 2002).

More recently, two randomized, double-blind placebo-
controlled trials have shown that modafinil (non-
amphetamine wakefulness promoter) may be useful as an 
adjunct therapy for OSA patients who are still sleepy despite
CPAP use. Modafinil does not seem to affect sleep-disordered
breathing (i.e. AHI) but improves measures of sleepiness com-
pared with placebo (Kingshott et al., 2001; Pack et al., 2001).

Management of obstructive sleep apnoea with
daytime respiratory failure (including obesity
hypoventilation syndrome)

These patients should be managed in a specialist sleep and res-
piratory failure centre and, depending on the chronicity and
the severity of their condition, many are best managed with a
brief period of hospitalization. There is a wide range in the 
degree of hypercapnic hypoxic respiratory failure associated
with the combination of OSA and obesity, and the manage-
ment of these patients should be individualized. For example,
the obese patient with severe OSA and a daytime Paco2 of
48 mmHg, normal pH and a Pao2 of 72 mmHg can usually 
be managed with CPAP alone; when the OSA is adequately
treated, the daytime blood gases will improve.

Many of these patients come to medical attention with
acute-on-chronic respiratory failure due to a superimposed
condition, such as a respiratory tract infection, or even post-
anaesthetic for an unrelated surgical procedure. In these de-
compensated patients, oxygen therapy alone should be used
with caution with very close monitoring of hypercapnia and,
as the main pathology in these patients is impaired respiratory
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drive, sedatives or hypnotics should be avoided. Until re-
cently, the only treatments available for these decompensated
patients, and for those patients with severe chronic respiratory
failure due to OHS, were very high CPAP pressures, CPAP
plus added oxygen or, for the most unwell or obtunded pa-
tients, a short period of intubation and mechanical ventilation
(Sullivan et al., 1983; Piper and Sullivan, 1996).

New devices (modifications of CPAP) have become avail-
able for the treatment of respiratory failure (Fig. 20.6). These
devices can deliver either volume-cycled ventilation or posi-
tive pressure ventilation to the upper airway via nose or face-
mask, effectively providing mechanical ventilation without
the need for intubation. These devices can provide support to
the patient’s spontaneous respiratory efforts or deliver a set
number of breaths as a back-up if the patient’s inspiratory 
efforts are inadequate to trigger the machine. These devices
are extremely effective in the treatment of both acute and
chronic respiratory failure due to hypoventilation related to

obesity and OSA (Piper et al., 1993; Piper and Sullivan, 1994),
and are well tolerated by the patients.

When the acutely unwell patient has been stabilized, sleep
studies can be performed to determine whether home use 
of non-invasive positive pressure ventilation (NIPPV) is re-
quired, at what pressures and whether added oxygen is need-
ed. Asimilar approach is used in the treatment of patients with
chronic severe OHS. After a period of treatment with NIPPV
(months) some of these patients can be treated with CPAP
alone. These patients are best managed in a specialist sleep
unit with expertise in the long-term management of sleep-
related respiratory failure.

Conclusion

Obesity can produce a measurable reduction in lung function
and is very strongly associated with breathing disorders in
sleep, such as OSAand hypoventilation.

Moderate to severe degrees of obesity can lead to a restric-
tive abnormality in lung function due to the mechanical effects
of central body fat. Obese subjects may have reduced lung vol-
umes and an increased work of breathing. Central fat deposi-
tion is also linked to upper airway collapsibility in sleep, and
epidemiological data have identified obesity as a crucial risk
factor in the development of OSA. Sleep-disordered breathing
has a number of clinical consequences, including excess car-
diovascular morbidity. The combination of obesity-induced
reduced pulmonary function and sleep-disordered breathing
can lead to progressive respiratory failure during sleep finally
resulting in awake hypercapnic respiratory failure (OHS, cen-
tral hypoventilation). This respiratory failure can occur with-
out any intrinsic lung disease. Weight reduction can improve
lung function and reduce the severity of sleep apnoea and
OHS. Treatment of sleep-breathing disorders has been ad-
vanced greatly by the use of positive airway pressure devices
and OHS can be reversed with the use of these devices.
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Introduction

Obesity management is perceived as a challenge: it requires
considerable time usually in a busy practice, skills in which a
therapist may not have been trained and a feeling that success-
ful outcome is unlikely. Such a situation tends to make many
health professionals unprepared to become involved in obesi-
ty management.

There are reasons for the perceived lack of success, which 
include lack of training, few long-term maintenance pro-
grammes, little understanding of the pathophysiology of
weight control and often a prejudice about obesity (‘all it takes
is self-control and will power’). In addition, few health profes-
sionals have been taught about nutrition and physical activity,
or realistic weight loss goals. Obesity treatment is frequently
instituted without the benefit of an integrated lifestyle man-
agement programme.

Modern obesity treatment programmes aim to improve
health and well-being and this needs to be emphasized. Obe-
sity treatment by health professionals should be seen to be for
health benefit and not as a response to the dictates of modern-
day fashion. Not all of those who seek weight loss treatment
require it. It is important for the therapist to recognize this and
to let such individuals know when they do not need to lose
weight. Although most will accept such advice, in some cases
it may be necessary to refer for specific counselling or therapy
for an eating disorder.

Obesity therapy today is based on clinical assessment and

the assessment of associated medical risks (such as metabolic
and locomotor disease). For some patients, general advice on
eating and activity may be all that is required. For others, in
need of therapy for health reasons, it is advisable to include a
lifestyle programme and, when necessary, to consider adjunc-
tive therapy. Treatment requires sufficient consultation 
time and, once adequate weight loss (or other goal) has been
achieved, an ongoing weight maintenance programme to 
be provided. The need for long-term follow-up cannot be
stressed too firmly: successful long-term weight maintenance
depends on continuing follow-up. This chapter summarizes
such an approach to weight management.

How much weight loss?

There are few long-term studies of intentional weight loss and
its effect on mortality. Some studies are under way at present
and other larger studies are planned. It appears that inten-
tional weight loss in women results in a reduction of mortality
in the first 2 years, and that this reduction is particularly ex-
plained by cancer deaths. There are additionally improve-
ments in medical risk factors and complications from other
diseases.

Many individuals have unrealistic expectations about
weight loss and set themselves, or their patients, unachievable
weight loss goals. It is not necessary to reach the ideal or healthy
weight because health benefits can be obtained first from
maintaining weight (not gaining more) and second from los-
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ing a moderate amount of weight, between 5% and 10% of pre-
senting weight. This amount of weight loss produces reduc-
tion of risk and health benefit. A list of potential benefits is
given in Table 21.1.

Recent studies confirm that mild to moderate weight loss
can be achieved by lifestyle intervention and be maintained
for up to 4 years. There have been several major trials on dia-
betes prevention in Scandinavia, China and the USA. The Dia-
betes Prevention Programme study from the USA studied 
the effects of placebo, metformin and a reasonably intensive
lifestyle intervention in diabetes prevention. At the end of 4
years there was a 58% reduction in the incidence of diabetes.
This was produced by a maintained mean weight loss of 
4.6 kg. The other studies, which had, in general, less intensive
lifestyle interventions, produced similar results. A seemingly
small weight loss of a few kilograms may have major benefits.
Initial patient management should be a moderate weight loss
of 5–10%. If successful then later treatment can set a new target
or goal for further weight loss.

Because of the difficulties in understanding appropriate
and necessary weight loss, and in the absence of training and
experience of weight management, many organizations and
health departments have produced (and occasionally update)
best-practice guidelines. Examples of such guidelines are
those of the Scottish Intercollegiate Guidelines Network
(1996), the NIH (1998), the Royal College of Physicians of 
London (2003) and the National Health and Medical Research
Council of Australia (2003).

Such guidelines, with their evidence-based approach, high-
light areas of difficulty. For example, the body mass index
(BMI) cut-off points for obesity, which were derived from
largely Caucasian (indeed US) data, are probably inapprop-
riate for other ethnic groups. Some organizations (including
the World Health Organization, WHO) and countries have
suggested lower BMI cut-off points for individuals from Asia
and possibly higher values for those of Pacific Islands descent.
A further problem with such guidelines is their potential rigi-

dity. It is essential to realize that with increasing risk factors or
disease, or possibly with those of Asian origin, treatment
needs to be instituted or intensified at the earliest stage and/or
lower BMI level.

Aims of obesity treatment

With this in mind, what are the aims of obesity treatment? A
5–10% weight loss is one. However, weight loss should not be
the sole objective for obesity treatment. Additional aims are to
reduce risk to health and complications from associated dis-
ease that may be present. Furthermore, treatment is not just for
the short term, but rather for a lifetime. A list of possible aims
are given in Table 21.2. If weight loss cannot be achieved, an
aim of no additional weight gain may be practical, achievable
and of benefit. In some patients who find weight loss difficult
due to mechanical complications (such as osteoarthritis), or
emotional or psychological factors, prevention of further
weight gain may be more appropriate than actual weight loss.

All such goals should be negotiated with the patient and
documented. When the goals are achieved the patient must be
congratulated and given credit for their success. New goals

Table 21.1 Health benefits of moderate weight loss (5–10% of presenting

body weight).

Mortality

20% decrease in overall

30% decrease in diabetes-related deaths

40% decrease in cancer-related deaths

Blood pressure

10 mmHg decrease

Lipids

15% decrease in cholesterol

Reductions in other lipids

Diabetes

Better blood glucose control

Table 21.2 Possible goals of obesity management.

These will be individual and need to be negotiated with each patient.

Body weight

Loss (5–10% of body weight)

Possible maintenance of present weight (especially in the older patient)

Waist reduction

(? Change in body composition)

Metabolic disease – better control and/or less medication

Diabetes

Dyslipidaemia

Hypertension

Mechanical disease – better control, less intensive therapy

OSA

Arthritis

Activity

Control of mechanical disease

More able, less short of breath

Less restriction

Feeling of well-being

Fewer medications overall

Quality of life, well-being and psychosocial functioning

Fertility (important for IVF programmes)

Individual goal

‘The special dress’

Occupational reasons, etc.
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(which may include further loss or weight maintenance)
should then be negotiated.

Overall, weight loss should be approached incrementally
with new weight loss goals being set when the original target
has been reached. It is likely that goals for older patients (> 65
years) will be different from those who are young. There is a
suggestion that although a population becomes heavier with
age, the risk from obesity does not increase proportionately.

Assessment of the overweight and 
obese patient

General

For most health professionals, patients will be seen in a con-
sulting room/area. Necessary equipment should include
weighing scales that measure up to 200 kg or more, large blood
pressure cuffs, a long tape measure for waist circumference
and larger width chairs. A list of the requirements that are ap-
propriate for a clinic treating obese individuals is given in
Table 21.3.

Specific weight history

There are a number of specific factors that should be sought
and a brief list is given in Table 21.4. The history of weight gain
should be obtained to elucidate possible causative factors and
to determine the patient’s insight and understanding of the
factors underlying their weight gain. Such questions might in-
clude: ‘At what stage did you gain weight?’, ‘Do you know of
specific reasons for your weight gain?’ and ‘Can you describe
your eating patterns and what activity you do?’. It is helpful to
decide whether childhood-onset obesity is due to a particular
life event or a specific syndrome. The latter is rare and may be
identified by the length of history and specific associated clin-
ical features. Specific single gene disorders are associated with

the early onset of massive obesity, usually a strong family 
history and often characteristic clinical features such as 
hypogonadism.

A number of diseases may be associated with weight gain,
although uncommonly with massive obesity, and clinical 
features of these should be sought. The diseases include en-
docrine diseases (hypothyroidism, acromegaly, Cushing’s
syndrome and diabetes), various types of arthritis or injury
that may be associated with immobility, and cardiac disease,
which may also reduce activity. There are particular drugs that
are associated with weight gain and a history of the use of such
drugs should be obtained. Examples of such drugs are given in
Table 21.5.

Physical examination and investigations

Adetailed physical examination should always be performed.
Weight and height should be measured, and BMI calculated.
(BMI cut-off points are shown in Table 21.6.) It is worth re-
cording the distribution of fat tissue by measuring the 
waist circumference. (The waist measurement is taken as the
narrowest circumference midway between the lower border
of the ribs and the upper border of the iliac crest.) Examination
of the skin is important. Thin, atrophic skin (together with ab-
dominal adiposity and relatively thinner extremities) is a fea-
ture of excess use or secretion of glucocorticoids; acanthosis
nigricans (pigmented, ‘velvety’ skin creases especially in the
axillae or around the neck) is associated with insulin resis-
tance; hirsutism in women may indicate polycystic ovary 
syndrome or simply obesity per se. A neck circumference of
greater than 43 cm indicates the likelihood of obstructive sleep
apnoea (OSA) and the pharynx should be examined to exclude
evidence of obstruction from tonsils or other cause of narrow-
ing. Blood pressure and cardiovascular function should be
noted.

Some investigations are useful but care should be taken to
choose those appropriate for the individual. In addition to as-

Table 21.3 Essential elements for an appropriate setting for the management of overweight and obesity.

Trained staff directly involved in the running of the weight loss programme. These staff (medical, nursing and other health-care professionals) should have

attended courses on the management of obesity and must be provided with opportunities to continue their education.

A printed programme for weight management, which includes clearly outlined dietary advice, behavioural modification techniques, physical exercise and

strategies for long-term lifestyle change. Such a programme may include a family and/or group approach.

Suitable equipment, in particular accurate and regularly calibrated weighing scales take measure and stadiometer.

Specified weight loss goals, with energy deficits being achieved through moderating food intake and increasing physical expenditure.

Documentation of individual patients’ health risks. This will include BMI, waist circumference, blood pressure, blood lipids, cigarette smoking and other comorbid

conditions.

A clearly defined follow-up procedure, which involves collaboration between the different settings of care, provides regular monitoring and documentation of

progress and includes details of criteria for judging the success of weight loss. This will allow a weight loss programme to be properly supported, medical

conditions to be monitored, and problems or issues to be addressed at the earliest opportunity.
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sessing for risk factors (see below), it may be useful to measure
plasma thyroid stimulating hormone (TSH) and testosterone;
the latter is often low, particularly in those men with OSA,
whereas it may be elevated in obese women. Liver transami-
nases (alanine and aspartate) may be elevated, particularly in
those with abdominal adiposity and/or the metabolic syn-
drome. This may reflect associated non-alcoholic steatohep-

atitis (NASH). Often in the early stages of weight loss, these
liver enzymes rise but they usually settle as weight stabilizes.
The measurement of serum leptin is not recommended as a
routine but it may be required in patients with extreme early-
onset obesity. Although the rare leptin-deficient syndrome can
be treated, the serial measurement of leptin in simple or spon-
taneous obesity may prove to be a useful marker of fat loss.

Table 21.4 Points that should be elucidated in any clinical history taken from a patient prior to obesity management.

Medical history

Risk factors

Presence of established complications of obesity (remember to ask about snoring, sleep and daytime somnolence)

Body weight history

When was weight gained (e.g. puberty, stopping sport, employment, marriage, pregnancies, etc.)?

Previous treatment(s) for obesity (including successes and failures)

Family history of obesity, and related diseases and risk factors

Type 2 diabetes, hypertension, premature coronary heart disease

Diet history

Eating pattern and amount (compared with friends)

Hunger

Stress or emotional eating, binges

Alcohol intake

Regular physical activity pattern

Relevant social history

Cigarette smoking and cessation (did the patient gain weight then?)

Drug history

Anti-psychotics

Anti-depressants

Steroids

Anti-convulsants

Lithium

Beta-blockers

Reproductive history

Irregular periods

Polycystic ovary syndrome

Table 21.5 Drug treatment (class of drug  and examples) that may be

associated with weight gain.

Anti-psychotic (olanapine, clozapine, risperidone)

Anti-depressants (tricyclic antidepressants)

Lithium

Anti-epileptic drugs (valproate, carbamazepine, gabapentin)

Diabetic medications (insulin, sulphonylureas, thiazolidinediones)

Steroid hormones (glucocorticoids, possibly oral contraceptives)

Beta-blockers

Antihistamines

Table 21.6 WHO classification of overweight and obesity in adults according

to BMI.

Classification BMI (kg/m2) Risk of co-morbidities

Underweight <18.5 Low (but risk of other clinical problems

increased)

Normal range 18.5–24.9 Average

Pre-obese 25.0–29.9 Mildly increased

Obese ≥ 30.0

Class I 30.0–34.9 Moderate

Class II 35.0–39.9 Severe

Class III ≥ 40.0 Very severe
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Assessment of risk

An initial risk measure is the presence of abdominal adiposity.
The WHO has suggested the measures shown in Table 21.7,
but for those of Asian origin, these measures may be 90 cm or
greater in males and 80 cm or greater in females.

As well as the presence of hypertension, assessment must be
made of the presence of cardiac disease and of diabetes. OSA
(as determined by sleep history, examination of the pharynx
and neck circumference) is an added risk. Dyslipidaemia 
[(classically hypertriglyceridaemia, with low HDL-cholesterol
(< 1 mmol/L) and elevated LDL-cholesterol (> 3.5 mmol/L)]
confers additional risk. Cigarette smoking is a major risk factor.

These risks may need to be quantified by specific investiga-
tions such as an exercise electrocardiograph (ECG) or sleep
studies.

Assessment of motivation to lose weight

Not all patients are prepared or are ready to lose weight de-
spite a medical requirement. Sometimes it may be advisable to
assess the patient’s readiness and motivation by direct ques-
tioning or using the stages of change model. It may be necessary
to suggest that rather than embarking on an intensive pro-
gramme at the present time, the patient should return at a later
stage for reassessment and review, when they are prepared
and motivated to lose weight.

Obesity management programmes

The therapies and degree of intensity of any weight loss pro-
gramme should be based on an assessment of the degree of
adiposity (anthropometry) and the presence or absence of
medical risk factors. Asuggested approach is outlined in Table
21.8. Mild to moderate uncomplicated overweight and obesity
may require advice with a specific eating and physical activity
programme. Greater degrees of obesity and risk, or the pres-
ence of disease, require more intensive lifestyle interventions,
the use of pharmacotherapy, possibly very low-calorie/
energy diets (meal replacements) or surgery. Although all of
these aspects of obesity treatment will be considered in detail
in other chapters, it is worthwhile briefly reviewing each
modality.

It also needs be underlined that any weight programme
must provide a weight maintenance component. This is the
most time-consuming component, but regular and long-term
follow-up visits and intervention are part of the management
of any chronic disorder.

The components of a weight management programme are: 

Table 21.7 Abdominal circumference (waist) at which risk increases.

Risk Increased Substantial increase

Men 94 cm (OR 2.2) 102 cm (OR 4.6)

Women 80 cm (OR 1.6) 88 cm (OR 2.6)

Asian men 90 cm

Asian women 80 cm

OR, odds ratio, which is the increase in risk associated with this situation,

compared with a lower waist circumference.

The values are those suggested by the World Health Organization in its

technical report.

Table 21.8 Practical approach to obesity treatment – clinical assessment and rational management outline.

BMI Risk rating Interventions

General advice Eating Activity Lifestyle programme Anti-obesity drugs VLCDs Surgery

18.5–24.9 Low Use

High Use Use

25–29.9 Low Use

High Use Consider*

30–34.9 Low Use Consider/use

High Use Use

35–39.9 Low Use Use

High Use Use Consider Consider

40+ High Use Use Use Consider

Risk rating: low, waist <102 cm in men and <88 cm in women and no risk factors present; high, waist greater than the above measures or the presence of risk

factors.

Risk factors: type 2 diabetes/impaired glucose tolerance, hypertension, coronary heart disease, dyslipidaemia, obstructive sleep apnoea.

*Pharmacotherapy should be considered at a BMI >27 with the presence of disease when there has been no weight loss in 12 weeks of a lifestyle programme.

Pharmacotherapy might be considered earlier in those with greater BMI or with more risk factors and diseases.
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∑ general advice; 
∑ eating (diet intervention); 
∑ physical activity; 
∑ behaviour modification; 
∑ lifestyle programme; and
∑ maintenance programme — monitoring and longer term fol-
low-up.

In addition, it may be necessary to consider adjunctive ther-
apies for some patients.

General advice should be given in all circumstances and will
include aspects of eating, physical activity and behaviour
modification. However, for most individuals with increased
adiposity and/or medical risk an additional planned pro-
gramme of intervention is necessary. Such a programme usu-
ally involves a number of visits (10–12 over a period of 3–6
months) with specific tasks for each one. If weight loss is insuf-
ficient during this time then consideration should be given to
drug treatment or other therapies.

Eating (diet intervention)

Although energy (calorie) restriction produces good weight
loss, some individuals may find this irksome and impossible
to maintain. For such patients, a low-fat eating plan may prove
effective: such plans may be maintained for several years. Fat
intake can be reduced to less than 40 g/day (or lower for
women) with the remainder of the diet being ad libitum.
Greater losses may be obtained by additionally reducing ener-
gy intake. Men may also need to reduce energy intake by limit-
ing their alcohol intake.

The major discussion of diet and obesity is in Chapter 22.

Physical activity (exercise programme)

Emphasis should be placed on increasing total daily activity to
between 60 and 90 min each day (Saris et al., 2003). Although
exercise and fitness are important, the initial emphasis should
be on increasing the activities of daily living, in particular
more walking. Aformal written exercise prescription has been
shown to increase effectiveness in general practice. Giving pa-
tients the opportunity to use or purchase a pedometer and
then setting the number of steps they need do in a day may
prove an effective method of increasing activity. For patients
with arthritis or other disabilities, hydrotherapy (exercising in
water) may be a way of initiating movement and this type of
activity can assist weight loss. A more detailed discussion is
provided in Chapter 24.

Behaviour modification

This therapy is important and central to any weight loss pro-
gramme and it is discussed in Chapter 23. There are many
components to behaviour modification, but one simple one is
the use of a food and exercise diary. This allows habit recogni-

tion and change. All subjects, but most particularly those who
are overweight or obese, under-report food intake and over-
report the activity they undertake. Adiary provides an impor-
tant starting point for discussion and suggests possible
interventions. Additional behavioural therapies include 
discussion about habits, change and alternative ways of 
approaching situations. Other techniques involve stress man-
agement, improving self-esteem and, occasionally, more spe-
cific counselling or psychiatric intervention.

Lifestyle programme

Programmes for lifestyle change usually have a number of ini-
tial intensive visits (e.g. 10 or 12) and then, depending on the
patient’s response, further visits may be scheduled or, in addi-
tion, drugs or other treatment initiated (see Chapters 22, 25
and 26). When goals are reached then the visits are extended.
Such a lifestyle programme should involve a range of health
professionals (dietitians, physiotherapists, nurses, psycholo-
gists). Good results (and satisfaction for the treatment group)
are usually obtained by the involvement of multidisciplinary
teams.

Because of this partial abrogation of obesity treatment 
by health professionals and because of community percep-
tions, many organizations and groups have been established
to fill the gap. Some commercial groups use conventional 
therapy (e.g. Weight Watchers or programmes used in some
gyms), whereas others rely on alternative or natural therapies
and still others use magic treatments that sound plausible 
but which really have neither scientific basis nor effectiveness.
Examples of the magic type of therapy would be total-body
wrapping, some herbal concoctions and bulking agents. 
Few have been tested rigorously and many are costly, but 
the very existence of such programmes and therapies shows
that many individuals desire to lose weight but need to be
guided into the correct approach and provided with effective 
therapy.

Maintenance programme

This is an essential part of any weight loss programme and the
most neglected. Follow-up programmes are essential and 
effective (Chapter 27).

Monitoring and longer term follow-up

Patients involved in an obesity treatment programme require
the following: 
∑ monitoring of weight (ideally monthly, no greater than 2-
monthly);
∑ monitoring of pulse rate and blood pressure;
∑ monitoring of obesity-related risks and diseases (e.g. dys-
lipidaemia, type 2 diabetes).
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The treatment plan should be recorded for each patient 
and incorporated into local audit data-recording systems. 
As weight loss progresses, adjustments may be necessary 
of medications taken by the patient for obesity-related or 
obesity-responsive diseases and risks. For example, the dose
of an oral hypoglycaemic agent may need to be reduced as 
insulin sensitivity increases with weight loss.

Audit and outcome measures

Table 21.9 lists the process measures that may be used to judge
the success or otherwise of an obesity management pro-
gramme. Ultimately, the success of anti-obesity drugs must be
judged by a reduction in outcome measures, which includes
myocardial infarction, cerebrovascular accidents, physical
disability and death.

Adjunctive therapies

Adjunctive therapies, or more intensive treatments (discussed
in Chapters 25 and 26) should be considered for those patients
who are at medical risk from their obesity when primary inter-
ventions have failed to achieve adequate weight loss after a
sustained period of time (not less than 12 weeks). Such pa-
tients may include those who have a BMI of: 
∑ > 35;
∑ > 25, with two or more risks; 
∑ > 30 or < 35, and who have been treated with a lifestyle pro-
gramme for 12 weeks without success or reaching goals (this is
particularly important if they have risk factors); 
∑ > 27, and who have not lost weight on a lifestyle programme
after 24 weeks, especially with risk factor(s).

For patients of Asian background, at particular risk of med-
ical complications, it may be important to consider this type of
adjunctive therapy earlier or at lower BMIs.

Low-calorie/energy diets

Milk provides most of the essential macro- and micronutri-
ents. Adiet based on 1220 mL (2 pints) of milk is effective in in-
ducing substantial weight loss. It may be used for several
weeks as essentially the only form of food for 3 or 4 days each
week.

Commercially produced very low-calorie diets (VLCDs),
may also be effective. They contain between 400 and
800 kcal/day, usually as protein, with added necessary vita-
mins and minerals. Such diets can be commenced after a 
period on a lifestyle programme. There should be a definite
protocol for their use, which includes behaviour modification.
The initial lifestyle programme is necessary to provide a base
therapy to which a patient may return after the most drastic
VLCD. It is important not to prescribe VLCDs for patients with
liver or renal disease. However, with appropriate treatment
modifications and precautions they can be used for diabetic
patients, even if treated with insulin. Insulin and sulphony-
lurea doses may need to be reduced substantially during the
VLCD treatment programme. Once treatment is completed, a
maintenance programme is essential. Subsequent weight 
regain may suggest a period of retreatment with VLCDs.

Pharmacotherapy

This treatment may prove effective, as an adjunct to lifestyle
intervention in selected patients: a detailed discussion is pro-
vided in Chapter 25. The newer drugs available (worldwide)
are orlistat (Xenical) and sibutramine (Reductil, Meridia).

Selection of patients for pharmacotherapy

It is important that doctors who prescribe such drugs are fully
familiar with either the primary literature or an authoritative
summary.

Table 21.9 Process measures to judge the success of anti-obesity treatment.

Measures Immediate benefits Longer term benefits

Physical Weight loss Reduced breathlessness, decreased sleep apnoea,

Reduction in waist circumference reduced angina, reduced blood pressure

Improvement in comorbidities

Metabolic Decreased fasting blood glucose and plasma insulin Reduction in doses of concomitant medications

Improvement in fasting lipid profile

Decreased HbA1c (if diabetic)

Functional Increased mobility Reduced time away from work, improved 

Decreased symptoms involvement in social activities, decreased 

Increased well-being and mood number of consultations with health professionals

Increased health-related quality of life
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The criteria applied to the use of an anti-obesity drug are
similar to those applied to the treatment of other relapsing dis-
orders. It is important to avoid offering anti-obesity drug 
therapy to patients who are seeking a quick fix for their weight
problem. The initiation of drug treatment will depend on the
clinician’s judgement concerning the risks to an individual
from continuing obesity.

Obesity surgery

This is the most effective, but most drastic, form of treatment
available for obesity. The Swedish Obese Study has shown
that, with appropriate follow-up, a substantial weight loss can
be maintained for at least 10 years. Some surgical procedures
are designed to reduce intake or absorption, but the more 
recent, such as gastric banding (laparoscopic) or gastric sta-
pling and gastric bypass, have fewer side-effects and excellent
results. Both an experienced surgical team and a dedicated
long-term follow-up team are required. This treatment is dis-
cussed more fully in Chapter 26.

Summary

Obesity treatment is necessary and possible. The proper as-
sessment of patients, goal setting and a planned intervention
programme (eating, activity and behaviour modification) are
the critical components. A weight maintenance programme is
an essential ingredient. In those individuals in whom primary
intervention fails to achieve medically satisfactory weight
loss, additional intervention, such as VLCD, drugs or surgery,
may be justified.
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Changing face of treatment

Obesity was once revered, as it was associated with wealth and
fertility. However, around 400 bc, Hippocrates observed that
the incidence of sudden death increased, as did menstrual ir-
regularities and infertility, in the obese compared with the lean.
He prescribed treatment consisting of hard labour, sleeping on
a hard bed, eating only once daily, eating fatty food for greater
satiation and walking naked for as long as possible. Hip-
pocrates and his successor Galen believed it to be due to per-
sonal weaknesses. During the twelfth to the fifteenth centuries,
treatment consisted of taking lots of baths and eating bulky
foods with few calories. Over the next two centuries, a more sci-
entific approach to obesity was adopted and, conversely, the
empirically based moralistic view declined in popularity. At
that time, it was widely believed that obesity resulted from an
imbalance in body chemicals or a mechanical malfunction.

In the eighteenth and nineteenth centuries, eating and activ-
ity patterns were still the focus of treatment. However, this 
period witnessed a resurgence of the moralistic view, albeit
with more focus on eating habits and physical activity. Obesity
treatment generally consisted of advising patients to limit
their food choices and to leave the dining area while still hun-
gry. The aetiology of obesity concentrated on two main areas: 

1 obesity being the consequence of a physical malfunction
such as Prader–Willi syndrome, and
2 obesity being developed from a personality weakness.

During this period physical anthropometry was performed.
Aformula was developed for ideal weight, (height adjusted) —
the Quetelet index, subsequently known as the body mass
index (BMI).

During the twentieth century, the incidence of overweight
and obesity spiralled out of control. This was accompanied by
a significant increase in obesity research, with specific focus on
genetics, regulation of food intake and behavioural treatments
for obesity.

Worldwide treatment followed similar lines of advice, i.e.
urging people to reduce their food intake and increase their
physical activity. At this time, psychiatry entered the field of
obesity and offered new ideas about its aetiology. One theory
was that obesity resulted from acting out unconscious im-
pulses, which reflected disturbed personality development.
However, this has never been tested and there seems little 
evidence to support it. In the 1960s and 1970s, psychological
assessment was included in the management of obesity. 
Behavioural treatment targeted lifestyle changes (based on the
learning theory) and dominated treatment. It achieved reason-
able success. Today, psychology remains a useful adjunct in
weight management programmes (Bray, 1990).
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Pharmaceutical preparations, very low-energy diets
(VLEDs) and surgery all emerged as treatments during this 
period. Surgery for the very obese provided slightly better
success but had attendant risks.

Dietary treatment of obesity

Energy-deficit approaches

An energy-deficit diet can be achieved by many means. A 2- 
to 4-MJ (500–1000 kcal) deficit from daily intake (i.e. intakes
that are weight maintaining, rather than weight increasing) is
thought to lead to approximately 0.5–1 kg of weight loss per
week (Anonymous, 1998).

Fixed-energy diets

A fixed energy level diet is one way to achieve an energy deficit.
Intake is limited by controlling portion sizes, menu choice and
composition. These diets are often around 5 MJ (1200 kcal) for
women and 7.5 MJ (1800 kcal) for men and are considered a
moderate hypocaloric diet. There is minimal self-monitoring,
choice and freedom. Lack of variety and difference from 
normal eating patterns often contribute to a lack of compli-
ance. Commercial weight loss companies with pre-packaged
foods often use this method. Long-term results are often simi-
lar to, if not better than, those of other well-controlled trials
(Lowe et al., 2001).

Self-limiting

Another method is to self-limit one or all dietary constituents,
for example maintaining 55% of the diet as carbohydrate, 30%
as fat and 15% as protein no matter what the caloric intake.
This allows dieters to choose their food and monitor their in-
take. The diet offers freedom and variety and is often referred
to as an ad libitum diet. Awell-known example of this diet is the
National Cholesterol Education Step 1 and Step 2 programmes
developed by the American Heart Association. These diets
usually lead to a weight loss ranging from 2 to 6 kg and de-
crease of 2–5 cm in waist measurement over a 1- to 2-year 
period (Astrup et al., 2002). However, the amount of weight
loss depends on the pretreatment weight; higher weights 
before treatment lead to greater weight loss.

It is suggested that ad libitum diets may be better at main-
taining weight loss than more restrictive diets, particularly if
intensively monitored over the long term. It is also postulated
that adherence to an ad libitum diet slows the progression of
chronic diseases such as diabetes (Toubro and Astrup, 1997;
Tuomilehto et al., 2001; Knowler et al., 2002).

Low-energy diets

Low-energy diets (LEDS) provide between 3.5 and 5 MJ

(800–1200 kcal) per day. They are not recommended without
medical supervision. With the ingestion of so few kilojoules, it
is almost impossible to meet ideal micronutrient requirements
and, consequently, supplementation is recommended. This
supplementation can be either through addition of vitamins
and minerals in tablet form or through fortification of food (see
Table 22.1 for examples of these diets). LEDs achieve better
weight loss than the ad libitum, low-fat type of diets. Over a 14-
week period, 7–13 kg of weight loss and a 10-cm reduction in
waist measurement can be achieved. However, after 1 year,
weight loss of approximately 6–7 kg is common, and after 2
years the norm is a 3.5-kg weight reduction. At 5 years, there is
often very little change from baseline.

One advantage of these diets is that when eaten in total or as
part of meal replacement therapy, the food choices are limited.
This often makes it easier for the individual to maintain the
diet, as it reduces the need for decision-making and reliance on
willpower. However, if the individual cannot maintain most
of the restrictive practices, weight gain will recur (Glenny et al.,
1997).

Very low-energy (calorie) diets

Very low-energy diets (VLEDs or VLCDs) are diets that provide
approximately 1.7–3.4 MJ (400–800 kcal) per day. These are
below an individual’s resting metabolic rate (RMR).

In addition to the energy level, other determinants of a
VLED are that it must: 
1 contain all the RDI for minerals and vitamins, electrolytes
and fatty acids.
2 provide between 0.8 and 1.5 g of high-quality protein; 
3 be over a fixed time period; 
4 be different from usual intake.

VLEDs need to be carefully formulated to prevent complica-
tions, and should also be medically supervised with the client
being followed up regularly. There are several potential com-
plications associated with the use of VLED, for example
(Anonymous, 1993): 
• ketosis (common); 
• lethargy, weakness, fatigue (common); 
• light-headedness, dizziness (common); 
• constipation (common); 
• menstrual irregularity (common); 
• gastrointestinal upset (common); 
• cold intolerance (common); 
• dry skin (common); 
• electrolyte imbalances; 
• dehydration; 
• decrease in exercise tolerance; 
• decreased voluntary physical activity; 
• cardiac changes; 
• nutrient deficiencies; 
• feeling faint on standing; 
• anaemia; 
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• perhaps hair loss; 
• muscle cramping; 
• nausea; 
• diarrhoea; 
• gout; 
• gall bladder disease; 
• brittle nails; 
• oedema.

The VLED was established after it was found that although
fasting led to large losses of body weight and reduced hunger,
people often died suddenly. Subsequently, it was found that if
a small amount of food was consumed then the likelihood of
death was greatly reduced. It was determined that minimal 
intake stopped death but still led to considerable weight loss,
and importantly did not increase hunger (Anonymous, 1993).
VLEDs were originally protein-sparing modified fasts (PSMF)
with whole foods, mostly in the form of game and other lean
meats, being used. Now VLEDs are mostly found in a liquid
form, and are based on either milk or egg protein.

The VLED should only be used in highly motivated patients
who have tried many other methods or who are at a high 
medical risk. VLED should never be attempted by self-
initiated dieters. Their use should be limited in children, peo-
ple recovering from severe wound healing, those who have a
wasting condition and pregnant or lactating women. People
who suffer from psychotic episodes are also unlikely to be able
to cope with the restrictions involved with a VLCD (see Table
22.2 for contraindications) (Anonymous, 1993).

Children should only be prescribed VLEDs in extreme cir-
cumstances, and under medical supervision (Willi et al.,
1998a). When VLEDs are used, it is imperative that optimum
protein and caloric consumption occurs in order to maintain

growth. VLEDs have been used successfully in adolescents,
but restricted to those who can be medically supervised (Willi
et al., 1998b). Use of VLED in elderly people is cautiously rec-
ommended, as decreased lean muscle mass and the difficulty
of balancing consumption of prescribed medications and eat-
ing may hinder the potential benefits.

There appears little benefit in VLED less than 3.2 MJ
(800 kcal). The commercially produced VLED may only pro-
vide 1.6 MJ (400 kcal). The addition of a calorie-controlled meal
may actually reduce the incidence of bingeing (which can
occur in some patients), after stopping the VLED, without
compromise to weight loss.

Typically, a programme including a VLED comprises: 
• an initial 4-week programme of 1200 kcal (range
1000–1500 kcal), which helps the client prepare for the restric-
tion and lessens the amount of electrolytes lost;
• 8–16 weeks on a VLED consisting mostly of three or four
drinks of commercially prepared VLED, some vegetables each
day, plus 2 L of fluid combined with behavioural therapy and
an exercise programme;
• 4 weeks on two meals of the VLED preparation plus one
normal meal of low-calorie content;
• 4 weeks on one meal of the VLED preparation plus two
meals of healthy eating;
• then a maintenance phase with follow-up (Wadden, 1993).

These recommendations are based on the assumption that
less severe energy restriction and the inclusion of a daily meal
of conventional foods will produce robust weight losses, while
avoiding the dietary deprivation and other factors that 
are associated with weight rebound following VLEDs
(Anonymous, 1993).

Results are rarely as impressive as the calorie deficit should

Table 22.1 Menu plans for different dietary calorie-controlled eating.

Meal 3350 kJ (800 kcal) 5000 kJ (1200 kcal)

Breakfast Cereal 45 g 90 g of cereal 

180 mL of skimmed milk 180 mL of skimmed milk

Multivitamin that contains fat-soluble

vitamins and iron

Morning tea Apple Apple

Lunch One piece of bread Two pieces of wholemeal bread

Salad 75 g of chicken plus salad

100 g of chicken 200 g of diet yoghurt

Afternoon tea Banana 15 g of nuts

Dinner 250 mL of low-fat vegetable soup 90 g of meat

200 g of diet yoghurt Small potato

Four broccoli florets

One medium carrot

1 cup of fruit salad 

Supper Tea Tea/milk/coffee plus biscuit
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suggest. The RMR normally drops and the voluntary energy
output during physical activity commonly falls, thus the dif-
ference is not as great as anticipated. However, during the ac-
tive stage 90% of patients generally achieve greater than 10 kg
of weight loss compared with LED, with which only 60% gen-
erally achieve this result. The average weight loss of those 
who maintain the programme is approximately 22–32 kg for
women and men. The average weight loss of those who drop
out of the programme is approximately 14–20 kg. Patients nor-
mally regain about 35–50% of their lost weight within 1 year,
10–20% regain all their weight and about the same amount
maintain their weight loss. Long-term results are no better
than other methods of weight loss, but cost is substantially
greater. The benefit comes from the rapidity of the weight loss,
which may be necessary prior to surgery, to enhance mobility
or for other medical reasons. The average weight loss per week
is 1.5–2.0 kg for women and 2.0–2.5 kg for men (Anonymous,
1993).

If the VLED is repeated, the amount of weight loss achieved
is reduced even if weight regain is close to or above the original
weight. Weight loss has been achieved for up to 45 months
after starting the VLED, but weight loss diminishes dramati-
cally after 12 weeks. For this reason, it is recommended to stop
the VLED at this point.

Although attrition rates are reported to be similar to those of
other programmes, in free-living conditions it could be higher
than 50% (Anonymous, 1993; Lantz et al., 2003).

VLED can be useful for weight maintenance. For example, it
has been trialled intermittently for 2 weeks every 3 months 
or on demand, i.e. when weight reaches a certain level, for a 
period of 2 years resulting in slower weight regain compared
with control subjects (Lantz et al., 2003). These methods
showed that although it slowed progression it did not stop
overall weight gain (Lantz et al., 2003). Other groups have used
it as either 1 day per week for 15 weeks or 5 consecutive days

every 5 weeks. Both methods showed improved weight loss
over a 1500- to 1800-kcal diet and achieved better glycaemic
control (Williams et al., 1998). The best maintenance results 
are achieved when there is large weight loss during treatment
and follow-up that includes behavioural therapy and exercise
(Astrup and Rossner, 2000; Saris, 2001).

Other benefits of VLED include improvements in the fol-
lowing (Anonymous, 1993):
• metabolic syndrome;
• glycaemic control (within 1 week of starting);
• blood pressure (8–13%);
• serum cholesterol (5–25%);
• triglycerides (15–50%).

Some clients report an improvement in mood but this seems
to be more related to the behavioural therapy that should ac-
company the programme rather than the diet per se.

Total fasting
Total fasting is not recommended as a method for weight loss as
it can lead to large losses of protein, diuresis (fluid loss), kali-
uresis (potassium loss) and saluresis (sodium loss), and to
other nutrient deficiencies. The loss in muscle mass and the
large energy deficit leads to a greater decline in RMR and vol-
untary physical activity (as lethargy is common). Thus, weight
regain is likely. There is a high risk of the refeeding syndrome
when eating is resumed. Refeeding syndrome can be defined
as a severe and potentially fatal electrolyte and fluid shift asso-
ciated with metabolic abnormalities in malnourished patients
undergoing refeeding after a period of limited or no intake.

American Dietetic Association recommendations

The American Dietetic Association (ADA) recommendations
are that 80–90% of energy intake should be consumed as 
carbohydrate and fat. Previously, they recommended 55% 
carbohydrate and 30% fat (Fig. 22.1). This modification allows
greater flexibility so that glucose and lipid levels, eating pat-
terns, taste preference and desired weight change can be con-
sidered. These recommendations will require individuals to
generally increase carbohydrate intake and reduce their fat
and/or protein intake (Norton, 1995). In particular, a dietary
reduction of saturated fat seems most beneficial in patients
suffering from a chronic disease. If a patient has high triglyc-
erides or VLDL, the new and flexible plan allows for slightly
higher fat intake, in the form of monounsaturated fat and a
slightly lower carbohydrate intake. The bottom line is that a
person needs to maintain the diet in the long term in order to
sustain the benefits achieved by the improved diet.

Low-fat diets

The relationship between fat and weight gain remains contro-
versial, as evidence from various studies is inconsistent. The
message to eat less fat has been around for decades and 

Table 22.2 Contraindications for VLED.

Increased requirements

Pregnancy

Lactation

Illness

Wasting conditions: Cushing’s syndrome, cancer, burns, cachexia

Increased medical risk

Recent cardiac disease

Cerebrovascular disease: due to recent accident, recent ischaemic heart

disease, transient ischaemic heart disease

Underlying renal disease

Underlying hepatic disease

Eating disorders

Used with consultation

Elderly people

Children

Type 1 diabetes



Dietary management of obesity: eating plans

331

National Nutritional surveys like those done in Australia
show a reduction in fat intake. However, weight is increasing.
Whether fat intake in the diet leads to weight gain seems to be
dependent on: 
1 the activity patterns of the individual (Stubbs et al., 1995); 
2 the individual’s genetic predisposition to obesity 
(Heitmann et al., 1995).

These factors may explain why the relationship between
weight and fat is not as strong as one would expect, given the
properties of fat (Pirozzo et al., 2002).

At best, it seems that a small weight loss (2–5 kg) for a brief
period can be expected, with higher values achieved by the
people with initially heavier weights (Lissner and Heitmann,
1995; Astrup et al., 2000; Willett, 2002). Ameta-analysis demon-
strated a dose-dependent relationship between decreased fat
intake and weight loss (Astrup, 1998) (Fig. 22.2). For every 1%
decrease in energy from fat there was a 0.28-kg decrease in
body weight (Yu-Poth et al., 1999; Astrup et al., 2002). Focusing
on fat intake rather than counting calories does not seem to
produce greater weight loss. However, there have been re-
ports that it is a more palatable way to lose weight, and can
often be advantageous with binge eaters (Jeffery et al., 1995).
However, long-term studies (18 or more months) have not
shown any additional benefits (Pirozzo et al., 2002; Willett,
2002). Reducing both calories and fat seems to produce 
significantly greater weight loss than just counting calories
(Glenny et al., 1997).

In some instances, the decreased fat intake can cause a rise in
triglycerides, particularly if the fat has been substituted by 
carbohydrate. This occurrence appears to be dependent on 
the types of fat and carbohydrate consumed. By consuming
carbohydrates with a low glycaemic load [glycaemic index,
GI, ¥ amount of carbohydrate present] and/or having the
main fat sources as mono- (MUFAs) and polyunsaturated fats
(PUFAs), this effect seems to disappear or at least improve
(Hung et al., 2003). A decreased fat intake per se can lead to an
improvement in triglycerides, particularly if the decreased fat
intake is accompanied by a reduction in weight (Noakes and
Clifton, 2000; Hung et al., 2003). In the long term, there is some
evidence to suggest that a low-fat diet helps maintain weight
or limits weight gain (Kuller et al., 2001; Pirozzo et al., 2002). 

Therefore, low-fat diets are as good as other interventions at reducing
weight, not better.

Moderate-fat diets

Moderate-fat diets can improve an individual’s enjoyment of a
diet, particularly if the type of fat is manipulated to increase
MUFAor PUFAconsumption. It can also improve their serum
lipid profile, but has minimal impact on weight unless a 
calorie restriction is also in place (Fleming, 2002; Hung et al.,
2003). For instance, when a low-fat, high-carbohydrate diet
was compared with a diet of equal hypocaloric value but of
higher MUFA content, weight loss was the same. The in-
creased MUFA diet did, however, lead to improvements in
blood lipids and fasting insulin, even in normolipidaemic
obese women (Golay et al., 1996; Low et al., 1996; Zambon et al.,
1999).

Fat has a hedonistic appeal (Drewnowski and Greenwood,
1983). By allowing people to eat slightly more fat than was his-
torically the case, enjoyment and sustainability of a diet is en-
hanced. The mitigating factor is that less food will need to be
consumed in order to lose weight. Eating patterns and compli-
ance become important issues, and it again reminds clinicians
of the need to tailor dietary programmes to suit individual
needs. To date, there is no evidence to suggest that a high-MUFAdiet
is superior to a low-fat diet in promoting weight loss or the preven-
tion of weight gain. Its benefit is the favourable impact on cardiovas-
cular risk factors (Astrup et al., 2002).

High-protein diets

Adiet is high protein if it contains over 20% of total energy con-
sumed as protein, and is very high protein if the protein con-
tent is greater than 30% of the total energy. Alow-carbohydrate
diet contains less than 40% of total energy from carbohydrate
(St Jeor et al., 2001). Apopular example of a high-protein diet is
the Atkins diet.
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When consuming lower energy diets, adequate amounts of
protein are needed to spare nitrogen and maintain muscle
mass. Often the patient’s normal diet exceeds the recom-
mended protein intake, even at this higher level of consump-
tion, and a reduced protein intake is required.

High-protein, low-calorie diets are attractive as they induce
ketogenesis and initially produce larger weight loss due to
fluid depletion, and the formation of ketones, which helps to
suppress appetite. This in turn promotes reduced caloric in-
take. It appears that the calorie content, and not necessarily the
macronutrient composition, is the major weight loss-inducing factor
in a high-protein diet (St Jeor et al., 2001; Bravata et al., 2003).

There have been concerns that if the protein intake were in-
creased then blood lipid levels would be disrupted or further
exaggerated. However, recent studies have shown that a
slightly increased protein intake within a controlled environ-
ment can improve blood lipid levels. Acontrolled environment is
when the percentage of energy contributed by each nutrient is
constant, for example protein is kept between 15% and 35% al-
though calories are not constant. Other concerns are that the
increased protein would lead to increased purines (amino
acids) that increase uric acid levels, which may cause gout in
susceptible people. Studies have shown that high-protein
diets can speed the progression of renal disease in diabetics,
even if the high-protein diet is only used in the short term (St
Jeor et al., 2001). More immediate adverse effects may be fa-
tigue (due to a depletion of glycogen), dizziness, headaches or
nausea (thought to be caused by sodium loss). Many of these
diets restrict the intake of fruit, vegetables and wholegrains,
which provide essential mineral and vitamins and are likely to
prevent the formation of cancers. Most of the benefits of high-
protein diets are short term, as few data exist on long-term out-
comes. They also present a risk of deficiency in vitamins E, A
and B6, thiamine, folate, calcium, magnesium, iron, potassium
and dietary fibre (Klauer and Aronne, 2002).

A meta-analysis by Bravata and colleagues (2003) of 38 
studies that compared high- and low-carbohydrate diets, con-
ducted for 15 days or less, demonstrated that lower carbohy-
drate diets produced absolute greater weight loss (16.9 kg vs.
1.9 kg) than higher carbohydrate diets. However, the diets
were very heterogeneous. When only the randomized control
trials and randomized crossover trials were compared the dif-
ference in weight indicated a trend towards the lower carbo-
hydrate studies leading to greater weight loss, but it was no
longer significantly different (3.6 kg vs. 2.1 kg) (Bravata et al.,
2003). It would appear that the calorie content, the starting
weight and the duration of the programme are better predic-
tors of weight loss than the carbohydrate content of the diet
(Bravata et al., 2003).

With a reduced carbohydrate content, many people fear a
rise in blood lipids; however, no change was seen in the meta-
analysis; none reported on lipid levels of hyperlipidaemic sub-
jects (Bravata et al., 2003). There was no effect on insulin,
glucose or blood pressure (Bravata et al., 2003). The hetero-

geneity was a problem with this meta-analysis, therefore a
strong conclusion could not be drawn.

One study looked at the progression of coronary artery dis-
ease in 10 subjects being treated for cardiovascular problems
when they consumed high-protein diets for 1 year. Weight loss
was 0.6 kg with worsened total cholesterol, LDL, VLDL, TG
and fibrinogen levels. An increase in C-reactive protein oc-
curred, indicating an inflammatory or infectious process.
Therefore, it appeared that the high-protein diet was increas-
ing the progression of coronary heart disease in these high-risk
patients (Fleming, 2000). However, a high-protein ketogenic
diet used in obese males showed a reduction in lipid values
(Tapper-Gardzina et al., 2002).

High-protein diets may also lead to increased calcium loss.
A study conducted on premenopausal women showed that
there was no effect on calcium retention or biomarkers under
controlled conditions (Roughead et al., 2003). However, anoth-
er study in adolescents indicated that a short-duration, high-
protein diet led to increased urinary calcium excretion. Over 3
months, bone mineral density decreased, even with vitamin D
and calcium supplementation (Tapper-Gardzina et al., 2002).

There is much information in the popular press about high-
protein diets; this leads clinicians to be concerned that in the
wider community individuals may be less vigilant about their
consumption of fibre and other nutrients (see later for infor-
mation on popular diets).

Glycaemic index

The glycaemic index is a way of ranking food according to that
food’s 0- to 2-h effect on postprandial blood glucose levels
(BGL). The GI is determined by measuring the area under a
blood glucose curve, which is created by the digestion of a
quantity of food equivalent to 50 g of carbohydrate (see Fig.
22.3). This area is compared with that created by a reference
food, either glucose or white bread of equal carbohydrate con-
tent. This ratio is expressed as a percentage and is the GI of a
food (Wolever et al., 1991).

The GI of a food will vary depending on the rate of digestion.
The faster the digestion of a food, the higher the GI value.
There are many factors that will affect the digestion of a food
(Table 22.3), but the only way to determine the GI of a food is to
measure it (Table 22.4).

BGL

Time
High-GI food

BGL

Time
Low-GI food

Fig 22.3 The difference in blood glucose level (BGL) after a food with a high

glycaemic index (GI) and one with a low GI.
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The obese population is at the greatest risk of the metabolic
syndrome. This includes hyperlipidaemia, hyperinsulinaemia
or severe insulin resistance (Ascott-Evans, 2002). It has been
demonstrated that there is benefit from the use of low-GI foods
in offsetting these risk factors. Low-GI foods appear to im-
prove blood lipid profile by decreasing LDL levels and in-
creasing HDL levels concurrently. Additionally, improved
fibrinolytic activity and reduced risk of myocardial infarct has
been demonstrated (Frost et al., 1996; 1998, 1999; Jarvi et al.,
1999; Liu et al., 2000).

Many studies have shown that blood insulin levels closely
track BGL in most individuals (Bjorck et al., 2000) (Fig. 22.4).
Significantly, a low-GI diet improves insulin sensitivity in both
diabetics and non-diabetics (Frost et al., 1999). One study of
obese women showed that a low-GI diet decreased fasting in-
sulin levels in parallel with weight loss (Slabber et al., 1994).
However, it has subsequently been found that not all low-GI
foods lead to a predicted lower insulin response (Gannon et al.,
1986; Liljeberg et al., 1996; Bjorck et al., 2000). Clearly, more
work is required before any strong conclusions can be drawn.

There appear to be many benefits from using GI to help con-
trol BGL and to improve the cardiovascular profile in people
whose BMI is greater than 23 (Liu et al., 2000). However, it re-
mains controversial as to whether or not GI should be used in
weight loss programmes per se. A meta-analysis of the data
has shown that low-GI meals lead to non-significantly lower

energy intake (3.5 MJ) compared with (4.1 MJ) high-GI meals,
and this did not lead to a significant difference in weight loss
(Raben, 2002). In animal studies using a low-GI diet, a decrease
in fat deposition can be demonstrated, and is not accompanied
by depletion of lean muscle mass. However, this has not yet
been replicated in humans (Raben, 2002).

Foods need to be tested to determine their GI and, as we have
discussed, there are many variables that influence the GI. There-
fore, before GI can be recommended for use in long-term weight
management programmes, a more extensive list of foods and
their GIs is necessary (Bjorck et al., 2000; Raben, 2002).

The less restrictive dieting approach

Dieting is typically defined by restrictive practices. Most people
who seek help from professional bodies, particular tertiary in-
stitutions, have had a long history of dieting and weight

Table 22.3 Factors that influence the glycaemic index (GI) of a food.

Factors affecting GI Comments

Type of starch Different starches have different structures, which are digested at different rates. Amylose is slowly digested, whereas

amylopectin is rapidly digested (Jenkins et al., 1998; Kabir et al., 1998; Bjorck et al., 2000)

Type of sugar Lactose, fructose, sucrose and glucose have variable rates of digestion, giving GIs from 23 to 100

Cooking Cooking food changes its structure; gelatinization occurs to the carbohydrate after cooking and cooling, and this lowers the GI of

a food (Ross et al., 1987; Jenkins et al., 1994; Granfeldt et al., 2000)

Processing Processing foods breaks down the food into small particles, which makes the food more easily digested, for example white flour

(Brand et al., 1985; Ross et al., 1987; Morris and Zemel, 1999; Granfeldt et al., 2000)

Other macronutrients The presence of other nutrients such as fat and protein can lower the GI of a food by slowing its digestion (Trout et al., 1993)

Acidity Acidity affects gastric emptying and hence the GI of a food; the addition of vinegar, citric acid or other fruits will therefore lower

the GI (Liljeberg and Bjorck, 1998; Trout and Behall, 1999)

Fibre Has been shown to slow the rate of digestion, particular soluble fibre

Food type Adding certain food groups, for example fruit, legumes or whole grains, can all lower the GI of the meal, as well as the effects of

the following meal (Wolever and Jenkins, 1985; 1986; Wolever, 1987; Wolever et al., 1988)

Table 22.4 Quick guide to classifying GI of food.

GI classification

Low < 50

Medium 50–70

High > 70
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Fig 22.4 Correlation between GI and insulinaemic index (II) for 43 starchy

foods. The II is the ratio of the area under the insulin curve 90–120 min after

eating a test food compared with the reference food’s response.

(Reproduced with permission from Bjorck et al., 2000.)
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swings. Repeated attempts to lose weight often end in failure
when the individual cannot maintain their weight using high-
ly restrictive practices. It is suggested that dieting and being
‘weight obsessed’ is contributing to their obesity rather than
helping them to solve it. Others argue that sometimes the
detrimental effects of dieting are worse than the weight per se
and a non-dieting approach to health would be of benefit 
(Garner and Wooley, 1991). One of these approaches has
coined the title ‘health at any size (H@AS)’. This is based on the
premise that the overweight person wants to eat healthily and
be active, and that if restrictions and pressures are eliminated,
they would naturally adopt healthier patterns. This would ul-
timately lead to a weight change that was genetically right for
them. The H@AS system also assumes that health is a result of
behaviours that are independent of body weight. The person
using the system is encouraged to give up dieting and instead
let the body guide them to what it wants and needs. This
would lead to a weight that might not be what the medical pro-
fession or individual initially would determine ideal but
would lead to an improved quality of life.

The supporters of H@AS suggest that dieting has led to un-
healthy practices that have caused people to ignore or not rec-
ognize their own hunger cues. Satiety, desire and exercise were
seen in the context of weight loss cues, rather than for enjoy-
ment (Gaesser and Miller, 1999). The work by Mellin and 
co-workers (1997), summarized by Miller, outlines the aims of
the programme (Miller and Jacob, 2001). The aim of this 
non-dieting approach is predicated on three main areas, i.e.
mind, body and lifestyle. For example, mind skills might 
involve increasing one’s knowledge of their feelings and
needs, developing appropriate goals, expectations and posi-
tive cognitions. Body skills might include decreasing negative
thoughts about their body weight, understanding their body’s
weight loss threshold and making sure that they attend to total
body self-care. Lifestyle skills would probably include learn-
ing hunger and satiety signals and responding appropriately
to these cues. Participation in daily physical activity for both
fulfillment and self-restoration, and other programmes, have
been used to identify the tastes of foods, assess how a person
feels after consumption of foods and to identify healthy eating
habits (Miller and Jacob, 2001; Kausman et al., 2003).

Psychological improvements tend to be the main outcomes
measured with H@AS, which makes it hard to compare it to
other treatment methods, as their outcomes are mostly based
on biochemical or anthropometric measurements (Miller and
Jacob, 2001). However, the evidence that traditional methods of
weight loss (that focus on weight loss for better health and
physical activity for weight loss alone) cause psychological
harm is fairly sketchy and as of yet unfounded (Miller and
Jacob, 2001). In fact, many studies showing weight loss have
also shown an improvement in quality of life (Wing et al., 1984;
Lopez de la Torre Casares, 1999; Weiner et al., 1999; Burns et al.,
2001; Dixon et al., 2001; Dixon and O’Brien, 2002). It seems to be
generally excepted that weight loss can lead to improvements

in many medical problems (Pi-Sunyer, 1993). It is also well
known that there are some medical problems that are increased
with weight loss (Pi-Sunyer, 1993). But the risk of complication
from weight loss does not outweigh the risk of obesity-related
comorbidities (Pi-Sunyer, 1993). Brownell (1993) suggests that
the failure of programmes that are run at tertiary institutions
should not tar all programmes, as those seeking help from
these groups may actually have more specific needs and 
medical problems, and are therefore more likely to fail.

The American National Weight Control Registry records 
details of people who have maintained 13 kg or more 
weight loss for greater than 1 year (Klem et al., 1997). The aver-
age intake was approximately 5.5 MJ (1300 kcal) (which is con-
sidered hypocaloric/restrictive) and they exercised to expend
at least 1.7 MJ (400 kcal) per day, more than that which is
recommended for general health. This would suggest that
these people do not find this as deprivation as they are able to
maintain it in the long term (Klem et al., 1997).

In some cases the non-dieting approach (involving less re-
strictive practices and choices of food and exercise) combined
with a higher caloric guide (1800 kcal) created less weight loss
in the short term (2.5 kg vs. 5.6 kg), but larger weight losses in
the long term (10 kg vs. 4.5 kg— 1 year), compared with more
traditional methods of weight loss (involving restrictive prac-
tices, strict 5-MJ (1200-kcal) diet, exercise prescription, stimu-
lus control, self-monitoring and behavioural substitution)
(Sbrocco et al., 1999). Another study, with a small sample size
and no control, used the non-dieting approach and showed
that the participants, who were followed up periodically for 2
years, experienced weight loss over the total period rather
than initial weight loss, followed by weight gain (Mellin et al.,
1997). Other studies that compared highly restrictive prac-
tices, e.g. VLED and conventional higher calorie diets, showed
that although the weight loss was slower, it was better main-
tained (Paisey et al., 2002) (Fig. 22.5).

It is said that to maintain the drastic weight loss achieved
with the traditional methods, unrealistic amounts of exercise
are needed (Tremblay et al., 1999; Miller and Jacob, 2001). The
H@AS method advocates exercising only to levels that are
maintainable in the long term and hence a weight that reflects
these levels (Miller and Jacob, 2001). Abenefit of the H@AS ap-
proach is that people do not feel as though they are on a diet
(Kausman et al., 2003). They are encouraged to listen to their
bodies and eat to their needs and wants rather than just eating
to the calorie restriction. Experience shows that, in the long
term, people often consume fewer calories than when they are
trying to follow a strict diet plan (Miller and Jacob, 2001).

Other factors should also be considered when looking at
these programmes. For instance, the assumption that all obese
patients know how to eat a healthy diet once the restrictions
are removed is really unproven and for some people, rapid
weight loss is essential in order to improve their medical con-
ditions (Miller and Jacob, 2001).

Whether weight loss is shown to occur in these patients 



Dietary management of obesity: eating plans

335

or not, other eating-related psychopathology tends to decline.
Factors such as restraint eating, bingeing, self-image and even
depression and anxiety scores are often improved (Mellin et
al., 1997; Goodrick et al., 1998; Tanco et al., 1998).

It therefore can be an effective programme for a certain type
of person. It is probably most suitable for people with the fol-
lowing characteristics: 
• highly restrictive practices in the past; 
• failed weight loss; 
• eating reasonably well at present day; 
• good nutritional knowledge; 
• long-term dieters; 
• preoccupied by body weight and eating behaviour; 
• no longer think that they can achieve weight loss; 
• think that they are already doing everything right; 
• highly emotional or non-hungry eaters.

It seems to work especially well when combined with a lib-
eral caloric guide, for example approximately 1800 kcal. Often
these clients have been ‘trapped’ in the diet cycle (Fig. 22.6) for
most of their lives, and this method can help them to break that
pattern of repeated attempts and failure. It is probably not suit-
able for individuals who have little concept of good nutrition,
who love high-fat, high-sugar or protein foods, who think that
normal eating involves extremely large portions and who re-

port extreme hunger signals. Other methods might be needed
first to correct these behaviours before the benefits of this
method would be seen.

Emotional eating or eating for reasons other than hunger is a
common sabotage of weight loss efforts (Schlundt et al., 1989).
This programme can help emotional eaters as it allows them to
identify their hunger and satiety cues and helps them to nur-
ture themselves in other more productive ways that do not
necessarily involve food.

It should also be noted that this method has not been tested
on culturally diverse groups. Women of Caucasian back-
ground make up the majority of test populations (Miller and
Jacob, 2001). The other downside is that it needs a trained pro-
fessional who can administer an effective cognitive–behav-
ioural programme, as the H@AS is strongly dependent on
cognitive restructuring. This may prove difficult in many
medical weight loss settings (Miller and Jacob, 2001).

Meal frequency

The impact of meal frequency on weight is not as clear as might
be expected. Observational data suggest, but are not conclu-
sive, that an inverse relationship exists between weight and
food frequency (Bellisle et al., 1997). It has also been suggested
that people who eat frequently have better internal
hunger–satiety regularity systems (Westerterp-Plantenga et
al., 2002). A recent study showed, however, that obese women
ate more often and ate most of their meals in the afternoon 
period compared with lean counterparts (Berteus Forslund et
al., 2002). Intervention studies suggest that a single meal leads
to greater consumption at a subsequent ad libitum meal com-
pared with the same amount spread over several meals, de-
spite a lack of difference between hunger ratings and total
insulin secretion (although insulin fluctuations were less 
in the multimeal group) (Speechly and Buffenstein, 1999;
Speechly et al., 1999). Thus, the authors suggest that the re-
duced consumption could perhaps be explained through the
reduced insulin fluctuations (Speechly and Buffenstein, 1999,
Speechly et al., 1999).
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Fig 22.6 The diet cycle. People start on a diet because they

want to change their body in some way; subsequently, they

start to feel deprived both physically and emotionally. This

deprivation leads them to have increased thoughts about food

and display food-seeking behaviour; often they feel like they

are missing out. Finally, they eat. At this point, the ‘all-or-

nothing thinking’ starts and they feel guilty. These feelings may

lead to overconsumption of food and in some purging

behaviour. Negative self-talk ensues, with statements such as ‘I

am such a bad person’ and ‘I have no will power’. A decrease in

body image occurs, which starts the whole cycle again. The

person vows that it will be better this time.
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Meal frequency does not seem to be of any benefit in terms 
of lowering total insulin secretion although it may reduce 
fluctuations) or total energy expenditure (even diet-induced
thermogenesis does not appear to be increased with higher 
meal frequency in most studies) (Wolfram et al., 1987; 
Verboeket-van de Venne and Westerterp, 1991; Bellisle et al.,
1997; Thomsen et al., 1997).

Changing meal frequency so that the same amount of food is
eaten over several meals may be harder than we think, as it ap-
pears there is strong genetic predisposition to an individual’s
pattern of eating. De Castro (1993) investigated the genetic
component to meal size, meal frequency and meal composi-
tion. The study demonstrated that the genetic component ex-
plained 44–65% of the variance (de Castro, 1993). However,
other factors also increase food frequency, such as food avail-
ability (Stubbs et al., 2001) and enforced eating restrictions
(Frost and Pirani, 1987; Lamberg, 2000); both of these have
been shown to lead to increased food intake and, in some indi-
viduals, to weight gain.

In conclusion, there is limited evidence to suggest that meal
frequency plays a role in weight loss, unless calorie intake is 
altered to form a deficit from normal. Frequent food intake,
which is consumed at regular intervals, compared with a 
single intake, however, may lead to better intake regulation.
The key is for people to eat less food several times per day, at regular
intervals, rather than consuming big meals infrequently.

The range of dietary treatments used by the
private sector

Slimming clubs

The dietary treatments offered by slimming clubs are conven-
tional reducing diets with a ‘twist’. Some clubs, such as Weight
Watchers, use a form of calorie counting to help the patients
control their energy intake. Foods are given ‘points’ on the
basis of their energy value and their fat content, and there are
no ‘forbidden’ foods. The client is allowed to eat foods up to
the value of a given number of ‘points’, which is calculated on
the basis of their body weight (heavier clients being allowed
more points). Clients following a Weight Watchers diet are ad-
vised to eat a healthy diet, are allowed a number of ‘free’ foods
per day and get ‘bonus’ points for exercise. Other slimming
clubs, such as Slimming World (UK), do not use calorie count-
ing. Clients are advised to follow a diet plan that is made up of
different coloured days, in which, for example, a green day is
made up of fruit and vegetables. Each coloured day contains a
list of ‘free’ foods, healthy extras (which are allowed in moder-
ation) and ‘sins’. Clients are allowed between 5 and 15 ‘sins’
per day; a chocolate bar such as a Mars Bar constitutes 15 ‘sins’,
whereas a glass of wine is 5 ‘sins’.

It is difficult to assess the efficacy of the advice offered 
by slimming clubs as there is little evidence from controlled 

trials. However, there is no reason to believe that the dietary
treatments advocated by slimming clubs are less effective than
those advocated by health professionals. When Biesalski (1994)
compared the results from a Weight Watchers study with a 
clinical study (both performed in Sweden), he found that the
Weight Watchers group had lost significantly more weight than
the clinical group at 24 months. This does not prove that obese
people who attend slimming clubs fare better than those who
attend hospital obesity clinics (as different ‘types’ of people 
attend different ‘types’ of treatment), but it does show that
slimming clubs can be effective for some.

Special diets

There is a myriad of special diets that are purported to aid
weight loss (Liebermeister, 1994). They often suggest combin-
ing certain foods, placing restrictions on certain food types
during special times of the day or eliminating whole food
groups. They all work on the principle that consuming a low-
calorie diet will stimulate weight loss, but few admit to such a
simple claim. The diets are usually explained in paperback
books and are widely available in bookshops. They claim to be
offering something ‘different’, perhaps even an as yet un-
known metabolic pathway, which the diet can disturb in the
favour of weight loss. Whatever the claim, it is always com-
pelling. Perhaps what is most distressing is that some of these
books claim that weight loss, using their diets, will not be diffi-
cult. All clients find losing weight by dieting difficult, and
sometimes impossible, but rarely easy.

Perhaps the most popular diet over recent years has been the
Atkins diet. The diet does not involve calorie counting and en-
courages the consumption of high-fat and high-protein foods,
but severely limits carbohydrate-rich foods, such as bread,
pasta, rice and breakfast cereals. It is clear why the diet can
cause weight loss— diets that restrict food choice are liable to
also result in a decrease in energy intake (Rolls, 1986). How-
ever, the high-protein Atkins diet has a number of side-effects
of concern, specifically hyperlipidaemia and the potential for
harm resulting from a low intake of fibre and various minerals.
However, in recent years the Atkins diet has evolved so that it
addresses some of these concerns. It now contains an active
weight loss phase and a maintenance programme. In the main-
tenance programme, fruit and vegetable consumption is en-
couraged. In a recent multicentre randomized trial looking at
the difference between a conventional calorie-controlled diet
and the Atkins diet, a greater net loss was achieved by the
Atkins diet. However, the difference was not significant at 
the end of 12 months, indicating that regain was greater in the
Atkins diet group. However, the controversial decline in lipid
profile did not occur nor was insulin secretion or glucose levels
(Foster et al., 2003) effected and, in fact, there was a significant
improvement in triglyceride and HDL-cholesterol concentra-
tions in the Atkins diet group. It should be noted that the par-
ticipants had no comorbidities at baseline.
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Quackery and ‘health foods’ that claim to aid
weight loss

‘Health foods’ constitute a group of products, which, as far as
the consumer is concerned, fall on the boundary between
foods and medicines. In many cases, their advertising usually
includes the implication that the consumption of the product
will confer health benefits on the consumer. Of particular rele-
vance to this chapter are the health claims made about prod-
ucts which are purported to aid weight loss.

Acase in point that was reported in the Healthwatch Newslet-
ter (Garrow, 1995) related to a slimming product named Au-
toslim, which was advertised in 1993 in a UK national
newspaper. The advert claimed that the product would ‘cause
steady weight loss day after day’. As a result of taking this
preparation ‘your body’s metabolism will activate and actual-
ly start to burn off excess calories and fat’. The metabolic situa-
tion created was described as a ‘fat furnace’. The product was
supplied by mail order only but with a money-back guarantee.
The product came with a sheet describing ‘Newton’s special
diet plan’, on which the customer was allowed to eat unlimited
amounts of fresh fruit and vegetables, lean meat and fish, but
no white bread, cakes, nuts, sugar, sweets, milk, cheese or fat in
any form.

After the trading standards officer was alerted to the exis-
tence of Autoslim, the product was analysed and was found to
contain trivial amounts of some amino acids, but these were in
any case supplied in far greater amounts by the normal diet
and would cause no significant change in metabolic rate. The
company was prosecuted for supplying goods to which a false
description was applied because Autoslim had no effect on
body weight or weight reduction. The defence was that the
diet advice supplied with the product would cause weight re-
duction if followed, and the product might motivate cus-
tomers to keep to the diet. The defendants were found guilty
on all charges, fined a total of £6000 and ordered to pay the
costs of prosecution, estimated at about £5000.

There are many other products on the market such as ‘Au-
toslim’ and the health professional who treats obese patients
needs to keep abreast of such products so that they can give
sound advice on them if needed. As highlighted above, infor-
mation from other sources may be more compelling than the
advice offered by the health professional but, regardless of its
credibility, it should be treated seriously. If you have any con-
cerns about slimming products, which you believe are untrue,
you should notify the relevant authorities.

Guidelines to evaluate diets

For decades the scientific community has been trying to deter-
mine the perfect ‘weight loss’ diet; perhaps this is an un-
realistic expectation, given that the aetiology of obesity is
multifactorial. It logically follows that effective treatment of
obesity should be as diverse as its causes. In clinical practice, it

is highly likely that different approaches will be implemented
for different people at different stages of their lives.

In 1990, in reaction to the plethora of commercially available
weight loss programmes, a task force was established in
Michigan, USA, which developed guidelines to better inform
the public. Some of these guidelines included the following
advice:
• The weight goal for a client should be based on personal and
family history and not exclusively on height and weight charts.
• The calories consumed per day should not be lower than
1000 kcal without medical supervision.
• Protein intake should be between 0.8 and 1.5 g/kg of goal
body weight but no more than 100 g of protein per day.
• In total, 10–30% of the energy of the diet should come from
fat.
• There should be at least 100 g/day of carbohydrate without
medical supervision and at least 50 g/day with medical 
supervision.

However, these guidelines permit wide interpretations in
weight loss treatment.

Basic principles

Assessment of dietary intake

A first step in making changes is a shared awareness and un-
derstanding of the client’s present position. In order to begin
education on new eating habits, one must be aware of old
habits, regardless of the type of dietary treatment used. Al-
though there are a number of tools that will assess dietary in-
take (Bingham, 1987), the most common methods used in this
setting are the diet history and the 7-day unweighed diet diary
methods. The 7-day unweighed diet diary is deemed to be the
most useful method in this context (British Dietetic Associa-
tion, 1996), and is best obtained by asking the client to keep a
food diary for 1 week. The client must be given clear instruc-
tions on how to complete the diary, either verbally, or prefer-
ably in written format, in the diary provided. Although foods
do not need to be weighed, a reasonable description of the
types of foods and quantities consumed, in household mea-
sures, needs to be given.

How the information collected in diet diaries may
be used in the dietary treatment of obesity

The completed diary then becomes the basis for discussion of
eating habits. Any changes must be (as far as possible) accept-
able to the client in terms of palatability and practicality, other-
wise the client will not comply with the dietary advice. An
understanding of the client’s lifestyle, including financial and
time constraints, and cultural issues if appropriate, is also im-
portant. The health professional should ensure that any advice
does not compromise other aspects of healthy eating (Gibney,
1992), such as micronutrient intake and protein–energy ratio
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to achieve better nitrogen retention and minimize loss of fat-
free mass (Garrow, 1991).

The diary may indicate an erratic eating pattern, with prob-
lems such as irregular meals, periods of fasting, excessively re-
strained eating, frequent snacking, grazing or binge eating.

It may be useful to ask for additional information in the diet
diary, such as relating mood or circumstances to eating, or
monitoring physical activity, to help identify areas for behav-
iour change. Many of these factors can be helped by the health
professional, in particular a dietitian, but sometimes referral to
a clinical psychologist may be appropriate if the eating pattern
is deemed to be abnormal or is being affected excessively by
psychological/emotional issues. Often in these cases the addi-
tional confounders need to be dealt with before weight loss can
be attempted (Haus et al., 1994).

As well as providing a record of reported food intake and
eating behaviour at baseline, the diet diary can be used
throughout treatment to review and plan for future treatment.
A diet diary encourages the client to be actively involved in
treatment, and to take responsibility for making dietary and
other behaviour changes. It may also provide an indication of
the client’s motivation, and ways of improving motivation
and implementing change.

The problems associated with under-reporting of
energy intake by obese clients

Predictive equations for obese individuals have been re-
viewed by Heshka and colleagues (1993), who recommend
using those formulated by Fleisch (1951) or Robinson and Reid
(1952). A common problem in developing dietary advice for
the obese client on the basis of the reported food and drink con-
sumed in a food diary is that the energy intake of the reported
diet is significantly less than that estimated from predictive
equations for that obese person in energy balance.

There is a wealth of evidence that shows that energy intakes
reported by obese people are significantly lower than would
be feasible if they were to maintain their level of obesity (Black
et al., 1991). Many authors have concluded from this evidence
that obese people under-report their habitual energy intake
during the study period. This may well be the case, but there is
also the possibility that obese clients actively diet when asked
to record their food intake and report a true intake of their diet-
ing behaviour. Support for this explanation is provided by the
frequent (but not published) observation that people often
lose weight when they are asked to record their food intake,
even when these people are students studying for a nutrition
degree. If the low-energy intakes reported by obese clients are
a result of true dieting behaviour, one might predict that if the
obese client were asked to record their food intake for long
enough they would either lose weight (and on this basis one
may use continuous recording of food intake in a diary as 
an adjunct to therapy— see below) or report food intake as-
sociated with relapse. Unfortunately, little work around the

use of long-term continuous food records in obese clients has
been carried out.

Regardless of the explanation for the low-energy intakes re-
ported by obese clients, the health professional must accept
that it may not be possible to obtain a comprehensive record of
their food intake from a 7-day diary. If the obese client is re-
porting true dieting behaviour then the diet that they consume
during relapse will remain a mystery, and may be completely
different in terms of foods eaten, quantities consumed and eat-
ing behaviour compared with the diet they consume while los-
ing weight. If the low-energy intakes reported by the obese
client are a result of under-reporting then it may be possible to
predict true dietary intake if the client is under-reporting the
quantity of all foods and drinks consumed by the same degree
(as one could simply multiply the amount of food eaten by the
same factor required to obtain the estimated energy intake
from the reported energy intake), i.e. non-specific under-
reporting. However, the limited evidence on under-reporting
suggests that the obese tend to under-record food from snacks
compared with meals (Heitmann and Lissner, 1995; Summer-
bell et al., 1996), and particularly from snacks consumed dur-
ing the evening (Beaudoin and Mayer, 1953), compared with
individuals of ideal weight, i.e. specific under-reporting.
Therefore, as snacks tend to be made up of different foods and
drinks and have a different macronutrient composition com-
pared with meals (Summerbell et al., 1995), specific under-
reporting means that it is impossible to predict true dietary 
intake from a 7-day diet diary.

Is it worth assessing food intake in obese clients?

Even with these caveats, it is still useful to use a 7-day diary to
assess food intake in obese clients (BDA, 1996). Apart from
gleaning an insight into any possible behavioural problems it
also reduces the reliance on memory and is a written learning
tool.

However, the health professional should also calculate the
client’s energy intake from predictive equations, as having an
estimate of energy intake is useful in calculating the true 
energy intake that will be required to lose weight; 1000 kcal per
day below the estimated requirement will normally produce a
weight loss of 0.5–1.0 kg per week (Garrow, 1988). A possible
scenario (and one which is not uncommon in obesity clinics)
may arise whereby the health professional advises the obese
client to consume a diet that contains more energy than that
which the obese person reports to consume. Although some
clients may be alarmed at such advice, published outcomes
(Frost et al., 1991) have shown that this approach to formulat-
ing dietary advice works well.

In an attempt to improve (i.e. get nearer to the truth) the diet
reported in a 7-day diary by obese clients, the health profes-
sional could ask additional questions about food intake. This
may be seen as validating their reported food intake, but equal-
ly it may be viewed as attempting to ‘trick’ the client into re-
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vealing the truth. Although there are no standard questions or
questionnaires that are designed for this specific purpose, one
could ask about the frequency (say, per week) of consumption
of certain types of foods, for example energy-dense foods and
takeaways, and cross-reference this information with that in
the diet diary. Questions around eating behaviour may also be
useful, and a question that has been found to be particularly
useful is ‘Do you normally lose weight or gain weight when on
holiday?’ as many obese clients report losing weight on holi-
day. The answers to this question can then be used in helping
the obese client to identify triggers for overeating and alter be-
haviour to reduce food intake at home. The obese client may
have reduced their intake as they tend not to overeat with other
people around, perhaps they were preoccupied with other in-
terests and therefore not focusing on food or perhaps they un-
dertook more exercise on holidays than at home. Indeed, there
is evidence to show that many obese individuals do not overeat
in public places (Coll et al., 1979), but do so in private, particu-
larly at home during the evening (Brandon, 1987).

Hope for a useable tool to assess true dietary intake comes
from two published studies that have developed food-
frequency questionnaires which appear to capture realistic 
energy intakes (Fricker et al., 1989; Lindroos et al., 1993).

Setting goals and rate of weight loss

Setting goals is also an important part of the weight loss
process but these goals must be realistic. Goals should be time
specific, measurable, achievable and behaviour based. In
terms of weight goals, the clients need to have realistic expec-
tations of what they can achieve. For clients who have 20 kg or
more to lose, intermediate weight targets should be set, to re-
duce the chance of the client giving up due to the seemingly
long and difficult task they have set themselves.

The obese person should also be clear about the expected
rate of weight loss. As stated above, if a person consumes
1000 kcal per day less than they would normally eat, then they
should lose between 0.5 and 1.0 kg per week. But, some people
will be disappointed with a weight loss of less than 1 kg per
week, and the obese person may give up on a diet because in
their view it is not working, whereas in fact it is. Indeed, it has
been shown that clients who have unrealistically high initial
expected weight loss do not lose weight and consequently
drop out of the programme (Bennett, 1986). It is important to
help clients accept moderate, achievable expectations of
weight loss, and to discourage unrealistic goals for the rate of
loss and target weight.

The impact of information from other sources

It is easy to forget that the dietary advice given by the health
professional is only part of the information that the client uses
to change eating behaviour. Clients present with a wide varia-
tion in their baseline knowledge of the energy value of foods;

some are real experts and know much more than most health
professionals. The advice given by the health professional will
be combined with the knowledge that the client already has,
rather than overriding the client’s baseline knowledge, and it
is this combined knowledge that will form the basis of change
to the diet. The constant and often more compelling back-
ground information on dieting from other sources, particular-
ly from media, friends and family, will influence the changes to
eating behaviour immediately and in the future. Indeed, the
client may request advice from the health professional regard-
ing a specific diet or food that they have heard will enhance
their weight loss or make it easier. Regardless of the credibility
of reported claims for such diets or foods, it is important that
the health professional addresses them seriously and does not
dismiss them as ‘simply ridiculous’; if the client thought that
these claims were ridiculous they would not have asked for
advice on them in the first place.

Nutrition in practice

Individual habits, lifestyle, personal needs and health status
need to be taken into consideration, as does a person’s 
access to food, their financial situation and their motivation.
The American Dietetic Association (ADA) position paper 
emphasizes the need to think about the long-term manage-
ment of weight rather than short-term losses, paying particu-
lar attention to sustainable changes while focusing on overall
well-being, not just treatment or prevention of disease: they
believe that the progamme should include ‘training in lifestyle
modification with (a) a gradual change to a healthful eating
style with increased intake of whole grains, fruit and vegeta-
bles; (b) a non-restrictive approach to eating based on internal
regulation of food (hunger and satiety); and (c) a gradual 
increase to at least 30 min of enjoyable physical activity 
each day’.

Changing lifestyle factors still remain the most effective
long-term treatment and although the clinician can help 
with this it is still the responsibility of the client to maintain
changes and achieve the desired outcome (Poston and Foreyt,
2000).

The aim is to help create an energy deficit that achieves
weight loss. Therefore, given the above information certain
areas should be the focused on (a) eating patterns, (b) types of
food and cooking methods, (c) behaviour patterns and (d) ex-
ercise, all of which can be gleaned from the food diary.

Eating patterns

Eating patterns involve the distribution of food, portion sizes,
timing and speed of eating. Often the distribution of food is
uneven. People will leave large time gaps between meals or
skip meals altogether, leading to extreme hunger and food-
seeking behaviour. The food sought at this time is often 
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convenient, i.e. it is easily accessible, it gives instant gratifica-
tion and comes in prepackaged containers. Convenience
foods are mostly of low satiety, high energy and high fat value.
When these foods are combined with increased hunger it 
predisposes the individual to overconsumption, i.e. eating 
beyond energy requirements. If a meal is eaten at this time,
larger portions than normal are often consumed in a hurry,
with no adjustment to body satiety cues. Although the number
of meals in a day might be low, the total energy intake is often
high. Therefore, the energy deficit created by skipping a meal
or lengthening the time between meals is not achieved. It is
best to eat regularly, leaving enough time to become hungry in
between meals but not ravenous. Eating slowly can help one to
notice hunger and satiety cues earlier and ultimately leads to
decreased consumption. Slowing down eating techniques in-
clude putting knife and fork down in between bites, pausing
during the meal and chewing food well before swallowing
(Wadden, 1993).

Other people might eat regularly but consume large por-
tions. An energy deficit could be achieved by reducing the size
or composition of the meals. For instance, less food fits on a
butter plate compared with a dinner plate, but the plate still
looks full. Also, it is harder to overconsume bread that has
many grains in it than it is to overconsume white bread, owing
to its texture and density.

The variety of foods consumed has mixed implications for
weight. Variety can help with compliance as it provides inter-
est, reduces boredom and the feelings of restriction, as well as
helping a person meet their nutrient requirements. On the
other hand, increased variety can lead to overconsumption.
For example, it has been shown that cafeteria-style eating
leads to greater consumption of food and increased weight
(Garner and Wooley, 1991; Raynor and Epstein, 2001).

Structured meal plans or meal replacements can help 
with weight loss. They may help the individual comprehend
appropriate portion sizes and reduce confusion around 
food choice, thus aiding compliance and producing early re-
sults, which is motivating (Khaodhiar and Blackburn, 2002).
Giving grocery lists can have a similar outcome (Glenny et al.,
1997).

Type of food and cooking methods

The type of food, where it is obtained and how it is cooked are
important. The place of origin gives some indication of the
composition of the food, for example take-away foods are
often extremely high in fat, salt and energy, whereas home-
cooked meals have a greater potential to be of lower energy as
the cooking method can be manipulated.

Carbohydrate is needed to maintain blood sugar levels and
fluid balance. Observationally, higher carbohydrate intake
leads to lower BMI and waist–hip ratio (Toeller et al., 2001). The
best type of carbohydrate to consume is high in fibre, in the
form of wholegrains and has a low GI (Hung et al., 2003). Sugar

consumed in the form of sugary drinks is more likely to lead to
weight gain than sugar ingested in solid forms (Astrup et al.,
2002). Fibre and water are two other important components of
any weight loss diet, especially if protein has been increased.
They help avoid constipation (a common side-effect from in-
creased protein and reduced intake), and the fibre adds bulk to
the meal. In Australia, it is recommend that approximately 30 g
of fibre is consumed per day.

Many dieters restrict dairy and meat produce, believing it
will help them with weight loss. However, a high proportion
of women are anaemic and are not meeting their recom-
mended dietary intakes for calcium; there is no need to 
eliminate either as they can be included by choosing lower fat
versions. In fact, it has been shown that calcium consumption
(dairy food being the major source in Western countries) leads
to a lower weight in a dose–response manner, with each 300-
mg increment in calcium intake being associated with 1 kg less
of body fat in children and 2.5–3.0 kg of lower body weight in
adults (Heaney et al., 2002). In vitro studies have demonstrated
that calcium results in stimulation of lipogenesis and inhibi-
tion of lipolysis. Preliminary results suggest that it might even
aid in weight loss (Shi et al., 2001).

Alcohol can also play a role in a person’s weight. Alcohol has
no storage capacity within the body and therefore any that is
consumed must be oxidized. If energy requirements are met
through alcohol alone then anything else that is eaten with it
will be stored. Alcohol can also cause someone to eat more in a
two-prong effect. Alcohol can affect restrictive dietary prac-
tices, by reducing resolve to limit intake as well as making 
people hungry. Often the only food available when consuming
alcohol is high-energy, high-fat food, such as fried foods,
crisps and nuts (Astrup, 1999a).

The food groups that need to be reduced include full-fat
dairy products (including ice creams), meats, pastries,
snacks/convenient foods, biscuits, cakes, confectionery, deep
fried or fried foods, oils, spreads and take-aways.

National guides to healthy eating are a sound reference for
healthy eating and weight loss. In Australia it is recommended
that approximately two servings of low-fat dairy foods, two
servings of fruits, five servings of vegetables, one or two serv-
ings of protein and 4–9 servings of carbohydrate are consumed
daily, depending on sex, age and activity patterns.

Behavioural habits

Self-monitoring and reducing stimuli are two of the most ef-
fective dietary behavioural techniques used in obesity treat-
ment today. Self-monitoring helps the client become more
aware of the type, quantity and pattern of eating (Poston and
Foreyt, 2000), for example the food/exercise/mood diary.
Stimulus control involves first identifying and then modifying
the environmental cues that are associated with a client’s
overeating or inactivity (Poston and Foreyt, 2000). In the 
short term, people avoid or manipulate problems in their 
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immediate environment; however, over time, living in an 
obesogenic society, stimulus control in the wider community
may be near to impossible (Khaodhiar and Blackburn, 2002).

Compliance with the programme is more important than
the programme itself. Factors such as flavour, palatability and
texture influence client compliance (Willett, 2002). Keeping
changes close to the present practice ensures that the client 
will like what they are eating. Gradual change leads to better
results in the long term than large changes made all at once
(Foreyt and Goodrick, 1991). For example, if a person enjoys
meat then teaching appropriate cooking techniques (in which
the meat is trimmed and cooked with no added fat) can reduce
energy intake without removing meat from the diet. Adapting
frequently used recipes so they contain fewer calories is vital.
Helping people focus on the foods they can eat rather than on
the food they should perhaps limit can reassure clients that
they have options and still achieve weight loss (Lyon et al.,
1995; Crombie, 1999).

Prader–Willi syndrome: special dietary needs

Prader–Willi syndrome (PWS) was named after Prader, 
Labhart and Willi in 1956. It is caused by an anomaly on the
long arm of chromosome 15. Characterized by failure to thrive
in infancy, neonates are hypotonic with insufficient suck and
swallow reflexes. An increased appetite occurs during the 
toddler years. Affected individuals are developmentally de-
layed, with intelligence varying between moderate and bor-
derline. They are short in stature, have low lean muscle mass
and a high percentage of body fat, particularly in their distal
limbs and trunk. Their RMR can be reduced by 20–50% if com-
pared with height and weight respectively. Although they
have the ability to expend as much energy as a non-PWS per-
son, they tend to be less active. Their appetite becomes insa-
tiable and non-selective. It is therefore not surprising that
obesity is a consistent characteristic of this condition (Butler,
1990).

Their dietary requirements in infancy should follow normal
infancy requirements. However, as their appetite grows, re-
strictions are needed. If a person with PWS consumes the same
amount of calories as other individuals of the same age and
height they will gain weight. Therefore, people with PWS re-
quire a low-energy diet to prevent obesity. To lose weight an
individual with PWS requires a diet of 7–9 kcal/cm of height
per day and for weight maintenance an energy intake of
8–14 kcal/cm per day is sufficient (Pipes and Holm, 1973; Ho
and Pipes, 1976; Hoffman et al., 1992). This applies for the child
and the adult affected by Prader–Willi syndrome. This often
translates into approximately 600–800 kcal per day for chil-
dren and 800–1300 kcal for adolescents and adults. To start
with, weighing food is probably necessary so that quantity is
determined. Carers need a good understanding of the calorie
content of food.

It is generally recommended that the macronutrient com-
position follows that of a healthy diet. The quality of food is
important as quantity is limited, for example the protein eaten
should be of high biological value, the carbohydrates high in
fibre and the fats mostly in the form of mono- or polyunsatu-
rates that are rich in omega 3. If a person with PWS follows the
diet closely it is important that they take a multivitamin to
meet micronutrient requirements. However, dietary compli-
ance is often jeopardized as a person with PWS will seek out
food from all sorts of sources such as bins, ground, people,
shops (bought or stolen), open bags, unlocked cupboards or
refrigerators and well-meaning acquaintances. The more su-
pervision a person with PWS receives and the more consistent
their routine, the lower the incidence of these behaviours.

A person with PWS likes routine and structure. Having
meals at the same time every day can help limit tantrums 
and fights over food, which occur even in adulthood. 
Having very low-energy foods available can help deal with
eating times but amounts should not vary drastically from
meal to meal. Fortunately, people with PWS seem to prefer
high-carbohydrate foods to high-fat foods, which helps 
when trying to find enjoyable low-energy foods for their 
consumption. If a person with PWS has diabetes, better dia-
betic control can be achieved by using low-GI carbohydrate
choices. This tends to be successful if the person already has 
a regular, tightly controlled intake of carbohydrate of even 
distribution (which, if they are well managed, should be 
occurring).

Aperson with PWS has a constant preoccupation with food,
even when they appear to be concentrating on something else.
They will often scope out rooms to see if someone has been for-
getful and left something out that they can reach. They can be
very sneaky and will often hide food. Given the insatiable ap-
petite and their need to seek food, locking cupboards and
fridges in a home, supervising food preparation areas when in
use and clearing away food (even scraps) immediately after
finishing are important. This is often hard if there are people
without PWS also living in the home. However, the person
with PWS cannot control their desire to eat and no matter how
hard you or they try, they will eat food if it is available to them.
This also extends to the school or work environment, where
rooms with bags should be locked and bins made inaccessible,
and access to tearooms and to lockers should be limited. The
PWS person appreciates these restrictions/strategies as they
are often ostracized for their food-seeking actions. Other 
students may also give PWS students food, particularly if 
they are not well supervised. Restricting access to food in 
this way seems to contradict basic human rights of freedom 
of choice; however, someone with PWS eats not because 
they lack willpower or a weak character but because they have
a genetic abnormality that leads to an uncontrollable and in-
curable hyperphagia (Pipes and Holm, 1973). These kinds of
restriction help them to lead a healthy and happy life. Most
deaths with PWS are due to complications of obesity. Money



Chapter 22

342

should also be restricted and not managed by the person with
PWS as they will generally spend it on food.

Normal, low-energy cooking techniques should be used for
this group of people. It again reduces tantrums if everyone at
the dinner table is eating the same food. Perhaps portion sizes
need to be predetermined. People with PWS love to eat large
portions but will eat any food offered to them. For this reason,
calories should be reduced in as many foods as possible so that
quantity of food offered remains realistic.

It is important for every person that comes in contact with
the individual with PWS to understand the need to restrict
food. This can often be difficult particularly for grandparents
and well-meaning adults. Giving these people information on
PWS can help them to understand. If they are still having diffi-
culties, a list of suitable food can help, for example diet ver-
sions of soft drinks or air-popped popcorn.

Appetite suppressants do not tend to work in this popula-
tion. There has been some success with the use of VLED, but, as
with any other person, the normal restrictive practices need to
be in place to keep the weight off in the long term (Bistrian et al.,
1977).

People with PWS also want independence as they become
older but unfortunately the nature of their condition does not
allow them to be able to handle the freedom. This can be a very
difficult time for both the family and the person with PWS.
Linking in with PWS services, PWS-specific group homes and
other community-based programmes can make this transition
a lot easier.

The basic programme to follow from childhood (Pipes and
Holm, 1973) is: 
1 Determine baseline data of the child’s caloric intake in rela-
tion to weight gain, and express as kcal per cm of height.
2 Educate child’s primary carer on Prader–Willi syndrome,
for example suitable diets/foods, caloric content, cooking
methods, etc.
3 Involve immediate and extended family in the programme
and necessary changes.
4 Control the environment, for example locking cupboards,
fridges, etc.
5 Educate others who are involved with the child, for example
teachers and peers.
6 Frequently monitor growth and intake.
7 Train the child to accept a food pattern that is compatible
with a low-caloric diet and regular exercise.
8 Maintain changes and programmes throughout the child’s
life.

Maintenance/success

In today’s obesogenic society, relapses are common particu-
larly when people place unrealistic expectations on themselves.
We know that weight maintenance is harder after weight loss,
and that frequent weight cycling can be damaging to long-term

maintenance (National Task Force on the Prevention and Treat-
ment of Obesity, 1994).

Given that the goals during weight maintenance are slightly
different from those of weight loss, it is not surprising that a
different approach should be taken (Wadden, 1993). Require-
ments after weight loss are lower than the new body weight
might suggest (Garner and Wooley, 1991). People believe that
if they have been able to maintain their weight at the higher
level then they will have no problems maintaining it at a lower
level. This is not so. People need to change their habits for life,
which often means adhering to certain levels of caloric restric-
tion indefinitely (Garner and Wooley, 1991). Weight gain
seems to occur even if the fat content of the diet remains low
(Garner and Wooley, 1991).

What is success? Some have defined success as maintenance
of all initial weight loss, or at least 9–11kg of the original weight
loss [a degree of weight loss associatied with significant 
improvement of obesity-related complications (Goldstein,
1992)]. The National Weight Control Registry in the USA de-
fines success as at least 10% loss of initial body weight and
which is maintained for at least 1 year (Wing and Hill, 2001).

The experience of the people from the registry can help to
design appropriate maintenance programmes. It was found
that 88% of participants in the registry reported restricting in-
take of certain types of food, 44% limited total quantity, 44%
counted calories and 55% of the group used a commercial
weight loss programme (Wing and Hill, 2001) (Fig. 22.7). They
consumed on average 1381 kcal. Only 1% of the group ate diets
that were low in carbohydrate. The total group ate approxi-
mately 4.9 meals/snacks per day and ate out 3.5 times per
week, only once from a fast-food outlet. They avoided high-
fat, fried foods and used low-fat substitutes. Other studies
have shown that if cheese, butter, high-fat snacks, fried foods
and desserts were eaten less than once per week then partici-
pants were more successful at long-term weight control
(Holden et al., 1992). French showed that reduced consump-
tion of fried potato, dairy products, sweets and meat was posi-
tively correlated with weight loss and weight maintenance
(French et al., 1994). Characteristics of a small group of suc-
cessful and unsuccessful dieters were compared in the UK
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Fig 22.7 Macronutrient composition of successful ‘dieters’. (a) Average diet

composition from the National Weight Control Register in the USA. (b) Diet

compositions of successful dieters in the UK.
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(Fig. 22.7). The dietary factors that were significantly different
from the unsuccessful dieters were the decreased total energy
(achieved through decreased quantity of carbohydrate and
fat) and the percentage of energy from protein. Also, the suc-
cessful dieters had less emotional eating, were more restrained
and less likely to eat in response to external cues (Kirk, 1997).
Another interesting result from this study was that successful
dieters found their ‘allowed food’ was good tasting, whereas
the unsuccessful dieters did not always find this.

It is widely recognized that people find it hard to stick to
changes in the long term. There is a period of high motivation
at the beginning of the programme but motivation often
wanes over time. Clinicians have to be realistic and acknowl-
edge that it is unlikely that dietary intervention alone will
maintain weight loss in obese subjects over a period of 2 or
more years (Jakicic et al., 2001).

Sources of recommendations or clinical
guidelines on the management of obesity

A number of the reviews have provided recommendations or
guidelines for management of obesity in adults (Scottish Inter-
collegiate Guidelines Network (SIGN) 1996; The National
Heart, Lung, and Blood Institute (NHLBI), 1998, Douketis et
al., 1999). SIGN have also published useful guidance on the
management of obesity in adults (SIGN, 1996). A US expert
committee has published recommendations for the manage-
ment of childhood obesity (Barlow and Dietz, 1998). Anumber
of agencies have also published clinical guidelines for the
management of childhood obesity [SIGN (available at http:
//www.sign.ac.uk); Royal College of Paediatrics, London].
The National Health and Medical Research Council of 
Australia has developed guidelines for the management of
overweight and obesity in adults and children (http://www.
health.gov.au/hfs/nhmrc/advice/mgtobsty.htm). The Na-
tional Audit Office (NAO) published an important report on
obesity in 2001 and has made a number of health policy recom-
mendations (NAO, 2001).

Conclusion

Although there is little dispute that obesity is due at least in
part to an excess energy intake, best results are usually
achieved when both energy in and energy out are considered
in the weight loss programme (Hirsch et al., 1998; Astrup,
1999b; Holtmeier and Seim, 2000).
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achievements and challenges
Thomas A. Wadden and Vicki L. Clark

23

Introduction

Modest weight loss may improve many of the health compli-
cations of obesity, as demonstrated recently by the Diabetes
Prevention Program (DPP) (Diabetes Prevention Program Re-
search Group, 2002). In this randomized controlled trial, 3200
overweight individuals with impaired glucose tolerance were
assigned to: (a) a lifestyle intervention consisting of diet, 
exercise and behaviour modification; (b) metformin (850 mg
b.i.d.); or (c) placebo. Patients in the lifestyle intervention lost
an average of 7 kg in the first year and were found at 2.8 years
to have reduced their risk of developing type 2 diabetes by 58%
compared with placebo-treated participants. Other studies
have shown improvements in hypertension, sleep apnoea and
other weight-related health complications with a loss of 5–10%
of initial weight (Goldstein, 1992; Blackburn, 1995).

The National Heart, Lung, and Blood Institute (NHLBI) has
provided an algorithm to guide the treatment of obesity (see
Table 23.1). Individuals with a body mass index (BMI) of
25–29.9 kg/m2, who have no risk factors, are encouraged to
take steps to prevent weight gain. Those of similar BMI, with
two or more risk factors, are advised to lose weight, as are per-
sons with a BMI ≥ 30 kg/m2 (regardless of other risk factors). A
programme of diet, exercise and behaviour modification is in-
dicated as a first course of treatment for all overweight and

obese individuals. This chapter describes behaviour modifica-
tion for obesity, which can be used to facilitate adherence to a
variety of diet and exercise regimens. We review the compo-
nents of behaviour therapy for obesity, examine its short- and
long-term results and discuss new directions for intervention.

Principles of behaviour therapy

The principles are outlined below.

Overview and defining features

Behaviour therapy provides a set of principles and techniques
to help people modify their eating and activity habits. This ap-
proach recognizes that obesity is influenced by metabolic and
genetic factors (Ravussin et al., 1988; Stunkard et al., 1990;
Campfield et al., 1995), but believes that recent increases in the
prevalence of obesity are attributable primarily to changes in
our nation’s eating and activity habits (Wadden et al., 2002).
Behavioural treatment seeks to teach patients to modify these
habits, in part by examining the antecedents and conse-
quences of their behaviours. This approach incorporates prin-
ciples of classical conditioning, which hold that two events
will become linked together if they are paired repeatedly
(Brownell, 2000; Wing, 2002). Moreover, the more frequently
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they are paired, the stronger the association between them,
until eventually the presence of one event automatically trig-
gers the other. Eating popcorn at the movies is an example. If
these events are paired repeatedly, simply entering a movie
theatre will trigger a craving for popcorn. Behaviour therapy
seeks to identify and control cues associated with unwanted
eating and activity habits (Table 23.1).

Attending to consequences

Another goal of treatment is to identify the consequences of be-
haviours. Behaviours that are rewarded (i.e. reinforced) are
more likely to be repeated (Brownell, 2000). For example, an in-
dividual who loses 2 lb (approximately 1kg) during the week
as a result of recording her food intake will be positively rein-
forced to continue recording. On the other hand, behaviours
that are punished (or followed by negative consequences) are
less likely to be repeated. An individual, for example, who 
increases her activity level by 200 min in 1 week may feel 
exhausted and fatigued. As a result, she may feel discouraged
from continuing her exercise programme. If she began with a
more modest exercise regimen (e.g. 10 min of exercise, 5 days
per week) and gradually increased her activity level, she would
be less likely to experience negative effects (Sbrocco et al., 1999).

Facilitating behaviour change

Behaviour therapy provides a very goal-oriented approach to
weight loss. Patients are encouraged to set concrete, tangible
goals with measurable outcomes (Brownell, 2000; Wadden
and Butryn, 2003); they should leave each session with a strat-
egy for how to achieve their goals. This includes devising a de-
tailed plan of what they will do, when and where they will do
it and how often. For example, helping patients develop a plan
to walk around the neighbourhood for 15 min on Monday,
Wednesday, Thursday and Saturday evenings, immediately
after dinner, is more helpful than simply telling them to in-
crease their physical activity. Patients should set small goals
which they can attain in order to maximize feelings of success.
Small successes build upon each other until patients reach
their ultimate goals (Brownell, 2000).

Components of behavioural treatment

Behavioural treatment incorporates multiple components in-
cluding self-monitoring, stimulus control, diet, exercise, cog-
nitive restructuring, social support, problem-solving, slowing
the rate of eating and relapse prevention. Detailed descrip-
tions of these components are available elsewhere (Brownell,
2000; Wadden and Foster, 2000; Wing, 2002). The present dis-
cussion describes self-monitoring, stimulus control, cognitive
restructuring, diet and exercise. The last two sections are 
described at length because they offer more options for 
intervention.

Self-monitoring

Self-monitoring is the cornerstone of behavioural treatment
for obesity (Brownell, 2000; Wing, 2002; Wadden and Butryn,
2003). Patients keep detailed records of their food intake, 
activity and weight. Initially, they record foods eaten, includ-
ing the types and amounts, as well as their caloric value. 
Self-monitoring facilitates weight loss. Several studies found
that individuals who regularly kept their food records lost 
significantly more weight than those who recorded inconsis-
tently (Wadden et al., 1997a; Boutelle and Kirshenbaum, 1998;
Berkowitz et al., 2003). Monitoring food intake helps patients
reduce their tendency to underestimate how much they eat
(Lichtman et al., 1992). It also increases their awareness of eat-
ing habits and identifies behaviours that need to be changed.
For example, an individual may notice a tendency to ‘taste’
while preparing food. These tastings may add several hun-
dred calories per day.

Over time, patients increase their self-monitoring to 
include times, places and feelings associated with eating
(Brownell, 2000). This additional information helps to 
identify problem areas. An individual, for example, may 
notice that he snacks excessively in the evenings. Another 
may realize that she often makes poor food choices when
upset. Once problem areas have been identified, the patient
and practitioner work together to develop a plan to overcome
the obstacle.

Table 23.1 A guide to selecting treatment.

BMI category

Treatment < 24 25–26.9 27–29.9 30–35 35–39 > 40

Diet, exercise, behaviour therapy – With comorbidities With comorbidities + + +
Pharmacotherapy – – With comorbidities + + +
Surgery – – – – With comorbidities +

Guidelines provided by the National Heart, Lung, and Blood Institute (NHLBI) utilize BMI category and the presence of comorbidities to aid in treatment selection.
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Stimulus control

Patients are instructed in stimulus control techniques to make
their environments more conducive to eating less (and more
healthily) and exercising more. As described previously, an
event can become a cue to eat when it is repeatedly paired with
eating. For example, walking into the kitchen often elicits a 
desire to eat because this room is so strongly associated with
food. People rarely experience a food craving when in the attic
because of the absence of cues in this area. Many events can
prompt a desire to eat. The most obvious are the sight and
smell of food. There is truth to the old adage ‘out of sight, out of
mind’. Patients learn strategies, such as storing foods out of
sight, to reduce unwanted eating by limiting exposure to prob-
lem foods. Additional eating cues include places, times and
events. Patients are encouraged to limit the places at home in
which they eat to the kitchen or dining room, and to eat at regu-
lar times of day. They also learn not to eat while engaging in
other activities, such as watching television or talking on the
phone. Food cues are neutralized by disconnecting them from
eating.

Cues can also promote healthy eating and activity habits.
The sight, for example, of a fruit basket, rather than a dish of
sweets or candies, may encourage consumption of a healthy
snack. Similarly, the sight of walking shoes by the front door
might prompt patients to exercise. Behavioural treatment
aims to decrease negative cues while increasing positive ones
(Brownell, 2000).

Cognitive restructuring

In behavioural treatment, patients learn to identify, challenge
and correct irrational thoughts that may undermine their
weight loss efforts. For example, a participant who overeats on
just one occasion during the week might think ‘I’ve blown my
diet’ (i.e. catastrophizing). This self-statement is likely to lead
to additional negative thoughts such as ‘What’s the use of try-
ing? I’ll never lose weight’. Such sentiments usually elicit more
overeating and more negative thoughts, perpetuating a 
vicious cycle. Cognitive restructuring teaches patients to 
identify their negative, irrational thoughts and to replace them
with more realistic statements. Rational responses such as ‘just
because I ate an extra 300 calories tonight doesn’t mean I won’t
be able to lose weight’ are more likely to elicit positive eating
and activity habits. Through cognitive restructuring, patients
learn to view a setback as a temporary lapse. The ultimate goal
is to determine how lapses occurred and to develop strategies
to prevent them.

Cognitive restructuring may also be useful in helping pa-
tients cope with unmet weight loss expectations. Obese indi-
viduals often begin treatment expecting to lose up to 25% of
their initial weight (Foster et al., 1997; Wadden et al., 2003). Fail-
ure to meet their expectations may cause patients to feel disap-
pointed or to discontinue treatment prematurely. To minimize

these risks, providers should help patients set reasonable
goals and expectations, and focus on the health benefits of
modest weight losses.

Dietary interventions

Weight loss requires the induction of a negative energy bal-
ance (i.e. fewer calories are consumed than are expended). It is
easier to achieve negative energy balance by reducing calorie
intake than by increasing physical activity. For example, most
patients would have to walk approximately 4 miles (6.4 km) to
induce an energy deficit of 500 kcal. By contrast, the same
500 kcal deficit could be achieved by simply eliminating two
20-oz (600-mL) sugared soft drinks. Most people find the latter
task easier.

Behaviour modification historically has encouraged pa-
tients to consume foods of their liking but to decrease their in-
take by 500–1000 kcal per day by reducing serving sizes or
excess fat and sugar. Behavioural principles, however, can be
used to facilitate adherence to a variety of different dietary 
approaches, including low-calorie diets, low-carbohydrate
plans and low-energy density diets. This section provides a
brief description of each of these approaches.

Low-calorie diets

The NHLBI expert panel recommended that obese individuals
reduce their energy intake by 500–1000 kcal per day to induce
a weight loss of 0.5–1 kg/week (NHLBI, 1998). Approximately
15% of calories should be derived from protein, ≤ 30% from fat
and ≥ 55% from carbohydrate. The food guide pyramid offers a
convenient method of following a diet with this general
macronutrient composition (Agricultural Research Service,
1995). The panel also recommended consumption of 20–30 g of
fibre per day and 1000–1500 mg of calcium per day. For sim-
plicity, patients are often given a predetermined calorie goal,
rather than subtracting 500–1000 kcal per day from their daily
energy requirements. (It is difficult to calculate daily require-
ments with accuracy.) Women, for example, are typically 
instructed to consume 1200–1500 kcal per day and men
1500–1800 kcal per day (Wing, 2002).

Portion-controlled foods

Obese individuals tend to underestimate their food intake by
30–50% when eating a diet of conventional foods (Lichtman et
al., 1992). This is attributable to misjudging portion sizes, fail-
ing to recognize hidden sources of fat or sugar or forgetting
about some foods eaten. The use of portion-controlled foods,
such as frozen food dishes (main courses), takes the guess-
work out of calorie counting by providing patients with a fixed
amount of food with a known energy content. Jeffery and col-
leagues (1993) compared the weight loss of patients who were
prescribed a conventional diet of self-selected foods with that
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of individuals who were provided with actual foods for 
five breakfasts and five dinners per week. Although both
groups were prescribed the same calorie goal (approximately
1000 kcal per day), the second group lost approximately 2.5 kg
more than the first after 6 months of treatment. The provision
of fixed portions of food appeared to facilitate patients’ adher-
ence to their calorie goals.

In a follow-up study, Wing and colleagues (1996a) randomly
assigned women to standard behaviour modification plus: (a)
no additional treatment; (b) detailed meal plans and grocery
lists; (c) meal plans with food provided at reduced cost; and (d)
meal plans with free food provision. Results showed that the
last three groups lost more weight than the first group. There
were, however, no differences among the three groups that re-
ceived meal plans. Thus, it appears that the structure alone
provided by detailed meal plans may be sufficient to improve
outcome.

Liquid meal replacements

Liquid meal replacements are a popular form of a portion-
controlled diet. Shakes, such as SlimFast, OPTIFAST and 
Ensure, provide patients a fixed quantity of food with a known
calorie amount (i.e. 160–220 kcal per serving). They are conve-
nient, easy to serve and are generally low in cost compared
with a meal of conventional foods. A randomized controlled
trial by Ditschuneit and colleagues (1999) compared the pre-
scription of a self-selected diet of 1200–1500 kcal per day to one
with the same calorie goal but which included a liquid meal re-
placement (i.e. SlimFast) for two meals and two snacks per
day. Participants who consumed the meal replacement lost
7.8% of initial weight after 3 months, compared with a signifi-
cantly smaller 1.5% for patients assigned to the conventional
diet. Arecent meta-analysis of six randomized controlled trials
found that patients who consumed meal replacements lost an
average of 2.5 kg more after 3 months (and 2.6 kg more after 1
year) than participants who consumed diets of conventional
foods (Heymsfield et al., 2003). In addition, the drop-out rate
after 1 year was significantly lower in participants in the meal
replacement group. Meal replacements may be particularly
helpful in facilitating the maintenance of weight loss, as dis-
cussed later.

Low-carbohydrate diets

Popular low-carbohydrate plans, such as the Atkins diet
(Atkins, 1998), induce weight loss, in part, by simplifying food
choices. During the initial weeks, dieters consume the major-
ity of their calories from protein and fat, limiting carbohydrate
to less than 20 g per day. Elimination of an entire class of
macronutrients facilitates weight loss, whereas the large
amounts of dietary protein may satisfy appetite. The high fat
content of these diets has raised concerns about the health con-
sequences of low-carbohydrate approaches.

A recent study revealed surprisingly favourable short-term
findings. Foster and colleagues (2003) provided participants
with a copy of Dr. Atkins’New Diet Revolution (Atkins, 1998) or
The Learn Program for Weight Management 2000, the latter 
recommending a traditional balanced deficit diet (BDD) of
1200–1500 kcal per day (Brownell, 2000). Participants had
minimal contact with professionals, consistent with the 
manner in which most dieters lose weight. Assessments were
conducted at baseline and 3, 6 and 12 months. As shown in 
Fig. 23.1, the low-carbohydrate group lost significantly 
more weight at 6 months (7.0 kg vs. 3.2 kg) than did the BDD
group. Both groups regained weight from months 7 to 12, such
that differences in weight loss were not statistically significant
at the end of the year. The low-carbohydrate group also 
had significantly greater reductions in triglycerides at months
3 and 12, as well as greater improvements in high-density
lipoprotein (HDL) cholesterol at months 3, 6 and 12. Decreases
in low-density lipoprotein (LDL) and total cholesterol were
significantly more in the high-carbohydrate group at month 
3, but there were no differences thereafter. The mechanisms
underlying these favourable changes are not fully known
(Foster et al., 2003). Additional research is needed to evaluate
the long-term safety and efficacy of such low-carbohydrate
diets.

Low-energy density diets

The underlying principle of low-energy density diets is that
the volume of food consumed, not calorie content, influences
satiety (Rolls and Bell, 1999). Low-energy density diets aim to
minimize the amount of energy (i.e. calories) in a given weight
(g) of food. Energy density can be reduced by replacing fat (i.e.
9 kcal/g) with carbohydrate or protein (i.e. each 4 kcal/g) or by
increasing the fibre or water content in foods (Melanson and
Dwyer, 2002). To enhance satiety, water must be incorporated
into food, rather than being drunk with the meal (Rolls et al.,
1999). Other examples of reducing energy density include en-
couraging patients to eat grapes rather than raisins or to add
vegetables to a pasta dish.

Bell and Rolls (2001) found that a low-energy density diet re-
duced caloric intake in both lean and obese women compared
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with a high-energy dense meal. In another study, participants
were fed meals varying in energy density and were instructed
to eat until they felt full (Duncan et al., 1983). Participants in the
low-energy density group consumed only one-half as many
calories as those in the high-energy density group (i.e. 1570 vs.
3000 kcal). Alow-energy density diet, rich in fruits and vegeta-
bles, could be an excellent option for patients who feel hungry
when dieting. This approach would let them eat more food
while probably decreasing their calorie intake.

Summary

In summary, dieters can select from a variety of dietary inter-
ventions to facilitate the induction of weight loss. The choice of
a particular approach depends, in large measure, on personal
preferences. As a general rule, a portion-controlled diet will in-
duce weight loss faster than a traditional balanced deficit diet
(Heymsfield et al., 2003). Rapid weight loss, however, may not
be an important consideration for some individuals.

Physical activity

Increasing physical activity is another important goal of be-
havioural treatment. Exercise alone, in the absence of caloric
restriction, induces modest weight loss of only 2–3 kg in 4–6
months (Miller et al., 1997; NHLBI, 1998). There are, however,
several reasons why obese individuals should increase their
physical activity. First, exercise improves cardiovascular fit-
ness independent of weight loss (Lee et al., 1999). Lee and col-
leagues (1999) found that individuals who were fat but fit (as
judged by a treadmill test) had lower rates of cardiovascular
mortality than those who were lean but unfit. Second, exercise
minimizes the loss of fat-free mass that occurs with diet-
induced weight loss (Ballor and Poehlman, 1994). Finally, as
discussed later, increased physical activity is critical for long-
term weight control (Klem et al., 1997).

At present, we emphasize the positive cardiovascular ef-
fects of exercise and explicitly tell patients not to expect to lose
weight as a result of increasing their walking or other aerobic
activity. In addition, we emphasize that exercise should not 
be boring, painful or otherwise aversive. This is emphasized
while discussing the differences between programmed and
lifestyle activity.

Programmed activity

Programmed activity refers to planned bouts of aerobic activ-
ity, such as walking, swimming or cycling, usually at a moder-
ate intensity level (i.e. 60–80% of maximum heart rate) for at
least 20–30 min at a time. The ultimate goal is for patients to 
exercise at least 180 min per week (i.e. 30 min per day, 6 days
per week), although they are expected to work gradually to-
wards this goal (Blair and Leermakers, 2002). They might
begin by walking 10 min daily, three days of the week, until

their endurance improves. Resistance training may be added
to the exercise regimen, given its favourable effects in preserv-
ing muscle strength and bone mass (Blair and Leermakers,
2002). The most important consideration in patients selecting
an activity is to choose one they enjoy.

Patients keep records of their exercise, noting the type, time,
location and duration of their activity (Brownell, 2000). This
information is used to assess progress and to identify barriers
to regular activity, of which lack of time is a common one. 
Jakicic and colleagues (1995) have studied the benefits of short
vs. long bouts of activity to address this problem. Patients
were randomly assigned to either one long (40-min) bout of ex-
ercise or four short (10-min) bouts. Exercise adherence was
significantly better in the latter group (Jakicic et al., 1995) and
these patients tended to lose more weight than those in the
long-bout condition. Additional studies have shown that exer-
cise adherence is facilitated by having patients walk at home
rather than participating in supervised, on-site walking pro-
grammes (King et al., 1995; Perri et al., 1997; Jakicic et al., 1999).
Although exercising at a health club is fine for those who enjoy
it, exercising at home reduces common barriers, including lack
of time or the need for transport or childcare.

Lifestyle activity

Lifestyle activity involves increasing energy expenditure
throughout the day by methods including walking rather than
riding or using stairs rather than escalators. The goal is to 
increase any type of movement, without concern for the 
intensity of the activity (Brownell, 2000). Lifestyle activity, as
combined with diet, produces weight loss similar to that in-
duced by programmed exercise plus diet (Andersen et al.,
1999; Dunn et al., 1999). In a study by Andersen and colleagues
(1999), all patients participated in a 16-week behavioural treat-
ment programme. Those who were randomly assigned to the
programmed activity group attended a 1-h step-aerobics class
three times per week. Participants in the lifestyle activity
group were instructed to increase their lifestyle activity by
30 min per day. At the end of 16 weeks, both groups had lost ap-
proximately 8 kg (as shown in Fig. 23.2). At a 1-year follow-up,
participants in the lifestyle group tended to maintain their
weight loss better than those in the original step-aerobics class
(P < 0.06). The authors speculated that this was attributable to
the superior maintenance of physical activity in the former
group.

The use of pedometers to monitor participants’ daily steps is
an easy and inexpensive method of increasing lifestyle activi-
ty. Before treatment, participants typically walk 3000–4000
steps per day. Each week, they increase their step goal until
they walk approximately 8000–10 000 steps per day. Pedome-
ters are very reinforcing to patients because they provide a
clear indicator of progress (Brownell, 2000).
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Time-limited treatment delivery

An initial course of behavioural treatment usually consists of
16–26 weekly sessions. Treatment has a clear starting and end-
ing date, which seems to help participants pace their efforts.
Once this initial phase of treatment is completed, patients are
encouraged to participate in a weight loss maintenance pro-
gramme, as discussed later.

Group vs. individual treatment

Treatment is typically delivered to groups of 10–20 people who
start and end treatment together. This ‘closed-group’ ap-
proach ensures a high level of social support and continuity of
care. Participants assist each other in their efforts to modify
eating and activity habits. Groups may also provide partici-
pants with a healthy dose of competition. Patients take note of
members who are losing weight or exercising regularly and
often decide that they too want to be successful.

A recent randomized trial demonstrated the superiority 
of group over individual treatment for inducing weight 
loss, regardless of patients’ preferred method of treatment 
(Renjilian et al., 2001). Those with a clear preference for group
or individual care were randomly assigned to one out of four
treatment groups: (a) preferred group treatment and received
group; (b) desired group treatment but received individual; 
(c) preferred individual therapy and received it; or (d) desired
individual treatment and received group therapy. Participants
who received group treatment lost significantly more 
weight than those assigned to individual therapy (Renjilian
et al., 2001). This was true even in cases in which participants 
preferred individual treatment and received it. Persons 
who desired and received individual therapy lost significantly
less weight (i.e. about 2 kg) than persons who wanted in-

dividual treatment but were assigned to group sessions. We 
believe that group treatment was superior because of its 
provision of both social support and competition, as described
previously.

Treatment providers

Group behavioural treatment typically is provided by dieti-
tians, psychologists, exercise specialists or health educators.
There has been surprisingly little research on the credentials or
training experiences that are required to successfully provide
behavioural treatment (Wang et al., 2003). Results of several
studies suggest that laypersons can be effective treatment
providers. Most commercial weight loss programmes are, in
fact, staffed by persons without professional training. Further
research is needed to identify the professional training or 
personal characteristics required to provide effective weight
management.

Short-term results

Table 23.2 presents the results of behavioural treatment from
1974 to 2002, as determined from randomized controlled trials
published in four journals— Addictive Behaviours, Behaviour Re-
search and Therapy, Behaviour Therapy and Journal of Consulting
and Clinical Psychology. Only studies representative of stan-
dard behavioural treatment are included in the table. No inter-
ventions prescribed a diet providing fewer than 900 kcal per
day (Wadden and Butryn, 2003).

The data show that patients treated at present by a compre-
hensive group, behavioural approach lose approximately
10.7 kg (about 10–12% of initial weight) in 30 weeks of treat-
ment. In addition, about 80% of patients who begin treatment
complete it. Thus, behaviour therapy yields very favourable
results as judged by the current criteria for success (i.e. a 5–10%
reduction in initial weight) proposed by the NHLBI (1998), the
World Health Organization (WHO) (1998) and the Dietary
Guidelines for Americans (Agricultural Research Service,
1995).

A comparison of early (i.e. 1974) and more recent studies
(1996–2002) reveals that weight losses have more than dou-
bled over the past 25 years, as treatment duration has in-
creased more than threefold. Thus, for example, in 1974
treatment of 8.4 weeks was associated with a mean loss of
3.8 kg, whereas treatment from 1996 to 2002 averaged 31.6
weeks and produced a mean loss of 10.7 kg. Although several
new components, including cognitive restructuring, have
been added to the behavioural approach since 1974, the most
parsimonious explanation for the larger weight losses is the
longer duration of treatment and the use of portion-controlled
diets in some studies. The rate of weight loss has remained
constant at about 0.4–0.5 kg per week.
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Long-term results

Without continued treatment, patients typically regain
30–35% of their lost weight in the year following treatment
(Wadden and Osei, 2002; Wadden and Butryn, 2003). More-
over, 5 years post treatment, 50% or more of patients regain all
of their weight (Wadden et al., 1989). Factors responsible for
weight regain have not been fully identified, despite the fre-
quency with which this problem is observed. Contributors to
weight regain are likely to include compensatory metabolic re-
sponses that include reductions in resting energy expenditure
and leptin, as well as increases in ghrelin (a gut peptide 
associated with reports of hunger) (Cummings et al., 2002;
Rosenbaum et al., 2002). In addition, patients are confronted
daily by a ‘toxic’ environment that explicitly encourages them
to consume large quantities of high-fat, high-sugar foods
(Brownell and Horgan, 2003). Weight gain (or regain) appears
to be a nearly ineluctable response to this environment.

Inadequate treatment also contributes to weight regain.
Short-term treatment of 16–26 weeks clearly is no match for
what for most obese individuals is a chronic disorder (Wadden
and Butryn, 2003). Obesity cannot be cured by 6 months of
therapy, any more than type 2 diabetes or hypertension can be
controlled lifelong by such brief intervention. The long-term
results of obesity management have begun to improve with
the recognition that obesity is a chronic disorder that requires
long-term care (Perri and Corsica, 2002).

Improving the maintenance of weight loss

Long-term treatment

Several studies have demonstrated the benefits of patients

continuing to attend weight maintenance classes after com-
pleting an initial 16–26 week weight loss programme (Perri et
al., 1988; Perri and Corsica, 2002). Perri and colleagues (1988),
for example, found that individuals who attended every-
other-week group maintenance sessions for the year following
weight reduction maintained 13.0 kg of their 13.2-kg end-of-
treatment weight loss, whereas those who did not receive such
therapy maintained only 5.7 kg of a 10.8-kg loss. Maintenance
sessions appear to provide patients with the support and mo-
tivation needed to continue to practise weight control skills,
such as keeping food records and exercising regularly. In re-
viewing 13 studies on this topic, Perri and Corsica (2002)
found that patients who received extended treatment, which
averaged 41 sessions over 54 weeks, maintained 10.3 kg of
their initial 10.7-kg weight loss. Figure 23.3 illustrates the dif-
ference in weight loss produced by standard and long-term
treatment, as determined from three randomized trials in
which all participants received behavioural weight control for
the first 20 weeks. Thereafter, one-half of the participants con-
tinued to have every-other-week treatment for 1 year, whereas
the other half received no further care.

The figure shows a clear limitation of long-term behaviour-
al treatment — it appears only to delay rather than to prevent
weight regain (Perri and Corsica, 2002). Patients maintain
their full end-of-treatment weight loss as long as they partici-
pate in biweekly maintenance sessions. In fact, they lose addi-
tional weight during the first 6 months of extended treatment
but regain the additional loss during the second 6 months of
therapy (Perri et al., 1988). Weight gain continues with the ter-
mination of maintenance therapy. The optimal frequency of
maintenance therapy is not known. Patients eventually tire of
attending sessions twice monthly (and may drop out) but
monthly visits do not appear to be sufficient to maintain end-
of-treatment weight loss (Jeffery et al., 1993).

1974 1985–1987 1991–1995 1996–2002*

Number of studies 15 13 5 9

Sample size 53.1 71.6 30.2 28.0

Initial weight (kg) 73.4 87.2 94.9 92.2

Length of treatment (weeks) 8.4 15.6 22.2 31.4

Weight loss (kg) 3.8 8.4 8.5 10.7

Loss per week (kg) 0.5 0.5 0.4 0.4

Attrition (%) 11.4 13.8 18.5 21.2

Length of follow-up (weeks) 15.1 48.3 47.7 41.8

Loss at follow-up (kg) 4.0 5.3 5.9 7.2

*Studies included in 1996–2002 samples are found in Meyers et al. (1996), Perri et al. (1997), Wadden et al. (1997a,b), Fuller et al. (1998), Harvey-Berino (1998),

Sbrocco et al. (1999), Wing and Jeffery (1999), Perri et al. (2001) and Ramirez and Rosen (2001).

All studies sampled were published in the following four journals: Addictive Behaviours, Behaviour Therapy, Behaviour Research and Therapy and Journal of

Consulting and Clinical Psychology.

All values, except for number of studies, are weighted means; thus, studies with larger sample sizes had a greater impact on mean values than studies with

smaller sample sizes. The data are adapted and updated from Brownell and Wadden (1991).

Table 23.2 Summary of behaviour therapy for obesity.
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Telephone and mail contact

Long-term contact may also be provided by telephone or mail.
Perri and colleagues (1984) demonstrated that therapist con-
tact by either of these modalities significantly improved
weight maintenance, compared with no further intervention.
When using telephone calls, the same therapist optimally
should contact the patient on each occasion. A study in which
patients were contacted by staff members unknown to them
failed to improve weight maintenance beyond the results of a
no-contact group (Wing et al., 1996b).

High levels of physical activity

Data from case studies, correlational investigations and ran-
domized trials have all concluded that high levels of physical
activity facilitate long-term weight control (Schoeller et al.,
1986; Klem et al., 1997; McGuire et al., 1998; Jeffery et al., 2003).
Findings, for example, from the National Weight Control Reg-
istry clearly emphasize this point. Members of the Registry
have lost an average of 32.4 kg and maintained their loss for 5.5
years. Women report expending approximately 2825 kcal per
week, the equivalent of walking about 28 miles per week (or
75–90 min per day) (Klem et al., 1997).

Based on these findings, Jeffery et al. (2003) recently com-
pared, in a randomized controlled trial, the benefits of low 
versus high levels of physical activity. Participants in the 
high-activity group were instructed to expend 2500 kcal per
week, whereas those in the low group were prescribed a goal
of 1000 kcal per week. As shown in Fig. 23.4, weight losses of
the two treatment conditions did not differ significantly at the
end of 6 months during which participants attended weekly
group meetings. Participants, however, in the high-activity
group maintained their losses significantly better at both the
12- and 18-month follow-up assessments than did patients in
the low-activity group. Jakicic and colleagues (1999) similarly
found, in secondary analyses of results of a randomized trial,
that obese individuals who exercised 200 or more minutes per

week achieved significantly greater weight losses at 18
months than persons who exercised less than 150 min per
week.

The mechanisms by which exercise facilitates weight main-
tenance are not well understood (Wadden et al., 1997b). The
simplest explanation is that increased physical activity helps
to keep patients in energy balance. Walking 2 or 3 miles (3 or
5 km) per day may help to compensate for occasional dietary
indiscretions that are associated with weight regain (in per-
sons who do not exercise regularly). Alternatively, exercise
spares the loss of fat-free mass during diet-induced weight
loss, an occurrence that could help minimize undesired reduc-
tions in resting energy expenditure (Wadden et al., 1997b).
Increased physical activity could also be associated with 
improved mood which, in turn, could facilitate long-term ad-
herence to a low-calorie diet (Wadden et al., 1997b). Regardless
of the mechanism of action, the message remains the same: pa-
tients should increase their physical activity by whatever
means possible, including increasing lifestyle activity and de-
creasing sedentary behaviours. Decreasing sedentary behav-
iours has proven particularly effective in overweight children
(Epstein et al., 2000).

Dietary options for long-term weight control

As discussed previously, the use of meal replacements signifi-
cantly improves the induction of weight loss. This approach
may also facilitate the maintenance of lost weight, as shown in
Fig. 23.5. During the first 3 months of their randomized trial,
Ditschuneit et al., (1999) instructed one-half of their partici-
pants to replace two meals and two snacks per day with 
SlimFast products. These individuals lost significantly more
weight than patients who consumed a diet of conventional
foods (7.8% vs. 1.5% respectively). Thereafter, participants in
both groups replaced one meal and one snack per day with a
liquid shake or meal bar. Individuals in the original (3-month)
meal replacement group maintained a loss of 11% of initial
weight 2 years after treatment and 8.4% at a 4-year follow-
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up (Fletchner-Mors et al., 2000). Patients who were origin-
ally treated by the conventional diet but were switched to 
meal replacements maintained a loss of 3.2% of initial 
weight. These are the most successful long-term findings to
date for the dietary management of obesity. The study has lim-
itations including the use of a non-randomized design after
the first 3 months and the examination of a relatively small
sample (i.e. 100 participants). If, however, the results were
replicated in a large randomized controlled trial, they would
have major implications for the long-term management of
obesity.

Other dietary approaches for weight maintenance include
consuming a low-fat diet that is high in complex carbohy-
drates, as reported by individuals in the National Weight 
Control Registry. In a 1-year weight maintenance study, 
participants randomly assigned to a low-fat, ad libitum carbo-
hydrate diet, following initial weight loss, regained signifi-
cantly less weight during the year than persons instructed to
consume a low-calorie diet al.one (0.3 kg vs. 4.1 kg) (Toubro
and Astrup, 1997). At 2 years after initial weight loss, partici-
pants assigned to the low-fat, ad libitum carbohydrate diet 
continued to show superior weight maintenance. Further as-
sessment is needed of the optimal energy level and macronu-
trient content to facilitate long-term weight control.

New directions in behavioural treatment

This review has shown that behavioural treatment clearly is 
effective in inducing a loss of approximately 10% of initial
weight and that losses of this size are associated with signifi-
cant improvements in health (Diabetes Prevention Program
Research Group, 2002). In addition to its successes, the behav-
ioural treatment of obesity faces several challenges at present.
First among these is making treatment more available to the

millions of Americans who need to lose weight. We briefly dis-
cuss three avenues for increasing access to behavioural weight
control.

Internet and e-mail

Recent studies suggest that the Internet and e-mail are poten-
tially effective methods for facilitating weight management.
In an initial study, Tate and colleagues (2001) assigned partici-
pants to one of two 6-month weight loss programmes deliv-
ered over the Internet. An education intervention provided a
directory of Internet resources for weight control. Abehaviour
therapy intervention provided this component, as well as 24
weekly lessons conducted by e-mail, weekly submission of
self-monitoring diaries and an on-line bulletin board. The be-
haviour therapy participants lost significantly more weight at
6 months (4.1 kg vs. 1.6 kg respectively). In a subsequent study
of 12 months’ duration, Tate and colleagues (2003) randomly
assigned individuals at risk for type 2 diabetes to an Internet
weight loss programme or to the same intervention with the
addition of weekly behavioural counselling, delivered by e-
mail. Participants in the latter group lost significantly more
weight at 1 year (4.4 kg vs. 2.0 kg respectively).

These studies, taken together, underscore the importance of
participants keeping records of their food intake and physical
activity, as well as completing other behavioural assignments.
Educational instruction alone is not sufficient to induce clini-
cally significant weight loss. The studies also suggest that even
the most effective Internet interventions are likely to produce
only half of the weight loss of traditional on-site behavioural
programmes. However, from a public health perspective, the
greater availability of Internet programmes may result in this
approach having a greater impact on obesity management
than traditional clinic- or hospital-based programmes that
serve so few individuals.

Commercial programmes

Commercially provided weight loss programmes now in-
clude many of the components of behavioural treatment de-
scribed above. Of these, Weight Watchers is by far the largest
treatment provider. In 2002, clients attended 30.8 million
weekly visits at approximately 3600 sites in the USA (Weight
Watchers, 2002). The programme provides dietary education
and group support in 1-h weekly meetings at a cost of approxi-
mately $12 per visit. Treatment groups may include as many as
100 individuals. Unlike the closed groups used in academic
medical centres, in which the same patients attend treatment
together each week, Weight Watchers meetings are open to
whoever wishes to attend on a given evening or afternoon.
This practice makes for ease of enrolment in the programme
(although it may dilute the continuity of care).

Heshka and colleagues (2003) recently conducted a ran-
domized controlled trial of 426 individuals who were assigned
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to Weight Watchers or a self-help intervention. Persons in the
former group attended weekly Weight Watchers meetings in
their local community. (Group leaders did not know that 
participants were enrolled in a research study.) Those in the
self-help condition were provided two 20-min visits with 
a registered dietitian, as well as printed materials and other 
resources. At 1 year, 82% of the participants remained in the
study, with no differences in attrition between the two 
groups. Participants assigned to Weight Watchers lost 5.4% of
initial weight, compared with 1.6% in the self-help group
(P < 0.0001). At 2 years, losses declined to 3.2% and 0.1% re-
spectively (P < 0.0001); 73% of participants remained in treat-
ment at this time with no differences in attrition between
groups.

These findings suggest that Weight Watchers might be an
appropriate first step of treatment for individuals who had
failed to reduce on their own with diet and exercise. Asubstan-
tial minority of individuals could be expected to lose 5% or
more of their initial weight, a loss that could prevent or ame-
liorate health complications. There are other commercial and
self-help programmes from which to choose. None, however,
has evaluated its results of treatment in the same rigorous
manner as Weight Watchers.

Primary-care practice

Aronne (2002) has described the role of primary-care physi-
cians in preventing and treating obesity. This includes moni-
toring patients’ weight (and BMI) on a regular basis, providing
literature on healthy eating and activity habits, and assessing
and managing weight-related health complications. Some
physicians may wish to provide more intensive weight man-
agement, potentially by giving patients a structured treatment
manual, having a registered dietitian consult in the office or 
establishing an afternoon or evening clinic to provide 
brief check-in visits (i.e. to measure weight, collect food
records, etc.)

Primary-care physicians often report that they feel ill pre-
pared to treat overweight individuals, whether because of 
lack of adequate training, poor reimbursement or a sense of 
futility — a feeling ‘that nothing works’ (Frank, 1993; Aronne,
2002). Patients may well sense their physician’s lack of in-
volvement. Nearly three-quarters of participants in a recent
study reported that they looked to their doctors only a ‘slight
amount’ or ‘not at all’ for advice about weight management
(Wadden et al., 2000). Nearly 45% indicated that their doctor
had not prescribed any of 10 common weight loss methods.
These data suggest that physicians and their obese patients
may have landed in a weight management stalemate: no one
talks about the problem. On a more positive note, fewer than
10% of patients reported that they were treated disrespectfully
by their doctors concerning their weight. Moreover, most re-
spondents were quite satisfied with the medical care they re-
ceived for their general health.

It is challenging for most primary-care physicians to 
provide effective diet and exercise counselling in traditional
office practice because they are not equipped to meet with
their patients on a weekly or biweekly basis— the frequency of
care that is likely to produce the best results (at least in the
short term). Nevertheless, physicians can play an important
role in the management of overweight and obesity by provid-
ing an atmosphere in which patients can discuss their con-
cerns and frustrations about their weight. Moreover, they can
provide a valuable service by familiarizing themselves with
treatment options available in their community and using
these resources (Aronne, 2002). This includes identifying 
a registered dietitian with whom to establish a consultative 
relationship. Physicians can similarly support their patients’
participation in self-help or commercial programmes by 
enquiring at office visits about satisfaction with these 
programmes and congratulating patients on weight loss or 
behaviour change.

Tackling the toxic environment

Far greater resources and efforts also must be devoted to the
prevention of obesity if we are to halt the progression of this
epidemic, let alone reverse it (Brownell and Horgan, 2003).
Our best hope for prevention may lie with children and ado-
lescents. Efforts should be devoted to improving meals and
snacks that are served at schools, providing more opportuni-
ties for physical activity at school and at home and educating
youth about the importance of diet, activity and a healthy
body weight. Ultimately, we must tackle what Brownell has re-
ferred to as a ‘toxic environment’, which explicitly encourages
the consumption of supersized servings of high-fat, high-
sugar foods, while implicitly discouraging physical activity, as
a result of sedentary work and leisure habits (Horgan and
Brownell, 2002; Wadden et al., 2002). Changing this environ-
ment will require public policy initiatives, as were needed, for
example to reduce cigarette smoking and to increase seat belt
use (Mercer et al., 2003). Although behavioural treatment can
assist those who are already obese, there is a pressing need for
wide-scale environmental interventions that will reduce the
number of individuals who require such treatment.
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Summary

Exercise is recommended as an important strategy for preven-
tion of obesity and as an effective adjunct to its treatment. Not
only the weight loss effects are important in this respect, but
also the weight loss-independent beneficial health effects of
exercise in obesity. This chapter focuses on the effects of acute
and regular exercise (training) in obesity and exercise recom-
mendations for obese patients: 
• Prospective epidemiological studies support the notion
that a high level of physical activity protects against increases
in weight and obesity.
• Endurance exercise training alone induces modest weight
and fat loss, which may be slightly more pronounced in over-
weight than in lean individuals. Resistance training has little
effect on weight, but increases fat-free mass. In combination
with an energy-restricted diet, endurance exercise training re-
sults in some additional weight loss, which is small, however,
compared with the diet-induced weight loss. Fat-free mass is
reduced less than with diet alone for the same weight loss. Re-
sistance exercise training may preserve fat-free mass more ef-
fectively during dietary restriction than endurance training.
• Regular exercise is an important determinant of successful
weight maintenance after a period of weight loss. Evidence

mainly comes from observational studies. Results of random-
ized controlled trials are inconsistent, which may be related to
insufficient amounts of exercise.
• Energy expenditure is increased above resting levels during
and after an exercise bout. Energy expended during exercise
depends on the type, intensity and duration of the exercise
bout, and the weight of the individual. The net energy cost of
exercise may vary roughly between 2 and 20 kcal/kg/h. The
magnitude of the post-exercise increase in energy expenditure
(EPOC) also depends on duration and intensity of exercise.
EPOC is small in comparison with the energy expended dur-
ing the exercise bout itself.
• Exercise training does not lead to significant changes of rest-
ing metabolic rate (RMR) in lean or obese individuals. The ad-
dition of an exercise programme to a period of dietary
restriction in obese individuals, on the other hand, may reduce
the decrease in RMR accompanying a negative energy bal-
ance.
• Diet-induced thermogenesis (DIT) is not affected by exer-
cise training in lean subjects, neither at rest nor after an acute
bout of exercise. In obese people, training may increase DIT
after acute exercise. However, the absolute increment of total
energy expenditure owing to this effect is small.
• Exercise training increases average daily energy expendi-
ture in lean individuals. Part of the increase may be due to an
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increase in non-exercise training activities. Similar trends are
found in obese individuals.
• Adaptation of energy intake to increases in energy expendi-
ture by exercise is slow. Lean subjects compensate the energy
expended during exercise to a larger extent than obese indi-
viduals by increasing energy intake. A larger compensation,
and even overcompensation, takes place on a high-fat diet
compared with a high-carbohydrate diet.
• The composition of the substrate mix that is utilized 
during exercise depends on the intensity and duration of the
exercise and the training status of the subject. At moderate 
exercise intensity (65% V

.
o2max) utilization of fatty acids 

increases and that of carbohydrates decreases with time. At
very low exercise intensity (25% V

.
o2max) plasma free fatty

acids are the main energy source. As intensity increases, 
the contribution of plasma glucose and muscle glycogen in-
creases, and that of plasma fatty acids decreases. The contribu-
tion of intramuscular triglycerides is most pronounced at
moderate exercise intensity. Obese individuals have a higher
fat oxidation at the same relative exercise intensity than lean
individuals.
• Endurance exercise training increases fat oxidation during
exercise in lean and obese individuals. The main source of the
increased fat oxidation is the intramuscular triglyceride
stores. Training also increases post-exercise and basal fat oxi-
dation. The effects of training on 24-h substrate oxidation are
not clear.
• Epidemiological data suggest that moderate and high lev-
els of cardiorespiratory fitness or physical activity reduce the
risk of premature mortality in each category of body weight or
adiposity. Moreover, regular exercise improves glucose toler-
ance, reduces blood pressure and improves aerobic fitness, in-
dependent of reductions in body weight.
• The question of which amount and type of exercise training
is optimal for obese people probably does not have a single an-
swer. It will depend on the goal(s) of the training programme.
Effects on weight are related to the total amount of energy ex-
pended: 45–60 min of moderate-intensity exercise per day is
necessary to prevent the transition from overweight to obesity,
and 60–90 min per day to prevent weight regain after weight
reduction in obese people. Exercise intensity may have an ef-
fect that is independent of the total amount of energy expend-
ed with respect to aerobic fitness, glucose tolerance, blood
pressure and coronary heart disease risk reduction.
• Dynamic exercise with large muscle groups is recommend-
ed for weight management. Resistance training will increase
muscle mass and improve muscular strength and endurance,
but is less effective in reducing body weight.
• Degree of overweight is an important predictor of drop-out
from exercise programmes. Strategies to improve exercise ad-
herence in obese people need to be developed.
• A gradual increase in intensity and amount of exercise and
the adoption of low-impact activities will contribute to the
prevention of exercise-related injuries in obese people.

Exercise and body weight

Traditionally, exercise has been recommended as an important
strategy for prevention of obesity and as an effective adjunct to
its treatment. Much evidence has been accumulated over the
past years to strengthen this recommendation, not only with
respect to weight management, but also concerning the benefi-
cial effects of exercise on obesity-related morbidities. This
chapter will focus on the effects of acute and regular exercise
(training) in obesity and its underlying mechanisms, and will
address recommendations for exercise in overweight and
obese individuals.

Exercise is every planned, structured and repetitive body
movement done to improve or maintain one or more compo-
nents of physical fitness. Because weight and many of the
health parameters that will be discussed in this chapter can be
regarded as components of physical fitness, the term exercise
will be used throughout this chapter. The term exercise is nowa-
days often replaced by physical activity. Physical activity is
any bodily movement produced by the skeletal muscles that
results in a substantial increase in energy expenditure over the
resting energy expenditure. It includes not only exercise 
(undertaken with the deliberate intent of improving health or
physical performance) and sport, but also equivalent energy
expenditure in other types of active leisure, occupational work
and domestic chores. Using the term physical activity rather
than exercise reflects the notion that activities of normal daily
life can also contribute to the increased energy expenditure
that is crucial for weight management, and this should be kept
in mind when reading this chapter.

Physical activity and prevention of weight gain

Cross-sectional population-based studies usually show a 
negative correlation between level of physical activity and
body mass, but this cannot be taken as proof that less active
people gain more weight, because a low level of physical activ-
ity may be the consequence rather than the cause of weight
gain. The question of cause or consequence is better answered
by prospective studies. Reviews of prospective observational
studies indicated that studies using baseline physical activity
do not show a consistent association between the level of phys-
ical activity at baseline and weight gain. Those that used phys-
ical activity at follow-up are more consistent in their outcome,
showing that a higher level of physical activity at follow-up is
associated with less weight gain. Those studies that looked at
changes in physical activity from baseline to follow-up tend to
show reduced weight gain with increased physical activity
(Fogelholm and Kukkonen-Harjula, 2000; Erlichman et al.,
2002).

These large epidemiological studies support the notion that
a high level of physical activity protects against increases in
body weight and obesity. In addition, inactive behaviours,
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such as television watching, have been shown to be associated
with increased risk of obesity in a large prospective study, in-
dependent of exercise levels (Hu et al., 2003). However, long-
term, randomized controlled trials to further substantiate this
are lacking for obvious reasons.

Exercise and weight reduction

Numerous experimental studies have shown that adults 
on average lose a very modest amount of weight when they 
increase their physical activity by exercise. Wilmore (1995) 
reviewed a total of 53 studies on weight changes with 
exercise training without prescribed changes in diet. Although
the variation between individual studies was large, a 6-month
period of training resulted in an average loss of 1.6 kg of 
body mass, a loss of 2.6 kg of fat mass and a gain of 1.0 kg 
of fat-free mass. Garrow and Summerbell (1995) did a 
meta-analysis of the effect of exercise on weight changes 
in overweight subjects. The average body mass index (BMI) 
of subjects in the eight studies that were included in the 
analysis varied between 25 and 30 kg/m2, indicating that 
the results are from overweight or mildly obese persons. 
Endurance exercise training without dietary restriction
caused an average weight loss of 3 kg over 30 weeks in men
and of 1.4 kg over 12 weeks in women, with little effect on 
fat-free mass.

The most recent review by Ross and Janssen (2001), includ-
ing nine randomized controlled trials and 22 non-randomized
trials on exercise and weight change in overweight and obese
individuals (BMI > 25 kg/m2), showed that the amount of en-
ergy expenditure by physical activity is positively associated
with a reduction of body weight and total body fat in studies
with a duration of 16 weeks or less. The range of energy ex-
penditures varied between 500 and 5500 kcal per week. If the
range of energy expenditures is limited to 500–2000 kcal per
week, which is the range in which most exercise studies are
found, a dose–response relationship is not very apparent, due
to the large variation in body weight reductions. It is therefore
not surprising that some studies have concluded that no
dose–response relationship exists. The same review showed
that there was no dose–response relationship in studies of
longer duration (26 weeks or more). Abdominal fat was also
reduced by exercise, although a dose–response relationship
could not be established owing to limited data (Ross and
Janssen, 2001).

Resistance exercise training has little effect on weight, but
tends to increase fat-free mass and reduce fat mass (Ballor and
Keesey, 1991; Garrow and Summerbell, 1995; Hunter et al.,
2000; Poehlman et al., 2002).

These experimental results indicate that endurance exercise
training induces moderate weight loss, which consists mainly
of fat mass loss, and which may be slightly more pronounced
in overweight than in lean subjects. The weight loss is usually
less than might be expected from the increase in exercise-

induced energy expenditure, suggesting that part of the in-
creased energy expenditure is compensated for by increased
energy intake.

Combined effects of exercise and dietary
restriction on body weight

Although exercise alone results in modest weight loss, exer-
cise is almost always prescribed as an adjunct to dietary re-
striction in weight reduction programmes. The combined
effects of dietary restriction and exercise training on body
weight have been reviewed extensively. Donnelly and col-
leagues (1991) showed that the average weight loss over seven
studies with a duration varying between 21 and 112 (mean 62)
days was approximately 1 kg higher when exercise training
was added to a very low-calorie diet (500–800 kcal/day) than
with the diet alone (9.7 vs. 8.6 kg). Garrow and Summerbell
(1995) found a 1.5-kg difference in weight loss between low-
calorie diets (< 1000 kcal/day, duration 8–16 weeks) and the
same diet plus exercise (12.7 vs. 11.2 kg; mean of 11 studies). In
less severe energy restriction (diets > 1000 kcal/day, duration
5–26 weeks) the difference was 0.8 kg (7.6 vs. 6.8 kg; mean of 10
studies).

From these studies it is clear that adding exercise training to
an energy-restricted diet results in a modest extra weight loss
that is small compared with the weight loss attained by the di-
etary treatment alone. Despite this modest extra weight loss, at
the 1-year follow-up diet plus exercise appears to be the most
successful weight management programme (Miller et al., 1997;
Wing, 1999).

Most reviews also addressed the question of whether
adding exercise to an energy-restricted diet reduces or pre-
vents the reduction of fat-free mass accompanying such diets.
Although the results are not fully conclusive, the majority of
studies indeed suggest that this is the case. The meta-analysis
by Garrow and Summerbell (1995) indicates that for every
10 kg of weight loss by diet alone, the expected loss of fat-free
mass is 2.9 kg in men and 2.2 kg in women. When the same
weight loss is achieved by exercise combined with dietary re-
striction, the expected loss of fat-free mass is reduced to 1.7 kg
in men and women. Resistance exercise may result in a more
effective preservation of fat-free mass during a period of ener-
gy restriction than endurance training (Ballor et al., 1996).

Exercise and weight loss maintenance

Although exercise training results in only modest (extra) re-
ductions of body weight when prescribed alone or in combina-
tion with dietary restriction, regular exercise is considered of
crucial importance for successful weight loss maintenance
after a period of weight reduction. Most of the evidence comes
from non-randomized weight reduction studies with an ob-
servational follow-up. Successful weight loss maintainers are
characterized by high levels of physical activity, low dietary
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fat and high dietary carbohydrate intake, and regular self-
monitoring of weight (Wing and Hill, 2001).

Areview of weight maintenance studies showed that at pre-
sent there is very little evidence from randomized controlled
trials to support this. When weighted mean weight changes
were calculated for the 11 randomized weight loss or weight
maintenance studies with an average follow-up duration of 
20 months (range 12–42 months), the weight regain during 
follow-up amounted to 0.28 kg/month in the exercise groups
and 0.33 kg/month in the control groups in weight reduction
programmes (Fogelholm and Kukkonen-Harjula, 2000). The
reason for this lack of efficacy in randomized controlled trials
may be that the amount of physical activity prescribed in these
studies is insufficient and that the adherence to the exercise
programmes is low.

In an 18-month weight loss maintenance study, using a com-
bination of drug treatment, dietary and exercise advice, the
most important predictors of successful weight loss mainte-
nance were drug treatment during the weight maintenance
phase, the magnitude of body weight loss during the weight
loss phase and the level of leisure time physical activity during
the weight maintenance phase (Van Baak et al., in press).

Exercise and energy balance

In the previous section it was shown that regular exercise re-
duces body weight or prevents weight gain. It therefore cre-
ates a negative energy balance or prevents a positive energy
balance. How is this accomplished? Energy expenditure and
energy intake represent the two sides of the energy balance
equation. Does exercise affect energy balance through effects
on energy expenditure or on energy intake, or a combination
of the two?

Exercise and energy expenditure

Total daily energy expenditure (24-h EE) can be divided into
several components: resting metabolic rate (RMR), which ac-
counts for approximately 60–70% of 24-h energy expenditure;
the diet-induced thermogenesis (DIT), approximately 10% of
24-h EE; and the energy expenditure induced by physical ac-
tivity or exercise, which is the most variable component and
may vary from 15% of 24-h EE in sedentary people to 30–40%
in active people to even 400% in professional cyclists under 
extreme circumstances. Acute exercise may affect all three
components of 24-h EE. Apart from the acute effects, regular
exercise or training may have additional effects.

Energy expenditure during exercise in lean and 
obese individuals

Energy expenditure increases during exercise. During activ-
ities such as walking or running, energy expenditure at a 

certain speed increases with body mass. There are indications
that obese individuals have an inefficient locomotor pattern
and thus their energy expenditure at a certain speed is higher
than predicted from their body mass. Those who are obese
probably have to do more mechanical work during walking to
overcome friction between thighs and between the arms and
torso, and the arms and legs have to swing more widely to
move around thighs and torso (Foster et al., 1995). Weight
changes may also affect muscle work efficiency: weight in-
crease reduced work efficiency, whereas weight reduction in-
creased muscle work efficiency (Rosenbaum et al., 2003).

Table 24.1 gives a selection of total energy expenditure (rest-
ing energy expenditure plus the additional energy cost of exer-
cise) during a number of recreational physical activities. A
more detailed list of activities can be found in the work of
Ainsworth and colleagues (2000). To obtain the extra energy
expended during the activity, resting energy expenditure, 1
MET (or approximately 1 kcal/kg/h), has to be subtracted
from the values in the table. The net energy cost of exercise
(total— resting energy expenditure) varies roughly between 
2 (leisure walking) and 20 METs (kcal/kg/h) (cross-country
skiing). It should be realized that these are average values 
applicable under average conditions, applied to the average
(non-obese) person.

Training and energy expenditure during exercise

Regular exercise or training may lead to more efficient move-
ment patterns: the energy cost of running at a certain speed is
approximately 15% lower in trained than in untrained run-
ners, and elite swimmers use up to 50% less energy at a par-
ticular swimming speed than untrained swimmers. Whether
obese individuals also expend less energy after training has
not been studied.

Table 24.1 Energy cost of various physical activities expressed as METs (ratio

of work metabolic rate to resting metabolic rate).

Activity METs

Aerobics 6.5

Bicycling, 12–13.9 mph, leisure, moderate effort 8.0

Bicycling, 100-W stationary bicycle ergometer 5.5

Rowing ergometer, general 7.0

Running, jogging 7.0

Running, 6 mph 10.0

Soccer, casual 7.0

Stair-treadmill ergometer 9.0

Tennis, singles 8.0

Tennis, doubles 6.0

Walking, 3 mph, level, firm surface 3.3

Walking, brisk, 3.5 mph, level, firm surface 3.8

From Ainsworth et al. (2000).



Exercise and obesity

367

Post-exercise energy expenditure

Energy expenditure may remain elevated for up to 48 h during
recovery from acute exercise. A number of different processes
appear to be responsible for the excess post-exercise oxygen
consumption (EPOC) (Table 24.2). The total magnitude of
EPOC depends on intensity and duration of the exercise per-
formed, with little EPOC when exercise intensity is below 70%
of maximal oxygen consumption (V

.
o2max). Values of up to 32 L

(or 150 kcal) over 12 h post exercise have been reported. Di-
etary restriction appears to lower EPOC (Fukuba et al., 2000).
An exercise prescription of low to moderate exercise, aimed at
the general public, would result in an EPOC of maximally
30 kcal per exercise bout (Poehlman et al., 1991). EPOC has not
been studied in obese individuals.

Training and resting metabolic rate

Several studies have addressed the question whether regular
exercise affects RMR, independent of the acute effects of exer-
cise (EPOC) described above and independent of changes in
fat-free mass, which are known to affect resting metabolic rate.
The results of cross-sectional studies, comparing untrained
and trained individuals, are inconclusive. Of longitudinal
training studies in lean as well as obese men and women, the
majority show no effect on RMR adjusted for fat-free mass,
measured between 12 and 96 h after the last training session.
However, because exercise training, and especially resistance
exercise training, in many cases increases fat-free mass, the ab-
solute RMR is increased after exercise training in those cases.

Another issue is whether exercise training reduces or even
prevents the fall in RMR that is associated with energy-
restricted diets. Although the majority of studies suggest a
positive effect, the evidence is not very strong. Those studies
that do find less reduction of RMR usually conclude that the
mechanism is partly a reduced loss of fat-free mass and partly
an elevation of metabolic activity per unit of fat-free mass
(Prentice et al., 1991).

In conclusion, exercise training programmes generally do
not lead to an increase in RMR in lean or obese individuals. The
addition of a training programme during a period of dietary

restriction in obese individuals, on the other hand, may reduce
the decrease in RMR that accompanies a negative energy bal-
ance, most probably through a more favourable ratio between
fat mass and fat-free mass loss.

Diet-induced thermogenesis

Considerable inconsistency exists regarding the acute effects
of exercise on the thermic effect of a meal ingested after an ex-
ercise bout in either lean or obese subjects. Cross-sectional
studies that compared DIT in trained and untrained subjects
have also yielded conflicting results. Apart from the difficulty
of measuring DIT, inconsistencies may be related to meal size
and composition, the timing of the meal and exercise, the in-
tensity and duration of the exercise, and differences in the
characteristics of the subjects (Segal, 1995).

Well-controlled longitudinal training studies, in which the
effect of exercise training was studied independent of changes
in body mass and body fat in lean and obese subjects matched
for fat-free mass, suggest that DIT is not affected by training in
lean subjects, neither at rest nor after an acute bout of exercise.
In obese subjects, who showed a blunted DIT, DIT was in-
creased roughly 40% by acute exercise after training, although
under resting conditions DIT was not affected by training
(Segal, 1995). However, the absolute increment of total energy
expenditure due to this effect is small.

24-h energy expenditure

As discussed in the preceding paragraphs, exercise increases
energy expenditure during the exercise bout itself and may el-
evate post-exercise energy expenditure. Effects on RMR and
DIT, if any, are probably small. However, from this it cannot be
concluded automatically that exercise also elevates 24-h EE, as
it is possible that non-exercise physical activity changes due to
an exercise bout or training, either in a positive or in a negative
direction.

Studies in a respiration chamber have shown that 24-h EE
increases on a day with exercise (Melanson et al., 2002a,b).
Studies that have measured 24-h EE under free-living condi-
tions with the doubly labelled water technique show that 24-h
EE is usually higher during than before endurance training, al-
though the change is not always statistically significant (Toth
and Poehlman, 1996; Westerterp, 1998). The increase is often
greater than expected from the training-related energy expen-
diture, thus suggesting increased non-exercise energy expen-
diture (Westerterp, 1998). Studies in overweight and obese
subjects show similar trends (Blaak et al., 1992; Donnelly et al.,
2003). Resistance training has also been found to increase 24-h
EE in elderly people, both through an increase in fat-free mass
and RMR and an increase in physical activity (Hunter et al.,
2000). The increase in 24-h EE is not maintained after stopping
the exercise training (Poehlman et al., 2002).

Table 24.2 Causes of excess post-exercise oxygen consumption (EPOC).

Resynthesis of ATP and CP

Resynthesis of glycogen from lactate

Oxidation of lactate

Replenishment of oxygen stores (haemoglobin and myoglobin)

Thermogenic effects of elevated body temperature

Thermogenic effects of noradrenaline and adrenaline

Elevated heart rate, respiration and other physiological functions

Increased triglyceride fatty acid cycling
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Exercise and energy intake

In the preceding section, the effects of acute and regular exer-
cise on the energy expenditure side of the energy balance equa-
tion have been described. In this section, interaction of exercise
with energy intake will be discussed. This aspect has been less
extensively studied, probably because of the difficulties associ-
ated with the accurate measurement of energy intake.

The classical study by Mayer and colleagues (1956) in 213
men employed at a jute mill in West Bengal, India, with a wide
range of physical activity during work, showed that energy in-
take was more tightly coupled to the energy demand of the job
above the level described as ‘light work’ (Fig. 24.1). In seden-
tary employees, food intake was increased inappropriately, re-
sulting in increased body mass. Although this study has major
shortcomings in design and analysis, the general conclusion is
supported by animal research (Oscai, 1973). The studies that
have actually measured the effect of increasing physical activ-

ity on energy intake experimentally will be discussed in the
next paragraphs.

Acute post-exercise energy intake

Studies on the effects of exercise on energy intake during a
post-exercise meal are scarce. In lean men, hunger ratings
were reduced immediately after a 50-min endurance exercise
session at 70% V

.
o2max. This exercise-induced anorexia had dis-

appeared within 15 min, and food intake during the test meal
given 15 min after the exercise bout was unaffected by the pre-
vious exercise. In lean women, the transient anorectic effect
was absent and food intake was also unaffected by the preced-
ing exercise bout (King et al., 1994; King and Blundell 1995).
Other studies showed that non-dieting overweight women
with low dietary restraint status tend to increase their energy
intake after an exercise bout, whereas overweight highly re-
strained and normal-weight women show the reverse ten-
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dency. Highly restrained, dieting women showed the largest
increase in energy intake after an exercise bout (Visona and
George, 2002; George and Morganstein, 2003).

The physiological mechanism of the acute anorectic effect 
of exercise is unknown, but may involve stimulation of the 
noradrenergic, serotonergic and corticotrophin-releasing 
hormone systems in the brain, which are known to cause
anorexia (Richard, 1995; Rowland et al., 1996).

Adaptation of energy intake to increased 
energy expenditure

Blundell and King (2000) postulate that initially no tight cou-
pling exists between increased energy expenditure by exercise
and energy intake and that weight is lost, but gradually a new
balance between energy expenditure and energy intake is at-
tained by a combination of behavioural and physiological
adaptations, thus stabilizing body weight (Fig. 24.2). The 
regulatory system that controls body (fat) mass and links ener-
gy intake to energy expenditure in the long term is not fully
known. However, hormones such as leptin and insulin pro-
vide afferent input to the central nervous system about the en-
ergy stores of the body. Regular exercise lowers plasma insulin
levels. Although it appears to have no effect on fasting plasma
leptin concentration in humans, changes in energy balance in-
duced by exercise influence the 24-h profile of leptin (Hickey
and Calsbeek, 2001). Decreases in leptin and insulin concen-
trations induced by regular exercise will suppress anorexi-
genic signals, such as alpha-melanocyte stimulating hormone
(a-MSH), and stimulate orexigenic signals, such as neuropep-
tide Y(NPY) and Agouti-related protein (AgRP), in the arcuate
nucleus of the hypothalamus (Schwartz et al., 2000), thus pro-
viding a mechanism for the adaptation of energy intake to a
negative energy balance induced by exercise.

Lean subjects compensate for the energy expended during
exercise more readily than obese subjects and body weight re-
duction with exercise training is therefore more pronounced in
obese than in lean persons. However, the variability appears to
be large. One of the factors responsible for this variability may
be the degree of dietary restraint or disinhibition (Keim et al.,
1990). Moreover, women tend to adapt energy intake more
readily to increases in energy expenditure due to exercise than
men (Blundell and King, 2000).

Another factor that appears to have significant influence is
the composition of the diet. Several studies show that larger
compensation and even overcompensation of the exercise-
induced increase in energy expenditure takes place on a high-
fat diet than on a high-carbohydrate diet (Tremblay et al., 1994;
King and Blundell, 1995; King et al., 1996). These observations
are in agreement with the notion that carbohydrate balance is
rather tightly regulated and that replenishment of the carbo-
hydrate stores after exercise requires a larger energy intake on
a high-fat diet than on a high-carbohydrate diet (Flatt, 1987).
This finding underlines the importance of a relatively low-fat
diet during weight loss and weight maintenance.

Cross-sectional studies indicate that trained individuals
consume a larger proportion of carbohydrates in their diet
than untrained people (Horber et al., 1996) and that total daily
energy intake is positively correlated with the carbohydrate-
derived energy content of the diet (Saris, 1989).

Exercise and substrate utilization

Any intervention aimed at inducing weight loss in overweight
persons should promote a negative fat balance. Exercise in-
creases energy expenditure and substrate oxidation in 
skeletal muscles. Fatty acids are an important energy source
for the exercising muscles. Moreover, due to the depletion of 
glycogen stores during exercise, fat oxidation is favoured 
following exercise. These combined effects result in increased
fat oxidation. Exercise therefore allows fat oxidation to be 
in balance with fat intake at a lower body fat content (Flatt,
1995).

Substrate utilization during exercise

During exercise, oxygen consumption rises and increased
amounts of substrates have to be made available to be used as
fuels in the exercising muscles. Increased activity of the sym-
pathetic nervous system plays an important role in the mobi-
lization of substrates from their stores in the body (Fig. 24.3).
Hormonal changes (insulin, glucagon, growth hormone,
adrenaline) support the actions of the sympathetic nervous
system. In addition, the sympathetic nervous system regulates
the cardiovascular adaptations necessary for the transport of
oxygen and substrates to, and waste products from, the exer-
cising muscles.
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During the first minute of submaximal aerobic exercise,
muscle glycogen breakdown is the main source of energy. As
exercise continues, blood-borne substrates (glucose and non-
esterified fatty acids, NEFAs) become more important (Fig.
24.4). Although blood glucose concentration usually does not
change during non-exhaustive exercise, the turnover of blood
glucose is increased. The liver provides the extra glucose by in-
creased hepatic glycogenolysis and gluconeogenesis. The
blood concentration of NEFAs initially falls but gradually in-
creases during prolonged exercise above resting levels, indi-
cating that adipose tissue lipolysis is not strictly matched to
muscle NEFAutilization. Another source of fatty acids during
exercise is the triglyceride stores present within the skeletal
muscles. At moderate exercise intensity (65% V

.
o2max)

utilization of fatty acids increases and that of carbohydrates
decreases with time (Romijn et al., 1993) (Fig. 24.4), which is 
reflected by a gradual decrease of the respiratory quotient 
during prolonged exercise at this intensity.

The composition of the substrate mix utilized during exer-
cise depends not only on duration but also on the intensity of
exercise and the training status of the subject. The absolute fat
oxidation (in g/min) is maximal at an exercise intensity of
around 65% V

.
o2max but remains close to maximal at exercise 

intensities between 55% and 75% V
.
o2max. At exercise inten-

sities above 75% V
.
o2max, fat oxidation drops rapidly (Achten et

al., 2002). At very low exercise intensity (25% V
.
o2max, similar to

walking) plasma NEFAs are the main energy source. As inten-
sity increases, the absolute contribution of plasma glucose and
muscle glycogen increases and that of plasma NEFAdecreases
(Romijn et al., 1993) (Fig. 24.5). The contribution of intramus-
cular triglycerides is largest at moderate exercise intensity
(65% V

.
o2max). At this exercise intensity, all four of the major

substrates (plasma NEFA and glucose, muscle glycogen and
triglycerides) contribute substantially to energy production.
This is the exercise intensity generally chosen to improve fit-
ness. At the high intensity of 85% V

.
o2max, the absolute oxida-

tion of fat is reduced and muscle glycogen becomes the most
important substrate. This appears to be due not only to re-
duced fatty acid availability, but also to a limited capacity for
fat oxidation in the muscle (Coyle, 1995).

It should be realized that these data have been collected 
in endurance-trained men under fasting circumstances. 
Although the general pattern of substrate utilization will 
be similar, less well-trained people will oxidize less fat and
will utilize more muscle glycogen at a given percentage of 
V
.
o2max than with endurance-trained subjects. Pre-exercise 

carbohydrate-containing meals reduce fat oxidation and 
increase carbohydrate oxidation during exercise (Coyle,
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1995). Women demonstrate greater fat oxidation during exer-
cise at the same relative intensity than equally trained men,
which may be related to their higher fat mass (Carter et al.,
2001; Mittendorfer et al., 2002).

Substrate utilization during exercise in obesity

Obese men and women derive a greater proportion of their en-
ergy from fat during 30 min to 1 h of exercise at 50–70% V

.
o2max

than age- and aerobic capacity-matched lean men and women
(Kanaley et al., 2001; Goodpaster et al., 2002). The extra fat oxi-
dized is mainly derived from non-plasma sources. With longer
exercise duration, this difference between lean and obese indi-
viduals may disappear. Formerly obese women have similar
or lower fat oxidation during exercise than age-, weight- and
aerobic capacity-matched control women (Ranneries et al.,
1998; Guesbeck et al., 2001). A defect in fat oxidation may pre-
dispose individuals to obesity.

Exercise and 24-h substrate utilization

It is often claimed that the amount of fat oxidized is highest
with low-intensity exercise. Although the proportion of fat ox-
idation of total energy expenditure is indeed highest during
low-intensity exercise, the total amount of fat oxidized de-
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pends on both the duration and the intensity of exercise. At
higher intensities, the absolute fat oxidation per minute may
be higher because the total energy expenditure is higher; at
very high intensities, fat oxidation per minute may be lower, as
indicated before. On the other hand, fat oxidation after exer-
cise, which is increased in lean as well as obese individuals
(Marion-Latard et al., 2003), may be stimulated most after
high-intensity exercise. Exercise also has the ability to alter the
post-exercise partitioning of dietary fat between oxidation
and storage towards increased oxidation of certain types of
fatty acids (Votruba et al., 2002).

To establish the most optimal exercise intensity for maxi-
mum total fat oxidation, 24-h fat oxidation needs to be studied.
Data on this topic are relatively scarce. Exercise, either aerobic
or resistance, performed during a 24-h stay in a respiration
chamber increased 24-h energy expenditure and carbohydrate
oxidation, but had no effect on 24-h fat oxidation in lean sub-
jects (Melanson et al., 2002a,b). There was no difference be-
tween aerobic exercise performed at 40% or 70% V

.
o2max with

the same total energy expenditure (400 kcal) (Melanson et al.,
2002a). No data are available for obese subjects.

Training and substrate utilization during exercise

Training, even at exercise intensities as low as 40% V
.
o2max, re-

duces utilization of both muscle glycogen and blood glucose
during exercise at a given absolute submaximal exercise inten-
sity. This training-induced reduction in carbohydrate oxida-
tion during exercise is compensated for by an increase in fat
oxidation. Studies indicate that the main source of this in-
creased fat oxidation at a certain absolute exercise intensity



Chapter 24

372

may not be adipose tissue lipolysis, but rather intramuscular
triglyceride stores (Hurley et al., 1986; Martin et al., 1993; Coyle
1995; Schrauwen et al., 2002) (Fig. 24.6).

The underlying mechanisms for these training-induced
adaptations probably involve changes in muscle respiratory
capacity and hormonal adaptations. Increases in the skeletal
muscle content of mitochondria, enzymes involved in activa-
tion, transfer into mitochondria and beta-oxidation of fatty
acids, increases in cytosolic fatty acid-binding protein and
change in activity of regulatory molecules such as 5¢-AMP-
activated protein kinase (AMPK), malonyl-CoA and acetyl-
CoA carboxylase-2 (ACC2) occur with training (Henriksson
1995; Simoneau, 1995; Schrauwen et al., 2002; Tunstall et al.,
2002; Nielsen et al., 2003). Training also increases the capacity
to store triglycerides in muscle in humans. The effects of 
endurance exercise on the glycolytic capacity of the skeletal
muscle are modest, although high-intensity intermittent exer-
cise training can induce increases in the enzymes of the gly-
colytic pathways. Training generally reduces the magnitude
of the hormonal response to a standard exercise load. This is
associated with improved target tissue sensitivity and/or re-
sponsiveness to a given quantity of hormone.

Data on the effects of exercise training on substrate utiliza-
tion in obese people are rather scarce. Van Aggel-Leijssen and
co-workers (2001a; 2002) performed a number of studies on
the effects of training on substrate utilization during exercise
in obese subjects, independent of changes in body or fat mass.
They reported an increase in fat oxidation during exercise (at
the same absolute intensity before and after training) in obese
men and in obese women with an upper body fat distribution
after 12 weeks of low-intensity exercise training (40% V

.
o2 max).

The increased fat oxidation was due to an increase in 
non-plasma fatty acid oxidation, similar to what is found in
lean individuals. However, no change in exercise fat oxidation
was found in obese men after high-intensity training (70%

V
.
o2 max) or in lower body obese women after low-intensity

training at 40% V
.
o2 max. Low-intensity training also prevented

the reduction in fat oxidation induced by weight loss through
an energy-restricted diet (Van Aggel-Leijssen et al., 2001b).

Kanaley and colleagues (2001) found no change in fat oxida-
tion during exercise (at the same relative exercise intensity 
before and after training) after training for 16 weeks at 70%
V
.
o2max in obese women. Instead, carbohydrate oxidation was

increased. There was no difference between upper and lower-
body obese women. Crampes and colleagues (2003), on the
other hand, reported an increase in fat oxidation during exer-
cise (at the same relative exercise intensity before and after
training) in obese men after training for 16 weeks at 50–85%
V
.
o2max in the fasting but not in the fed state. In this study, body

and fat mass of the subjects was reduced after training.
Thus, exercise training is able to increase the capacity for fat

oxidation in obese individuals as in lean individuals. How-
ever, the optimal training intensity to produce this effect under
different conditions remains to be established.

Training and 24-h substrate utilization

Because exercise training is associated with structural and en-
zymatic adaptations, training may not only affect substrate
utilization during exercise but also in the non-exercising state.
Many studies have shown that fat oxidation is increased dur-
ing the first hours after exercise (Bielinski et al., 1985; Bahr et al.,
1990). Cross-sectional studies in which substrate oxidation has
been measured at least 24 h after the last exercise bout give am-
biguous results: similar and increased fasting respiratory quo-
tients (RQs) have been found when comparing trained and
untrained subjects (Tremblay and Buemann, 1995). On the
other hand, endurance as well as resistance training have been
shown to increase fasting fat oxidation (Poehlman et al., 1994;
Calles-Escandón et al., 1996; Hunter et al., 2000), although not
in all studies (Kanaley et al., 2001).

Resistance training increased 24-h fat oxidation in a respira-
tion chamber independent of a change in 24-h EE (Treuth et al.,
1995). Buemann and colleagues (1992), on the other hand,
found no change in 24-h RQ after a training programme in
post-obese women.

In conclusion, exercise training has the potential to increase
fat oxidation at rest and during exercise in lean as well as obese
individuals. This may be an important contributing factor in
the prevention and treatment of obesity (Flatt, 1987; 1995;
Tremblay and Buemann, 1995).

Exercise and obesity-related morbidity 
and mortality

Obesity has been associated with an increased premature 
mortality and increased risks for chronic diseases, such as type
2 diabetes, cardiovascular disease associated with dyslipi-
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daemia and hypertension, osteoarthritis and sleep apnoea
(National Institutes of Health, 1998). Regular exercise is
known to have beneficial effects on most of these risks.

Insulin resistance and type 2 diabetes

Insulin resistance is an important feature in the development
of glucose intolerance and type 2 diabetes. Exercise increases
post-exercise insulin sensitivity, an effect that is maintained
for 48–72 h. The molecular mechanisms underlying this in-
creased insulin sensitivity have not been fully unravelled
(Henriksen 2002; Wojtaszewski et al., 2002). Insulin sensitivity
is increased in those skeletal muscles that have been active
during the exercise bout. The lowered glycogen content 
of these muscles probably plays an important role in 
determining the insulin response of glucose transport and
glycogen synthesis. Incoming glucose is used mainly for
glycogen synthesis and incoming fatty acids mainly for 
oxidation, which explains the increased fat oxidation reported
after exercise.

Exercise training improves skeletal muscle insulin sensitiv-
ity of glucose transport in insulin-sensitive as well as insulin-
resistant individuals with obesity or type 2 diabetes. This is
associated with increased expression of the glucose trans-
porter GLUT4 and insulin receptor substrate 1 in insulin-
resistant muscle (Henriksen, 2002). Improvement in glucose
tolerance after exercise training in these groups is a less consis-
tent observation and may be related to exercise intensity,
changes in fat mass, the interval between exercise and testing
of glucose tolerance and the severity of glucose intolerance
(Kelley and Goodpaster, 1999). The general conclusion seems
justified that regular exercise can reduce insulin resistance and
improve glucose intolerance in obesity, even in the absence of
changes in weight and/or body composition.

Blood lipids

Obese individuals are characterized by high plasma total 
cholesterol and triglyceride concentrations, low high-density
lipoprotein (HDL) cholesterol concentrations and normal to
elevated low-density lipoprotein (LDL) cholesterol concentra-
tions, with increased levels of the particularly atherogenic
small, dense LDL particles, especially in the abdominally
obese (National Institutes of Health, 1998).

Reductions in postprandial triglyceride levels are already
apparent after a single exercise bout. A slow postprandial 
metabolism of triglycerides enhances the exchange of lipids
between triglyceride-rich particles [chylomicrons and very
low-density (VLDL) lipoproteins] and cholesterol-rich parti-
cles (HDL and LDL). This depletes HDL of cholesterol and
leads to the formation of atherogenic small, dense LDL. Previ-
ous exercise will stimulate postprandial triglyceride metabo-
lism, thus reducing this exchange. This translates into an
increase in HDL-cholesterol if exercise is performed regularly

(Gill et al., 2002). Endurance exercise training of sufficient 
volume (> 1200 kcal/week) lowers plasma triglycerides and
increases plasma HDL-cholesterol, without changing LDL-
cholesterol, which is more responsive to dietary changes
(Durstine et al., 2002).

Weight loss has been advocated for the treatment of obesity-
associated dyslipidaemias and regular exercise has been rec-
ommended to promote weight loss in obese people and
thereby favourably affect blood lipids (National Institutes of
Health, 1998), although at present there is little conclusive evi-
dence from randomized controlled trials that exercise can
raise low HDL-cholesterol and lower high triglycerides and
LDL-cholesterol levels in overweight and obese individuals,
independent of weight loss (Stefanick, 1999).

Blood pressure

In epidemiological studies, higher levels of physical activity
are associated with lower incidence of hypertension. This rela-
tionship is independent of baseline BMI or body fat, although
in the Harvard alumni study the inverse relationship between
exercise and the incidence of hypertension was more pro-
nounced in the overweight individuals (Fagard, 1999).

Longitudinal studies show that regular exercise reduces
high blood pressure and that this effect is similar in lean and
overweight individuals, but larger in hypertensive than in
normotensive persons. A meta-analysis on blood pressure
changes associated with exercise training in hypertensive pa-
tients indicates systolic and diastolic blood pressure reduc-
tions averaging 7 and 6 mmHg respectively (3 and 2 mmHg,
respectively, in normotensive individuals). These changes
were independent of changes in body mass (Fagard, 1999).
Several mechanisms have been proposed to explain the 
blood pressure-lowering effect of exercise, such as reduction 
of sympathetic nervous system activity, improvement of 
endothelium-mediated vasodilatation, increased systemic ar-
terial compliance and changes in baroreflex control of skeletal
muscle vascular resistance (Van Baak, 1998).

Weight reduction also lowers blood pressure in obesity.
When exercise is added to an energy-restricted diet, no addi-
tional reduction of blood pressure is found (Fagard, 1999).

Other comorbidities associated with obesity

A review of the literature on the effects of exercise on obesity-
related disorders including different types of cancer, gall-
stones, osteoarthritis, back pain, sleep apnoea, reproduc-
tive abnormalities and impaired health-related quality of life
showed a lack of randomized controlled trials in obese sub-
jects. Less rigorously controlled studies suggest positive ef-
fects of exercise on risk of colon cancer, hormone-sensitive
cancers and gallstones. Whether these effects are independent
of weight loss is unclear. There are insufficient data for the
other disorders (Rissanen and Fogelholm, 1999).
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Mental health and health-related well-being

It is not fully clear whether obesity is associated with psy-
chopathology or emotional distress in the general population.
However, obese patients seeking weight loss treatment often
show emotional disturbances, such as depression, binge eat-
ing disorder and disturbed body image (National Institutes of
Health, 1998).

Exercise helps to improve mental health in individuals re-
porting mood disturbances, including symptoms of anxiety
and depression, and in patients with diagnosed depression
(Surgeon General’s Report, 1996; Dunn et al., 2001). There are
few data to confirm whether this is also the case in obesity. An
observational study suggests that higher levels of physical ac-
tivity and increases in physical activity are associated with im-
provements in depression and well-being in obese individuals
(Foreyt et al., 1995). A randomized study found no effect of ex-
ercise training on psychological well-being or mood states in
obese women in the absence of weight loss. Weight loss in-
duced by a combination of diet and exercise significantly im-
proved well-being (Nieman et al., 2000).

Aerobic fitness

Obese individuals have lower aerobic fitness than lean indi-
viduals, when fitness is expressed as V

.
o2max per kilogram of

body weight. When V
.
o2max is adjusted for fat-free mass, the

difference between lean and obese usually disappears. How-
ever, the oxygen consumption during exercise at a submaxi-
mal load, such as walking at a certain speed, is higher in obese
than in lean when expressed as %V

.
o2max, thus representing a

higher physical stress (Goran et al., 2000). Improving aerobic
fitness in obese people will therefore have beneficial effects on
the physical stress of daily activities.

Regular exercise increases aerobic fitness in lean (Surgeon
General’s Report, 1996) and obese individuals, independent of
changes in body weight (Van Aggel-Leijssen et al., 2001a; 2002)
and there are no indications that the fitness response to exer-
cise training is modified by adiposity.

Mortality

Although some controversy exists whether fatness is an inde-
pendent predictor of mortality, epidemiological studies quite
consistently show that, within each BMI or adiposity category,
men and women with a higher aerobic fitness or higher level of
physical activity have a lower all-cause mortality risk (Blair
and Brodney, 1999; Haapanen-Niemi et al., 2000; Crespo et al.,
2002; Farrell et al., 2002; Stevens et al., 2002).

Summary of benefits of exercise in obesity

From the studies described in the previous sections, the health
benefits of regular exercise for the obese individual are evi-

dent, even in the absence of significant weight loss effects.
Even though only part of the evidence comes from random-
ized controlled trials and more of these trials need to be per-
formed, the results of these trials and of observational studies
give strong support for an important place for regular exercise
in the prevention and management of obesity. Exercise will
prevent weight gain, improve weight loss maintenance, re-
duce the risk of chronic diseases such as type 2 diabetes and
cardiovascular diseases, improve mental health and well-
being, increase fitness and reduce the risk of premature mor-
tality. Physicians and other health-care professionals should
therefore counsel obese patients to engage in regular exercise
as part of their routine practice.

Exercise recommendations for 
weight management

Specific exercise recommendations for weight control have
emerged since the 1990s. Initially, exercise programmes that
were conducted at least 3 days per week, of at least 20-min 
duration and of sufficient intensity to expend approximately
300 kcal per session were suggested as a threshold level for
total body mass and fat mass loss by the American College 
of Sports Medicine (1990). If the exercise frequency was in-
creased to 4 days per week the expenditure per session might
be reduced to 200 kcal. A high frequency and long duration of
exercise sessions for effective weight control was stressed; a
minimal level of intensity appeared less important.

In 1998, the National Institutes of Health report on identifi-
cation and treatment of obesity in adults concluded that all
adults should set a long-term goal to accumulate at least
30 min, or more, of moderate-intensity physical activity on
most, and preferably all, days of the week, for weight manage-
ment. The World Health Organization also adopted this rec-
ommendation. These recommendationshavebeen questioned
and recently two publications have appeared that indicate that
the amount of physical activity required for weight gain pre-
vention is probably higher than recommended at present 
(Erlichman et al., 2002; Saris et al., 2003). It is estimated that 45
to 60 minutes of moderate-intensity exercise per day are neces-
sary to prevent the transition from overweight to obesity, and
60 to 90 min of moderate-intensity exercise daily, or lesser
amounts of more vigorous activity, to prevent weight regain
after weight reduction in obese people (Saris et al., 2003).

At present, there is no evidence that exercise intensity has an
effect on weight reduction or weight maintenance indepen-
dent of its contribution to total energy expenditure. However,
more vigorous exercise will allow the individual to attain a cer-
tain energy expenditure in a shorter time. Two caveats are im-
portant: more vigorous exercise is associated with a higher
injury risk and it may lead to higher drop-out rates. A careful
balance between time restraints and attainment of a sufficient-
ly high total energy expenditure therefore needs to be sought
in each individual. This also stresses the importance of im-
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proving aerobic fitness, because this will enable the obese indi-
vidual to perform a higher workload with less physical stress.

A significant dose–response relationship between amount
of exercise, expressed as energy expenditure per week, and
body weight reduction has been demonstrated (Ross and
Janssen, 2001). Suggestions for dose–response relationships
with the total amount of exercise have also been found for sev-
eral other health parameters (Kesaniemi et al., 2001). Although
the effects of exercise on body weight are related to total ener-
gy expenditure rather than exercise intensity, exercise inten-
sity may be important for other health effects of exercise. For
instance, it is well-known that a minimal exercise intensity is
required to improve cardiovascular fitness and that a relation-
ship exists between change in V

.
o2max and exercise intensity.

Whether this is also the case for other health effects of exercise
is unclear. The blood pressure-lowering effects of exercise ap-
pear to be more pronounced at moderate (< 70% V

.
o2max) than

at higher (≥ 70% V
.
o2max) exercise intensities (Hagberg et al.,

2000), although it is not fully clear whether this is independent
of the total amount of exercise. No independent effect of exer-
cise intensity has been found with respect to lipoprotein pro-
file (Kraus et al., 2002), but exercise intensity appears to be
inversely associated with risk of coronary heart disease, inde-
pendent of total amount of exercise (Tanasescu et al., 2002; Lee
et al., 2003). Glucose tolerance in obese individuals has been re-
ported to be improved after 1 week of exercise training at 70%
V
.
o2max, but not after training at 50% V

.
o2max with the same total

energy expenditure (Kang et al., 1996).
Thus, the question of which type of exercise training is opti-

mal for obese people probably does not have one single an-
swer. The answer depends on the ultimate goal(s) of the
training programme: is it body weight reduction, fat mass re-
duction, increased fat oxidation, risk factor reduction or im-
provement of general fitness, psychological well-being and
health? How fast does one want to attain a certain goal? In-
terindividual differences in response to training programmes
are also likely.

Exercise mode

Dynamic aerobic exercise is usually recommended to improve

cardiorespiratory fitness and health, and in weight control
programmes. To attain the high levels of energy expenditure
that are important for weight management, activities that use
a large muscle mass are preferred. For obese people, non-
weight-bearing activities, such as swimming or cycling, may
be particularly appropriate. Addition of rhythmical resistance
exercise, performed at a moderate to slow speed, through the
full range of motion, not impeding normal breathing, is rec-
ommended for improvement of muscular mass, strength and
endurance (American College of Sports Medicine, 1990).

Exercise prescription

Prescriptions of frequency and duration of exercise sessions are
simple and straightforward. The more difficult aspect of exer-
cise prescription is defining and monitoring the intensity of ex-
ercise. The intensity of exercise can be prescribed as an absolute
intensity, an absolute workload, but usually a relative intensity
is prescribed, such as a percentage of the maximal oxygen up-
take (V

.
o2max). Relative intensities can be classified as shown in

Table 24.3. As V
.
o2max is difficult to measure in non-laboratory

exercise settings, prescription of exercise intensity is usually
based on heart rate [(as a percentage of measured, but usually
estimated, maximal heart rate (HRmax) or heart rate reserve
(HRR, i.e. maximal heart rate–resting heart rate)] or subjective
feelings of exertion (RPE, rating of perceived exertion). This is
based on the linear relationship between %HRmax or %HRR
and RPE on the one hand and %V

.
o2max on the other hand.

The relation between %HRmax or %HRR and %V
.
o2max has

been found to be similar in lean and obese adults (Miller et al.,
1991). However, HRmax was lower in obese than in lean sub-
jects: in normal-weight subjects HRmax can be predicted by
‘220 –age’; in obese subjects the equation ‘200 –0.5 ¥ age’ was
found to be more accurate (Miller et al., 1991). However, in an-
other study the relation between %HRR and %V

.
o2max in obese

women changed with weight loss. Following weight loss, the
same %HRR represented a higher level of intensity than before
(Jakicic et al., 1995a). This discrepancy may be due to differ-
ences in the severity of obesity in these studies. A certain RPE
corresponding with the same V

.
o2max before and after weight

loss was consistent with existing guidelines (70% V
.
o2max

Relative intensity (%) Intensity classification

%HRmax %V
.
O2 max or %HRR RPE

< 35 < 30 < 10 Very light

35–59 30–49 10–11 Light

60–79 50–74 12–13 Moderate (somewhat hard)

80–89 75–84 14–16 Heavy

≥ 90 ≥ 85 > 16 Very heavy

HRmax = maximal heart rate; HRR = heart rate reserve (maximal heart rate – resting heart rate); RPE = rating of perceived exertion (20-point Borg scale); V
.
o2max

= maximal oxygen uptake.

Adapted from American College of Sports Medicine (1990).

Table 24.3 Classification of intensity of exercise based on 20–60 min of endurance training.
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= 13–14 RPE) (Jakicic et al., 1995a). RPE can therefore be used as
a subjective marker of exercise intensity in obese individuals.

Exercise adherence

Overweight and obesity are negatively correlated with overall
level of physical activity in adults (Trost et al., 2002). Moreover,
drop-out rates from exercise programmes are relatively high,
and the degree of overweight is one of the most consistent pre-
dictors of drop-out from exercise programmes (Dishman et al.,
1985; King et al., 1997). Unsupervised programmes with 
vigorous-intensity exercise show lower adherence rates (King
et al., 1997; Cox et al., 2003).

Cognitive factors regarding exercise are of critical impor-
tance for the success of exercise in weight management.
Analysis of prevailing cognitive rules and schemas and, if nec-
essary, intervention should be components of exercise pre-
scription (Brownell, 1995).

Several studies have been performed in order to identify
factors that might improve exercise adherence in obese peo-
ple. A 20-week training programme consisting of short bouts
of exercise (multiple 10-min exercise bouts per day) improved
adherence and tended to improve weight loss, without impor-
tantly affecting the changes in cardiorespiratory fitness, com-
pared with a single daily long exercise bout (Jakicic et al.,
1995b). However, a similar study of 18 months’ duration did
not show any differences in long-term weight loss or weight
maintenance between multiple short bouts and one long exer-
cise bout. A third group that performed multiple short bouts
and was provided with home exercise equipment, on the other
hand, showed better weight loss and maintenance. This may
have been related to the better exercise participation over the
last 6 months of the study (Jakicic et al., 1999).

Exercise risk

Apart from the benefits, exercise may also have risks. The most
serious, but relatively infrequent risk is that of sudden cardiac
death, usually as a result of underlying atherosclerotic coro-
nary artery disease. Exercise also transiently increases the risk
of acute myocardial infarction. The relative risk of both exer-
cise-related myocardial infarction and sudden death is great-
est in individuals who are the least physically active and
perform unaccustomed vigorous exercise. Sedentary individ-
uals should avoid isolated bouts of vigorous exercise 
and gradually increase physical activity levels over time
(Thompson et al., 2003).

Although less serious, the risk of falls and musculoskeletal
injuries is much larger. Risk of injury increases with obesity,
volume of exercise and participation in vigorous exercise,
whereas higher fitness and gradual increases in volume over
time are associated with reduced injury risk (Thompson et al.,
2003).

In the context of risk reduction, obese (and other) indi-

viduals with known or suspected cardiovascular, respiratory,
metabolic, orthopaedic or neurological disorders are advised
to consult their physician before beginning or significantly in-
creasing physical activity, especially when activities with a
higher intensity than walking are chosen.
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Introduction

Obesity is a chronic disease of multiple aetiologies (Bray, 2003;
Friedman, 2003). The realization that obesity is a disease rather
than a failure of willpower or lack of self-discipline has led to
better acceptance of the use of drugs in the treatment of obesi-
ty. Realization that obesity is a chronic disease that will require
lifelong treatment may lead to acceptance of lifelong use of
obesity drugs. Virtually all other chronic diseases are treated
by pharmacotherapy and, for most diseases, more than one
drug is used. If a single drug is not effective, combinations of
therapies are instituted. It seems very likely that the future of
the treatment of obesity will revolve around better drugs, used
in combination. Unfortunately, there are few drugs on the
market at present that are approved for obesity, and the use of
combinations of drugs for obesity has been extremely limited.
This chapter will discuss the rationale for use of obesity drugs,
the indications and contraindications, the drugs available at
present, side-effects, potential future agents and combinations
of drugs for obesity.

Rationale for use of obesity drugs

Numerous studies over the last century have documented that
diet, exercise and behaviour modification of lifestyle may be
successful in reducing body weight initially, but are unsuc-

cessful over the long term (Andersen et al., 1988; Wadden et al.,
1989; Perri, 1992; Wilson, 1993; Ayyad and Andersen, 2000). A
review/meta-analysis by Ayyad and Andersen (2000) found
that the long-term failure rate of this ‘standard’ therapy is
about 85%. It is very difficult to not eat when hungry and to
persistently eat less palatable foods when highly palatable
foods are constantly available. It is also difficult to sustain the
levels of exercise and activity required to maintain lost weight.
These problems contribute to the high failure rate of ‘standard’
therapy. Many people have a genetic predisposition to obesity.
Such people must develop behaviour patterns of diet and ac-
tivity not required of thin people. To lose weight and maintain
the loss, obese people have to do more than thin people. 
Animals with defects of the ob/ob or db/db genes are models
for obese humans. If these animals are pair-fed to lean litter-
mates, they remain obese (Coleman, 1979). To achieve similar
weights as their lean littermates, they have to eat one-half of
the intake of their lean littermates (Coleman, 1979). It is likely
that obese humans with genetic differences from lean individ-
uals will behave somewhat like these genetically obese 
animals.

The present-day US environment requires less activity and
has many more highly palatable food choices immediately
available than the environment of our primitive ancestors. 
Genetic characteristics that favoured survival now favour 
the development of obesity in many people. It is clear that the
biochemistry of the bodies of obese people is different from
that of lean people. Upon losing weight, differences between
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lean and obese remain, and these differences favour weight re-
gain in obese people (Eckel and Yost, 1987; Eckel et al., 1995).
Obesity drugs change the physiology and biochemistry of the
bodies of obese people towards those of lean people, as does
obesity surgery. These more passive methods of weight loss
are likely to be the ‘standard’ treatment of obesity in the future.

For the present, it is reasonable that if obesity drugs are start-
ed and found to produce acceptable weight loss, they need to
be continued indefinitely. Perhaps future therapies, such as
gene therapy, will allow a single course of treatment to pro-
mote permanent change.

Indications and contraindications for
obesity drugs

If obesity drugs must be continued indefinitely, they must be
used carefully and only with appropriate indications. An ex-
pert panel of the North American Association for the Study of
Obesity recommended that drugs are acceptable for individu-
als with a body mass index (BMI) of 27 or above (Pi-Sunyer,
1995). The Food and Drug Administration (FDA), National 
Institutes of Health (NIH) and World Health Organization
(WHO) established more conservative criteria for use of 
obesity drugs (FDA/NIH/WHO, 1998; WHO, 1998). Without
complications of obesity, a BMI of 30 is an indication. With
complications of obesity, a BMI of 27 is an indication. Most
clinicians and governmental regulatory bodies (e.g. FDA)
favour at present these more conservative criteria listed in
Table 25.1. Use of obesity drugs in individuals who do not
meet the BMI limits of the FDA/NIH criteria needs to be justi-
fied, and the reasons should be very carefully documented in
the medical record. There are a number of factors that may jus-
tify use of obesity drugs in individuals below the BMI cut-off
points. Individuals with weight-related complications of obe-
sity such as hypertension, diabetes and hyperlipidaemia may
be candidates. Excess intra-abdominal fat (visceral obesity) is
a major risk factor for diabetes, heart disease and strokes
(Kissebach et al., 1982) that may occur with greater frequency
in certain racial and ethnic groups, such as Asian and Hispanic
people. These individuals deposit visceral fat at much lower
BMIs than non-Hispanic white people (Misra, 2003; Stevens,
2003). There has been significant debate about whether the
cut-off points for defining obesity should be based on racial
identity (Misra, 2003; Stevens, 2003).

Individuals who have a past history of obesity, but who
have lost weight and been able to maintain it only with great
difficulty, may also be considered for treatment with obesity
drugs. Having such individuals regain their lost weight before
being treated with obesity drugs seems senseless.

Contraindications for use of obesity drugs are listed in Table
25.1. Major medical illnesses, particularly if unstable, may be
contraindications to use of some of the obesity drugs, parti-
cularly adrenergic agents and those that act on the central 

nervous system (CNS). Pregnancy and lactation are clear 
contraindications, and use in children and the elderly is pas-
sively or actively discouraged by many paediatricians and
geriatricians respectively. A number of drugs interact with
obesity drugs, so a good drug history and use of a drug inter-
action manual or website (e.g. Drug Digest®; http: //www.
drugdigest.org/DD/Interaction/ChooseDrugs/1,4109,00.
html) is very useful if the patient is on other drugs.

Major psychiatric disorders such as schizophrenia, bipolar
disorder or panic attacks are contraindications or severe cau-
tions for most obesity drugs. Also, patients with significant
psychological concerns regarding excess body weight may be
at risk for eating disorders. The physician should carefully
evaluate such patients before prescribing obesity drugs. In
some cases, referral for psychological or psychiatric coun-
selling to deal with these concerns may be necessary before
prescribing obesity drugs. A history of anorexia nervosa per-
haps is an absolute contraindication to obesity drugs until
more research can identify the mechanisms of this disorder
and ways to safely treat it.

Drugs available at present for obesity

The number of obesity drugs available at present is limited.
Table 25.2 lists drugs that are approved for the treatment of

Table 25.1 Criteria, contraindications and cautions for the use of 

obesity drugs.

FDA, NIH, WHO* BMI criteria for use of obesity drugs

BMI ≥ 30 kg/m2

BMI ≥ 27 kg/m2, with complications

Contraindications for use

Pregnancy, breast-feeding

Unstable cardiac disease

Uncontrolled hypertension (SBP > 180 mmHg, DBP > 110 mmHg)

Unstable severe systemic illness

History of anorexia nervosa

Active severe psychiatric disorder

Other drug therapy, if incompatible (e.g. monoamine oxidase inhibitors, anti-

migraine drugs, adrenergic agents, drugs with arrhythmia potential)

Cautions for use

Presence of any severe systemic illness

History of severe psychiatric disorder

Other drug therapy

Closed angle glaucoma

Age < 18 years or > 65 years

*US Food and Drug Administration, US National Institutes of Health (Clinical

Guidelines on the Identification, Evaluation and Treatment of Overweight

and Obesity in Adults – The Evidence Report. Obesity Research 6 (Suppl. 2):

51S–209S, 1998. Preventing and managing the global epidemic of obesity:

report of a WHO Consultation on Obesity. Geneva, 3–5 June, 1997.

WHO/NUT/NCD98.1, Geneva, 1998.
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obesity in the USAor elsewhere in the world. The list includes
drugs that are approved by the FDAfor the treatment of obesi-
ty and also drugs that have been approved previously but that
are no longer available. Table 25.3 lists drugs that are FDA ap-
proved for purposes other than obesity and have been shown
to reduce body weight. Most of the drugs on the market act on
the CNS by binding to adrenergic or serotonergic receptors,
producing appetite suppression, enhanced satiety or both.
Malabsorptive agents block the digestion of fat or carbohy-
drate. Anumber of other drugs are available on the market for
other indications, and act by different mechanisms to produce
weight loss.

Adrenergic drugs

Adrenergic drugs raise noradrenaline and/or dopamine in
specific areas of the brain that are involved in regulating food
intake, satiety and energy expenditure (Bray, 2000; Hirsch et
al., 2000; Ryan, 2000). Adrenergic drugs have the potential for
abuse, but those most commonly used (phentermine, diethyl-
propion, phendimetrazine and mazindol) have minimal or no
evidence of abuse. Higher abuse-potential drugs such as dex-
amphetamine and methamphetamine have no role in the
modern-day treatment of obesity. The adrenergic agonists that
are used most frequently by prescription in the USAare phen-
termine and diethylpropion, both of which are in the lowest
Drug Enforcement Agency (DEA) category, Schedule IV.
Phentermine was found to be more effective than diethylpro-
pion in one controlled trial (Valle-Jones et al., 1983). Phenter-
mine has been used for up to 36 weeks in two studies from
Munro’s laboratory (Munro et al., 1973). In both of these stud-
ies, weight losses were 13% of initial body weight, despite the
lack of a strong diet and exercise component to the weight loss
programme.

There is little to distinguish diethylpropion, phendime-
trazine and benzphetamine from each other. All stimulate cen-
tral noradrenaline secretion, and weight losses with each are
similar (Scoville, 1976; Silverstone, 1992; Hirsch et al., 2000;
Ryan, 2000; Bray, 2000; Halpern and Mancini, 2003). Benzphet-
amine and phendimetrazine are in DEA Schedule III, and the-
oretically have a greater abuse potential than diethylpropion.
However, Griffiths and colleagues (1979) demonstrated that
diethylpropion had a higher reinforcement potential in non-
human primates than the other Schedule III and IV agents.

Mazindol is unique among the pure adrenergic agents for
obesity because its structure is not derived from the
phenylethylamine parent molecule (Enzi, et al., 1976; Inoue et
al., 1992; Bray, 2000). Mazindol is no longer available in the
USA, but is used in other countries, particularly Japan. Mazin-
dol produced weight losses of 14.2 and 12.0 kg, the best results
of any of the single obesity drugs tested for 1 year or more
(Enzi et al., 1994).

Phenylpropanolamine (PPA) was the major drug in over-
the-counter diet aids in the USAuntil recently, when it was re-
moved by the FDAbecause of concern that it increased the risk
of strokes. PPAacts on alpha-adrenergic receptors in the brain
and causes a weight loss that is somewhat less than the pre-
scription adrenergic agents (Silverstone, 1992).

Side-effects of all of the adrenergic agents are dry mouth,
constipation, insomnia, tachycardia, hypertension and, rarely,
cardiac arrhythmias (Munro et al., 1968; Enzi et al., 1976; Steel 
et al., 1973; Scoville, 1976; Valle-Jones et al., 1983; Inoue et al.,
1992; Silverstone, 1992; Goldstein and Potvin, 1994; Bray, 2000;
Hirsch et al., 2000; Ryan, 2000; Halpern and Mancini, 2003).

Table 25.2 Approved weight loss drugs and drug enforcement agency

(DEA) schedules.

Adrenergic agonists

(a) Amphetamine,* methamphetamine,* phenmetrazine* (DEA II); (b)

benzphetamine, chlorphentermine,* chlortermine,* phendimetrazine (DEA

III); (c) diethylpropion, mazindol,* phentermine (DEA IV); (d)

phenylpropanolamine† (over the counter)

Serotonin agonists

(a) D,L-Fenfluramine† (DEA IV); (b) D-fenfluramine† (DEA IV)

Combined adrenergic/serotonergic agonist

Sibutramine (DEA IV)

Drug affecting absorption

Orlistat

*Not marketed at present for the treatment of obesity in the USA.
†Withdrawn from market in USA.

Table 25.3 Marketed drugs not approved for the treatment of obesity.

Adrenergic agonist

Ephedrine, caffeine

Serotonin agonists

Citalopram

Fluoxetine

Sertraline

Drug affecting absorption

Acarbose

Other

Bromocriptine

Bupropion

Cimetidine

Diazoxide

Metformin

Nicotine

Topiramate

Zonisamide
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Serotonergic drugs

Dexfenfluramine and d,l-fenfluramine increase serotonin in
the brain by increasing production and inhibiting uptake in
neurons that are involved in controlling food intake and body
weight (Garattini et al., 1992; Garattini, 1995; Rowland et al.,
2000; Rothman and Baumann, 2002). Weight loss on these drugs
was about 10% of initial body weight (Guy-Grand et al., 1989).
These drugs were removed from the market in 1997 because
they produced damage to the aortic and mitral heart valves
(Connollyet al., 1997; Gardin et al., 2000; Tellier, 2001; Weissman,
2001). Follow-up studies demonstrated that the cardiac valve
damage regressed or did not change after the drugs were
stopped (Gardin et al., 2000; Tellier, 2001). The mechanism of
cardiac valve damage is postulated to be through binding to 5-
hydroxytryptamine-2B receptors (5-HT-2B) (Fitzgerald et al.,
2000). These drugs also bind to 5-HT-2C receptors (Fitzgerald 
et al., 2000), which may not affect cardiac valves, and thus are a
target of pharmaceutical company development.

Selective serotonin reuptake inhibitors (SSRIs) such as fluox-
etine and sertraline increase serotonin levels in the brain and
are associated with an initial weight loss of about 10% or more
of initial body weight followed by weight regain (Goldstein 
et al., 1993; 1995; Wadden et al., 1995; Dhurandhar and 
Atkinson, 1996; Ricca et al., 1996). Harvey and Bouwer demon-
strated that body weight after 1 year of treatment was similar in
the fluoxetine group vs. placebo, but thereafter body weight 
increased on fluoxetine (Harvey and Bouwer, 2000). These
drugs are not approved by the FDAfor the treatment of obesity,
but are being used by physicians in an off-label fashion alone or
in combination with phentermine or other adrenergic agents
(Dhurandhar and Atkinson, 1996; Anchors, 1997a; Anchors,
1997b; Griffen et al., 1998), as described below.

Combined adrenergic–serotonergic drug

Sibutramine is the only obesity drug on the market in this
class. It inhibits re-uptake of both serotonin and noradrenaline
(Ryan et al., 1995; Heal et al., 2001; Lean, 2001). It has minimal
dopamine agonist activity and does not appear to have abuse
potential. Sibutramine produces a weight loss of about 6–8%
of initial body weight in most trials (Ryan et al., 1997; James 
et al., 2000; Ryan, 2000; Wadden et al., 2000; Appolinario et
al., 2003; van Baak et al., 2003; Berkowitz et al., 2003; Kim 
et al., 2003; McNulty et al., 2003; Padwal et al., 2003a,b; Ersoz et
al., 2004). The STORM trial in Europe included intensive
lifestyle intervention plus sibutramine, and found an average
weight loss of about 13% at 1 year (James et al., 2000; van Baak
et al., 2003). Wadden and colleagues (2000) found an average
loss of 11.6% of initial body weight at 1 year. Padwal and col-
leagues (2003a) performed a Cochrane review of all studies of
obesity drugs in the medical literature with at least 1 year of
follow-up. Five sibutramine trials were included and the aver-
age weight loss was 4.3 kg (or 4.6%) more than in the placebo

group in these studies. All of these studies included a diet and
exercise component.

Sibutramine has been used effectively in obese people with
additional disorders. Appolinario and colleagues (2003) treat-
ed 60 obese subjects with binge eating disorder and found sig-
nificant decreases in binge eating, depression score on the
Beck Inventory and body weight compared with placebo. 
McNulty and colleagues (2003) found that sibutramine 
enhanced both weight loss and diabetes control in type 2 
diabetics, compared with standard treatment and placebo.
Berkowitz and colleagues (2003) used behavioural therapy
(BT) along with sibutramine or placebo in 82 adolescents aged
13–17 years in a 12-month study, the first 6 months of which
was double-blinded. They found that the sibutramine group
had greater weight loss and less hunger than those on placebo
and BT. However, 33 out of the 82 subjects had to decrease the
dose or discontinue the trial due to side-effects.

The side-effect profile of sibutramine is generally moderate,
but the most common complaints are dry mouth, headache,
insomnia, constipation, tachycardia, hypertension and para-
doxically increased appetite (Ryan et al., 1995; Ryan, 2000;
James et al., 2000; Wadden et al., 2000; Appolinario et al., 2003;
van Baak et al., 2003; Berkowitz et al., 2003; Kim et al., 2003; Mc-
Nulty et al., 2003; Padwal et al., 2003a,b; Ersoz et al., 2004). Kim
and colleagues (2003) noted an increase in both systolic and di-
astolic blood pressure despite a significant weight loss, and
concluded that the drug should be used with careful follow-up
of blood pressure. However, Ersoz and colleagues (Ersoz et al.,
2004) compared sibutramine with metoprolol to sibutramine
alone and noted that the rise in blood pressure was blocked in
the metoprolol group, but weight loss was similar in the two
groups. There have been very few serious adverse reactions to
sibutramine and, if hypertension or tachycardia occur, they
generally respond promptly to reduction or discontinuation
of the drug. One unusual side-effect is paradoxical increase in
hunger. Subjects may actually gain weight and must discon-
tinue the drug if this side-effect occurs.

Peripherally acting malabsorptive agent

Orlistat is the only obesity drug approved by the FDA at pre-
sent for obesity treatment that does not act on the CNS. Orlistat
is not absorbed and acts within the GI tract by inhibiting 
intestinal lipase, thus blocking digestion and absorption of 
dietary fat (Tonstad et al., 1994; Drent and van der Veen 1995;
James et al., 1997; Hollander et al., 1998; Sjostrom et al., 1998;
Lucas et al., 2003; Tiikkainen et al., 2004). About one-third of 
ingested fat is not absorbed and passes through to the colon,
where it is metabolized by colonic bacteria or is excreted. Orli-
stat is taken with meals and has no long-term activity. Initial
studies with orlistat reported a weight loss of about 5–12% of
baseline body weight at 1–2 years (Tonstad et al., 1994; Drent et
al., 1997; Hollander et al., 1998; Sjostrom et al., 1998; Lucas et al.,
2003; Tiikkainen et al., 2004). Sjostrom and colleagues (1998)
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found a weight loss of about 10% at 1 year and 8% at 2 years in
a large multicentre European trial. The Cochrane review by
Padwal and colleagues (2003a,b) evaluated 11 orlistat studies.
Average weight loss was 2.7 kg (or 2.9%) greater than placebo.

Orlistat reduces serum lipids and glucose through an inde-
pendent effect on serum lipids (Tonstad et al., 1994; Sjostrom 
et al., 1998; Lucas et al., 2003), but without an independent 
effect on serum glucose (Tonstad et al., 1994; Hollander et
al., 1998; Sjostrom et al., 1998; Lucas et al., 2003; ). Tonstad and
colleagues (1994) treated patients who had hyperlipidaemia
(cholesterol ≥ 6.2 mmol/L) with orlistat and noted reductions
in serum total cholesterol and LDLby 11% and 10% respective-
ly. Tiikkainen and colleagues (2004) treated obese patients
with orlistat or placebo to achieve a standard 8% weight loss
over 3–6 months of treatment. They ensured that weight losses
were matched then measured glucose and lipid dynamics.
Measures of glucose and insulin sensitivity were similar 
between groups. However, the ratio of intra-abdominal fat to
subcutaneous fat was decreased significantly only in the orlis-
tat group, suggesting a selective and independent reduction in
intra-abdominal fat by orlistat.

The side-effects of orlistat are predominantly gastrointesti-
nal complaints, including gas, abdominal pain, diarrhoea and,
occasionally, faecal incontinence (Tonstad et al., 1994; Drent et
al., 1998; Hollander et al., 1998; Lucas et al., 2003; Tiikkainen 
et al., 2004). Side-effects are self-limited and may be avoided 
by reducing dietary fat. Of somewhat more concern is the 
malabsorption of fat-soluble vitamins, and the manufacturer
recommends taking a multivitamin supplement each day.

Orlistat is approved by the FDAfor use in children and ado-
lescents. McDuffie and colleagues (2002a) performed an ex-
tensive 12-week study on 20 adolescents, mean age 14.6 years,
mean BMI 44.1 kg/m2, treating them with behaviour modifi-
cation, diet and exercise, and orlistat. The subjects lost 4.1% of
initial body weight and 1.9 BMI units. Serum cholesterol, LDL,
glucose, insulin and insulin resistance all improved signifi-
cantly. This same group evaluated serum fat-soluble vitamin
levels in adolescents on orlistat with a single multivitamin
capsule each day (McDuffie et al., 2002b). They found a signifi-
cant reduction from baseline in serum vitamin D levels and a
reduction in absorption of vitamin E from the gastrointestinal
tract, but no significant differences in serum levels of vitamins
Aand E.

Zhi and colleagues (2003) performed a metabolic balance
study of six macro- and microminerals in adolescents treated
with orlistat and found no evidence of malabsorption. Nor-
gren and colleagues (2003) treated 11 severely obese prepuber-
tal children (aged 8.3–12.3 years) with orlistat, and reported
that they tolerated the drug well, decreased their consumption
of dietary fat and lost about 4 kg. Psychological evaluation
showed that the children improved their body shape preoccu-
pation and oral control. The children complied with the regi-
men, evidenced by pill counts, and stated that they wished to
continue the drug upon completion of the study.

In all of the above studies in children and adolescents, the
authors concluded that additional trials were needed and that
drugs should be used with caution. With the increasing 
epidemic of obesity and the appearance of type 2 diabetes and
hypertension in children, the caution expressed by many pae-
diatricians about the use of drugs for obesity seems unduly
conservative, especially as there is no hesitation to use oral hy-
poglycaemics, insulin and anti-hypertensive agents in chil-
dren who have the complications of obesity.

Non-approved drugs with potential for 
treating obesity

In addition to the selective serotonin reuptake inhibitors
(SSRIs) mentioned above, several other centrally active agents
are on the market and approved for other indications, but have
potential to produce weight loss.

Bupropion is an aminoketone class antidepressant that is
chemically related to the phenylethylamines, with a structure
similar to diethylpropion. It has adrenergic and serotonergic
re-uptake inhibitor activity. Anderson and colleagues (2002)
reported weight loss of about 10% of initial body weight after 1
year of treatment. Side-effects include gastrointestinal com-
plaints, dry mouth, drowsiness, dizziness, anxiety and, rarely,
cardiac symptoms such as tachycardia and arrhythmias.

Topiramate is approved for epilepsy, but its mechanism of
action to produce weight loss is unknown. Weight loss was
first noticed as a side-effect of treatment in patients with
epilepsy. In an uncontrolled study, Ben-Menachem and col-
leagues (2003) gave topiramate to 38 seizure patients for 1 year.
Weight losses at 3 months and 1 year in the whole sample 
were 3.9% and 7.3% of initial weight. For individuals with a
BMI ≥ 30 kg/m2, weight losses were 4.3% and 11.0%, with es-
sentially all of the loss being from body fat. A number of clini-
cal trials are under way to determine if topiramate will be
useful for treating obesity. Bray and colleagues (2003) reported
a multicentre, 6-month, randomized trial that found a weight
loss of about 6% of initial body weight.

McElroy and colleagues (2003) evaluated the effectiveness
of topiramate in a placebo-controlled, double-blind, random-
ized trial in 61 patients who had binge eating disorder and obe-
sity (BMI ≥ 30 kg/m2). The mean weight loss on topiramate
was 5.9 kg and there was a dramatic reduction in binge eating
frequency and binge/day frequency compared with placebo.
Also, there were significant improvements in two psychologi-
cal instruments, the Clinical Global Impression severity scale
and the Yale-Brown Obsessive Compulsive Scale (modified
for binge eating).

Smathers and colleagues (2003) gave topiramate to seven
children with Prader–Willi syndrome and noted that there
were improvements in self-abusive behaviour, an improved
mood, and that the weight gain that is a hallmark of this syn-
drome had stabilized.

There are a number of side-effects of topiramate, including



Management of obesity: pharmacotherapy

385

drowsiness, dizziness, headache, trouble concentrating,
short-term memory loss, GI complaints, depression, fatigue
and paraesthesiae (Bray 2003; McElroy et al., 2003). The paraes-
thesiae are distinctive and occur in the fingers and toes and
around the mouth, especially with higher doses (> 200 mg), al-
though they may occur at lower doses. The drowsiness is suffi-
ciently common that the manufacturer recommends that the
drug be taken before going to bed to avoid problems during
the day. The decreased mentation occurs in the higher doses
and can be severe enough in some patients that the drug must
be stopped. Anecdotal reports from private physicians sug-
gest that doses as low as 25–50 mg may cause reduction of
body weight, and the study by Bray (2003) reported significant
weight losses at a dose of 64 mg per day.

Zonisamide is also approved for treatment of epilepsy. It has
serotonergic and dopaminergic activity and blocks sodium
and calcium channels. Gadde and colleagues (2003) per-
formed a 16-week randomized, blinded trial followed by a 16-
week open-label extension. Weight loss was about 6% of initial
body weight. Side-effects include gastrointestinal complaints,
drowsiness, dizziness, headache, trouble concentrating,
short-term memory loss, depression and fatigue.

Ephedrine, in combination with caffeine, with or without
the addition of aspirin, has been used in Europe for many
years to treat obesity. Methylxanthines (caffeine, theophylline,
theobromine, etc.) and/or aspirin enhance the effects of
ephedrine and increase weight loss and metabolic rate by
slowing metabolism of noradrenaline (Arner, 1993; Daly et al.,
1993; Dulloo, 1993; Toubro et al., 1993). Ephedrine-caffeine
stimulates noradrenaline secretion, which then stimulates ac-
tivity of cyclic AMP. Caffeine inhibits phosphodiesterase, the
enzyme that metabolizes cyclic AMP, and thereby enhances
noradrenaline. Aspirin enhances noradrenaline activity by in-
hibiting adenosine, which is involved in noradrenaline inacti-
vation. The combination may be associated with increases in
heart rate, blood pressure and metabolic rate (Arner, 1993;
Daly et al., 1993; Dulloo AG, 1993; Toubro et al., 1993; Boozer et
al., 2001; 2002). The increases in heart rate and blood pressure
associated with ephedrine-caffeine appear to be short-lived,
but the effect on thermogenesis persists (Toubro et al., 1993).

Pure ephedrine and caffeine have been used very sparingly
in the US for obesity treatment. However, numerous over-
the-counter dietary supplements contain ephedra and a
methylxanthine (usually caffeine) as extracts of plants. These
preparations were probably the most commonly used antiobe-
sity products in the US, dwarfing any of the single obesity pre-
scription drugs. The FDAbanned ephedra from use in dietary
supplements for obesity in December 2003. This ban will not
prohibit physicians from prescribing ephedrine, usually in
combination with caffeine or other methylxanthine as pure
prescription preparations. However, the legal vulnerability
should side-effects occur markedly reduces enthusiasm for
their use.

Weight losses with pure ephedrine and caffeine were as

great as 16% of initial body weight at 1 year in a study by
Toubro and colleagues (1993), which included a significant
diet and exercise programme. Boozer and colleagues (2002)
demonstrated in short-term studies with a herbal preparation
that carefully selected subjects lost more weight and did not
have a higher prevalence of significant side-effects, particular-
ly cardiac side-effects than placebo (Boozer et al., 2002). Com-
mon side-effects are dry mouth, tremor, tachycardia and
headache. Rare side-effects are hypertension, anxiety, cardiac
arrhythmias and strokes.

Metformin is a peripherally acting anti-diabetes drug that
enhances insulin sensitivity and has been associated with
weight losses of 5–10% of initial body weight (Fontbonne et al.,
1996; Lee and Morley, 1998; Kay et al., 2001; Gokcel et al., 2002).
Like acarbose, it does not increase insulin secretion, but en-
hances insulin sensitivity. One of the side-effects of metformin
is gastrointestinal distress, so this may help reduce food in-
take, especially early in the course of treatment. Metformin
may be particularly helpful in patients with obesity and infer-
tility due to polycystic ovary syndrome (Pasquali et al., 2000).
Side-effects of metformin are nausea, abdominal pain and,
rarely, lactic acidosis, especially in patients with renal disease.

Acarbose is a malabsorptive agent approved for the treat-
ment of diabetes. It is an amylase inhibitor that blocks absorp-
tion of complex carbohydrates (Berger, 1992), and may be
associated with improved insulin sensitivity (Meneilly et al.,
2000; Delgado et al., 2002; Josse et al., 2003). Acarbose has not
been shown to be effective in treating obesity when used as a
single agent. However, anecdotal reports suggest that occa-
sionally it may produce modest additional weight loss when
used in combination with other obesity drugs. It is possible
that there is a subgroup of obese people who might respond to
acarbose, but more research must be done to test this hypothe-
sis. Side-effects are predominantly gastrointestinal com-
plaints, gas, abdominal pain and occasionally diarrhoea
(Berger, 1992; Meneilly et al., 2000; Delgado et al., 2002; Josse 
et al., 2003).

Cimetidine is a proton pump inhibitor used to treat peptic
ulcer disease, gastritis and oesophageal reflux disease. Cimeti-
dine was found to improve weight loss on an energy-restricted
diet in one study (Sta-Birketvedt, 1993), but not in another
(Rasmussen et al., 1993). The mechanism of action was postu-
lated to be a suppression of gastric acid secretion (Sta-
Birketvedt, 1993). Side-effects include diarrhoea, constipa-
tion, muscle pain, headache, dizziness and drowsiness.

Alemzadeh and colleagues (Alemzadeh, 1998) gave diazox-
ide to obese adults on an energy-restricted diet and noted a
weight loss of 9.5% of initial body weight over 8 weeks, 
compared with a loss of 4.6% in placebo subjects. Side-effects
include increased hair growth, gastrointestinal complaints,
CNS effects including headache, dizziness, anxiety and
paraesthesiae.

Cincotta and Meier (1996) gave bromocriptine or placebo to
subjects for 18 weeks and noted a loss of 6.3 kg vs. 0.9 kg, re-



Chapter 25

386

spectively, in the two groups. Body fat decreased significantly
and glucose and insulin levels during an oral glucose toler-
ance test were significantly lower in the bromocriptine group.
Side-effects include gastrointestinal complaints, cardiac 
arrhythmias and CNS complaints including headaches and
confusion.

Nicotine produces weight loss and may be the mechanism
of maintenance of a lower body weight in smokers (Jensen et
al., 1995). Use of nicotine gum after smoking cessation pre-
vented weight loss in one study (Nides et al., 1994). Gastroin-
testinal complaints and headache are the more common
side-effects, but excess amounts can cause coronary and cere-
bral vasoconstriction, dyspnoea and seizures.

Over-the-counter diet supplements, herbs and
other agents

For most of the large number of diet supplements and herbal
preparations being sold to reduce body weight or enhance
lean body mass (Table 25.4), no research has been done and
only lay publications are available (Balch and Balch, 1997). For
others research shows modest to no effects, including dietary
fibre supplements (Life Sciences Research Office, 1987), aspar-
tame (Blackburn et al., 1997), olestra (Lawson et al., 1997),
chromium compounds (Trent and Thieding-Cancel, 1995;
Grant et al., 1997; Pasman et al., 1997; Wasser et al., 1997; 
Cerulli al., 1998), dehydroepiandrosterone (Vogiatzi et al.,
1996), pyruvate (Stanko et al., 1994; Stanko and Arch, 1996),
creatine (Kreider et al., 1998) and conjugated linoleic acid
(CLA) (Blankson et al., 2000; Whigham et al., 2000; Riserus et al.,
2001; Belury et al., 2003; Kamphuis et al., 2003a,b). CLA has
been tested extensively because it has excellent effectiveness
in reducing adipose tissue in animals (Whigham et al., 2000).
However, studies in humans show very little or no effect in re-
ducing obesity in humans (Whigham et al., 2000; Blankson et
al., 2000; Riserus et al., 2001; Belury et al., 2003; Kamphuis et al.,
2003a,b).

In contrast with the diet supplements noted above, prepara-
tions containing ephedra with a methylxanthine and/or as-

pirin have been shown to produce significant weight loss, as
described above (Boozer et al., 2001; 2002). Herbal prepara-
tions with this mixture have been removed from the market in
the USA by the FDA, but are available in many other parts of
the world.

Despite the lack of research and minimal or no evidence of
efficacy for most of these dietary supplement preparations, a
large industry is present to promote their use through direct
advertising to consumers. The revenues from this industry are
enormous. In 1999, the US FDAestimated that revenues for the
dietary supplement industry was worth over six billion dol-
lars [Center for Food Safety and Applied Nutrition; US Food
and Drug Administration website (http://vm.cfsan.fda.gov/
~comm/ds-econa.html)]. Governmental agencies, such as the
FDAand US Federal Trade Commission (FTC), may intervene
if false claims are made, but there has been little action to pro-
tect vulnerable obese people from charlatans selling worthless
preparations.

Agents with potential for treating obesity

A wide variety of agents are being evaluated by pharmaceuti-
cal companies or academic investigators for usefulness for
treating obesity. These include gut peptides, brain peptides,
neurochemicals and other agents. Space does not permit a
complete review of these substances, but some that appear to
be of interest because they reduce food intake or produce
weight or fat loss in humans or animals are adiponectin,
anorectin, apolipoprotein A-IV, axokine, bombesin, cholecys-
tokinin, corticotrophin-releasing hormone (CRH), entero-
statin, glucagon-like peptide 1 (GLP-1), growth hormone,
insulin-like growth factors, leptin, neurotensin, oxyntomod-
ulin, pancreatic polypeptide (PP), peptide YY 3–36 (PYY 3–36)
and vasopressin (Rudman et al., 1990; Okada et al., 1991; Bray,
1992; Leibowitz, 1995; Batterham et al., 2003a,b; Cohen et al.,
2003; Ellacott et al., 2004; Gavrila et al., 2003; Naslund et al.,
2004; Tso et al., 2004; Yang et al., 2004) (Table 25.5). Agonists for
b-3 adrenergic receptors reduce body fat and increase lean
body mass in animals (Yen, 1995; Stock, 1996), but to date have
not been effective and/or safe in humans. Several uncoupling
proteins potentially produce energy wastage (Bao et al., 1998;
Snyder et al., 2004), but none has yet been developed into 
obesity drugs.

Cannabinoid agonists, galanin, ghrelin, melanin-
concentrating hormone (MCH) and neuropeptide Y (NPY) are
CNS neurotransmitters that stimulate food intake (Bauer et al.,
1989; Leibowitz, 1991; 1995; Tritos and Maratos-Flier 1999;
Wren et al., 2001; Cummings et al., 2002; Silva et al., 2002; Wild-
ing, 2002; Collins and Kym, 2003; Black, 2004) (Table 25.5), and
a search is on for antagonists to these substances. The cannabi-
noid antagonist rimonabant is in clinical trials to evaluate its
potential for obesity treatment (Black, 2004).

It is likely that many, if not most, of these agents will fail, but

Table 25.4 Dietary supplements and herbal preparations marketed for

obesity or weight control.*

Aspartame

Chromium compounds

Conjugated linoleic acid

Creatine

Dehydroepiandrosterone

Dietary fibre supplements

Olestra

Pyruvate

*None of these agents is approved by the FDA or other agency for the

treatment of obesity, and none has clinically significant effectiveness for

obesity.
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even if the response is modest, it is possible that combinations
with each other or with current obesity drugs will lead to sig-
nificant weight loss in subgroups of obese patients.

A large number of genes have been identified that are asso-
ciated with human obesity, including several single gene de-
fects (Snyder et al., 2004). Most genetic types of human obesity
are polygenic. Pharmaceutical companies are evaluating the
potential for gene therapies if specific patterns of gene defects
or differences can be identified for action.

Rimonabant

Rimonabant is a selective central cannaboid (CB1) receptor an-
tagonist. It is an appetite suppressant in advanced develop-
ment for obesity treatment. The rationale behind this drug is to
reduce appetite by blocking cannaboid receptors in the hypo-
thalamus. The central cannaboid (CB1) receptors are believed
to play a role in controlling food consumption and the pheno-
mena of dependence/habituation. Preliminary results from a
two year international multicentre study confirm its effective-
ness in weight reduction, reduction in waist circumference — a
marker of the dangerous abdominal obesity — and improve-
ments in lipids and glycaemic profiles (Sjostrom et al., 2004).
The study also confirmed its good safety profile. The side 
effects reported were mainly mild and transient and most 
frequently involved nausea, diarrhoea and dizziness. 
Rimonabant also has potential as a treatment for smoking ces-
sation because the central cannaboid system is also involved in
the body’s response to tobacco dependence.

Combinations of drugs for obesity

Although most chronic diseases are treated with combinations
of drugs, obesity is an exception. There have been very 
few combinations studies. Those that have been evaluated 
include ephedrine–methylxanthines–aspirin, phenyl-
propanolamine–benzocaine, fenfluramine–phentermine, 
fluoxetine–phentermine, dexfenfluramine–fluoxetine, 
sibutramine–orlistat and phentermine–orlistat (Weintraub et
al., 1984; Greenway, 1992; Weintraub, 1992; Arner, 1993; Daly et
al., 1993; Dulloo, 1993; Toubro et al., 1993; Hartley et al., 1995;
Dhurandhar and Atkinson, 1996; Pedrinola et al., 1996; An-
chors, 1997a,b; Atkinson et al., 1997; Griffen and Anchors, 1998;
Greenway et al., 1999; Bowen and Atkinson, 2000; Devlin et al.,
2000; Wadden et al., 2000; Boozer et al., 2001; 2002; Kolotkin et
al., 2001). The combination of ephedrine and caffeine is 
described above, but the data from a sampling of other com-
bination studies are described below.

Phenylpropanolamine–benzocaine

Benzocaine is a local anaesthetic agent contained in some over-
the-counter weight reduction aids, the action of which was re-
ported to ‘numb the taste buds’. Greenway and colleagues
(Greenway, 1992; Greenway et al., 1999) reported that the com-
bination of phenylpropanolamine and benzocaine was no
more effective than placebo.

Phentermine–fenfluramine combination

Fenfluramine and dexfenfluramine are no longer on the mar-
ket but represented probably the most effective pharmacologi-
cal treatment for obesity yet seen (Weintraub et al., 1984;
Weintraub, 1992; Atkinson et al., 1997). Weintraub and col-
leagues (1992) used the combination of phentermine resin and
fenfluramine on 121 subjects for up to 3.5 years. All of the sub-
jects were treated with diet, exercise and behaviour modifica-
tion. At 60 weeks, patients lost 15.8 kg. This was the first
long-term study of drug combination therapy for obesity, and
demonstrated that significant weight loss persisted as long as
the drugs were given, up to 4 years. Upon discontinuing med-
ications at the end of the study, weight regain was rapid.
Atkinson and colleagues (Atkinson et al., 1997) reported
weight loss of 16.5% of initial body weight (17 kg) at 1 year, and
about 8% at 3 years in patients on fenfluramine and phenter-
mine HCl. Reductions in systolic and diastolic blood pressures
in hypertensive patients (28 mmHg and 17 mmHg respective-
ly) and in serum cholesterol and triglycerides (27 mg/dl and
79 mg/dl respectively) in hyperlipidaemic patients (Wein-
traub, 1992) were found. Hartley and colleagues (Hartley et al.,
1995; Kolotkin et al., 2001) found a 17.6% weight loss on phen-
termine–fenfluramine.

Table 25.5 Substances with potential for treating obesity.

Adiponectin

Anorectin

Apolipoprotein A–IV

Axokine (ciliary neurotrophic factor)

Beta-adrenergic receptor agonists

Bombesin

Cannabinoid antagonists (e.g. rimonabant)

Cholecystokinin

Corticotrophin-releasing hormone (CRH)

Enterostatin

Galanin antagonists

Glucagon-like peptide 1 (GLP-1)

Ghrelin antagonists

Growth hormone

Insulin-like growth factors

Leptin

Melanin-concentrating hormone (MCH) antagonists

Neuropeptide Y (NPY) antagonists

Neurotensin

Oxyntomodulin

Pancreatic polypeptide (PP)

Peptide YY 3–36 (PYY 3–36)

Vasopressin
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Fenfluramine–fluoxetine combination

Pedrinola and colleagues (Pedrinola et al., 1996) gave fluoxe-
tine–fenfluramine vs. fluoxetine–placebo in 33 women for 
8 months in a randomized, double-blind trial. The 
fluoxetine–fenfluramine group lost 13.4 kg and the 
fluoxetine–placebo group lost 6.2 kg.

Phentermine–fluoxetine combination

In a preliminary report, Dhurandhar and Atkinson (1996)
found that the combination of fluoxetine (20–60 mg/day) and
phentermine hydrochloride (18.75–37.5 mg/day) produced
weight losses similar to fenfluramine (20–60 mg/day) and
phentermine HCl (18.7–37.5 mg/day). Anchors and 
colleagues (1997a,b; Griffen and Anchors, 1998) provided
anecdotal reports that fluoxetine–phentermine in doses of
10–20 mg per day and 30 mg per day, respectively, achieved
weight losses of about 15% of initial body weight. Devlin and
colleagues (2000) gave fluoxetine–phentermine to overweight
females with binge eating disorder in an open-label trial and
found significant weight loss for 18 months in subjects who
continued medication.

Sibutramine–orlistat

Wadden and colleagues (2000) gave orlistat to 34 obese female
subjects who had lost about 11% of initial body weight during
treatment for 12 months on sibutramine and lifestyle modifi-
cation. Orlistat produced no additional weight loss during a
16-week extension with the drug combination.

Phentermine–orlistat

In a preliminary study, Bowen and colleagues (Bowen and
Atkinson, 2000) gave orlistat to patients who were weight sta-
ble after at least 3 months of treatment with phentermine.
There was a minimal weight loss (< 1 kg) over the next 2
months.

The data on combinations of obesity drugs demonstrate that
some combinations produce greater weight loss than is seen
with single agents. More studies that are carefully controlled
and monitored with different combinations are needed. Anec-
dotal reports from private physicians suggest that combina-
tions of phentermine and topiramate, phentermine and
zonisamide, fluoxetine and bupropion, fluoxetine and topira-
mate, and metformin with either phentermine or sibutramine
can produce acceptable weight losses in some patients. More
research is needed with these combinations and they must be
used with extreme caution. For medicolegal reasons, written,
informed consent should be obtained, which explains the po-
tential adverse reactions and the off-label status of these com-
binations. It should be emphasised that drug combinations for
obesity are not authorised by regulatory authorities and re-
sponsibility for their prescription lies with the prescriber.

Practical aspects of drug therapy

The experience with obesity drugs is very limited, so there are
few practical guidelines for their use. Patients differ markedly
in their response to single agents or combinations of obesity
drugs, and responders cannot be identified in advance. Effec-
tive dosage levels vary widely among individuals, so a sensi-
ble treatment regimen may begin with low doses of single
agents, and progress to larger doses of multiple agents if nec-
essary. For example, this may mean a dose of 18.75 mg of phen-
termine HCl, 10 mg of sibutramine, or 25 mg of topiramate. For
many agents, starting at full doses initially produces unac-
ceptable side-effects that may be limited or eliminated by
starting low and graduating to full levels over days to months.
If an increase in dosage does not cause additional weight loss
in a period of 4–8 weeks, the dosage should be reduced back to
the previous level.

If adding a new drug does not enhance weight loss or reduce
complications of obesity, it should be discontinued. There is
debate about the length of the trial to determine efficacy. Sev-
eral pharmaceutical manufacturers recommend discontinu-
ing an obesity drug if weight loss does not reach 4 lb (or 2 kg) 
in the first month of treatment. This is quite arbitrary, and 
the author’s data with phentermine–fenfluramine showed
that in patients who lost less than 2 kg after 4 weeks, eventual
mean weight loss at 6 months was 10% of initial body weight
(Dhurandhar et al., 1999). Rather than using a fixed formula,
careful assessment of individual patients will be a better guide
for the length of time drugs should be given if response is not
optimal.

From the opposite perspective, it is difficult to know when
to discontinue a drug when it is working well, but side-effects
are present. Patients may be reluctant to discontinue drugs,
even in the face of significant side-effects, because the drugs
are effective and weight regain is very likely if the drug or com-
bination is stopped. Physicians must ask about side-effects
and unilaterally intervene as the situation demands. In every
case, physicians must use best judgement and communicate to
the patient the rationale for any decision.

Summary and conclusions

As obesity is a chronic disease of multiple aetiologies, 
treatment with drugs, once started, is likely to be indefinite,
probably lifelong. Because obese people have an altered bio-
chemistry, drugs are probably their best hope for long-term
success in maintaining weight loss. The drugs available at pre-
sent which are approved for the treatment of obesity are only
modestly effective, but there has been little effort to evaluate
combinations of drugs. Most chronic diseases require two or
more drugs for severe cases, and it is likely that obesity will
also. Many new drugs are in development, and the future is
bright for treatment of obesity with drugs. Physicians who use
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drugs for obesity must individualize treatment for each pa-
tient and consider at regular follow-up intervals if the drugs
are effective or the dose or type needs to be changed.
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Introduction

As obesity becomes identified as the most significant
pathogen in the developed world and as obesity-related dis-
ease now challenges smoking as the principal contributor to
premature death, seeking an effective solution to the obesity
epidemic represents our greatest public health challenge at
present. Prevention is clearly the optimal goal but, with 
present-day data indicating progression of the epidemic, ef-
fective preventive programmes that will impact on the broad
community problem are still to come. At this time, there is no
non-surgical method for predictably achieving major weight
loss in obese people and maintaining that weight loss for an ex-
tended period. Programmes at present involving diet, behav-
ioural modification, exercise and activity, with or without
drug supplementation, are able, at best, to achieve a modest
weight loss, which is generally sustained only for the duration
of the programme.

Surgical methods have been known to achieve substantial
and durable weight loss for half a century and yet they 
have not achieved a significant impact on community 
health. Only a small fraction of obese people have been 
prepared to seek the surgical approach to their problem 
because of the risks of death or complications, the invasive-
ness and the costs. With the introduction of new techniques, in 
particular laparoscopic adjustable gastric banding, and 
with the application of minimally invasive approaches to 
all forms of obesity surgery, it is timely to review the range 
of surgical options and their potential strengths and 
weaknesses.

The evolution of surgical technique

The initial phase (1950–70) —small bowel bypass

Surgical management of obesity began with the introduction
of the jejuno-ileal bypass (JIB) in the 1950s. In this procedure,
the proximal jejunum was diverted to a distal part of the gut,
leaving a long segment of excluded small intestine and
marked reduction in absorptive capacity. Many variations ex-
isted. Atypical pattern is shown in Fig. 26.1, in which the prox-
imal 35 cm of proximal jejunum was joined end-to-side to the
last 10 cm of ileum (Fig. 26.1). The JIB procedures represented
the best and the worst of bariatric surgery. Major and sus-
tained weight loss was achieved and there were impressive
health benefits, particularly in relation to lipid metabolism.
However, it caused serious problems including copious offen-
sive diarrhoea, electrolyte imbalances, oxalate calculi in the
kidneys and progressive hepatic fibrosis with eventual liver
failure and, for these reasons, was generally abandoned dur-
ing the 1970s in favour of stomach-stapling procedures 
(Jorizzo et al., 1983; O’Leary 1983; Corrodi, 1984; DeWind and
Payne, 1985; Parfitt et al., 1985).

The middle phase (1970–90) —stomach stapling

The Roux-en-Y gastric bypass (RYGB) operation was intro-
duced by Edward Mason in 1960 (Mason and Ito, 1967). In this
procedure, the stomach was completely partitioned into a
small upper gastric pouch, draining into a Roux–en-Y limb of
proximal jejunum of variable length, from 40 to 150 cm, and a
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distal excluded stomach (Fig. 26.2). This procedure provided a
hybrid between the malabsorptive approach of JIB and later,
more purely restrictive operations. It has undergone various
modifications over the subsequent 40 years and still serves us
well as an effective anti-obesity operation. However, its draw-
backs of perioperative deaths and significant perioperative
and late morbidity, although markedly less threatening than
those of JIB, have nevertheless been sufficient to cause most
obese people to stay away.

Dr Mason and his colleague Dr Printen (Printen and Mason,
1973) then introduced a purely restrictive operation of gastro-
plasty. The procedure involves partitioning the stomach into a
small upper pouch draining through a narrow stoma into the
remainder of the stomach. Numerous variations of this proce-
dure have followed, the most significant variant being the 
vertical-banded gastroplasty (VBG), which was first de-
scribed by Dr Mason in 1982 (Mason, 1982) and is shown in Fig.
26.3. It was hoped that this group of operations would provide
greater short- and long-term safety and yet retain the power of
gastric bypass. Unfortunately, both randomized controlled tri-
als and observational studies have consistently shown that it
has failed in both aspirations (Pories et al., 1982; Sugerman et
al., 1987; Hall et al., 1990).

In the meantime, there was a resurgence of malabsorptive
surgery with the Italian surgeon Nicolo Scopinaro introducing
the biliopancreatic diversion procedure (BPD) (Scopinaro et
al., 1979). It too has undergone change with time and experi-
ence. The basic procedure involves distal gastrectomy, leaving

a proximal pouch of 200–500 mL, a 200-cm length of terminal
ileum anastomosed to the gastric pouch, and the biliopancre-
atic limb entering at 50 cm from the ileocaecal valve (Fig. 26.4)
(Scopinaro et al., 1996). The most notable remodelling of the
procedure is the so-called duodenal switch variant (BPD-DS)
proposed by Picard Marceau’s group in 1995 (Marceau et al.,
1998), in which a longitudinal gastrectomy enabled retention
of the gastric antrum with, hopefully, controlled gastric emp-
tying, and the ileal limb was anastomosed to the proximal
duodenum (Fig. 26.5). The benefit of this variation remains
controversial.

35 cm

10 cm

Fig 26.1 Jejuno-ileal bypass.

Bypassed
stomach

Small gastric
pouch

15–30 mm

Division

Roux limb
40–150 cm

Fig 26.2 Roux-en-Y gastric bypass.

15-mm pouch

Sutures

1-cm-length
band

Six rows of staples

Fig 26.3 Vertical-banded gastroplasty.
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The current phase (1990–present) —minimally
invasive and adjustable procedures

This phase is characterized by the advent of the laparoscopic
adjustable gastric band (LAGB), with the particular features of
minimal anatomical disturbance, adjustability and potential
reversibility (Belachew et al., 1994; 2001). Also there has been
the introduction of a laparoscopic approach to gastric bypass
(Wittgrove et al., 1996) and biliopancreatic diversion (Ren et al.,
2000).

Adjustable gastric banding had first been proposed by two
Austrian surgical researchers, Szinicz and Schnapka, in 1982
(Szinic and Schnapka, 1982). The idea was brought into clinical
practice by Lubomyr Kuzmak in 1986 (Kuzmak et al., 1991),
but did not attract major interest until the advent of the tech-
nology that enabled the performance of complex laparoscopic
surgical procedures became widespread in the early 1990s.
The BioEnterics® Lap-Band® system (LAGB) was specifically
designed for laparoscopic placement and was introduced into
clinical practice by Mitiku Belachew from Huy, Belgium, in
September 1993 (Fig. 26.6). Because of the dual attractions of a
controlled level of effect through adjustability and of laparo-
scopic placement without resection of gut or anastomoses,
this procedure has rapidly become the dominant bariatric pro-
cedure in all regions of the developed world except, thus far,
the USA, where its introduction was delayed by regulatory re-
quirements until June 2001.

Overview of outcomes from 
bariatric procedures

The most important single outcome in treating obesity is 
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Fig 26.4 Biliopancreatic diversion.

Fig 26.5 Biliopancreatic diversion with duodenal switch.
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Fig 26.6 Laparoscopic adjustable gastric banding.
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improvement in health. Second, we seek improvement in
quality of life. Measuring weight loss itself is inappropriate as
a single endpoint. It is measuring the means to the end. With-
out improvement in the comorbidities of obesity, the achiev-
ing of weight loss is not relevant to community health care.
However, by tradition, weight loss has been and is still the first
parameter that is examined and reported. We will stay with
this tradition by first reviewing the effectiveness of bariatric
surgical procedures in causing weight loss and then reviewing
the effects on health and quality of life.

Weight loss outcomes from bariatric surgery

Weight loss can be described in different ways, each of which
has its advantages and drawbacks. We will use the percentage
of excess weight lost (%EWL) as our preferred method. Ab-
solute weight change (in kilograms or body mass index (BMI)
units or percentage of weight lost) fails to recognize the signif-
icance of initial weight as a variable in estimating or compar-
ing effects. Percentage of BMI lost (%EBL) is arguably the most
relevant to health status and may become preferred but at pre-
sent lacks broad usage. Most reports provide %EWL, thus al-
lowing comparison between studies.

Reports of short-term weight loss are not relevant when as-
sessing a long-term effect. Ideally, weight loss as an outcome of
bariatric surgery should not be considered at less than 5 years’
follow-up. However, there are surprisingly few reports that
can provide such data. We will restrict our examination to
those reports that have included at least 100 patients and that
provide at least 1 year of follow-up data, expressing the out-
come in the terms of %EWL. In the tables, we have included all
the studies we could find that provide the data that fulfil these
requirements.

A number of significant observations can be drawn from
these tables and figures: 
1 All of the current surgical procedures result in major weight
loss with mean values of between 50% and 80% of excess
weight lost.
2 These levels of weight loss generate major improvement in
health and quality of life. Therefore, the surgical treatment of
obesity is seen to be effective and, as no other methods can
achieve anything like these levels of weight loss, the surgical
approaches are at present the only seriously effective methods
available. The recognition of this overall effectiveness of the
surgical approach is much more important than any debate
about which of the surgical procedures provides the best bal-
ance of safety and effectiveness.
3 Biliopancreatic diversion produces the most weight loss
and, although there are only a small number of reports, these
reports indicate a durable effect well beyond 5 years.
4 Gastric stapling procedures show good initial weight loss at
1 and 2 years, followed by a fading effect that is clearly evident
by 5 years. Interestingly, for a group of operations which have
been in use for more than 30 years, and for which there are nu-

merous publications, we could find only three reports that
give outcome data beyond 5 years.
5 Laparoscopic adjustable gastric banding (LAGB) generates
weight loss more slowly than the other procedures but is as ef-
fective as gastric stapling procedures at 4 and 5 years (Fig.
26.6). The adjustability is expected to allow maintenance of the
weight loss over a longer period than the non-adjustable gas-
tric stapling operations. As the LAGB procedures were only
introduced in 1993, demonstration of the durability of weight
loss will take more time.

Changes in health after bariatric surgery

Obesity generates a wide range of illnesses, to the point where
it could now reasonably be regarded as the worst pathogen in
the Western communities. The following are a summary of the
changes in a selection of these comorbidities to illustrate the
major health benefits that can be achieved by bariatric surgical
procedures. The effects may have been achieved through
weight loss per se, or as a result of changes in anatomy and
function of the gut.

Type 2 diabetes

Type 2 diabetes is the paradigm of an obesity-related illness.
Multiple studies have documented the benefit achieved by all
the bariatric procedures available at present (Pories et al., 1995;
Smith et al., 1996; Dixon and O’Brien, 2002a; Rubino and 
Gagner, 2002). We have studied 50 patients, who were fol-
lowed for 1 year after Lap-Band placement (Dixon and
O’Brien, 2002a). There was a significant improvement in all
measures of glucose metabolism, with complete remission of
diabetes in 32 patients (64%), improvement of control in 13
(26%) and 5 (10%) were relatively unchanged. Importantly,
duration of time with diabetes was a predictor of outcome, in-
dicating that early treatment of obesity is indicated in the
newly diagnosed diabetic.

Weight loss protects obese subjects with or without im-
paired glucose tolerance from the development of diabetes.
From a pool of 1300 severely obese subjects whom we have
treated by LAGB, 85 patients had impaired fasting glucose.
Greater than 90% were found to have normal fasting plasma
glucose at 2 years after the operation. For the general commu-
nity, it is expected that in those with impaired fasting glucose
there will be an annual conversion rate of 5–6% to type 2 dia-
betes. However, none of our patients with insulin resistance
has thus far developed diabetes. Furthermore, with a total of
more than 4000 patient–years of follow-up of patients without
diabetes preoperatively, there has been only a single patient
develop type 2 diabetes. Thus, weight loss following surgery
dramatically reduces the risk of developing the disease.

Importantly, the improvement in diabetes following weight
loss is related to the dual effects of improvement in insulin sen-
sitivity and pancreatic beta-cell function (Dixon et al., 2003a).
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As beta-cell function deteriorates progressively over time in
those with type 2 diabetes, early weight loss intervention
should therefore be a central part of initial therapy in severely
obese subjects who develop type 2 diabetes. For obese patients
with type 2 diabetes, weight loss provides benefit unequalled
by any other therapy, and may prove to be the only therapy
that substantially changes the natural history of the disease
(Pories et al., 1995; Pinkney et al., 2001).

Dyslipidaemia of obesity

Increased fasting triglyceride and decreased high-density
lipoprotein (HDL) cholesterol concentrations characterize the
dyslipidaemia of obesity and insulin resistance (Despres,
1993). This dyslipidaemic pattern is highly atherogenic and is
the most common pattern associated with coronary artery dis-
ease (Koba et al., 2000). Weight loss surgery produces substan-
tial decreases in fasting triglyceride levels, an elevation of
HDL-cholesterol levels to normal and improved total choles-
terol–HDL-cholesterol ratio (Busetto et al., 2000; Bacci et al.,
2002; Dixon et al., 2002). Although elevation of total cholesterol
is not a feature of obesity, hypercholesterolaemia can be con-
trolled by malabsorptive procedures such as BPD (Scopinaro
et al., 1998) and RYGB (Brolin et al., 2000).

Hypertension

There is evidence of a reduction in both systolic and diastolic
blood pressure (BP) following weight loss in association with a
bariatric procedure (Sjostrom et al., 1999). We have studied the
outcome of 147 consecutive hypertensive patients at 12
months after LAGB. Preoperatively, only 17 of these patients
had BP within the normal range, all were on therapy. Hyper-
tension was present in 130 patients preoperatively; 101 of
these were taking antihypertensive medications and the re-
maining 29 were not on therapy. Mean BP for these patients
was 156/97 mmHg prior to surgery.

At 12 months after LAGB, 105 patients had normal BP, 42 re-
mained hypertensive, and only 42 were taking any antihyper-
tensive medication at that time. Mean BP was 127/76 mmHg.
From these data, we found that 80 patients (55%) had resolu-
tion of the problem (i.e. normal BP and taking no antihyper-
tensive therapy), 45 patients (31%) were improved (less
therapy and easier control), and 22 patients (15%) were un-
changed (Dixon and O’Brien, 2002b). We have demonstrated
that the fall in blood pressure is sustained to at least 4 years
after surgery but durability of blood pressure reduction over a
longer period is uncertain (Sjostrom et al., 2000).

Ovarian dysfunction, infertility and pregnancy

Obesity, especially central obesity, is associated with ovula-
tory dysfunction and infertility. In premenopausal women,

weight loss significantly reduces active testosterone by 
reducing total testosterone and increasing the proportion of
bound testosterone due to increased sex hormone-binding
globulin. This change usually restores normal ovulation and
often fertility. Women are advised to use contraception during
the very active weight loss phase following LAGB, usually for
the first year. However, studies reporting pregnancy after
LAGB report unexpected pregnancies in previously infertile
women. These studies also report the value of the adjustability
of the LAGB, enabling reduction of gastric restriction in early
pregnancy to reduce the impact of any hyperemesis and to
allow more favourable nutritional conditions for normal fetal
development. Weight gain is advised in all pregnancies, with
the advised weight gain based on prepregnancy BMI. The
LAGB provides a mechanism during pregnancy to allow 
appropriate weight gain, and can be readjusted, if necessary, 
to prevent excessive weight gain (Dixon et al., 2001a). The 
caesarean section rate and the incidence of gestational 
diabetes and hypertension is also seen to be reduced (Dixon et
al., 2001a).

Gastro-oesophageal reflux disease

Gastro-oesophageal reflux disease (GERD) is more than twice
as prevalent in the morbidly obese (Dixon and O’Brien, 1999);
87 patients who had moderate or severe GERD have been fol-
lowed for at least 12 months after LAGB; 73 (89%) have had
total resolution of the problem, as defined by the absence of
symptoms without treatment for the previous month. Preop-
erative and postoperative pH study and manometry have
been performed on 12 of these patients who had severe symp-
toms preoperatively. The mean DeMeester score was 38 ± 15
preoperatively and 7.9 ± 8 at follow-up (P < 0.001). In all but
one of these patients, symptoms had resolved completely.
Others have also demonstrated that a correctly placed LAGB
and RYGB reduces gastro-oesophageal reflux (Balsiger et al.,
2000a; Weiss et al., 2000; Schauer et al., 2001).

Asthma

There is a positive relationship between asthma and obesity
(Young et al., 2001). Certainly, the physiological changes of
obesity on lung function would aggravate asthma. We have re-
ported major improvement, even remission, of asthma follow-
ing LAGB (Dixon et al., 1999). Our study demonstrated
improvement in all measured aspects of the disease, including
symptoms, severity, need for asthma medications (including
corticosteroids) and hospital admissions. The asthma severity
score fell from 44.5 before operation to 14.3 at 12 months 
after operation (P < 0.005). It is hypothesized that improved
respiratory mechanics and possibly a reduction in gastro-
oesophageal reflux following LAGB may contribute to the 
improvement in asthma.
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Obstructive sleep apnoea

Arange of sleep disorders is associated with obesity. The most
serious of these is obstructive sleep apnoea (OSA). Severe obe-
sity is the greatest risk factor for the development of sleep ap-
noea, with a 10-fold increase in prevalence. Excessive daytime
sleepiness, a disabling and potentially dangerous condition, is
very common in the obese population and is not necessarily re-
lated to OSA (Vgontzas et al., 2000). There are major improve-
ments in sleep quality, excessive daytime sleepiness, snoring,
nocturnal choking and observed OSAwith weight loss follow-
ing LAGB surgery (Dixon et al., 2001b).

OSA and other sleep disturbances have been studied in 313
patients prior to LAGB and repeated at 1 year after operation
in 123 of the patients. There was a high prevalence of signifi-
cantly disturbed sleep in both men (59%) and women (45%).
Observed sleep apnoea was decreased from 33% to 2%, habit-
ual snoring from 82% to 14%, abnormal daytime sleepiness
from 39% to 4% and poor sleep quality from 39% to 2%.

Depression

Depression is common in the morbidly obese. Does the pres-
ence of obesity cause the person to be depressed or does de-
pression cause the person to eat too much? We have
investigated the effect of weight loss induced by LAGB on de-
pression as measured by the Beck Depression Inventory (BDI)
(Dixon et al., 2003b). Preoperative BDI on 487 consecutive pa-
tients was a mean of 17.7 ± 9.5, a level within the range for mod-
erate depression. Weight loss was associated with a significant
and sustained fall in BDI scores, with a mean score of 7.8 ± 6.5
(n = 373) at 1 year after surgery. By 4 years after surgery, the 134
patients studied had lost 54% of excess weight and had a BDI
of 9.6 ± 7.7. Although a small number remained in the major
depressive illness category, the shift of the majority to normal
values for BDI strongly indicates that most of the depression of
obesity is reactive to the problem of obesity rather than a cause
of obesity and is resolved by weight loss.

Changes in quality of life after bariatric surgery

Improvement in QOLis one of the most gratifying outcomes of
bariatric surgery. A number of studies clearly demonstrate
major QOL improvements following LAGB and other proce-
dures (Weiner et al., 1999; Balsiger et al., 2000b; Schok et al.,
2000; Dixon, 2001; Horchner et al., 2001). We reported a large
prospective study of QOL after LAGB, in which we employed
the Medical Outcomes Trust Short Form-36 (SF-36). The SF-36
is a reliable, broadly used instrument that has been validated
in obese people. In our study, 459 severely obese subjects had
lower scores compared with community normal values for all
eight aspects of QOL measured, especially the physical health
scores. LAGB provided a dramatic and sustained improve-

ment in all measures of the SF-36. Improvement was greater in
those with more preoperative disability, and the extent of
weight loss was not a good predictor of improved QOL. Mean
scores returned to those of community normal values by 1 year
after surgery, and remained in the normal range throughout
the 4 years of the study. It is significant that patients who 
required revisional surgery during the follow-up period
achieved the same improvement in measures of QOL. Similar
improvements in QOL have been demonstrated in patients
having LAGB for previously failed gastric stapling (O’Brien et
al., 2000).

Body image

Studies of appearance orientation and appearance evaluation
indicate that the severely obese usually have quite normal
pride and investment in their appearance and presentation
but they evaluate their appearance as being very poor (Dixon
et al., 2002c). Weight loss following LAGB has been shown 
to produce major improvements in self-evaluation of appear-
ance, although it does not return to community normal 
levels. The extent of the improvement in appearance is related
to the percentage of excess weight loss. The discrepancy 
between one’s pride and investment in appearance and pre-
sentation and one’s self-evaluation of appearance is lower
with weight loss, reducing psychological stress (Dixon et al.,
2002).

The Swedish Obese Subjects study

This study is of particular importance because of the large
number of patients studied, the long follow-up and the focus
on health and survival. It commenced in 1987, with matching
of almost 2000 patients seeking obesity surgery with an equal
group of severely obese patients who had medical therapy
alone. The intention is to follow all patients for at least 10 years.
Although the major endpoint of the study, a comparison of
mortality, has not yet been released, several progress reports
have indicated favourable effects in the surgically treated
group. There has been a sustained reduction in incidence of
type 2 diabetes (Torgerson and Sjostrom, 2001) and other car-
diovascular risk factors, a reduction in medication needed to
treat other cardiovascular risk factors (Agren et al., 2002), im-
proved health-related quality of life and a reduction in symp-
toms of depression (Torgerson, 2003). This study, which is still
progressing, should provide valuable information regarding
the risk to benefit balance of obesity surgery. However, the
study has several significant weaknesses. It is not a random-
ized trial and, despite attempts to achieve good matching,
there are many significant differences between the groups.
Furthermore, gastroplasty, which was the principal surgical
procedure used in the study, is now considered obsolete and
has been replaced by more effective procedures.
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Characteristics of the ideal 
surgical procedure

Although no alternative treatment for their problem is yet
available, very few obese people in our community are seek-
ing surgical treatment at present. Over the past 10 years, in the
USA, an average of less than 50 000 have undergone surgery
for weight control each year. On the basis of a prevalence of
morbid obesity (BMI > 40) of 8% (Calle et al., 2003), we can cal-
culate that less than one in 400 of those who have the problem
of morbid obesity are seeking a surgical solution each year.
Clearly, this is not solving a major public health problem and is
almost irrelevant in the overall context of treatment strategies.
For a surgical treatment of obesity to make an impact, it must
become more broadly acceptable to the population at risk.

Table 26.1 lists the characteristics that should be present if
surgical treatment is likely to become broadly acceptable.
• Bariatric procedures need to be performed laparoscopically.
The patient will require it because they do not want the pain,
the scars and the long recuperation. The surgeon will not be
able to justify the higher perioperative complication rates.
• They need to be safe, very safe. There cannot be mortality.
Even the 0.5–1.0% that is the norm for RYGB should be regard-
ed as unacceptable.
• It must be effective, not only in achieving weight loss, but
also improving in the comorbidities of obesity and in quality of
life.
• The effects must be durable. They need to last for years— 5,
10, 15 years— if they are to be considered worthwhile.
• There should be a low need for revisional surgery. There is
no broadly accepted incidence that could be acceptable but
possibly a revisional surgery rate of less than 5% during the
first 10 years would be a reasonable target.
• There must be minimal side-effects. Particularly worrying
are the late nutritional side-effects of RYGB and BPD. Why ex-
change one problem for another?
• With up to 20% of the adult population needing help, an op-
erative procedure has to be able to be done by the broad gener-
al surgical group. It must be relatively straightforward or
death or complications will ensue.

• Whatever we do today is unlikely to be the best treatment in
20 years’ time so the procedure should be easily and totally re-
versible so future options are not excluded.
• Ideally, it needs to be controllable. If the day of the operation
is the last chance we have for setting the parameters, it is likely
that, with time, the settings of the procedure will be subopti-
mal. This does not allow for a durable outcome. The recidivism
of the RYGB is a powerful demonstration of this issue.

Each of the surgical options at present will be examined with
this list of attributes in mind.

Roux-en-Y gastric bypass (Fig. 26.2)

Over the past 20 years this operation has represented the 
gastric stapling procedures to which other gastric stapling
procedures have been compared. There are more short- and
medium-term data available on RYGB than other procedures.
Several prospective randomized controlled trials have com-
pared the operation with gastroplasty (Fig. 26.3) and consis-
tently shown better outcomes (Pories et al., 1982; Sugerman et
al., 1987; 1989; Hall et al., 1990), and gastroplasty in its various
forms should now be regarded as a superseded procedure.
There have been no randomized trials to date comparing
RYGB with LAGB or BPD.

Key technical features

The procedure has evolved significantly during the past 30
years (Fig. 26.2). Important aspects of the present-day tech-
nique include the following: 
• Laparoscopic approach. Increasingly, this is becoming the
standard approach. This approach presents a number of tech-
nical challenges for the surgeon resulting in a procedure that is
considered to be equal to the most difficult laparoscopic proce-
dure of oesophagectomy at present (Schauer et al., 2001) and
therefore has the potential for a higher mortality and morbidi-
ty than the open operation. Nevertheless, the laparoscopic 
approach is perceived by the patient to be less invasive and
preferable. Nguyen and colleagues (2001) performed a
prospective randomized trial of the open vs. laparoscopic ap-
proach to RYGB. They showed improved postoperative respi-
ratory recovery and less wound problems in the laparoscopic
group. Anastomotic leak rates were similar. Wound problems
were more common after open surgery and anastomotic stric-
turing was more common after the laparoscopic approach.
• Total division of the stomach into a very small upper pouch of
15–20 mLfrom the remainder using the linear cutter form of stapling
device. The divided stomach reduces the risk of staple line dis-
ruption but increases the opportunity for postoperative leaks.
• ARoux-en-Y loop of proximal jejunum is formed by division of the
proximal gut, side-to-side anastomosis of the proximal end to je-
junum to create a Roux length of between 80 and 250 cm. The opti-
mal length of the Roux limb, and the benefit of tailoring the
length to the individual patient’s weight, remain to be defined.

Table 26.1 Attributes of an ideal bariatric operation.

Minimally invasive

Safe

Effective – weight loss, comorbidities, QOL

Durable – effective over time

Low reoperation rate

Minimal side-effects

Technically feasible broadly

Reversible

Controllable/adjustable
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• The distal end is taken by either an antecolic or retrocolic path to be
anastomosed to the gastric pouch. The formation of this anasto-
mosis may involve use of a circular stapler with a 21-mm anvil
pass transorally (Wittgrove and Clark, 2000), a linear cutter to
form a side-to-side anastomosis (Schauer et al., 2000) or sutur-
ing a two-layer anastomosis (Higa et al., 2000a).
• The stoma size is a further variable, particularly with the laparo-
scopic approach. With open surgery, a measured stoma of 
approximately 1 cm was planned. With the laparoscopic ap-
proach, there is less ability to set the stomal size because of the
technical limitations. Discussion of technical details of the gas-
trojejunostomy and the avoidance or treatment of leaks from
this anastomosis remains a major activity at meetings of
bariatric surgeons, indicating an unresolved dilemma.

Effects and side-effects

Table 26.2 lists the outcomes from major reports of RYGB.
Overall there has been a perioperative mortality of 0.5–1%, sig-
nificant perioperative complications in 5–25% of patients, a
median length of stay of 6 days, incisional hernia in up to 24%
and a weight loss of 49–62% EWL at follow-up of between 5
and 15 years.

Nutritional problems are frequent and compliance with re-
placement therapy has been shown to be low, leaving the pa-
tient vulnerable to deficiency problems if he or she is lost to
follow-up.

Biliopancreatic diversion (Figs 26.4 and 26.5)

Key technical features

The combination of partial gastrectomy and intestinal bypass

without a blind loop was created by Nicola Scopinaro in 1979
(Scopinaro et al., 1979).
• His technique involves standard transverse hemigastrecto-
my, closure of the duodenal stump, division of the small bowel
at 200 cm from the ileocaecal junction, with anastomosis of the
distal end to the gastric remnant and end-to-side anastomosis
of the proximal end to the distal ileum at 50 cm from the ileo-
caecal junction.
• Since 1986, Scopinaro has tailored the size of the gastric rem-
nant to be between 200 and 500 mL, depending on the preoper-
ative weight and a number of patient characteristics and, more
recently, has reported tailoring the intestinal lengths on simi-
lar grounds (Scopinaro et al., 1998). Establishment of the preci-
sion or validity of these variations has not been reported.
• A prominent variation on the traditional technique is the
duodenal switch (BPD-DS), in which there is preservation of
normal gastric emptying by performing a longitudinal sleeve
gastrectomy, anastomosis of the Roux limb to the proximal
duodenum, and staple closure of the duodenum beyond this
anastomosis (Lagace et al., 1995).
• The BPD and its variant can be performed laparoscopically,
although with difficulty, and high perioperative mortality has
been reported in association with this approach, especially in
the superobese (Ren et al., 2000).

Effects and side-effects

Impressive and durable weight loss is achieved with all vari-
ants of the BPD (Table 26.3). Marceau et al. (1998) reported bet-
ter weight loss with the BPD-DS than a previous series of BPD
but the weight loss in their BPD-DS group is not different from
that achieved by Scopinaro without duodenal switch. Recently
reported data by Scopinaro relate to patients having the post-

Study Time (months)

n 12 18 24 36 48 60 Other

Linner (1982) 174 77

Sugerman et al. (1989) 182 68

Jones (2000) 312 78 62% at 10 years

Maclean et al. (2000) 106 55% at 10 years

Pories et al. (1995) 608 69 58 49% at 14 years

Capella and Capella (1996) 560

Freeman et al. (1997) 121 66 74 71 58 62

Smith et al. (1996) 205 72 70 66 56 62

Balsiger et al. (2000b) 191 68 72 66 63

Oh et al. (1997) 193 87 71 70 56

Wittgrove and Clark (2000) 500 77

Schauer et al. (2000) 275 69 72 83

Higa et al. (2000b) 1040 70

Choban 150 60 62 58 58

Courcoulas et al. (2003) 160 67

The table includes all studies reported to June 2003 in which more than 100 patients are involved and follow-up of at least 12 months is available.

Table 26.2 %EWL after Roux-en-Y gastric bypass – open and laparoscopic.
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1986 variation, which he calls the ad hoc stomach (AHS) type of
BPD. He reports a remarkable constancy of weight lost with
74% EWL at 2 years (n = 1284) and 78% EWL at 12 years (n = 58)
(Scopinaro et al., 1998). Hess and Hess (1998) have studied mul-
tiple variations of intestinal length without establishing a clear
difference in outcomes. The relevance of the technical differ-
ences with respect to weight loss remains to be established.

The primary mechanism of all forms of BPD is malabsorp-
tion, especially of fat. All patients will have foul-smelling
stools, generally 2–4 per day, and excessive wind (Scopinaro et
al., 1998). Whereas fat malabsorption is the aim, malabsorp-
tion of protein and micronutrients are the side-effects.
Scopinaro et al. (1998) measured protein loss in the stool to be
an average of 30 g per day, five times the normal value
(Scopinaro et al., 1998), and recommended a daily protein in-
take of at least 90 g per day to compensate for this. Iron defi-
ciency is expected to occur and anaemia occurs in up to
one-third of patients at 4 years after surgery if prophylaxis is
inadequate (Brolin et al., 1991; Marceau et al., 2001). All patients
need supplemental iron. Because of the low compliance with
oral regimens, parenteral replacement is recommended
(Marceau et al., 2001). In addition, supplements of calcium, the
fat-soluble vitamins, A and D, and the water-soluble vitamins
are important.

Laparoscopic adjustable gastric banding (Fig. 26.6)

Key technical features

This procedure has the potential to fulfil the role of ideal
bariatric procedure as it satisfies or nearly satisfies all the at-
tributes listed in Table 26.1.
• It has been designed as a laparoscopic procedure. It could be
done by open technique, but the safety and the accuracy of
placement would suffer as a result.
• It is safe, 10 times as safe as gastric bypass (Chapman et al.,
2002) and remarkably free of significant postoperative compli-
cations (O’Brien et al., 2002).
• It is effective in achieving good weight loss, of the order of
between 50% and 60% of excess weight (Table 26.2), and there

are major improvements in obesity-related comorbidities and
quality of life (Dixon and O’Brien, 2002b). With up to 6 years of
follow-up data and only 3.6% of patients lost to follow-up, the
effectiveness appears to be durable (O’Brien et al., 2002). There
is not the progressive fading of effectiveness that was charac-
teristic of gastric-stapling procedures. This is presumed to re-
flect the benefit of adjustability. However, longer follow-up
and more studies are required to establish this feature more 
securely.
• The one weakness of the LAGB in the initial years of its ap-
plication has been the need for revisional procedures because
of late problems with prolapse, erosions and tubing problems.
These have now been reduced markedly, with an expectation
that less than 5% will need revisional procedures. However,
this long-term freedom from the need for reoperation remains
to be firmly established.
• The procedure is technically feasible for the surgeons with
competence in laparoscopic abdominal surgery.
• The LAGB can be removed easily by laparoscopic approach,
allowing the stomach to return to its normal configuration.
• The ability to control the degree of gastric restriction
through the adjustability is a unique feature of the LAGB and
arguably its most attractive feature.

Effects and side-effects

The LAGB is a very safe procedure, with perioperative mortal-
ity of less than one in 2000 and a perioperative complication
rate of less than 2% (O’Brien and Dixon, 2002). Late problems
of prolapse, erosions and tubing problems are becoming infre-
quent. In our series, there was prolapse of the stomach through
the band in 31% in the first 400 patients treated, 11% in the next
400 and 2.4% in the last 500. Erosion of the band into the stom-
ach has occurred in 3.2% of our patients but none has occurred
in the last 800 patients treated. There have been no tubing
breaks since the use of a modified-access port design was initi-
ated in March 2001.

Almost all published reports are for the BioEnterics® Lap-
Band® system (LAGB®) and weight loss data for this device are
shown in Table 26.4. There are several other bands now avail-

Study Time (months)

n 12 18 24 36 48 60 72 96

Scopinaro et al. (1998) 2241 74 75 75 76
Marceau et al. (BPD) (1998) 233 61
Marceau et al. (DS) (1998) 457 73
Baltasar et al. (2001) 125 70
Totte et al. (1999) 180 58 63 70
Hess and Hess (1998) 440 74 78 81 80 80 74 75 76
Rabkin (1998) 105 64

The table includes all studies reported to June 2003 in which more than 100 patients are involved and follow-up of at least 12 months is available.

BPD, biliopancreatic diversion; DS, duodenal switch.

Table 26.3 %EWL after biliopancreatic diversion with or without a duodenal switch.
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able but the only other band for which there are any published
data is the Swedish adjustable gastric band (SAGB®) and the
weight loss reported after this band is shown in Table 26.5. It
can be reasonably expected that patients will have lost be-
tween 50% and 60% EWL by 3 years after the operation and
that the effect is stable for up to 6 years. The benefits to health
and quality of life have been impressive and are reviewed
above. Inevitably, there is some loss of patients to follow-up
and it is best practice to assume that these are the least success-
ful. In our study of 700 patients followed for up to 6 years
(O’Brien et al., 2002) there was a loss to follow-up of 3.6%.

With the LAGB we can offer a very safe procedure with no
deaths, a perioperative complication rate of less than 2% and
there is at present approximately 5% likelihood of needing re-
visional procedures in the future (O’Brien et al., 2002). The
LAGB has been shown to be effective in generating major
weight loss and improvement in health and quality of life, and
the effects are achieved gently through its safe laparoscopic
placement and its adjustability.

Conclusions

All bariatric surgical procedures that are available at present
are effective in achieving substantial loss of weight and im-
provement in health and quality of life. For the person with se-
vere obesity (BMI > 35), the surgical approach is the only one
that can offer a predictable benefit in the short and medium
term, and should be considered if the obesity is a significant
problem to the person.

It is likely that all bariatric procedures will be undertaken la-
paroscopically as the standard and, on the basis of present-day
data, for safety, efficacy and acceptability, the LAGB is the pre-
ferred option as a primary bariatric procedure. More long-
term data (> 5-year follow-up) are needed on all the options,
and careful randomized controlled trials using each technique
optimally and following the patients for at least 5 years would
be very valuable.

Table 26.4 Weight loss after laparosopic adjustable gastric band expressed as %EWL.

Study Months after LAGB® placement

n 12 18 24 36 48 60 72 84

Belachew et al. (2002) 763 40 47 54 73

O’Brien et al. (2002) 706 47 51 52 53 52 54 57

Cadiere et al. (2000) 652 58 68

Zinzindohoue et al. (2003) 500 52 55

Fox et al. (2003) 105 61 74 72 60

Vertruyen (2002) 543 38 61 62 58 53 52

Dargent (1999) 500 56 65 64

Toppino et al. (1999) 361 42

Fielding et al. (1999) 335 52 62

Paganelli et al. (2000) 156 43

Weiner et al. (1999) 184 58 87

Niville and Dams (1999) 126 48 58

Berrevoet et al. (1999) 120 46 53

Total 4865 46.4 56.0 59.4 61.2 56.2 53.5 57 52

The table includes all studies reported to June 2003 in which more than 100 patients are involved and follow-up of at least 12 months is available.

LAGB®, laparosopic adjustable gastric band.

Study Time (months)

n 12 18 24 36 48 60

Ceelen et al. (2003) 625 46 50 47

Victorzen and Tolonen (2002) 110 52

Steffen et al. (2003) 824 30 41 49 55 57

Mittermair et al. (2003) 454 72

The table includes all studies reported to June 2003 in which more than 100 patients are involved and follow-up of at least 12 months is available.

Table 26.5 %EWL after the Swedish adjustable gastric band (SAGB®).
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Some general considerations on 
weight maintenance

Over the last few years, a paradigm shift has been observed as
regards the feasibility of long-term weight loss. Clinicians
were once satisfied if substantial weight loss could be intro-
duced in patients, but realized that relapse was more the rule
than the exception. In this early era, the famous quotation by
Stunkard was made: ‘Most of those who are obese will not go
into obesity treatment, most of those who go into treatment
will not lose weight and most of those who lose weight will re-
gain it’ (Stunkard, 1958). This extremely negative view was
later challenged when it was realized that weight loss could
generally be accomplished in a great number of obese individ-
uals. It also became apparent that focus had to be shifted much
more on to weight loss maintenance and prevention of weight
regain after the initial treatment period.

Our own study in 1985 was actually one of the first to
demonstrate that with standard conventional treatment tools,
such as diet, exercise and behaviour modification, substantial
weight loss could be achieved and maintained over a 4-year
period (Björvell and Rössner, 1985).

When these patients were reinvestigated 10–12 years later,
almost all weight loss achieved at the 4-year follow-up had
been maintained 6–8 years later, as shown in Fig. 27.1 
(Björvell and Rössner, 1992). Admittedly, this was a result 
obtained in a selected group, supervised by a PhD student
with an interest, far more than what then could be expected in

a routine clinical setting, and without a control group. Never-
theless, the study still demonstrated that weight loss mainte-
nance was possible.

Effects of weight loss

In the late 1980s, focus began to shift and it was realized that
weight normalization was an impossible dream. Furthermore,
weight loss normalization was not even necessary for impor-
tant metabolic benefits to take place. The classical Goldstein
meta-analysis from 1992 demonstrated that a 5–10% weight
loss was enough to achieve significant improvement with re-
gard to obesity-associated metabolic risk factors, with im-
proved glycaemic control, reduced blood pressure and
cholesterol levels (Goldstein, 1992). Several studies were sum-
marized, demonstrating that as little as 5% weight loss also
had beneficial health effects. It may indeed seem astonishing
that such a small percentage of weight loss can improve health.
An individual taking part in a weight loss programme, doing
quite well, by most standards, and losing from 115 to 105 kg,
will of course still remain obese and may not look much differ-
ent in appearance, although the health status and metabolic
risk factors have improved markedly.

A lowered obese body weight has furthermore been shown
to affect the subjective experience of the health-related quality
of life positively. Such effects include making daily tasks easi-
er, with reduced obstacles in physical mobility and improve-
ments in the person’s general health perception (Karlsson et
al., 1998; Wing and Hill, 2001).
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Besides the positive health benefits of a lowered body
weight, beneficial effects on psychosocial functioning and
mental aspects of quality of life are also known. Psychosocial
functioning has been shown to improve with weight loss. With
a reduced body weight, less obstacles were perceived concern-
ing activities such as social gatherings, buying clothes, going
away for holidays, bathing in public and having intimate rela-
tions with a partner (Karlsson et al., 1998). Mental aspects of
quality of life, such as mental well-being, are also positively re-
lated to reduced body weights. Overall mood, anxiety and de-
pression have been found to improve with long-term weight
loss in various treatments according to some studies, although
the size of the effect of some of these associations is small
(Karlsson et al., 1998; National Task Force on the Prevention
and Treatment of Obesity, 2000).

How should obesity be measured?

Studies on the efficacy of long-term weight loss programmes
have generally used the body mass index (BMI) with the
World Health Organization (WHO) definitions for obesity as a
tool to characterize the patients under study (WHO, 2000). Al-
though this is a useful standard that has been applied in almost
every study on obesity treatment for the last 20 years, more at-
tention has been brought to the fact that measurement of ab-
dominal fat may be more important.

Recently, it has been demonstrated that abdominal obesity,
as measured by the waist–hip ratio (WHR) is an independent,
potent risk factor for stroke in several ethnic groups and is 
an even stronger predictor than BMI (Suk et al., 2003). The
WHR has been used as a supplement to identify individuals at
risk, but it has been questioned whether the introduction of the
hip circumference in this ratio confuses the picture. A high
WHR, indicating a propensity for metabolic risk, may actually
not only be the result of an extended waist circumference, but
also could reflect a reduced hip circumference, due to changes
in muscle mass, effects of certain types of pharmacotherapy,
etc.

Waist circumference is an easier and possibly more relevant
way to assess the metabolic risk factors associated with the ab-
dominal obesity (Han et al., 1995; Lean et al., 1998). Long-term
mortality data suggest that waist circumference as an indica-
tor of the risk associated with obesity may be more crucial than
BMI (Bigaard et al., 2003). Thus, when considering long-term
evaluations, waist circumference may be even more relevant
for assessing health risks than BMI.

Natural weight development

Figure 27.2 illustrates the clinical realities of long-term weight
control. As basal metabolic rate decreases with age, in most so-
cieties an increase of body weight is observed over time. As an
example, our cross-sectional Swedish data suggest an increase
in body weight of 2–3 kg per decade (Kuskowska-Wolk and
Rössner, 1990). If this is the situation for the general public, the
weight development in obese subjects is even steeper.

Figure 27.3 demonstrates the weight trajectory in control
subjects in the Gothenburg SOS study (Swedish Obese 
Subjects) (Sjöström et al., 1992). As can be seen from this figure,
the weight increase over time is quite pronounced for both
men and women and all age groups. Taken together, this
means that a therapist working with a patient who can main-
tain his weight for a significant period of time actually repre-
sents a degree of therapeutical success. Aproblem, however, is
that although most therapists will see this as a treatment 
success, their patients will regard the lack of weight loss as a
failure. What is often expected is weight normalization, 
something that would practically never happen in reality. The
best therapists and patients can hope for is a result somewhere
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between the curves 2 and 3 in Fig. 27.2. In clinical reality, this
would correspond to a weight loss of between 5% and 10%.
Once the nadir has been achieved, it is reasonable to assume
that unless more and more efforts are made, these curves will
also start to slope upwards in parallel with the top line in the
figure.

The weight loss plateau

It is interesting that irrespective of treatment (whether diet, 
exercise, behaviour modification or pharmacotherapy), most,
although not quite all, treatment programmes result in 
continuous weight loss for about 6 months, after which weight
loss will plateau. Thus, strategies, whatever method is being
used, have to change from the initial weight loss period to the
maintenance phase. Reassurance, support and acceptance are
important components of the treatment, so that the patient un-
derstands and hopefully accepts that further weight loss may
not take place. Although some individuals might find it diffi-
cult to accept that weight loss does not continue, the plateau
can actually quite easily be explained on physiological
grounds. With the reduction in lean body mass, which is an in-
evitable consequence of any weight loss, the basal metabolic
rate will go down and the overall needs of the individual after
weight loss are lower (James, 1984). Thus, intake and expendi-
ture will balance at a lower level after successful weight loss,
and when this takes place, no further weight loss can be 
expected.

Factors affecting weight loss maintenance

Identifying factors facilitating weight loss maintenance is of
interest, as they can enhance our understanding of the behav-
iours and prerequisites that are crucial in sustaining a lowered
body weight. Such knowledge has implications for what
strategies should be entrained and encouraged in treatment
and the advice given at the weight maintenance phase, as well
as selecting persons who are likely to succeed for the longer

term in obesity treatments. The last strategy is a necessity for
effective use of the limited resources available to treat the in-
creasing numbers of obese persons today. It also enables a pro-
fessional awareness of the risk of exposing a patient to
additional aversive psychological consequences of experienc-
ing failure in treatment (Wooley and Garner, 1991).

Definition and prevalence of weight 
loss maintenance

In looking at factors for weight loss maintenance, a definition
of what constitutes weight maintenance should first be con-
sidered. Weight loss maintenance implies a sustained weight
loss that had been accomplished by treatment interventions or
by own efforts. This is the general definition shared across
studies performed, although the specific criteria used differ. A
more precise definition that has been suggested is: ‘Achieving
an intentional weight loss of at least 10% of initial body weight
and maintaining this body weight for at least one year’ (Wing
and Hill, 2001).

This definition includes an initial amount of weight loss.
There must first be some agreement on how much weight loss
should be considered as a ‘success’ in treatment. The deliber-
ate nature of weight loss is emphasized, as unintentional
weight loss obviously has very different causes and effects.
The definition also includes the duration of time for which the
lowered weight has been sustained.

The time of assessment for evaluation of weight mainte-
nance can also differ. Pretreatment factors determining later
weight loss maintenance have the greatest informative value
for treatment assignments. Another approach is to assess the
patients at the time of admission, from active treatment, and
predict further weight development from these characteris-
tics. Alast tactic is to retrospectively identify those who can be
classified as successful weight loss maintainers and describe
the behavioural characteristics of these persons as they mani-
fest at the time of ‘success’. The latter approach can give infor-
mation on the behaviours and strategies that could be more
focused and encouraged in treatment programmes, rather
than on treatment assignment.

In our evaluation of factors affecting weight maintenance
we have included studies with these different methodological
approaches, and with a broad definition of weight mainte-
nance implying intentional weight loss that has subsequently
been maintained for at least 6 months. The studies include 
patient samples as well as general population samples. With
this rather broad inclusion criterion, a fuller description of
possible factors in weight maintenance could be derived,
which enables a model of weight maintenance to be further
considered.

Furthermore, as behavioural factors have been considered
to be stronger predictors of weight maintenance and regain
than physiological factors, we have focused on the former in
favour of the latter (Wing and Hill, 2001).
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Prevalence of weight maintenance

Quite optimistic results on weight loss maintenance are re-
ported from a telephone survey in a US population sample.
Weight loss maintenance for 5 years or more was reported by
around 25% of those who had deliberately lost at least 10% of
their maximum body weight (McGuire et al., 1999a).

Looking at patient samples, a median of 15% could be iden-
tified as successful weight maintainers in a review of 17 clini-
cal studies. In this review, weight maintenance was defined as
maintenance of the entire weight loss or ≥ 9–11 kg of the initial
weight loss at follow-up periods of at least 3 years (Ayyad and
Andersen, 2000). The successful weight maintenance results
in the studies reviewed ranged from 0% to 49%. If the patients
lost to follow-up were considered to be failures, which is rea-
sonable, the median success rate was 13%, with a range of
0–35% success (Ayyad and Andersen, 2000).

Weight loss goals

It is common for patients to have unrealistic expectations
about the weight loss that will be achieved by treatment. In one
study, none of the participants achieved the ‘dream weight’ for
which they had hoped, and most of them ended up with a
weight loss that they had considered as a failure before treat-
ment, even though the standard treatment programme was
well designed and executed (Foster et al., 1997). Heavier pa-
tients and men had lower target weights (Foster et al., 2001).
The fact that expectations regarding the goal weight may be
unrealistic has been confirmed in other studies (Linne et al.,
2002). However, according to these results, men were more re-
alistic in their approach to what could be achieved with a
weight loss regimen than women.

The weight goals may be one factor in determining if the
person will succeed or fail at maintaining a lower body 
weight (Marston and Criss, 1984; Jeffery et al., 1998). Those
who later maintained their weight were more likely to have
achieved their self-determined goal weight. It has been 
suggested that the failure to reach a self-determined weight
may discourage the person’s belief in their ability to control his
or her weight and result in an abandonment of weight mainte-
nance behaviours (Cooper and Fairburn, 2001). However, we
have little scientific evidence that modifying weight loss goals
would be important for subsequent results.

Weight loss patterns

Initial weight loss has been identified as a predictor for later
weight loss, and also for weight loss maintenance in various
treatments (Astrup and Rössner, 2000; van Baak et al., 2003).
The greater the initial weight loss, the better is the subsequent
outcome. Such a predictor tells us that there is a consistent
weight loss pattern from the beginning of the treatment. Initial
weight loss can also reflect a better compliance with the treat-

ment (van Baak et al., 2003). However, information on initial
weight loss provides little understanding of the underlying
factors contributing to success or failure.

According to other results, larger weight losses during in-
tentional weight loss have predicted more weight regain
(McGuire et al., 1999b). This suggests that greater weight lost
can also imply there is more weight to be regained. It is still 
unclear how the early weight loss response that predicts 
long-term outcome should be defined. The complexity in 
evaluating the predictive value of weight loss patterns can be
illustrated by a recent analysis of two long-term clinical trials
with orlistat (Rissanen et al., 2003). In this analysis, weight loss
of > 5% body weight after 12 weeks of diet and orlistat was a
good indicator of 2-year weight loss, whereas ≥ 2.5-kg initial
weight loss during the 4-week lead-in (European guideline re-
quirements) and ≥ 10% weight loss after 6 months did not add
significantly to the prediction of the 2-year outcome.

Time of duration of weight loss has also been studied. The
longer the weight loss has been maintained, the better are the
chances for further continuation of a lower body weight
(McGuire et al., 1999b; Wing and Hill, 2001). The subjects who
have maintained weight losses during a longer time report
that they use less effort for continuing weight control (Klem et
al., 2000a). The pleasure derived from controlling weight was
not changed over time, suggesting a shift in balance towards
more pleasure overall, which can promote further mainte-
nance of body weight.

Physical activity

Physical activity is related to long-term weight maintenance,
according to many findings (Kayman et al., 1990; Schoeller et
al., 1997; Wing and Hill, 2001). Physical activity facilitates
weight maintenance through direct energy expenditure and
improved physical fitness, which facilitates the amount and
intensity of daily activities (Saris, 1998). Walking is one of the
most frequent aspects of physical exercise reported; cycling
and weight lifting also have some popularity (Wing and Hill,
2001). In the STORM study, leisure-time activity predicted
weight maintenance in sibutramine treatment (van Baak et al.,
2003). Such leisure-time physical activity included time spent
walking and cycling, and as a type of displacement effect less
time spent watching television. It is suggested these factors
can discriminate a sedentary life style from a more active one
even better than a measure of sports activity.

Dietary intake

Weight loss maintenance is obviously associated with lower
caloric intake (Kathan et al., 1982) and reduced portion sizes
(Jeffrey et al., 1984). More specifically, weight maintenance is
also associated with reduced frequency of snacks (Harris et al.,
1994; Westenhoefer, 2001) and less dietary fat (Harris et al.,
1994; Westenhoefer, 2001; Wing and Hill, 2001).
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Reduction of particular food types such as French fries,
dairy products, sweets and meat (French et al., 1994) and
cheese, butter, high-fat snacks, fried foods and desserts 
(Holden et al., 1992) is also seen in persons maintaining their
weight. The importance of high-quality foods such as fresh
fruits and vegetables (Westenhoefer, 2001) and healthy eating
(Ogden, 2000) has also been noted.

A regular meal rhythm has been identified as helpful in
weight maintenance (Westenhoefer, 2001), and regularly eat-
ing breakfast has furthermore been reported among weight
maintainers (Wyatt et al., 2002). It is suggested that breakfast
can reduce hunger, making the breakfast eaters chose less en-
ergy-dense foods during the rest of the day, as well as provid-
ing energy to perform physical activity during the day.

Eating patterns

Generally, eating behaviour has been evaluated during ongo-
ing treatments. The most common measure for eating behav-
iours is the Three Factor Eating Questionnaire (TFEQ)
(Stunkard and Messick, 1985), measuring eating restraint, dis-
inhibition and hunger. Restraint means trying to resist from
eating by conscious determination and control in order to con-
trol body weight. Disinhibition measures loss of control over
eating, and the hunger scale shows the experience of hunger
feelings and cravings for food.

Eating restraint is known to be associated with a lower
amount of food intake (Lindroos et al., 1997), and the restraint
increases with successful weight loss in behaviour modifica-
tion treatments (Björvell et al., 1994; Karlsson et al., 1994). This
means restriction of food intake is accompanied by weight
loss.

The contrary pattern, a decrease in eating restraint and in-
crease in disinhibition have accordingly been found for those
regaining their body weight (McGuire et al., 1999b; Wing and
Hill, 2001). Findings that more restraint is related to more
weight loss are limited, however, in their informative value.
These types of data merely tell us that restraint in food intake
leads to less food consumed and thus more weight loss and
that the control over food intake is crucial in behaviour modifi-
cation programmes, emphasizing the participant’s efforts to
reduce food intake by will.

An attempt towards using data on eating patterns some-
what more prospectively, by comparing the eating patterns at
the time of discharge from treatment in evaluating subsequent
weight development, has also been used. In line with the earli-
er information on eating patterns, this revealed that reduction
of disinhibited eating during active treatment was a positive
predictor of post-treatment weight reduction (Cuntz et al.,
2001), and higher levels of dietary disinhibition, assessed after
an intentional weight loss phase, accordingly predicted
weight regain (McGuire et al., 1999b). More hunger at dis-
charge, according to the TFEQ, has also been shown to be a
negative predictor of post-treatment weight development

(Cuntz et al., 2001). This means that more intense hunger 
and disinhibited eating pose a problem for subsequent 
overconsumption.

Another study has analysed pretreatment data on eating be-
haviours as predictors of weight development after treatment.
These results revealed that a high pretreatment score on the
TFEQ hunger scale predicted weight regain at follow-up after
VLCD treatment (Pasman et al., 1999). With more intense
hunger initially, a VLCD treatment has thus not provided a so-
lution to the participant’s eating behaviour on a more long-
term basis. Often, however, the pretreatment TFEQ scores
have not provided predictive information on subsequent
weight loss (Björvell et al., 1994; Karlsson et al., 1994).

On the issue of control over eating behaviours, it has been
suggested that a more flexible control over eating behaviour is
associated with improved weight maintenance than with
more rigid control (Westenhoefer, 2001). Although eating re-
straint is often reported to be associated with weight loss in be-
havioural treatments, such restraint has also been associated
with periods of overeating, and is suggested to be a risk factor
for the development of eating disorders (Tuschl, 1990). The
rigid controls that could be considered as risk factors for such a
subsequent total breakdown of controls can be described as a
dichotomous ‘all-or-nothing’ approach to weight and eating;
it implies extreme behaviours, such as attempts to totally
avoid sweets and liked foods. The flexible controls are rather
characterized by a ‘more-or-less’ approach that can be adopt-
ed as a longer term task (Westenhoefer, 2001). This suggests,
that rigid controls should not be encouraged in the treatment 
of obese patients, although flexible controls should be 
supported.

Binge eating

Binge eating constitutes a more pronounced problem in obese
eating behaviour, which has been recognized in the last few
decades (Stunkard, 1959). The prevailing suggested definition
of binge eating (binge eating disorder), although still not a for-
mal diagnosis, includes the consumption of large quantities of
food without being in control of this behaviour, and also expe-
riencing distress about the binge eating (American Psychiatric
Association, 1994).

Binge eating at entry has predicted greater subsequent
weight regain (McGuire et al., 1999b). Gainers had more binge
episodes per month in the initial assessment, and had also in-
creased their number of binge episodes at 1-year follow-up. A
more profound disturbance in obese eating behaviour can
thus pose a problem in weight maintenance. Binge eating has
also been related to a history of weight cycling (Sherwood et
al., 1999), which would reflect prior failures in maintaining
weight losses. In obesity surgery, the weight regain after 5
years has been found to be considerably higher in binge eaters
than in the patients without binge eating (Pekkarinen et al.,
1994).
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However, others conclude that binge eating status does
seem to be a weak prognostic indicator of weight regain, but
that this relationship can be mediated by psychological dys-
phoria (Sherwood et al., 1999). In yet other studies, binge eat-
ing has not been related to long-term weight loss outcome
(Gladis et al., 1998). Such a finding would suggest that al-
though binge eating obviously implies more profound diffi-
culties with eating behaviour, the binge eaters could also
benefit from standard obesity treatment programmes.

Self-monitoring

Self-monitoring means observing oneself and one’s behav-
iour. Self-monitoring of body weight and food intake are im-
portant factors in weight loss as well as weight loss
maintenance (Wing and Hill, 2001). Regularly weighing one-
self is an example of self-monitoring, as is recording the food
intake consumed. Self-monitoring of food intake is suggested
to reflect one component of cognitive restraint known to be im-
portant for weight control. It could also be suggested that these
persons continue to use self-monitoring strategies that have
been learned during the treatment phase (Wing and Hill,
2001). In weight regainers, self-monitoring has been shown to
decline with time (McGuire et al., 1999b).

Stress and coping

Experiencing stressful life events has been associated with
weight regain (Gormally et al., 1980; Gormally and Rardin,
1981; Dubbert and Wilson, 1984). It may, more specifically, 
be the ability to cope with stress that is crucial for the 
person’s possibility to maintain a weight, rather than the 
actual number of life changes and circumstances that are po-
tential stressors (Gormally and Rardin, 1981; Grilo et al., 1989;
Drapkin et al., 1995; Westenhoefer, 2001). Personality factors
would contribute to the ability to find coping strategies for use
in various life situations, rather than reverting to old eating
habits.

The research findings on regainers describe poor coping
strategies. A common characteristic identified in regainers is
that they tend to eat in response to stressful life events and neg-
ative emotions, which can be evoked by stressors in everyday
life (Gormally and Rardin, 1981; Kayman et al., 1990). Rather
than using direct ways to handle problems in life, it was fur-
ther common to use escape–avoidance ways of coping, which
included eating, sleeping more and passively wishing that the
problem would vanish (Kayman et al., 1990). Persons who are
likely to regain their weight have also reported being more
help-seeking as a way to cope with dietary lapse, such as seek-
ing help from a friend, spouse or family member, or to start a
weight loss programme (Dohm et al., 2001). This finding 
was discussed as suggesting a lack of self-sufficiency or 
self-efficacy.

Overeating could thus be considered as a poor coping 

strategy, and as a reflection of the absence of a mobilization of
more efficient coping. Being dependent on others for help and
having a passive orientation also seem to represent a less suc-
cessful approach than finding one’s own solutions and being
more active.

The maintainers were more prone to report using effective
problem-solving to cope with demands in life, by finding new
solutions to these situations or by using concepts taught in
treatment (Gormally and Rardin, 1981). Others have likewise
shown that maintainers, compared with regainers, reported
being able to cope more easily with cravings (Ferguson et al.,
1992), and to use direct coping to counter relapse (Dohm et al.,
2001). Such direct coping included treating the relapse as a
small mistake, recover and lose weight again, increase exercise
and start controlling food intake (Dohm et al., 2001). The
weight maintainers were less likely to seek help from others as
a way to handle their problem (Dohm et al., 2001).

Attitudes

Persons who were less prone to attribute the reason for their
obesity to medical factors have been shown to be more 
successful in later maintaining weight loss (Ogden, 2000).
Moreover, the successful persons were more motivated to lose
weight for reasons that related to having confidence in them-
selves, rather than pressures from others or medical reasons
(Ogden, 2000). The confidence factors more specifically in-
cluded increasing self-esteem— liking and feeling better with
oneself.

Retrospective studies of successful weight maintainers
have shown more concern with weight, shape and appearance
in women successfully maintaining a lower body weight
(Colvin and Olson, 1983). The women were described as 
having developed a ‘healthy narcissism’ about their appear-
ance and physical condition. This suggests that caring about
one’s appearance and physical condition is important for the
motivation to control body weight. The natural weight devel-
opment in female adolescents has also been shown to be some-
what less with higher physical appearance self-esteem, as well
as social self-esteem (French et al., 1996). It is suggested these
women can have higher levels of self-efficacy in weight-
controlling behaviours.

Furthermore, the women who had maintained their
achieved weight loss were more self-confident and capable of
taking responsibility over their lives and were found to as-
sume responsibility for their need to lose weight. They had 
developed their own personally individualized diets, exercise
and maintenance plans, and had also became more active 
outside the home (Colvin and Olson, 1983). Finding such 
personally adjusted strategies in weight control could be 
considered as a sign of psychological strengths and coping
abilities, as well as an awareness of one’s own role in weight
control.

Other results agreeing with the notion that taking responsi-
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bility for one’s life is important for weight development have
shown that maintainers attribute their success to their own de-
termination and patience (Ferguson et al., 1992). The specific
responses given were often related to having a definitive com-
mitment and making up one’s mind. Autonomy seen in au-
tonomous motivation has furthermore predicted more regular
attendance at a weight loss programme, and also better weight
loss maintenance (Williams et al., 1996).

Personality

The psychological findings suggest these are important as-
pects to consider in understanding obesity-related behaviour.
The underlying personality characteristics enabling a more
comprehensive understanding of the various behavioural
manifestations are, however, so far insufficiently studied in
the research on weight development. According to a study
that has used the personality inventory Karolinska Scale of
Personality (KSP) (Schalling and Edman, 1993) related to treat-
ment outcome, scores of anxiety, monotony avoidance and suspi-
ciousness were negatively related to weight loss maintenance,
whereas socialization positively related to weight loss mainte-
nance (Jönsson et al., 1986). Others have, however, concluded
that the personality traits measured by KSP did not appear to
be important predictors of weight loss or relapse in obesity
treatment (Poston et al., 1999). Considering the positive find-
ings, such a trend would suggest that healthier personality
traits imply better chances to maintain the weight loss, where-
as traits reflecting more of a disturbance can imply somewhat
worse prerequisites.

Other studies on personality specifically aiming at weight
loss maintenance are sparse. The data from the self-report in-
ventory, the Minnesota Multiphasic Personality Inventory
(MMPI or MMPI-2) (Dahlstrom et al., 1982), have generally
given little or no predictive information about subsequent
weight loss (Grana et al., 1989; Lauer et al., 1996). Some scant
findings have been reported, such as hypochondria, predict-
ing poorer treatment outcome in bariatric surgery, as rated by
the surgeons 4 years later (Webb et al., 1990).

Depression

Depression has sometimes been associated with weight re-
gain. More self-reported depressive symptoms at an initial as-
sessment after weight loss have been associated with weight
regain, although it did not contribute as a predictor (McGuire
et al., 1999b), and lower levels of depression, have been associ-
ated with recovery from relapse (Phelan et al., 2003). Others 
have shown no relationship between depression and weight
maintenance, although there was a negative relationship to
weight loss at the end of active treatment (Wadden et al., 1992).
Some negative impact of depression on weight loss mainte-
nance could thus be considered. It could be suggested that the
participants with depression at entry to a weight loss treat-

ment have not received a treatment that is fully targeting their
problems.

Weight cycling

Weight cycling refers to the repeated loss and regain of weight,
although there is no standard definition for weight cycling
(National Task Force on the Prevention and Treatment of Obe-
sity, 1994). Ahistory of weight cycling has been found to be as-
sociated with weight regain after obesity treatment (Haus et
al., 1994; McGuire et al., 1999b). Likewise, patients reporting re-
peated dietary attempts that are related to weight cycling have
been found to be more prone to regain weight (Pasman et al.,
1999). It has been suggested that weight maintenance behav-
iours, such as reduced dietary fat and physical exercise,
should be trained before new weight reduction attempts for
these patients (Haus et al., 1994).

Weight cycling is important to consider here, as it represents
failure in weight maintenance followed by renewed attempts
to reduce weight. Weight cycling has sometimes been associat-
ed with mental distress and psychopathology (Brownell and
Rodin, 1994; Foreyt et al., 1995), although others have found no
such relationship (Simkin-Silverman et al., 1998). They con-
clude that weight cycling does not seem to impact on psycho-
logical health in an aversive way (Simkin-Silverman et al.,
1998). Considering the positive research findings, mental dis-
tress could, of course, also characterize the person being more
prone to diet and also having more difficulties in sustaining
the weight lost, rather than being a consequence.

More disturbed eating behaviours and a higher prevalence
of binge eating have also been noted (Brownell and Rodin,
1994). The greater the number of weight loss efforts, the
greater the occurrence or severity of binge eating. Whether
weight cycling causes binge eating or the reverse could not,
however, be concluded.

Furthermore, the body weight variability in weight cycling
is more definitely related to negative health outcomes, such as
cardiovascular disease and increased mortality (Brownell and
Rodin, 1994). Some results also suggest short-term changes in
weight may be related to long-term increase of body weight
and more obesity (Jeffery et al., 2002).

Methodological considerations in research on
weight loss maintenance

The studies reported are not free from methodological objec-
tions. Furthermore, we have reported significant factors found
in separate studies that have not always have been replicated
in other studies. Physical activity is, for example, not always
related to weight loss maintenance, or is not important in over-
all models including other factors (Dohm et al., 2001). Further-
more, it has been claimed that very few dietary factors have
been shown to be clearly associated with obesity using evi-
dence-based principles and long-term evaluation of weight
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loss. Only fat and energy density have been firmly found to be
positively associated with obesity (Astrup, 2003).

It has been suggested that there is a need for more trials to
understand the strategies for successful long-term weight loss
maintenance, using improved methodology. In most of the
studies so far, the individual importance of each contributing
factor has not been well isolated, and it is often difficult to un-
derstand whether fat reduction, high-fibre or -protein diets,
physical activity or behavioural changes play the major role in
achieving the desired effects. Astrup concludes that 
future clinical trials should take the following facts into 
consideration:
• Patient attention, food provision and visits must be 
standardized.
• Compliance must be checked by the use of biological 
markers.
• Intake of non-fat dietary components must be 
standardized.
• Lifestyle changes must be described in detail.
• Gene–nutrient interaction must be evaluated, the last issue
clearly a question for future research once such genes have
been better identified.

Furthermore, the role of different treatments and the pa-
tient–treatment interaction should be noted. Factors in weight
loss and weight loss maintenance are mostly considered to be
very general. This may be so with some factors, but other pre-
dictors of treatment outcomes in obesity may be more specifi-
cally related to the type of treatment evaluated. For example,
obesity surgery creates quite a different situation for weight
maintenance than does behaviour modification, and each of
these situations may be better suited to patients with different
characteristics. One study has shown that patients with sub-
stantial weight loss by means of surgery or non-surgical
means did differ in their behaviours to maintain weight losses.
The surgical group reported eating considerably more dietary
intake of fat and less carbohydrate and protein than the 
non-surgical control subjects, and further had lower levels of
physical activity (Klem et al., 2000b). Different pretreatment
characteristics of the patients succeeding in two such different
treatment conditions would perhaps be even more intriguing.
Behaviour modification programmes with therapeutic inter-
ventions helping the patient to recognize and deal with emo-
tions would further help some patients to eat less, whereas
receiving nutritional knowledge and help in creating more
structure over eating and lifestyle behaviour will target the
needs of others, manifested by different weight loss patterns.
Pharmacological treatments also create very specific prerequi-
sites for weight loss and weight maintenance if the drug is
used on a more prolonged basis. Asatiety-enhancing drug, for
example, may give the most striking results for patients who
are particularly vulnerable to the need for food and the influ-
ence of physical demand states such as hunger (Elfhag et al.,
2003a). A drug working locally by reducing the fat absorption
may be more efficacious for others. As the drug creates aver-

sive side-effects if dietary prescriptions are not adhered to, the
forced necessity to pay more attention to food consumed and
the adherence to better eating habits could perhaps provide
help related to self-monitoring and meal structure. These are
examples to illustrate how future research could more specifi-
cally consider the type of treatment interventions in relation to
the individual characteristics. Increasing such knowledge
may make optimal individual treatment choices possible,
leading to better long-term results.

Thus, clearly, we need to better understand why weight
maintenance is so difficult, and how it can be promoted. Akey
question may be if physiology, psychology or a combination of
these factors can give us more understanding of the mecha-
nisms of weight loss maintenance (Wing, 2003), and others
suggest the psychological factors in weight maintenance can
be of particular importance and should be more focused
(Byrne, 2002). We also suggest the type of treatment evaluated
should be more considered. One type of treatment approach
may suit some persons well, whereas quite another approach
would suit others, and this will lead to different patterns con-
cerning the maintenance of weight loss.

The issue of measurement used to evaluate long-term out-
comes in obesity should also be addressed. Abdominal fat was
earlier described as being a possibly even more relevant mea-
sure of the health-related consequences of being obese, and
could also be considered as a follow-up measure. Using waist
circumference as a measure would also circumvent the mis-
leading information provided by body weight for patients in-
creasing their physical activity and thus muscle mass. Increase
in muscle mass and decrease of fat tissue may lead to an un-
changed total weight despite a dramatic metabolic improve-
ment. Focusing on waist circumference will also spare some
patients the disappointment in seeing no result on the scale.

The successful weight maintainer

To summarize the findings on factors affecting weight loss
maintenance that we have described, a profile characterizing
the ‘successful weight maintainer’ can be suggested. This
ideal person starts losing weight successfully quite early in
treatment and reaches the self-determined weight loss goal.
Our ideal weight maintainer leads an active life, spending less
time watching television and rather more time on activities
such as walking and cycling. He or she is in control over eating
behaviour and is not overly disturbed by hunger. Food intake
is kept at a lower level, meal rhythm is regular, always includ-
ing breakfast, and healthy foods are chosen in favour of high-
fat food. Snacking is reduced. Cravings can somehow be dealt
with. If experiencing a relapse though, our weight maintainer
can manage to handle this in a balanced way without exagger-
ating this as a detrimental failure. Controls are flexible rather
than rigid and there is a self-sufficiency and autonomy.

Although personality findings were sparse in the research
on weight loss, some conclusions can be inferred from the
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overall findings in the literature. Aconsistent pattern emerges
in which the person likely to succeed in maintaining a lower
body weight has a personality functioning with more
strengths and stability.

Such strengths include a capacity for control and flexible
thinking and also the ability to cope with relapse rather than to
revert to a dichotomous all-or-none thinking. The ability to
create and sustain a meal structure and alter food habits can
also imply psychological resources and capacities. Finding
coping strategies to handle cravings and stressful situations in
life reflect an ability to use creativity and thinking, and come
up with one’s own solutions. Self-monitoring suggests self-
awareness, and self-sufficiency and autonomy would likewise
constitute strengths.

Not surprisingly, this ideal weight maintainer has fewer
inner afflictions and instability such as mental distress, binge
eating and weight cycling, but instead more stability of weight
patterns, eating and emotions. There may be more of an inter-
nal motivation for weight loss, with wishes to become more
confident and feel better about oneself. A healthy narcissism
implying that there is at least some energy invested in oneself,
with caring for oneself, one’s appearance and physical status,
can also be considered as strength.

The regainer has instead more affliction and difficulties in
self-management, and less efficient ways to handle obstacles
in weight maintenance. It seems that a psychological view
could give more understanding of obesity behaviours. More
severe problems related to eating and obesity, as considered
from a personality perspective, can contribute to an explana-
tion of poorer weight loss results from traditional treatment
programmes (Elfhag et al., 2004). In accordance with this psy-
chological pattern, research has shown that middle-aged
women who had kept a lean body weight had better psychoso-
cial adaptation and psychological health (Baghaei et al., 2002).

The possibility of biological disturbances causing greater
hunger that contributes to the factors found in the weight re-
gainers should also be considered. Struggling with hunger
would lead to some of the behavioural manifestations such as
disinhibition, binge eating and cravings, and also to an overall
discouragement and impaired self-confidence. For a listing of
factors associated with weight loss maintenance and weight
regain, see Tables 27.1 and 27.2.

Treatment considerations

Despite the encouraging health benefits from weight loss
maintenance, there are great risks that weight regain will
occur once intervention has ceased. Obesity is difficult to treat
and the long-term weight loss outcome is generally modest in
various types of treatment programmes (Wooley and Garner,
1991; Lean, 1998).

Just as with any other medication, obesity treatment,
whether with diet or pharmacotherapy, will only work if the

treatment interventions are incorporated and adhered to or
the medication is taken. Realization of this problem leads to
different views when considering the management of obesity.
One view considers obesity as a chronic condition as a starting
point, whereas another view is to regard the responsibility
being with the patient. Some important targets in treatment
that may aid long-term management of obesity are also 
suggested.

Obesity as a chronic condition

One trend in understanding the treatment principles for obesi-
ty emanates from the realization that obesity is a chronic dis-

Table 27.1 Suggested factors associated with weight loss maintenance as

described in the text.

Has achieved the self-determined weight loss goal

More initial weight loss

Physically active lifestyle

Regular meal rhythm

Breakfast eating

Less dietary fat, more healthy foods

Reduced frequency of snacks

Flexible control over eating 

Self-monitoring

Better coping strategies

Can find ways to handle craving

Self-efficacy 

Autonomy

‘Healthy narcissism’

Motivation for weight loss: becoming more confident

Socialization

Table 27.2 Suggested factors associated with weight regain as described in

the text.

Fails to reach a self-determined weight goal

Attribution of obesity to medical factors

History of weight cycling

Sedentary lifestyle

Disinhibited eating

More hunger 

Binge eating

Eating in response to negative emotions and stress

Depression

Distress

Poor coping strategies

Escape–avoidance to problem

Passive wishes

Help seeking

Motivation for weight loss: medical reasons, other persons

Personality traits indicating more disturbances
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ease, and that long-term treatment strategies are essential
from the beginning. The characteristics of treatment from the
1980s was a programme lasting less than half a year. Mainte-
nance programmes of longer duration, such as 1 or 2 years, are
now more often recommended. Today many standard pro-
grammes, based on diet, exercise and behaviour modification,
run for up to 2 years, and some of them for longer.

It has been claimed that behavioural change can only be
achieved if treatment involves a long-lasting training process
(Westenhoefer, 2001). Several programmes have taken into ac-
count the fact that obese patients need a long time to adjust to a
new healthier lifestyle. In the behavioural modification
process, changes are introduced one by one, and most patients
start to make the changes in their lives with which it is easiest
to comply. The experience of our day-care unit is that basic be-
havioural changes, such as re-establishing a proper eating pat-
tern with breakfast, lunch and dinner, may take a long time to
achieve. Training obese patients to eat according to the
Swedish so-called plate model, where one-half of the plate is
filled with vegetables (raw or cooked), one quarter with a car-
bohydrate portion (rice, potatoes, pasta, bread) and the last
quarter with a protein component (meet, fowl, egg, fish, shell-
fish, etc.) as recommended by the Swedish food agency, may
take considerable time to become an inherent part of a new 
eating style.

Targets in treatment

Eating more regular meals and making better food choices that
result from behaviour modification programmes were also
recognized as factors contributing to weight maintenance.
Several of the other factors identified and described are also 
incorporated into standard behaviour modification pro-
grammes. Such treatments are based on restriction of calories
and increased physical activity. Behavioural interventions tar-
geting eating behaviour, cognitions and feelings that are relat-
ed to food and eating, and self-monitoring of behaviours are
also integrated parts of such programmes. Recording food in-
take for several days is an example of training self-monitoring
behaviours. Learning to deal with emotions and cognitions
that can lead to overeating require new coping strategies. The
training of self-control and the handling of situations imply-
ing risk for overeating are also stressed (Wadden, 1993; 
Allison, 1995; Melin and Rössner, 2003).

This means that the standard programmes at present are al-
ready targeting some crucial factors that are important for
weight maintenance. Some other factors that are not always
integrated parts of treatment programmes should also be
mentioned.

To start with, some pretreatment factors should be consid-
ered. Special attention may be warranted for patients with pre-
treatment characteristics such as depression, binge eating and
a history of weight cycling, although there are conflicting re-
search findings on the role of these factors in weight mainte-

nance. Excluding patients with these features would, howev-
er, not be warranted, as these patients could be in greater dis-
tress about their situation, having previously attempted to
diet. This may mean that they are in even more need of help. It
is a challenge to find the treatment interventions that do ad-
dress the needs of such patients.

Striving for positive goals in weight loss, such as feeling bet-
ter with oneself rather than starting treatment because of outer
pressure, could also be addressed before starting treatment.

Modifying unrealistic weight loss goals may be an impor-
tant initial task in treatment (Rössner, 1992). It is essential for
patients and therapists to realize at the outset that weight loss
will hardly ever be up to expectations. This is even more cru-
cial when considering the importance of having achieved a
self-determined weight loss goal when it comes to long-term
results.

Furthermore, initial weight loss is often related to better
long-term results, meaning that the patients who are likely to
succeed can be identified quite early in treatment. Arun-in pe-
riod may even be suggested, and the patients who resist losing
weight could be moved to other treatment interventions. This
would be a cost-effective way, as well as sparing the patient
disappointment later in time.

In treatment, it seems important for patients to learn how 
to handle stress in their life situations. Providing support 
for developing self-sufficiency and finding inner strengths,
ideas and capacities would be essential for long-term 
results. Treatments putting the participant in a passive patient
role should perhaps be particularly avoided in obesity 
treatments.

Feeling good about oneself seen in the ‘healthy narcissism’
should also be noted. This could be promoted by acknowledg-
ing the importance of feeling more attractive and liking one-
self more, and recognizing the enjoyment in taking good care
of body, appearance and health.

Other factors that have been less researched could, of
course, prove to be equally or even more important in weight
maintenance. For example, there are results showing that
treatments combining diet with group therapy could be more
successful than diet combined with more traditional interven-
tions (Ayyad and Andersen, 2000). This would suggest that the
patients who were given an opportunity to work with their un-
derlying emotions, needs and thoughts have better resolved
their problems with obesity behaviours. In our clinic, we have
identified difficulties with emotions and an overall more com-
plex psychological pattern that may be related to eating and
staying obese in a subgroup of obese patients (Elfhag et al.,
2003b). Patients with such characteristics may need more ther-
apeutically oriented interventions.

Strategies for the long-term treatment

Interventions providing a more long-term perspective would
be of clinical interest. This does not necessarily mean that pa-
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tients need to be continuously treated. It would, however, be a
challenge to develop more longer term-based strategies and
recommendations. Introduction of weight loss by any stan-
dard method such as diet, exercise, behaviour modification,
very low-calorie diets or pharmacotherapy will always be a
first step. Strategies that have been less tested in long-term
programmes could include aspects such as weight loss main-
tenance with supervised booster sessions or other means. Pos-
sibly also by the addition of a pharmacological agent at a lower
dose or given in repeated periods. The weight maintenance
phase would also include strategies to immediately detect and
treat weight relapse such as initiation of pharmacotherapy or
other active interventions if weight exceeds a preset threshold.
Risk situations may include patients facing a period in their
lives when they may have less ability to comply with a strict
new dietary regimen. Life changes such as starting a new job,
getting married or having children, as well as diseases and
long-term sick leave, are some examples of challenges in the
life situation. Seasonal variations in food intake due to holi-
days or mood fluctuations, such as those related to seasonal af-
fective disorder (SAD), may also make treatment compliance
more difficult.

The role of pharmacotherapy in this long-term strategy is far
from clear. Treatment could be given with standard doses
when weight exceeds a preset threshold. Intermittent treat-
ment has been found to be effective with sibutramine (Wirth
and Krause, 2001) and could be used to lower the total expo-
sure to a drug, which is to be used for several years ahead.
Treatment combinations with drugs with various modes of 
action, possibly at lower doses, could form an alternative 
strategy (see Chapter 25).

Are long-term interventions necessary for 
weight maintenance?

As a consequence of the chronic condition approach, many
standard programmes continue over longer periods of time.
However, such considerable treatment interventions have
also been questioned. It has been argued that such extended
treatment periods are of little benefit to the patient. Finnish
therapists have suggested that what is achieved during the
first year is all that can be achieved, and with extended pro-
grammes only attrition problems arise, whereas little else can
be gained other than frustration (Kaukua et al., 2003).

Another crucial question is if these interventions actually
can lessen patients’ motivation to take responsibility for their
lifestyle changes (Mustajoki and Pekkarinen, 1999). As treat-
ment of longer durations demands considerable resources,
and as the obesity epidemic implies, there are far from suffi-
cient resources to treat the increasing number of obese patients
referred to obesity clinics, the cost-effectiveness of pro-
grammes is becoming more and more crucial. It has been sug-
gested that weight reduction programmes lasting 4–6 months
can be developed to promote subsequent weight loss mainte-

nance. Supporting the patient’s full responsibility for lifestyle
changes is then one of the essential components from the onset
of treatment.

Aless costly weight loss maintenance intervention using the
Internet has been compared to therapist-led interventions,
and the results revealed there were no differences in weight
loss between the groups, although the therapist-led group was
more satisfied with their group assignment (Harvey-Berino et
al., 2002a). Such results suggest that there can be less costly and
equally effective ways to promote a positive weight develop-
ment. Long-term weight maintenance was, however, better
for the patients in the in-person therapist support (Harvey-
Berino et al., 2002b).

Alternative medicine

As long-term weight loss maintenance may be difficult to
achieve, numerous alternative approaches have been tried. A
critical analysis using Cochrane methodology was recently
presented by the Swedish Council of Technology Assessment
in Health Care (The Swedish Council on Technology Assess-
ment in Health Care, 2002). In this extensive analysis, searches
were carried out in Medline, Cochrane library and M-base
and, furthermore, Chinese databases were analysed. Applied
search words were obesity and alternative medicine. In total, 517
papers were identified, out of which 81 were found to be origi-
nal clinical studies. Out of these, only 11 fulfilled the minimal
criteria for appropriate long-term treatment strategies with
adequate methodology. Most studies on alternative therapies
were found to be of short duration, and of those accepted three
were of moderately high scientific value, whereas the others
were regarded as poor. Two studies on hypnosis were among
those considered to be scientifically acceptable with a follow-
up period of up to 2 years. One of these studies showed posi-
tive effects of hypnosis, whereas the other did not (Goldstein,
1981; Cochrane and Friesen, 1986).

Acouple of studies on acupuncture were not adequately de-
signed scientifically or were of such low scientific value that no
conclusions could be drawn. The interesting aspect of the
Swedish analyses was that it was possible to receive access to
Chinese databases, which are often omitted in meta-analyses
for linguistic reasons. Here, 50 such references were scruti-
nized but no conclusions about the value of these alternative
therapies could be drawn.

Alternative ways of approaching obesity are of interest for
future attempts to broaden the choice of interventions. Given
the importance of the patients’ active role and self-sufficiency
in long-term weight loss results, this may also be considered 
in the various alternative treatments. Whereas hypnosis, 
for example, implies the patient is assigned a passive role 
with something ‘being done’ to him or her, an intervention, 
for example transcendental meditation, which has been 
tried in areas including cardiovascular risks and stress
(Alexander et al., 1996; Roth and Creaser, 1997; Vyas and 
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Dikshit, 2002), suggests that the person will accomplish
changes by their own means.
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Introduction

The dramatic increase in the prevalence of overweight and
obesity has not been matched by an increase in the amount of
education and training provided for health professionals, irre-
spective of their discipline. Too often, health professionals ig-
nore the obvious signs or symptoms of a nutritional disorder
within a patient and, if they are overweight, simply instruct
the patient to go on a diet. It is therefore not surprising that in-
tervention only comes when medical complications have be-
come apparent. This oversight reflects a poor understanding
of nutritional issues and a lack of knowledge and skills about
their management. There is limited information provided in
both undergraduate and postgraduate training programmes
and scant attention in specialist medical training. The medical
profession’s appreciation of the medical consequences of obe-
sity is reflected by the absence of specialist units in most re-
gional hospitals and reluctance to consider pharmacotherapy
or surgery for patients most at risk. As clinical teachers have
had little or no training in the subject, they tend not to teach it.
As a result, many doctors neglect clinical nutrition through
unawareness of its potential benefits in the prevention and
treatment of disease.

This chapter will focus first on the education of health pro-
fessionals in nutritional care and then address the deficiencies
in training for the management of overweight and obese 
patients.

Why is it important to educate health
professionals about nutrition?

A health professional’s primary role is, by definition, to care
for his or her patients. As a consequence, they need to fully un-
derstand the fundamentals of nutritional science and be able
to apply these in clinical practice. This will facilitate the fol-
lowing associated professional roles: 
• Educational. Health-care professionals are held in regard by
the public as providers of authoritative information and ad-
vice on food, health and nutrition. Health-care professionals
need to ensure that they remain familiar with up-to-date infor-
mation concerning nutritional health. This should be regarded
as an essential element of their continuing professional 
development.
• Advisory. Health professionals can influence food and nutri-
tion policy in their own hospital setting and within the local
community. They should be encouraged to nominate a lead for
nutrition and, where appropriate, be involved in nutrition
management and the nutrition team. Job plans should reflect
the importance of nutrition as a part of weekly duties.
• Organizational. Health professionals should be encouraged
to initiate or contribute to programmes on nutrition by work-
ing as individuals, through professional societies or other
health-care organizations. Training must include the manage-
ment of this kind of work.
• Investigatory. Health professionals should be encouraged to
consider research into nutritional topics as part of their work.
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This should include both applied basic and molecular science
as well as clinical investigations. Governments, through the
provision of research funding for nutrition, should acknowl-
edge the importance of such research.

Where to start?

Education and training in nutrition

Nutrition fits into every medical discipline. Medical curricula
contain a wealth of information that is relevant to diet and nu-
trition but which generally represents a classical approach
through biochemistry and physiology. It remains uncommon
for nutrition to be taught as metabolism at the whole body
level, thereby enabling health professionals to understand
how function is maintained in health and disturbed by dis-
ease. However, it is generally acknowledged that many re-
cently trained health professionals still have an inadequate
knowledge of the nutritional aspects of health promotion and
disease treatment.

The need for better training in human nutrition is now rec-
ognized in all disciplines of health care. In the UK, the Govern-
ment’s Nutrition Task Force, created under the Health of the
Nation initiative, published in 1994 a ‘Core Curriculum for
Nutrition in the Education of Health Professionals’, which is
globally applicable. The curriculum identifies a minimum
core of essential knowledge for all health professionals: 

The Core Curriculum is divided into three sections: 
• A. Principles of Nutritional Science, including foods and nu-
trient, metabolic processes, physical activity, effect of diet and
nutrient status on biochemistry and organ function.
• B. Public Health Nutrition, including the average diet,
lifestyle and risk factors, dietary reference values, nutritional
surveillance, education and motivation, food policies and
composition.
• C. Clinical Nutrition and Nutritional Support:

– assessment of clinical and functional metabolic state, 
effect of functional state on nutritional intake and status, 
effect of status on clinical outcomes; 
– anorexia and starvation, response to injury, infection and
stress; 
– altered nutritional requirements in relevant disease
states, unusual requirements; 
– general principles of nutritional support, routes of 
support;
– basis of nutrition-related diseases, therapeutic diets,
weight reduction; 
– drug–nutrient interactions.
The aims of the Core Curriculum were to enable health 

professionals to: 
• appreciate the importance and relevance of nutrition to the
promotion of good health, and prevention and treatment of
disease;

• describe the basic scientific principles of human nutrition; 
• identify nutrition-related problems in individuals and the
community;
• give consistent and sound dietary advice; 
• provide appropriate and safe clinical nutritional support,
and know how and when to refer to a specialist in clinical 
nutrition.

To implement the Core Curriculum, training of health pro-
fessionals needs to start at an undergraduate/preregistration
level and then continue through into professional training and
development.

Undergraduate or preregistration training

Every opportunity should be taken to introduce nutritional
concepts into undergraduate training. Nutrition is a key com-
ponent of health and illness and should be identified as such
by students. There is every reason for students to feel engaged
with the science and application of nutrition because good 
nutrition should be a principle followed by themselves. There
have been advances in teaching nutrition. However, the time
allocated to nutritional issues remains difficult to identify, and
information is not available regarding how well nutrition is in-
corporated into curricula using problem-based learning as the
core method of medical education. This needs to be addressed
in the following ways: 
• Nutrition should be promoted as a model subject for teach-
ing across the entire undergraduate curriculum, and the nutri-
tion being taught should be what a health professional needs
to know. Human nutrition can be incorporated as an integrat-
ed theme to link basic sciences, clinical and public health as-
pects of health and disease in the core curriculum.
• Nutrition offers the potential of ‘horizontal integration’
across disciplines as a component of problem-based ap-
proaches. Problem-based learning engages students in small
groups to investigate and solve clinically based problems that
are presented as case scenarios.
• Nutrition is well suited to project work, particularly for
public health nutrition.
• Nutritional screening and assessment should be included
as part of the teaching of clinical skills, and students should be
instructed about relevant practical skills, such as the assess-
ment of swallowing.
• Nutritional topics should be assessed at all levels through-
out undergraduate/preregistration training — the objective-
structured clinical examination (OSCE) provides a practical
examination format. OSCEs are a series of examination sta-
tions in which the student’s skills at tackling a common clinical
problem are observed at each station by an examiner, who
marks the student’s performance using a structured mark
sheet.
• An agreed procedure for clinical assessment of the nutri-
tional status of patients should be included as a core skill; this
should be part of any routine examination.
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• Teaching of nutrition should draw widely on available
skills across disciplines, including medicine, pharmacy, dieti-
tians and nursing.

Nutritional education must not stop at the time of gradua-
tion but continue through the post-graduation period and into
continuing professional development.

Postgraduate and post-registration training —
continuing professional development

Postgraduate nutritional training should form a continuum
with undergraduate training and lead to an appreciation that
nutrition is important in all disciplines of medicine. Health
professionals should be motivated to regard nutrition as im-
portant in the prevention and management of disease. Much
of nutritional learning, whether acquiring knowledge or
skills, will be acquired in a work-based setting. The major ele-
ments will include: 
• assessment of nutritional state and its effect on clinical 
outcomes;
• nutritional requirements in illness and the metabolic effect
of injury and infection; 
• general principles of nutritional support and routes of 
support;
• principles of the dietetic management of nutrition-related
disorders.

Regular multiprofessional teaching sessions on nutrition
should be included as part of training programmes — this
should include guidance on nutritional assessment and nutri-
tional requirements in health and disease, and an appreciation
of nutrition as a determinant of risk. Topics that should be 
addressed include: 
• undernutrition — identification of underlying factors and
their management; 
• overweight and obesity — identification of patients requiring
weight reduction and their management; 
• nutritional risk states — competences in the recognition of
suboptimal nutrition, which may contribute to the risk of ill
health;
• general principles of nutritional support and the manage-
ment of starvation.

Health professionals must ensure that a written statement 
is always made in the clinical notes of patients about their 
nutritional state as part of the history and physical examina-
tion of every new patient. They should be aware of the influ-
ence of nutritional status on susceptibility to illness. Every
discipline should include an appropriate reference to nutri-
tion in their core curriculum, and questions on nutrition
should be included in examinations for higher qualifications.
Inclusion of questions on nutrition in professional examina-
tions, and incorporation into assessment procedures, is the
key to the acceptance of nutrition by teachers and students as
an important and valued subject area.

Crucially, clinical teachers must be encouraged to attend
training courses on nutrition— education and training in nutri-
tion will only become successful when a multidisciplinary
core of staff is established with the necessary experience and
teaching skills.

Training in the management of overweight and
obese patients

An increasingly critical element of nutritional care is the man-
agement of overweight and obese patients. At present, litera-
ture suggests that many health professionals have inadequate
and confused knowledge of best practice in obesity manage-
ment. Among the nursing and dietetic professions, research
has highlighted the limited confidence of these health-care
workers in their ability to assist patients in their attempts to
lose weight. Family doctors often fail to recognize obesity as a
serious medical condition, and commonly recommend weight
management only when an accompanying comorbidity is evi-
dent. Although the assessment of attitudes towards obesity
has been limited, available evidence suggests a very negative
approach to obese people, with many health professionals 
believing its management to be frustrating, time consuming
and pointless.

Health professionals should understand the aetiology and
pathophysiology of increasing body fatness, and appreciate
the importance of prevention and intervention when the con-
dition is established. They should also acknowledge the fami-
lial basis to obesity and bear this in mind when managing the
individual patient. Obesity management may be divided into
a modular training programme to enable health professionals
to gain knowledge and skills in a stepwise manner. Important-
ly, this should also facilitate the acquisition of appropriate atti-
tudes towards patients with the condition.

Such programmes will include the following topics: 
• knowledge and understanding of overweight and 
obesity;
• diet and nutrition; 
• physical activity; 
• counselling skills and principles of behaviour change; 
• assessment skills; 
• therapeutic interventional skills.

An outline of such a modular programme is provided as an
appendix to this chapter.

The aim of such a programme is to better equip health 
professionals with the knowledge, skills and confidence to
help obese and overweight patients to implement lifestyle
change. Additionally, it is essential that health professionals
are fully aware of when, how and to whom to refer within 
or outside their multidisciplinary team. Likewise, special
groups such as adolescent and childhood obesity, obesity during
pregnancy and morbid obesity generally require more specialist
input.
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Long-term weight maintenance

Patients who lose and maintain significant amounts of lost
weight engage in four behavioural patterns: 
• They exercise regularly (1500 kcal or more weekly).
• They weigh themselves regularly (daily).
• They eat a low-fat, low-calorie diet.
• They monitor their food intake.

Continuous vigilance appears to be the key. To foster such
vigilance, long-term contact by health professionals or sup-
port groups is important. Such contact helps maintain motiva-
tion, provides encouragement, protects against relapse and
provides further opportunities to learn new skills. Ongoing
contact with health professionals can help monitor changes
and lapses, provide opportunities to change direction when
necessary and allow referral to new therapeutic options if re-
quired. Continuing contact with a well-motivated and trained
multidisciplinary health team is the key to long-term success.

Summary

Successful management of overweight and obesity requires a
structured education programme that involves all health pro-
fessionals and commences at the outset of their training.
Health professionals need to be appropriately knowledgeable
about the principles of nutrition and nutritional care and be
able to apply these principles in practice when managing over-
weight or obese patients. The implementation of education
and training will necessarily involve universities, training col-
leges for professions allied to medicine, nursing and medical
schools, postgraduate medical institutions, health services
and governments. However, their longer term success is de-
pendent on the commitment and enthusiasm of present health
professionals and all others who are involved in patient care.

Further reading

Centres for Obesity Research and Education (www.uchsc.edu/core).
Department of Health (1995) Nutrition: core curriculum for nutrition

in the education of health professionals. In: Health of the Nation
series. London: Department of Health.

The Intercollegiate Course on Human Nutrition (Royal Medical
Colleges, UK) (www.icgnutrition.org.uk).

The Learn® Program for Weight Management 2000
(www.thelifestylecompany.com).

Appendix

Knowledge and understanding of obesity

This covers physiology, genetics, psychobiology, pathophysiology,
categorization of obesity types and treatment types of obesity.

Aims

• To enhance awareness and understanding of obesity as a 
serious medical condition.
• To extend knowledge and understanding of the aetiology of
obesity and the physiological consequences of excess weight.
• To recognize the medical importance of modest weight loss
and maintenance.

Learning objectives

• To be aware of worldwide and local obesity prevalence and
probable trends for the future.
• To understand the definition and classification of obe-
sity/overweight by body mass index.
• To recognize obesity as a chronic disease and to be aware of
the medical importance and consequences of overweight/
obesity in terms of morbidity and mortality.
• To be aware of the medical complications of obesity and rec-
ognize obesity as a risk factor for various comorbidities.
• To understand the influence of abdominal obesity: defini-
tion, visceral fat distribution, subcutaneous fat distribution,
clinical assessment.
• To understand the direct and indirect costs of obesity.
• To enhance awareness of the social implications of obesity.
• To consider why obesity should be treated and who should
be treated.
• To understand the medical benefits of modest weight loss.
• To increase knowledge of the physiology of weight control
and the implication of endocrine, neurological and gastro-
intestinal systems.
• To be aware of the multifactorial aetiology of obesity.
• To be aware of the importance of realistic weight goals and
the concept of weight cycling.
• To understand the roles of pharmacotherapy and surgery 
as adjuncts to lifestyle management in certain selected 
individuals.
• To increase knowledge of the various local commercial
slimming programmes.

Skills training

• To be able to calculate and classify body mass index.
• To know how to measure and classify waist circumference.
• To know how to assess health risks, cardiovascular risk 
factors and status.
• To be able to determine realistic weight goals for patients
• To appreciate importance of involvement of a multiprofes-
sional team.

Diet and nutrition

This covers nutrition knowledge, dietary manipulation, eating 
behaviour and eating disorders.
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Aims

• To facilitate understanding and awareness of the role of 
dietary advice in the management of obesity.
• To provide a foundation in the dietary knowledge and 
skills required for best practice in the dietary management of
obesity.

Learning objectives

• To increase awareness of the role different macronutrients
play in the aetiology and treatment of obesity.
• To increase awareness of how patterns of food intake and
eating behaviour have changed over the last few decades.
• To enhance knowledge of the energy requirements of obese
subjects and develop the ability to estimate energy require-
ments for individual patients.
• To gain insight and understanding into the appropriate
non-judgemental approach in helping patients make the re-
quired lifestyle changes (linking in with the behavioural
change components of the programme).
• To understand the function, sources and recommended in-
takes of macronutrients and relevant micronutrients, and how
they should ideally be balanced in a healthy diet.
• To be aware of the various dietary assessment methods in
use.
• To understand the phenomenon of energy intake under-
reporting and the practical implications this may have in the
management of such patients.
• To understand the importance of, and practical strategies to
use in, the self-monitoring of food intake.
• To be aware of the importance of matching and tailoring 
dietary strategies to individual patients and practical 
techniques to determine such individualized management.
• To increase knowledge of alternative dieting practices, diet
trends, myths and misconceptions and the nutritional impli-
cations of such practices.
• To understand and develop dietary strategies for eating out,
special occasions, etc.
• To enhance knowledge and understanding of food labels in
relation to weight management.
• To be aware of the energy content of common foods.
• To increase awareness of dietary considerations among va-
rious ethnic groups and vegetarians; knowledge of the nutri-
tional content of various ethnic and vegetarian foods; practical
acceptable strategies for manipulating such diets.
• To understand the importance of eating behaviour on 
energy intake and strategies to manage eating behaviour (link
in with behaviour change sessions).
• To be aware of the diagnostic criteria for eating disorders,
with particular reference to binge eating disorder, and to have
an understanding of appropriate referral strategies.

Skills training

• To develop the necessary skills for appropriate assessment
of dietary intake in obese individuals.
• To be able to calculate energy requirements of overweight
and obese individuals.
• To gain practical experience of how to translate nutritional
aims into realistic food changes that are tailored to the individ-
ual patient.
• To be able to interpret the nutritional information on a food
label.
• To be able to identify rich food sources of various macro-
and micronutrients
• To be able to judge when a client may be presenting 
with a significant eating disorder and who requires further 
referral.

Physical activity

Aims

• To facilitate understanding and awareness of the role of
physical activity in the management of obesity.
• To provide a foundation in the knowledge and skills re-
quired to safely, competently and effectively advise on physi-
cal activity in the overweight and obese populations.

Learning objectives

• To understand how activity trends have changed over time.
• To understand the beneficial effect of exercise on risk factors
associated with obesity— blood lipids, blood pressure, insulin
resistance.
• To be aware of the beneficial psychological effects of 
physical activity on mood, self-efficacy, self-esteem and body
image.
• To be aware of the lack of importance ascribed by 
many patients to the role of physical activity in weight 
management.
• To understand the important role physical activity plays in
the prevention of obesity and the maintenance of reduced
weight.
• To understand the role of physical activity in weight reduc-
tion programmes and the combined effects with diet.
• To gain insight into the common barriers to physical activity
change and practical strategies for tackling such barriers (link
with behavioural management section).
• To increase knowledge of the effects of exercise on 24-hour
energy expenditure and post-exercise energy expenditure.
• To understand the effects of physical activity on 24-hour 
energy intake, post-exercise energy intake and macronutrient
selection.
• To understand the effects of exercise on substrate utilization.
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• To be aware of the effects of physical activity on body mass
and body composition.
• To understand the different exercise intensities and their 
effect on metabolism and weight change.

Skills training

• To enhance skills in assessing habitual physical activity in
obese individuals.
• To enhance skills in recommending a physical activity 
programme — factors to consider, adherence, risks.

Counselling skills

There is widespread agreement that the interpersonal skills of
the health professional, in the way they introduce and recom-
mend behavioural change, contribute significantly to the suc-
cess of cognitive–behavioural treatment (CBT). These generic,
interpersonal communication skills help the health profes-
sional to maximize the therapeutic effect as they guide, moti-
vate and support the overweight patients in changing their
lifestyle. Communication skills are also known as counselling
skills, as they are a major feature of counselling training, but it
is important to recognize that in the case of CBT, interpersonal
skills provide the background for providing treatment and not
the treatment itself.

Aim

• To increase awareness and effectiveness of interpersonal 
interactions in the clinical setting.

Learning objectives

• To be able to create rapport, so that clients feel comfortable
and able to communicate their concerns.
• To understand and empathize with the client’s position.
• To be able to give advice and guidance in an acceptable,
comprehensible and engaging fashion.
• To manage the treatment sessions so that appropriate
progress is achieved, and terminating treatment appropri-
ately and sympathetically.
• To maintain or increase clients’ self-esteem and self-efficacy,
even when treatment outcomes are modest.
• To be able to manage clients in group settings so that partic-
ipants experience the critical elements of a CBT programme,
while also profiting from insights and support from other
group members.

Skills training

• To increase social interaction skills.
• To enhance communication skills.
• To develop treatment management skills.
• To enhance group work skills.

Principles of behaviour change

CBT programmes are based on psychological research that
suggests that certain practices are helpful in achieving behav-
iour change. In the classic CBT treatment programme, the ap-
proach should be educational, cooperative and empirical,
with the therapist and patient working together to discover
how best to apply CBT principles in the individual’s 
circumstances.

Learning objectives

• To be aware of the importance of self-monitoring.
• To understand the concept of functional analysis.
• To be aware of the importance of goal setting.
• To understand the value of self-reinforcement.
• To understand the importance of cognitive restructuring.
• To be aware of the role of learned self-control.
• To understand the need for the clients to adopt a problem-
solving perspective.
• To be aware of the value of recruiting social support for
change.

Assessment skills

Aims

• To be able to make a comprehensive assessment of over-
weight and obese subjects in order to facilitate individualized
management.
• To understand when implementation of treatment may not
be appropriate.

Learning objectives

• To be able to assess the client’s psychosocial history.
• To be aware of specific issues that should be addressed 
related to weight loss — e.g. motivation, goals for change, 
treatment expectations.
• To be able to carry out a comprehensive assessment of 
dietary intake and eating patterns (linking with nutrition and
diet module).
• To be able to assess physical activity.
• To be aware of behavioural contraindications to treatment—
bulimia nervosa, psychiatric disorders, major life crisis.

Therapeutic intervention

Aims

• To be able to identify the appropriate patient, the 
appropriate time and type of medical and/or surgical 
intervention.
• To be aware of the importance of monitoring patients be-
fore, during and after therapeutic intervention.
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Learning objectives

• To be aware of the actions of anti-obesity drugs, appropriate
prescribing and potential adverse reactions.
• To understand the indications and contraindications to the
use of anti-obesity drugs.
• To understand the principles of drug responsiveness and
non-responsiveness and risk–benefit analysis for the use of
anti-obesity drugs.
• To be aware of the potential for weight regain after cessation
of drug treatment and the need to reinforce lifestyle measures
to maintain weight loss.

• To understand the principles of surgical treatment for 
obesity.
• To be aware of the criteria for suitability of obese patients for
surgical treatment.
• To understand the preoperative assessment and periopera-
tive monitoring for patients undergoing bariatric surgery.
• To be aware of the need to follow up patients following
bariatric surgery on a lifetime basis in a multidisciplinary 
clinic.
• To be aware of the longer term consequences of bariatric
surgery.
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Introduction

Although the level of obesity, as defined by the standard WHO
classification, remains low in most Asian countries, many
Asian races appear to be especially susceptible to the develop-
ment of obesity-related illness, even at low levels of body mass
index (BMI). In addition, the health consequences of weight
gain appear to be more intense than in those of European ori-
gin. The exact reasons for these variations in the relationship
between BMI and health risk remain unclear, but they have led
to a debate about the need for ethnic-specific BMI cut-off
points to define overweight and obesity within Asia. This
chapter examines the nature of the relationship between
markers of adiposity and health status in Asians, and explores
possible reasons for the apparent variation between Asian and
Caucasian populations.

The global problem of obesity

Other chapters have highlighted the rise of the obesity epi-
demic to the point where obesity can now be considered one of
the major public health problems facing the world today. It ap-
pears that prevalence rates are increasing in all parts of the
world in both men and women and also in children. Indeed,
overweight, obesity and health problems associated with
them are now so common that they are replacing the more tra-
ditional public health concerns such as undernutrition and in-
fectious disease as the most significant contributors to global
ill health (World Health Organization, 1998). In 2002, non-
communicable diseases accounted for 60% of total mortality
worldwide and 46% of the global burden of disease (WHO,

2002). The major cause of death throughout the world is now
coronary heart disease.

At the physiological level, obesity can be defined as a condi-
tion of ‘abnormal or excessive fat accumulation in adipose tis-
sue to the extent that health may be impaired’ (WHO, 2000).
However, it is difficult to measure body fat directly and so 
surrogate measures such as the BMI are commonly used to 
indicate overweight and obesity in adults. Additional tools are
available for identification of individuals with increased
health risks due to ‘central’ fat distribution, and for the more
detailed characterization of excess fat in special clinical situa-
tions and research.

In the new graded classification system developed by the
WHO (2000), a BMI of 30 kg/m2 or above denotes obesity.
There is a high likelihood that individuals with a BMI at or
above this level will have excessive body fat. However, the
health risks associated with overweight and obesity appear to
rise progressively with increasing BMI from a value below
25 kg/m2, and it has been demonstrated that there are benefits
to having a BMI measurement nearer 20–22 kg/m2, at least
within industrialized countries. To highlight the health risks
that can exist at BMI values below the level of obesity, and to
raise awareness of the need to prevent further weight gain be-
yond this level, the first category of overweight included in the
new WHO classification system is termed ‘preobese’ (BMI
25–29.9 kg/m2).

Obesity in the Asian region

Adults

The WHO estimates that around one billion people through-
out the world are overweight and that over 300 million of these
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are obese (WHO, 2002). However, despite contributing almost
one-half of the world’s population the number of people de-
fined as having obesity within Asia using the official WHO cri-
teria is disproportionately low. The prevalence of overweight
and obesity for men and women aged 45–59 years within dif-
ferent WHO regions is shown in Fig. 29.1. The lowest rates 
of overweight and obesity are found within the countries of
sub-Saharan Africa but the South-East Asia region of WHO,
together with the Western Pacific region, which includes many

countries within Asia, also reported low levels of overweight
and obesity.

Unfortunately, there are no comprehensive data on the
weight status of all countries within Asia, and when data are
available the quality can be variable. Not all countries under-
take national surveys that measure weight and height and,
even if this is undertaken, the data are not always reported in a
format consistent with the WHO BMI cut-off points. However,
there are sufficient nationally representative studies to pro-
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Fig 29.1 Estimates of the prevalence of overweight and obesity in 45- to 59-year-olds in different parts of the world. (Source: James et al., 2001. Reprinted with

permission of the North American Association for the Study of Obesity). Note that 191 countries are included in the subregional groupings, which have been

constructed on the basis of the observed infant mortality rates and life expectancies of the different countries. To illustrate the nature of the regions specified, the

three countries in each subregion with the biggest populations are defined below. Afr D: Nigeria, Algeria and Ghana; Afr E: Ethiopia, Congo and South Africa; Amr

A: USA, Canada and Cuba (all of the countries in region); Amr B: Brazil, Mexico and Colombia; Amr D: Peru, Ecuador and Guatemala; Emr B: Iran, United Arab

Emirates and Saudi Arabia; Emr D: Pakistan, Egypt and Sudan; Eur A: Germany, France and UK; Eur B: Turkey, Poland and Uzbekistan; Eur C: Russian Federation,

Ukraine and Kazakhstan; Sear B: Indonesia, Thailand and Sri Lanka (all of the countries in region); Sear D: India, Bangladesh and Myanmar; Wpr A: Japan, Australia

and Singapore; and Wpr B: China, Vietnam and the Philippines.

Table 29.1 Rates of overweight (%) and obesity within Asia.

Country Source Year Age Men Women

BMI 25–29.9 BMI ≥ 30 BMI 25–29.9 BMI ≥ 30

Australia Dunstan et al. (2000) 2000 25+ 48.3 19.1 30.2 21.8

New Zealand NZ Ministry of Health (1999) 1997 15+ 40.4 14.7 30.1 19.2

Taiwan Lin et al. (2003) 1993–96 19+ 22.3 2.3 19.9 5.6

China Wang et al. (2001) 1995–97 20–74 21.3 2.1 21.7 3.7

Hong Kong Ko et al. (1997) 1997 18+ 28.3 2.5 23.5 3.8

Japan Yoshiike et al. (1998) 1990–94 35–64 24.3 1.9 20.2 2.9

Korea Kim et al. (2004) 1998 19+ 24.3 1.7 23.5 3.0

Malaysia Ismail et al. (2002) 1996 18+ 20.1 4.0 20.4 7.6

The Philippines Villavieja et al. (2001) 1998 20+ 14.9 2.1 18.9 4.4

Singapore Ministry of Health, Singapore (1999) 1998 18–69 28.6 5.3 20.3 6.7

Thailand Department of Health, Thailand (1995) 1991 20+ 12.0 1.7 19.5 5.6
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vide a reliable guide to the true levels of overweight and obesi-
ty within the region. A selection of these data are presented in
Table 29.1 and compared with national data collected in 
Australia and New Zealand.

All countries within Asia had national rates of overweight
and obesity well below that of Australia and New Zealand.
However, it is interesting to note that although there is an enor-
mous difference in rates of obesity between Asia and Australa-
sia, the differential in rates of overweight is considerably less.
The Philippines and Thailand had the lowest reported rates of
overweight and obesity. In Thailand, the 1998 National Nutri-
tion Survey showed that only 17% of men and 23% of women
were overweight or obese, with obesity rates very low. How-
ever, these figures were an increase from the same national
survey 5 years previously. Both Japan and Korea reported very
low obesity rates but the levels of overweight were well above
20% for both men and women. The rates of overweight and
obesity for Taiwanese men are similar to those of mainland
China, but women in Taiwan tended to be heavier. In contrast,
substantially more men and women from Hong Kong were
overweight. The ethnically diverse countries of Singapore and
Malaysia had the highest levels of overweight and obesity
within the region. Surveys of ethnic variation within both

countries showed that subjects of Malay ethnic origin had sig-
nificantly higher body weights than those of Chinese or Indian
background. Comparisons of the weight status of urban and
rural populations consistently reveal significantly lower 
levels of overweight and obesity in rural areas.

Children

Data on the weight status of children within Asia are still in-
complete and suffer from the additional problems associated
with the lack of a universally agreed way of measuring and
defining overweight and obesity in children. A collection of
large-scale surveys of child weight status within Asian coun-
tries is presented in Table 29.2. However, care must be taken in
comparing the figures for different countries as vastly differ-
ent assessment approaches have been utilized. It is also impor-
tant to consider the age of the children surveyed as this also
influences the levels of overweight and obesity experienced.

The prevalence of overweight varied from 0.9% in The
Philippines to 15% in Australia (Table 29.2). In addition, the
prevalence of combined overweight and obesity was reported
to be around 19.5–21.1% in Australia on the basis of the defini-
tion by Cole and colleagues (2000), and as high as 21.3–28.0%

Table 29.2 The prevalence of overweight and obesity in children within Asia.

Country Prevalence of Age range Sample Definition used Date and data source Source
overweight and (years) size
obesity (M/F)

Australia M 19.5%, F 21.1% 2–18 2962 IOTF National Nutrition Survey Magarey et al. (2001)

1995, 2–18 years

China M 8.4%, F 7.0% 6–18 2688 IOTF The 1997 China Health Wang et al. (2002)

and Nutrition Survey

Hong Kong M 13.4%, F 10.5% 25 000 > 120% of median 1996 Survey of Schools Leung et al. (1996)

weight for height

Malaysia M 10.9%, F 8.0% 7–16 6239 NCHS > +2SD 1994/95 Multiethnic study Kasmini et al. (1997)

of children from 22 schools

in Kuala Lumpur

The Philippines M 1.1%, F 0.8% 0–5, 6–10 NCHS > +2SD 1998 National survey Food and Nutrition 

Research Institute,

Manila (2001)

South Korea M 10.6%, F 10.6% 5–16 54 813 Reference centiles Representative national data Korean Association for 

the Study of Obesity

(1998)

Thailand M 17.5%, F 17.7% 0–5 %W/H > 120%, BMI for  1995 National nutrition survey Department of Health, 

M 9.2%, F 10.8% 6–14 age for sex above P95 Thai growth reference Thailand (1995)

Taiwan 28.0%, 21.32% 12–15 1500 110–120% of IBW for  Taipei only Chu (2001)

overweight, ≥ 120%

IBW for obesity

IOTF, International Obesity Task Force; NCHS, National Center for Health Statistics.
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when a standard of more than 120% of ideal body weight (IBN)
was applied to a survey in Taiwan. The differences in the rates
of overweight and obesity among Asians compared with Cau-
casians are less obvious in children than in adults. Although it
is often difficult to compare results obtained using different
definitions of overweight and obesity, it is clear that over-
weight is a serious issue within the children of Asia, with all
populations having at least one in ten children in this category.

Despite this, undernutrition remains a major problem in
some countries in the region. In The Philippines, for example,
among 6- to 10-year-old children, 41% were stunted as defined
by the WHO classification for height-for-age and 30% were
underweight on the basis of the definition of the WHO classifi-
cation for weight-for-age (Food and Nutrition Research Insti-
tute, 2001). In China, the proportion of underweight was 9%
among children aged 6–9 years and 15% among adolescents
aged 10–18 years (Wang et al., 2002)

Relationship between weight and health 
in Asians

The levels of coronary heart disease, diabetes, stroke and 
certain cancers have been rising steadily throughout the
Asia–Pacific region for the last two decades, and cardiovascu-
lar diseases are now the most common cause of mortality
(Western Pacific Regional Office of the World Health Organi-
zation, 1999). Asia already accounts for a sizeable proportion
of the world’s population with diabetes, and the number of
people with diabetes is expected to treble by the year 2030
(Wild et al., 2004). Table 29.3 shows the extraordinary high pro-
portion of cases of diabetes found in Asian countries such as
India, China, Pakistan, Indonesia, Japan and Bangladesh, 
despite the seemingly low rates of obesity detected in these
countries.

A number of studies have compared the relationship 
between increasing BMI or waist circumference and risk of 

ill health in populations of Asian or Caucasian origin, and
reached a conclusion that the level of risk rises much more
steeply in the Asian populations. A recent study by Bell and
colleagues (2002a) analysed cross-sectional data within adults
aged 35–65 years from China, the Philippines and the USA,
and found variations in the relationship between BMI and
blood pressure in different ethnic groups. They found that as
BMI increased, the risk of hypertension increased for each eth-
nic group. However, at BMI levels below 25 kg/m2 the rela-
tionship between BMI and hypertension was significantly
stronger among Chinese adults compared with Mexican
Americans, non-Hispanic white people and black people (see
Fig. 29.2).

Ramachandran and colleagues (1997) used epidemiological
data from an Indian population in Madras, from Mexican
Americans and non-Hispanic white people to examine the re-
lationship between anthropometric measurements and the
prevalence of type 2 diabetes in these ethnic groups. They
found that although white Americans had the highest rates of
obesity, they had the lowest levels of diabetes. The Madras 
Indians and Mexican Americans had equivalent rates of 

Rank 2000 People with 2030 People with 
Country diabetes (millions) Country diabetes (millions)

1 India 31.7 India 79.4

2 China 20.8 China 42.3

3 USA 17.7 USA 30.3

4 Indonesia 8.4 Indonesia 21.3

5 Japan 6.8 Pakistan 13.9

6 Pakistan 5.2 Brazil 11.3

7 Russian Federation 4.6 Bangladesh 11.1

8 Brazil 4.6 Japan 8.9

9 Italy 4.3 The Philippines 7.8

10 Bangladesh 3.2 Egypt 6.7

Table 29.3 Countries with the highest estimates of number of cases of diabetes in 2000 and 2030.

Source: Wild et al. (2004).
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diabetes, occurring at much lower levels of BMI among the
Asian subjects.

In addition, a recent study by Shiwaku and colleagues
(2004) compared metabolic risk factors in Japanese men and
women to a matched group of Mongolians. They found 
that the Mongolians had a higher prevalence of obesity and a
higher body fat percentage but a weaker relationship between
BMI and dyslipidaemia than the BMI-matched Japanese.

Numerous studies have also demonstrated the high levels
of metabolic risk factors at relatively low levels of BMI among
Asian populations. A very large collaborative study within
mainland China, involving some 240 000 subjects from across
China, revealed that levels of hypertension, diabetes, dyslipi-
daemia and risk factor clusters begin to increase rapidly at 
levels of BMI and waist circumference below current recom-
mendations for action in Caucasians (Zhou, 2002).

A smaller study by Jia and colleagues (2002) among a 
middle-income community in Shanghai showed very high
rates of metabolic risk factors at low levels of BMI. This study
on 2776 adults (aged 20–94 years) found that the prevalence of
obesity was only 4.3%, but more than one-third of the subjects
had dyslipidaemia, 9.8% had type 2 diabetes and 58.4% of the
population had hypertension. Deurenbeg-Yap and colleagues
(2001) studied the relationship between BMI and waist cir-
cumference in the multiethnic population of Singapore. They
found a very high absolute risk of having one or more meta-
bolic risk factors in all ethnic groups at BMI levels between 22
and 24 kg/m2, and waist circumference between 75 and 80 cm
for women and 80–85 cm for men. These are well below the
cut-off points recommended for Caucasians by the WHO
(WHO, 2000). Similar findings have been reported for Korea
(Moon et al., 2002), Japan (Liu et al., 1999) and Hong Kong (Ko
et al., 1997). In addition Shen and colleagues (2003) recently
demonstrated high levels of fatty liver among administrative
officers in Shanghai at relatively low levels of BMI.

However, Stevens (2003) shows that the relationship be-
tween all-cause mortality and increasing BMI differs very little
between different Asians populations and is very similar to
that of Caucasians.

Potential reasons for a varying relationship
between BMI and health risk in Asians

Methodological issues

A wide variety of studies have examined the relationship be-
tween adiposity and health in Asian populations. An objective
analysis of these studies suggests that a range of methodologi-
cal issues including how adiposity is defined, how study pop-
ulations were selected and defined as being Asian, how health
risk outcome was defined and how the relationship between
health risk and adiposity was measured, all have potential to
influence the definition of the relationship between adiposity

and health risk in Asians. It is possible that the application of
inappropriate methodology may create or magnify, or con-
versely hide or weaken, any true difference that may exist in
the relationship between adiposity and health in different 
ethnic groups.

Many discussions of the relationship between obesity and
ill health in Asia treat all Asian populations as a single ethnic
entity. Asia makes a major contribution to the world’s land
mass as well as its total population. It is an enormously diverse
region that is populated by peoples of vastly different racial
and ethnic backgrounds. Within most countries of Asia there
are peoples from a range of historical and ethnic backgrounds,
often with their own language, culture and religious practices.
In China today there are at least 56 different ethnic groups, and
although the Han peoples make up 92% of the total popula-
tion, their racial background, physical appearance, language
and culture varies in different regions of China (China Internet
Information Center, 2004). In addition, there continues to be
significant migration within Asia itself, which has created sub-
stantial populations of people of Chinese and Indian descent
throughout many Asian countries. These issues raise ques-
tions as to whether all racial and ethnic groups within Asia can
be treated as a homogeneous group or alternatively whether a
single ethnic or national group can be used to defined the rela-
tionship between adiposity and health in all Asians.

Stevens and colleagues (2002) have highlighted the influ-
ence that the choice of outcomes and the measure of risk 
assessment applied has on determining the relationship 
between BMI and health risk in different ethnic groups. In
their analysis they compared the associations of BMI with
health risk in African-American and Caucasian women in 
the USA using four different outcomes (mortality, diabetes,
hypertension and hypertriglyceridaemia) and three different
risk estimates (absolute risk, relative risk and risk difference).
When attempting to define a BMI that produced an equivalent
level of risk in African-American women to that found in
white women at a given BMI, the values ranged from extre-
mely low to extremely high levels of BMI, depending on the 
outcome and risk assessment method used. For example, 
the relationship between mortality and BMI was much
stronger in African-American women, whereas the relation-
ship between hypertriglyceridaemia and BMI was much
stronger in white women. Stevens argues that mortality
should be the risk marker of choice as it is definite and easy to
measure and because the association between risk factors and
disease events may vary between ethnic groups (Stevens,
2003). However, mortality does have limitations as it reflects
exposure to a wide range of factors, apart from BMI, over a
long period of time.

In many parts of Asia, increases in BMI have only become
significant in recent years. In recognition of these issues, the
WHO Expert Consultation on Appropriate Body Mass Index
for Asian Populations indicated that research should focus 
on markers of adiposity in Asian populations and their rela-
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tionship to risk of developing comorbidities such as hyper-
tension, type 2 diabetes and hyperlipidaemias (WHO Expert
Consultation, 2004). The consultation also suggested that the
rate difference was the best measure for defining the relation-
ship between BMI and health outcome as relative risk can be
greatly influenced by variations in baseline rates of the risk
factor being studied. These methodological considerations
may give cause to re-examine some of the evidence put for-
ward to support ethnic-specific variations in the relationship
between BMI and health risk in Asians. Some comparisons of
health risk have used all-cause mortality as the outcome mea-
sure but many more have used metabolic risk factors such as
hypertension and diabetes. However, most of these studies
have also defined the relationship in terms of relative risk or
rate ratios making true comparisons between ethnic groups
difficult.

Variations in body composition

Other chapters in this book (see Chapters 1 and 2) have 
indicated that BMI is a relatively simple and useful measure 
of adiposity in humans that correlates relatively highly with
percentage of body fat determined by more comprehensive
techniques. However, it is important to understand that BMI is
merely a proxy measure of fatness that is based on weight ad-
justed for height and that its relationship to body fatness is in-
fluenced by variations in overall levels of lean tissues as well as
body build and proportions.

There is a growing body of evidence that indicates that the
proportion of fat-free mass varies between peoples of different
ethnic or racial backgrounds. Studies comparing the body
composition of different ethnic groups in the USA found that
bone mineral mass and skeletal muscle mass were greater in
African-Americans compared with whites (Ortiz et al., 1992).
Similar studies of the Pacific Islanders found that Polynesians
from Samoa and Maori people within New Zealand had a
higher lean muscle mass than New Zealand Caucasians (Rush
et al., 1997; Swinburn et al., 1999). In contrast, studies of the
body composition of Asians have consistently revealed a
lower lean mass and a higher proportion of body fat than Cau-
casians. Gurrici and colleagues (1998) and Werkman and col-
leagues (2000) compared the body composition of Dutch
Caucasians to Indonesian and Chinese subjects of the same
age and sex, and found a significantly lower proportion of lean
muscle tissue in the Asian subjects.

In addition, a significant number of studies have reported a
relatively higher level of body fat within Asian subjects than
Caucasians. However, the methods used to measure body
composition in these trials have varied greatly and some of the
less rigorous techniques, such as bioelectrical impedance, can
be subject to considerable bias. Regardless of these limitations,
the findings of these studies have been very consistent, with al-
most all studies showing a higher level of body fat at a lower
BMI in Asians. This finding has been demonstrated in Chinese,

Malay and Indians in Singapore (Deurenberg-Yap et al., 2000),
Hong Kong Chinese (Ko et al., 2001), Taiwan Chinese (Chang et
al., 2003), Indians within India (Dudeja et al., 2001) and Indone-
sians (Gurrici et al., 1998). Recently, a metaanalysis of body
composition studies conducted within different ethnic groups
showed that American black people have a 1.3-kg/m2 higher
BMI and Polynesians have a 4.5-kg/m2 higher BMI for the
same level of body fat, age, and gender when compared com-
pared to Caucasians. By contrast, the same analysis showed
that for the same level of body fat, age and gender, BMIs in 
Chinese, Ethiopians, Indonesians and Thais were shown to 
be 1.9, 4.6, 3.2 and 2.9 kg/m2 lower than in Caucasians
(Deurenberg et al., 1998).

It would be tempting to believe that the association between
lower levels of BMI and higher risk of ill health in Asians is due
to the higher relative level of overweight among Asians. How-
ever, the direct connection between higher proportions of
body fat in Asians and increasing levels of obesity-related ill-
ness is yet to be determined.

Frame size/proportions

Some researchers believe that much of the ethnic variation in
the relationship between BMI and body fatness is explained by
differing body proportions and frame sizes. This issue was
first raised by Norgan (1994) when he demonstrated that the
high levels of body fat at low BMIs found in Australian Abo-
riginal people could be explained by their high relative leg
length. Long legs distort the relationship between BMI (which,
after all, is a ratio of weight to height squared) and body fat,
which means that for the same level of fatness Aborigines have
a lower BMI. Body proportions also explained the difference in
relative body fatness between Malay and Chinese Indonesians
(Gurrici et al., 1999). In this study, frame size (as indicated by
knee and wrist breadth) was also seen to be an influence on the
BMI–adiposity relationship, with a larger frame size being
equated with a lower level of body fatness for the same BMI. In
another study by Deurenberg and colleagues (1999), the sig-
nificant difference in body fatness at the same BMI that existed
between Chinese in Singapore and Chinese in Beijing could al-
most all be accounted for when relative leg length and frame
size were controlled. Conversely, Craig and colleagues (2001)
used elbow breadth to indicate that Tongans had a larger
skeletal size, which led to a lower estimated body fat mass at
the same BMI than Caucasians from Australia.

Body fat distribution

Over the last two decades, important new information con-
cerning the relationship between obesity and many chronic
diseases has emerged, which highlights the importance of
body fat distribution as a more important determinant of risk
than BMI alone. Early studies by Larsson and colleagues
(1984) and Lapidus and colleagues (1984) demonstrated a
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strong association between waist–hip ratio (WHR) and my-
ocardial infarction, stroke and death. Subsequent studies have
indicated that it is a high level of intra-abdominal or visceral
fat that carries the greatest health risks. Although the WHR has 
now been shown to be a poor quantifier of total visceral fat 
deposits, it does allow the differentiation between those 
obese persons with large central fat stores and those who 
store fat peripherally. More recent studies have also found
strong associations between central obesity and hypertension,
hypertriglyceridaemia, hypercholesterolaemia, hypergly-
caemia, hyperinsulinaemia, low HDL levels, type 2 diabetes,
elevated clotting risk and hyperuricaemia (see Chapters 12
and 17). More importantly, the risk imposed by central obesity
was independent of total BMI and was found in those who
would not be classified as obese based on their BMI alone.

The first indication that peoples of Asian origin were more
prone to visceral obesity and cardiovascular disease (CVD) at
low levels of BMI came from studies involving migrants from
South Asia. McKeigue and colleagues (1991) found that 
migrants from India, Pakistan and Bangladesh who settled in
England had very much higher rates of coronary heart disease
(CHD) than the general population, even though they had
lower BMI. Assessment of their CVD risk factors revealed that
they had all the markers of the metabolic syndrome, and both
men and women had more central distribution of body fat for
a given BMI compared with European control subjects. Similar
results have been found for South Asian immigrants in the
USA (Klatsy and Armstrong, 1991) and Australia (Lear et al.,
2003). This relationship was also confirmed in native South
Asians, with central obesity being shown to have a more im-
portant association with hyperglycaemia than generalized
obesity (Shelgikar et al., 1991).

Very few countries within Asia have undertaken a system-
atic collection and analysis of an indicator of abdominal obesi-
ty such as WHR or waist circumference. However, a number 
of large studies of central adiposity have been suggested as
representative of the national situation. Ko and colleagues
(2001) collected waist circumference measures on 1513 Hong
Kong Chinese, and comparing these data against the WHO
criteria for Caucasians found that 4.5% of men and 22.5% of
women were above the at-risk level. They found central adi-
posity was a more sensitive indicator of risk of ill health than
BMI. Lee et al. (2002) also found similar results in another
group of Hong Kong Chinese. In Korea, the levels of abdomi-
nal obesity were assessed using data from the 1998 National
Health and Nutrition Survey. A total of 18.5% of men and
38.5% of women were found to be abdominally obese, where-
as only 1.7% of men and 3% of women were classified as obese,
and 24% of men and 25% of women were classified as over-
weight by BMI. A raised waist circumference was found to be
associated with a clustering of cardiovascular risk factors
(Park et al., 2003).

Central obesity is already emerging as a serious problem in
India, even at low relative weight (Gopalan, 1998). Among

non-overweight urban middle-class residents with BMI
< 25 kg/m2, nearly 20% of men and 22% of women had a high
WHR. In overweight subjects with a BMI over 25 kg/m2, ab-
dominal obesity was found in a striking 68% of men and 58%
of women (Table 29.4).

The relationship between increased central adiposity and
increased levels of metabolic risk factors is strong and graded
in Asian populations, and appears to explain a proportion of
the increased risk of ill health at lower BMI. However, some
studies have indicated that the strong association between ab-
dominal obesity and CVD in Asians cannot be totally ex-
plained by increased rates of central obesity (Lim et al., 2002)

There is a range of measures that have been proposed as the
most useful proxy of abdominal obesity including waist 
circumference, WHR, conicity index and waist–height ratio.
There remains considerable debate over which of these mea-
sures of abdominal obesity best predicts risk of ill health. Patel
and colleagues (1999) studied the relationship between a
range of measures of abdominal obesity and metabolic risk
factors in Chinese, European and South Asian adults. They
found that not all of the proxy measures of abdominal obesity
were related to features of the metabolic syndrome consis-
tently across the ethnic groups studied. However, waist cir-
cumference and waist–height ratio were the most consistent,
and WHR the least, when comparing across the ethnic groups.
Waist–height ratio was also identified as the best predictor of
cardiovascular disease risk factors in a study of Hong Kong
Chinese. Ho and colleagues (2003) found that the optimal
waist to height cut-off value for predicting risk was 0.48 for
both men and women. However, Jia and colleagues (2003)
used magnetic resonance imaging (MRI) to measure the total
visceral fat stores in 690 Chinese adults and found that al-
though waist circumference, BMI and WHR were all predic-
tive of visceral fat stores, waist circumference was the best
predictor.

Rate of weight gain

Over the last two decades, important new information 
concerning the relationship between obesity and CVD has
emerged, and it highlights the importance of weight gain and
duration of overweight and abdominal fat distribution. These
factors (gain and duration) are more important determinants
of CVD risk than BMI alone. Both the Health Professionals

Table 29.4 Subjects with high WHR (abdominal obesity) by grades of BMI

in urban Indians (%).

Details Grades of BMI Males Females

Underweight < 18.5 1.8 1.75

Normal 18.5–24.9 17.8 20.0

Overweight ≥ 25 68.1 58.0

Source: Gopalan (1998).
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Study and the Nurses Health Study have shown that an asso-
ciation between weight gain and CVD is independent of total
BMI. Those who had gained the most weight in adulthood and
who had the longest duration of overweight had the highest
level of risk for type 2 diabetes and CVD (Willett et al., 1999).

This association of weight gain, duration of adiposity, and
CVD risk is of importance to Asia as populations are gaining
weight. In Japan, although overall rates of obesity remain
below 3%, obesity prevalence increased by a factor of 2.4 in the
adult male population and by a factor of 1.8 in women aged
20–29 years (Yoshiike et al., 2002). The level of obesity among
Chinese adults remains low, but the marked shifts in diet, ac-
tivity and overweight suggest that major increases in over-
weight and obesity will occur. The data of the National China
Health and Nutrition Survey (CHNS), an ongoing longitudi-
nal survey of eight provinces in China, show a consistent in-
crease in adult obesity in both urban and rural areas (Ge et al.,
1994; Popkin et al., 1995). Changes in diet and activity patterns
are rapid in urban residents of all incomes but are even more
rapid in middle- and high-income rural residents. Data from
Thailand suggest that obesity rates are increasing, at least in af-
fluent urban populations. In 1996, the overall prevalence of
overweight and obesity was 28.3% and 6.8%, respectively,
with 8.8% of women and 3.5% of men being classified obese.
This has almost doubled from 1991 when only 3.8% of women
and 3% of men were classified as obese (Kosulwat, 2002).

However, the most alarming aspect of the epidemiological
transition in Asia is the rapid increases in the prevalence of
childhood overweight and obesity. In Australia, the preva-
lence of overweight and obesity doubled both in boys and girls
over the period 1985–97 (Magarey et al., 2001). Childhood and
adolescent obesity was reported to have increased twofold
during the last decade in Korea. In Hong Kong, however,
smaller increases were reported in recent surveys: from 7.6%
to 10.4% for boys and from 7.8% to 8.9% for girls at the age of 7
years between 1993 and 1996 (Leung et al., 2000), and from
12.1% to 14.1% among school children from 1997 to 2001. The
increases in the prevalence of overweight and obesity in 
Taiwan were also not as prominent as those reported in 
Australia and Korea (Chu, 2001).

In China, a moderate shift from a situation of under- to over-
nutrition was shown over a 6-year period from 1991 to 1997.
This phenomenon was more prominent in urban than in rural
areas (Wang et al., 2002). However, in The Philippines, the
prevalence of underweight decreased from 34.5% to 30.6% in
0- to 5-year-old children and from 34.2% to 32.9% in 6- to 10-
year-old children from the late 1980s to early 2000s. The preva-
lence of overweight increased from 0.6% to 1.1% and from
0.1% to 0.8% respectively.

Rapid changes in diet and physical activity

Modernization has brought many social, economic and health
benefits to developing countries throughout the world. How-

ever, the rapid economic growth, urbanization and occupa-
tional restructuring have also resulted in dramatic changes 
in diet and physical activity levels that have led to rapid 
increases in population mean body weight. Many countries 
in the Asia–Pacific region are becoming reliant on non-
traditional food sources and there has been a shift towards
diets higher in both animal and vegetable fats (particularly
vegetable oils) and sugars (Drewnowski and Popkin, 1997).
This has been proposed as a major factor driving the increase
in body weight (Popkin and Doak, 1998; WHO, 2000). 
Escalating levels of obesity together with alcohol abuse and
cigarette smoking are associated with high rates of type 2 
diabetes, hypertension, dyslipidaemia and CVD. This has
been described as the ‘New World syndrome’ and is responsi-
ble for the disproportionately high rates of mortality in devel-
oping nations and among the disadvantaged ethnic minority
groups in developed countries.

This situation has arisen as a result of changing dietary pat-
terns, which have created diets that are more energy dense and
higher in fat, together with the rising urbanization that has
brought about a more sedentary lifestyle.

Popkin and colleagues (2001) examined the per capita total
dietary energy available for consumption in a range of Asian
countries, and found that the total available energy had in-
creased substantially over the last few decades. In high-
income countries, including Singapore, Hong Kong and 
South Korea, the contribution of dietary fat to total energy in-
creased from 8.8% in 1962 to 23.7% in 1996. In lower income
Asian countries, including Vietnam, Laos and Cambodia, the
increase was not as great, at around 13.0–15.9%. At the same
time, the contribution of carbohydrate to total energy de-
creased proportionately. The amount of cereals available for
consumption in high-income Asian countries actually dim-
inished on a per capita basis from 1962 to 1996, although in
middle- and low-income countries, the amount increased
slightly. In contrast, the amount of meat/poultry, fish/
seafood, animal fat and added sugar available for consump-
tion in high-income countries increased greatly during this pe-
riod. Smaller increases in the consumption of these foods were
also found among middle-income countries, including
Malaysia, Thailand and The Philippines. Increases for such
foods in low-income countries were significantly less.

At the same time, rapid urbanization has occurred in most of
the countries within the Asian region. Ahigh percentage of the
population now resides in urban areas, particularly within
high-income countries, but also to a lesser extent among the
middle- and lower income countries. Urbanization is general-
ly associated with higher income and therefore higher energy
intake from a greater use of energy-dense foods and fat. At the
same time, urbanization brings about a change in physical 
activity, with a shift away from labour-intensive agricultural
activities towards a more sedentary lifestyle. The association
between dietary and environmental factors and obesity was
investigated by Popkin and colleagues (1995) using data from
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the 1989 and 1991 China Health and Nutrition Surveys. They
found that higher fat and energy intake was associated with
increased BMI. Household income and physical activity level
were also significantly associated with BMI. There were differ-
ences between urban and rural residents with urban residents
having a lower energy intake, higher fat intake and lower
physical activity level.

Bell and colleagues (2002b) examined the association be-
tween motor vehicle ownership and weight status in China.
The acquisition of cars is a relatively new option for most Chi-
nese people, and 26% of adults owned a car in 1997. However,
the odds of being obese were 80% higher for men and women
in households who owned a motorized vehicle than those who
did not. In addition, men who had recently acquired a motor
vehicle experienced a 1.8-kg greater weight gain than those
whose vehicle status remained the same, and they had twice
the risk of becoming obese.

Stunting/low birth weight: the potential impact
of fetal undernutrition and later obesity

In countries undergoing transition, where overnutrition 
coexists with undernutrition, the shift in population weight
status has been linked to exaggerated problems of obesity 
and associated non-communicable diseases in adults. Recent
studies have shown that infants who were undernourished 
in utero and then born small have a greater risk of obesity-
related morbidity as adults if they gain weight (Ravelli et al.,
1976; Jackson et al., 1996). In particular, poor intrauterine 
nutrition appears to predispose some groups to abdominal
obesity, and results in an earlier and more severe development
of comorbid conditions such as hypertension, CHD and 
diabetes (Law et al., 1992; Barker, 1999). The apparent impact of 
intrauterine nutrition on the later structure and functioning 
of the body has become known as ‘programming’ and is 
often referred to as the ‘Barker hypothesis’. In many parts of
Asia, women enter pregnancy malnourished and the problem

of undernutrition in utero may be further exacerbated by the
low-protein, rice-based diets common in the region (James,
1997).

The ramifications of programming are immense for coun-
tries such as India and China, where a large proportion of 
infants are still born undernourished. If these children are 
later exposed to the high-fat diets and sedentary lifestyles 
associated with economic transition, and develop into obese
adults, it is likely that they will suffer severe consequences in
the form of early heart disease, hypertension and diabetes.

Summary and conclusion

It does appear that Asian countries and populations have 
elevated levels of weight-related illness despite the appar-
ently low levels of overweight and obesity found in surveys at
present. The reasons for this paradox have not been clearly elu-
cidated. It may be that the present-day WHO definition using
BMI is inappropriate, that Asians are fatter for a given BMI,
that Asians have a greater tendency to deposit abdominal fat
or that they are born small and are subjected to a high-fat, high-
energy diet and reduced activity as they become more affluent.
Whatever the reason, Asians are becoming more obese and as
they do so CVD and diabetes (among other diseases) are be-
coming more prevalent.

It is necessary to determine whether Asians are more sus-
ceptible to metabolic disease, have a greater tendency to de-
posit abdominal adipose tissue, and whether the present-day
definitions of obesity and health risk need to be revised for
Asian populations. However, while we wait for the necessary
studies to be planned and performed, it is important not to 
neglect the existing problems arising from the increasing
weight of people within this region. Strategies need to be de-
veloped to treat those with an existing weight problem and the
associated diseases, and to prevent more Asians becoming
overweight and obese.

Classification BMI (kg/m2) Risk of comorbidities
Waist circumference

< 90 cm (men) ≥ 90 cm (men)
< 80 cm (women) ≥ 80 cm (women)

Underweight < 18.5 Low (but risk of other clinical Average

problems increased)

Normal range 18.5–24.9 Average Increased

Overweight ≥ 23.0

At risk 23.0–24.9 Increased Moderate

Obese class I 25.0–29.9 Moderate Severe

Obese class II ≥ 30.0 Severe Very severe

Table 29.5 Proposed classification of weight by BMI and waist circumference in adult Asians.

Source: WHO, IASO, IOTF (2000).
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The WHO Expert Consultation on Appropriate Body Mass
Index assessed the issue of defining appropriate BMI action
points for addressing overweight and obesity for Asian 
populations, but they found that insufficient information 
was available to make specific recommendations. Instead, the
Consultation proposed that the existing definitions of obesity
be maintained but also identified a series of BMI cut points that
should be used for reporting population BMI distributions 
or defining specific action levels for addressing obesity in 
populations or individuals (see Fig. 29.3). It may be in the 
interim that the suggested cut-off points for Asians [WHO, 
International Association for the Study of Obesity (IASO), 
International Obesity Task Force (IOTF), 2000] (Table 29.5)
could be used as an interim measure to guide both studies and
clinical management. There is little doubt that overweight/
obesity is becoming one of the major health problems for the
Asian region.

References

Barker, D.J.P. (1999) Foetal undernutrition and obesity in later life. In:
Guy-Grand, B., Ailhaud, G. eds. Progress in Obesity Research 9.
London: John Libbey.

Bell, A.C., Adair, L.S., Popkin, B.M. (2002a) Ethnic differences in the
association between body mass index and hypertension. American
Journal of Epidemiology 155, 346–353.

Bell, A.C., Ge, K. and Popkin, B.M. (2002b) The road to obesity or the
path to prevention: motorized transportation and obesity in China.
Obesity Research 10, 277–283.

Chang, C.J., Wu, C.H., Chang, C.S., Yao, W.J., Yang, Y.C., Wu, J.S. and
Lu, F.H. (2003) Low body mass index but high percent body fat in
Taiwanese subjects: implications of obesity cutoffs. International
Journal of Obesity 27, 253–259

China Internet Information Center (CIIC) (2004) China’s population

mix–website (http: //www.china.org.cn/). Accessed March 12,
2004.

Chu, N.F. (2001) Prevalence and trends of obesity among school
children in Taiwan: the Taipei Children Heart Study. International
Journal of Obesity 25, 170–176.

Cole, T.J., Bellizzi, M.C., Flegal, K.M. and Dietz, W.H. (2000)
Establishing a standard definition for child overweight and obesity
worldwide: international survey. British Medical Journal 320,
1240–1243.

Craig, P., Halavatau, V., Comino, E. and Caterson, I. (2001)
Differences in body composition between Tongans and
Australians: time to rethink the healthy weight ranges?
International Journal of Obesity 25, 1806–1814.

Department of Health, Thailand (1995) The Fourth National 
Nutrition Survey of Thailand, 1995. Bangkok: Ministry of 
Public Health.

Deurenberg, P., Yap, M. and van Staveren, W.A. (1998) Body mass
index and percent body fat: a meta analysis among different ethnic
groups. International Journal of Obesity 22, 1164–1171.

Deurenberg, P., Deurenberg Yap, M., Wang, J., Lin, F.P. and Schmidt,
G. (1999) The impact of body build on the relationship between
body mass index and percent body fat. International Journal of
Obesity 23, 537–542.

Deurenberg-Yap, M., Schmidt, G., van Staveren, W.A. and
Deurenberg, P. (2000) The paradox of low body mass index and
high body fat percentage among Chinese, Malays and Indians in
Singapore. International Journal of Obesity 24, 1011–1017.

Deurenberg-Yap, M., Chew, S.K., Lin, V.F., Tan, B.Y., van Staveren,
W.A. and Deurenberg, P. (2001) Relationships between indices of
obesity and its co-morbidities in multi-ethnic Singapore.
International Journal of Obesity 25, 1554–1562.

Drewnowski, A. and Popkin, B.M. (1997) The nutrition transition,
new trends in the global diet. Nutrition Review 55, 31–43.

Dudeja, V., Misra, A., Pandey, R.M., Devina, G., Kumar, G. and
Vikram, N.K. (2001) BMI does not accurately predict overweight in
Asian Indians in northern India. British Journal of Nutrition 86,
105–112.

Dunstan, D., Zimmet, P.Z., Welborn, T.A., Cameron, A.J., Shaw, J., de

Underweight Overweight

16 17 18 19 202122 23 24 25 26 27 28 29 30 31 32 3334 35 36 37 38 39 40

Obese I

High to very high risk

Moderate to high risk

Low to moderate risk

Ranges for
determining
public health and
clinical action
levels based on
BMI

Obese II Obese III
WHO
classification

 = Suggested cut-off points for reporting population BMI distribution and specific action
levels for populations and individuals

Fig 29.3 WHO BMI cut-off points for public

health action. (Source: WHO, 2004. Reprinted with

permission from Elsevier.)



Obesity in Asian populations

441

Courten, M., Jolley, D. and McCarty, D.J. Diabesity and Associated
Disorders in Australia 2000. The Accelerating Epidemic. Melbourne:
IDI.

Epidemiology and Disease Control Department (1999) National
Health Survey 1998. Singapore: Ministry of Health Singapore.

Food and Nutrition Research Institute (2001) Philippine Nutrition:
Facts and Figures. Manila: Department of Science and Technology.

Ge, K., Weisell, R., Guo, X., Cheng, L., Ma, H., Zhai, F. and Popkin,
B.M. (1994) Body mass index of Chinese adults in 1980s. European
Journal of Clinical Nutrition 48, 148–154.

Gopalan, C. (1998) Obesity in Indian urban ‘middle class’. Bulletin of
the Nutrition Foundation of India 19, 1–5.

Gurrici, S., Hartriyanti, Y., Hautvast, J.G. and Deurenberg, P. (1998)
Relationship between body fat and body mass index: differences
between Indonesians and Dutch Caucasians. European Journal of
Clinical Nutrition 52, 779–783.

Gurrici, S., Hartriyanti, Y., Hautvast, J.G. and Deurenberg, P. (1999)
Differences in the relationship between body fat and body mass
index between two different Indonesian ethnic groups: the effect of
body build. European Journal of Clinical Nutrition 53, 468–472.

Ho, S.Y., Lam, T.H. and Janus, E.D. (2003) Waist to stature ratio is
more strongly associated with cardiovascular risk factors than
other simple anthropometric indices. Annals of Epidemiology 13,
683–691.

Ismail, M.N., Chee, S.S., Nawawi, H., Yusoff, K., Lim, T.O. and James,
W.P. (2002) Obesity in Malaysia. Obesity Reviews 3, 203–208.

Jackson, A.A., Langley-Evans, S.C., McCarthy, H.D. (1996)
Nutritional influences on early life upon obesity and body
proportions. In: Chadwick, D.J. and Cardew, G.C. eds. The Origins
and Consequences of Obesity. Chichester: Wiley, 118–137 (Ciba
Foundation Symposium 201).

James, W.P.T. (1997) Long term fetal programming of body
composition and longevity. Nutrition Reviews 55, S31–S34.

James, P.T., Leach, R., Kalamara, E. and Shayeghi, M. (2001) The
worldwide obesity epidemic. Obesity Research 9, 2285–2335.

Jia, W.P., Xiang, K.S., Chen, L., Lu, J.X. and Wu, Y.M. (2002)
Epidemiological study on obesity and its comorbidities in urban
Chinese older than 20 years of age in Shanghai, China. Obesity
Reviews 3, 157–165.

Jia, W.P., Lu, J.X., Xiang, K.S., Bao, Y.Q., Lu, H.J. and Chen, L. (2003)
Prediction of abdominal visceral obesity from body mass index,
waist circumference and waist-hip ratio in Chinese adults: receiver
operating characteristic curves analysis. Biomedical and
Environmental Science 16, 206–211.

Kasmini, K., Idris, M.N., Fatimah, A., Hanafiah, S., Iran, H. and
Asmah Bee, M.N. (1997) Prevalence of overweight and obese
school children aged between 7 to 16 years among the major 3
ethnic groups in Kuala Lumpur, Malaysia. Asia Pacific Journal of
Clinical Nutrition 6, 172–174.

Kim, Y., Suh, Y.K. and Choi, H. (2004) BMI and metabolic disorders in
South Korean adults: 1998 Korea National Health and Nutrition
Survey. Obesity Research 12, 445–453.

Klatsky, A.L. and Armstrong, M.A. (1991) Cardiovascular risk factors
among Asian Americans living in northern California. American
Journal of Public Health 81, 1423–1428.

Ko, G.T.C., Chan, J.C.N., Woo, J., Lau, E., Yeung, V.T.F., Chow, C.-C.,
Wai, H.P.S., Li, J.K.Y., So, W.-Y. and Cockram, C.S. (1997) Simple
anthropometric indexes and cardiovascular risk factors in Chinese.
International Journal of Obesity 21, 995–1001.

Ko, G.T., Tang, J., Chan, J.C., Sung, R., Wu, M.M., Wai, H.P. and Chen,
R. (2001) Lower BMI cut-off value to define obesity in Hong Kong
Chinese: an analysis based on body fat assessment by bioelectrical
impedance. British Journal of Nutrition 85, 239–242.

Korean Association for the Study of Obesity. (1998) Growth Charts of
Children and Adolescents in South Korea. Seoul: KASO.

Kosulwat, V. (2002) The nutrition and health transition in Thailand.
Public Health Nutrition 5(1A), 183–189.

Lapidus, L., Bengston, C., Laarson, C., Pennert, K., Rybo, E. and
Sjostrom, L. (1984) Distribution of adipose tissue and risk of
cardiovascular disease and death: A12 year follow up of
participants in a population study of women in Gothenburg,
Sweden. British Medical Journal 289, 1257–1261.

Larsson, B., Svardsudd, K., Welin, L., Wilhelmsen, L., Bjorntorp, P.
and Tibblin, G. (1984) Abdominal adipose tissue distribution,
obesity and risk of cardiovascular disease and death: 13-year
follow of participants in a study of men born in 1913. British Medical
Journal 288, 1401–1404.

Law, C.M., Barker, D.J., Osmond, C., Fall, C.H. and Simmond, S.J.
(1992) Early growth and abdominal fatness in adult life. Journal of
Epidemiology and Community Health 46, 184–186.

Lear, S.A., Toma, M., Birmingham, C.L. and Frohlich, J.J. (2003)
Modification of the relationship between simple anthropometric
indices and risk factors by ethnic background. Metabolism 52,
1295–1301.

Lee, Z.S., Critchley, J.A., Ko, G.T., Anderson, P.J., Thomas, G.N.,
Young, R.P., Chan, T.Y., Cockram, C.S., Tomlinson, B. and Chan,
J.C. (2002) Obesity and cardiovascular risk factors in Hong Kong
Chinese. Obesity Reviews 3, 173–182.

Leung, S.S., Lau, J.T., Xu, Y.Y., Tse, L.Y., Huen, K.F., Wong, G.W., Law,
W.Y., Yeung, V.T., Yeung, W.K. and Leung, N.K. (1996) Secular
changes in standing height, sitting height and sexual maturation of
Chinese: the Hong Kong Growth Study, 1993. Annals of Human
Biology 23, 297–306.

Leung, S.S., Chan, S.M., Lui, S., Lee, W.T. and Davies, D.P. (2000)
Growth and nutrition of Hong Kong children aged 0–7 years.
Journal of Paediatrics and Child Health 36, 56–65.

Lim, S.C., Tan, B.Y., Chew, S.K. and Tan, C.E. (2002) The relationship
between insulin resistance and cardiovascular risk factors in
overweight/obese non-diabetic Asian adults: the 1992 Singapore
National Health Survey. International Journal of Obesity 26,
1511–1516.

Lin, Y.-C., Yen, L.-L.,Chen, S.-Y., Kao, M.D., Tzeng, M.S. and Huang,
P.C. (2003) Prevalence of overweight and obesity and its associated
factors: findings from the National Nutrition and Health Survey in
Taiwan, 1993–1996. Preventive Medicine 37, 233–241.

Liu, L. Choudhury, S.R. Okayama, A. Hayakawa, T. Kita, Y., and
Ueshima, H. (1999) Changes in body mass index and its
relationships to other cardiovascular risk factors among Japanese
population: results from the 1980 and 1990 national cardiovascular
surveys in Japan. Journal of Epidemiology 9, 163–174.

McKeigue, P.M., Shah, B. and Marmot, M.G. (1991) Relation of central
obesity and insulin resistance with high diabetes prevalence and
cardiovascular risk in South Asians. Lancet 337, 382–386.

Magarey, A.M., Daniels, L.A., and Boulton, T.J. (2001) Prevalence of
overweight and obesity in Australian children and adolescents:
reassessment of 1985 and 1995 data against new standard
international definitions. Medical Journal of Australia 174, 561–564.

Moon, O.R., Kim, N.S., Jang, S.M., Yoon, T.H. and Kim, S.O. (2002)



Chapter 29

442

The relationship between body mass index and the prevalence of
obesity-related diseases based on the 1995 National Health
Interview Survey in Korea. Obesity Reviews 3, 191–196.

Norgan, N.G. (1994) Interpretation of low body mass indices:
Australian aborigines. American Journal of Physical Anthropology 94,
229–237.

NZ Ministry of Health (1999) NZ Food: NZ People. Key Results of the
1997 National Nutrition Survey. Wellington: MOH.

Ortiz, O., Russell, M., Daley, T.L., Baumgartner, R.N., Waki, M.,
Lichtman, S., Wang, J., Pierson, R.N. and Heymsfield, S.B. (1992)
Differences in skeletal muscle and bone mineral mass between
black and white females and their relevance to estimates of body
composition. American Journal of Clinical Nutrition 55(1), 8–13.

Park, H.S., Yun, Y.S., Por, J.Y., Kim, Y.S. and Choi, J.M. (2003) Obesity,
abdominal obesity and clustering of cardiovascular risk factors in
South Korea. Asia Pacific Journal of Clinical Nutrition 12, 411–418.

Patel, S., Unwin, N., Bhopal, R., White, M., Harland, J., Ayis, S.A.,
Watson, W. and Alberti, K.G. (1999) Acomparison of proxy
measures of abdominal obesity in Chinese, European and South
Asian adults. Diabetic Medicine 16, 853–860.

Popkin, B.M. and Doak, C.M. (1998) The obesity epidemic is a
worldwide phenomenon. Nutrition Reviews 56, 106–114.

Popkin, B.M., Paeratakul, S.,. Zhai, F., and Ge, K. (1995) Body weight
patterns among the Chinese: Results from 1989 and 1991 China
Health and Nutrition Surveys. American Journal of Public Health 85,
690–694.

Popkin, B., Horton, S. and Kim, S. (2001) The Nutrition Transition and
Prevention of Diet-Related Chronic Diseases in Asia and the Pacific.
ADB Nutrition and Development Series no. 6. Manila: Asian
Development Bank.

Ramachandran, A., Snehalatha, C., Viswanathan, V., Viswanathan,
M. and Haffner, S.M. (1997) Risk of non-insulin-dependent
diabetes mellitus conferred by obesity and central adiposity in
different ethnic groups: a comparative analysis between Asian
Indians, Mexican Americans and Whites. Diabetes Research and
Clinical Practice 36, 121–125.

Ravelli, G.P., Stein, Z.A. and Susser, M. (1976) Obesity in young men
after famine exposure in utero and early infancy. New England
Journal of Medicine 295, 349–353.

Rush, E.C., Plank, L.D., Laulu, M.S. and Robinson, S.M. (1997)
Prediction of percentage body fat from anthropometric
measurements: comparison of New Zealand European and
Polynesian young women. American Journal of Clinical Nutrition
66(1), 2–7.

Shelgikar, K.M., Hockaday, T.D. and Yajnik, C.S. (1991) Central rather
than generalized obesity is related to hyperglycaemia in Asian
Indian subjects. Diabetic Medicine 8, 712–717.

Shen, L., Fan, J.G., Shao, Y., Zeng, M.D., Wang, J.R., Luo, G.H., Li, J.Q.
and Chen, S.Y. (2003) Prevalence of nonalcoholic fatty liver among
administrative officers in Shanghai: an epidemiological survey.
World Journal of Gastroenterology 9, 1106–1110.

Shiwaku, K., Anuurad, E., Enkhmaa, B., Nogi, A., Kitajima, K.,
Shimono, K., Yamane, Y. and Oyunsuren, T. (2004) Overweight
Japanese with body mass indexes of 23.0–24.9 have higher risks for
obesity-associated disorders: a comparison of Japanese and
Mongolians. International Journal of Obesity 28, 152–158.

Stevens, J. (2003) Ethnic-specific revisions of body mass index cutoffs
to define overweight and obesity in Asians are not warranted.
International Journal of Obesity 27, 1297–1299.

Stevens, J., Juhaeri, Cai, J. and Jones, D.W (2002) The effect of decision
rules on the choice of a body mass index cutoff for obesity:
examples from African American and white women. American
Journal of Clinical Nutrition 75, 986–992.

Swinburn, B.A., Ley, S.J., Carmichael, H.E. and Plank, L.D. (1999)
Body size and composition in Polynesians. International Journal of
Obesity 23, 1178–1183.

Villavieja, G.M., Constantino, A.S., Laña, R.D., Nones, C.A., España,
N. and Pine, C.R. (2001) Anthropometric assessment of
adolescents, adults, pregnant and lactating women: Philippines,
1998: reports of the Fifth National Nutrition Survey 1998 (part 1).
Food and Nutrition Research Institute, Department of Science and
Technology. Philippines Journal of Nutrition 48, 1527.

Wang, W., Wang, K. and Li, T. (2001) Astudy on the epidemiological
characteristics of obesity in Chinese adults. Zhonghua Liu Xing Bing
Xue Za Zhi 22, 129–32 (In Chinese with English abstract).

Wang, Y., Monteiro, C. and Popkin, B.M. (2002) Trends of obesity and
underweight in older children and adolescents in the United
States, Brazil, China, and Russia. American Journal of Clinical
Nutrition 75, 971–977.

Werkman, A., Deurenberg-Yap, M., Schmidt, G. and Deurenberg, P.
(2000) Acomparison between composition and density of the fat-
free mass of young adult Singaporean Chinese and Dutch
Caucasians. Annals of Nutrition and Metabolism 44, 235–242.

Western Pacific Regional Office, WHO. (1999) Western Pacific Regional
Databank on Socioeconomic and Health Indicators. Manila: WHO,
WPRO.

Western Pacific Regional Office of the World Health Organization,
The International Association for the Study of Obesity and The
International Obesity Task Force (2000) The Asia-Pacific Perspective:
Redefining Obesity and its Treatment. Sydney: Health
Communications Australia Pty.

Wild, S., Roglic, G., Green, A., Sicree, R. and King, H. (2004) Global
prevalence of diabetes. Estimates for the year 2000 and projections
for 2030. Diabetes Care 27,1047–1053.

Willett, W.C., Dietz, W.H. and Colditz, G.A. (1999) Guidelines for
healthy weight. New England Journal of Medicine 6, 427–434.

World Health Organization (1998) Life in the 21st Century. World
Health Report 1998. Geneva: WHO.

World Health Organization (2000) Obesity: Preventing and Managing
the Global Epidemic. Geneva: WHO.

World Health Organization (2002) Reducing Risks — Promoting Healthy
Life. World Health Report 2002. Geneva: WHO.

World Health Organization Expert Consultation (2004) Appropriate
body-mass index for Asian populations and its implications for
policy and intervention strategies. Lancet 363, 157–163.

Yoshiike, N., Matsumura, Y., Zaman, M.M. and Yamaguchi, M. (1998)
Descriptive epidemiology of body mass index in Japanese adults in
a representative sample from the National Nutrition Survey
1990–94. International Journal of Obesity 22, 684–687.

Yoshiike, N., Seino, F., Tajima, S., Arai, Y., Kawano, M., Furuhata, T.
and Inoue, S. (2002) Twenty-year changes in the prevalence of
overweight in Japanese adults: the National Nutrition Survey
1976–95. Obesity Reviews 3, 183–190.

Zhou, B.F. (2002) Predictive values of body mass index and waist
circumference for risk factors of certain related diseases in Chinese
adults: study on optimal cut-off points of body mass index and
waist circumference in Chinese adults. Biomedical and
Environmental Science 15, 83–96.



443

Environmental and policy approaches:
alternative methods
Garry Egger and Anne Thorburn

30

Introduction

That obesity is an epidemic throughout many parts of the
world is now beyond question (World Health Organization,
2000). Yet the current approaches to managing the problem
generally do not reflect this. Typically, epidemics are dealt
with by considering all three points of an epidemiological
triad; host, vector and environment (Fig. 30.1), the host being
the sufferer of the disease, the vector being the deliverer of an
infective agent and the environment being the situation in
which the vector is allowed to flourish.

In the case of infectious diseases, these are clearly defined.
With non-communicable diseases (NCDs) on the other hand,
an epidemic is often considered as something different, and
the host is usually the only component treated. Recognition of
the importance of vectors and environments when this has oc-
curred has usually led to big improvements in epidemic out-
comes (Egger et al., 2003a). Haddon’s (1980) reassessment of
motor vehicle accidents, for example, led to a paradigm shift in
dealing with injury with consequent big improvements in
motor vehicle injury rates (e.g. Mathers et al., 2000). Similarly,
big inroads into the smoking epidemic did not happen until
changes occurred in the cultural environment, making smok-
ing less socially acceptable in the workplace and public places
(Chapman, 1993).

Recourse to the epidemiological triad highlights the need to
combine both population and individual approaches for suc-
cessful interventions into epidemics. Data on cardiovascular
disease trends in Finland accentuate the importance of this

(WHO, 2003a). From Fig. 30.2, for example, it can be seen 
that a general shift in cholesterol levels to the left occurred in
men in Finland after the introduction of public health cam-
paigns aimed at public education and modifying the environ-
ment (particularly decreasing the availability of high-fat dairy
products) in North Karelia in the mid-1970s. Specific shifts at
the upper end of the curve, however, did not occur until the ad-
vent of the statin drugs in the 1980s and 1990s, resulting in a
tightening of the curve to the right, suggesting added reduc-
tions in high-risk cases. As might be expected, these shifts have
been mirrored in cardiovascular disease death rates.

The population approach includes all three corners of 
the epidemiological triad. The individual, or ‘high-risk,’ ap-
proach is concentrated primarily on medical and other inten-
sive interventions with the host alone. To date, the obesity
epidemic has been dealt with largely in the latter fashion. Ser-
vices are generally based around the clinical management of
overweight and obese individuals. And although this is neces-
sary, it is obviously not sufficient for dealing with big shifts in
body weight in large populations. Amore holistic approach in-
corporating ‘traditional’ approaches to each corner of the triad
has been considered previously (Egger and Swinburn, 1997).
In this chapter we expand this to include other, ‘alternative’
treatments and treatment deliveries, both existing and poten-
tial, to each of the three points of the triad, in an attempt to
maximize resources at the population, as well as the individ-
ual level. Our use of ‘alternative’ here is confined to ‘those ap-
proaches to obesity management not involving modifications of
energy balance in individual or populations through generally ac-
cepted and traditional scientific means’. We consider these along-
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side the better known traditional approaches for each corner
of the triad.

Host

Traditional weight loss treatments

A number of standard treatments are now available for deal-
ing with obesity and overweight, many of which are dealt with
elsewhere in this book. A meta-analysis of the success of these
as part of the development of the National Clinical Practice
Guidelines for Management of Overweight and Obesity in
Australia (National Health and Medical Research Council,
2003) shows a variable and somewhat disappointing level of
effectiveness. A summary of findings giving average weight
losses for each technique is shown in Table 30.1.

Success rates vary from relatively minor with lifestyle
change alone to extremely significant, using the more inten-
sive surgical approach as an adjunct to lifestyle change. There
are, however, some key points to note about these findings. In
the first place they represent reported results from largely aca-
demic research studies carried out in groups. It is likely that
many people can lose significant amounts of weight by under-
taking personal changes in dietary and exercise habits without
recourse to established programmes. Second, although the re-
ported losses are small, these can be highly significant in terms
of metabolic benefits. Several studies have now shown that a
5–10% loss of body weight can result in a significant improve-
ment in metabolic risk factors (Dhabuwala et al., 2000; Peppard
et al., 2000). Third, as Rossner (1999) has shown, there are a
number of possible scenarios resulting from a weight loss pro-
gramme. As the normal course of body weight in modern soci-
eties is a steady gain, even stable weight over the long term can
represent a degree of success. Partial normalization, with a
5–10% loss can result in metabolic improvements, but total
normalization is likely to be the exception rather than the rule.
Treatment goals therefore need to be realistic and include both
health improvements (e.g. lowered blood pressure, blood
lipids and blood sugars) and behaviour change as well as
weight loss.

Traditional treatment delivery

Delivery of weight control interventions at the host level 
is an important aspect of treatment. A stepped-care model 
(see Fig. 30.3) for doing this in the clinical setting has been 
described elsewhere (Egger and Binns, 2002).

The rapid rise of the obesity epidemic has meant rapidly
changing demands in the areas of nutrition, physical activity
and weight management, for which many health profession-
als have had little formal training. This has led to a need for 
dynamic, interactive and mobile sources of up-skilling and
networking, which are highly adaptive to changing and evolv-
ing knowledge.

Education
Behaviour change

Engineering
Technology

Policy
Legislation

Host
(biology, behaviour, adjustment)

Vehicle
(food, physical

activity)

Environment
(physical, economic,

sociocultural)

Fig 30.1 The epidemiological triad. (Source: Egger et al., 2003a.)
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Fig 30.3 A ‘stepped-care’ approach to weight control management.

(Source: Egger and Binns, 2002.)
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In Australia, over 4000 general practitioners and 3000 exer-
cise and nutrition workers have been involved in training in
weight control and obesity management as part of out-service
Post- and Pre-Graduate Certificates, conducted by Sydney
University since 1997. A survey carried out with 266 partici-
pating doctors and 607 overweight patients in 1999 showed
that 96% said they felt more confident in helping patients lose
weight, and 28% claimed to have lost weight themselves after
the training programme (Egger et al., 2003b). In New Zealand,
over 50% of GPs are now using written exercise (‘green’) pre-
scriptions (Wilson et al., 2001) on a regular basis with a reason-
able level of medium-term success. As over 80% of people visit
their GPs in these countries each year, there is substantial po-
tential for population as well as individual changes through
these strategies, particularly if they are combined with other
corners of the epidemiological triad.

The development of clinical guidelines for nutrition, physi-
cal activity and weight control and obesity management in
several countries has also assisted in providing professionals
with principles of treatment operations.

Commercial weight loss programmes

Data from some countries suggest that up to 13% of women
and 5% of men participate in commercial weight loss pro-
grammes (Latner, 2001), and that these may be more successful
than other approaches (Heshka et al., 2000). However, few ran-
domized controlled trials of commercial programmes have
been carried out. One recent trial compared the effects of a self-
help programme (brief counselling and provision of printed
materials) with a commercial programme (Weight Watchers)
in overweight and obese men and women (Heshka et al., 2000).

Table 30.1 The effects of weight loss treatments in overweight or obese adults: a summary.

Treatment Weight loss/gain (kg) over Weight loss/gain (kg) over Ability to prevent regain?
1–2 years* >2 years*

No treatment† –0.2 +1.9 over 3–6 years No

Diet

Ad lib low-fat diet –3.9 (–2.3 to –6.1) –4.4% –2.7 (–3.6 to –1.8) over 3–6 years Yes, to some degree

Low-energy diet –6.7 (–12.2 to +0.4) –6.9% –1.1 (–4.1 to +2.7) over 4–5 years No

Very low-energy diet –16.3 (–8.6 to 25.6)‡ –14.7%‡ ¶ –4.1 (–7.9 to +1.0) over 3–5 years Yes, to some degree in some  

–4.2 (–8.6 to +0.5)§ –4.0%§ individuals if combined with a 

–11.8 (–9.2 to –14.2)¶ –11.0%¶ lifestyle modification programme

Meal replacement –5.5 (–3.0 to –7.7) –6.0% –6.5 (–4.2 to –9.5) over 4–5 years Yes, based on limited evidence

Low glycaemic index, high-protein or Not known Not known Not known

high-monounsaturated fatty acid diets

Physical activity –1.8 (–5.8 to +0.7) –2.1%** –1.3 (–3.1 to +1.0) over 2–6 years Yes, if 80 min or more of daily activity

Diet plus activity –7.5 (–15.2 to –4.2) –8.1% –3.1 (–9.9 to 0) over 2–6 years Yes, to some degree

Behaviour –4.7 (–12.9 to –0.2) –5.1% –2.8 (–9.6 to –0.2) over 3–5 years Yes, to some degree

Pharmacological

Diethylpropion –6.5 (–1.9 to –13.1) Not known Yes, while drug is taken

Phentermine –6.3 (–3.6 to –8.8) Not known Yes, while drug is taken

Sibutramine –5.6 (–7.9 to –3.8) 6.0% Not known Yes, while drug is taken

Sibutramine plus lifestyle modification –10.8 (–16.6 to –5.2) 10.7% Not known Yes, while drug is taken

Orlistat plus a mildly hypocaloric diet –8.4 (–13.1 to –6.2)** –8.6% –6.9‡‡ Yes, while drug is taken with a normal  

Surgery energy diet

Gastric bypass –46 (–53 to –35) –36% –42 (–62 to –29) over 3–14 years Yes

Biliopancreatic bypass –53 (–62 to –42) –38% –54 (–84 to –37) over 3–8 years Yes

Non-adjustable gastroplasty –41 (–63 to –25) –32% –25 (–39 to –17) over 3–8 years Some weight regain

Adjustable gastric banding –31 (–46 to –22) –24% –34 (–43 to –28) over 3–4 years Yes

*Results expressed as mean weight loss, with range of weight loss in parentheses and % weight loss in italics.

†Based on the placebo arms of 31 treatment studies lasting 1–2 years and 8 studies lasting more than 2 years.

‡After 4–20 weeks.

§After 1–2 years without diet or behavioural therapy.

¶After 1–2 years with diet or behavioural therapy.

**With 3–5 h of moderate or vigorous activity per week.

††Weight loss due to orlistat alone is 2.8 kilograms.

‡‡Not yet published in peer-reviewed literature (abstract only).

Source: National Health and Medical Research Council (2003).
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After 26 weeks, subjects in the commercial programme had
greater decreases in body weight (–4.8 vs. –1.4 kg) and waist
circumference (–4.3 vs. –0.7 cm) than those in the self-help 
programme.

There is also evidence of successful long-term maintenance
of weight loss from commercial programmes. Lowe et al.
(2001), for example, have shown that 5 years following suc-
cessful completion of a commercial weight loss programme
(Weight Watchers) 43% of subjects maintained a weight loss of
5% or more, and 19% maintained a weight loss of at least 10%.
Similarly, Gosselin and Cote (2001), have shown that 5–11
years after women had participated in a popular commercial
programme based on Canada’s Food Guide, 29% maintained a
weight loss of at least 5%, and 14% maintained a weight loss of
at least 10%. It seems, therefore, that in some individuals, 
commercial weight loss programmes can lead to effective
weight maintenance long after the individuals have left the
programme.

In summary, there is a range of traditional treatments and
treatment deliveries for weight loss, with variable degrees of
success. In general, it can be said that success rates are not 
high and that all successful approaches involve a long-term
lifestyle change, but delivery of these and adjunctive treat-
ments, such as surgery, drug treatments, and behaviour 
modification, can add to their success.

Alternative weight loss treatments

Although there are a significant number of traditional treat-
ment options, as seen above, there is obviously widespread
disillusionment with their success. Surveys indicate that al-
though up to 72% of men and 85% of women in some countries
are trying to lose, or at least not gain, weight at any one parti-
cular time (Kottke et al., 2002), less than 30% of those trying to
lose and 20% of those trying not to gain report using ‘tradition-
al’ treatments to do so (Khan et al., 2001), ‘Alternative’ treat-
ments at the host level are often more widely used, although
their effectiveness has yet to be established. A summary of the
major alternative options, within the points of the triad, is
shown in Table 30.2.

The approaches considered in more detail below are: (a) 
ingestible substances; (b) non-ingestible treatments; and (c) 
alternative treatment delivery.

Ingestible substances

As many as 7% of the US population (Allison et al., 2001), 
and up to 28% of young, obese women (Blanck et al., 2001), 
regularly use non-prescription, over-the-counter substances
for weight loss. Although the range of these products is 
extensive and being added to constantly, there are a number of

Table 30.2 Popular alternative approaches to weight loss.

Host approaches

Ingestible treatments

Herbal substances: whole plants (e.g. brindleberry), ingredients 

(e.g. HCA)

Non-herbal supplements (e.g. chromium picolinate)

Natural non-herbal substances (e.g. chitosan)

Food components (e.g. capsaicin, caffeine, pectin)

Single foods (e.g. grapefruit, cabbage)

Non-ingestible treatments

Topical creams/soaps

Acupuncture/acupressure

Hypnosis

Electrical stimulation

Psychotherapy

Body wraps

Passive exercise devices

Yoga/t’ai chi, etc.

Massage

Aromatherapy

Alternative forms of treatment delivery

Correspondence

Mass media/multimedia

Internet

Shared care

Group therapy

Environmental approaches

Environmental diagnosis (e.g. ANGELO)

Lay support groups

School canteen modifications

Exercise/fitness facilities for children/older adults

New building codes

Radical taxing initiatives

Vehicle restricted localities

Signage (e.g. stair alternatives)

Modified town planning

Intersectoral involvement

Environmental modification (e.g. biosphere)

Subsidize cost of exercise facilities and low-energy foods

Target worksites, e.g. employee activity incentive programmes

Target sociocultural aspects of environment not just physical aspects

Intervene in restaurant environment (e.g. educate chefs, nutritional information on 

menu)

Vector approaches

Movement-activated electronic games and entertainment devices

Active commuting

Pet ownership

New (active) sports development

Virtual reality devices

Electronic prompts
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ingredients that recur constantly. Anumber of these, their the-
oretical rationale and level of supporting evidence are shown
in Table 30.3 (National Health and Medical Research Council,
2003).

In a number of recent reviews of the efficacy of these 
products (Egger et al., 1999; 2003b; Morelli and Zoorob, 2000;
Allison et al., 2001; National Health and Medical Research
Council, 2003), the authors have concurred that although sev-
eral products do have a reasonable physiological rationale,
claims of effectiveness are usually not based on well-
controlled studies that are published in reliable peer-reviewed
literature. An exception to this is a caffeine–ephedrine combi-
nation that has been shown to have short-term weight loss
benefits, but which has been discontinued as a weight loss
product in most countries because of the potential addictive
and tolerance effects (Astrup et al., 1992). Attempts to emulate
this with chemically similar substances, such as guarana or
ephedra, or plant products such as the Chinese herb Ma
Huang, have not been successful. Side-effects and some
deaths have led the US Food and Drug Administration (FDA)
to take action in 2002 against marketers of this product, and its
continued availability and long-term safety is under question
at present.

Another food ingredient with suggestions for weight loss is
pectin from dietary fibre. Foods high in fibre are filling and can
lead to early satiation during meals and snacks. This should
have a beneficial effect in treating obesity by decreasing total
energy intake. Foods high in dietary fibre also have a lower en-
ergy density as dietary fibre contributes fewer kilojoules than
other carbohydrates (Livesey, 1995). Indeed, a diet high in
fibre-rich foods has been shown to have a positive effect for
weight loss (Catellanos and Rolls, 1997). Whether particular
types of fibre added to dietary supplements in small amounts
have any direct effect on weight loss, however, is unclear.
Longer term studies have so far shown no effects on weight
loss from fibre supplements (Pasman et al.,1997).

Three other commonly used over-the-counter supplements
are worth considering in more detail, based on their populari-
ty in weight loss concoctions and their theoretical or physio-
logical actions.

Hydroxycitric acid
There have been seven studies examining the effects of 
hydroxycitric acid (HCA, contained in brindleberry) and
weight loss in humans reported in the literature to date (Conte,
1993; Badmaev and Majeed, 1995; Girola et al., 1996; Thom,
1996; Rothacker and Waitman, 1997; Heymsfield et al., 1998).
Of these studies, five reported some positive results, but all
suffered serious experimental inadequacies such as lack of 
a control group, insufficient numbers, inadequate testing 
period or the combination of HCAwith other substances (for a
more detailed review, see Allison et al., 1998). Two studies were
from industry publications and two are unpublished. In the
first rigorous, randomized control study of HCA and weight

loss, no difference was found between one group of obese in-
dividuals who were given 1500 mg of HCAper day and anoth-
er group who were given a placebo over a 12-week period
(Allison et al., 1998). Rat studies that claim HCA may reduce
food intake were partly supported by a 2-week single-blind
crossover trial in humans in the Netherlands, which reported a
5–30% decrease in 24-h energy intake, although without
changes in appetite profile or dietary restraint (Westerterp-
Plantenga and Kovacs, 2002). However, another study of 89
mildly obese women found no effects of HCAon appetite vari-
ables and no satiety effect (Mattes and Bormann, 2002). Hence
there appears to be no convincing evidence of the effects of
HCAin weight loss.

Capsaicin
Capsaicin is the major pungent ingredient of hot chillies and
peppers, which is marketed as an ingredient to increase me-
tabolism and increase the power of other herbal products.
Capsaicin activates neurons and neuropeptides that are
thought to suppress food intake (Buck and Burks, 1986). It may
also increase secretion of adrenaline, which stimulates gluco-
neogenesis and lipolysis (MacLean, 1985). A recent study on
capsaicin has shown that an entrée of spicy food may reduce
the intake of food in a main meal by approximately 200 kcal
(Tremblay, 1998). Studies in rats suggest that doses of capsaicin
that are obtainable in a highly spiced diet can increase body
temperature and oxygen consumption (Watanabe et al., 1988;
Cameron-Smith et al., 1990). In humans, there is some evidence
of a sustained increase in oxygen consumption following a
meal containing a chilli extract (Cameron-Smith et al., 1990).
However, some studies were unable to show any changes 
in oxygen consumption, fat utilization or body temperature
(Edwards et al.,1992; Glickman-Weiss et al., 1998). Capsaicin in
low-fat spicy foods may add variety to a low-energy diet, with
some possible benefits on energy balance. There is no support,
however, for taking the substance as a supplement.

Chitosan
Chitosan is an amino polysaccharide derived from the pow-
dered shells of marine crustaceans, such as prawns and crabs,
which is thought to bind to dietary fat, preventing digestion
and storage. Because this action is similar to that of the ap-
proved prescription medication orlistat, a similar weight loss
outcome might be expected. However, the available evidence
to date fails to support this. Some human studies have shown
lipid lowering (Ventura, 1996) as well as weight loss with chi-
tosan (Maezaki et al., 1993; Abelin and Lassus, 1994; Veneroni
et al., 1996), although none has been published in peer-re-
viewed journals and all are limited by methodological flaws,
including small numbers, high drop-out rate and lack of ad-
herence to a high-fat diet. Trials have shown a weight loss ef-
fect when chitosan is given with a hypocaloric diet for up to 4
weeks (Abelin and Lassus, 1994; Giustina and Ventura, 1995;
Sciutto and Columbo, 1995), but a meta-analysis of these
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(Ernst and Pittler, 1998) shows discrepancies in the data, sug-
gesting that the studies are flawed. In a recent randomized
control trial, no effect of chitosan was found without a reduc-
tion in food intake (Pittler et al., 1999). However, this study 
involved only 17 people over 1 month. Malabsorption of fat 
in the digestive tract may theoretically affect energy uptake,
but there is no long-term evidence showing the effectiveness
of this strategy for weight loss with a substance such as 
chitosan.

Other supplements
A number of compounds including bissey nut extract, citrus
aurantium, coleus forskolin, ephedra alkaloids, ginseng,
green tea extract, l-tyrosine, magnesium stearate, gymnema
sylvestre and pyruvate have been promoted as weight loss
substances. However, to date, there is no acceptable evidence
supporting any of these for weight loss in humans. More de-
tailed future research may show advantages for these and
other non-prescribed substances and the possible benefits of
synergistic effects between ingredients cannot be ruled out,
and needs further study. Average long-term weight losses,
even with proven prescribed medications, are poor and only
exist while a drug is being taken. If non-prescribed substances
are to be successful, lifetime use may be needed, as with other
chronic disorders.

Non-ingestible treatments

As well as ingestible substances, there is a wide range of alter-
native non-ingestible treatments claiming benefits for weight
loss. Some of the more enduring include the following.

Skin creams
Most skin creams claiming weight loss properties are focused
on ‘cellulite’ reduction (Rosenbaum et al., 1998). Cellulite
creams are diverse, with 32 products that were surveyed con-
taining 263 ingredients (Sainio et al., 2000). Caffeine is com-
monly reported as an active ingredient, although no published
evidence supports a role for topically applied caffeine in cel-
lulite reduction. In their review of thigh creams, Allison and
colleagues (2001) conclude that any changes resulting from
these are at most cosmetic, and there is no evidence for me-
dical/health benefits of these treatments. Slimming soaps that
contain seaweed extract as the active ingredient have also been
claimed to have weight loss effects (Marshall, 1995), but again
there is no published supporting evidence or physiological
basis for these claims.

Acupuncture and acupressure

Acupuncture, acupressure and related oriental techniques are
frequently cited as strategies to curb appetite and lower body
weight. At least four controlled studies have found no such 
effect (Allison et al., 1995), although improved psychological

status has been observed in a recent randomized, placebo-
controlled trial (Mazzoni et al., 1999). In one controlled study,
combined acupressure and transcutaneous electrical stimula-
tion (TENS) of the auricular branch of the vagal nerve, using
an AcuSlim device, suppressed appetite and body weight
(–3.0 ± 1.4 kg) when applied twice weekly for 4 weeks (Richard
and Marley, 1998). However, auricular acupressure without
electrical stimulation has not been found to have any effect
(Allison et al., 1995). Further studies are required to provide
data on the longer term effectiveness of acupressure tech-
niques in weight loss.

Electrical stimulation
Electronic muscle stimulation (EMS) or TENS apparatus is
used as a supplementary treatment option in the management
of selected muscular rehabilitation and conditioning. At least
one study has shown significant weight loss with TENS 
compared with a control group (Richard and Marley, 1995)
prompting a suggestion for further independent research on
this process. However, no impact of EMS on body weight has
been demonstrated (Porcari et al., 2002).

Hypnosis
Hypnotherapy is often used as an adjunct treatment in weight
loss, although few controlled studies exist on its effectiveness.
A meta-analysis of five controlled studies using hypnosis for
weight loss demonstrated a small non-significant effect, but a
further review of the same dataset, with the inclusion of one
additional study, suggested a small significant effect (2.6 kg)
(Kirsh, 1996). In more recent studies, a slight benefit (mean loss
of 2 kg) occurred with hypnosis plus overt aversion (electric
shock, disgusting tastes and smells) compared with hypnosis
alone (Johnson, 1997), although a similar study did not con-
firm this (Johnson and Karkut, 1996). In another study, 60
obese patients with obstructive sleep apnoea were random-
ized to receive two forms of hypnosis (directed at stress reduc-
tion or reducing energy intake reduction) compared with
standard dietary advice alone. After initial weight loss in all
groups, the hypnotherapy for stress reduction was the only in-
tervention to achieve persistent weight loss (mean 3.8 kg)
(Sreadling et al., 1998).

Several other alternative treatment approaches including
massage, body wrapping and strapping, Eastern stress man-
agement techniques such as yoga and t’ai chi, and a range of
passive exercise devices have been proposed for weight loss,
but at present none has any reliable evidence supporting its
use for weight loss.

In summary, a caffeine–ephedrine mix is the only alternative
non-prescription ingestible product with convincing evidence
of weight loss success. However, the short-term nature of this
approach and adverse side-effects have led to it being banned in
most countries. Other substances such as HCA, capsaicin 
and chitosan, although claiming success, have not consistently
demonstrated success in controlled studies. At present, there



Chapter 30

450

are no convincing data available for herbal mixes. Minor
weight loss benefits have been reported with alternative non-
ingestible treatments such as hypnosis, and possibly acupres-
sure with electrical stimulation in some situations, suggesting a
possible justification for further research. Other treatments
such as skin creams, body wrapping and passive exercise 
devices have no reliable evidence for their support.

Alternative treatment delivery

Perhaps more interesting than alternative therapeutic treat-
ments are alternative forms of delivery of otherwise tradit-
ional treatments and preventative methods. These are now
becoming of interest to orthodox researchers, and a recent
workshop on innovative approaches has now considered
many of the available options (for a workshop report, see 
http://www.niddk.nih.gov/fund/other/obesity_report.
pdf). Four main methods of delivery are considered here.

Correspondence

Correspondence programmes offer a cost-effective means of
delivering weight control programmes to a large number of
people. Consumer preferences indicate that this approach may
also be more desirable for many than face-to-face formats, par-
ticularly in higher education and income level groups (Sher-
wood et al., 1998). Programmes can range from being totally
self-help with minimal contact to adding a component to a
shared-care programme. They have also been offered at no
cost, at commercial rates or with different forms of cost incen-
tives. Reported success rates are generally higher with some
level of payment, perhaps indicating a level of self-selection
through commitment. Telephone-based interventions have
also been found to have reasonable success in some cases. 
Correspondence may be more effective in some groups than
others and may depend on the type of intervention required.
King and colleagues (1989) found that exercise is easier to
maintain by men who are using minimal-contact strategies
than dietary approaches focusing on modification of energy 
intake.

Internet

The development of the Internet provides unique opportuni-
ties for delivery of weight loss programmes. However, at pre-
sent there is a huge variation in relevance and quality of sites,
with probably less than 5% providing sound weight loss ad-
vice (Miles et al., 2000). Also, despite the wide proliferation of
services, there is almost a complete lack of evidence of the ef-
fects of the Internet on health outcomes (Bessell et al., 2002).
One study comparing passive website education with more
intensive Internet behaviour therapy did find positive short-
term (6-month) effects on weight loss, with bigger effects in the
more intensive group (Tate et al., 2001). Other studies are being

tested with physical activity (Napolitano et al., 2003) and over-
weight teenagers (Williamson, 2003).

Mass media/multimedia

Mass media programmes in lifestyle change were initially 
tested in the 1970s with limited success. More recently, 
mass media in community interventions have been found 
to increase awareness but have limited impact on weight 
loss at the population level (Jeffrey, 1995; Miles et al., 2001). 
The development of multimedia systems presents a new and
expanded opportunity for programme delivery. Some exist-
ing correspondence programmes have used elements of this
such as videos, audio tapes and print. However, the current
availability of computer-based audio and video CDs and 
e-mail, and Internet delivery of these strategies provides
promising new opportunities to satisfy the requirements 
of many people for minimal-contact interactive services. At
present there is no evidence of the benefits of such systems.

Shared care

Shared care has been used as an effective delivery option for
many health-related programmes, ranging from asthma to
pregnancy. Because weight control ideally calls for multidisci-
plinary input, the idea of shared care between disciplines is a
logical approach to service delivery. Shared care is often re-
ferred to in principle, although surprisingly few evaluative
studies have been reported. However, there is some evidence
of better weight loss than in conventional single disciplinary
interventions (Richman et al., 1996). Options that optimize use
of the practitioner’s time by combining developed pro-
grammes with correspondence courses may be a logical direc-
tion for the future.

Combined approach

Although each of the delivery services discussed here has the
potential for improving outcomes in weight control, a combi-
nation of these approaches would seem to have logical advan-
tages over any single approach. Some attempts have been
made at this with programmes such as GutBusters in Australia
(Egger et al., 1996), which was developed as a shared-care cor-
respondence course, carried out in conjunction with trained
GPs. As a result of the appeal of the programme, and the avail-
ability of new technology, the GutBuster programme has now
been modified and expanded to include a range of weight loss
programmes at different levels of intervention, using multi-
media materials in a correspondence pack, connecting partici-
pants to an interactive Internet site (www.professortrim.com)
and shared care with over 1000 GPs and 100 specially trained
‘personal weight coaches’. Prospective evaluation is being 
established to monitor the ongoing effectiveness of the 
programme.
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Environment

Traditional approaches

Although changes to the environment are considered a vital
part of managing infectious disease epidemics, attention 
has only recently been paid to the environment in relation 
to non-communicable disease (NCD) epidemics. Theoretical
propositions have been put forward in relation to obesity 
management, including the use of a diagnostic tool (Swinburn
et al., 1999). However, at least one group of experts concedes
that major environmental changes aimed at obesity reduction
will be difficult in modern societies (Peters and Hill, 2002). 
Traditional approaches such as advocacy and legislation 
have worked in the case of smoking (Chapman, 1993), and
structural changes, such as dividing of roads and fencing re-
quirements for swimming pools, have reduced traffic injuries
and drowning (Mathers et al., 2000). However, the general 
failure to consider population approaches to obesity has so far
resulted in few policies or environmental strategies being
used directly for obesity management. Restriction of fast-food
advertising to children, mandated food labelling, modifica-
tion of school canteens, community exercise facilities, tax 
incentives on reduced energy foods and trade policy could all
presumably be brought to the fore in a concerted environ-
mental approach to obesity. A number of these have been 
suggested previously (Swinburn and Egger, 2002). For a more
comprehensive approach, however, we may need to look to 
alternative, more radical and more long-term solutions to the
problem.

Alternative approaches

In almost all countries, standard environmental approaches to
obesity management have yet to be considered as part of a
mainstream attack on obesity. Suggestions for alternative ap-
proaches are therefore theoretical and have little evidential
support. Some of these have been suggested previously 
(Swinburn and Egger, 2002) and some are being researched at
present (e.g. see http://www.niddk.nih.gov/fund/other/
obesityreport.pdf). As an additional ‘wish list’, the following
could be seen as a starting point for public debate.

Encouragement of fitness centres for children and 
older adults

Although health clubs and gymnasiums have existed for
many years, the development of new fitness forms, such as
aerobics to music, led to a revitalization of the fitness industry
in the late 1970s and early 80s. Typically, however, modern fit-
ness centres are economically driven, and hence cater to the
more fit and affluent in the community. Tax or other incentives
to encourage exercise facilities for children and older adults
could lead to more active involvement by these groups.

Development of new building codes

Building codes and town planning changes have the potential
to influence activity levels in large sectors of the community.
These are long-term rather than short-term measures and re-
quire a level of acceptance by the community that obesity is a
key issue. Building codes encouraging use of stairways, open
areas for active commuting and town planning restricting the
use of motor vehicles, such as the Central London vehicle re-
striction plan, are potential opportunities.

Encouragement of advocacy groups

Self-help groups are common in most forms of illness. In gen-
eral, these are aimed at providing a service and support 
for sufferers. Advocacy groups, on the other hand, such as 
FOE (Fighting the Obesity Epidemic), which exists in New
Zealand, contribute to advocacy services aimed at increasing
public awareness and action against obesity. Such groups are
usually self-funded but could benefit from government sup-
port on the basis of decreasing health costs.

Radical taxing initiatives

Although taxing of excess body fatness has discriminatory
overtones, there are opportunities for tax incentives in 
people who are prepared to accept low-cost approaches to
dealing with the problem. Incentives for individuals with im-
paired glucose tolerance, which would normally progress 
to full diabetes, to reduce their risk through non-drug 
approaches like lifestyle change and weight loss could well be
considered within present-day government medical support
systems.

Pet ownership

There is mounting evidence to suggest that those who keep
pets are likely to benefit from various improvements in health.
Although it is not known whether pet ownership influences
body weight, such a relationship is likely to exist as pets can
stimulate exercise, reduce anxiety and provide an external
focus of attention. On the other hand, stray dogs in indigenous
cultures often restrict the motivation of people to walk (Egger
et al., 1999), and hence public health measures to license or
eliminate stray animals may be an effective environmental 
approach typical activity.

Improving active opportunities

As part of a WHO obesity control project in Tonga, businesses
have contributed to the development of a footpath in a main
thoroughfare region, which traditionally discouraged walk-
ing because of dust in the dry season and mud in the wet
(WHO, 2002b). The intention of this approach is to enable indi-
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viduals to become more active rather than rely on automated
transport.

Electronic prompts

Consumers could more easily identify low-energy food choices
if the energy content of serving sizes was more obvious. For ex-
ample, this information could be stored electronically in the
product’s bar code and could be displayed at the checkout 
register or at ‘energy’ checkpoints throughout supermarkets.
This would be much more informative for consumers than ‘tick’
systems for low-fat foods, and would eliminate some of the con-
fusion that exists over the energy density of foods that are la-
belled ‘no cholesterol’, ‘baked not fried’, ‘extra lean’ or ‘lite’.

Changing activity choice in children

Two recent studies have shown that physical activity increases
in obese children when access to sedentary activities is contin-
gent on some form of exercise. In one study, obese children
who accumulated 750 pedometer counts to earn 10 min of ac-
cess to video games or movies engaged in more physical activ-
ity than children in a control group who had unrestricted
access to sedentary behaviours (Goldfield et al., 2000). Simil-
arly, children who were only allowed to watch video movies
and play video games after riding a stationary bicycle in-
creased their physical activity and decreased their TV activi-
ties compared with children in a control group who were able
to freely engage in sedentary activities (Saelens and Epstein,
1998). In African-American girls, taking up after-school dance
classes has also been shown to reduce television viewing
(Robinson et al., 2003).

Vectors and agents

Traditional approaches

Typically, dealing with vectors and their agents makes up a
large part of the treatment of any infectious disease epidemic.
This is generally accomplished through either engineering or
technology. Mosquito-borne disease, for example, is dealt
with by spraying insecticides to kill mosquitoes and their in-
fective agent. The agent of obesity is positive energy balance
and its vectors are high-energy dense foods and modern 
technology, particularly effort-reducing (time-saving) and 
effort-sparing (time-consuming) machines. The standard
technological approach to dealing with obesity to date has
been to reduce the energy density of foods and engineer a wide
range of exercise machines. There is potential to improve on
this approach by modifying foods and the preparation of
foods without changing taste, or at least changing it mini-
mally. An example is the ability to dramatically change the fat

content of chips according to deep-frying practices (Morley-
John et al., 2002). Further development of specially prepared
food and meal replacements by food technologists may prove
useful as these products enable people to easily control their
food environment, and recent data show that once-a-day meal
substitution is surprisingly effective (see Table 30.1). How-
ever, there are limited opportunities for expanding these 
traditional approaches, and lateral thinking to develop alter-
native approaches may have some benefits.

Alternative approaches

There are a limited number of alternative options for modify-
ing the vectors of energy balance. Some of these are shown
below.

Active commuting to school

New initiatives such as ‘walking buses’ can encourage physi-
cal activity in children by providing a safe, creative and enjoy-
able way for children to walk to and from school with parental 
supervision.

Development of new sporting activities

New sports can encourage participation in physical activity.
These are continually being invented or reinvented. For exam-
ple, snowboarding, kite surfing, bocce ball and even riding
scooters have been popular in recent years.

Virtual reality devices

These devices use virtual environments for health care and
have been developed for many purposes, including preventa-
tive medicine and patient education. As a tool in clinical psy-
chology, they may be useful in promoting healthy eating and
encouraging physical activity in people who are obese or have
binge eating disorders (Riva et al., 2001).

Active electronic games

Electronic devices in game parlours, which require move-
ment, such as foot pads, mean that players are required to be
active, rather than passive, as is usually the case in most elec-
tronic games. These can result in considerable expenditure of
energy. An automated system that makes television and small
screen entertainment contingent upon physical activity also
has the potential for modifying activity in the treatment of obe-
sity. For example, entertainment devices could be invented,
which only operate when physical activity is being performed
e.g. electronic games that are only activated by movement, or
TVs that only operate when motion is detected on a pedometer
or exercise bike.
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Summary

Obesity is a multifaceted problem with no single treatment so-
lution. In considering its epidemic nature in modern societies,
a holistic approach, involving host, vector and environment
would seem to be necessary to limit its spread and reduce the
growth of associated metabolic diseases. Environmental and
policy approaches that involve professional and lay groups as
well as new and alternative programmes and sources of deliv-
ery may be necessary as part of the gamut of solutions offered
to overweight and obese individuals in order to limit the huge
potential increases in treatment costs expected to occur in the
immediate future.
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Treating obesity as an epidemic

Taking a step back from people with obesity problems to look
at populations with obesity problems gives one a very differ-
ent view of the likely causes of and solutions to this major
health challenge. For populations, the role of genes fades into
the background and the role of the environmental and social
changes becomes dominant. The patterns of change of obesity
prevalence within a population over time and between popu-
lations tell us a great deal about the nature of the epidemic.

In the high-income countries of Western Europe, the USA
and Australasia, the epidemic started to increase rapidly over
the 1980s and 1990s, whereas in middle-income countries, 
it has increased more recently. Even in some of the poorer
countries, it is overtaking undernutrition in prevalence rates
(World Health Organization, 2000). In the early stages of the
epidemic, the effects are seen predominantly in middle-aged
people, women, urban dwellers and the higher socioeconomic
(SES) groups. These are the first population subgroups influ-
enced by the environmental drivers of obesity— cars, labour-
saving devices, passive entertainment and recreation choices,
high-fat foods and high-sugar drinks.

As the time passes (and the population’s economic prosper-

ity increases), the obesity prevalence rates in men increase to
match those in women in parallel with reductions in occupa-
tional physical activity due to mechanization. The SES gradi-
ent reverses (especially in women) as lower income people
gain access to the ‘obesogenic’ forces in the environment and
education about the need for healthy eating and regular phys-
ical activity slows the rate of weight gain in the higher SES
groups. The urban–rural gradient also reverses as agriculture
and horticulture become mechanized and the urban popula-
tions take on healthier eating and activity patterns.

The major trend now being seen in many countries is in-
creasing prevalence rates among children. The specific obeso-
genic factors for children that are on the increase include
marketing of energy-dense foods and beverages to children,
concerns about the safety of neighbourhoods, both parents (or
the solo parent) working so that children spend their after-
school time inside the house (so called ‘latch key’ kids) and
electronic and computer games.

One way of viewing obesity at a population level is through
the classic epidemiological triad (see Chapter 30). The triad
was originally used as a model for combating infectious 
diseases and was later applied to injuries and some non-
communicable diseases (Haddon, 1980). It is eminently ap-
plicable to obesity and helps to define the different nature of
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the determinants of obesity and potential strategies for action
(Egger and Swinburn, 1997). All corners of the triad are, of
course, interconnected.

The ‘agent’ is the final common pathway and for infectious
diseases it is the infecting organism. For obesity, it is chronic
positive energy imbalance. The energy intake ‘vectors’ or car-
riers of passive overconsumption of total energy (Blundell and
King, 1996) are largely energy-dense foods (mainly high-fat
foods), energy-dense beverages (high sugar, fat or alcohol)
and large portion sizes (Rolls et al., 2000; 2002). The vectors of
low energy expenditure are two types of machines— those that
reduce the energy cost of work or transport (e.g. electric appli-
ances, cars) and those that promote passive recreation (e.g.
television, videos).

The ‘host’ factors include age, gender, genetic make-up,
physiological factors (e.g. hormonal status, metabolic rate),
behaviours and personal attitudes and beliefs. The ‘environ-
mental’ factors can be considered in four different categories—
the physical environment (what is available), the economic
environment (what are the financial factors, both income and
costs), the policy environment (what are the rules) and the 
sociocultural (what are society’s attitudes, beliefs, perceptions
and values) (Swinburn et al., 1999).

The real drivers of the present obesity epidemic are the
changing environments and vectors, and many of these
changes make life easier, more convenient and more enjoyable
for people. They also make a lot of money for the producers of
obesogenic vectors (such as cars, televisions, fast food) and
this is a powerful force in market-driven economies. This
model helps to explain the changing obesity prevalence in the
following way: changes in the environments and vectors are
driven by powerful motives of improving people’s lives and
making money. People respond to these changes by largely
changing their ‘default’ behaviour choices based on what is
easy, what is desirable (which is influenced by marketing) and
what everyone else is doing. These changes are creating the 
increasing prevalence of obesity over time. On top of that, the 
natural variation in host characteristics (mainly biology and
behaviour) creates most of the differences between individuals.

The concept of genetic susceptibility to weight gain would
be familiar to most people— a person with a ‘high dose of fat
genes’ will gain more weight than a person with more ‘lean
genes’ in an obesogenic environment. The classic experiment
that demonstrated this was the Quebec overfeeding study in
identical twins (Bouchard et al., 1990). Over a period of 3
months, participants were overfed by 1000 kcal per day for 6
days per week for 3 months. Under these identical, closely con-
trolled obesogenic conditions, all participants gained weight
(not surprising), but some gained much more than others (the
range was +4.3 kg to +13.3 kg, Fig. 31.1). Identical twins tended
to gain similar amounts of weight, suggesting that much of
this variation in weight gain could be genetically based.

Building on this concept of susceptible individuals in obeso-
genic environments, one could also consider some cultures to

be more susceptible than others. A particular culture might
have hospitality traditions that place a high value on hosts
overproviding foods (especially high status, fatty foods) and
on guests overeating the offered food. There may also be a low
cultural value placed on adults (especially women) being
physically active. Therefore, a person from this cultural back-
ground would be more predisposed to weight gain than some-
one from another culture with different traditions such as a
high vegetable-based diet and belief systems about the bene-
fits of regular physical activity and overall balance in life.

Furthermore, people may be socioeconomically predis-
posed to weight gain. In high-income countries, there is a 
consistent trend, especially in women, for people with 
low income or low educational attainment to have higher
prevalence rates of obesity (Stunkard, 1996). In addition, there
is some evidence for a vicious cycle between socioeconomic
status and obesity such that one begets the other (Stunkard,
1996). Therefore, people from low-income families could be
considered economically and/or educationally predisposed
to obesity.

These broader concepts of predisposition to obesity 
(genetic, cultural, economic, educational) help to explain the
wide variation in body sizes between individuals when they
all seem to have dietary and physical activity habits that are
not particularly extreme. People generally make similar de-
fault behavioural choices to those around them, but put on
weight at different rates. This is why it is important to tackle
both the behaviours and the wider environment in its broadest
sense.

Therefore, reversal of the obesity epidemic will require both
individual and population-based approaches. The individual
approaches focus on the host and are largely educational, with
some medical and surgical options for those with established
obesity. The population-based approaches try to influence the
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vectors and environments as well as the hosts (mainly through
public education and information).

What are the main drivers for making the environment less
obesogenic? The economic driver of making a profit can make
some aspects of the environment less obesogenic, such as mak-
ing low-fat food items and private gyms more readily avail-
able. However, this will only achieve so much. For more major
and sustained changes, the drivers will need to be enlightened
policy and public attitudes and beliefs. Policies that promote
active transport over car transport, reduce the heavy market-
ing of energy-dense foods to young children, change the foods
available at school canteens and increase the recreation space
in neighbourhoods will create sustainable environmental
changes.

Changes in the public’s knowledge, attitudes and beliefs
will translate into consumer demands for less energy-dense
foods and beverages, housing in neighbourhoods with good
public transport and recreation spaces, improved school food
and so on. Such changes in public demand may take a long
time, but when they do occur they tend to be long-lasting 
and powerful. A parallel example has been the increasing 
public demand and expectations for smoke-free public 
environments.

Lessons from other epidemics

A degree of success has been achieved in controlling several
epidemics of infectious and non-infectious causes of death in
many high-income countries, and some general principles can
be extracted and applied to the obesity epidemic (Swinburn,
1995). The key components of the control of these epidemics
can be classified as host (h), vector (v) and environment (e).

Reductions in morbidity and mortality from tobacco have
been achieved through a multipronged approach, including
taxation (e), smoke-free legislation (e), education and quit
lines (h), regulations (e) and labelling and warnings (v). 
Cardiovascular diseases have also decreased in response to
improved health care (h), reduced saturated fat content of
meats and low-fat dairy options (v), education on diet and
physical activity (h), regulatory framework (e) for nutrient 
labelling on foods (v) and tobacco control (above).

The road toll has been reduced by advertising campaigns
and driver education (h), regulations and laws on drink-
driving, seat belts, driver licences (e), median barriers and 
improved roads (e), improved car safety (v) and changes in
public attitudes (e). Reduced mortality from cervical cancer
has mainly involved population screening programmes and
surgical treatment (h) plus education measures about safe sex
(h). Reductions in sudden infant death syndrome (SIDS) have
been achieved mainly through education (h). Control of the
HIV AIDS epidemic has involved substantial education (h),
medical care (h and v), changes in social attitudes (e), 
increased availability of condoms and needle exchange/

disposal systems, (v) and blood screening (v). The melanoma
mortality rates are no longer rising in countries like Australia,
probably due to the increased awareness of the need for sun
protection (h), local authority policies on shade provision (e),
school policies on hats (e) and the widespread availability of
devices like sunscreen and hats with neck protection, and
shade cloth to block UV light (v).

The successes in controlling these epidemics have been
achieved in the face of substantial barriers including: strong
commercial interests (tobacco, dairy industries), social taboos
(advertisements about sex), fashion (sun-tanned skin), un-
known cause (SIDS), huge and increasing rates (heart disease),
addiction (smoking), traditions and habits (butter and full-fat
milk) and social attitude norms (drinking and driving, smok-
ing in enclosed public spaces) (Swinburn, 1995). The barriers
for preventing obesity are no less formidable, but the strate-
gies for surmounting them have been well tested in these other
epidemics.

The main lessons learned from these prevention pro-
grammes that could be applied to the obesity/diabetes 
epidemic are: taking a more comprehensive approach by 
addressing all corners of the triad; increasing the environmen-
tal (mainly policy-based) initiatives; increasing the ‘dose’ of 
interventions through greater investment in programmes; 
exploring opportunities to further influence the energy densi-
ty of manufactured foods (one of the main vectors for in-
creased energy intake); developing and communicating
specific, action messages; and developing a stronger advocacy
voice so that there is greater professional, public and political
support for action (Swinburn, 1995).

What is a comprehensive approach?

A comprehensive approach to obesity prevention is one that
simultaneously addresses as many of the underlying behav-
ioural and environmental causes of obesity as possible. The
underlying premise is that single strategy approaches such as
public education about healthy choices (Jeffery and French,
1999), or single setting approaches such as a school-based pro-
gramme (Sahota et al., 2001a,b) are going to be insufficient to
achieve the ‘intervention’ dose required to reverse the present-
day trends in obesity. Theoretically, the approach with the
greatest likelihood of effect is one that encompasses multiple
strategies (such as social marketing, policy change, environ-
mental change, management of overweight and obesity), in
multiple settings and sectors and across both sides of the 
energy balance equation.

Within such a comprehensive approach, influencing the en-
vironment to make healthy choices the easy choices has to be
central. The environmental causes of obesity are often difficult
to conceptualize and therefore influence. To support this
process, we have previously described a systematic ap-
proach to classifying and scanning obesogenic environments
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(Swinburn et al., 1999; Egger et al., 2003). The ANGELO frame-
work (Analysis Grid for Environments Linked to Obesity) is
shown in Fig. 31.2.

Large or macroenvironments that can influence obesity in-
clude industries, services or infrastructures such as transport
systems, the media, and food production, manufacturing, dis-
tribution and marketing industries. Microenvironments are
the settings where people gather, particularly those involving
food and/or physical activity. Examples include homes,
schools, churches, clubs and neighbourhoods. Within both
macro- and microenvironments, different types of environ-
ment can be identified. We define these environments as phy-
sical (what is available), economic (what are the financial
factors), policy (what are the rules) and sociocultural (what are
society’s attitudes, perceptions, beliefs and values) (Swinburn
et al., 1999). Using this ANGELO framework, a group of in-
formed stakeholders can readily ‘scan’ the relevant environ-
ments and identify specific elements for prevention strategies.
Adding the social marketing strategies to these environmental
ones provides the basis for a comprehensive approach.

Exactly what combination of these potential interventions
should be included in a multisetting, multistrategy prevention
programme is determined by local relevance, likely impact,
changeability and resource constraints. Setting-specific deliv-
ery is also pragmatic and needs to be guided by those with the
expertise. For example, teachers know most about schools and
what they can deliver, parents know about home-based strate-
gies and their local environment.

To be effective, obesity prevention strategies require 
government support at a national level to combat macro-
environmental influences that are obesity promoting and to
encourage those that are obesity preventing. For example,
countries such as China (Fig. 31.3) and the Netherlands (Figs
31.4 and 31.5) have a tradition of active transport with a trans-
port infrastructure and culture that promotes bicycles and
public transport as well as cities with mixed land use and high
population densities (Bell et al., 2002). Their challenge is to pre-

serve and extend these structures and cultures in the face of an
increasing pressure for private car transport.

Countries such as the USA, on the other hand, are faced with
the monumental long-term task of trying to retro-fit their car-
dominated culture and infrastructure towards an environ-
ment that is more conducive to active transport (Craig et al.,
2002). For example, most suburbs that have been built in the
last 50 years have been designed for car travel almost exclu-
sively with poorly interconnected looping street patterns 
(Fig. 31.6).

The characteristics of a comprehensive approach then in-
clude support for obesity prevention at a macroenvironment
level (in most cases through international, national and state
initiatives), engaging multiple settings at a community level,

Environment
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Microenvironment
(settings)
Food PA
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Food PA

What is available?

What are the financial factors?
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Fig 31.2 The ANGELO framework (Analysis Grid for Environments Linked to

Obesity) used to ‘scan’ the environment for barriers and facilitators to healthy

eating and regular physical activity (PA).

Fig 31.3 A Beijing street, showing wide footpaths and a separate lane for

bicycles and parked cars only.

Fig 31.4 Amsterdam street showing that the majority of the lanes are for

‘active transport’ —walking, cycling, public transport —with only one lane for

cars.
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applying multiple strategies within each setting and focusing
on populations who have most to gain from prevention efforts
(e.g. children) and the most to lose from non-intervention (e.g.
low-income and other high-risk groups). Supporting activities
for interventions are also needed such as: ongoing monitoring
of overweight and obesity and its determinants; training pro-
grammes to increase the capacity of the public health work-
force to manage obesity prevention; coordination of activities
and demonstration projects; and a national communication
campaign to promote consistent action-orientated messages
to the public.

The demonstration areas should be well-defined communi-
ties in which obesity prevention efforts can be concentrated
and quantified. Within these communities, schools, early-
childhood care centres, neighbourhoods, fast-food environ-
ments, sport and recreation clubs, religious organizations,

individual households and other settings would all make 
realistic changes to their policy, economic, physical or socio-
cultural environment designed to prevent obesity. Of course
the impact and cost effectiveness of each of these actions need
to be closely evaluated. Complementing these activities
would be a range of obesity management options for those
children who are already overweight and obese.

Priority target groups

Who should be the priority groups for obesity prevention ac-
tion? Once obesity becomes well established in the adult pop-
ulation, one could argue that it is too late for prevention efforts.
However, these people will be contributing the most to the
obesity-related burden in the short and medium term, and
obesity management should be focused on the high-risk indi-
viduals and subpopulations (such as those at risk of diabetes;
Knowler et al., 2002). The primary prevention efforts, on the
other hand, should be targeted to populations prior to the ex-
pected large increases in obesity prevalence. This includes
those living in low-income countries (Bell and Popkin, 2001)
and children and adolescents (Robinson, 2001). Additional
reasons for focusing on children are: they have less control
over their own food and physical activity choices; they are
more dependent on their environments and are more suscepti-
ble to its influences (e.g. television advertising); they are at the
formative stage of life in which many lifelong habits are being
developed; and there is a duty of care for adults and society to
provide the best possible environment for children. This last
point is an important argument for gaining political and com-
munity support for obesity prevention programmes.

Role of clinical management programmes in
reducing obesity prevalence

The evidence for the effectiveness of obesity management 
programmes, particularly for children, has not kept up with
the obesity epidemic. Available studies in school and clinical
settings suggest conventional behavioural modification 
approaches to reducing energy intake (dietary changes), 
increasing energy expenditure (physical activity) or reducing
inactivity that involve the child’s family have the best chance
of success (Epstein et al., 1990; Berkowitz et al., 2001). Pharma-
cological treatment may be an option in some situations but
experience is understandably limited in this area. Theoreti-
cally, if an obesity management programme is integrated into
a comprehensive community-based programme (as outlined
above) it would increase the chances of long-term success but
this has not been tested. The constraints of the systems that
govern clinical care (especially the funding systems) usually
do not allow clinicians sufficient time to fully manage over-
weight children and their families even if they have the skills

Fig 31.5 Bicycle parking in Amsterdam, showing a large area and multilevel

parking building next to the railway station for parking bicycles.

Fig 31.6 Modern suburban planning with streets designed for car

transport. Very few intersections or cross-connections between streets

means that a pedestrian has to walk long distances between places that are

physically relatively close.
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and training to do so. Community-based management pro-
grammes run by other health professionals could provide clin-
icians with the ‘effector arm’ to deliver much of the education,
counselling and follow-up.

Rose and Day (1990) have suggested that the best way to re-
duce the prevalence of conditions like obesity was to shift the
whole distribution curve of body mass index (BMI) to the left.
Evidence that such a population approach works comes from
efforts to reduce blood cholesterol levels in North Karelia, 
Finland, between 1972 and 1992 (WHO, 2002) (refer to Fig.
30.2). The whole distribution curve of cholesterol levels shift-
ed to the left and corresponded with substantial declines in
coronary heart disease mortality. Since 1992 and the advent of
widespread prescribing of lipid-lowering drugs, the high-
cholesterol end of the distribution has been remarkably flat-
tened, further shifting the population mean levels to the left.
This indicates the potential of combined population ap-
proaches and effective clinical management to substantially
reduce the incident rates of disease. Unfortunately, tackling
obesity is at about the same stage that tackling high cholesterol
levels was 30 years ago— few proven long-term strategies exist
at both population and clinical levels.

We are therefore at the stage where research into effective
prevention and treatment options is paramount. However,
there are already many people with overweight and obesity
who are in need of treatment. This is particularly true for two
groups of patients: those who already have (or are at high risk
of) obesity complications such as diabetes and sleep apnoea,
and children and adolescents because of the associated psy-
chosocial problems, strong tracking of obesity into adulthood
(Magarey et al., 2003) and long-term health outcomes associat-
ed with obesity (Berkowitz et al., 2001).

There are multiple potential sources of information and
support for weight management (Fig. 31.7). Apart from 
commercial organizations, most options are not well devel-
oped. Settings-based promotion of nutrition and physical 
activity (in schools, workplaces, etc.) and communication 
programmes (social marketing) from government agencies,
which would form the basis of a comprehensive obesity 
prevention programme, are in their infancy. Community-
based weight management programmes led by trained pro-
fessionals such as school nurses, practice nurses or teachers
are also an option that needs to be developed, especially for the
management of overweight and obesity in children and 
adolescents for whom there is a reluctance by parents to 
medicalize the problem. As the prevention programmes and
community-based management options develop, the need for
strong linkages between the provider groups will become
paramount (Fig. 31.7). In particular, general practitioners 
will need to link with community-based management pro-
grammes as part of their referral network. Specialist services
are clearly important for difficult cases in which significant
medical or psychological problems are part of the cause or 
consequence of obesity.

Community-based action in Colac

By focusing funding, training programmes, management pro-
grammes, research expertise and other resources into a whole
community as a demonstration site, programmes can be de-
veloped and the evidence gathered about effectiveness and
sustainability. This protects the intervention activities from
becoming so big that they are unwieldy and difficult to man-
age, and maximizes the chances of achieving a sufficient 
intervention dose. We are evaluating such community-based
action in Colac, South-western Victoria, Australia. Colac is 
a rural township with a population of approximately 11 000
people, 2 hours by car from Melbourne.

Mobilizing Colac for action took over a year from the estab-
lishment of a working group to starting the implementation 
of an action and social marketing plan. The first step was to 
establish networks between community workers, teachers,
health professionals, local government and others with an 
interest in obesity prevention. These networks took shape
around a local steering committee, which included represen-
tatives from local government, Colac Area Health, and Deakin
University (which was providing intervention and evaluation
support). Aseries of training workshops was held to build the
knowledge and skills of physical activity and nutrition pro-
motion in the networks and increase their capacity to plan,
market, run and evaluate intervention programmes. Akey fea-
ture of the planning process was using the ANGELO frame-
work (see section What is a comprehensive approach?) to help
members of the community identify opportunities for change
in their own settings and prioritize these based on likely im-
pact, relevance and changeability (Swinburn et al., 1999). This
formed the basis of a 10-point action plan, which included ob-
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Fig 31.7 Multiple sources of information and support for overweight

patients and their families.
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jectives around capacity building, communications and spe-
cific behavioural changes such as reducing television viewing
and increasing fruit consumption. To increase the sustainabil-
ity of the interventions, the communities developed, owned
and actually did the interventions. The university team pro-
vided the community with the best international evidence
about which interventions were most likely to work, sup-
ported the community team and evaluated the process and
outcomes.

Having reached a critical mass of ‘obesity prevention’ ca-
pacity (resources secured, key stakeholders engaged and
trained, a community action group operating successfully),
the action plan could be implemented. The target population
selected was children aged 2–12 years and their parents and
carers, and the target settings were homes, schools, pre-
schools, neighbourhoods, primary-care and fast-food outlets.
A social marketing plan was developed following a specific
training workshop on the topic. The programme brand ‘Be Ac-
tive, Eat Well’ (Fig. 31.8) provided the umbrella under which
four linked messages were developed to coincide with the ac-
tion plan — more active play after school, less TV; more fruit
everyday, less packaged snacks; more water, less sweet drinks;
more active transport to and from school, less car transport.
The strategies to publicize the messages included paid and un-
paid coverage in the local paper, school newsletters, local
radio, and so on.

Close evaluation is essential for these demonstration pro-
grammes. Each objective of the action plan has an associated
evaluation outcome and each strategy is linked with process
evaluation measures. There are four linked surveys under-
takenbefore and after 3 years of intervention:children— weight,
height, waist and lunchbox contents; parents — telephone inter-
view on the child’s eating and physical activity patterns, as-

pects of the home environment (e.g. family television-viewing
patterns), aspects of the local neighbourhood (e.g. perceived
safety for children riding bikes and walking); school — an env-
ironmental audit of the school in relation to physical activity
and nutrition; and town — an environmental audit of the town
in relation to physical activity and nutrition (e.g. fat content of
hot chips, available playgrounds, etc.).

The comparison group is a group of similar schools ran-
domly selected from the rest of the Barwon-South Western re-
gion as a part of a regional monitoring programme (see Role of
monitoring in obesity prevention).

Two other whole-of-community interventions are being es-
tablished in the region as part of an overall ‘Sentinel Site for
Obesity Prevention’ and, ideally, a number of similar sites will
be developed and linked into a collaborative network across
the country that develops and shares instruments, designs,
methodologies and results. The advantages of such a network
lie not only in economies of scale, but also in getting the neces-
sary variation across communities to measure effectiveness,
ensuring it is the local experts who are the main contributors to
the design and implementation of the interventions and
achieving broader monitoring of secular trends in obesity
prevalence. Other advantages are that it allows local innova-
tive ideas to be evaluated and it contributes to a groundswell
of public action to reduce childhood obesity. Within a country,
therefore, a set of networked whole-of-community demon-
stration projects could be a vital catalyst and advocate for
broader national action on reducing childhood obesity.

Influencing homes and parents

Many of a child’s physical activity and eating behaviours are
learned in the home, making the home or family environment
a vital setting for preventing childhood obesity. Children’s eat-
ing patterns are shaped in the family environment by food
availability and accessibility, parental role modelling, televi-
sion viewing and child–parent interactions (Campbell and
Crawford, 2001). Children’s activity patterns and sedentary
behaviours are also shaped by the family environment 
(Davison and Birch, 2001). For example, parent participation
in physical activity has been positively related to activity in
children, particularly in girls (Sallis et al., 1988). Children in
Australia watch an average of 23 hours of television per week
at home (Zuppa et al., 2003) and other studies have shown chil-
dren’s television viewing to be associated with both parental
viewing practices and their monitoring of their children’s
viewing hours (Davison and Birch, 2001).

Opportunities for influencing the family environment are
limited, however, because it is difficult to access. There is also a
danger that interventions directed only at the home may en-
courage the prevailing but counterproductive attitude that
parents and children should be held solely responsible for
childhood obesity. Mass media is probably the most important

Fig 31.8 Logo from the ‘Be Active, Eat Well’ project in Colac, Victoria.
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way to access parents and families and to deliver action mes-
sages in relation to making the home environment less obeso-
genic. Other opportunities to influence homes are through the
contact that schools, pre-schools, sports clubs, churches and
other settings have with parents and families. The best evi-
dence for reducing obesity through a home setting is with 
programmes that promote reductions in television viewing
(Robinson, 1999).

The school (and pre-school) setting

Schools, and increasingly pre-schools and daycare, are a key
setting for promoting healthy weight because they have con-
tact with virtually all children throughout a substantial part of
childhood and adolescence. This includes children at the high-
est risk of obesity, for example those from low-income fami-
lies. One approach that can be used for school-based obesity
prevention is the Health Promoting Schools model (WHO,
1996) that employs multiple strategies across the whole school
environment. For obesity prevention, this could include: poli-
cies on physical activity and nutrition; physical structures and
spaces that promote active play and sport; incorporating nu-
trition and expanding physical education in the curriculum;
teacher training; parent and community support; linking with
local government to promote active play; increased availabili-
ty of healthy choices in school food services; water fountain
provision; and an expanded use of specialist teachers, espe-
cially for physical education in primary schools.

Many studies contribute to the evidence for school-based
obesity prevention, including a limited number of rand-
omized controlled trials (Campbell et al., 2001). In general,
school-based programmes are eminently achievable, the 
programmes are well received by stakeholders, and they have
proven successful in influencing dietary/physical activity
knowledge and behaviour as well as health behaviours be-
yond those that were originally planned. Few, however, have
demonstrated any long-term impact on weight. Short- to
medium-term studies have produced decreases in childhood
obesity of up to 5% and over 1.1 BMI units (Flores, 1995; 
Manios and Kafatos, 1999; Robinson, 1999) (Table 31.1).
Longer term trials have also shown a reduction of around 5%

in obesity rates. The largest impact resulted from programmes
that reduced television viewing time at home. Two major US
school-based studies have successfully implemented such
programmes (Gortmaker et al., 1999; Robinson, 1999).

An explanation for some studies that show changes in phys-
ical activity and eating behaviour but little change in weight is
likely to be that children do not spend all their time in school. A
significant proportion of their energy intake and energy ex-
penditure occurs in other settings. For example, in Australia,
37% of children’s daily energy intake is consumed in the
school environment on a school day, but only 16% of energy is
consumed in the school environment over the period of a year
when holidays and weekends are taken into account (Bell and
Swinburn, 2004).

Schools are attractive as a setting for interventions for a vari-
ety of reasons: they provide access to most children for an 
extended period; synergies are possible between education
goals and health promotion; they provide an avenue through
which parents can be reached; and they are highly symbolic for
the community and can take a lead in creating healthy behav-
iour patterns in children. The limitations are that schools often
have enough on their plates without stretching their resources
to accommodate interventions and they are only one of many
settings that influence children’s weight.

Active neighbourhoods

There has been a sharp decline in children’s physical activity
outside the structured school or sports environment, and
strategies are needed that promote physical activity in neigh-
bourhood settings that are integral to children’s daily lives.
The benefits of such strategies are enormous. An estimate from
a recent systematic review (Kahn et al., 2002) indicates that ex-
posure to an environment that supports physical activity
could produce a 20–25% increase in the number of people ex-
ercising for at least 30 minutes three or more times each week.

Environmental factors that influence physical activity at a
neighbourhood level include access to recreation facilities,
safety, street design, housing density, land use mix, availabil-
ity of public transport, and pedestrian and bicycle facilities. 
Interventions focusing on these areas may include policies,

Study Duration Intensity Weight outcome

Flores (1995) Short (3 months) High –1.1 kg/m2 BMI

Robinson (1999) Medium (6–12 months) High –0.42 kg/m2 BMI

Manios and Kafatos (1999) –1.0 kg/m2 BMI

Simonetti et al. (1986) –4.9% overweight and obesity

Gortmaker et al. (1999) Long (> 12 months) Lower –5.5% obesity BMI plus triceps 

skinfold > 85th percentile (girls)

Table 31.1 School-based interventions with successful reductions in weight (reported as changes in mean BMI or prevalence).



Chapter 31

464

regulations and guidelines that support and promote active
recreation and transportation, awards and funding support
for local governments, facility improvements, programmes
such as ‘walking school buses’, monitoring programmes and
communications to increase active transport, active play and
recreation. With appropriate support, local governments have
the structures, skills and experience in working with the com-
munity and the environment to be able to implement many of
these activities.

In Britain, 50% of children aged 4–11 years were driven less
than a mile to school on a regular basis, a distance that is easily
walked (Sleap and Warburton, 1993). Similarly, most children
at a New Zealand school travelled to school by car even
though their most preferred method of travel was walking
(Collins and Kearns, 2001). Therefore, one strategy that can be
adopted relatively quickly is promoting active transport
(walking, cycling), especially to and from school (Tudor-Locke
et al., 2001).

Fast-food outlets

A growing body of evidence links rising obesity prevalence
with increasing fast-food consumption (Binkley et al., 2000).
Australian household expenditure on takeaways and snacks
increased from 10.5% to 18% between 1984 and 1994 (Jones,
2000), and increasing alongside expenditure has been the size
of the fast-food meal. Chain outlets practise ‘supersizing,’
which is likely to promote overconsumption of high-fat foods
and high-sugar drinks [a large Big Mac meal (4796 kJ) contains
37.6% more energy and 29% more fat than a small Big Mac
meal (3485 kJ) but costs only 20.6% more]. Moreover, fast-food
outlets tend to cluster in low-income areas, potentially pro-
moting increased consumption among those most at risk of
obesity. Reidpath and colleagues (2002) found that the density
of fast-food outlets in low-income neighbourhoods was 2–3
times that of high-income neighbourhoods.

Fast food also has a higher total fat and saturated fat con-
tent than food prepared at home (Lin et al., 1999; Ashton 
and Hughes, 2000). In Australia this is largely because the
deep-frying oils that are high in saturated fatty acids (SFAs)
(tallow and palm oil) are the least expensive.

Significant reductions in fat intake can be achieved simply
by modifying deep-frying practices, and this has important
implications at a population level (Morley-John et al., 2002).
Components of interventions aimed at reducing saturated
and total fat consumption include training programmes for
best practice deep frying, regulations on training as well as
monitoring the amount and type of fat in fast foods (similar to
food safety regulations), communication of the nutrition con-
tent of fast food to customers (i.e. extending food-labelling
regulations to include fast food), levying of the SFA content of
frying fats (to neutralize the price incentive of high SFA fats),
collaboration with industry to reduce supersizing and in-

crease healthy options and limiting the density of fast-food
outlets. It is interesting to note that McDonald’s in Australia is
now vigorously promoting their nutrition information pam-
phlets and posters and in the USA, Kraft Foods recently put a
cap on portion sizes.

Of course, fast-food outlets are not the only source of energy-
dense foods outside the home. Atypical 362-item vending ma-
chine, for example, contains 5.5 kg of sugar, 4.4 kg of fat and
more than 380 MJ (unpublished data). Banning vending ma-
chines in schools will therefore reduce children’s exposure 
to energy-dense foods and beverages. The foods most promi-
nently displayed at cafés also tend to be energy dense. This is
graphically illustrated at a zoo, where the Western lowland 
gorilla consumes an appropriate diet of fruit, leafy green veget-
ables, skimmed milk and protein-rich ‘primate’ cake (grains,
cereals, peanuts), whereas the primates visiting the zoo are
served an inappropriate diet of energy-dense snacks and fried
foods at the zoo cafeteria (Figs 31.9 and 31.10).

Other community settings

A comprehensive approach to obesity prevention should also
encompass interventions in other settings or areas, as appro-

Fig 31.9 Gorilla in a zoo eating a specially tailored diet to ensure optimal

health.
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priate. Other settings include early childhood care and educa-
tion settings, clubs and churches or other religious communi-
ties. Interventions to increase breast-feeding rates across a
variety of settings are also important.

Interventions in early childhood care settings aim to pro-
vide environments and education activities that promote
healthy food choices and regular physical activity and to in-
crease parents’ and carers’ knowledge and skills in nutrition
and physical activity. Components of the intervention may 
include policies on food and active play, curriculums on 
nutrition and motor skills, staff training and guidelines and
monitoring on food service and environments for active play.
Some evaluated trials have been conducted in childcare cen-
tres and pre-schools (but not in out-of-school-hours care);
however, limited outcomes have been reported. The effect of
food policy improvements on behaviour change has not been
quantified but curriculum-based approaches have been asso-
ciated with increased familiarity with and consumption of
fruits and vegetables (Edmunds, 2002).

For many people, churches and other religious institutions
are the centre of community life, and churches have been suc-
cessfully used as a setting for weight loss in Pacific Islands and
African American communities (Kumanyika and Charleston,
1992; Simmons et al., 2001). We found that a nutrition and exer-
cise intervention programme was successful in arresting
weight gain in adult members of a Samoan church community
in New Zealand, but that in the absence of wider environmen-
tal change, the weight was regained in the long term (Bell et al.,
2001).

The settings that support antenatal/post-natal care are im-
portant for promoting breast-feeding, which is protective
against unhealthy weight gain and a number of other child-
hood illnesses (Oddy, 2000). Several large-scale, longitudinal

studies have demonstrated a strong protective effect of exclu-
sive breast-feeding against the development of obesity in later
childhood (Dietz, 2001; Armstrong and Reilly, 2002). Dietz
(2001) reported a population-attributable fraction of 15% for
breast-feeding in the development of obesity, although some
of this effect size may be due to confounding factors such as 
the body size and socioeconomic status of the mothers. In 
Australia, breast-feeding rates are well below the national tar-
gets set in 1996: only 18.6% of infants are fully breast-fed at 6
months compared with the target of 50%. Components of
breast-feeding interventions might include increased antena-
tal education for parents, the adoption and promotion of Baby
Friendly hospitals, increased support for existing professional
and trained volunteers to support breast-feeding in the 6-
month post-natal period. Increased rates of breast-feeding
(both initiation and duration) have been demonstrated
through such programmes (Fairbank et al., 2000).

The built environment

Within the built environment, the land development pat-
terns (i.e. public transport- and pedestrian-oriented vs. car-
oriented) and the mode of transport investment (i.e. public
transport, walking and cycling paths vs. highways) are closely
inter-related and between them they have a profound effect on
physical activity levels (Frank and Engleke, 2001). Public
transport can be categorized, with walking and cycling as 
‘active transport’ because of the regular short walking trips 
included in the use of public transport. In car-dominated soci-
eties, only a minority of trips are walking or cycling (for exam-
ple, in the USA it is about 10%) and then most of them are for
recreation purposes rather than transportation to a destina-
tion, whereas in several European countries, walking plus cy-
cling trips equal or exceed car trips (Frank and Engleke, 2001).
This probably explains part of the differences in obesity pre-
valence rates between the continents. In a study from China,
where cycling is still the most common form of transportation,
the acquisition of a motorized vehicle doubled the odds of 
becoming obese (Bell et al., 2002).

Although there is an opportunity (largely unrealized) to 
ensure that the new urban/suburban developments are 
conducive to active transport and active recreation, so much 
of the present-day built environment is car oriented. For these
existing communities, a long and expensive process of ‘retro-
fitting’ the appropriate structures and urban forms to promote
physical activity will be needed. Higher density develop-
ments, greater mix of land use (a balance between residential
and commercial), pedestrian- and cycle-friendly street design,
greater investment in public transport and the designation of
streets and areas in the central business districts as car-free are
all options to achieve this (Crawford, 2000; Frank and Engleke,
2001). Influencing attitudes towards active transport is also an
important part of gaining shifts in modes of transport use be-

Fig 31.10 Cafeteria menu in the zoo to feed visiting primates with highly

inappropriate food.
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cause attitudes may be as strongly associated with car trans-
port as land use characteristics (Kitamura et al., 1997).

If the environment is conducive to active transport, a mass-
marketing approach appears to be able to influence long-term
behaviours. In a pilot study in Perth, Australia, simple market-
ing of the active transport options to each household in a 
suburb resulted in 14% less car travel and increased use of
walking, cycling and public transport (Western Australian
Government, 2002). Changes were most marked for short
journeys and were sustained over 2 years. Modest shifts in
transport mode multiplied by the large volumes of short jour-
neys for which active transport is an option can result in im-
portant increases in physical activity for the population.

The design of buildings also influences incidental activity.
In particular, stairs seem to have evolved from a design feature
(often with central prominence) and a means of moving be-
tween floors to a hidden, locked security risk for use as a fire es-
cape only. Several studies have shown that when stairs are a
viable option to taking a lift or an escalator, a prompt sign at the
bottom increases the use of the stairs (Kerr, 2004).

Food distribution and pricing

Food supply interventions aim to increase or decrease the
availability and accessibility of certain types of foods. Some
programmes aim to improve access to healthy food choices in
targeted populations, for example the provision of free or sub-
sidized fruit to children in schools (UK Department of Health,
2001). The wider development and promotion of energy-
dilute, micronutrient-dense products or the gradual reformu-
lation of existing high-volume, energy-dense snack foods,
such as potato crisps, are options for promoting healthy eating
that are under the control of the food industry. Small changes
in the fat content of high-volume products have significant po-
tential to provide health benefits at a population level.

Fiscal strategies such as levies can be used to modify prices
to influence consumption. Levies are rarely applied to im-
prove population health but this potential exists. Asubstantial
levy on energy-dense foods or drinks, for example soft drink,
that resulted in a 20% increase in soft drink price could result in
a 10% reduction in consumption (based on a price elasticity of
0.5); 18 states in the USA apply soft drink levies that are too
small to affect consumption but raise substantial revenue for
consolidated revenue (Jacobson and Brownell, 2000), and in
Australia, levies apply at present to milk and sugar to raise
revenue to support primary producers in the dairy and sugar
cane industries (Gordon, 2002). Revenue raised through levies
could potentially be used to fund public health nutrition 
programmes.

Food-labelling interventions

Full nutrition information panels on foods have been or are
being introduced by regulation in many countries (Neuhouser

et al., 1999). In the US, about two-thirds of people report using
nutrition panels (French et al., 2001), and this appears to signi-
ficantly influence food choices (Weimer, 1999). The impact of
mandatory nutrition panels on the formulation and reformu-
lation of manufactured foods may also be significant but it is
not well documented. Mandatory nutrition information 
panels are a key strategy to improve the nutrition status of
populations; however, they need to be complemented by other
strategies that will influence the food choices of low-income
and less-educated consumers (Wang et al., 1995).

Nutrition ‘signposts’ are signals (such as logos) at point of
choice, which indicate to the consumer that a food meets cer-
tain nutrition standards. An example is the ‘Pick the Tick’ sym-
bol programme run by the National Heart Foundations in
Australia and New Zealand (Noakes and Crawford, 1991).
They make identifying healthier food choices simpler for con-
sumers and are frequently used by shoppers when choosing
products (Noakes and Crawford, 1991). In addition, the nutri-
tion criteria for the products serve as ‘de facto’ standards for
product formulation and many manufacturers will formulate
or reformulate products to meet those standards (Young and
Swinburn, 2002). Energy density criteria are needed for 
low-fat products.

Health and nutrition claims are closely regulated because of
the potential for misleading information. In the USA, over the
last 10 years, between 20% and 37% of new products that were
launched into the market each year carried a nutrition claim
with over one-half of those claims in recent years being for 
reduced or low fat (Weimer, 1999). The claims clearly provide
information about some aspect of the content of the food but
for some restrained eaters, ‘low-fat’ or ‘low-calorie’ claims can
become an unconscious message to eat more of the product
(Miller et al., 1998). In some manufactured products, the fat is
removed so that a low-fat claim can be made, but it is replaced
with sugar such that the energy density remains unchanged
(Seidell, 1999). This negates the impact of low-fat products for
preventing weight gain.

Food marketing targeting young children

Heavy marketing of energy-dense foods and beverages to
children, especially through television advertising, has been
implicated as a causal factor in increasing obesity. The fat,
sugar and energy content of foods advertised to children is ex-
tremely high compared with their daily needs and most of the
foods advertised fall into the ‘eat least’ sections of the recom-
mended dietary guidelines (Dibb and Castwell, 1995; Hill and
Radimer, 1997; Wilson et al., 1999). Exposure to advertising has
been shown to increase children’s requests for advertised
products (Borzekowski and Robinson, 2001; Robinson et al.,
2001) and young children have a limited ability to understand
advertising intent (Oates et al., 2001).

Television advertising to children under 12 years has not
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been permitted in Sweden since commercial television began
over a decade ago, although children’s television programmes
from other countries and through satellite television probably
dilute the impact of the ban in Sweden. Norway, Austria, 
Ireland, Australia, Greece, Quebec and Denmark also have 
restrictions on television advertising to young children 
(International Association of Consumer Food Organizations,
2003). There is a wide range of frequency of food advertise-
ments, with Australia topping the list of several Organization
for Economic Cooperation and Development (OECD) coun-
tries (Fig. 31.11).

The justification for policies or regulations to restrict food
marketing directed at young children cannot rest on a proven
cause-and-effect link between such marketing and childhood
obesity, because no such direct evidence exists. There is, how-
ever, a substantial amount of indirect evidence of an important
linkage, including the continued huge investment in market-
ing (especially through television advertising) by companies
selling fast food, soft drinks and other energy-dense products
(Hastings et al., 1996). Advertising to young children relies 
on ‘pester power’ to work and this undermines parents’ 
attempts to provide healthy food choices for their children. A
groundswell of parental opposition to advertising targeting
young children and enlightened government policies and 
regulations will be needed to counter the obvious commercial
attraction of this type of marketing, and this is yet to happen to
any significant extent in any country.

Mass-media campaigns

Social marketing of healthy eating and physical activity
lifestyles is an essential element of any comprehensive pro-
gramme for obesity prevention. Although information, edu-
cation and communication strategies alone generally do not
change behaviour over the long term (Owen et al., 1995), they
are vital for raising awareness, increasing knowledge and

changing intentions (Taylor et al., 1991; Cavill, 1998; Miles
et al., 2001). Some changes in behaviour can be seen from 
mass-media campaigns in certain circumstances, such as 
during a campaign on physical activity participation (Booth
et al., 1992) or if the message is highly specific and action ori-
ented, such as changing from high- to low-fat milk (Reger et al.,
1999) or if it is closely linked to accessing a service that can then
influence behaviour, such as the Quit advertisements and the
Quitline.

A sustained media campaign backed by programmes, 
policies and other sources of information and support 
would be a central component of a comprehensive approach
to obesity prevention. Experience from campaigns on 
road safety, quitting smoking, sun protection, safe sex, etc. 
can be translated into a similar programme for obesity 
prevention.

Unpaid media, lobbying

The most cost-effective way to influence change is through
lobbying decision-makers (usually politicians). Lobbying is
big business in the corporate world and public health advo-
cates are merely neophytes with tiny budgets. However, the 
issues promoted by public health advocates often resonate
with the community and the opportunities to get significant
unpaid press coverage are often substantial. Awell-organized
public lobby group can keep an issue bubbling in the media
and put pressure on decision-makers in this way. The anti-
smoking group, ASH, was a particularly successful model of
public health advocacy, which started as a ‘ginger group’ with
radical agendas and a modus operandi that was designed to
grab the headlines. As smoke-free has become more wide-
spread, the ASH position became less radical and more main-
stream. For childhood obesity, there is little in the way of such
public movements, although individually most parents are
anxious to provide healthy environments for children (includ-
ing safer streets, less advertising of junk foods and better
school food).

What type of evidence is needed?

There is no shortage of evidence on obesity. Unfortunately,
most of it is related to genes, metabolism and biochemistry or
it is descriptive epidemiology. The evidence that is desperate-
ly needed is around the effectiveness of interventions. There
appears to be almost an inverse relationship between the vol-
ume of evidence available and its utility to decision-makers
(Fig. 31.12). The monitoring of data to show comparative
trends in obesity and its determinants plus data on cost-
effectiveness or cost utility (i.e. the cost per disability-adjusted
life-year saved) to show where future investments should be
made are probably the two most useful types of information
for decision-makers.

Average number of food ads per hour

0 2 4 6 8 10 12 14

Australia
USA
UK

France
Greece
Finland

Germany
Denmark

Netherlands
Belgium Club RTL

Norway TV4
Austria

Sweden TV4

Fig 31.11 Number of food advertisements per hour on television in

selected countries. (Source: Dibb and Castwell, 1995.)
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How much evidence is needed for action?

Evidence-based medicine (EBM) has been developed as an aid
to decision-making at the clinical level by making the evidence
upon which decisions are made explicit, transparent and as
unbiased as possible. The EBM movement has moved into
other areas so that evidence-based health promotion, health
policy and health communication are now being demanded,
but the processes and models for reaching the population
equivalent of EBM are not well developed. Randomized con-
trolled trials (the backbone of EBM) are rarely available or
even possible at the population level. The processes for taking
the evidence and adding in other issues such as feasibility,
cost, acceptability and equity to develop priorities for action
are not well developed. These are the equivalent processes for
clinical medicine that take place inside the doctor’s head (the
evidence is weighed up with other patient factors, costs and
external factors to reach a clinical action decision).

In many instances, action is needed before sufficient 
evidence of effectiveness is available and in these instances, 
it is extremely important to fully evaluate any programmes 
or policies. With a vulnerable population, such as children,
there is a strong case to take a highly precautionary approach
so that there is a low threshold for action to prevent harm. The
precautionary principle has been borrowed from environ-
mental action when considering potential action to protect 
the environment in circumstances of high uncertainty of 
outcome (Tickner et al., 1996). The battle over the high volume
of television advertising for junk foods that is targeted at chil-
dren is a classic case for invoking the precautionary principle
so that regulations are put in place to reduce the advertising,
even in the absence of unequivocal evidence that it is doing
any harm.

Role of monitoring in obesity prevention

Very few countries have systems in place for regularly moni-
toring the height and weight of children, and most rely on
widely spaced national surveys or occasional local surveys for
trend information. Monitoring is the process of measuring a
set of key indicators for a known risk and systematically fol-
lowing their progress over time. The value of monitoring lies
in the ability to assess prevalence and to show trends. For obe-
sity prevention, the key indicators should include obesity
prevalence data as well as determinants at the individual level
(such as knowledge, attitudes and behaviours) and the envi-
ronmental level (such as school food policies and canteen
sales, funding for active transport options and the presence of
footpaths and bicycle tracks). Ultimately, regular monitoring
would not only provide trend data, but also allow appropriate
benchmarking with which a jurisdiction, such as a local gov-
ernment authority, can compare its results with other similar
jurisdictions.

The monitoring data could also be used to evaluate the 
impact of community interventions and health promotion
programmes in demonstration areas. This would, in the long
term, be a key strategy for the sustainability of programmes
and actions by schools, local governments, regions, states and
other participants. Strong policy backing and funding would
be essential for such a monitoring programme so that it even-
tually becomes a regular part of the activities of local and state
governments as well as key settings such as schools.

Research needed to build the evidence 
on prevention

The research base underpinning population-based obesity
prevention is very small. Asubstantial investment is needed to
boost knowledge in this area so that strategies are much better
informed. The foundational research needs to be evaluation 
of community-based demonstration programmes that test 
multiple prevention strategies in varied environments. The
outcome of interest should be BMI and other individual 
characteristics and behaviours, along with household, neigh-
bourhood, school and community factors, which should be
measured as explanatory variables. Recognizing that factors
beyond the control of the community also influence obesity,
policy-relevant research on the macroenvironmental and 
sociocultural influences is also needed. For example, we do
not fully understand the influence of food advertising on obe-
sity nor are we well informed about how cultural practices in
the home, community or business may influence food choice
or physical activity. The economic case for obesity prevention
needs to be researched in a much more complete way so that
we are able to present to government with a balance sheet that
outlines the cost of the obesity epidemic and also the savings if
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particular interventions are introduced. We also need to 
carefully consider how to fund this type of evidence building,
and taxing energy-dense foods and technology that promotes
sedentary behaviour should be considered a realistic option.

Other key areas of research include the relationships be-
tween social and environmental factors (including socioeco-
nomic status) and physical activity and nutrition behaviours,
the needs and issues of at-risk populations (such as low-
income groups, indigenous communities) and effective 
options for management of children who are overweight at
present.

Conclusions

Single-strategy or single-setting interventions are unlikely to
achieve the dose required for obesity prevention, so multiple
strategies (educational, policy, fiscal, environmental changes,
social marketing) in multiple settings (homes, schools, work-
places, neighbourhoods, etc.) are needed, along with enlight-
ened policies at the macro level (regulation of television
advertising directed at young children, policies promoting 
active transport, etc.). Integrating obesity management 
programmes with prevention programmes is also likely to
achieve the synergies needed to deal with both the current and
future problem of overweight and obesity.
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abdomen
adipose tissue see visceral adipose tissue
diameter see waist circumference
obesity see visceral obesity

acanthosis nigricans, 238–239, 321
acarbose, 262, 382, 385
‘accelerated starvation’, 285
acne, polycystic ovary syndrome, 281
acromegaly, 301
active electronic games, 452
active neighbourhoods, obesity prevention,

463–464
active transport infrastructure

obesity prevention, 459, 459, 465–466
promotion, 464

activity see physical activity
‘activity diaries’

food pattern monitoring, 128
weight management, 324

acupressure, 449
acupuncture, 417, 449
AcuSlim device, 449
acylation-stimulation protein (ASP), 113
adaptive reproductive suppression

hypothesis, 50, 51
adaptive thermogenesis

energy expenditure, 76
models for body composition regulation, 78

addiction, hedonic processes of appetite
control, 145–146

adenosine triphosphate (ATP)
energy expenditure, 149
synthesis in skeletal muscle, 105, 105–107,
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thermogenesis mechanism, 77

adipokines, insulin resistance, 186, 257–258
adiponectin, 386, 387

adipose tissue release, 103, 205
insulin resistance, 186–187, 258
obesity, 206

adipose tissue, 111, 111–115
brown, 77, 103

carbohydrate metabolism, 111
daily energy fluxes, role in, 104, 105
distribution, 4

abdominal, vascular disease risk, 271
Asian population, 436–437, 437
childhood obesity, 21, 224–225, 

232–233
epidemiological associations, 253, 253
evolution and culture, 48
gender differences, 165, 166
growth pattern association, 95
measurement, 4, 4, 12, 19–21, 20

endocrine function, 174, 198, 199, 205, 205,
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genetic abnormality in metabolic
syndrome, 174

infancy, 98
inflammatory mediators, 272
measurement, 12
metabolic importance, 102–104
metabolism

disturbances and obesity development,
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obesity, 114, 114–115
non-esterified fatty acid release, 111–112
paracrine function, 174
percentage estimation

body mass index see body mass index
(BMI)

equation, 3
steroid metabolism, 203
thermogenesis control, 78
triacylglycerol clearance, 112–113

adipose tissue–brain axis, 205
adiposity signals

hunger-satiety, 73–74
insulin, 74

adjunctive therapies in weight management,
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ad libitum diets, 328, 445
adolescent obesity see childhood/adolescent

obesity

adoption studies, heritability of fat mass, 82
adrenal androgens, fat distribution effect, 201
adrenal crisis, pro-opiomelanocortin

deficiency, 88
adrenaline

energy expenditure, 156
mediation, 157

obesity hypertension, 273
psychological thermogenesis, 70

adrenergic drugs, 382, 382, 383
b-adrenoceptors

energy expenditure mediation, 157
resting metabolic rate effect, 154

adrenocorticotrophic hormone (ACTH)
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adult obesity, childhood obesity consequence,
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adult stigmatism of children, 36
aerobic exercise, 375
aerobic fitness, 374
aerobic metabolic pathways, physical activity,
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Aerobics Centre Longitudinal Study, 269
age

body mass index, 12–13, 13
food intake control effects, 127–128
risk factors, 5, 5
visceral adipose tissue differences, 165–166
see also childhood/adolescent obesity;

children
agriculturalists, 47
agriculture development, 124
Aim for a Healthy Weight, 348
air displacement plethysmography, 24

body volume measurement, 14
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Albright hereditary osteodystrophy, 84
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dietary interventions, consumption in, 340
drug-induced thermogenesis, 70
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Bardet–Biedl syndrome vs., 84
childhood obesity, 225

alternative compartmentalization, 70–71, 71
alternative medicine, 446, 446–450

weight loss maintenance, 417–418
American College of Sports Medicine,

physical activity recommendations, 374
American diabetes prevention study, 263
American Dietetic Association (ADA), 330,
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American Harvard Growth Study
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American National Education Program, 169
American Weight Control Registry, 334
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oxidation, 105
pregnancy, 285
skeletal muscle metabolism, 102

aminostatic signals, hunger-satiety, 73
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amylin see islet amyloid polypeptide (IAPP)
anaemia, pregnancy, 288
anaerobic metabolism, physical activity, 155
androgen production, female obesity, 203
android obesity see visceral obesity
androstenedione

fat distribution effect, 201
obesity cause, 202–203

Angelman syndrome, 84
ANGELO framework, 461

obesity prevention, 459, 459
angiotensin, adipose tissue release, 205
angiotensin-converting enzyme (ACE)

inhibitors, salt intake, 133
angiotensinogen, 206
animal proteins, dietary composition, 123–125
anorectin, 386, 387
anorexia, exercise-induced, 368–369
anorexia nervosa, 381
anthropometry

body composition measurement, 16–17
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fat distribution measurement, 21

following weight loss, 23
anti-smoking group (ASH), 467
anxiety, 33

children, 244
physical activity effect, 374

apnoea, 297
see also obstructive sleep apnoea (OSA)

apnoea-hypopnoea index (AHI), 278, 297
apolipoprotein A-IV, 386, 387
apolipoprotein B

ischaemic heart disease risk, 171, 171
visceral adipose tissue effect, 164, 166–167,
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coronary heart disease risk, 164
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appetite, 71
lifestyle factors, 71
programming, fetal origins of obesity, 99
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appetite control, 137
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conceptualization of the control system,
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genetics see genetics
glucagon-like peptide -1, 140–141
hedonic processes, 144–146
homeostatic processes, 138, 140, 144–146
hunger-pleasure interaction, 144–145
individual variability, 146–147
leptin, 142
obesity management, 137–138
peptide YY, 141
risk factors, 146, 146
satiety cascade, 139

peptides, 141–142
satiety signals, 139
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appetite suppressants, 342
arcuate (ARC)-PVN pathway, 72
arcuate nucleus, 206
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Asian populations and obesity, 431–442
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relationship, 435–439
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dietary changes, 438–439
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frame size/proportions, 436
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methodological issues, 435–436
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weight gain rate, 437–438
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cardiovascular disease prevention, 272
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body composition see body composition
measurement

body mass index see body mass index (BMI)
children see childhood/adolescent obesity,

assessment
environment, 321, 321
fat distribution, 4, 4

investigations, 321–322
of motivation to lose weight, 323
physical examination, 321–322, 322
of risk, 323
weight history, 321, 322
see also body composition measurement

associated diseases, 8–10
Association for the Study of Obesity, 349
association studies, 83
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childhood obesity, 238
surgery for obesity effect, 398
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adiponectin effect, 187
physical activity risk, 376
plaque formation, metabolic syndrome, 

257
risk from childhood obesity, 233
vascular disease in obesity, 272

Atkins diet, 132–133, 331–332, 353
side effects, 336

ATP see adenosine triphosphate (ATP)
‘at-risk-for-overweight’, US terminology, 223
attribution theory to weight stigma, 37
atypical antipsychotics, weight gain role, 259
Australasian Society for the Study of Obesity

(ASSO), 348
autoregulatory adjustments, energy

expenditure see energy expenditure,
autoregulatory adjustments

Autoslim, 337
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aversion therapy, 449
Avon Longitudinal Study of Pregnancy and
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axokine, 386, 387

Baby Friendly hospitals, breast feeding, 465
balanced deficit diet (BDD), 353, 353
Baltic states, prevalence, 8
Bardet–Biedl syndrome (BBS), 85

childhood obesity, 225
bariatric procedures see surgery; specific
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Barker hypothesis, 439
basal metabolic rate (BMR), 152

energy demand, 128, 129
energy expenditure, 69, 69
leptin therapy effect, 86, 88
menstrual cycle effects, 127
pregnancy effects, 283
weight loss effects, 131

‘battle of the sexes’ hypothesis, 50, 51
‘Be Active, Eat Well’ campaign, 462, 462
behavioural problems, children, 244
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appetite control, 146, 146

Behavioural Risk Factor Surveillance System
(BRFSS), 6, 6

behavioural therapy, 350–362, 351, 356, 445
appetite control, 138, 138
cognitive restructuring, 352, 355
commercial programmes, 358–359
dietary see dietary interventions
family readiness in childhood obesity

management, 226
group interventions, 355
Internet and e-mail interventions, 358
modification programmes, 324
physical activity see physical activity
primary care provision, 359
principles, 350–351
professional education/training, 426
results

long-term, 356–358, 357, 407–408, 408
short-term, 355–356

self-monitoring, 340, 351
stimulus control, 339, 340–341, 352
weight loss maintenance role, 414, 416
see also counseling

behaviours, childhood obesity, 245
belief’s (inappropriate) on the cause of

obesity, 35
benign intracranial hypertension, childhood

obesity, 241
Benn index, children, 217
benzocaine, 387
benzphetamine, 382, 382
beta-cells, insulin synthesis/secretion, 254
beta-cells, dysfunction/failure, 258–259

diabetes mellitus, 188
type 2, 255–256

fetal malnutrition, 259
islet amyloid polypeptide, 259
lipotoxicity, 259

bias, 34–37
reduction methods, 37–38

‘bicarbonate-urea’ method, 150
bicep skinfold, 16
Biemond’s syndrome, 11

Bardet–Biedl syndrome vs., 84
childhood obesity, 225

Big Mac meal, 464
bigness preference, cultural differences, 49–50
biliopancreatic diversion (BPD), 401–402, 445

duodenal switch variant (BPD-DS)
evolution, 395, 396
technique, 401

effects, 401–402, 402
dyslipidemia effects, 398

evolution, 395, 396
side-effects, 401–402
technical features, 401
weight loss outcomes, 397

binge eating disorder
children, 225, 245
phentermine-fluoxetine therapy, 388
silbutramine therapy, 383
weight regain association, 411–412, 413, 416

bioelectrical impedance analysis (BIA), 24
body composition measurement, 17–18
children, 19, 216–217, 221
commercial machines, 17
fat distribution measurement, 21
foot-to-foot systems, 17
health risk analysis, 23

BioEnterics® Lap-Band® system, 396, 402, 403
bioflavonoids, 448
biological risk factors, 5
birth size, adult body weight association,

93–95, 94
bissey nut extract, 449
blood flow, role in obesity development, 114
blood glucose levels (BGLs), high GI foods,

332
blood pressure, weight loss benefits, 260
Blount’s disease, 240
BMI-for-age

assessment, 223, 223–224, 224
children, 217

percentile charts, 221, 223
classification, 215, 217–220, 218–219
percentile charts, 215

subscapular skinfold measurement
association, 223

skinfold thickness correlation, 221
BodpodTM

body volume measurement, 14
children, 19

body composition
adaptive thermogenesis, 78
Asian population variation, 436
changes with massive weight loss, 16, 16

body composition measurement, 12–28
applications, 21–24

categorization of obesity, 21–22
health risk assessment, 23
obesity management, 22, 22–23
research, 23–24, 24

body fat, 12
body mass index see body mass index 

(BMI)
children, 18–19
gross, 13–24
multicompartment models, 15–16
prediction techniques, 16–18
reference methods, 13–15
weight, 12
see also assessment (of obesity); specific

techniques
body density, 13–14
body esteem

children, 36–37

culture effect, 55
psychological outcome influence, 34

body fat see adipose tissue
body image, surgery for obesity effect, 399
body maintenance, culture, health and fitness,

60
body mass index (BMI), 327, 408

age related changes, 217
see also BMI-for-age

alternative causes, 12
Asian population see Asian populations and

obesity
centile curves, 222
centile points, 221
children, 217

categorization of obesity, 21–22
centiles, 221

cut-off points, 221–222, 222, 320, 321, 322
adults, 215
Asian population, 439, 440, 440
children, 221–222
ethnic specificity, 431
global differences, 222

diabetes development risk, 252, 252
dyslipidaemia association, ethnic

differences, 435
ethnic differences, 22, 436

hypertension association, 434, 434
size preference, 53, 53, 54

ethnicity, migrant population changes, 82
fat-free mass accumulation limit effects, 130
genetic contribution, 82
inappropriate use, 3
leg length effect, 436
limitations, 12–13, 22
mortality association, 8, 8
obesity measurement, 3
optimal, 4
overweight classification, 4
SD scores, 21–22
stroke association, 275
‘tracking’ through life, 93
see also body weight

body size, BMR determination, 69
body volume measurement, 14
body weight

birth size association, 93–95, 94
body composition measurement, 12
children, 217

growth association, 95, 95–96
difference to height percentile, 220, 221
fluctuation, 67
gain

adult life, diabetes development risk, 252,
252

appetite control, 146
food intake control adjustments, 131–134
individual variability in susceptibility,

146–147
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normal, 130
physical activity, 364–365
rate, 437–438
resistance, 146–147

history, 321, 322
homeostasis, 67–80

energy expenditure see energy
expenditure

food intake control see food intake,
control

food intake patterns, 68–69
human energetics, basic concepts and

principles, 67–71
integrating intake and expenditure,

78–79, 79
thermodynamics laws, 67–68, 68
timescale, 71

instability, mortality, 8–9
loss see below
maintenance, 323

physical activity, 363
management

childhood obesity, family involvement,
227

physical activity see physical activity
physical activity combined with diet, 

365
motor vehicle ownership, 439
physical activity, 364–366
regulation, 126
see also body mass index (BMI)

body weight loss
abdominal magnetic resonance imaging

scan, 20, 20
amount, planning in management, 

319–320
benefits, 260–261
best-practice guidelines, 320
body composition changes, 16, 16

factors influencing, 22–23
body mass index changes, 13, 13
diabetes, 261
diabetes prevention, 263
diets, 131–134

alcohol, 133
carbohydrates, 133
fats and fatty acids, effect on, 132–133
fructosans, 133
glycaemic index, 133
prescription of, 131–132, 132
protein intakes, 133
salt, 133–134

expectations, 319
extremely obese individuals, time span, 

130
following obesity surgery, 397
goals, 320, 320–21
hypertension effect, 273, 275
leptin therapy see leptin

maintenance, 407–420
alternative medicine role, 417–418
attitudes to, 412–413
behavioural interventions role, 414, 416
definition and prevalence, 409–410
factors affecting, 409–415, 415
health benefits, 407–408
liquid meal replacements, 357–358, 358
natural weight trajectory, 408, 409
pharmacotherapy role, 414
physical activity, 365–366
physical activity role, 355, 357, 357, 410,

413
professional education/training, 424
research, 413–414
treatment considerations, 415–418

metabolic risk profile improvement, 176
moderate, 320, 320
motivation assessment, 323
physical activity, 365
plateau, 409
programme, diabetes, 261

Bogalusa Heart Study, 233
bombesin, 386, 387
Bonaparte, Napoleon, 49
Börjeson–Forssman–Lehmann syndrome, 83,

225
bottle feeding, appetite and satiety in later life,

97
brachiofemoral-adipomuscular ratio, 4
breast cancer, obesity/overweight impact, 9
breast-feeding, 287, 288

appetite and satiety in later life, 97–98
energy intake control, 127
obesity prevention role, 465
protective effect, 97

breathlessness
childhood obesity, 235
intraabdominal pressure, 277
lung function, 277

brindleberry, 448
bromocriptine, 382, 385–386
brown adipose tissue (BAT), 77, 103
built environment, obesity prevention,

465–466
bulemic eating disorders, 225
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bupropion, 382, 384, 388
‘business of thinness’, 57
Busselton Sleep Survey, 300, 301
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cafeteria food, 464
caffeine, 385, 446

drug-induced thermogenesis, 70
skin creams, 449

caffeine-ephedrine, 382, 385, 447, 449
caffeine-guarana, 448
calcium loss, high-protein diets, 332

calipers, body composition measurement, 16
calorie-restricted diets see low-energy diets

(LEDs)
calorimetry, 106, 149

energy expenditure measurement, 
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Cambridge diet, 132
Canada’s Food Guide, 446
cancer, 9
cannabinoid antagonists, 386, 387
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carbohydrate-rich diets, 133
carbohydrates

Asian population consumption, 438
dietary interventions, 340
energy intake adaption to energy

expenditure, 369
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high intensity activity requirement, 155
intake restriction diets, 132–133
metabolism/oxidation
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ATP synthesis energy source, 105
energy expenditure measurement, 150
insulin resistance effect, 255, 256
during physical activity, 372
skeletal muscle, 107
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quantity, 153
skeletal muscle, 102
weight loss diets, 133

carbon dioxide production, 149
cardiac diseases/disorders

childhood obesity, 237
physical activity, 375, 376
risk factors in children, 225

weight management effect, 241–242
see also specific diseases/disorders

cardiac failure
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sleep-disordered breathing association,
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obesity, 274–275
cardiomyopathy of obesity, 274
cardiorespiratory disease, 276–279
cardiovascular disease (CVD)

age related risk in obesity, 166
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‘cheap food’ policy, 125
childhood obesity risk factors, 233, 233–234
epidemic reduction, 458
metabolic syndrome, 189
obesity consequence, 269–280
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intra-abdominal pressure, 276–277
lung function, 277–278
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cerebral infarction see strokes
cerebrovascular disease

obesity/overweight impact, 9
sleep-disordered breathing association, 

302
see also strokes

cervical cancer, 458
charities, patient-centred, 349
‘cheap food’ policy, 124–125
chemical maturation in children, 18

dual energy X-ray absorptiometry, 19
chemoreceptors

appetite control, 139
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under-reporting of food intake, 338
as way of life, 55
weight loss maintenance, 342–343

Dietary Intervention Study in Hypertension
(DISH), 260

‘diet cycle’, 335, 335
‘diet diaries’, 337–339
‘diet–heart hypothesis’, 270
diethylpropion, 382, 382

effects, 445
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e-mail resources, weight loss interventions,

358
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leptin deficiency, 140, 142–143
melanocortin system mutations, 143
satiety defect, 143

childhood obesity, 225
common obesity basis, 83
energy expenditure genes, 89–90
energy homeostasis, molecular

mechanisms, 85–86
gene-environment interaction, 81–82
gene map, 83
heritability of fat mass, 82
historical perspective, 81
monogenic obesity syndromes, 86–89, 90
perspectives, 90
pleiotropic obesity syndromes, 83, 83–85
role in aetiology of obesity, 47
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infant feeding, 97
maternal starvation, 96

hunter-gatherers, 47
hydrodensitometry, children, 216, 216
hydroxycitric acid, 447, 448, 449
11b-hydroxysteroid dehydrogenase, 258
hyperandrogenism

pituitary-gonadal axis abnormalities in
obesity, 203

polycystic ovary syndrome, 281
hypercapnia, 297

obese hypoventilation syndrome, 299
hyperglycaemia

pathogenesis of diabetes mellitus type 2,
255

during pregnancy, 97
hyperinsulinaemia

childhood obesity, 234, 234
coronary heart disease, 171
fetal, 289
glucose disposal rate, 107
glucose uptake reduction, 111
infant origins of obesity, 99
insulin resistance, 258
metabolic syndrome see metabolic

syndrome
polycystic ovary syndrome, 190, 204, 

282
sex hormone binding globulin, 203

hyperinsulinaemic clamp, 106, 109
hyperinsulinaemic–euglycaemic clamp

technique, 169, 184
hyperleptinaemia, 206

insulin resistance, 258
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hyperlipidaemia
high-protein diets, 336
orlistat therapy, 384

hyperphagia (over-feeding), 341
appetite control risk factors, 146
determination of, 75
following food deprivation, 75
Prader–Willi syndrome, 84
during pregnancy, 284
pro-opiomelanocortin deficiency, 88
see also overeating

hypertension, 272–273, 275, 276
body mass index association, ethnic

differences, 434, 434
childhood obesity, 236–237, 272–273
following surgery for obesity, 398
insulin resistance, 257
metabolic syndrome see metabolic

syndrome
obstructive sleep apnoea, 278, 302, 304,

304–305
oral contraceptives, 291
physical activity effect, 373
pregnancy, 286–287, 287
pulmonary see pulmonary hypertension
salt intake, 133

Hypertension Control Programme (HCP), 260
hyperthyroidism, endocrine testing, 208
hypertriglyceridaemia

carbohydrate induced, 133
coronary artery disease, 256
dyslipidaemic state of abdominal obesity,

172
HDL metabolism, 165
ischaemic heart disease, 171

hypertrophy, cardiac, 274, 274–275
hypnosis, 449–450

weight loss maintenance role, 417
hypocortisolaemia, insulin resistance, 258
hypogonadism, 203

diagnosis, 198
hypokalaemia, long QT syndrome, 270
hypomagnesaemia, long QT syndrome, 270
hypopnoea, 297

see also obstructive sleep apnoea (OSA)
hypothalamic arcuate nucleus, 85
hypothalamic-pituitary-adrenal axis (HPA)

insulin resistance, 258
metabolic syndrome, 257

hypothalamus
appetite suppression, 99
dysfunction in obesity, 199, 199
energy homeostasis involvement, 85
fetal development, nutritional need, 96
hunger-satiety control, 72
leptin, 206
tumours, childhood obesity, 225

hypothyroidism, 301
childhood obesity, 225

endocrine testing, 208
low resting energy expenditure, 157
weight gain presentation, 198, 204

hypoventilation, 297

‘ideal body shape’, female, 50–52, 51
idiopathic hypersomnolence (IHS), 300
idiopathic tibia vara in children, 240
impaired glucose tolerance (IGT), diabetes

mellitus type 2, 256
implanon, 291
income, risk factor, 5
incremental approach to weight loss, 321
industrial revolution, 47
infant origins of obesity, 93–101

adult body weight, 95, 95–96
birth size, 93–95, 94

adult obesity, 93–96
environmental influences, 98–99

climate at birth, 98, 98
feeding method, 97–98

hyperinsulinaemia, 99
leptin resistance, 99
nutritional excess, 97
socioeconomic status, 96
see also fetal origins of obesity

infertility, 398
inflammation, 272
information sources, 348–349

for weight management, 461, 461
infrared spectrophotometry

children, 19
total body water measurement, 14

injury risk, 374
inositol, 448
insulin

adiposity signal, 74
energy intake adaption to energy

expenditure, 369
hunger-satiety signals, 73–74, 74
hypertension, 273
metabolic effects, 255, 255
postprandial state, 107
resistance see below
secretion, 254, 254

abnormalities, 258
diabetes mellitus, 188

sensitivity
low GI food effects, 333
physical activity effects, 156

synthesis, 254
visceral adipose tissue effect, 167–168, 169

insulinaemic index (II), 333
insulin-like growth factor-binding proteins

(IGFBP), 202
insulin-like growth factors (IGFs), 386, 387

endocrine testing, 208
insulin resistance, 184–188, 256–258

adipokines, 186, 257–258

adiponectin, 186–187
adipose tissue, 114, 114–115, 174
appetite regulation, 98
carbohydrate metabolism, effect on, 255,

256
causes, acquired, 256
diabetes mellitus type 2 pathogenesis,

255–256
etiology, 184–188
free fatty acids, 184–186, 185, 186, 257, 258

oxidation, 108
hormones, 258
hypertension, 257
induction, 133
interleukin-1, 258
interleukin 6, 187
leptin, 187–188, 188
lipid metabolism, 255, 256, 256–257
neurotransmitters, 258
obstructive sleep apnoea association,

305–306
ovarian function effects, 282
physical activity effect, 373
polycystic ovary syndrome, 190–191, 204,

240
pregnancy, 284–285, 285, 286, 289–290
prothombotic state, 257
during puberty, 238
Randle cycle, 257, 258
resistin, 186
skeletal muscle metabolism, 109, 110, 110
tumour necrosis factor-a, 186
visceral adipose tissue, 169
see also metabolic syndrome

insulin resistance syndrome see metabolic
syndrome

intelligence quotient (IQ), 31–32
interleukin-1 (IL-1), insulin resistance, 258
interleukin-6 (IL-6)

adipose tissue release, 205, 272
insulin resistance, 187, 258
obesity, 206

vascular disease, 272
intermediate-density lipoproteins (IDLs), 163
internalization of negative views, 34

children, 227, 243
International Agency for Research on Cancer

(IARC), 348
International Association for the Study of

Obesity
Asian body mass index cut-off points, 439,

440
physical activity in diabetes, 261

International Classification of Diseases
classification, 58

International Obesity Task Force (IOTF), 348,
349

body mass index centile curves, 222
growth standards in child obesity, 227
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Internet resources
weight loss interventions, 358, 446, 450
weight loss maintenance, 417

interpersonal relationships, 32–33
intra-abdominal pressure in obesity, 276–277
intra-abdominal region

dual energy X-ray absorptiometry, 20
fat distribution measurement, 20

intraoral orthodontic devices, 308
intrauterine devices (IUDs), 291–292
intravenous glucose tolerance test, 284
in vitro neutron activation analysis (IVNAA),

23
involuntary energy expenditure, 70
IOTF see International Obesity Task Force

(IOTF)
ischaemic heart disease

metabolic abnormalities, 170–171, 171
visceral adiposity, therapeutic implications,

176
islet amyloid polypeptide (IAPP), 259

appetite control, 141
islets of Langerhans

insulin synthesis/secretion, 254
pathogenesis of diabetes mellitus type 2,

255
isoflavine, 448
isometric thermogenesis, 70

Japanese diets
fat intake, 124
sugars, 125

jejuno-ileal bypass (JIB), 394, 395
‘jolly fat’ person hypothesis, 33

Karolinska Scale of Personality (KSP), 413
ketoacidosis, weight gain, 259
ketosis

Atkins diet, 132–133
carbohydrates intake restriction, 132
pregnancy, 285, 289

Keys’ Seven Country Study, 124
Khosla–Lowe index, 217
Kirch, Kuche, Kinder hypothesis, 50, 51
Kraft Foods, portion size cap, 464

labour, induced, 287
lactation, lower body fat mobilization, 48
land development patterns, obesity

prevention, 465
laparoscopic adjustable gastric band (LAGB),

326, 402–403
asthma, 398
body image effect, 399
depression effect, 399
diabetes mellitus type 2 effects, 397
effects, 402–403, 403
evolution, 396, 396
female fertility following, 398

gastro–oesophageal reflux disease, 398
hypertension effects, 398
obstructive sleep apnoea effect, 399
quality of life effect, 399
side-effects, 402–403
technical features, 402
weight loss outcomes, 397

laparoscopic banded gastroplasty (LBG),
pregnancy after, 289

large body size preference, 49
laser-assisted uvulopalatoplasty (LAUP), 

309
lateral hypothalamic (LH) region, 72
Laurence–Moon syndrome, 225
laxative use, long QT syndrome, 270
lean-fat tissue ratio, 22, 22

physical activity changes, 13, 13
learned culture, 46
The Learn Program for Weight Management 2000,

353
left ventricular hypertrophy, 274–275, 276

children, 237
leg length, body mass index effect, 436
leipostatic theory, 73
leptin, 386, 387

adipose tissue, 205–206
appetite control, 142
deficiency, 24, 24, 73–74

appetite control, 140, 142–143
characteristics, 103
childhood obesity, 225
congenital, 86
genetic defects, 74
obesity, 206
ob gene mutation, 85
partial, 87–88

energy intake adaption to energy
expenditure, 369

hunger-satiety signals, 73–74, 74
insulin resistance, 187–188, 188, 258
neuropeptide-Y interaction, 142
obesity hypertension, 273
ovulation role, 282
pituitary-thyroid axis role in obesity, 204–205
resistance

appetite regulation, 98
role in obesity development, 99, 114

secretion from white adipose tissue, 103
sleep-disordered breathing role, 300
testing for, 322
therapy, 86–87, 87, 88
weight regain role, 356

leptin-melanocortin pathway, 85–86
leptin receptor

childhood obesity, 225
deficiency, 88

less restrictive approach, 333–335, 335
levies on unhealthy food, 466
levonorgestrel intrauterine system, 291–292

lifestyle, 324, 354, 355
childhood obesity, 226
diabetes mellitus type 2 in children, 239
diet commencement, 325
media role, 450
obese diabetics, 261
weight homeostasis changes, 78

limits of obesity, definition, 57
linkage analysis, 83
linoleic acid, conjugated, 386, 386
lipid metabolism

dyslipidaemia, 163
insulin resistance effect, 255, 256, 256–257
skeletal muscle, 102, 107–109

Lipid Research Study, 269
lipids

physical activity effect, 373
weight loss benefits, 260–261
see also fats

lipoapoptosis, diabetes mellitus, 188, 189
lipodystrophy, drug induced, 259–260
lipoprotein lipase (LPL)

adipose tissue metabolism, 112–113, 114,
114–115

dyslipidaemia, 163
role in obesity development, 113
skeletal muscle metabolism, 107
triacylglycerol clearance, 112–113

lipoprotein(s)
dyslipidaemia, 163, 164
genetic abnormality in metabolic

syndrome, 174
lipostatic mechanism

appetite control, 142
thermogenesis, 78

lipostatic signals, hunger-satiety, 73
liquid meal replacements, 340, 353

effects, 445, 452
weight loss maintenance role, 357–358, 

358
liver

gluconeogenesis, 255
role in physical activity, 370

glycogenolysis, 370
nutrient metabolism, 74
volume measurement, 20

loneliness, 33
long-chain acyl CoA(LCACoA), 185
long QT syndrome, 270
long-term food intake control, 75
low birth weight, 439
low-carbohydrate diets, 353, 353
low-density lipoprotein (LDL)-cholesterol

coronary heart disease risk, 165
ischaemic heart disease, 171
physical activity effect, 373
visceral adipose tissue effect, 166–167
weight loss effects, 260, 261
see also cholesterol levels
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low-density lipoproteins (LDLs)
coronary heart disease risk, 164–165
dyslipidaemia, 163, 172
ischaemic heart disease risk, 170–171

low-energy density diets, 353–354
low-energy diets (LEDs), 325, 328, 329, 352

combined with physical activity, 365
effects, 445
inappropriateness, 131

lower body fat accumulation
evolution, 48
during pregnancy and lactation, 48

low-fat diets, 134, 324, 330–331, 331, 353
low-glycaemic diets, 445
low-income families, 463
lung disease see respiratory

diseases/disorders
lung function in obesity, 277–278
‘luxusconsumption’, 70

macroenvironments, 459, 459
macronutrient composition of diet, 130,

130–131
macronutrients, 23

oxidation, 150, 150
magnesium stearate, 449
magnetic resonance imaging (MRI), 24

children, 216, 216, 225
fat distribution measurement, 19–20, 20
visceral adipose tissue measurement, 166

magnetic resonance spectroscopy (MRS), 20
Ma Huang, 447
maintenance programme, 324
malabsorptive agents

acarbose, 382, 385
orlistat, 382, 383–384

‘male preference hypothesis’, 50, 51
management (of obesity)

adjunctive therapies, 325
aims, 320, 320–321
alternative therapies see alternative

medicine
appetite control, 137–138
assessment of patients see assessment (of

obesity)
behavioural see behavioural therapy
body composition analysis use, 22, 22–23
body mass index use, 12
diabetes mellitus type 2, 260, 261–263

lifestyle modification, 261
pharmacotherapy, 261–263
physical activity/exercise, 261
surgery, 263
very low-calorie diets, 261

dietary see dietary interventions
effectiveness, 460
gene therapy, 381
information sources, 461, 461
long term follow-up, 324–325

low-calorie/energy diets, 325
monitoring, 324–325
National Heart, Lung, and Blood Institute

guidance, 350, 351
non-dietary

behavioural see behavioural therapy
H@AS system, 334–335

outcome measures, 325, 325–326
overview, 319–326
pharmacotherapy see pharmacotherapy
population approaches, environmental see

environment
professional education/training, 423
programmes, 323, 323–324
shared care approach, 450
‘stepped-care’ approach, 444
surgery see surgery
target groups, 460
traditional, 444–446
weight loss amount, 319–320

mandibular advancement devices (MADs),
308

Marfan’s syndrome, 301
margarine, invention of, 124
marital quality, 33
marital status, 33

risk factor, 5
Massa of West Africa, 50
mass-media campaigns, 450, 462–463, 467
mass spectrometry

children, 19
total body water measurement, 14

maternal influence on obesity see entries under
parental; pregnancy

maximal oxygen uptake (VO2max)
energy expenditure through physical

activity, 155
substrate utilization during physical

activity, 370–371
mazindol, 382, 382
McCune–Albright syndrome (MAS), 84
McDonald’s, nutritional content

communication, 464
McKusick–Kaufman syndrome, 85
meals

frequency, 335–336
irregularity, 152

size, 152
thermic effects, 152–153
type, 152–153

measurement of obesity
children see childhood/adolescent obesity
see assessment (of obesity)

meat consumption, 340
mechanoreceptors

appetite control, 139
hunger-satiety signals, 72

medical assessment, childhood obesity,
225–226

medical definitions, culture influence, 57–58
medical dieting, 57
medical history, childhood obesity, 225
medicalization of obesity, 58–59
Mediterranean diets

fat intake, 124
sugars, 125

medium-term food intake control, 74–75
medroxyprogesterone, 309
Mehmo’s syndrome, 83
melanin-concentrating hormone (MCH), 72,

72
melanin-concentrating hormone (MCH)

antagonists, 387
melanocortin 4 receptor (Mc4r)

appetite control, 143
deficiency, 89
feeding behaviour, 86
mutation, 142

melanocortin system
mutations, appetite control, 143
prohormone convertase 1 deficiency, 89

a-melanocyte stimulating hormone
appetite control, 143
energy intake adaption to energy

expenditure, 369
feeding behaviour, 85–86

melanoma, epidemic reduction, 458
menstrual cycle

basal metabolic rate effect, 127
disturbances

pituitary–gonadal axis abnormalities in
obesity, 203

polycystic ovary syndrome, 281
energy intake control effects, 127
resting metabolic rate effect, 154

mental health, physical activity effect, 374
mental health professionals’ attitudes, 35
mental retardation, non-specific, 225
metabolic diseases, body mass index

association, 13
metabolic efficiency

gender differences, 130
obese subjects, 129–130

‘metabolic programming’, fetus, 97
metabolic syndrome, 166–175, 189–190, 190,

251, 256
Asian population, 437
coronary heart disease risk, 170–172, 171
definition, 253, 253
diabetes mellitus type 2 association, 254,

254
epidemiological associations, 253, 253–254,

254
genetic susceptibility, 174–175
insulin resistance, 256
low GI food benefits, 333
physiopathology and causal relationships,

172–174, 173
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prevalence, 170, 189, 253
very low-energy diets, 330
see also insulin resistance

metabolism, pregnancy effects, 284–285
metformin, 382, 388

diabetes mellitus type 2, 262, 262
polycystic ovary syndrome therapy, 282,

385
methamphetamine, 382, 382
methylphenidate, 146
methylxanthines, 385, 386
microenvironments, 459
Micronesians, diabetes, 252
micropenis, children, 236
micturition difficulty, children, 236
Midtown Manhattan study, 52
Minnesota Multiphasic Personality Inventory

(MMPI), 413
Mirena, 291–292
mitochondrial ‘proton’ leak, thermogenesis,

77
MMPI (Minnesota Multiphasic Personality

Inventory), 413
modafinil, 309
moderate-fat diets, 331
moderate obesity, potential health benefits, 58
MONICAstudy see World Health

Organization (WHO)
monitoring, obesity prevention, 460, 468
monogenic obesity syndromes, 86–89, 90

genetic testing, 208–209
morbidity, 8–10

childhood obesity, 233, 233–234, 234
physical activity effect, 372–374

morbid obesity, 60
mortality, 4, 8, 8–10

childhood obesity, 233–234
fitness and fatness as predictors, 269
physical activity effect, 364, 374
weight loss effect, 319

motion sensors, 151
motivational interviewing, 226
motivation to lose weight, assessment, 323
motor vehicle ownership, 439
movement-associated thermogenesis, 76
movement sensing, 150–151
multicompartment models, 15–16

children, 19
multimedia programmes, 450
multiple strategy approach to prevention, 458
muscle, skeletal see skeletal muscle
muscular contraction efficiency, 76
‘muscular work’, energy expenditure, 69–70
musculoskeletal discomfort, childhood

obesity, 236
musculoskeletal injuries, physical activity

risk, 376
myocardial infarction, physical activity risk,

376

NAAFA(National Association to Advance Fat
Acceptance), 59, 349

NAO (National Audit Office), 343, 349
narcolepsy, 300
nasal continuous positive airway pressure

(nCPAP) treatment, 278
nasal dilator strips, 307
National Association to Advance Fat

Acceptance (NAAFA), 59, 349
National Audit Office (NAO), 343, 349
National Centre for Health Statistics (NCHS),

18
National China Health and Nutrition Survey

(CHNS)
energy intake and body mass index, 438–439
weight gain in Asian population, 438

National Cholesterol Education Program
Expert Panel on Detection, Evaluation
and Treatment of High Blood
Cholesterol in Adults

metabolic syndrome definition, 253, 253
Step 1 and Step 2 programmes, 328

national communication campaigns, obesity
prevention, 460

National Health and Medical Research
Council of Australia, 343

National Health and Nutrition Examination
Survey (NHANES)

bioelectrical impedance analysis, 17
depression, 33
diabetes mellitus type 2 in children, 239
ethnic differences in size preference, 55
health risk analysis, 23
metabolic syndrome, 170
obesity prevalence, 252
prevalence, 6, 6
puberty in females, 239
subscapular skinfold measurements, body

mass index percentile association, 223
National Health Interview Survey (1992), 31
National Heart, Lung, and Blood Institute

(NHLBI), 343
contact details, 348
treatment algorithm, 350, 351

National Heart Foundation, 466
National Institute of Health (NIH), 374
National Longitudinal Study of Adolescent

Health in the USA, 61
National Longitudinal Survey Youth Cohort,

29–30, 30
National Nutrition Survey 1998 (Thailand),

433
National Obesity Forum (NOF), 349

childhood obesity, 224
National Task Force on the Prevention and

Treatment of Obesity for adults, 227
National Weight Control Registry (USA), 342,

358
‘successful dieters’ definition, 342, 342

‘nature–nurture’, 60
Nauruan fattening practices, 50
NCHS (National Centre for Health Statistics),

18
NEAT see non-exercise activity thermogenesis

(NEAT)
neck circumference

obstructive sleep apnoea role, 298–299
patient assessment, 321

Nedder v. Rivier College, 1995, 30
negative energy balance, 68
negative stereotypes, of obese children, 36
neighbourhoods, active, 463–464
neonates

adrenal crisis, 88
Prader–Willi syndrome, 84

Netherlands
obesity prevalence, 8
obesity prevention, 459, 459, 460

neural tube defects, 290
neurological complications, childhood

obesity, 237, 241
neuropeptide-Y (NPY)

antagonists, 387
energy intake adaption to energy

expenditure, 369
leptin, 85, 142

neurotensin, 386, 387
neurotransmitters

appetite control, 138, 138, 144
insulin resistance, 258

‘Newton’s special diet plan’, 337
‘New World syndrome’, Asian populations,

438
NHANES see National Health and Nutrition

Examination Survey (NHANES)
NHLBI see National Heart, Lung, and Blood

Institute (NHLBI)
nicotine, 382, 386

drug-induced thermogenesis, 70
NIH (National Institute of Health), 374
nitrogen balance, 23
NOF see National Obesity Forum (NOF)
non-adjustable gastroplasty, 445
non-alcoholic fatty liver disease (NAFLD),

251, 263–264, 264
non-alcoholic steatohepatitis (NASH), 251, 264

childhood obesity, 225
testing for, 322

non-dietary management
behavioural see behavioural therapy
H@AS system, 334–335

non-esterified fatty acids (NEFAs)
adipose tissue, 103, 104, 105, 111–112, 114–115
lipotoxicity, 259
oxidative metabolism contribution, 106
physical activity, 108, 370
pregnancy, 284
skeletal muscle, 102, 107–109
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non-exercise activity thermogenesis (NEAT),
70–71

obesity susceptibility predictor, 76–77
resting energy expenditure, 154

non-invasive positive pressure ventilation
(NIPPV), 310

non-resting energy expenditure, 70–71
non-shivering thermogenesis, 70, 153
non-weight-bearing activity, 375
noradrenaline (NA)

energy expenditure, 156, 157
insulin resistance, 257
thermogenesis mechanism, 77

‘normal’ weight perception, 57
NPY-AGRP pathway, leptin regulation, 206
nucleoside reverse transcriptase inhibitors,

259
Nurses Health Study, 438
nutrient balance theory, 75
nutrient-induced thermogenesis, 156
nutrition

claims by food manufacturers, 466
excess, early infancy, 97
fast food, 464
information panels, 466
maternal see pregnancy
nutrient intake

familial resemblance, 82
World Health Organization

recommendations, 130, 130–131
‘signposts’ (logos), 466

‘nutrition transition’, 124

obese hypoventilation syndrome (OHS), 278,
297, 299, 299–300

management, 309–310, 310
The Obesity Awareness and Solutions Trust

(TOAST), 349
obesity hypoventilation syndrome (OHS)

childhood obesity, 238
lung function in obesity, 278

ob gene mutation, 85
congenital leptin deficiency, 86

obligatory diet-induced thermogenesis, 70
ob/ob mice

appetite control, 142
congenital leptin deficiency, 86
insulin resistance, 187–188
model of obesity, 85

ob protein see leptin
obstructive sleep apnoea (OSA), 296–315

cardiovascular risk, 272
children, 235, 237–238
congestive heart failure, 276
with daytime respiratory failure see

obesity hypoventilation syndrome
(OHS)

definition, 296–297
diagnosis, 297

epidemiology, 300–302, 301
lung function, 278
obesity, 278
pathogenesis, 298–299, 299
stroke, 275
sudden death in obesity, 269–270
treatment, 306, 306–310, 307

CPAP see continuous positive airway
pressure (CPAP)

hypnotherapy, 449
surgery, 399

oedema, 14
bioelectrical impedance analysis, 17
body fat overestimation, 16–17

oestradiol, 202–203
olanzapine, 259
olestra, 386, 386
olfactory cues, energy intake control, 127
Online Mendelian Inheritance in Man

(OMIM), 83
opportunistic eating, appetite control, 147
OPTIFAST, 353
orexin, hunger-satiety control, 72, 72
organizations, patient-centred, 349
orlistat, 291, 325, 382, 383–384, 388

diabetes mellitus, 262, 262
effects, 445
non-alcoholic fatty liver disease, 264
weight loss and diabetes prevention, 263

orthopaedic diseases/disorders, childhood
obesity, 225, 237, 240

ovarian dysfunction, 398
overeating

appetite control risk factors, 146, 146
carbohydrates, 128
experimental, 8

adaptive thermogenesis role, 76
appetite control, 144
body weight control, 67
hyperphagia, 75

fat, thermogenesis increase, 128
triggers, 339
see also hyperphagia (over-feeding)

‘overlap syndrome’, 278, 305
overnight in-laboratory sleep studies,

302–303, 303, 303
overweight

body mass index classification, 4, 215
UK classification, 223
USAclassification, 223

ovulation
failure in polycystic ovary syndrome,

281–282
leptin role, 282
pituitary-gonadal axis abnormalities, 

203
oxygen consumption

energy expenditure measurement, 149
of skeletal muscle, 102–103

oxygen-18 isotope
doubly labelled water , energy expenditure

measurement, 150
total body water measurement, 14

oxyntomodulin, 386, 387

paediatric healthcare equipment, 234
palatability of food, 144–145
pancreas

beta cells see beta-cells
islets of Langerhans see islets of 

Langerhans
pancreatic polypeptide (PP), 386, 387
panhypopituitarism, obesity cause, 198–199
paraventricular nucleus (PVN)

appetite control, 143
meal cessation initiation, 72

parents
bias, 35, 36
concern for child’s weight, 223–224
eating behaviours, 245
influence in obesity prevention, 462–463
obesity, 232

childhood obesity association, 225–226
perceptions, 242–243

parity, risk factor, 5
patient-centred organizations/charities, 349
patient management of stigma, 38–39
pectin, 446, 447, 448
Pederson hypothesis, 285, 289
pedestrian-friendly street design, 465
pedometers, 354

energy expenditure measurement, 151
weight management, 324

peer relationships, 32
Pennington Biomedical Research Centre, 83
peppers, 448
peptide YY3–36 (PYY3–36), 386, 387

appetite control, 141
gastrointestinal hunger-satiety signals, 73

perilipin, 112
periodic breathing see Cheyne–Stokes

respiration
periodic leg movement disorder (PLMS), 300
peripheral hunger-satiety signals, 72–74,

139–142
personality, weight regain association, 413,

414–415
‘personal weight coaches’, 450
‘pester power’, 467
pet ownership, 451
pharmacotherapy, 325–326, 351, 380–393

adrenergic drugs, 382, 382
approved drugs, 381–384, 382
criteria and contraindications, 381, 381
diet supplements, 386
drug combinations, 387–388
effects, 445
herbal preparations, 386
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non-approved drugs, 384–387, 386, 387
obese diabetics, 261–263
patient selection, 325–326
practical guidelines, 388
rationale, 380–381
serotonergic drugs, 382, 383
sleep-disordered breathing, 309
weight loss maintenance role, 414, 417
see also specific drugs

phendimetrazine, 382, 382
phenmetrazine, 382
phentermine, 382, 382

combinations, 387–388
in diabetes mellitus, 263
effects, 445

phentermine–fenfluramine, 387
phenylalanine, hunger-satiety signals, 73
phenylpropanolamine–benzocaine, 387
phenylpropanolamine (PPA), 382, 382
phosphoenol pyruvate carboxykinase

(PEPCK), insulin resistance, 185
physical activity, 354, 363–379, 445, 452

Asian populations, 438–439
benefits

aerobic fitness, 374
congestive heart failure, 276
hypertension effect, 275
obese diabetics, 261
resting energy expenditure, 155

cardiovascular mortality risk predictor, 
269

child activity patterns, obesity prevention,
462

childhood obesity assessment, 226
definition, 364
drop-out rates, 374, 376

predictors, 364
endurance training, 363, 364, 365
energy balance, 366–369

body weight, 156
energy expenditure, 68, 69–70, 154, 154–156,

363, 366–367, 367
daily energy expenditure, 367
definition, 154
diet-induced thermogenesis, 367
fuel utilization, 155
post-exercise, 367, 367
resting metabolic rate, 367
training effect, 366, 367
type, 366, 366
types, 155

energy intake, 368, 368–369
acute post-exercise, 368–369
adaption to increased energy

expenditure, 364, 369, 369
injury risk, 374
intensity

cardiovascular effects, 375
classification, 375, 375

fat oxidation, 370
substrate utilization effects, 371

limited, 7
metabolism

carbohydrate, 107
lean–fat ratio changes, 13, 13
lipids, 107–109
muscle glycogen utilization, 106
muscle-specific differences, 103
non-esterified fatty acid release from

adipose tissue, 112
oxygen consumption, 102–103
thermogenesis associated, 76–77

morbidity (obesity related) effect, 
372–374

mortality (obesity related) effect, 364, 374
passive exercise devices, 449
patterns, 131
professional education/training, 425–426
programme, 324
promotion, 10
reduction, gene-environment interactions,

81–82
risk factor, 6
substrate utilization, 364, 369–372, 370

daily, 371, 372
obesity, 371
training effect, 371–372, 372

weight management, 324, 363, 374–376
body mass index changes, 13
body weight, 364–366
children, 452
combined with dietary restriction, 365
composition influence, 23
exercise adherence, 376
exercise mode, 375
exercise prescription, 375, 375–376
exercise risk, 376
gain prevention, 364–365
loss maintenance, 355, 357, 357, 365–366,

410, 413
reduction, 365

see also exercise
physical activity level (PAL), 128–129

gender differences, 128–129
physical measurements in children, 19
Physicians’ Health Study

cardiovascular disease, 272
stroke and body mass index, 275

‘Pick the tick’ symbol, 466
Pickwickian syndrome see obesity

hypoventilation syndrome (OHS)
Pierre Robin sequence, 301
Pima Indians

diabetes, 252
energy expenditure, 157

pituitary–adrenal axis, 200, 200, 200–201
female obesity, 203

pituitary function testing, 208

pituitary–gonadal axis, 202–204
female obesity, 203

pituitary–thyroid axis, obesity role, 204–205
plateau, weight loss, 409
plate model, 416
pleiotropic obesity syndromes, 83, 83–85
plethysmography, 14, 19
plumpness preference, 49
politicians, obesity prevention, 467
polycystic ovary syndrome (PCOS), 190–191,

191
childhood obesity, 239–240
definition, 281
endocrine abnormalities, 203–204, 204
energy expenditure in, 282
hyperinsulinaemia, 282
insulin resistance, 190–191, 204, 240
metformin therapy, 282, 283, 385
ovarian function, 281–282

polygenic obesity, 90
Polynesians

bigness preference, 49
response to modernization, 55
ritual fattening, 50

polyphenols, 153
polysomnography (PSG), 302–303, 303
polyunsaturated fatty acids (PUFAs), 270
ponderal index, children, 217
ponderstatic mechanism, appetite control, 142
population assessments, body mass index, 12
population-based obesity prevention, 461, 468
‘portal vein theory’, 172–173
portion sizes

behavioural therapy, 352–353, 355
food intake control, 128

positional therapy, 307
positive energy balance, 68

adaption inability, 89
agent of obesity, 457
prolonged periods, 157, 157

post-exercise energy expenditure, 367, 367
post-exercise energy intake, 368–369
post-exercise oxygen consumption (EPOC),

366, 367
post-exercise stimulation of thermogenesis,

77
postgraduate training, 423
postpartum haemorrhage, 287
postprandial state

fatty acid utilization, 108
glucose concentration, 107
insulin, 107, 254, 254
skeletal muscle metabolism, 104
triacylglycerol clearance by adipose tissue,

112
postprandial thermogenesis (PPT)

polycystic ovary syndrome, 282
during pregnancy, 284

post-registration training, 423
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post-SPAstimulation of thermogenesis, 77
poverty, 52–53
Prader–Willi syndrome, 24, 84, 225, 327,

341–342
endocrine testing, 208

children, 208
genetic cause of obesity, 200

pramlintide, 141
‘p’ ratio, 130
precursor proopiomelanocortin (POMC),

appetite control, 143
prediction techniques

body composition measurement, 16–18
index of normal food intake, 129

pre-eclampsia, 287
pregestational diabetes, 286
pregnancy, 283–289

body weight control, 67
diabetes mellitus, 97
energy intake control, 127
hyperglycaemia, 97
lower body fat mobilization, 48
maternal body composition, 283–284
maternal complications, 286–289, 287
maternal hyperglycaemia, 97
maternal smoking, 96–97
maternal starvation, 96
metabolism effects, 284–285
nutrition

effects on fetus, 96, 285, 285, 289–290
excess, 97
excess nutrition, 97
fetal origin of obesity, 96

post-laparoscopic banded gastroplasty, 
289

prenatal care costs, 290–291
surgery for obesity effect, 398
weight gain associated, 288–289

preregistration training, 422–423
pre-schools, obesity prevention role, 463, 463
prevalence (of obesity), 3, 6, 6, 7, 8

Asian populations, 432, 432–434, 433, 438
Baltic states, 8
children, 456
Europe, 6, 7
gender, 6, 6, 7
global comparisons, 184
Netherlands, 8
UK, 6, 6
USA, 6, 6

prevention (of obesity), 10, 456–471
active neighbourhoods, 463–464
built environment, 465–466
clinical management programme role in

prevalence reduction, 460–461, 461
community-based action in Colac, 461–462,

462
community settings, 464–465
comprehensive approach, 458–460, 459, 460

environmental interventions, 356, 359
epidemic approach, 456–458
evidence of effectiveness of interventions,

467–468, 468
fast-food outlets, 464, 464, 465
food distribution and pricing, 466
food-labeling interventions, 466
food marketing targeting young children,

466–467
future research requirements, 468–469
influencing homes and parents, 462–463
mass-media campaigns, 467
monitoring role, 460, 468
pre-schools, 463, 463
primary care role, 359
schools, 463, 463
target groups, 460
unpaid media, lobbying, 467

primary care, prevention and treatment role,
359

primary endocrine disease in obesity, 198–200,
199

probucol, 264
professional education/training, 421–427

continuing professional development, 423
Core Curriculum, 422, 424–427
obesity management, 423
undergraduate/preregistration, 422–423
weight loss maintenance, 424

progesterone-only contraceptive pills, 291
prohormone convertase 1 deficiency, 89
pro-opiomelanocortin deficiency, 88–89
proopiomelanocortin (POMC) neurons, 85
protease inhibitors, 259
protein

animal, 123–125
handling in obese people, 129
normal intake, 134
only diets, 132
oxidation, 150, 150
quality, food intake effects, 126
thermic effect of food, effect on, 153
weight loss diets, 133

protein-sparing modified fasts (PSMF), 329
protein-static signals, 73
prothombotic state, insulin resistance, 257
protriptyline, 309
pseudogynaecomastia, 236
pseudopseudohypoparathyroidism, 84
psychological aspects (of obesity)

appetite control, 138, 138
in children, 36–37, 225, 235
dieting, 59, 59
outcome variables, 33–34, 235

see also specific variables
stigma, 39, 40

psychosocial aspects (of obesity)
in children, 242, 242–245
sleep-disordered breathing effects, 303

stigma, 39, 40
weight loss effects, 408

puberty
childhood obesity complications, 236, 239
insulin resistance, 238
weight gain risk period, 232

pulmonary embolism, pregnancy, 287
pulmonary hypertension, 278–279

obstructive sleep apnoea association, 305
‘puppy fat’, 232
purging, childhood obesity, 245
purines, high-protein diets, 332
pyruvate, 386, 386, 449
PYY (peptide YY(3–36)) see peptide YY3–36

(PYY3–36)

quality of life
children, 37
psychological outcome influence, 34
surgery for obesity effect, 399
weight loss effects, 408

Quebec Cardiovascular Study
hyperinsulinaemia in CHD, 171
ischaemic heart disease, 176
low-density lipoproteins in IHD risk,

170–171
metabolic abnormalities contributing to

CHD, 170
Quebec Family Study, 82
Quebec overfeeding study, 457, 457
Quetelet index, 327

children, 217

Randle cycle, 257, 258
rapid urbanization, Asian populations,

438–439
‘readiness to change’, 261
refeeding syndrome, 330
‘reference adolescent’, 18
‘reference child’, 18
‘reference man’, 102, 103
reference methods of body composition

measurement, 13–15
‘reference woman’, 102, 103
religious institutions, obesity prevention, 

465
renal disease, end-stage, 273
renin-angiotensin-aldosterone system, 273
renin-angiotensin system, 206
reproductive complications, childhood

obesity, 239–240
resistance exercise training, 354, 365

daily fat oxidation effect, 372
resistance to normalizing process of obesity,

59, 59–60
resistin

adipose tissue, 115, 205
genetic abnormality in metabolic

syndrome, 174
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insulin resistance, 186, 257–258
obesity, 206

respiratory diseases/disorders
childhood obesity, 237, 237–238
obstructive sleep apnoea association, 305
sleep related see obstructive sleep apnoea

(OSA); sleep-disordered breathing
respiratory disturbance index (RDI), 297
respiratory gas exchange, energy expenditure

measurement, 149–150
respiratory quotient

energy expenditure measurement, 150
training effect, 372

resting energy expenditure (REE), 70, 152–154
cold, 153
diet induced thermogenesis, 152, 153
fasting, resting metabolic rate, 152
food ingestion, 152–153
gene polymorphism, 154
growth, 153
hormonal factors, 153–154
non-exercise activity thermogenesis

(NEAT), 154
physical activity, effect of, 155
polycystic ovary syndrome, 282
responses associated with weight regain,

356
thermic effect of food, 152–153

resting metabolic rate (RMR)
appetite control, 143
energy expenditure, 366, 367
exercise training effect, 363
fasting, 152
prediction, energy expenditure, 151, 151
pregnancy effects, 283

right ventricular hypertrophy, children, 
237

rimonabant, 386, 387
risk factors, 5–6

appetite control, 146, 146
behavioural, 5–6
biological, 5
demographic, 5
sociocultural, 5
see also individual risk factors

risperidone, 259
ritual fattening, 50
road traffic accidents/deaths, 458
rodent models of obesity, 85
Rohrer index, 217
romantic partnerships, 33
rosiglitazone, 264
Roux-en-Y gastric bypass (RYGB), 400–401,

401, 401
dyslipidemia effects, 398
evolution, 394–395, 395
mortality, 400
patients with diabetes, 263
side-effects, 401

SAD (seasonal affective disorder), 417
sagittal abdominal diameter, 4, 21
Salote, Queen of Tonga, 49
salt, weight loss diets, 133–134
saponins, 448
satiety

anti-obesity drugs in diabetes, 262
defect, 143
definition, 71, 139
food intake control, 71–72
signals, 139

satiety cascade
appetite control, 138, 138–139, 139, 140
peptides, 141–142

saturated fats, 153
intake reduction, 125

schools
fruit, free/subsidized, 466
obesity prevention role, 463, 463
peer harassment/rejection, 36

Scottish Intercollegiate Guidelines Network
(SIGN), 343

childhood obesity assessment, 223, 224
contact details, 348

seasonal affective disorder (SAD), 417
second law of thermodynamics, 68
sedentary behaviour

discouragement, 10
food intake control bypass, 127

selective serotonin reuptake inhibitors
(SSRIs), 382, 383

obstructive sleep apnoea treatment, 309
self-blame reduction, 39
self-esteem

children, 36–37, 243
psychological outcome influence, 34

self-help weight loss organizations, 58
self-limiting (ad libitum) diets, 328, 445
self-monitoring (of food intake), 340, 351, 412
semistarvation, experimental, 131
sensitivity to reward (STR), 145
sensory specific satiety, 71
‘Sentinel Site for Obesity Prevention’, 462
serotonergic drugs, 382, 383
sertraline, 382, 383
sex hormone-binding globulin (SHBG)

endocrine testing, 207
obesity cause, 203
polycystic ovary syndrome, 282

sex steroid secretion/action
fat distribution differences, 201
obesity cause, 202–204

SHBG see sex hormone-binding globulin
(SHBG)

Sheldon’s index, 217
shivering thermogenesis, 70, 153
short insulin tolerance test, 284
short-term food intake control, 74
shoulder dystocia, 290

sibutramine, 262, 262, 325, 382, 383, 388
effects, 445
weight loss maintenance, 410, 417

SIGN see Scottish Intercollegiate Guidelines
Network (SIGN)

Simpson–Golabi–Behmel, type 2 syndrome, 
83

single nucleotide polymorphisms (SNPs), 
90

single strategy approach to prevention, 458
Siri’s equation, 16
size acceptance promotion, 38, 59
skeletal muscle, 105–111

daily energy fluxes, role in, 104, 105
heat production, 69
metabolism, 102–104

ATP synthesis, 105, 105–107, 106
carbohydrates, 107
disturbance and obesity development,

109–110
lipids, 107–109
obesity, 110–111
oxygen consumption, 102–103

skin creams, 449
skin examination, patient assessment, 321
skinfold thickness

body composition measurement, 16
children, 217, 221, 224
difficulties in obese subjects, 16–17
fat distribution measurement, 21

skinfold thickness, children, 225
skin lesions, childhood obesity, 235
sleep apnoea, 278–279

childhood obesity, 225
heart failure coexistence, 276

sleep-disordered breathing, 278, 296–315
childhood obesity, 225, 237–238
consequences, 303–306, 304
definitions, 296–298, 297
diagnosis, 302–303, 303, 303
epidemiology, 300–301, 301
obstructive sleep apnoea see obstructive

sleep apnoea (OSA)
pathogenesis, 296
symptoms and signs, 302, 302
treatment, 306, 306–310, 307, 310

Sleep Heart Health Study, 278, 304, 305
sleepiness

causes, 300
excessive daytime, 302, 303

sleep studies, 302–303, 303, 303
SlimFast, 353
slim ideal emergence, 55, 56, 57
slimming clubs, 336
Slimming World (UK), 336
slimness, as ideal body shape, 55
slipped capital femoral epiphysis, 240, 241
small bowel bypass, 394
‘small but healthy hypothesis’, 50, 51
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small for gestational age (SGA) infants, 290
smallness preference, culture, 50
Smaw v. Virginia Department of State Police,

1994, 30
smoking

cessation, 7
weight gain, 70

epidemic reduction, 458
maternal, obesity of offspring, 96–97
mortality at low body mass index, 8–9
risk factor, 5
time trend cause, 7–8

snoring, 296, 302
nasal dilator strips, 307
stroke association, 305
sudden death in obesity, 269–270
see also obstructive sleep apnoea (OSA)

social aspects, 29–45
causes, 34–37

see also specific causes
clinical implications, 38–39
culture, 52
education, 31–32
employment, 29–30
health care, 30–31
interpersonal relationships, 32–33
IQ, 31–32
isolation, 227
orientation on obesity, 60
psychological outcome variables, 33–34

see also specific variables
socioeconomic status, 32
stigma, 39, 40

social/biological body divide, 55
‘social consensus theory’, 38
social skill acquisition limitations, peer

relationships, 32
social stratification emergence, 47
society differences, culture see culture
sociocultural risk factors, 5
socioeconomic status, 32, 52

infant origins of obesity, 96
predisposition to weight gain, 457

somatostatin, 202
somnoplasty, 309
soy lecithin, 448
‘specific dynamic action’, 70
spirometric ratio, 277
spontaneous physical activity (SPA)

associated thermogenesis, 76
efficiency, 76

statins, vascular disease, 272
‘stepped-care’ approach, obesity

management, 444
stigma, 34–37

causes, 37–38
children, 35–37, 227

by adults, 36
negative stereotypes, 36

peer harassment and rejection at school,
36

psychological sequelae, 36–37
environmental improvement, 39
health care professionals, reduction in, 39
patient management of, 38–39
reduction intervention research, 39–40, 40
research recommendations, 39–40, 40

stimulus control, behavioural therapy, 339,
340–341, 352

St John’s wort, 448
stomach stapling, 326, 394–395, 397
STORM trial, 383, 410
stress, weight regain association, 412
stretch marks, children, 236
stretch-receptors, 72
strokes, 275

snoring association, 305
see also cerebrovascular disease

stunted growth
animal protein effect, 124
Asian populations and obesity, 439
fat distribution, 95–96

subcutaneous fat deposits, 20
subscapular skinfold measurements, 223
subscapular-tricep skinfold ratio

birth weight association, 95, 95
body composition measurement, 16
children, 233

sudden death
cardiovascular causes in obesity, 269–271
physical activity risk, 376

sugar beet, 125
sugars

consumption, 340
dietary composition, evolutionary

perspective, 125
energy density, 125, 126
food intake control bypass, 127

suicide attempts/ideation, 34
children, 37

sulphonylureas, 262
Sumo wrestlers, 50
‘supersizing’ meals, 464
suprailiac skinfold, 16
surgery, 326, 351, 394–406, 445

evolution of techniques, 394–396
ideal procedure characteristics, 400,

400–403
jejuno–ileal bypass, 394, 395
maxillofacial, obstructive sleep apnoea

treatment, 309
minimally invasive/adjustable procedures,

396
obese diabetics, 263
outcomes, 396–399

health changes, 397–399
weight loss, 397

small bowel bypass, 394

stomach stapling, 394–395, 397
vertical-banded gastroplasty, 395, 395
weight loss maintenance role, 414
see also specific procedures

surveillance programmes, body mass index, 12
Swedish adjustable gastric band (SAGB®),

403, 403
Swedish Obese Subjects (SOS) study, 326, 408,

409
sleep-disordered breathing, 300, 303
surgery for obesity, 263, 399
vascular disease risk, 271

sweet clover, 448
sweet tastes, 125
sympathetic nervous system (SNS)

diet response, 78, 78
insulin resistance, 258
metabolic drive in obese people, 129
metabolic syndrome, 257
obesity hypertension, 273
role in physical activity, 369, 370
sudden death in obesity, 270
thermogenesis, 77, 156–157
ventricular hypertrophy, 275

sympathomimetics, energy expenditure
stimulation, 157

syndrome x see metabolic syndrome
‘syndrome Z’, 272

t’ai chi, 449
tallness, desirability, 49
Tanner stages of pubertal development, 235
target groups, obesity prevention, 460
Task Force on Obesity, 10
taxing energy-dense foods, 469
taxing initiatives, 451
teacher attitudes, 35
teasing, 36
‘technologies of power’, 58
telephone-based interventions, 450
television advertising, 467

ban in Sweden, 467
obesity causal factor, 466

temperature, environmental
birth, body weight association, 98, 98
resting energy expenditure, 153

temperature-controlled radiofrequency
ablation to the tongue base and palate
(TCRFTA), 309

terpenes, 448
testosterone

endocrine testing, 207, 208
obesity cause, 202–204
polycystic ovary syndrome, 204
testing for, 322

theobromine, 385
theophylline, 385
therapeutic overdosing, 234
therapeutic underdosing, 234
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thermic effect of food (TEF)
reduction in obesity, 157–158
resting energy expenditure, 152–153
sympathetic nervous system link, 157

thermodynamics, 67–68, 68
first law, 67–68
second law, 68

thermogenesis
adaptive see adaptive thermogenesis
mechanisms for energy expenditure, 77–78,

156–157
physical activity associated, 76–77
stimuli, 156

energy expenditure response, 70
sympathetic nervous system, 156–157
thermogenic stimuli, 156

Thermoplasma acidophilum, 85
thiazolidinediones

diabetes mellitus, 262
non-alcoholic fatty liver disease, 264

thigh creams, 449
thirst, salt intake, 133
three-compartment model, 15, 16

children, 19
Three Factor Eating Questionnaire (TFEQ), 411

appetite control, 147
‘thrifty genotype’ hypothesis, 124

diabetes mellitus type 2, 48
thromboembolic disease, pregnancy, 288
thyroid hormones

resting metabolic rate effect, 153–154
role in weight gain, 204

thyroid-stimulating hormone (TSH)
endocrine testing, 208
leptin therapy, 86
role in weight gain, 204
testing for, 322

thyrotrophin-releasing hormone (TRH), 86
thyroxine, 86
time trend causes, 7–8
tiredness, childhood obesity, 235–236
tonic signals, appetite control, 139–142, 140,

142
topiramate, 382, 384–385, 388
total body potassium, 13
total body water

body composition measurement, 13, 14
chemical maturation in children, 18

total-body wrapping, 324
total fasting, 330
‘toxic environments’ role, 356, 359
tracheostomy, 308–309
trained athletes, skeletal muscle mass, 102
training programmes

energy expenditure, 366, 367
obesity prevention, 460
physical activity substrate utilization,

371–372, 372
transcendental meditation, 417

transcutaneous electrical stimulation (TENS),
449

transport investment, obesity prevention, 465
treatment see management (of obesity)
triacylglycerols

adipose tissue clearance, 112–113
energy fluxes, normal daily, 104
intramuscular measurement, 106
skeletal muscle, 102, 105, 105, 107–109
white adipose tissue, 103

triaxial monitors, 151
tricep skinfold, 16
triggers (for overeating), 339

see also behavioural therapy
triglyceride(s)

dyslipidaemia, 163
oxidation, 150
physical activity, 156, 370, 373
pregnancy, 284
visceral adipose tissue effect, 166, 168
weight loss effects, 260

truncal fat deposition, 94–95
trunk-to-extremity skinfold ratio, 21
tryptophan, hunger-satiety signals, 73
tumour necrosis factor-a (TNF-a)

adipose tissue, 115, 174, 205, 272
insulin resistance, 186, 257
non-alcoholic fatty liver disease, 264
obesity, 206
skeletal muscle, 111

twenty-four hour recall method, 128
twin studies, fat mass heritability, 82
two compartment model of body

composition, 13
type 2 diabetes mellitus see diabetes mellitus
L-tyrosine, 449

UKPDS see United Kingdom Prospective
Diabetes Study Group (UKPDS)

ulnar-mammary syndrome, 83
uncoupling proteins (UCPs), 103

resting metabolic rate effect, 154
skeletal muscle metabolism disturbances in

obesity, 110
thermogenesis mechanism, 77

undergraduate training, 422–423
undernutrition, Asian populations, 434
underwater submergence, body volume

measurement, 14
underwater weighing, children, 216, 216
United Kingdom Prospective Diabetes Study

Group (UKPDS), 256
glycaemic control in weight loss, 260
lipids in weight loss, 261
pharmacotherapy in the obese diabetic

patient, 262
United Kingdom Prospective Diabetes Study

Group (UKPDS), b-cell dysfunction,
258

United Kingdom (UK), prevalence, 6, 6
United States Centres for Disease Control

(CDC) 2000 growth charts, 217–218,
220

percentiles, 223
United States 1977 National Centre for Health

Statistics growth charts, 217
United States of America (USA)

prevalence, 6, 6, 99
prevention, 459, 460

upper airway resistance syndrome, 297
upper airway surgery, 309
upper airway tone, 277–278
urbanization

aetiology of obesity, 52
Asian populations, 438

uric acid levels, 332
urinary tract infections (UTIs), 287, 287–288
US Nurses Health Study

coronary heart disease risk, 271, 271
sudden death in obesity, 270

uvulopalatopharyngoplasty (UPPP), 309

vascular diseases/disorders, 271, 271–272
childhood obesity, 237

vasopressin, 386, 387
vending machines, ban in schools, 464
venous thromboembolic disease, pregnancy,

291
ventromedial hypothalamus (VMH)

energy homeostasis involvement, 85
satiety control, 72

verbal abuse, 36
vertical-banded gastroplasty (VGB), 395, 

395
very low-calorie diets (VLCDs), 325

combined with physical activity, 365
obese diabetics, 261

very low-density lipoproteins (VLDLs)
dyslipidaemia, 163

abdominal obesity, 172
hepatic synthesis, 172
weight loss effects, 261

very low-energy diets (VLEDs), 328–330
complications associated, 328–329
contraindications, 330
effects, 445
Prader–Willi syndrome use, 342
sudden death, 270

virtual reality devices, 452
visceral adipose tissue

cardiovascular risk factor, 224–225
children, 224–225
dyslipidaemia, 165–166, 166
gender differences, 166, 167
metabolic syndrome see metabolic

syndrome
regulatory/secretory characteristics, 206
risk assessment, 323, 323



Index

493

visceral obesity, 165, 166, 381
Asian population, 437
diabetes risk, 253
endocrine causes, 200–201
endocrine secretion, 206
ethnicity, 437
health risks, 165
moderate weight loss effects, 176
respiratory effects, 298–299
rimonabant therapy, 387

visual cues, energy intake control, 127
voluntary energy expenditure, 70
vulnerable groups, 33

wage penalty, employment, 29
waist circumference, 4, 4, 21, 321

children, 217, 233
abdominal adiposity, 225
reference standards, 227

diabetes risk, 253, 253
health risk assessment, 408
ill health association, 434
visceral adipose tissue measurement, 

176
waist–height ratio, 4
waist–hip ratio (WHR), 4, 21

abdominal obesity, 165
children, 225

children, 225, 233

coronary heart disease risk, 271, 271
diabetes risk, 253
health risk assessment, 408
visceral adipose tissue measurement, 176

walking, 410, 451–452
‘walking school buses’, 452, 464
water consumption, dietary interventions,

340
weight see body weight
‘weight-clamping’ experiments, 76
Weight Concern, 349
weight cycling, 411, 413, 416
weight-for-age percentiles, 223
weight-for-height indices, 217
weight-for-stature, 217

percentiles, 217
Weight Watchers, 324, 336, 358–359, 445–446
Western cultures, 47

concept of obesity, 59
culture in 20th century, 55–59
diabetes prevalence, 252
epidemic of obesity, 456
gene-environment interactions, 82
process of, 53, 55
slim ideal, supportive cultural context, 57
slimness preference, 50
stigmatism of obesity, 49
typical diet, 104

white adipose tissue see adipose tissue

whole-body plethysmography, 19
Wilson–Turner syndrome, 83
Wisconsin Sleep Cohort Study, 301, 304
women, ‘ideal body shape’, 50–52, 51
World Health Organization (WHO)

Expert Consultation on Appropriate Body
Mass Index for Asian Populations,
435–436, 440, 440

graded classification system for obesity, 431
MONICAstudy

European prevalence, 6, 7
vascular disease risk, 271

nutrient intake goals, 130, 130–131
obesity definition, 408
physical activity recommendations, 374

diabetes, 261
Task Force on Obesity, 10
weight-for age classification, Asian

population, 434

XENDOS study, 263
X-linked pleiotropic obesity syndromes, 83

Yasmin, 291
yearly re-evaluation in children, 224
yoga, 449

zonisamide, 382, 385, 388
z-scores, 221


