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Introduction

The WHO Consultation on Obesity met in Geneva from 3 to 5 June
1997. Dr F.S. Antezana, Deputy-Director General ad interim, opened
the meeting on behalf of the Director-General. This consultation was
the culmination of a two-year preparatory process, involving more
than 100 experts worldwide, undertaken in close collaboration with
the Rowett Research Institute (a WHO collaborating centre for nutri-
tion) in Aberdeen, Scotland, and the International Obesity Task
Force (IOTF) chaired by Professor Philip James, Director of the
Rowett Research Institute.

The overall aim of the Consultation was to review current epidemio-
logical information on obesity, and draw up recommendations for
developing public health policies and programmes for improving the
prevention and management of obesity. The specific objectives of the
Consultation were:

— to review global prevalence and trends of obesity among children
and adults, factors contributing to the problem of obesity, and
associated consequences of obesity, such as chronic noncommuni-
cable diseases;

— to examine health and economic consequences of obesity and
their impact on development;

— to develop recommendations to assist countries in developing
comprehensive public health policies and strategies for improving
the prevention and management of obesity;

— to identify the issues requiring further research.

In order to achieve these objectives, six peer-reviewed background
documents were prepared by experts in related fields. WHO takes
pleasure in drawing attention to these contributions, in the absence of
which many preparatory activities would not have been possible. The
individuals and institutions that contributed are mentioned in the
Acknowledgements section (page 251).

Throughout most of human history, weight gain and fat storage have
been viewed as signs of health and prosperity. In times of hard labour
and frequent food shortages, securing an adequate energy intake to
meet requirements has been the major nutritional concern.

Today, however, as standards of living continue to rise, weight gain
and obesity are posing a growing threat to health in countries all
over the world. Obesity is a chronic disease, prevalent in both devel-
oped and developing countries, and affecting children as well as
adults. Indeed, it is now so common that it is replacing the more
traditional public health concerns, including undernutrition and



infectious disease, as one of the most significant contributors to ill
health. Furthermore, as obesity is a key risk factor in the natural
history of other chronic and noncommunicable diseases (NCDs), it is
only a matter of time before the same high mortality rates for such
diseases will be seen in developing countries as those prevailing 30
years ago in industrialized countries with well established market
economies.

Clinical evidence of obesity can be dated as far back as Graeco-
Roman times, but little scientific progress was made towards under-
standing the condition until the 20th century. In the 19th century, the
work of Lavoisier and others indicated that metabolism was similar to
slow combustion, and that obese and lean humans obeyed the laws of
thermodynamics. Also, the discovery that fat is stored in “cells”, the
basic units of biology, led to the idea that obesity could be caused by
the presence of too many fat cells. Interestingly, the 19th century also
saw the publication of the first diet book, entitled Letter on corpulence
addressed to the public, by a Mr W. Banting.

In the early 20th century, analysis of life insurance data indicated that
obesity was associated with an increased death rate. A familial basis
for obesity was suggested in the 1920s, and Cushing disease and
hypothalamic obesity were described. Later, the introduction of
thyroid hormone, dinitrophenol and amfetamine as pharmacological
treatments for obesity opened the door to the use of drugs, and
genetics improved the understanding of several specific forms of
obesity resulting from genetic defects.

Considerable advances have been made in diet, exercise and
behavioural approaches to treatment for obesity since their advent in
the first half of the 20th century, and new drugs with ever-better
profiles of pharmacological activity continue to be introduced on a
regular basis. Gastric surgery has had the most effective long-term
success in treating the severely obese. Despite this progress, however,
obesity prevalence continues to increase sharply, and the challenge to
public health workers and scientists has never been greater.

This report provides an assessment of current data on the prevalence
of obesity, its health consequences and its economic costs. Strategies
for implementing a systematic approach to the prevention and man-
agement of obesity in different health service systems are described,
and recommendations by leading international obesity experts are
also given. It is hoped that these recommendations will be used in the
development of new policies to address the escalating public health
problem of obesity.



1.1

Structure of the report

The report is divided into five parts, the first four of which deal with
different aspects of the global epidemic of obesity. The final part
outlines the conclusions and recommendations of the WHO Consul-
tation on Obesity.

Part I examines the definition and classification of obesity, and sets
out the most recent data on the global prevalence and secular trends
in all regions of the world. Defining and identifying the extent of the
problem of obesity is a critical first step in a coherent approach to its
prevention and management.

Part II covers the true costs of obesity in terms of physical and mental
ill health, and the human and financial resources diverted to deal with
the problem. The amount of suffering that obesity causes, and the
money spent by health agencies in dealing with it, are enormous and
reinforce the need for urgent action.

Part 111 examines what is known about this complex, multifactorial
disease and identifies the major factors implicated in its development.
Most of the information about risk factors for weight gain and obesity
comes from studies in developed countries because developing coun-
tries have only recently seen a rise in chronic diseases and therefore
have little experience in carrying out research in this area. Examina-
tion of the factors involved in weight gain and obesity in developed
countries, however, is of worldwide relevance in predicting the future
impact in countries in the early stages of frequently dramatic socio-
economic change and provides a unique opportunity for taking pre-
ventive action. It is also important that these factors should be taken
into account in any coordinated strategy designed to tackle the prob-
lem of obesity.

Part TV takes account of the matters considered in the preceding
three parts and presents the foundations of a comprehensive strategy
for the prevention and management of obesity through health care
services and public health policy. Policy-makers, health professionals
and the community at large need to join forces in tackling this major
global public health problem.

Part V outlines the final conclusions and recommendations of the
WHO Consultation on Obesity. Priority areas for further research are
identified, and recommendations on strategies and actions for the
effective prevention and management of the global epidemic of
obesity are made.



1.2

Themes of the report

Obesity is a complex and incompletely understood disease. This re-
port highlights key issues central to the development of a coherent
strategy for the effective prevention and management of obesity on a
worldwide basis. A number of important themes have dictated the
content and style of the report, including the following:

Obesity is a serious disease, but its development is not inevitable. It
is largely preventable through lifestyle changes.

The health risks of excessive body fat are associated with a rela-
tively small increase in body weight, not only with marked obesity.
Effective management of obesity cannot be separated from
prevention.

Obesity is not just an individual problem. It is a population problem
and should be tackled as such. Effective prevention and manage-
ment of obesity will require an integrated approach, involving ac-
tions in all sectors of society.

Obesity is a chronic disease that requires long-term strategies for its
effective prevention and management.

Obesity affects all age groups. The effective prevention of adult
obesity will require the prevention and management of childhood
obesity.

Obesity is a global problem. Prevention and management strategies
applicable to all regions of the world should be developed.

Obesity can be seen as just one of a defined cluster of noncommu-
nicable diseases (NCDs) now observed in both developed and de-
veloping countries. The global epidemic of obesity is a reflection of
the massive social, economic and cultural problems currently facing
developing and newly industrialized countries, as well as the ethnic
minorities and the disadvantaged in developed countries.

Examination of the factors involved in weight gain and obesity in
developed countries is crucial for predictions about the future im-
pact in countries in the early stages of frequently dramatic socio-
economic change and provides a unique opportunity for taking
preventive action.

In countries with developing economies, the problem of obesity is
emerging at a time when undernutrition remains a significant prob-
lem. Strategies that take account of both these important nutri-
tional problems will need to be developed, particularly when deal-
ing with children whose growth may be stunted.
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The problem of overweight
and obesity




2.1

Defining the problem

Introduction

Obesity is often defined simply as a condition of abnormal or exces-
sive fat accumulation in adipose tissue, to the extent that health may
be impaired (7). The underlying disease is the undesirable positive
energy balance and weight gain. However, obese individuals differ
not only in the amount of excess fat that they store, but also in the
regional distribution of that fat within the body. The distribution of
fat induced by weight gain affects the risks associated with obesity,
and the kinds of disease that result. Indeed, excess abdominal fat is as
great a risk factor for disease as is excess body fat per se. It is useful,
therefore, to be able to distinguish between those at increased risk as
a result of “abdominal fat distribution”, or “android obesity” as it is
often known, from those with the less serious “gynoid” fat distribu-
tion, in which fat is more evenly and peripherally distributed around
the body.

Classifying obesity during childhood or adolescence is further compli-
cated by the fact that height is still increasing and body composition
is continually changing. Furthermore, there are substantial interna-
tional differences in the age of onset of puberty and in the differential
interindividual rates of fat accumulation.

This section outlines the most appropriate methods for: (a) classifying
overweight and obesity in adults; and (b) identifying abdominal fat
distribution. It also briefly discusses the use of additional tools for use
in the more detailed characterization of obese individuals. The final
section outlines the current lack of consistency and agreement
between studies in the classification of obesity in childhood and
adolescence, and highlights the need for a globally standardized
classification system.

The key issues covered include the following:

* Obesity can be defined simply as the disease in which excess body
fat has accumulated to such an extent that health may be adversely
affected. However, the amount of excess fat, its distribution within
the body, and the associated health consequences vary consider-
ably between obese individuals.

* The graded classification of overweight and obesity: (a) permits
meaningful comparisons of weight status within and between popu-
lations; (b) makes it possible to identify individuals and groups at
increased risk of morbidity and mortality; (c) enables priorities to
be identified for intervention at individual and community levels;
and (d) provides a firm basis for the evaluation of interventions.
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* Body mass index (BMI) (see section 2.3) provides the most useful,
albeit crude, population-level measure of obesity. It can be used to
estimate the prevalence of obesity within a population and the risks
associated with it. However, BMI does not account for the wide
variation in body fat distribution, and may not correspond to the
same degree of fatness or associated health risk in different indi-
viduals and populations.

¢ (Obese individuals with excess fat in the intra-abdominal depots are
at particular risk of the adverse health consequences of obesity.
Therefore, measurement of waist circumference provides a simple
and practical method of identifying overweight patients at in-
creased risk of obesity-associated illness due to abdominal fat
distribution.

e Ethnic populations differ in the level of risk associated with a
particular waist circumference, and a globally applicable grading
system of waist circumference has not yet been developed.

* Additional tools available for the more detailed characterization of
the obese state include methods of measuring body composition
(e.g. underwater weighing), determining the anatomical distribu-
tion of body fat (e.g. magnetic resonance imaging), and measuring
energy intake (e.g. prospective dietary record) and energy expendi-
ture (e.g. doubly labelled water). However, the cost of such tech-
niques and the practical difficulties involved in applying them limit
their usefulness to research.

* As previously mentioned, the classification of the weight status of
children and adolescents is complicated by the fact that height and
body composition are continually changing, and that such changes
often occur at different rates and times in different populations,
making simple universal indices of adiposity of little value. To date,
there has not been the same level of agreement on the classification
of obesity for children and adolescents as there is for adults.

Why classify overweight and obesity?

The graded classification of overweight and obesity is valuable for a
number of reasons. In particular, it allows:

— meaningful comparisons of weight status within and between
populations;

— the identification of individuals and groups at increased risk of
morbidity and mortality;

— the identification of priorities for intervention at individual and
community levels;

— a firm basis for evaluating interventions.
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2.31

Body mass index

BMI is a simple index of weight-for-height that is commonly used to
classify underweight, overweight and obesity in adults. It is defined as
the weight in kilograms divided by the square of the height in metres
(kg/m?).

For example, an adult who weighs 70kg and whose height is 1.75m
will have a BMI of 22.9:

BMI = 70(kg)/1.75’ (m”) =22.9

The classification of overweight and obesity, according to BMI, is
shown in Table 2.1. Obesity is classified as a BMI 230.0. The classifi-
cation shown in Table 2.1 is in agreement with that recommended by
WHO (2), but includes an additional subdivision at BMI 35.0-39.9 in
recognition of the fact that management options for dealing with obe-
sity differ above a BMI of 35. The WHO classification is based prima-
rily on the association between BMI and mortality (see section 4.6).

Use of other cut-off points in the classification of obesity

A BMI of 30 or more is now widely accepted as denoting obesity. In
some studies, however, other BMI cut-off points both above and
below 30 have been used (3). Differences in cut-off points have a
major impact on estimates of the prevalence of obesity. For meaning-
ful comparisons between or within populations it is therefore advis-
able to use the single BMI cut-off points proposed in Table 2.1.

2.3.2 Variation in the relationship between BMI and body fatness

Although it can generally be assumed that individuals with a BMI of
30 or above have an excess fat mass in their body, BMI does not
distinguish between weight associated with muscle and weight associ-
ated with fat. As a result, the relationship between BMI and body fat
content varies according to body build and proportion, and it has
been shown repeatedly that a given BMI may not correspond to the
same degree of fatness across populations. Polynesians, for example,
tend to have a lower fat percentage than Caucasian Australians at an
identical BMI (4). In addition, the percentage of body fat mass in-
creases with age up to 60-65 years in both sexes (5, 6), and is higher
in women than in men of equivalent BMI (7). In cross-sectional
comparisons, therefore, BMI values should be interpreted with cau-
tion if estimates of body fat are required.

Differences in body proportions and in the relationship between BMI
and body fat content can affect the BMI range considered to be
healthy. Calculations based on the ratio of sitting height to standing



Table 2.1
Classification of adults according to BMI°

Classification BMI Risk of comorbidities
Underweight <18.50 Low (but risk of other clinical
problems increased)
Normal range 18.50-24.99 Average
Overweight: 225.00
Preobese 25.00-29.99 Increased
Obese class | 30.00-34.99 Moderate
Obese class Il 35.00-39.99 Severe
Obese class Il >40.00 Very severe

# These BM! values are age-independent and the same for both sexes. However, BMI may not
correspond to the same degree of fatness in different populations due, in part, to differences
in body proportions (see section 2.3.2). The table shows a simplistic relationship between BMI
and the risk of comorbidity, which can be affected by a range of factors, including the nature
of the diet, ethnic group and activity level. The risks associated with increasing BMI are
continuous and graded and begin at a BMI above 25. The interpretation of BMI gradings in
relation to risk may differ for different populations. Both BMI and a measure of fat distribution
(waist circumference or waist : hip ratio (WHRY)) are important in calculating the risk of obesity
comorbidities.

height that allow BMI to be corrected to take account of unusual
leg lengths are now available. Thus, very tall and lean Australian
Aboriginals tend to have a deceptively low BMI; a healthy BMI range
for this population appears to be between 17 and 22, metabolic com-
plications developing rapidly as BMI increases above 22. Recalculat-
ing Aboriginal data to allow for their unusual body proportions
increases both the mean BMI and the BMI distribution, so that the
percentage with a BMI >25 increases from 8% to 15% (8).

2.3.3 Use of BMI to classify obesity

2.4

BMI can be considered to provide the most useful, albeit crude,
population-level measure of obesity. The robust nature of the mea-
surements and the widespread routine inclusion of weights and
heights in clinical and population health surveys mean that a more
selective measure of adiposity, such as skinfold thickness measure-
ments, provides additional rather than primary information. BMI can
be used to estimate the prevalence of obesity within a population and
the risks associated with it, but does not, however, account for the
wide variation in the nature of obesity between different individuals
and populations.

Waist circumference and waist:hip ratio

Abdominal fat mass can vary dramatically within a narrow range of
total body fat or BMI. Indeed, for any accumulation of total body fat,
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men have on average twice the amount of abdominal fat than is
generally found in premenopausal women (9). Other methods in
addition to the measurement of BMI would therefore be valuable in
identifying individuals at increased risk from obesity-related illness
due to abdominal fat accumulation.

Over the past 10 years or so, it has become accepted that a high WHR
(WHR >1.0 in men and >0.85 in women) indicates abdominal fat
accumulation (10). However, recent evidence suggests that waist cir-
cumference alone — measured at the midpoint between the lower
border of the rib cage and the iliac crest — may provide a more
practical correlate of abdominal fat distribution and associated ill
health (171-13).

Waist circumference is a convenient and simple measurement that is
unrelated to height (10), correlates closely with BMI and WHR (73)
and is an approximate index of intra-abdominal fat mass (/4-16) and
total body fat (17). Furthermore, changes in waist circumference re-
flect changes in risk factors for cardiovascular disease (CVD) (18) and
other forms of chronic disease, even though the risks seem to vary in
different populations.

Some experts consider that the hip measurement provides additional
valuable information related to gluteofemoral muscle mass and bone
structure (1/9). The WHR may therefore remain a useful research
tool, but individuals can be identified as being at increased risk of
obesity-related illness by using waist circumference alone as an initial
screening tool.

Populations differ in the level of risk associated with a particular
waist circumference, so that globally applicable cut-off points cannot
be developed. For instance, abdominal fatness has been shown to
be less strongly associated with risk factors for CVD and non-
insulin-dependent diabetes mellitus (NIDDM) in black women than
in white women (20). Also, people of South Asian (Bangladeshi,
Indian and Pakistani) descent living in urban societies have a higher
prevalence of many of the complications of obesity than other ethnic
groups (21). These complications are associated with abdominal fat
distribution that is markedly higher for a given level of BMI than in
Europeans. Finally, although women have almost the same absolute
risk of coronary heart disease (CHD) as men at the same WHR
(22, 23), they show increases in relative risk of CHD at lower waist
circumferences than men. Thus, there is a need to develop sex-
specific waist circumference cut-off points appropriate for different
populations.



Table 2.2
Sex-specific waist circumference and risk of metabolic complications associated
with obesity in Caucasians®

Risk of metabolic complications Waist circumference (cm)
Men Women

Increased >94 >80

Substantially increased >102 >88

 This table is an example only. The identification of risk using waist circumference is
population-specific and will depend on levels of obesity and other risk factors for CVD and
NIDDM. This issue is currently under investigation.

The sex-specific waist circumferences given in Table 2.2 denote en-
hanced relative risk for a random sample from the Netherlands of
2183 men and 2698 women aged 20-59 years (23).

2.5 Additional tools for the assessment of obesity

In addition to the anthropometric assessment methods previously
outlined, there are various other tools that are useful for measuring
body fat in certain clinical situations and in obesity research. These
tools are particularly useful when trying to identify the genetic and
environmental determinants of obesity and their interactions, as they
enable the variable and complex nature of obesity to be split up into
separate components. Thus, obese individuals can be characterized by
measuring body composition, anatomical distribution of fat, energy
intake, and insulin resistance, among others.

A list of those characteristics of obesity considered suitable for meas-
uring in genetic studies has recently been agreed (24) and is summa-
rized in Table 2.3. Measures in a given category are not necessarily of
equal validity.

2.6 Classifying obesity in childhood

To date, there has not been the same level of agreement over the
classification of overweight and obesity in children and adolescents as
in adults. There has been confusion both in terms of a globally appli-
cable reference population and of the selection of appropriate cut-off
points for designating a child as obese.

2.6.1 Use of growth charis

Many countries have produced reference charts for growth based on
weight-for-age and height-for-age. However, these measures are a
reflection only of the child’s size (height and girth) and provide no
indication of relative fatness. The close correlation between height

11



Table 2.3
Currently recommended characteristics for measurement in genetic studies

Characteristic of Examples of measurement tools
obesity measured

Body composition BMI; waist circumference; underwater weighing; dual-
energy X-ray absorptiometry (DEXA); isotope dilution;
bioelectrical impedance; skinfold thickness

Anatomical distribution  Waist circumference; WHR; computer tomography;
of fat ultrasound; magnetic resonance imaging

Partitioning of nutrient ["*C] palmitic acid; extended overfeeding challenge
storage

Energy intake “Total” by prospective dietary record or recall;
“macronutrient composition” by prospective dietary record
or recall or by dietary guestionnaire

Energy expenditure “Total” by double-labelled water; “resting” by indirect
calorimetry; physical activity level (PAL) by questionnaire,
motion detector, heart-rate monitor, etc.

and weight during childhood means that an index of weight adjusted
for height can provide a simple measure of fatness.

2.6.2 International childhood reference population

The most widely used growth reference, which WHO has recom-
mended for international use since the late 1970s (25, 26), was devel-
oped by the US National Center for Health Statistics (NCHS).
However, a WHO Expert Committee (2) has drawn attention to a
number of serious technical and biological problems with this growth
reference. WHO is therefore currently undertaking the development
of a new growth reference for infants and children from birth to 5
years. This will be based on a sample of infants and children from
different parts of the world whose caregivers follow internationally
recognized health recommendations. A similar reference will also be
required for older children and adolescents.

2.6.3 BMI-for-age reference curves

Adult BMI increases very slowly with age, so age-independent cut-off
points can be used to grade fatness. In children, however, BMI
changes substantially with age, rising steeply in infancy, falling during
the preschool years, and then rising again during adolescence and
early adulthood. For this reason, child BMI needs to be assessed using
age-related reference curves.

12



Such curves have been produced for a number of countries (6, 27-29).
However, many are imperfect either because the data are old or
because the age range is restricted. More recent BMI-for-age charts
have been developed for British, Italian and Swedish children (30-32)
using the least mean square (LMS) method of Cole (33), which ad-
justs BMI distribution for skewness and allows BMI in individual
subjects to be expressed as an exact centile or standard deviation
score. The use of BMI-for-age is currently being explored, in parallel
with other potential techniques, by an expert working group in order
to determine the best method of classifying overweight and obesity in
childhood. A common standard should allow the comparative evalu-
ation of childhood obesity internationally.
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Global prevalence and secular trends in obesity

Introduction

Evidence is now emerging to suggest that the prevalence of over-
weight and obesity is increasing worldwide at an alarming rate. Both
developed and developing countries are affected. Moreover, as the
problem appears to be increasing rapidly in children as well as in
adults, the true health consequences may only become fully apparent
in the future.

The value of estimating the prevalence of, and secular trends in,
overweight and obesity cannot be overemphasized. Knowledge of the
level and changing distribution of overweight and obesity can be used
to:

— identify populations at particular risk of obesity and its associated
health and economic consequences;

— help policy-makers and public health planners in the mobilization
and reallocation of resources for the control of disease;

— provide baseline data for monitoring the effectiveness of national
programmes for the control of obesity.

This section provides a global overview of secular trends in obesity
among adults. It begins with a note of caution on comparisons be-
tween different studies, and then outlines the results of the compre-
hensive WHO MONICA (MONItoring of trends and determinants in
CArdiovascular diseases) study. The bulk of the section, however, is
a review of secular trends over the past 10-20 years and the most
recent prevalence data available within each of the six WHO regions
— Africa, the Americas, South-East Asia, Europe, the Eastern Medi-
terranean and the Western Pacific.

Despite the limited availability of nationally representative data (par-
ticularly secular trend data), the following conclusions can be drawn:

* Obesity prevalence is increasing worldwide at an alarming rate in
both developed and developing countries.

¢ In many developing countries, obesity coexists with undernutrition
(BMI <18.5). It is still relatively uncommon in African and Asian
countries, but is more prevalent in urban than in rural populations.
In economically advanced regions, prevalence rates may be as high
as in industrialized countries.

¢ Women generally have higher rates of obesity than men, although
men may have higher rates of overweight.

¢ The current lack of consistency and agreement between different
studies in the classification of obesity in children and adolescents
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3.3

makes it difficult to give an overview of the global prevalence of
obesity in younger age groups. Nevertheless, irrespective of the
classification system used, studies of obesity during childhood and
adolescence have generally reported that its prevalence has in-
creased.

A note of caution

Several factors can make comparisons of data between different
cross-sectional studies problematic, namely:

e Classification of obesity: in a number of studies, the recommended
WHO international classification of obesity, i.e. BMI 230, has not
been used.

® Age group: the age group chosen affects the proportion of obese
individuals identified.

* Age standardization: in many studies, the age structure of the popu-
lation has not been standardized according to a reference such as
the new standard world population data (7).

e Time period/year of data collection: there is a need for the continu-
ous monitoring of programmes so that current data are always
available.

e Measured versus self-reported weight and height. self-reported
weight and height are notoriously unreliable, especially in the
obese.

Many studies have been excluded from this review because of prob-
lems caused by the factors listed above, or because they were con-
ducted several years ago without any follow-up and are therefore of
limited value. The prevalence data cited in this section are those most
recently available and illustrate the global nature of the prevalence of
obesity; they have generally been derived from representative na-
tional surveys. However, due to the limited availability of longitudinal
data, secular trends have often been illustrated with data from repre-
sentative samples.

In all the tables in this section, obesity is classified as BMI > 30 unless
otherwise stated.

The WHO MONICA project

The most comprehensive data on the prevalence of obesity worldwide
are those of the WHO MONICA project (2). Although the popula-
tions are not necessarily representative of the countries in which they
are located, the 48 populations shown in Figs 3.1 and 3.2 can be
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Figure 3.1

BMI distribution: age-standardized proportions of selected categories in MONICA

populations, age group 35-64 years (men)
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Note 1. The proportions of men classified as obese, overweight and normal weight in 48
populations (mainly European) taking part in the WHO MONICA study are shown.
Although these populations are not necessarily representative of the countries in which
they are located, they can be compared because the data were collected in the same
time period, are age-standardized, and are based on heights and weights measured in
accordance with identical protocols. The WHO MONICA study has generated one of the
most comprehensive data sets on the prevalence of obesity worldwide. The data were

collected over the period 1983-1986 (3).

Note 2. Names of countries are those that were valid at the time of data collection.
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Figure 3.2

BMI distribution: age-standardized proportions of selected categories in MONICA

populations, age group 35-64 years (women)
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Note 1. The proportions of women classified as obese, overweight and normal weight in 48
populations (mainly European) taking part in the WHO MONICA study are shown.
Although these populations are not necessarily representative of the countries in which
they are located, they can be compared because the data were collected in the same
time period, are age-standardized, and are based on heights and weights measured in
accordance with identical protocols. The WHO MONICA study has generated one of the
most comprehensive data sets on the prevalence of obesity worldwide. The data were

collected over the period 1983-1986 (3).
Note 2. Names of countries are those that were valid at the time of data collection.
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compared because the data were collected in the same time period,
are age-standardized, and are based on weights and heights measured
in accordance with identical protocols. The data presented were col-
lected in the first round between 1983 and 1986, and more recent data
have been published since the time of the WHO Consultation.! The
majority of the data are for European populations.

Figs 3.1 and 3.2 show the BMI distributions in 48 MONICA popu-
lations for men and women, respectively (3). Although this report
focuses on data relating to obesity, i.e. BMI 230, it is important to
note that a BMI between 25 and 29.9 is responsible for the major
part of the impact of overweight on certain obesity comorbidities;
it has been estimated, for example, that about 64% of male and 77%
of female cases of NIDDM would theoretically be prevented if no
one had a BMI 225. These figures may be compared with those for a
BMI cut-off point of less than 30, namely 44% and 33 %, respectively
4, 5).

Figs 3.1 and 3.2 show that, in all but one male population, and in the
majority of female populations, between 50% and 75% of adults aged
35-64 years were either overweight or obese during the period 1983—
1986. In a few populations, this figure was over 75%. Thus, between
1983 and 1986, the majority of adults in these populations were at
increased risk of illness due to overweight or obesity. Based on the
evidence that the prevalence of obesity is increasing worldwide, the
situation is now likely to be even worse.

African Region
Secular trends in obesity

Many countries in the African Region have necessarily focused prin-
cipally on undernutrition and food security. As a result, trends in
obesity have been documented in only a few African countries or
populations. However, onc recent study in Mauritius has shown the
same trend as that seen in the other five WHO regions — a dramatic
increase in obesity prevalence over a five-year period in both men and
women aged 25-74 years. The proportion of obese men increased
from 3.4% in 1987 to 5.3% in 1992, while the proportion of obese
women increased from 10.4% to 15.2% in the same period. This
increase was seen in all age groups and ethnic groups (6, 7). Although

! Tunstall-Pedoe H et al. Contribution of trends in survival and coronary-event rates to
changes in coronary heart disease mortality: 10 year results from 37 WHO MONICA
Project populations. Lancet, 1999, 353:1547-1557.



Table 3.1
Obesity prevalence (BMI > 30) in some African countries and populations

Country or population Year Age Prevalence of obesity (%) Reference
(years) Men Women

Ghana 1987-1988 20+ 0.9 8

Mali 1991 20+ 0.8 8

Mauritius 1992 25-74 5 15 7

Rodrigues (creoles) 1992 25-69 10 31 9

South Africa, Cape 1990 15-64 8 44 10
Peninsula (blacks)

United Republic of 1986-1989 35-64 0.6 3.6 11
Tanzania

it could be argued that Mauritius is not typical of other countries in
the African Region, this study highlights both the adverse effects of
lifestyle change in rapidly modernizing populations and how quickly
obesity can become a public health problem.

3.4.2 Current prevalence of obesity

3.5
3.5.1

From the fragmentary and limited prevalence data available, it is
evident that obesity does exist in the developing as well as in the more
developed countries in the African Region, particularly among
women. Table 3.1 shows data from a number of studies carried out in
African countries.

In developing countries, rural adults still maintaining a traditional
lifestyle gained little or no weight with age until relatively recently.
This was formerly the case in Africa, and still is today in the few
remaining hunter—gatherer populations, such as the San people, in
northern Botswana (12). However, with the improvement in socio-
economic status and increasing changes due to rapid urbanization, the
prevalence of obesity among some groups of black women has risen
markedly to levels exceeding those in populations in industrialized
countries (13). In fact, approximately 44% of African women living in
the Cape Peninsula were estimated to be obese in 1990 (10).

Region of the Americas

Secular trends in obesity

Secular trend data are available for Brazil, Canada and the USA, and
are summarized in Table 3.2. These data indicate that obesity rates for
both men and women are increasing not only in developed countries,
but also in developing countries and in countries such as Brazil going
through rapid socioeconomic transition.
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Table 3.2
Trends in obesity (BMI > 30) in selected countries in the Americas

Country Year Age Prevalence of obesity (%) Reference
(years) Men Women
1975 25-64 3.1 8.2 15
1989 25-64 59 13.3 15
Canada 1978 20-70 6.8 9.6 16
1981 20-70 8.5 9.3 17
1988 20-70 9.0 9.2 18
1986-1990 18-74 15.0 15.0 19
United States 1960-1962 20-74 10.4 15.1 14
of America 1971-1974 20-74 11.8 16.1 14
1976-1980 20-74 12.3 16.5 14
1988-1994 20-74 19.9 24.9 14

The most comprehensive data on national trends in the prevalence of
obesity in a developed country in the Region are those for the USA.
These are based on comparisons of data from NHES 1 (1960-1962),
NHANES T (1971-1974), NHANES II (1976-1980), and NHANES
III (1988-1994) (14). The figures for the USA presented in Table 3.2
are particularly valuable as they have been recalculated from those of
the above-mentioned NHES and NHANES surveys for the WHO
classification of obesity, i.e. BMI > 30. These suggest that obesity is an
escalating problem in the USA; there was a slight increase in the
overall estimated prevalence of obesity during the period covered by
the first three surveys, but a much larger increase between the third
and the fourth surveys.

Data from Brazil provide the most valuable information on obesity
prevalence and trends in a country in transition in the Region; two
comparable, nationally representative, random nutrition surveys
made 15 years apart make possible a detailed investigation of chang-
ing patterns of the nutritional status of children and adults, men and
women, rich and poor. These surveys, which were undertaken by the
Brazilian agency in charge of national statistics in 1974-1975 (the
National Study of Family Expenditure (ENDEF) survey) and in 1989
(the National Survey on Health and Nutrition (PNSN)), show that
adult obesity has increased in all groups of men and women. How-
ever, a greater increase has been observed among lower-income fami-
lies. The problem of dietary deficit in Brazil is rapidly being replaced
by one of dietary excess (15).

3.5.2 Current prevalence of obesity

The most recent data for the prevalence of obesity in the USA are
those from NHANES III (1988-1994). A recent reanalysis of the data



Table 3.3
Obesity prevalence (BMI > 30) in selected countries in the Americas

Country Year Age Prevalence of obesity (%) Reference
(years) Men Women

Brazil 1989 25-64 6 13 15

Canada 1986-1990 18-74 15.0 15.0 19

USA 1988-1994 20-74 19.9 24.9 14

3.6
3.6.1

using BMI =30 to classify obesity is particularly valuable for use in
global comparisons, and showed that around 20% of all men and 25%
of all women in the USA are obese. Table 3.3 shows that, in the early
1990s, obesity was more widespread in the USA than in Canada.
Detailed subgroup analysis of the data shows that black women and
other minority populations in the USA tend to have particularly high
rates of obesity.

The only Latin American country to have conducted a nationally
representative survey in the last 10 years is Brazil. The PNSN survey
indicated that obesity is prevalent in Brazil, affecting about 6% of
men and 13% of women in 1989 (15).

Evidence from the Caribbean, specifically Barbados, Cuba, Jamaica
and Saint Lucia, indicates that obesity is a significant problem in this
region. It is more common in those countries with a higher per capita
GNP, affects women more than men, and is associated with a parallel
increase in the prevalence of hypertension and NIDDM (20). How-
ever, as an unusual classification system (obese males: BMI 231.1;
obese females: BMI >32.3) is used, the study is not cited in Table 3.3.

South-East Asia Region
Secular trends in obesity

Good-quality, nationally representative, secular trend data for coun-
tries in the South-East Asia Region were unavailable. However, data
from two studies conducted by the same research centre in Thailand
do suggest that diet-related chronic diseases, including obesity, are
increasing in affluent urban populations. The first study was con-
ducted in 1985 among 35-54-year-old Thai officials; it was found that
2.2% of the 2703 men, and 3.0% of the 792 women, had a BMI >30
(21). The second study in 1991 was smaller (66 men and 453 women),
and had a broader age range (19-61 years), but also assessed nutri-
tional factors in affluent urban Thais. Results of this study showed
that 3.0% of men and 3.8% of women had a BMI >30. Prevalence
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figures for BMI 25-29.9 were considerably higher (15.2% in men and
23.2% in women) (22).

3.6.2 Current prevalence of obesity

3.7
3.71

Only limited obesity prevalence data are available for countries in the
Region. Various studies on nutritional status have been carried out,
particularly in India, but these have generally been on undernutrition
and on selected population groups and have not used the WHO
classification of obesity. As many countries in south-east Asia are
currently going through the so-called “nutrition transition”," there is a
special need to collect good-quality, nationally representative obesity
prevalence data. The nutrition transition is associated with a change
in the structure of the diet, reduced physical activity and rapid

increases in the prevalence of obesity (23).

European Region
Secular trends in obesity

Although the most comprehensive data on the prevalence of obesity
in Europe are those of the WHO MONICA study (2), the 42 popula-
tions in 38 centres chosen across Europe are not necessarily represen-
tative of their host countries, and only data from the first cycle have so
far been published.” The best picture of secular trends in obesity
prevalence in European countries should therefore be provided by
data from national surveys. Population-level trend data on obesity
prevalence in Europe are available for several countries, including
England, Finland, Germany, the Netherlands and Sweden. Some of
these data are summarized in Table 3.4, from which it can be seen that
the prevalence of obesity has increased by about 10-40% in the
majority of European countries in the past 10 years. The most dra-
matic increase has been observed in England, where it has more than
doubled during this period (24). There is some evidence, however,
that there has been less of an increase among women in recent years,
at least in some Scandinavian countries (25).

3.7.2 Current prevalence of obesity

24

Obesity is relatively common in Europe, especially among women
and in southern and eastern European countries. The average preva-

' The rapid transition, or shift, from the problem of dietary deficit (or undernutrition) to one
of dietary excess (or overnutrition and/or unbalanced nutrition).

? Updated material has been published since the Consultation: Tunstall-Pedoe H et al.
Contribution of trends in survival and coronary-event rates to changes in coronary heart
disease mortality: 10-year results from 37 WHO MONICA project populations. Lancet,
1999, 353:1547-1557,



Table 3.4
Trends in obesity (BMI > 30) in selected European countries

Country Year Age Prevalence of obesity (%) Reference
(years) Men Women
England 1980 16-64 6.0 8.0 26
1986-1987 7 12
1991 127 15.0
1994 13.2 16.0 27
1995 15.0 16.5 24
Finland 1978-1979  20-75 10 10 28
1985-1987 12 10
1991-1993 14 11
Former German 1985 25-65 13.7 22.2 L. Heinman,
Democratic 1989 13.4 20.6 personal
Republic 1992 20.5 26.8 communication,
1996
Netherlands 1987 20-29 6.0 8.5 29
1988 6.3 7.6
1989 6.2 7.4
1990 7.4 9.0
1991 7.5 8.8
1992 7.5 9.3
1993 7.1 9.1
1994 8.8 9.4
1995 8.4 8.3
Sweden 1980-1981 16-84 49 8.7¢ 30
1988-1989 53 9.18

® Obesity is defined as BM| >28.6.

3.8
3.8.1

lence of obesity in European centres participating in the WHO
MONICA study between 1983 and 1986 was about 15% in men and
22% in women, although there was great variability both within and
between countries. The lowest prevalence was found in Gothenburg,
Sweden (men 7%, women 9%) and the highest in Kaunas, USSR
(now Lithuania) (men 22%, women 45%).

The most recent data from individual national studies suggest that the
prevalence of obesity in European countries is currently in the range
10-20% in men and 10-25% in women (Table 3.5). In agreement
with the MONICA data, the prevalence of obesity is generally higher
in women than in men.

Eastern Mediterranean Region
Secular trends in obesity

Good-quality, nationally representative, secular trend data for coun-
tries in the Eastern Mediterranean Region are not available.
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Table 3.5
Obesity prevalence (BMI > 30) in selected European countries

Country Year Age Prevalence of obesity (%) Reference
(vears) Men Women
Former 1988 20-65 16 20 V. Hainer,
Czechoslovakia personal
communication,
1997; 31
England 1995 16-64 15 16.5 24
Finland 1991-1993 20-75 14 11 28
Former Federal 1990 25-69 17 19 32
Republic of
Germany
Former German 25-69 21 27 L. Heinman,
Democratic personal
Republic communication,
1996
Netherlands 1995 20-59 8 8 29

3.8.2 Current prevalence of obesity
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Data on the prevalence of adult obesity in the Eastern Mediterranean
Region have not been well documented at the national level except in
Saudi Arabia. Various surveys have been conducted but these have
tended to be only for specific population groups within a country,
such as women attending an infertility clinic, and/or have not classi-
fied obesity as BMI >30. Nevertheless, the limited data available,
some of which are shown in Table 3.6, indicate that the prevalence of
adult obesity in countries in the Region is high, and that women in
particular are affected. In general, the prevalence of obesity among
women is higher than that reported for women in most industrialized
countries.

A nationally representative, cross-sectional survey was conducted
between 1990 and 1993 to study the effects of sex, age and regional
distribution on the prevalence of overweight and obesity among
13177 randomly selected adult Saudi subjects. The prevalence of
obesity among the female subjects was several-fold higher than the
reported prevalence in more highly industrialized countries, and was
higher than among male subjects for all regions of Saudi Arabia (33).

In the United Arab Emirates, obesity is recognized as a major public
health problem that may play an important role in the increasing
incidence of other chronic diseases. Data from the National Nutrition
Survey showed that 38% of married women and 15.8% of married



Table 3.6
Obesity prevalence (BMI = 30) in selected Eastern Mediterranean countries

Country Year Age Prevalence of obesity (%) Reference
(vears) Men Women
Bahrain: 1991-1992 20-65 35
Urban 95 30.3
Rural 6.5 1.2
Cyprus 1989-1990 35-64 19 24 13
Iran, Islamic 1993-1994 20-74 25 7.7 36
Republic of
(south)
Kuwait 1994 18+ 32 41 37
Saudi Arabia: 1990-1993 15+ 33
Total 16 24
Urban 18 28
Rural 12 18
United Arab 1992 17+ 16 38 34
Emirates

men were obese (34). In Bahrain, obesity was more common in urban
than in rural areas, especially in women (35).

Finally, a recent study in the south of the Islamic Republic of Iran
revealed that obesity is prevalent in the adult population, and is more
frequent among women than men (36).

3.9 Western Pacific Region
3.9.1 Secular trends in obesity

Trend data on the prevalence of overweight and obesity in countries
in the Western Pacific Region are available for Australia, China,
Japan and Samoa. These are summarized in Table 3.7 and show an
increasing prevalence of obesity among Australians and Samoans.
The Australian data are from three National Heart Foundation stud-
ies conducted in the six state capitals in 1980 and 1983, with two extra
cities added in 1989 (38). Rural residents were not included.

Detailed analysis of data from the National Nutrition Survey in Japan
conducted by the Japanese Ministry of Health and Welfare (n = 5000
per year) has shown that there has been a secular increase in obesity
in both men and women during the period 1976-1993. Obesity among
men increased by a factor of about 2.4; in women, in the 20-29-year
age group, obesity increased by a factor of about 1.8 (S. Inoue, per-
sonal communication).
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Table 3.7
Trends in obesity (BMI > 30) in selected Western Pacific countries

Country BMI Year Age Prevalence of obesity {%) Reference
cut-off (years) Men Women
Australia 1980 25-64 93 8.0 38
1983 9.1 105
1989 115 13.2
China 27 1989 20-45 1.7 4.3 39
1991 2.9 4.3
30 1989 20-45 0.29 0.89 C. Chunming,
1991 0.36 0.86 personai
communication
Japan 26.4 1976 20+ 71 12.3 S. Inoue,
1982 84 12.3 personal
1987 10.3 12.6 communication
1993 11.8 13.0
30 1976 20+ 0.7 28 S. Inoue,
1982 0.9 2.6 personal
1987 1.3 2.8 communication
1993 1.8 2.6
Samoa: 30 1978 2569 38.8 591 40
Urban 1991 58.4 76.8
Rural 30 1978  25-69 17.7 37.0 40
1991 415 59.2
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Data for 1989 and 1991 from the China Health and Nutrition Survey
(CHNS) show an increase in the proportion of adult men, but not
women, who are severely overweight (BMI > 27) and obese (BMI >
30) (39). This longitudinal survey, which is now under ways, is consid-
ered to be representative of all provinces in China. As the plan is for
surveys to be conducted every two years, the CHNS should prove a
valuable source of data for documenting the secular trends in obesity
in a country in economic transition. Data from the 1993 survey have
been published since the time of the WHO Consultation.'

Secular trends have also been observed in Samoa, where there has
been a marked increase in the prevalence of obesity between 1978

' Wang Y, Popkin B, Zhai F. The nutritional status and dietary pattern of Chinese
adolescents, 1991 and 1993. European Journal of Clinical Nutrition, 1998, 52(12):908-
916.

Guo X et al. Food price policy can favorably alter macronutrient intake in China. Journal
of Nutrition, 1999, 129:994-1001.



and 1991, especially among men living in rural areas. Obesity is not
new to Pacific populations and has long been regarded as attractive
and a symbol of high social status and prosperity (40). However, there
is evidence that these traditional notions are being replaced by an
image of small body size (41).

3.9.2 Current prevalence of obesity

Table 3.8 shows the most recent estimates of obesity rates in a number
of countries in the Western Pacific. The prevalence of obesity in the
general population of both Australia and New Zealand appears to be
in the range 10-15%. Studies of Aborigines living in different regions
of Australia are not consistent with this finding; depending on the
degree of “westernization” of Aboriginal communities, they have
either a much higher or a substantially lower prevalence of obesity
than the general Australian population (42).

Interim data from the Japanese National Nutrition Survey show that
the prevalence of obesity in Japan is around 2% in males and 3%
in females. When a BMI cut-off point of 26.4 is used (2120% of
standard body weight (SBW)), the figures are around 12% and 13%,
respectively. Various studies have also been conducted on specific
population groups and centres within Japan (S. Inoue, personal
communication).

The current prevalence of obesity in China is probably best docu-
mented by the 1992 third Nationwide Nutritional Survey (NNS III).
This survey was conducted throughout both urban and rural prov-
inces, and data were collected from a larger representative sample of
men (n = 14964) and women (n = 14590) aged 20-45 years than the
CHNS cohort (n = 5000 approximately). Data from NNS III show that
obesity does exist in China, albeit at a low prevalence, is more com-
mon in women than in men (Table 3.8), and is more prevalent in
urban than in rural areas. These findings are supported by a study in
11478 randomly selected Chinese adults aged 40 years and older,
although slightly higher rates were reported than in the younger age
group studied in NNS III (C. Chunming, personal communication). A
number of other data sets are available but the WHO classification of
obesity is rarely used in them, they are not age-standardized and tend
not to be nationally representative.

The most striking feature of Table 3.8 is the extremely high age-
standardized prevalence of obesity observed in the Pacific island
populations of Melanesia, Micronesia and Polynesia. In urban Samoa,
for example, the prevalence of obesity has been estimated to be
over 75% in adult women and almost 60% in adult men. However,
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Table 3.8
Obesity prevalence (BMI > 30) in selected Western Pacific countries

Country Year Age Prevalence of obesity (%) Reference
(years) Men Women
Australia 1989  25-64 115 13.2 38
China 1992  20-45 1.20 1.64 C. Chunming,
personal
communication
Japan 1993 20+ 1.7 27 S. Inoue,
personal
communication
Nauru (Micronesia) 1987  25-69 64.8 70.3 40
New Zealand 1989 18-64 10 13 43
Papua New Guinea
(Melanesia): 1991 25-69 40
Coastal urban 36.3 543
Coastal rural 23.9 18.6
Highlands 4.7 53
Samoa (Polynesia): 1991 25-69 40
Urban 584 76.8
Rural 415 59.2

3.10
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Swinburn et al. (44) recently concluded that Polynesians seem leaner
than Caucasians at any given body size, so that the prevalence of
obesity in Polynesian populations may not be quite as high as is
currently estimated using Caucasian-derived classifications based on
BMLI. The prevalence in rural populations is also extremely high, but
lower than in urban areas.

Among adults aged 18-60 years in Malaysia, 4.7% of men and 7.9% of
women were found to have a BMI above 30. In the women, over-
weight and obesity problems were more serious in the Indian popula-
tion; 17.1% of Indian women had a BMI over 30 compared to 8.8% of
Malay and 4.3% of Chinese women. Among the Malay population, a
considerably higher proportion of both men and women had a BMI
over 30 (men: 5.6% urban, 1.8% rural; women: 8.8% urban, 2.6%
rural), whereas the reverse was true for undernutrition; prevalence
rates of undernutrition for men and women were 7% and 11% in
urban areas and 11% and 14% in rural areas, respectively. Overall,
overweight (BMI >25) was more prevalent than undernutrition in
both urban and rural settings (45).

Body mass index distribution in adult populations

BMI distribution varies significantly according to the stage of devel-
opment reached in a transitional society. As the proportion of the



Figure 3.3
BMI distribution of various adult populations worldwide (both sexes)®
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There is a tendency for an almost symmetrical increase in the proportion of a population with
high BMI as the proportion of the population with low BMi decreases.

® Source: reference 11.

population with a low BMI decreases, there is an almost symmetrical
increase in the proportion with a BMI above 25 (Fig. 3.3). This indi-
cates a tendency for a population-wide shift to take place as socio-
economic conditions improve, with overweight replacing thinness.

In the first stages of the transition, the wealthier sections of society
show an increase in the proportion of people with a high BMI,
whereas thinness remains the main concern among the less wealthy.
Thus, in countries in the early stage of transition, overweight can
coexist with underweight, so that the burden of disease may be
doubled.

The distribution of BMI tends to change again in the later phases of the
transition, with an increase in the prevalence of high BMI among the
poor.

3.11 Obesity during childhood and adolescence

The lack of consistency and agreement between different studies in
the classification of obesity in children and adolescents (see section 2)
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means that it is not yet possible to give an overview of the global
prevalence of obesity in these younger age groups. Nevertheless,
whatever method is used to classify obesity, studies of this disease
during childhood and adolescence have generally reported both a
high prevalence and rates that are increasing. In the USA, for ex-
ample, the prevalence of overweight (defined by the 85th percentile
of weight-for-height) among 5-24-year-olds from a biracial commu-
nity of Louisiana (total n = 11564) increased approximately twofold
between 1973 and 1994. Furthermore, the yearly increases in relative
weight and obesity during the latter part of the study period (1983-
1994) were approximately 50% greater than those between 1973 and
1982 (46). A similar trend has been observed in Japan; the frequency
of obese schoolchildren (>120% SBW) aged 6-14 years increased
from 5% to 10%, and that of extremely obese (>140% SBW) children
from 1% to 2% during the 20 years between 1974 and 1993. The
increase was most prominent in male students aged 9-11 years. Early
obesity leads to an increased likelihood of obesity in later life, as well
as to an increased prevalence of obesity-related disorders. In the
Japanese study, approximately one-third of obese children grew into
obese adults (47).

Childhood obesity is not confined to the industrialized countries, as
high rates are already evident in some developing countries. The
prevalence of obesity among schoolchildren aged 6-12 years in Thai-
land, as diagnosed by weight-for-height exceeding 120% of the
Bangkok reference, rose from 12.2% in 1991 to 15.6% in 1993 (48),
and in a recent study of 6-18-year-old male schoolchildren in Saudi
Arabia, the prevalence of obesity was found to be 15.8% (49).

The only integrated data currently available that give an overview of
the global prevalence of obesity during childhood are those compiled
by the WHO Programme of Nutrition (50, 51). In the WHO analysis,
children were classified as obese when they exceeded the NCHS
median weight-for-height plus two standard deviations or Z-scores.'
The reported prevalence of obese children for the age group 0-4.99
years is shown in Fig. 3.4. It should be noted, however, that some
children classified as obese under this system may actually have a
higher relative weight due to stunting rather than as a result of excess
adiposity. This is of particular significance in developing countries

' The Z-score is the deviation of an individual's value from the median value of a
reference population divided by the standard deviation of the reference population.



Figure 3.4

Prevalence of obese preschool children (0—59 months) in selected countries and
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undergoing the nutrition transition, where a higher risk of obesity in
stunted children has been described (53).

There is an urgent need to evaluate existing and future data sources
concerning children and adolescents from across the world based on
a standardized obesity classification system.
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Establishing the true
costs of the problem of
overweight and obesity
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Health consequences of overweight and obesity
in adults and children

Introduction

The health consequences of obesity are many and varied, ranging
from an increased risk of premature death to several non-fatal but
debilitating complaints that have an adverse effect on quality of life.
Obesity is also a major risk factor for NCDs such as NIDDM, CVD
and cancer, and in many industrialized countries is associated with
various psychosocial problems. Abdominal obesity is of particular
concern as it is associated with greater risks to health than is a more
peripheral fat distribution.

The health consequences of overweight and obesity in both adults and
children are considered here, while the effect of weight loss on these
conditions is discussed in section 5.

The key issues covered are:

e The major health consequences associated with overweight and
obesity, namely NIDDM, CHD, hypertension, gallbladder disease,
psychosocial problems and certain types of cancer.

¢ The lack of detailed relative risk data for the various health prob-
lems associated with obesity. These are available only for a few
industrialized countries, and show that the risks of suffering from
NIDDM, gallbladder disease, dyslipidaemia, insulin resistance and
sleep apnoea are greatly increased in the obese (relative risk (RR)
much greater than 3). The risks of CHD and osteoarthritis are
moderately increased (RR 2-3) and the risks of certain cancers,
reproductive hormone abnormalities and low back pain are slightly
increased (RR 1-2).

¢ Biases such as failure to control for cigarette smoking and uninten-
tional weight loss. When these are removed from the analysis of
mortality data, there is an almost linear relationship between BMI
and death. The longer the duration of obesity, the higher the risk.
Severe obesity is associated with a 12-fold increase in mortality in
25-35-year-olds compared with lean individuals. This highlights the
importance of preventing weight gain throughout adult life.

* Excess abdominal fat. This is an independent predictor for
NIDDM, CHD, hypertension, breast cancer and premature death.

* Weight gain during early adulthood. Most of this is body fat, which
increases health risks.

e The many non-fatal but debilitating conditions that affect the
obese. These are responsible for a much reduced quality of life in
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overweight patients and are often the primary reason for contact
with the health care system. Most of these conditions can be im-
proved with modest weight loss.

¢ The psychosocial consequences of obesity. These have important
implications for disease management, and are compounded by the
fact that health professionals often view obese individuals as weak-
willed and unlikely to benefit from counselling.

¢ The association between obesity and certain psychosocial conse-
quences in adolescence, and the persistence of obesity into
adulthood.

Obesity as a risk factor for noncommunicable diseases

Although obesity should be considered as a disease in its own right, it
is also one of the key risk factors for other NCDs, such as NIDDM
and CHD, together with smoking, high blood pressure and hyper-
cholesterolaemia (7). The adverse health consequences of obesity are
influenced to a greater or lesser extent by body weight, the location of
body fat, the magnitude of weight gain during adulthood, and a sed-
entary lifestyle (2).

As a chronic disease, obesity has many similarities to hypertension
and hypercholesterolaemia. Fig. 4.1 shows the positive relationship
between relative risk of mortality and: (a) BMI (as an index of
obesity); (b) cholesterol; and (c) diastolic blood pressure. In the
“moderate-risk” category, which corresponds to the ranges between
widely accepted cut-off points for lower and higher risk levels, an
increase in any of the three variables greatly increases the risk of
mortality. The increase is even steeper in the “high-risk” category,
implying greater individual risk. However, from a population per-
spective, the middle range is of most concern as this encompasses the
greatest number of people (2).

Difficulties in evaluating the health consequences of obesity

Most of the evidence linking health problems with obesity comes
from prospective and cross-sectional population-based studies,
although there is additional information from community interven-
tions and clinical trials. Some confusion over the consequences of
excess weight may arise because studies have used different BMI cut-
off points for defining obesity, and because the presence of many
medical conditions involved in the development of obesity may con-
found the effects of obesity itself.

Specific problems in evaluating the health consequences of obesity
include:



Figure 4.1

Relationship between (a) BMI, (b) cholesterol and (c) diastolic blood pressure
and relative risk of mortality®
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¢ Adapted from reference 2 with the permission of the publisher. Copyright John Wiley & Sons
Ltd. Based on data from Stamler et al. (3, 4) for the construction of the blood pressure and
cholesterol plots, and from the Nurses’ Health Study (5) for the BMI plot. There are similar
continuous graded increases in the RR of mortality as BMI, blood pressure and cholesterol
increase. However, the RR rises more rapidly for cholesterol and blood pressure than it does
for BMI. The rise in the RR of mortality is notably steeper from BMI >30, cholesterol >6 mmol/
litre, and diastolic blood pressure >100 mmHg (13.3 kPa).
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® The continuous relationship between gradations of excess weight and
morbidity. Individuals who have gained weight but still lie within
the normal range will be assigned to a normal weight category even
though they may be at increased risk of comorbidity because of
excess weight gain.

e Present health status and health behaviours (such as smoking).
These may have an impact on current weight and confuse its asso-
ciation with future health or even current well-being. For example,
smoking is associated with a reduced BMI, so that the incidence of
lung cancer caused by smoking appears to decrease with increased
body weight.

e The duration and design of epidemiological studies. These will influ-
ence the strength of the association between weight and morbidity.
Long-term monitoring is required to identify the range of health
consequences of obesity, whereas studies of shorter duration with a
large study population can be useful in identifying the major impact
of obesity. Longer-term studies are also required where the out-
come, e.g. cancer, is the result of a multistage process, with obesity
having an effect on some but not necessarily all the stages. Most
epidemiological studies measure prevalence rather than incidence,
with the result that they are often confounded by survival bias and
post-morbid modification of risk.

¢ The age group studied. This affects the relationship between obesity
and health. For example, if the incidence of CHD in men is being
analysed, obesity is a much more important predictor at younger
than at older ages. The reverse is true, however, if total mortality is
the end-point. The reason for this may be that obesity at an earlier

age affects intervening risk factors much more strongly than in later
life.

® The use of initial weight criteria. Most epidemiological studies adopt
(by necessity) a static approach to classifying people by weight, i.e.
subjects are generally placed in a weight group at the beginning of
the study. The association with future illness or events is therefore
based on that initial classification even if weight is subsequently
gained or lost. This may give the impression that there is a risk-free
zone up to BMI 27 or 28, which is misleading; weight gain indepen-
dent of BMI is an important risk factor, as is the distribution of the
fat gained.

4.4 Relative risk of obesity-associated health problems
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The non-fatal but debilitating health problems associated with obesity
include respiratory difficulties, chronic musculoskeletal problems,
skin problems and infertility.



Table 4.1
Relative risk of health problems associated with obesity®

Greatly increased Moderately increased Slightly increased
(relative risk much (relative risk 2-3) (relative risk 1-2)
greater than 3)

NIDDM CHD Cancer (breast cancer in

postmenopausal women,
endometrial cancer, colon

cancer)
Gallbladder disease Hypertension Reproductive hormone
abnormalities
Dyslipidaemia Osteoarthritis (knees) Polycystic ovary syndrome
Insulin resistance Hyperuricaemia and gout Impaired fertility
Breathlessness Low back pain due to obesity
Sleep apnoea Increased risk of anaesthesia

complications
Fetal defects associated with
maternal obesity

@ All relative risk values are approximate.

4.5

The more life-threatening, chronic health problems associated with
obesity fall into four main areas: (a) cardiovascular problems, includ-
ing hypertension, stroke and CHD; (b) conditions associated with
insulin resistance, e.g. NIDDM; (c) certain types of cancers, especially
the hormonally related and large-bowel cancers; and (d) gallbladder
disease.

It is important to recognize that ethnic differences have a bearing on
the prevalence of a particular disease; some minority populations in
the USA have a higher prevalence of certain obesity-related diseases
(particularly NIDDM but, for black Americans, also CVD, stroke and
osteoarthritis of the knee) compared with the white population (6).
Nevertheless, although the absolute prevalence may vary, the relative
risk of any particular disease (i.e. whether the risk is slightly, moder-
ately or greatly increased for an obese person as compared with a lean
person) is fairly similar throughout the world (Table 4.1).

Intra-abdominal (central) fat accumulation and increased risk

Compared with subcutaneous adipose tissue, intra-abdominal adi-
pose tissue has:

— more cells per unit mass;
— higher blood flow;
— more glucocorticoid (cortisol) receptors;
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— probably more androgen (testosterone) receptors;
— greater catecholamine-induced lipolysis.

These differences make intra-abdominal adipose tissue more suscep-
tible to both hormonal stimulation and changes in lipid accumulation
and metabolism. Furthermore, intra-abdominal adipocytes are
located upstream from the liver in the portal circulation. This means
that there is a marked increase in the flux of nonesterified fatty acid
(NEFA) to the liver via the portal blood in patients with abdominal
obesity.

There is good evidence that abdominal obesity is important in the
development of insulin resistance (see section 4.8.1), and in the meta-
bolic syndrome (hyperinsulinaemia, dyslipidaemia, glucose intoler-
ance, hypertension) that links obesity with CHD (see section 4.8.2).
Some non-Caucasian populations appear to be especially susceptible
to this type of syndrome, in which lifestyle changes may play a par-
ticularly important etiological role (7).

Premenopausal women have quantitatively more lipoprotein lipase
(LPL) and higher LPL activity in the gluteal and femoral subcutane-
ous regions, which contain fat cells larger than those in men, but
these differences disappear after the menopause (8). In contrast,
men show minimal regional variations in LPL activity or fat cell size.
These differences may explain the tendency for premenopausal
women to deposit fat preferentially in lower body fat depots. The
higher level of intra-abdominal adipose tissue found in men com-
pared with premenopausal women seems to explain, in part, the
greater prevalence of dyslipidaemia and CHD in men than in pre-
menopausal women.

Obesity-related mortality

There has been much controversy about the relationship between
obesity and mortality. While a number of studies have found a U- or
J-shaped association, with higher mortality rates at both the upper
and lower weight ranges, some have shown a gradual increase in
mortality with increasing weight, while others have reported no asso-
ciation at all.

Many studies relating obesity and mortality have included biases in
their design that have led to a systematic underestimate of the impact
of obesity on premature mortality. These include the failure to con-
trol for cigarette smoking (producing an artificially high mortality in
leaner subjects), inappropriate control for conditions such as hyper-
tension and hyperglycaemia, which were assumed to be confounding



Figure 4.2
Relationship between BMI and relative risk of premature mortality®
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The relationship between BMI and all-cause mortality was examined using data from the
Nurses’ Health Study, which involved 115195 middle-aged women. A total of 4726 deaths
occurred during the 16-year follow-up. The apparent excess relative risks of mortality associ-
ated with leanness, suggested when the analysis included all women, were found to be
artefacts as they were eliminated by accounting for smoking (leaving 1499 deaths) and
subclinical disease (leaving 531 deaths). By excluding former and current smokers, women
with BMI < 22 were found to have the lowest mortality among the remaining women. When
disease-related health loss was also accounted for, the leanest women (BMI < 19) had the
lowest mortality. This analysis is based on professional middle-aged women and so may not
be representative of all population groups.

Based on data from Manson et al. (5), with permission, and reproduced from Gill PG, Key
issues in the prevention of obesity, British Medical Bulletin, 1997, 53:359-388, with the
permission of the publisher, Churchill Livingstone.

factors but are to a large degree the effects of obesity (hence some
factorial analyses distort the true association between obesity and
mortality), failure to control for weight loss associated with illness
(leading to an underestimate of the impact of obesity on mortality),
and failure to standardize for age (9, 10).

The Nurses’ Health Study (5) in the USA found that, when biases are
removed from the analysis, an almost linear, continuous relationship
between BMI and mortality is found, with no specific lower threshold
(see Fig. 4.2). This is not surprising, given the largely linear relation-
ship between body weight and conditions such as CHD, hypertension
and NIDDM when BMI increases from 20 to 30 (//-13). Similar
results and conclusions have been reached by others (10, 14) but a
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follow-up study of NHANES has continued to show U-shaped curves
after control of the pertinent variables. Nevertheless, whatever the
shape of the curve, it appears that the lowest mortality risk is assoct-
ated with a BMI between 18 and 25. This conclusion was reached by
the American Institute of Nutrition (/5) after analysing numerous
studies of obesity and mortality risk.

Although the increase in mortality rate with increased relative body
weight is steeper for both men and women under age 50, the effect of
overweight on mortality persists well into the ninth decade of life. The
increased risk observed in younger people is linked to the duration of
overweight, so that a special effort should be made to control the
weight of younger adults (14, 16, 17).

Finally, if obesity is associated with an increased risk of premature
mortality, it may seem paradoxical that obesity rates are rising in
many countries at a time when overall death rates in these same
countries are actually falling. However, the decline in overall death
rates is essentially the consequence of the reductions in CVD. These,
in turn, are the result largely of falling rates of smoking and the
improvement in dietary quality (higher intake of fruits and vegetables
and reduced intake of salt, saturated fat and cholesterol). The inci-
dence of NIDDM, however, is increasing, and there is evidence that
this is a consequence of the rise in the prevalence of obesity. In-
creased obesity cannot be completely explained by reduced rates of
smoking, which appear to be associated with only small increases in
the average body weight of the population. The expected effect over
time is an increase in mean BMI worldwide that will lead to a further
increase in NIDDM, gallbladder disease, hypertension and athero-
sclerosis. Although these effects may not be reflected in overall mor-
tality rate figures, they will surely lead to a higher frequency of the
debilitating and prolonged morbidity from NCDs that require expen-
sive health care.

Chronic diseases associated with obesity

Cardiovascular disease and hypertension

Cardiovascular disease

CVD encompasses CHD, stroke and peripheral vascular disease.
CHD and stroke account for a large proportion of deaths in men and
women in most industrialized countries, and their incidence is increas-
ing in developing countries.

Obesity predisposes an individual to a number of cardiovascular risk
factors including hypertension, raised cholesterol and impaired glu-
cose tolerance. However, longer-term prospective data now suggest



that obesity is also important as an independent risk factor for CHD-
related morbidity and mortality (/8). The Framingham Heart Study
ranked body weight as the third most important predictor of CHD
among males, after age and dyslipidaemia (79). Similarly, in women,
a large-scale prospective study in the USA found a positive correla-
tion between BMI and the risk of developing CHD. Weight gain
substantially increased this risk (20). These findings are consistent
with data from other countries. A 15-year follow-up study of 16000
men and women in eastern Finland concluded that obesity is an
independent risk factor for CHD mortality in men and contributes to
the risk of CHD in women (27).

On the basis of the Framingham Heart Study and other studies, it can
be concluded that the degree of overweight is related to the rate of
development of CVD (22). The CHD risk associated with obesity is
higher in younger age groups and also in people with abdominal
obesity than in those with excess fat around the hips and thighs (23)
(see section 4.5). In addition, mortality from CHD has been shown to
be increased in overweight individuals, even at body weights only
10% above the average (24).

Interestingly, Asian Indians have the highest rates of CHD of any
ethnic group studied, despite the fact that nearly half this group are
lifelong vegetarians. CHD occurs at an early age and generally fol-
lows a severe and progressive course. Although the prevalence of
classic risk factors is relatively low, there is a substantial prevalence in
this population of high triglyceride and low high-density lipoprotein
(HDL) cholesterol levels, high lipoprotein (a) levels, hyperinsulin-
aemia and abdominal obesity (25). These appear to constitute weight-
related risk factors in this population that may, in particular, reflect
the central distribution of body fat.

Hypertension and stroke

The association between hypertension and obesity is well docu-
mented. Both systolic and diastolic blood pressure increase with BMI,
and the obese are at higher risk of developing hypertension than lean
individuals (4, 26). Community-wide surveys in the USA (NHANES
IT) show that the prevalence of hypertension in overweight adults is
2.9-fold higher than that for non-overweight adults (27). The risk in
those aged 2044 years is 5.6 times greater than that in those aged 45—
74 years (28), which in turn is twice as high as that for non-overweight
adults (29). The risk of developing hypertension increases with the
duration of obesity, especially in women, and weight reduction leads
to a fall in blood pressure (see section 5.3.1).
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A 1.00kPa (7.5mmHg) difference in diastolic pressure within the
range 70-110mmHg (9.33-14.7kPa) is accompanied by a 29% differ-
ence in CHD risk and a 46% difference in the risk of stroke, irrespec-
tive of sex, age group or ethnicity (30).

While many large studies have examined the relationship between
obesity and CHD, there has not been the same emphasis on stroke.
One study in Honolulu, in which 1163 non-smoking men aged be-
tween 55 and 68 years were examined, found that elevated BMI was
associated with increased risk of thromboembolic stroke (37). How-
ever, preliminary results obtained from women in the Swedish Obese
Subjects (SOS) study were not conclusive (32). Other studies found
that a high WHR rather than BMI was the risk factor associated with
stroke and that this relationship was stronger than for any other
anthropometric variable tested (33, 34). It was suggested that a life-
long history of obesity rather than weight in middle age is more
important in assessing risk of stroke (13).

The reason for the association between increased body weight and
elevated blood pressure is unclear. One possibility is that obesity is
associated with higher circulating levels of insulin (a consequence of
insulin resistance) and consequently with enhanced renal retention of
sodium, resulting in increased blood pressure (35). As exercise is
known to improve insulin sensitivity, this would perhaps explain why
exercise also reduces blood pressure. Other possible etiological
factors include elevated plasma renin or enhanced catecholamine
activity (36).

4.7.2 Cancer
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A number of studies have found a positive association between
overweight and the incidence of cancer, particularly of hormone-
dependent and gastrointestinal cancers (Table 4.2).

Greater risks of endometrial, ovarian, cervical and postmenopausal
breast cancer have been documented for obese women, while there is
some evidence for an increased risk of prostate cancer among obese
men. The increased incidence of these cancers in the obese is greater
in those with excess abdominal fat and is thought to be a direct
consequence of hormonal changes (37). The incidence of gastrointes-
tinal cancers, such as colorectal and gallbladder cancer, has also been
reported to be positively associated with body weight or obesity in
some but not all studies, and renal cell cancer has consistently been
associated with overweight and obesity, especially in women (38, 39).

In addition to overall obesity, intra-abdominal fat distribution and
adult weight gain have been independently associated with an



Table 4.2
Cancers with a higher reported incidence in obese persons

Hormone-dependent Gastrointestinal/hepatic/renal
Endometrial Colorectal

Ovarian Gallbladder

Breast Pancreatic

Cervical Hepatic

Prostate Renal

increased risk of breast cancer. For example, it has been reported that
an increase in intra-abdominal fat accumulation increases the risk of
postmenopausal breast cancer, independently of relative weight and
particularly when there is a family history of the disease. Further-
more, weight gain during adulthood has consistently been associated
with increased risk of breast cancer, even in cohort studies that
showed no association between baseline relative weight and subse-
quent risk of breast cancer (40, 41).

In one major prospective study, in which 750000 men and women
were followed for 12 years, it was found that the mortality ratios' for
any cancer were 1.33 and 1.55 for obese men and women, respectively
(42). It should be noted, however, that in some studies of gastrointes-
tinal and breast cancer, it has been difficult to determine whether it is
the effect of dietary components that promote weight gain, such as a
high fat content, or the effect of obesity per se that is important.
Further research in this area is necessary.

High levels of physical activity have been shown to decrease the risk
of colon cancer in men in the majority of studies, and in women in half
the studies. However, the effect of physical activity on rectal cancer
was not significant in most cases. Breast cancer and cancers of the
reproductive system were less prevalent in women who had been
athletes at college (43) compared with less active women. NHANES
I data indicate that a high level of non-recreational activity is im-
portant in reducing the risk of cancer, but that there is only a
weak relationship between recreational exercise and cancer, with the
exception of prostate cancer (44).

4.7.3 Diabetes mellitus

A positive association between obesity and the risk of developing
NIDDM has been repeatedly observed in both cross-sectional

" Ratio of premature deaths (<65 years) in a population with BMI 230 to premature deaths
in a population with BMI <25.
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(45-57) and prospective studies (53, 58-66). The consistency of the
association across populations despite different measures of fatness
and criteria for diagnosing NIDDM reflects the strength of the rela-
tionship. When women aged 30-55 years were monitored for 14 years,
the additional risk of developing NIDDM for those who were obese
was over 40 times greater than for women who remained slim (BMI
<22) (61). The risk of NIDDM increases continuously with BMI and
decreases with weight loss. Analysis of data from two recent large
prospective studies illustrates the impact of overweight and obesity
on NIDDM; about 64% of male and 74% of female cases of NIDDM
could theoretically have been prevented if no one had had a BMI over
25 (61, 66).

Detailed analyses of the relationship between obesity and NIDDM
have identified certain characteristics of obese persons that further
increase the risk of developing this condition, even after controlling
for age, smoking and family history of NIDDM. These include obesity
during childhood and adolescence, progressive weight gain from 18
years, and intra-abdominal fat accumulation. In particular, intra-
abdominal fat accumulation has been implicated as an independent
risk factor for NIDDM in a variety of populations and ethnic groups
around the world and, in some studies, has been an even stronger
predictor of NIDDM than overall fatness (52, 56, 60).

Lack of physical activity and an unhealthy diet, both of which are
associated with lifestyle in industrialized countries, are also important
modifiable risk factors for overweight and obesity. The prevalence of
NIDDM is 2-—4-fold higher in the least physically active individuals
compared with the most physically active (67, 68), an effect which is
independent of the level of body mass, and a healthy diet can reverse
the deterioration in glucose tolerance commonly seen with diets high
in fat and low in carbohydrate and fibre (69).

Intra-abdominal fat accumulation, as well as obesity per se, are also
associated with an increase in the risk of prediabetic conditions such
as impaired glucose tolerance and insulin resistance. The benefits of
weight loss in controlling NIDDM are discussed in section 5.

4.7.4 Gallbladder disease
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In the general population, gallstones are more common in women and
the elderly. However, obesity is a risk factor for gallstones in all age
groups and, in both men and women, gallstones occur three to four
times more often in obese compared with non-obese individuals, and
the risk is even greater when excess fat is located around the abdo-
men. The relative risk of gallstones increases with BMI, and data from
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the Nurses’ Health Study suggest that even moderate overweight may
increase the risk (70).

Supersaturation of the bile with cholesterol and reduced motility of
the gallbladder, both of which are present in the obese, are thought to
be factors underlying gallstone formation. Furthermore, since gall-
stones enhance the propensity to gallbladder inflammation, acute and
chronic cholecystitis is also more common in the obese. Biliary colic
and acute pancreatitis are other potential complications of gallstones.

Paradoxically, gallstones are also a common clinical problem in those
losing weight (see section 5).

Endocrine and metabolic disturbances associated with
obesity

Endocrine disturbances

Recent research has shown that adipocytes (fat cells) are more than
just fat depots. They also function as endocrine cells, producing many
locally and distantly acting hormones, and as target cells for a great
many hormones. Altered hormonal patterns have been observed in
obese patients, especially in those with intra-abdominal fat accumula-
tion (71, 72). Common hormonal abnormalities associated with intra-
abdominal fat accumulation are listed in Table 4.3.

Insulin resistance

Sensitivity to insulin varies widely among any group of people, but
insulin resistance is very often associated with obesity. It is especially
pronounced with intra-abdominal fat accumulation and, since ab-
dominal fat mass increases with increasing adiposity, is universally
found in very severe obesity (BMI >40).

It has been suggested by some investigators that insulin resistance is
an adaptation to obesity that tends to limit further fat deposition (73).
In insulin resistance, the oxidation of fat tends to be favoured rather
than its storage and the oxidation of glucose. Thus, if an individual

Table 4.3
Common hormonal abnormalities associated with intra-abdominal fat
accumulation

Insulin resistance and increased insulin secretion

Increased free testosterone and free androstenedione levels associated with
decreased sex hormone binding globulin (SHBG) in women

Decreased progesterone levels in women

Decreased testosterone levels in men

Increased cortisol production

Decreased growth hormone levels
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who is gaining weight continues to eat the same amount, there will
come a time at which net fat oxidation will, through insulin resistance,
equal dietary fat intake and the individual will be in fat balance. A
corollary, suggested by data from prospective studies (74), is that the
more insulin resistant among a group of individuals of normal body
weight will be protected from future weight gain. However, this is
only a theory and is by no means universally accepted (75). In addi-
tion, insulin resistance is clearly maladaptive in terms of risk of CVD
and other chronic diseases.

Insulin normzlly inhibits fat mobilization from adipose tissue and
activates LPL. These are both metabolic processes that become insu-
lin resistant in obesity. However, in contrast to the direct regulation of
insulin secretion by plasma glucose concentration, the regulation of
insulin secretion by fat metabolites is relatively weak. This means that
oversecretion of insulin (due to insulin resistance) compensates for
defects in glucose metabolism to a much greater degree than for
defects in lipid metabolism. Disruption of the postprandial response
by insulin leads to the dyslipidaemic state (section 4.8.2). Differential
insulin resistance of specific organs or tissues may account for
regional fat accumulation. For instance, the relative insulin sensitivity
of intra-abdominal fat is thought to be required for central fat accu-
mulation.

Physical activity improves insulin sensitivity through weight reduction
and increased cardiorespiratory fitness. However, it also improves
insulin sensitivity independently of these factors (76).

Hormones affecting reproductive function

Significant associations are seen in reproductive endocrinology be-
tween excess body fat, particularly abdominal obesity, and ovulatory
dysfunction, hyperandrogenism and hormone-sensitive carcinomas
(77). Changes in circulating sex hormones appear to underlie these
abnormalities. Androstenedione and testosterone concentrations are
commonly elevated whereas that of sex hormone binding globulin
(SHBG) is reduced, while the plasma ratio of estrone to estradiol is
also increased in obesity. A decrease in SHBG is associated with an
increased clearance of free testosterone and estradiol, resulting in a
disturbed sex hormone equilibrium.

Moderate obesity is frequently associated with polycystic ovary syn-
drome, which is the most common endocrine disorder of reproduction
(78). Obesity contributes to or worsens, and weight loss generally
improves, the associated hormonal abnormalities and menstrual func-
tion of obese women with polycystic ovary syndrome (79).



Adrenocortical function

Obese subjects have a normal circulating plasma cortisol concentra-
tion with a normal circadian rhythm, and normal urinary free cortisol.
However, the cortisol production rate is increased in obesity to com-
pensate for an accelerated rate of cortisol breakdown (80, 81). Corti-
sol inhibits the antilipolytic effect of insulin in human adipocytes, an
effect that may normally be particularly pronounced in abdominal fat
because it contains a high density of glucocorticoid receptors. This
mechanism may contribute to the manifestations of insulin resistance
(82).

Studies have shown that patients with intra-abdominal fat accumula-
tion have increased cortisol secretion, probably because they have
increased activity of the hypothalamic—pituitary axis (HPA). Stress,
alcohol and smoking have all been shown to stimulate the activity of
the HPA (83).

4.8.2 Metabolic disturbances

Dyslipidaemia

Obese individuals are frequently characterized by a dyslipidaemic
state in which plasma triglycerides are raised, HDL cholesterol con-
centrations are reduced and low-density lipoprotein apo B (LDL-
apoB) levels are raised. This metabolic profile is most often seen in
obese patients with a high accumulation of intra-abdominal fat and
has consistently been related to an increased risk of CHD (84).

Excessive intra-abdominal fat accumulation is also associated with a
greater proportion of small, dense low-density lipoprotein (LDL)
particles. The high proportion of these small dense LDL particles may
be the result of metabolic disturbances related to the accompanying
high triglyceride or low HDL levels. Indeed, the hypertriglyc-
eridaemic state may be the combined result of an increased produc-
tion and a reduced breakdown of triglyceride-rich lipoproteins (84,
85). This process results in lower HDL cholesterol levels and favours
the triglyceride enrichment of LDL. The triglyceride-rich LDL is then
enzymically degraded by hepatic lipase to produce small, dense LDL
particles. A large proportion of these particles cannot be identified
simply by the measurement of total or LDL cholesterol levels because
these cholesterol levels are frequently in the normal range in obese
individuals. A better indicator of small, dense LDL particle levels is
an elevated ratio of LDL-apoB to LDL cholesterol.

Impaired fat tolerance (i.e. prolonged and/or exaggerated lipaemia
following fat ingestion) is now also recognized as a component both of
insulin resistance and of the atherogenic lipoprotein phenotype (86).
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The metabolic syndrome and obesity

The common association of obesity with other CVD risk factors is
well recognized. This clustering has been given several labels, includ-
ing syndrome X and the insulin resistance syndrome, but the term
metabolic syndrome is now favoured. There is no internationally
agreed definition of the syndrome, but a suitable working definition
would include two or more of the following:

— impaired glucose tolerance;

— elevated blood pressure;

— hypertriglyceridaemia and low HDL cholesterol;
— 1nsulin resistance;

— central obesity.

Insulin resistance and/or hyperinsulinaemia have been suggested as
the underlying cause(s) linking these conditions (87). Each individual
component of the syndrome increases the CVD risk but, in combina-
tion, they interact to increase risk in a synergistic fashion.

Epidemiological studies confirm that the metabolic syndrome occurs
commonly in a wide variety of ethnic groups including Caucasoids,
Afro-Americans, Mexican Americans, Asian Indians and Chinese,
Australian Aborigines, Polynesians and Micronesians. However,
there is some evidence that the patterns of risk factors observed vary
between and even within populations (88).

Debilitating health problems associated with obesity

Before chronic, life-threatening illness develops, overweight and
obese patients usually present to primary care physicians with a range
of conditions that adversely affect their quality of life, are often
mechanical in origin, and are caused by the large amounts of excess
weight that have to be carried. Though often perceived as less serious,
these conditions are nonetheless debilitating and sometimes painful;
they may also be costly in terms of the health resources consumed
in their treatment and the absences from work that they cause.
Sleep apnoea can have fatal consequences associated with cardiac
arrhythmias. Unfortunately, few data are available on the economic
costs of these conditions attributable to obesity.

Osteoarthritis and gout

Obesity is associated with the development of osteoarthritis and gout
and, in obese middle-aged women at or after menopause, pain at the
medial aspect of the knee (adiposa dolorosa juxta-articularis).
Possible factors underlying the relationship between obesity and osteo-
arthritis include mechanical stresses related to the increased load



carried by the obese, metabolic changes associated with increased
fatness, and dietary elements (e.g. high fat content) related to the
development of obesity. The data indicate that mechanical damage is
usually the cause. The increased risk of gout associated with obesity
may be related to the accompanying hyperuricaemia, although
central fat distribution may also be involved, particularly in women

(89-91).

4.9.2 Pulmonary diseases

4.10

Obesity impairs respiratory function and structure, leading to physi-
ological and pathophysiological impairments. The work of breathing
is increased in obesity, mainly as a result of the extreme stiffness of
the thoracic cage consequent on the accumulation of adipose tissue in
and around the ribs, abdomen and diaphragm (92). Hypoxaemia is
common, partly because the low relaxation volume causes ventilation
to occur at volumes below the closing volume (93, 94), and is exacer-
bated when lying down because of the reduced functional residual
capacity (95).

Sleep apnoea occurs in more than 10% of men and women with a
BMI of 30 or above, and 65-75% of individuals with obstructive sleep
apnoea are obese. In one study, sleep apnoea occurred in 77% of
those with a BMI above 40. In addition to BMI, however, obstructive
sleep apnoea is related to central obesity and to neck size, probably as
a result of the narrowing of the upper airway when lying down. The
nocturnal disruption of sleep is associated with daytime somnolence,
hypercapnia, morning headaches, pulmonary hypertension and, even-
tually, right ventricular failure (96, 97).

Psychological problems associated with obesity

The SOS study found that the proportion of individuals receiving
pensions for medical reasons was more than twice as high in obese
patients as in population controls. Psychological problems in the
obese (with women more affected than men) were found to be worst
in those who were also chronically ill or injured, e.g. suffering from
rheumatoid arthritis, cancer or spinal injury (98). The true social and
economic costs of the non-fatal health consequences of obesity may
therefore be seriously underestimated.

Other data on the psychosocial aspects of obesity relate mainly to the
USA, and reflect cultural differences that may be irrelevant to other
countries, especially as there appear to be ethnic differences in atti-
tudes towards obesity. Black women in the USA, for instance, are 2—
3 times more likely than white women to be obese, yet black women
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have been shown to experience less social pressure to reduce their
weight, start dieting later in life, and be significantly less likely to diet
at each developmental milestone (99). Nevertheless, as the preva-
lence of obesity rises in developing countries, and populations are
increasingly affected by the cultural values prevailing in industrialized
countries, psychosocial problems are likely to become an increasingly
common feature of the overall health profile of the obese.

It is important to note that the mechanisms leading to impaired psy-
chological health are different from those underlying physical illness.
The psychosocial problems associated with obesity are not the inevi-
table consequences of obesity but rather of the culture-bound values
by which people view body fat as “unhealthy” and “ugly”. Stunkard &
Sobal (100) noted that “. .. obesity does not create a psychological
burden. Obesity is a physical state. People create the psychological
burden.”

410.1 Social bias, prejudice and discrimination
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Obesity is highly stigmatized in many industrialized countries, in
terms both of the perceived undesirable bodily appearance and of the
character defects that it is supposed to indicate. Even children as
young as 6 years of age describe the silhouette of an obese child as

“lazy”, “dirty”, “stupid”, “ugly”, “liar” and “cheat” more often than
drawings of other body shapes (101).

Obese people have to contend with discrimination. Analyses of large
surveys have shown that, compared with their non-obese peers, those
who are obese are likely to complete fewer years at school, and less
likely to be accepted by prestigious schools or to enter desirable
professions. Furthermore, overweight young women in the United
Kingdom and the USA earn significantly less than healthy women
who are not overweight or than women with other chronic health
problems (102).

The negative stereotypes and attitudes of health professionals (in-
cluding doctors, medical students, nutritionists and nurses) towards
obesity are of particular importance. Awareness of these negative
attitudes may make the obese reluctant to seek medical assistance for
their condition (103). Doctors may be less interested in managing
overweight patients, believing that they are weak-willed and less
likely to benefit from counselling. British general practitioners were
less likely to prescribe lipid-lowering agents to overweight people (or
to smokers), and doctors explicitly stated that this was their policy
(104). Although little has been done so far to improve the stereotypes
and attitudes of health professionals, Wiese et al. (105) found that



educational intervention was associated with a more positive attitude
to the obese among first-year medical students.

4.10.2 Psychological effects

Research in this area has produced inconclusive results. Scores on
standard psychological tests have been shown to differ little, if at all,
between obese and non-obese people, and the evaluation of self-
esteem in obese children and adolescents has not given consistent
results (106). However, the implication that obesity has no psycho-
logical consequences is in conflict with the experience of overweight
individuals and with the literature, in which strong cultural bias and
negative attitudes towards obese people are consistently reported.
Friedman & Brownell (107) suggest that this “paradox” can be
explained by the manner in which these first-generation studies
have been conducted and that new studies should be carried out to
examine risk factors within the obese population.

4.10.3 Body shape dissatisfaction

Many obese people have an altered body image, i.e. they see their
bodies as ugly and believe that others wish to exclude them from
social interaction. This occurs most often in young women of middle
and upper socioeconomic status, among whom obesity is less preva-
lent, and in those who have been obese since childhood.

4.10.4 Eating disorders

Binge-eating disorder is a recognized psychological condition (108)
that occurs with increased frequency among obese persons, approxi-
mately 30% of whom seek medical help in dealing with it. In particu-
lar, the disorder is associated with severe obesity, a high frequency of
weight cycling, and pronounced psychiatric comorbidity. It is charac-
terized mainly by uncontrolled binge-eating episodes, usually in the
early evening or at night.

Obese binge-eaters have worse moods and more severe psychological
problems than obese people who do not binge-cat, and are more
likely to drop out of weight-control programmes based on behaviour
modification. Although binge-eaters may regain weight faster than
non-binge-eaters, both short- and long-term weight loss among binge-
eaters and non-binge-eaters appears to be similar (109).

The night-eating syndrome is characterized by the consumption of at
least 25% — although more recent opinion suggests up to 50% — of
total energy intake after the evening meal. This syndrome seems to
be more common in morbidly obese patients and is related to sleep
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disturbances such as sleep apnoea. It is thought to be due to alter-
ations in the circadian rhythm, affecting both food intake and mood.

Nocturnal sleep-related disorder is a newly delineated night-eating
pattern characterized by eating on arousal from sleep. It may be a
variant of binge-eating disorder but its relationship with night-eating
syndrome is unclear.

There is no clear evidence that these eating disorders are the primary
cause of weight gain. It has been suggested that the increasing inci-
dence of eating disorders is associated with the psychological pressure
to slim (110, 111). The fact that these disorders do not exist in societ-
ies where obesity is accepted as normal strongly supports the view
that they have a cultural basis. Once established in patients, however,
they are serious medical conditions and are difficult to cure.

Health consequences of overweight and obesity in childhood
and adolescence

4.11.1 Prevalence

Obesity-related symptoms in children and adolescents include psy-
chosocial problems, increased CVD risk factors, abnormal glucose
metabolism, hepatic—gastrointestinal disturbances, sleep apnoea and
orthopaedic complications (Table 4.4).

The most important long-term consequence of childhood obesity is its
persistence into adulthood, with all the associated health risks. Obe-
sity is more likely to persist when its onset is in late childhood or
adolescence and when the obesity is severe (112, 113). Overweight in
adolescence has also been shown to be significantly associated with
long-term mortality and morbidity (114).

Table 4.4
Health consequences of childhood obesity
High prevalence Intermediate prevalence Low prevalence
Faster growth Hepatic steatosis Orthopaedic complications
Psychosocial problems ~ Abnormal glucose metabolism  Sleep apnoea
Persistence into Persistence into adulthood Polycystic ovary syndrome
adulthood (for late- (depending on age of Pseudotumour cerebri
- onset and severe onset and severity) Cholelithiasis
obesity) Hypertension
Dyslipidaemia
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411.2 Psychosocial effects

The most common consequence of obesity in children in industrial-
ized countries is poor psychosocial functioning. Preadolescent chil-
dren associate the shape (or silhouette) of an overweight body with
poor social functioning, impaired academic success and reduced fit-
ness and health (115), as well as with character defects (see p. 56).
However, there is little evidence to suggest that self-esteem is signifi-
cantly affected in obese young children (106, 116).

Among teenagers, however, cross-sectional studies consistently show
an inverse relationship between body weight and both overall self-
esteem and body image (106). A marked self-awareness of body
shape and physical appearance develops during adolescence so that it
is perhaps not surprising that the pervasive, negative social messages
associated with obesity in many communities have a major impact at
this stage. Overweight in adolescence may also be associated with
later social and economic problems. A large prospective study con-
ducted in the USA has shown that women who were overweight
during adolescence and young adulthood were more likely to have
lower family incomes, higher rates of poverty and lower rates of
marriage than women with various other forms of chronic physical
disability during adolescence (102).

411.3 Cardiovascular risk factors

Dyslipidaemia, hypertension and insulin resistance are frequently
seen in obese children (717, 118) and dyslipidaemia appears to be
related to increased abdominal fat accumulation (7/9). Caprio and
coworkers (120) suggest that insulin resistance in children may also be
associated with abdominal obesity.

Although NIDDM is very rare, it accounts for one-third of all new
cases of diabetes seen in some institutions in the USA (121).

Elevated serum lipid and lipoprotein levels, blood pressure and
plasma insulin in childhood are all carried over into young adulthood,
obesity status in childhood at baseline being a significant predictor of
adult values (122, 123).

4114 Hepatic and gastric complications

Hepatic complications in obese children have been reported, particu-
larly hepatic steatosis characterized by raised serum transaminase
levels (124). Abnormal liver enzymes may be associated with chole-
lithiasis, but this condition is rare in children and adolescents.

Gastro-oesophageal reflux and gastric emptying disturbances, which
affect a minority of obese children, may be a consequence of raised
intra-abdominal pressure due to increased abdominal fat.
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411.5 Orthopaedic complications

It is well documented that obese children can suffer from orthopaedic
complications. The more serious of these include slipped capital
femoral epiphysis (/25) and Blount disease (a bone deformity result-
ing from overgrowth of the tibia) (126, 127), while more minor
abnormalities include knock knee (genu valgum) and increased
susceptibility to ankle sprains.

4.11.6 Other complications of childhood obesity

Other serious complications to have been reported in obese children
include obstructive sleep apnoea and pseudomotor cerebri. Obstruc-
tive sleep apnoea can cause hypoventilation and even sudden death in
severe cases (128, 129). Pseudomotor cerebri is a rare condition
linked to raised intracranial pressure; it requires immediate medical
attention.
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5.1

5.2

Health benefits and risks of weight loss

Introduction

While the effects of obesity on the functioning, health, and quality of
life of obese subjects have been studied in great detail, the impact of
weight loss is less well documented. Short-term studies have demon-
strated clear benefits from modest weight loss on most of the associ-
ated consequences of obesity but there are very few well designed
studies on the benefits of long-term weight loss.

The health benefits and risks of weight loss and of maintaining the
new lower weight in the long term are considered here with particular
reference to mortality, general health, and obesity-related comor-
bidities including chronic diseases, endocrine and metabolic disturb-
ances, and poor psychosocial functioning. Two distinct hazards of
weight loss, namely gallstones and reduced bone density, are also
considered, as is weight cycling. Finally, a brief account is given of the
effects of weight loss in obese children and adolescents.

The following should be noted:

e Well designed studies of the effects of long-term (>2 years) weight
loss are few in number. Difficulties associated with such studies
include that of maintaining long-term weight loss, and the need to
distinguish intentional from unintentional weight loss.

e Intentional weight loss results in marked improvements in
NIDDM, dyslipidaemia, hypertension, cardiovascular risk and
ovarian function. There are also improvements in breathlessness,
sleep quality, sleep apnoea, back and joint pain, and osteoarthritis.

* The only distinct hazards of weight loss are an increased incidence
of gallstones (when weight loss is rapid) and possibly a reduction in
bone density.

Problems in evaluating the effects of long-term weight loss
Problems in evaluating the benefits of long-term weight loss include:

— the difficulty of maintaining weight loss in adults over a long
period,

— whether weight cycling is taken into account, and how it is defined
when the outcome of a study is assessed;

— distinguishing “unintentional” weight loss, which may reflect un-
derlying disease, from “intentional” weight loss;

— distinguishing the beneficial effects of weight loss per se from
those of the changes in diet and physical activity necessary to
achieve it.
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The distinction between intentional and unintentional weight loss is
of major importance in studies of the relationships between weight
loss and morbidity or mortality. If weight loss occurs unintentionally
as a result of underlying disease or serious illness, the association
between weight loss and morbidity or mortality will be artificially
increased. A bias resulting from misclassification may also occur if
only two weight measurements are made, especially if weight loss is
temporary and due to a minor acute illness. For this reason it is
recommended that a minimum of three — and preferably more —
weight measurements should be made throughout the study period.

Weight loss and general health

5.3.1 Modest weight loss

Data from a number of studies have shown that modest weight loss
(defined as a weight loss of up to 10%) improves glycaemic control,
and reduces both blood pressure and cholesterol levels (7). Modest
weight loss also improves lung function and breathlessness, reduces
the frequency of sleep apnoea, improves sleep quality, and reduces
daytime somnolence. However, the degree of improvement often
depends on the length of time that the condition has been present.
Modest weight loss will also alleviate osteoarthritis, depending on the
degree of structural damage, as well as back and joint pain.

5.3.2 Extensive weight loss

5.4
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Following vertical-banded gastroplasty, severely obese patients who
lose 20-30kg in weight, at a rate of 4.5kg per month for the first
6 months, gain substantial health benefits. They show a marked fall
in blood lipids within the first 2 years of follow-up, and the condition
of 43% of hypertensive patients and 69% of NIDDM patients is
improved. Furthermore, at the population level, the incidences of
hypertension, hyperlipidaemia and NIDDM are reduced to about
one-sixth of those seen in obese patients who maintain their excess
weight (2, 3).

Weight loss and mortality

Unfortunately, most studies on weight loss and mortality have not
controlled for unintentional weight loss or for cigarette smoking. In
one large study of overweight white women in the USA in which
these variables were evaluated, intentional weight loss consistently
reduced mortality in women with obesity-related comorbidities such
as NIDDM or CVD. However, the effects in women without
comorbidities were not consistent with an association between inten-
tional weight loss and reduction in mortality. Thus the benefit of
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intentional weight loss was best seen in those of poorer health status
(4).

In a randomized controlled dietary intervention trial of post-infarct
patients in India, the effect of dietary intervention on cardiac mortal-
ity was greatest among patients who had also lost around 10% of their
body weight (5). Further longer-term, well controlled studies are thus
clearly needed to define accurately the beneficial effects of weight loss
on mortality.

Impact of weight loss on chronic disease, and on endocrine
and metabolic disturbances

Cardiovascular disease and hypertension

A number of cardiovascular risk factors related to blood clotting
(haemostatic, rheological and fibrinolytic) have been associated with
overweight (6-8). In particular, coagulation factors VII and X, which
are directly associated with BMI, are involved in thrombosis (9) and
increased risk of myocardial infarction (10). Weight loss in over-
weight subjects has been shown to reduce red blood cell aggregation
and to improve fibrinolytic capacity.

Weight loss induces a fall in blood pressure. Short trials lasting a few
weeks show that each 1% reduction in body weight leads, on average,
to a fall of 1 mmHg (0.133kPa) systolic and 2mmHg (0.267kPa) dias-
tolic pressure (11-14). Marked falls in blood pressure can occur with
very-low-energy diets, although modest dietary restrictions are also
beneficial. Antihypertensive drug therapy, reducing a high alcohol
intake, and lowering both dietary salt intake (15, 16), and saturated
fat intake (17, 18) all contribute to further blood-pressure reduction
independently of weight loss. It is estimated that a 10-kg weight loss
can produce a fall of 10mmHg (1.33kPa) in systolic blood pressure
and of 20mmHg (2.67kPa) in diastolic pressure (19).

Longer trials, with a 10-year follow-up of patients identified originally
as mildly hypertensive, show that positive dictary change, together
with smoking cessation and an increase in isotonic exercise (e.g. run-
ning), reduces both body weight and blood pressure. These levels can
be sustained for 10 years and the need for drug therapy is significantly
reduced (12).

5.5.2 Diabetes mellitus and insulin resistance

Studies of weight loss in NIDDM patients have consistently shown
that a weight reduction of 10-20% in obese individuals with NIDDM
results in marked improvements in glycaemic control and insulin
sensitivity. These improvements can last from 1 to 3 years even if the
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weight is subsequently regained. In the 75% of newly diagnosed
NIDDM patients who are overweight, a 15-20% weight loss in the
first year after diagnosis seems to reverse the elevated mortality risk
of NIDDM (20). However, not all NIDDM patients respond to
weight loss with metabolic improvements: the loss of abdominal adi-
pose tissue may be more important in improvements in diabetic con-
trol than loss of weight per se.

Hyperglycaemia frequently decreases as soon as a low-energy diet is
initiated, suggesting that dietary energy restriction has a beneficial
effect independently of weight loss. Exercise training also improves
glucose tolerance and insulin sensitivity independently of weight loss.
The American Diabetes Association (27) recommends that aerobic
exercise should be performed at moderate intensity for 20-45
minutes, 3 days per week. However, although epidemiological studies
have emphasized the value of vigorous activity, mainly because it is
easy to assess, total energy expenditure may be the important factor
in limiting NIDDM rather than periods of intense physical activity
(22).

5.5.3 Dyslipidaemia

The levels of blood lipids associated with obesity, namely high
triacylglycerides, high cholesterol and low HDL cholesterol, can also
be expected to return to normal after modest weight loss. For every
1kg lost, LDL cholesterol has been estimated to decrease by 1% (23).

A 10-kg weight loss can produce a fall of 10% in total cholesterol
levels, a 15% decrease in LDL levels, a 30% decrease in triacyl-
glycerides and an 8% increase in HDL cholesterol (/9). In addition,
it has been found that serum triglyceride and HDL cholesterol levels
show the most favourable changes after weight loss in those with
a high waist:hip ratio (24).

5.5.4 Ovarian function
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A weight loss of 5% or more during dietary treatment can improve
insulin sensitivity and ovarian function in overweight and obese
women with hirsutism and polycystic ovaries (25). In some obese
women with amenorrhoea, normal menstrual function may be re-
stored after weight loss (26).

Weight loss and psychosocial functioning

Most studies on the quality of life of obese patients before and after
weight loss have been conducted on patients following surgery for
obesity, and all show dramatic improvements in the overall quality of
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life. The SOS study in Sweden (27), for example, showed significant
improvements in social interaction, anxiety, depression and mental
well-being that were sustained for 2 years after surgery for obesity.
Although it is unclear whether these improvements will be seen with
modest weight loss following non-surgical intervention, Klem et al.
(28) recently reported that formerly obese subjects who had lost
weight through diet and/or exercise modification found their quality
of life to be substantially improved. While this is based on seli-
reporting by individuals who were maintaining weight losses of at
least 13.6kg for periods of over 1 year, it provides additional evidence
of the benefits of weight loss.

Dieting is often perceived to have untoward psychological effects,
including depression, nervousness and irritability. However, studies
have shown that weight loss is associated with a decrease in depres-
sion score, particularly when it is achieved by behaviour modification
(29, 30).

A dramatic example of how extremely overweight individuals per-
ceive their disorder has been provided by studies of a group of se-
verely obese patients before and after losing weight as a result of
gastric surgery (31, 32). Before surgery, all the patients felt unattrac-
tive and the great majority felt that people talked about them behind
their backs at work. They also felt that they had been discriminated
against when applying for jobs and treated disrespectfully by the
medical profession. After having achieved a weight loss of 50kg, all
the patients said that they would prefer to be deaf, dyslexic or diabetic
or to suffer from severe heart disease or acne than to return to their
previous weight. Given a hypothetical choice, they all preferred to be
of normal weight than have “a couple of million dollars” — a choice
that they made in less than a second.

Hazards of weight loss

Weight loss from “crash” dieting may result in acute attacks of gout.
However, for intentional and controlled weight loss resulting from
medical intervention, only two distinct hazards have emerged from a
variety of prospective studies:

* Gallbladder disease. Women who lose 4-10kg have a 44% in-
creased risk of clinically relevant gallstone disease, and greater
weight loss increases this risk. Mobilization of cholesterol from
adipose tissue stores is increased during weight loss, so that the risk
of supersaturation of bile with cholesterol is greater than when
weight is stable. Premenopausal women are at particular risk
because of an estrogen-induced enhanced biliary secretion of
cholesterol.
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* Reduced bone density. Bone density is typically increased in obese
patients and reduced after weight loss. In white women, weight
loss beginning at age 50 was found to increase the risk of hip
fracture (33). Whether there is restitution of bone mass with weight
regain following slimming, however, is uncertain; Compston et al.
(34) found this to be the case whereas Avenell et al. (35) did not.
There is little information on the impact of weight cycling on bone
density.

It should also be noted that, in societies in which overweight and
obesity are seen as a sign of affluence, weight loss may be interpreted
as an indication of financial disaster.

Weight cycling
Weight cycling refers to the repeated loss and regain of weight that
can occur as a result of recurrent dieting. However, there is no stan-

dard definition of weight cycling so that comparison between differ-
ent studies is difficult (36).

It has been suggested that weight cycling is associated with negative
health outcomes, makes future weight loss more difficult and results
in a decrease in lean-to-fat tissue ratio (37). However, the evidence is
conflicting; weight variability was associated with increased risk of
CVD and all-cause mortality in men, particularly in those who contin-
ued to smoke, but the association between weight change and death
was not seen in the heaviest men (38). Recently in the USA, the
National Task Force on the Prevention and Treatment of Obesity
(39) concluded that the evidence available at the time was that the
increased risk was not sufficient to outweigh the potential benefits of
moderate weight loss in obese patients.

Effects of weight loss in obese children and adolescents

Weight loss of only 3% significantly decreased blood pressure in
obese adolescents, and blood pressure was further improved if exer-
cise was added to the weight-loss programme (40). A weight loss of
nearly 16% in obese children resulted in a parallel decrease in serum
triacylglycerides and plasma insulin in the first year, with an increase
in HDL cholesterol. These changes remained stable in the second
year of the study; after 5 years, body weight was still 13% below the
initial value, peripheral hyperinsulinaemia was reduced and HDL
cholesterol remained higher (41).

The symptoms of hepatic steatosis in obese children eventually disap-
pear when excess weight is lost (42).
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Economic costs of overweight and obesity

Introduction

The economic costs of overweight and obesity are important issues
for health care providers and policy-makers alike. To date, there have
been only a few attempts to quantify the economic burden of obesity-
related morbidity and mortality. This is in marked contrast to smok-
ing and alcohol consumption, where a large number of international
studies have been undertaken to determine the magnitude of the
economic burden that they impose on the community. In addition,
few studies have assessed the relative cost-effectiveness of alternative
interventions aimed at either preventing or treating obesity.

The limited information available on the economics of overweight
and obesity is reviewed in this section. The use and limitations of cost-
of-illness studies on obesity-related disease are summarized and the
basic steps required in undertaking such a study are then outlined. A
brief overview of the few studies in different countries that have
provided estimates of the economic costs of obesity follows; key
findings as well as the limitations of the methods used are highlighted,
after which the cost-effectiveness of alternative interventions aimed
at either preventing or treating obesity is reviewed. Finally, the impli-
cations of current understanding of the economics of obesity for
public policy decision-making are considered and priorities for future
research in this area discussed.

The following important points should be noted:

¢ The economic cost is made up of three main components:

— “direct costs”, i.e. the costs, to the individual and the service
provider, associated with treating obesity itself;

— the “opportunity cost” to the individual, i.e. the social and
personal loss associated with obesity, generally arising from
premature death or attributable morbidity;

— “indirect costs”, usually measured as lost production due to
absenteeism from work and to premature death.

¢ The economic impact of obesity-related disease is usually estimated
from cost-of-illness studies. These are useful in the development of
public health policy but their limitations should be recognized:
intangible costs and many of the direct costs of disease manage-
ment and prevention, especially those incurred outside the formal
health care system, tend to be ignored. A number of studies have
therefore focused on the impact of obesity on broader social
and economic issues, including the frequency of long-term sick
leave.



6.2

The economic costs of obesity have been assessed in several devel-
oped countries and are in the range 2-7% of total health care costs.
These are conservative estimates based on variable criteria but
clearly indicate that obesity represents one of the largest items of
expenditure in national health care budgets.

Although there have been no studies of the economic impact of
obesity in developing countries, the escalating economic burden of
adult NCDs in such countries has already been recognized by a
number of international agencies including WHO and the World
Bank. The real costs of therapy in developing countries exceed
those in developed countries because of the extra burden associ-
ated with the use of scarce foreign exchange to pay for imports of
expensive equipment and drugs, as well as the need for the special-
ized training of staff. In view of the existing burdens of endemic
deficiency disorders and infectious diseases, obesity prevention is
not only crucial but also the only sensible approach to planning
public health policies in developing countries.

Preliminary data suggest that a large proportion of the economic
costs of obesity can be avoided by efficient prevention or interven-
tion strategies.

Cost-of-illness studies

“Cost-of-illness” or “disease-costing” is a technique used to estimate
the financial impact of disease on a community. The economic costs of
obesity include:

Direct costs: the cost to the community resulting from the diversion
of resources to the diagnosis and treatment of diseases directly
related to obesity, as well as from the cost of obesity treatment itself
(including the cost of providing health care services to patients and
their families, and the cost of service providers).

Intangible costs: the cost to the individual arising from the impact of
obesity on quality of life generally and on health specifically.

Indirect costs: the welfare and economic benefits lost to other mem-
bers of society through a reduction in the goods and services pro-
duced i.e. the impact of the reduced quality of life of the obese
individual on the productive potential available to the rest of soci-
ety. These costs are usually measured as the production lost
through work-related absenteeism and premature death.

Most cost-of-illness studies focus on measuring direct and indirect
costs, while less attention is given to the more difficult task of quanti-
fying the intangible costs.
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6.2.1 Uses of cost-of-illness studies

Cost-of-illness studies are useful in the development of public policy
because they can:

¢ Identify and analyse how resources are currently being allocated to
different types of costs, services and diseases.

¢ Help to identify potential improvements in health status, in the case
of a specific disease, that can be achieved by the application of
effective prevention programmes, or to identify a risk factor for a
disease. A knowledge of the incidence and prevalence of the dis-
case, the consequent use of health services, and costs can allow a
calculation of the potential savings to a community that can be
achieved through effective prevention programmes, which may (or
may not) be greater than the costs of prevention.

* Assist health planners to make comparisons between the relative
economic burden of different diseases that may assist in setting
priorities for prevention, if taken together with information on the
costs and effectiveness of prevention strategies.

® Provide data on the cost side of the cost—effectiveness ratio for
subsequent economic appraisal.

* Be used to demonstrate to policy-makers and politicians the magni-
tude of the health problem in financial terms.

6.2.2 Limitations of cost-of-iliness studies
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The major criticism of cost-of-illness studies is that they can be mis-
used. A cost-of-illness study may indicate that a disease is costly to
treat. It may also suggest that a disease has a high social cost relative
to other diseases or social problems, implying that society would
be relatively better off without it. While this is obviously true, it does
not mean that a higher priority should be given to treating that
disease. Treatment (or prevention) may be relatively ineffective or
expensive, so that priority-setting should be based on the relative
cost-effectiveness of interventions and not on the cost of the disease
alone. This criticism is best explained by Davey & Leeder (/):

“. .. Instead of answering the question, ‘Where should | put the next health

care dollar to achieve the greatest health gain?’ cost-of-iliness studies

provide information only about the burden of illness. They concentrate on

cost and say nothing about the effectiveness of treatment and value for
money invested.”

Some economists have argued that, while cost-of-illness studies do
not indicate where resources should be allocated in the short term,
they do indicate where the greatest potential health improvements



and savings in health care resources could be made if effective inter-
ventions were available.

A further criticism concerns the focus of cost-of-illness studies on
direct health care costs and the indirect costs of lost production, less
emphasis being placed on the burden of disease, premature death and
reduced quality of life. Because these latter intangible costs are less
easy to measure in monetary terms, they tend to be ignored. Diseases
associated with high health care costs but relatively low morbidity and
mortality (such as dental disease) may therefore be seen as imposing
a far greater burden than other diseases associated with high costs in
terms of premature death and reduction in quality of life but low
health care costs (such as youth suicide).

The definition of health care incorporated in cost-of-illness studies
tends to be narrow and ignores many of the direct costs of disease
management and prevention, especially those arising outside the for-
mal health care system. This is particularly true of obesity, as the
highest direct cost category is most likely to be the personal expendi-
ture on weight-loss programmes incurred by overweight and obese
individuals. The impact of the narrow range of direct costs included in
studies is likely to vary across disease types and risk factors.

6.2.3 Steps in undertaking a cost-of-iliness study

The following basic steps need to be taken in carrying out a cost-of-
illness study on obesity-related disease where, in accordance with the
WHO criteria, overweight is defined as BMI 25-29.9 and obesity as
BMI = 30:

— identify those diseases related to overweight and obesity;

— quantify the relationship between obesity and the associated
disease morbidity and mortality using standard criteria (i.e. the
population-attributable fractions (PAFs); for more information
on PAFs, see below);

— identify the relevant economic cost categories to be estimated;

— quantify the total costs associated with diet-related disease;

— use the PAFs to apportion that share of total costs directly attrib-
utable to overweight and obesity;

— undertake a sensitivity analysis of key epidemiological and eco-
nomic parameters (or assumptions) to provide a range of cost
estimates.

Population-attributable fraction

The epidemiological statistic needed to quantify the direct relation-
ship between a risk factor of interest and a disease (and thus quantify
its associated economic costs) is the population-attributable fraction.
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This has been defined as the proportion of total events (e.g. deaths or
morbidity) in a population that could be prevented if a particular risk
factor (e.g. obesity) could be eliminated.

The PAF reflects the overall impact of the morbidity and mortality
associated with a factor (e.g. obesity) in the specified population. It
can be interpreted from an etiological standpoint (causal outcomes
attributed to a particular risk factor) or from a prevention standpoint
(the maximum number of events that could be prevented). Many
epidemiologists use the concept of “preventable proportion” as a
useful generalization of the PAF concept.

Where only one category of exposure (e.g. obese or non-obese) is
concerned, PAF is given by:

p(RR-1)

PAF="—
1+ p(RR-1)

where p = prevalence of risk factor (e.g. obesity) in a population
RR = relative risk
= incidence of disease in an obese person (I,) divided by the
incidence of disease in a non-obese person (1,) = 1./1,

PAF can be expressed either as a fraction or as a percentage. Thus a
PAF of 0.73 means that 73% of the incidence of the disease could be
eliminated by removal of the risk factor (or conversely, that the risk
factor is responsible for 73% of the incidence of the disease).

A number of epidemiological studies have assessed the relative risk
of specific diseases associated with excess body weight. Most have
used BMI as the risk factor; in only a few studies has the risk of
disease been quantified in terms of body fat distribution (e.g. by the
use of the waist circumference). Such studies have shown a positive
relationship between BMI and the development of CHD (2—4), hy-
pertension (5), stroke (6), NIDDM (2), gallbladder disease (7), sleep
apnoea (8), and a number of cancers including breast cancer (9, 10)
and colon cancer (I1). In addition, further studies have shown a
relationship between excess body weight and obstetric complications
in women (/2), progression of osteoarthritis (/3), and rheumatoid
arthritis (14).

There is a need for a comprehensive systematic review (e.g. a meta-
analysis) to provide a clearer understanding of the relationships
found in such studies between excess weight and the diseases. Once
these data are available, relative risk estimates can be combined with
country-specific overweight and obesity prevalence data to determine
PAF:s for use in cost-of-illness studies.



6.2.4 The disability-adjusted life year

6.3
6.3.1

An alternative to the cost-of-illness study for use in the economic
evaluation of the consequences of obesity and overweight is the
disability-adjusted life year (DALY (15). This can provide estimates
of the burden imposed by death and disability due to any disorder and
makes it possible to compare populations in different geographical
and social settings. Both the proportion of chronic diseases attribut-
able to overweight and obesity and the costs of their management
vary across populations and between social classes within popula-
tions. The use of a combined measure of the loss of life expectancy
and prolonged morbidity in national, regional and global estimates of
the economic effects of overweight and obesity is therefore desirable.

Obesity and overweight, in the same way as tobacco use, contribute
to several NCDs. Thus, the total DALY loss attributable to obesity
and overweight would represent the attributable fraction of the total
loss of DALYs due to NCDs associated with excess body weight. A
number of estimates of the attributable fraction associated with to-
bacco use have been made, thus facilitating national and regional
comparisons. Efforts should therefore be made to generate similar
estimates of the attributable fraction associated with obesity and
overweight.

International estimates of the cost of obesity
Studies in developed countries

At present, the economic burden of obesity-related diseases has been
estimated in only a few studies. Some of the data available for devel-
oped countries are reviewed below and summarized in Table 6.1.
The scope and methodology of the various studies vary considerably
in terms of the diseases costed, the definition of obesity, the cost

Table 6.1

Economic costs of obesity®

Country Year Study BMI  Estimated direct National
costs health

care costs

Australia 1989-1990 NHMRC (16) >30 A% 464 million >2%

France 1992 Lévy et al. (17) =27  FF 12000 miliion 2%

Netherlands 1981-1989  Seidell & >25 NLG 1000 million 4%

USA

Deerenberg (18)
1994 Wolf & Colditz >29  US$ 45800 million 6.8%
(19)

® As defined by cut-off point of BMI.
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categories used and the epidemiological assumptions as to the rela-
tionship between obesity and disease. This makes it difficult to com-
pare costs across countries and to extrapolate the results from one
country to another. The limited data available suggest that, as previ-
ously mentioned, some 2-7% of total health care expenditure in a
country may be directly attributable to overweight and/or obesity.

Australia

The National Health and Medical Research Council (NHMRC)
replicated the 1992 Colditz study (20), using the same obesity-
related diseases and the same estimates of relative risk but applying
Australian estimates of obesity prevalence (based on BMI >30). The
NHMRC estimated the direct cost of obesity to be A$ 464 million
(1989-1990), indirect costs amounting to an additional A$ 272 mil-
lion. Hypertension and CHD combined accounted for approximately
60% of the total economic costs of obesity. For hypertension, the
largest costs were those for medical services and pharmaceuticals,
whereas for CHD, hospital costs and the indirect costs associated with
premature mortality were the most significant (16).

As part of the total cost-of-obesity estimate, the NHMRC also esti-
mated the costs of obesity treatment within the formal health care
system in Australia. These accounted for approximately 10% of the
total economic cost of obesity.

The estimate provided by the NHMRC should be considered conser-
vative for the same reasons as the Colditz study in the USA. Of
interest is the fact that, while the costs of obesity treatment within the
health care sector amounted to less than A$ 80 million, a 1992 survey
by the Consumer Advocacy and Financial Counselling Association of
Victoria (21) estimated that 300000 consumers purchased a weight-
loss programme in Australia each year from a variety of weight-loss
centres, and that the industry turnover was in excess of A$ 500 million
per annum. This shows that a substantial proportion of the economic
cost of obesity is incurred outside the formal health care sector.

Finland

The impact of obesity on several indicators of health care utilization
was assessed among 10000 adult Finns in the National Survey on
Health and Social Security in 1987 (22). The costs of medicines,
physician consultations and hospital inpatient stays increased with
increasing BMI. The excess health care utilization was due mainly to
an increased need for medication, the cost of which rose by about
12% when BMI increased from 25 to 40. On the basis of these data it
was estimated that, if all Finns were of normal weight, the annual



savings would be of the same order of magnitude as if all smokers in
Finland were to stop smoking permanently.

France

To estimate the direct cost of obesity-related diseases in France in
1992, Lévy et al. (17) identified the direct costs of personal health
care, hospital care, physician services and drugs for diseases with a
well established relationship with obesity. These included NIDDM,
hypertension, hyperlipidaemia, CHD, stroke, venous thromboembo-
lism, osteoarthritis of the knee, gallbladder disease and certain can-
cers. The proportion of these diseases attributable to obesity (defined
by the cut-off point of BMI >27) ranged from about 25% for hyper-
tension and stroke to about 3% for breast cancer. The direct costs of
obesity were estimated to be almost 12000 million francs, or approxi-
mately 2% of total health care expenditure in 1992. The costs of
hypertension represented 53% of the total direct costs of obesity.

Netherlands

The cost of the excess use of medical care and associated costs due to
obesity in the Netherlands were estimated using the data on 58000
participants in the Health Interview Surveys carried out from 1981 to
1989 (18). The health care costs included those for consultations with
general practitioners and medical specialists, hospital admissions and
the use of prescribed drugs. Obese (BMI =30) and overweight (BMI
25-30) individuals were more likely to have consulted a general prac-
titioner. The total general practitioner costs attributable to obesity/
overweight were equivalent to 3-4% of the country’s total general
practitioner expenditure. For hospitalizations, the fraction attribut-
able to obesity was 3% and for overweight 2%. The excess use of
medications by obese and overweight people, however, was very
striking: compared with the non-obese, obese individuals were 5 times
more likely to use diuretics and 2.5 times more likely to take drugs for
CVD. It was estimated from these data that the direct costs of over-
weight and obesity were about 4% of total health care costs in the
Netherlands. This is of the same order of magnitude as the health care
costs attributable to all forms of cancer.

While the study did not cover all potential cost categories relevant to
obesity, it was the first cost estimate to include the impact of over-
weight, and this category accounted for about 48% of the total costs
of excess weight gain.

United States of America

The first national study undertaken on the economic cost of obesity
was that by Colditz (20) in the USA. The diseases included in the cost
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estimate were NIDDM, CVD, hypertension, gallbladder disease, and
colon and postmenopausal breast cancer. Obesity was defined as a
BMI greater than 29. Total costs attributable to obesity in 1986,
including both direct and indirect costs, were estimated to be US$
39300 million, representing 5.5% of the overall costs of illness for the
USA in that year. The PAFs used for particular diseases were
NIDDM 0.57, CVD 0.19, hypertension (.26, breast cancer 0.06 and
colon cancer 0.02. However, the estimates of relative risks used by
Colditz are currently being revised by a number of groups to bring
PAF and economic cost estimates into line with agreed classification
criteria for overweight and obesity.

Colditz’s original estimate should be considered conservative because
estimates for many obesity-related diseases and for several relevant
economic cost categories were excluded. Colditz points out that the
addition of musculoskeletal disorders to his estimate would have
raised the figure to US$ 56300 million, or 7.8% of the cost of illness
for the USA in 1986.

In 1994, Wolf & Colditz (19) published a revised estimate of the
economic costs of obesity in the USA, extending the range of obesity-
associated diseases included in the analysis and updating their calcu-
lations. They estimated that the total cost of obesity in 1990 was US$
68800 million, of which US$ 45800 million was due to the direct cost
of obesity-associated disease. The remaining US$ 23300 million
was an estimate of the indirect costs of obesity due to lost pro-
ductivity (about US$ 4000 million, or 25591480 annual workdays)
and premature mortality from diseases associated with obesity (about
US$ 19000 million). These figures should still be considered to be
conservative.

6.3.2 Studies on the broader economic issues

86

Methods other than cost-of-illness studies have been used to deter-
mine the economic impact of obesity-related diseases, e.g. studies on
the influence of obesity either on attainment of social class (see
below) or on pension and disability payments.

It is important to note that indirect costs of disease relate to the loss
of worker productivity due to worker absenteeism, staff turnover and
reduced worker productivity as a result of obesity-related morbidity,
together with lost earnings due to premature death from an obesity-
related disease. A common misconception among health profession-
als is that sickness, unemployment and other social welfare benefits
should be included in the indirect costs of diseases. Economists do not



include such benefits in cost-of-illness studies as they are viewed as a
transfer payment from the tax-paying population to the recipients.
There is a continuing debate among health economists about whether
to include indirect costs in a study and how to measure these costs
reliably.

Atlainment of social class

Cross-sectional studies in many affluent societies show an inverse
relationship between educational level and the prevalence of obesity.
However, in addition to indications that low socioeconomic status
leads to obesity, there are also indications that the reverse may also be
true. Obese subjects may also be subject to economic disadvantages
such as higher premiums for life insurance policies.

One study of Danish draftees showed that, after adjustment for pa-
rental social class, level of education and intelligence, fewer obese
men attained a relatively high social class compared with non-obese
men (23). Similarly, a prospective study of young women in the USA
showed that those who were obese were less likely to marry, and had
fewer years of schooling, as well as a lower income compared with
non-obese women (24). These results are supported by those of a
number of other prospective studies showing that obese young adults
do not attain the same social class as their non-obese peers. Although
such data should be interpreted with caution, it has been suggested
that societal discrimination may limit the socioeconomic potential of
the obese.

Frequency of long-term sick-leave

In the SOS study (25) in Sweden, the frequency of long-term sick-
leave (over 6 months) was reported to be 1.4 and 2.4 times higher in
obese men and women, respectively, compared with the general
Swedish population. Similarly, the rate of premature disability pen-
sions was reported to be increased by a factor of 1.5-2.8 among
participants in the study. The total loss of productivity due to obesity
was estimated to be about 7% of the total cost of losses of productiv-
ity due to sick-leave and disability pensions in Sweden.

Premature work disability

In a large prospective Finnish study (26), obesity was associated with
a twofold increased risk of premature work disability in men and a
1.5-fold greater risk in women. Most of the premature pensions attri-
butable to obesity were due to cardiovascular and musculoskeletal
diseases. A quarter of all disability pensions for these diseases in
women were solely attributable to overweight and obesity.

87



6.3.3 Studies in developing countries

Although there have not been any comparable studies of the eco-
nomic impact of obesity in developing countries, both WHO and the
World Bank have recently highlighted the increasing burden associ-
ated with the rapidly emerging adult NCDs in these countries (15, 27),
where they have now replaced infectious diseases as the leading cause
of death. In developing countries, about 50% of deaths in 1990 were
caused by NCDs, but by 2020 that proportion is expected to rise to
almost 77%. In 1990, some 42% of deaths were attributed to infec-
tious and reproductive conditions, while by 2020 that proportion is
expected to decline to about 12%. In contrast, in developed countries
87% of deaths in 1990 were from NCDs and the proportion is ex-
pected to rise only slightly—to 90%—by 2020.

The treatment needs of the rapidly expanding urban populations and
increasingly affluent middle classes in developing countries are al-
ready overwhelming many medical services. Furthermore, as previ-
ously mentioned, the real costs of therapy associated with NCDs in
developing countries exceed those in developed countries; the need to
use scarce foreign exchange to pay for imports of expensive equip-
ment and drugs and for the training of specialized staff creates an
extra burden.

In recent World Bank studies, e.g. in Chile (28), the burden of disease
has been expressed in terms of numbers of DALYs lost. NCDs ac-
count for a 5- and 9-fold greater rate of premature death than commu-
nicable diseases in men and women, respectively, and 10- and 5-fold
greater rates of disability. The numbers of DALYs lost in men are 15-
fold, and in women 20-fold, greater for NCDs than for infections. So
far, the burden of disease attributable to excess weight gain and
obesity has not been calculated, but cancers impose a substantial
burden as do NIDDM and CVD. There is thus a need in developing
countries to apply the new economic methods of determining the
proportion of these diseases attributable to excess weight gain so that
the impact of one of the principal contributors to NCDs can be
assessed.

6.3.4 Conclusions
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International studies on the economic costs of obesity have shown
that they account for between 2% and 7% of total health care costs,
the level depending on the range of diseases and cost categories
included in the analysis. The figures are based mainly on cross-
sectional data, and should be considered a conservative estimate of
the true cost of obesity-related diseases for a number of reasons:



6.4
6.4.1

¢ In most studies, only a limited number of obesity-related discases
have been costed.

* Most studies have excluded some relevant direct-cost categories
from the analysis.

* In the majority of cases only the economic costs associated with
obesity (BMI >30) have been included in the analysis. The inclusion
of costs associated with overweight (i.e. BMI 25-29.9) would sub-
stantially increase the attributed cost because the number of over-
weight individuals in a community is generally greater by a factor of
3-4 than those who are obese; the economic cost of drug use, for
example, was increased by 65% if the overweight category was
included (18).

Although there have not been any comparable studies of the eco-
nomic impact of obesity in developing countries, the real costs of
therapy associated with NCDs in such countries are likely to exceed
those in developed countries.

Economic costs and benefits of obesity treatment
Analyses of obesity-control trials

Unfortunately, very little information is available on the economic
benefits of treatment, but some extrapolations can be made from the
preliminary and early data from the large-scale SOS intervention
study of 1743 obese men and women in Sweden (25).

After 2 years of follow-up, Sjostrom and his colleagues found a num-
ber of benefits in the subjects who were surgically treated and who
individually lost between 30kg and 40kg. Thus quality of life was
markedly improved and several cardiovascular risk factors were sub-
stantially decreased. The prevalence of NIDDM — 13% in controls
and 16% in the intervention group before treatment — decreased by
68% in the intervention group and by only 16% in the controls. In
other words, two-thirds of NIDDM was “cured” by the obesity inter-
vention. Furthermore, the incidence of NIDDM was only 0.5% in the
intervention group as compared with 7% in the controls. A 4-5-fold
risk reduction was observed in the development of hypertension,
hypertriglyceridaemia and the lowering of HDL cholesterol. During 2
years of follow-up, the incidence of NIDDM was very low in the
intervention group but 30-fold higher in controls. Data on other dis-
ease end-points are not yet available.

In order to try to estimate the economic consequences of this con-
trolled study, the results of treatment and the associated costs may be
compared with the estimated costs of non-treated obese subjects. If
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NIDDM is taken as an example, the 14-fold risk reduction in the
treatment group suggests that NIDDM was prevented to a large
extent. In addition, two-thirds of patients with established NIDDM
were “cured”. Applying these results to the estimated cost of obesity-
related NIDDM in France would decrease the total costs of obesity in
that country by approximately 3%, while in the USA costs could be
reduced by almost 20%. Similar calculations with respect to change in
cardiovascular risk factors are not easy, but a large proportion of the
obese subjects who would usually be eligible for treatment for hyper-
tension and hyperlipidaemia would not need such treatment. In
France this would result in a 25% reduction in costs.

Little published information is so far available on the potential impact
of obesity treatment in the SOS trial on sick-leave and pensions,
which constitute the other major component of the costs of obesity.
This is difficult to evaluate because treated patients have not been
followed up for a long enough period, but the initial data indicated
that the number of lost working days increased more quickly in the
controls than in the intervention groups (25). Furthermore, the
marked improvements in the quality of life of treated patients are not
only an important outcome in themselves but also suggest that other
major benefits that would reduce health costs can be expected after
longer follow-up.

However, it is important to include in the costs those of the interven-
tion itself (i.e. surgery) and of the follow-up review. The actual cost of
the surgical procedure is not available, but follow-up figures suggest
that, in spite of the surgical intervention, the frequency of visits to a
doctor was the same in controls and intervention subjects by the
second year after surgery.

The SOS study is the only fully controlled, large-scale, long-term
study of the effects of the radical treatment of obesity and substantial
weight loss. The results of this study will provide valuable information
on the medical and economic consequences of effective interven-
tion in obesity within a limited period. Preliminary results are very
promising.

6.4.2 Potential cost savings associated with a reduction in the
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prevalence of obesity

A small number of studies have provided estimates of the potential
impact on health care costs of a reduction in the population preva-
lence of obesity.

In a study in the USA (29), obese patients with NIDDM were as-
signed to a 12-week weight-loss programme involving an 800-kcal,,



diet (1kcal,, = 4.18kJ). Subjects lost an average of 15.3kg over the
12 weeks, but at 1-year follow-up had regained 9.0kg. The authors
estimated that the average saving in prescription costs per subject
over 1 year was US$ 442.80. While the study showed a significant
prescription cost saving, sample sizes were small and the energy in-
take associated with the weight-loss programme was very small. It
would thus be unwise to assume that these results would be repro-
duced under different conditions.

As an extension of a cost-of-obesity study discussed earlier in this
section (see p. 84), the NHMRC estimated the potential annual saving
to the Australian health care system that would result if the preva-
lence of obesity were reduced by 20% by the year 2000 (baseline
1989), as specified by the National Health Goals and Targets (30).
The method used in this study was to recalculate the PAF based on
the target prevalence of obesity (and on the assumption that relative
risk estimates remain constant) for each obesity-related disease. The
1989-1990 estimated cost for each obesity-related disease was then
multiplied by the change in PAF to estimate the potential annual
saving. The NHMRC estimated that an annual saving of A$ 59
million in health care expenditure and a potential 2300 life-years
could be gained if the obesity target was achieved.

While the NHMRC calculation shows the potential cost saving that
might be achieved if the target obesity prevalence were achieved, it
does not provide information on the public and private expenditure
that would be required to fund programmes to achieve this target.
The analysis therefore does not help decision-makers to decide
whether investing scarce community resources in preventing or treat-
ing overweight and obesity represents an efficient use of such re-
sources. Such decisions should be based on an evaluation of the costs
and outcomes (effectiveness) of alternative interventions for the pre-
vention and treatment of overweight and obesity.

6.4.3 Cost—effectiveness of obesity prevention and treatment

Few studies have addressed the economic evaluation of the preven-
tion and treatment of overweight and obesity and, of these, most have
been concerned with treatment rather than primary prevention. A
limited number of studies on the cost-effectiveness of non-drug versus
drug treatment of hypertension have been conducted and have
included measurements of weight loss. In addition, a number of
studies have focused on the financial benefits of workplace fitness
programmes (including the benefit of weight loss) in reducing em-
ployee absenteeism, but the methods used in these studies have been
criticized (31, 32). Authors have sometimes overgeneralized and used

91




92

optimistic estimates of the health benefits of risk factor modification.
In other studies, the relevant programme cost categories have been
incorrectly specified, and rather dubious methods of valuing and
measuring these costs have been used. The results seem in some
instances to be biased in favour of finding workplace health promo-
tion to be a good investment.

The results of two studies on the cost—effectiveness of alternative
interventions for weight control are discussed below.

Cost—effectiveness of obesity management in the prevention of NIDDM
In a recent study by Segal et al. (33), an attempt was made to model
the potential cost-effectiveness of a range of interventions for the
prevention and treatment of NIDDM in Australia. These interven-
tions included a population approach using mass media programmes
focusing on lifestyle changes (including diet and exercise); a
behaviour modification programme for the seriously obese; a group
programme targeting overweight men (based on an established
programme called GutBusters); gastric surgery for the morbidly
obese; and a behaviour modification programme for women who had
gestational NIDDM.

Both the costs and outcomes of the various interventions were
estimated. Net costs (or savings) were derived by adding together
programme costs and the potential savings in future health care costs
from the prevention of cases of NIDDM. Outcomes were expressed
as NIDDM years deferred and life-years saved. Costs were based
on reports in the literature, discussions with service providers and
published health service cost data. Epidemiological data reported in
the literature were used in assessing the effectiveness of various
programmes in preventing NIDDM. A range of estimates was calcu-
lated based on different assumptions as to programme success,
programme costs and other important variables.

The most cost-effective interventions were found to be the
GutBusters Programme (a commercial 6-week group session pro-
gramme for men) and the mass media lifestyle modification pro-
gramme. It was estimated that both would lead to future cost savings
resulting from the reduced incidence of NIDDM, and these savings
would be greater than the programme costs. Table 6.2 summarizes the
main results of the study.

Although the results presented in Table 6.2 depend very much on
the assumption of long-term success in the various weight-loss
programmes, the wide range of cost—effectiveness estimates indicate
that they are robust. Indeed, while the analysis incorporates the esti-



Table 6.2
Summary of the estimated cost—-effectiveness of a range of interventions for the
prevention of NIDDM?

Intervention® Net cost per NIDDM Net cost per
year avoided life-year gained
(AS) (AS)
Surgery for seriously obese:
all IGT® 1200 4600
10% IGT, 90% normal® 3500 12300

Diet/behaviour modification for
seriously obese:

all 1GT saving saving

10% IGT, 90% normal 1600 2600
Group programme for overweight men:

all IGT saving saving

10% IGT, 90% normal saving saving

Diet/behavioural programme for women
with previous gestational NIDDM:

all IGT 800 1200
30% IGT, 70% normal 2100 2400
Media programme saving saving

* Reproduced from reference 33 with the permission of the publisher.
® “|GT” refers to programmes targeted at those with impaired glucose tolerance.

c

“normal” relates to normal glucose tolerance.

mated effect of weight loss on all-cause mortality, and not just that
associated with NIDDM, the probable impact of a successful preven-
tion programme on other risk factors (such as cholesterol or blood
pressure) has not been taken into account. In addition, the expected
savings in future health care costs relate to NIDDM only, ignoring
possible savings in the management of other obesity-related diseases.
For these reasons the results may well be conservative.

The authors of the study concluded that the prevention of NIDDM,
through appropriate interventions, can represent a highly efficient use
of community resources. Such programmes can achieve a substantial
improvement in health status at little cost or indeed with the possibil-
ity of a net saving in the use of health care resources.

Cost—effectiveness of commercial weight-loss programmes

A study by Spielman et al. (34) analysed the cost of losing weight in
commercial weight-loss programmes in the Boston metropolitan area.
It reviewed 11 commercial diet programmes and estimated for each
programme the out-of-pocket cost to the participant (over a 12-week
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period) of losing 1kg. The diet programmes were divided into three
groups:

1. Medically supervised very-low-calorie diets (VLCDs) that provide
<800kcaly/per day.!

2. Nutrient-balance reduced-energy diet programmes (REDPs), the
client consuming 800-1200kcal,/day! (50% carbohydrate, 15-20%
protein, <30% fat).

3. Support groups that may or may not offer individual dietary advice
and act as a self-help programme with volunteer staff.

It was found that the cost of a 12-week commercial weight-loss
programme varied enormously, from US$ 2120 for the most expen-
sive VLCD to US$ 108 for the least expensive REDP. The data are
summarized in Table 6.3.

This short-term analysis suggests that support groups and lower-cost
REDPs were the most cost-effective interventions. Dietitians were
only marginally better value for money than REDPs, particularly
when the expected reduction in usual supermarket expenditures is
subtracted. However, the study can be criticized on a number of
grounds:

* Weight loss in a sample of programme participants was not meas-
ured. Instead, the “expected” weight loss based on the literature
was used and excellent compliance was assumed throughout the
duration of the programme. Weight loss may thus be substantially
overestimated and in practice there would be significant differences
in the weight loss achieved by the different programmes. Potential
drop-out rates are also ignored.

* The study was based on a 12-week programme, did not take into
account the costs and impacts of weight-maintenance programmes,
and could not take account of the longer-term impact of the com-
peting programmes.

¢ The financial “costs” measured were restricted to programme
initiation fees, the cost of any food supplements purchased as a
result of the programme (e.g. liquid protein formulae for VL.CDs,
or preprepared foods for REDPs) and of medical monitoring
and/or associated behaviour modification programmes. Additional
costs (or savings) associated with daily food purchases, reduced-
energy beverages, etc., were not taken into account. Thus, for a

' 1kcaly, = 4.18kJ.



Table 6.3
Cost in US$ per kilogram of active weight loss (12 weeks)?

Programme type Initial weight
80kg 136kg
Nutrient-balanced REDP:
Jenny Craig 23.00 13.50
Nutri-System 19.00 12.00
Registered dietitian 15.00 9.00
Weight Watchers 2.50 1.50
VLCD programmes:
Health Management Resources (HMR) 17.50 10.00
Medifast 14.00 8.00

Support groups:
Taking Off Pounds Sensibly (TOPS) 0.07 0.04

® Reproduced from reference 34 with the permission of the publisher.

commercial programme, the cost of prepared food plus additional
staple items purchased from the supermarket have to be compared
with usual food bills.

* The “time” costs of attending the programmes were also not taken
into account. These costs may be significant and would differ from
one programme to another.

If all the costs had been included and the effectiveness of the inter-
ventions measured, the costs of the programmes might well have been
different.

Economic costs and benefits of obesity treatment in developing countries
No analyses have been made of the economic costs of obesity treat-
ment in developing countries. However, other analyses of the costs of
health interventions show that prevention is more cost-effective than
treatment once disease is diagnosed. In Table 6.4, the costs of a
variety of public health packages (including education, information,
surveillance and monitoring) are compared with those of some pri-
mary care clinical services in developing countries where the major
needs are the treatment of trauma and infection. Low-income devel-
oping countries do not have the resources to provide anything other
than public health and essential clinical services. In middle-income
developing countries, the high costs of discretionary clinical services
(see Table 6.4) mean that the cost of dealing with chronic diseases
exceeds that of all other forms of health care. Thus, it would appear to
be more cost-effective for money spent on obesity and other NCDs to

95




Table 6.4

Allocation of public expenditure on health in developing countries, 1990°

Type of Allocation in Contents of health-retated Cost per
service developing countries packages DALY
(US$ per person (US$)
per year)®
Actual Proposed
Public health 1 5 Immunizations; school health 25
package programmes; tobacco and
alcohol control; health, nutrition
and family planning information;
vector control; STD prevention;
monitoring and surveillance.
Essential 46° 10 Treatment of tuberculosis, STDs; 25-75
clinical infection and minor trauma;
services management of the sick child;
prenatal and delivery care;
family planning; assessment,
advice, and minor pain
alleviation.
Discretionary 13-15 6 All other health services, >1000
clinical including low-cost treatment
services® of cancer, CVD, other chronic
conditions, major trauma, and
neurological and psychiatric
disorders.
Total 21 21

# Source: references 35 and 36.

b Estimates are for all developing countries, i.e. an average of costs in low-income countries
(annual income US$ 350 per capita) and middle-income countries (annual income US$ 2500
per capita). The figures shown should be regarded as approximate.

¢ Based on estimates in World Bank health sector reports, current spending on essential clinical
services is estimated to be 20-30% of total public expenditure on health.

9 Estimated as total cost of overall health packages minus cost of public health and essential

clinical services packages.

be used for prevention rather than for expensive treatments during
the advanced stage of disease.

Public health action to prevent obesity has the added benefit of in-
volving the establishment of new or improved physical and social
structures within a community, many of which can have long-term
positive effects for both current and future generations. Treatment
systems, however, are likely to demand recurrent expenditure as new
cases of obesity emerge, together with the need for either long-term
or repeated treatment. At present, most individuals with excess
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weight gain in developing countries are not treated, and the demand
for medical and dietetic help is expected to rise rapidly. In addition,
limited resources will be diverted to pay for slimming diets and other
aids to weight loss.

In developing countries where NCD epidemics are emerging or accel-
erating, a large proportion of NCD deaths occur in the productive
middle years of life, at ages much younger than those seen in devel-
oped countries. The health burdens attributable to excess weight gain
in societies in transition are likely to be huge because of the absolute
numbers at risk, the large reduction in life expectancy and the fact
that the problem affects, in particular, individuals with a key role in
promoting economic development.
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PART I

Understanding how
overweight and
obesity develop
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71

Factors influencing the development of
overweight and obesity

Introduction

In simple terms, obesity is a consequence of an energy imbalance —
energy intake exceeds energy expenditure over a considerable period.
Many complex and diverse factors can give rise to a positive energy
balance, but it is the interaction between a number of these factors,
rather than the influence of any single factor, that is thought to be
responsible. In contrast to the widely held perception among the
public and parts of the scientific and medical communities, it is clear
that obesity is not simply a result of overindulgence in highly palat-
able foods, or of a lack of physical activity.

The various influences on energy intake and expenditure that are
considered to be important in weight gain and the development of
obesity are considered below. Section 7.2 gives an overview of the
fundamental principles of energy balance, the physiological regula-
tion of body weight and the dynamics of weight gain. Section 7.3
examines the role of dietary factors and physical activity patterns in
weight gain. Section 7.4 discusses the multitude of environmental and
societal forces that adversely affect food intake and physical activity
patterns, and may thus overwhelm the normal regulatory processes
that control the long-term energy balance. Finally, section 7.5 reviews
the various genetic, physiological or medical factors that can deter-
mine an individual’s susceptibility to those forces and that put that
person at higher risk of weight gain and obesity.

The following should be noted:

e Obesity can result from a minor energy imbalance that leads to a
gradual but persistent weight gain over a considerable period. Once
the obese state is established, physiological processes tend to main-
tain the new weight.

e Body weight is primarily regulated by a series of physiological
processes but is also influenced by external societal and cognitive
factors.

¢ Recent epidemiological trends in obesity indicate that the primary
cause of the global obesity problem lies in environmental and
behavioural changes. The rapid increase in obesity rates has oc-
curred in too short a time for there to have been significant genetic
changes within populations.

* The increasing proportion of fat and the increased energy density
of the diet, together with reductions in the level of physical activity
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7.2

and the rise in that of sedentary behaviour, are thought to be major
contributing factors to the rise in the average body weight of popu-
lations. Dealing with these issues would appear to be the most
effective means of combating rises in the level of overweight and
obesity in the community.

¢ The global obesity problem can be viewed as a consequence of the
massive social, economic and cultural problems now facing devel-
oping and newly industrialized countries, as well as ethnic minori-
ties and the disadvantaged in developed countries. Escalating rates
of obesity, NIDDM, hypertension, dyslipidaemia and CVD,
coupled with cigarette smoking and alcohol abuse, are frequent
outcomes of the modernization/acculturation process.

* Epidemiological, genetic and molecular studies in many popula-
tions of the world suggest that there are people who are more
susceptible to weight gain and the development of obesity than
others. Genetic, biological and other personal factors such as smok-
ing cessation, sex and age interact to determine an individual’s
susceptibility to weight gain.

¢ Certain ethnic groups appear to be especially liable to the develop-
ment of obesity when exposed to an affluent lifestyle, although
susceptibilities to obesity comorbidities are not uniform across
these groups.

Energy balance and the physiological regulation of

body weight

The major influences on energy baiznce and weight gain are shown in
Fig. 7.1.

7.2.1 Fundamental principles of energy palance
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The fundamental principle oi energy balance is:
changes in energy stores = energy intake — energy expenditurc

A positive energy balance occurs when energy intake is greater thar
energy expenditure; it promotes an increase in energy stores and boay
weight. Conversely, a negative energy balance occurs when intake is
less than expenditure, promoting a decrease in energy stores anc
body weight.

Under normal circumstances. the energy balance oscillates from meatl
to meal, day to day and wect to week without any lasting change 1
body stores or weight. Muitiisie physiological mechanisms act witliir
each individual to equate overall energy intake with overall eneigy
expenditure and to keep body weight stable in the long teym. This 14



Figure 7.1
Influences on energy balance and weight gain (energy regulation)
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The diagram shows the fundamental principles of energy balance and regulation. A positive
energy balance occurs when energy intake is greater than energy expenditure, and promotes
weight gain. Conversely, a negative energy balance promotes a decrease in body fat stores and
weight loss. Body weight is regulated by a series of physiological processes that have the
capacity to maintain weight within a relatively narrow range (stable weight). It is thought that the
body exerts a stronger defence against undernutrition and weight loss than it does against
overconsumption and weight gain. However, powerful societal and environmental forces
influence energy intake and expenditure, and may overwhelm the above-mentioned physiologi-
cal processes. The susceptibility of individuals to these forces is affected by genetic and other
biological factors, such as sex, age and hormonal activities, over which they have little or no
control. Dietary factors and physical activity patterns are considered to be the modifiable
intermediate factors through which the forces that promote weight gain act.

TEF = thermic effect of food; BMR = basal metabolic rate; CHO = carbohydrate.
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Table 7.1
Energy content of macronutrients

Macronutrient Energy contribution
(kcaly/g) (kJ/g)
Fat 9 37
Alcohol 7 29
Protein 4 17
Carbohydrate 4 16

is only when there has been a positive energy balance for a consider-
able period that obesity is likely to develop.

Energy intake

Total energy intake refers to all energy consumed as food and drink
that can be metabolized inside the body. Table 7.1 shows the energy
content of the constituent macronutrients present in food and drink.
Fat provides the most energy per unit weight, and carbohydrate and
protein the least. Fibre undergoes bacterial degradation in the large
intestine to produce volatile fatty acids that are then absorbed and
used as energy. The size of the energy contribution from fibre is
thought to be 6.3kJ/g (1.5kcal,/g) (1).

Energy expenditure
The second element of the energy balance equation, total energy
expenditure, has the following three main components:

— the basal metabolic rate (BMR);
— dietary thermogenesis (meal-induced heat production);
— physical activity.

The proportion that each component contributes to the total energy
expenditure varies according to the regularity and intensity of physi-
cal activity. In sedentary adults, the BMR accounts for nearly 60% of
total energy output, the dietary thermogenic response for around
10%, and physical activity for the remaining 30%. In those engaged in
heavy manual work, total energy expenditure increases and the pro-
portion of energy expenditure accounted for by physical activity may
rise to about 50%. Dietary thermogenesis appears to remain constant
at 10%, leaving the BMR to account for 40% of the total energy
expenditure. Although the BMR may vary intrinsically between indi-
viduals of similar weight by £25%, within each individual it is tightly
controlled (2). The key variable of energy output in an individual is
the degree of physical activity.



7.2.2 Physiological regulation of body weight

Societal and cognitive factors can influence the control of body weight
to a certain extent, but it is a series of physiological processes that are
primarily responsible for body weight regulation. In traditional soci-
eties, where people tend to be more physically active, and provided
that food supplies are not limited, few adults are either underweight
or overweight despite the interaction of seasonal cycles of work,
festivities, individual susceptibilities to obesity for physiological or
genetic reasons, and the wide range of varying physical demands
within a society. Such physiological mechanisms constitute a funda-
mentally important biological process that can be observed through-
out the animal kingdom. It is thought that the body exerts a stronger
defence against undernutrition and weight loss than it does against
overconsumption and weight gain (3).

The physiological mechanisms responsible for body weight regulation
are incompletely understood. However, there is increasing evidence
of a range of signalling mechanisms within the intestine, the adipose
tissue and brain, and perhaps within other tissues, that sense the
inflow of dietary nutrients, their distribution and metabolism and/or
storage. These mechanisms are coordinated within the brain and lead
to changes in eating, in physical activity and in body metabolism so
that body energy stores are maintained. The recent discovery of the
hormone leptin, which is secreted by adipocytes in proportion to their
triglyceride stores and binds with receptors in the hypothalamus,
provides interesting insights into possible regulatory signal systems
that act to maintain the energy balance. However, much remains to
be elucidated about such systems, some of which are illustrated in
Fig. 7.2.

7.2.3 Dynamics of weight gain

Despite the extensive physiological regulation of body weight out-
lined above, a positive energy balance can lead to weight gain if it
persists in the long term. The initiation of a chronic positive energy
balance is due to an increase in energy intake relative to require-
ments, either as a result of an increase in total energy intake, a
decrease in total energy expenditure, or a combination of the two.
Currently there is little information about the fluctuations in energy
balance that lead to weight gain and obesity. It is possible that large
deviations from energy balance at regular intervals may contribute to
weight gain, but it is believed that a small consistent deviation over a
long period is also capable of producing large increases in body
weight.
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Figure 7.2
Physiological processes involved in body weight regulation
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The diagram shows the interaction between the different mechanisms that affect energy and
body weight regulation within individuals. The brain integrates an array of afferent signals
(nutrient, metabolic, hormonal and neuronal) and responds by inducing changes in food intake,
autonomic nervous system activity, hormonal responses or spontaneous physical activity. The
different components then directly or indirectly determine the proportion of dietary energy
deposited as protein rather than fat.
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Fig. 7.3 shows that the process of gaining weight can be divided into
the following three phases:

® The preobese static phase, when the individual is in long-term en-
ergy balance and weight remains constant.

® The dynamic phase, during which the individual gains weight as a
result of energy intake exceeding energy expenditure over a pro-
longed period.

* The obese static phase, when energy balance is regained but weight
is now higher than during the preobese static phase.

The dynamic phase can last for several years and often involves
considerable fluctuations in weight (weight cycling) as a result of
conscious efforts by the individual to return to a lower weight. How-
ever, in the absence of intervention, the difference between energy
intake and energy expenditure progressively diminishes. This is due
to an increase in BMR as a result of the larger fat-free mass (including
that in the expanded adipose tissue) as well as to an additional energy



Figure 7.3
Effect on energy expenditure, energy balance and body weight of an increase in

energy intake relative to requirements®
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A persistent increase in energy intake above requirements will lead to a gradual gain in body
weight. However, the size of the energy imbalance progressively diminishes as weight is
gained, because of an increase in metabolism associated with the larger fat-free mass and the
expanded adipose tissue. A new higher equilibrium weight is eventually established that is
again defended by physiological mechanisms. Thus, it is harder to lose the weight gained than
it is to experience a second cycle of increasing body weight shouid, for example, a fall in
physical activity occur at the same time as a further period of prolonged positive energy
balance.

: Adapted, with permission, from: Schutz Y. Macronutrients and energy balance in obesity.
Metabolism, 1995, 4(9 Suppl. 3):7-11 (reference 4).

cost of activity imposed by the extra weight (5). There may also be an
increase in resting metabolic rate (RMR) with overfeeding (6).

Once the obese static phase is established, the new weight appears to
be defended. This can best be shown by the response of obese indi-
viduals to underfeeding; they show a fall in metabolic rate as the body
recognizes the loss of energy (7) and an unconscious physiologically
driven increase in energy intake (8).

7.2.4 Implications for public health
Given the global epidemic of obesity, the aim should be:

— to identify the environmental factors, including societal changes,
that have overwhelmed the physiological regulatory processes
outlined above;
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— to determine whether some individuals are more susceptible to
those influences for medical, behavioural or genetic reasons.

Dietary factors and physical activity patterns

Dietary factors and physical activity patterns strongly influence the
energy balance equation and can be considered to be the major modi-
fiable factors through which many of the external forces promoting
weight gain act (Fig. 7.1). In particular, high-fat, energy-dense diets
and sedentary lifestyles are the two characteristics most strongly asso-
ciated with the increased prevalence of obesity worldwide.

Dietary factors

Macronutrient composition

Laboratory experiments in animals and clinical studies in humans
have repeatedly shown that dietary factors, particularly the level of
fat and energy intake, are strongly and positively associated with
excess body weight. By contrast, population-based studies of diet and
obesity have reported inconsistent results. Such inconsistencies have
been attributed to a number of factors, including weaknesses in study
design, methodological flaws, confounders, and random and/or sys-
tematic measurement error in the data, especially the dietary data (9).
Thus, in population studies that pay careful attention to the determi-
nants of obesity, a positive association is observed between dietary
factors and obesity identical with those found in animal models and
human clinical studies (10).

Energy intake. Dietary fat has a higher energy density than other
macronutrients (see Table 7.1, p. 104 and Table 7.2, p. 111). This is
thought to be largely responsible for the overeating effect, or passive
overconsumption as it is often called, experienced by many subjects
exposed to high-fat foods (3). The stimulatory effect of fatty foods on
energy intake may also be due to the pleasant mouth-feel of fat when
eaten (11).

The body does compensate for the overconsumption of energy from
high-fat foods to some extent, but the fat-induced appetite control
signals are thought to be too weak, or too delayed, to prevent the
rapid intake of the energy from a fatty meal. Episodic intakes of high-
fat foods are therefore particularly likely to overwhelm these signals,
and the control of food intake thus depends on long-term regulatory
processes that seem much less able to respond to overfeeding than to
underfeeding with weight loss. Fibre, by contrast, limits energy intake
by lowering a food’s density and allowing time for appetite-control
signals to occur before large amounts of energy have been consumed

3).



There is no clear evidence to suggest that high intakes of sugar over-
whelm the appetite-control signals in the same manner as fat. How-
ever, there is some indication from short-term feeding trials that ad
libitum low-fat high-complex-carbohydrate diets of low energy den-
sity induce weight loss. This does not occur on energy-dense diets,
regardless of whether the energy density has been increased by modi-
fying the fat content or the sugar content of the diet (12). Further
studies are required before any conclusions can be drawn from this
work.

Energy storage and macronutrient balance. The macronutrient composi-
tion of the diet also influences the extent to which excess energy is
stored, depending on the storage capacity within the body of the
macronutrients concerned, those macronutrients with a low storage
capacity within the body being preferentially oxidized when intakes
exceed requirements:

* Alcohol: no storage capacity within the body and so all ingested
alcohol is oxidized immediately. This response dominates oxidative
pathways and reduces the rates at which other fuels are oxidized.

* Protein: limited storage capacity as body protein, which is acces-
sible only through loss of lean body mass. Amino-acid metabolism
is tightly regulated to ensure the oxidation of any excess.

® Carbohydrate: small capacity for storage as glycogen. The intake
and oxidation of carbohydrate are very tightly “autoregulated”,
rapid and substantial changes in carbohydrate oxidation taking
place in response to alterations in carbohydrate intake. Excess
carbohydrate can also be converted into fat, but this metabolic
pathway is not used by humans to any appreciable extent unless a
large excess of a low-fat, high-carbohydrate diet is consumed.
When carbohydrate is oxidized, however, less fatty-acid oxidation
is required so that dietary fat is stored and endogenous fat retained.
About 60-80% of the excess energy may be stored on carbohydrate
overfeeding (13).

e Fat: the capacity for fat storage in the body is virtually unlimited
and excess dietary fat does not markedly increase fat oxidation.
Excess dietary fat is readily stored in adipose tissue depots with a
very high efficiency (about 96%).

Thus, the bulk of the evidence suggests that carbohydrate and protein
balances, but not fat balance, are well regulated. It is becoming clear
that weight changes following challenges to body weight are due
primarily to disruptions in fat balance, as these account for most of
the imbalance produced in total energy (13-19).
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In the long term, however, fat balance has to be regulated in order to
achieve energy and macronutrient balance. Achieving fat balance
again following a perturbation in energy balance is thought to require
a change in the body fat mass. This may be because fat oxidation
varies directly with body fat mass (20), but the way in which fat mass
and total fat oxidation are linked is not clear. As an example, an
increase in dietary fat without a rapid change in fat oxidation will
produce a positive fat balance and hence lead to increases in body fat
mass. As body fat mass increases, fat oxidation also increases. Fat
mass will increase to the point at which fat oxidation matches fat
intake, and the body fat mass will then stabilize at the new, higher,
level.

Food palatability and pleasure. The palatability of food has an impor-
tant influence on behaviour (3). Food palatability tends to promote
consumption and is one of the most powerful influences in inducing a
positive rather than a negative energy balance. It increases both the
rate of eating and the sense of hunger during and between meals. The
presence of fat in food is particularly enjoyable, and is associated with
a pleasurable mouth-feel. The food industry has capitalized on this
phenomenon by developing foods of increasing palatability. More-
over, the pleasurable sensations provided by foods can be viewed as a
reward by those consuming them and can condition behaviour that
favours overconsumption.

Sweetness is one of the most powerful, easily recognized and pleasur-
able tastes, so that many foods are sweetened in order to increase
their palatability and consumption. The consumption of sugars does,
however, lead to a subsequent suppression of energy intake by an
amount roughly equivalent to the amount provided by the sugars
(21). Nevertheless, sweetened foods of high fat content are expected
to be conducive to excess energy consumption since palatability is
enhanced both by sweetness and mouth-feel, and fat has only a small
suppressive effect on appetite and intake. A preference for sweet—fat
mixtures has been observed in obese women and may be a factor in
promoting excess energy consumption (22).

Overview of macronutrient influence on body weight regulation. Table 7.2
summarizes the main characteristics of the macronutrients. Fat ap-
pears to be the key macronutrient that undermines the body’s weight
regulatory systems since it is very poorly regulated at the level of both
consumption and oxidation. There is currently no consensus regard-
ing the role of sugar intake on body weight regulation but there is
some concern that the overconsumption of sweet—fat foods may be a



Table 7.2
Characteristics of macronutrients

Characteristic Protein Carbohydrate Fat
Ability to bring eating to an end High Intermediate Low
Ability to suppress hunger High High Low
Contribution to daily energy intake Low High High
Energy density Low Low High
Storage capacity in body Low Low High
Metabolic pathway to transfer excess Yes Yes No
intake to another compartment
Autoregulation (ability to stimulate own Excelient Excellent Poor

oxidation on intake)

problem, at least in certain subgroups of the population. Finally,
although high protein intakes may appear to be advantageous in
controlling energy intake and contributing to good body weight regu-
lation, such intakes (especially of animal protein) have been associ-
ated with a number of adverse health consequences.

Dietary patterns

Daily eating pattern. Research on eating patterns and health has fo-
cused mainly on fluctuations in blood glucose and blood lipid concen-
trations throughout the day, particularly in the context of the control
of NIDDM. There does appear to be some advantage in nibbling
versus gorging under isocaloric conditions from the point of view of
glycaemic control and hypertriglyceridaemia (23). However, in at
least one controlled study, there was no effect of meal patterns on
energy metabolism and energy balance (24).

Under free-living conditions, meal patterns vary widely across popu-
lations and cultures. Regular (high-fat) snacking has been associated
with increased overall dietary intake in affluent societies, but this
conclusion remains controversial (25). Other evidence from affluent
societies suggests that dietary restraint and slimming leads to skipping
breakfast and that this may result in overconsumption later in the day
(26). Some people exhibit additional eating during the night, possibly
as part of a night-eating syndrome (27) that is associated with obesity,
although the mechanism underlying this association is not known.
Recently, in a study in obese people trying to lose weight, it was found
that the prognosis of weight loss was better in women who ate more
and smaller meals than in those who ate fewer but larger meals.'

' Astrup A. ed. Food and eating habits, 1996. Background paper prepared by the Food
and Eating Habits subgroup of the International Obesity Task Force.
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Eating disorders. Eating disorders, particularly those that result
in excess energy intake relative to requirements, have been impli-
cated in the development of obesity. However, it is uncertain whether
obesity is a direct result or an underlying cause of such disorders. For
a more detailed discussion of eating disorders, including binge-eating
disorder and night-eating disorder, see section 4.10.4.

7.3.2 Physical activity patiterns
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Cross-sectional data often reveal an inverse relationship between
BMI and physical activity (28-31), indicating that obese and
overweight subjects are less active than their lean counterparts. How-
ever, such correlations do not demonstrate cause and effect relation-
ships, and it is difficult to be certain whether obese individuals are less
active because of their obesity or whether a low level of activity
caused the obesity. Results of other types of study, however, suggest
that low and decreasing levels of activity are primarily responsible; for
instance, obesity is absent among elite athletes while those athletes
who give up sports frequently experience an increase in body weight
and fatness (32-35). Furthermore, the secular trend in the increased
prevalence of obesity seems to parallel a reduction in physical activity
and a rise in sedentary behaviour. One of the best examples of this is
provided by Prentice & Jebb (36), who used crude proxies for inactiv-
ity, such as the amount of time spent viewing television or the number
of cars per household. These studies all suggest that decreased physi-
cal activity and/or increased sedentary behaviour plays an important
role in weight gain and the development of obesity. This conclusion is
further supported by prospective data. Dietz & Gortmaker (37), for
example, have shown that the amount of television watching by young
children is predictive of BMI some years later, while Rissanen et al.
(34) have shown that a low level of physical activity during periods of
leisure in adults is predictive of substantial weight gain (=5kg) in 5
years’ time. More prospective data will help to clarify this relation-
ship, but it seems reasonable to link physical inactivity with future
weight gain.

Physical activity patterns have an important influence on the physio-
logical regulation of body weight. In particular, they affect total en-
ergy expenditure, fat balance and food intakes. Box 7.1 outlines the
different components of “physical activity” and defines “physical in-
activity”. Box 7.2 introduces the concept of physical activity levels
(PALs).

Contribution of physical activity to total energy expenditure
Increased energy expenditure is an intrinsic feature of physical activ-
ity and exercise. Energy requirements increase from basal levels



Box 7.1
Physical activity

Physical activity is a global term referring to “any bodily movement
produced by skeletal muscle that results in a substantial increase over
the resting energy expenditure”. It has three main components (38):

» Occupational work: activities undertaken during the course of work.

» Household and other chores: activities undertaken as part of day-to-
day living.

» Leisure-time physical activity. activities undertaken in the individual’s
discretionary free time. Activity is selected on the basis of personal
needs and interests. It includes exercise and sport:

— Exercise: a planned and structured subset of leisure-time physical
activity that is usually undertaken for the purpose of improving or
maintaining physical fitness.

— Sport: defined differently around the world but usually implies a form
of physical activity that involves competition. It may also embrace
general exercise and a specific occupation.

The time allocated to each of the three components varies considerably
between individuals and populations.

Physical inactivity (sedentary behaviour)

Physical inactivity, or sedentary behaviour, can be defined as “a state
when body movement is minimal and energy expenditure approximates
RMR” (39). However:

* Physical inactivity represents more than an absence of activity; it also
includes participation in physically passive behaviours such as televi-
sion viewing, reading, working at a computer, talking with friends on the
telephone, driving a car, meditating or eating (40).

Physical inactivity may contribute to weight gain through means other
than a reduction in energy expenditure. For example, recent studies in
adolescents (47) and adults (42) have demonstrated significant rela-
tionships between inactivity and other adverse health practices, such
as the consumption of less healthy foods and an increased fat intake.

immediately after the initiation of physical activity, and the increase
persists for the duration of the activity. The total amount of energy
expended depends on the characteristics of the physical activity
(mode, intensity, duration and frequency) and of the individual per-
forming the exercise (body size, level of habituation and fitness).
These relationships have been extensively reviewed in the literature
(43), and tables providing approximate values of the energy costs of
various physical activities are widely available.
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Box 7.2
Physical activity levels

Physical activity level (PAL) values express daily energy expenditure as
a multiple of BMR, thereby allowing approximate adjustment for individu-
als of different sizes. PALs are a universally accepted way of expressing
energy expenditure and help to convey an easily understandable
concept.

Individuals whose occupation involves regular physical exercise are likely
to have PAL values of 1.75 or more. Those whose lifestyle involves only
light occupational and leisure-time activity will probably have PAL values
of 1.55-1.60. People who engage in no activity whatsoever will have PAL
values around 1.4.

In order to avoid obesity, populations should remain physically active
throughout life, at a PAL value of 1.75 or more. Thus:

Lifestyle PAL
Sedentary 1.4
Limited activity 1.55-1.60
Physically active 21.75

Some ways in which PAL can be increased from 1.55-1.60 to 1.75 or
more by an extra hour of moderate activity each day are shown below.
More strenuous activities require less than 1 hour each day to bring the
overall average PAL up to 1.75.

Duration Activity ratio®  Activity

1 hour 4-5 Brisk walk (6 km/h), canoeing
(5km/h}; cycling (12 km/h),
gardening; baseball; volleyball

45 minutes 6—7 Cross-country hiking; cycling
(15km/h); skating (14 km/h); water
skiing; dancing; snow-shoeing

30 minutes 10-12 Any vigorous activity, e.g. football;
hockey; running (13km/h); rugby;
handball; basketball (competition)

@ Activity ratio = multiple of BMR.

If exercise is vigorous, oxygen consumption remains elevated above
resting levels for some time after exercise ceases. This metabolic
response is called the “excess post-exercise oxygen consumption”
(EPOC) and is due to the need to restore energy reserves, especially
glycogen levels in liver and muscles. Compared with the energy cost
of exercise itself, however, the contribution of EPOC is likely to be
modest. In a recent study, it was estimated that, after 2 hours’ exercis-
ing at a moderate intensity, it accounted for an extra 200kJ/day



(48kcal,/day) when averaged over 24 hours (44). Although this is
quite small in terms of total daily energy expenditure, it has the
potential to help maintain energy balance if exercise is undertaken
regularly.

In addition to the immediate energy costs of increased physical activ-
ity and of the recovery period (i.e. EPOC), habitual exercise may
influence several other components of energy expenditure including
RMR. Although this area of research is still the subject of contro-
versy, several recent studies have provided evidence for a positive
association between activity levels and RMR (45). As the increase in
the RMR is lost after several days of inactivity, this highlights the
benefit of regular and sustained exercise patterns (46). Moreover,
resistance exercise such as weight training may contribute to the
maintenance of, or to an increase in, muscle mass, thereby favouring
an elevation of the RMR or preventing a decrease in metabolic rate in
the presence of weight loss (47).

Energy expenditure across the world

There is a widespread belief that daily life in less developed countries
demands a much greater physical effort; for instance, a woman in a
developing country spends 30-150 minutes every day of her life
simply fetching water (48), and walks while attending to her daily
chores for up to 1.5 hours. However, it is difficult to get accurate
assessments of energy expenditure in free-living conditions; where
developed and developing countries have been compared, few differ-
ences have been found (49). One explanation offered for this appar-
ent discrepancy is that adults in less developed countries compensate
by being inactive whenever possible; in Ethiopia, for example, energy
expended on physical activity decreases in the post-harvest season
(50). Secondly, the curtailment of physical activity in order to save
energy represents the first line of defence against energy stress caused
by insufficient dietary energy. Such a behavioural response can be
illustrated by poorly nourished Rwandan women, who spend more
time in low-cost activities than their better nourished counterparts
(51). Overall, however, it is reasonable to conclude that people in less
developed countries who spend a considerable portion of their time in
finding food for their next meal and on personal chores are expending
more energy in work and physical activity for a given body size than
those in more developed countries.

Effect of physical activity on fat and substrate balance
Regular physical activity and substrate balance. One of the most impor-

tant adaptations to regular exercise is the increased capacity to use fat
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rather than carbohydrate during moderate physical activity. These
differences become considerable when the exercise is maintained
over a longer period; physically trained individuals metabolize more
fat at given levels of energy expenditure than the untrained. It has
been shown, for example, that the rate of fat oxidation in a group of
unfit individuals increased by approximately 20% after a 12-week
fitness training programme (52).

Of particular relevance is the observation that regular moderate
physical exertion allows free-living volunteers to consume ad libitum
a 40% fat diet without storing excess fat, whereas the same individu-
als, when sedentary, are in positive fat and energy balance and thus
have a greater risk of becoming overweight and obese with time. If,
however, they are offered a 20% fat diet, they remain in balance even
when sedentary (53). Although these physiological studies should be
interpreted with caution, they are of profound significance because
they suggest a fundamental interaction between the level of physical
activity and the proportion of dietary fat in determining whether
energy balance can be sustained. The precise level of dietary fat that
overwhelms the body’s capacity to increase fat oxidation in response
to increases in exercise and the extent to which this dietary fat level
varies between individuals are unknown. However, it is thought that
people who sustain moderate or high levels of physical activity
throughout life can tolerate diets with a high fat content (e.g. 35-40%
of energy) whereas lower fat intakes (20-25% of energy) may be
needed to minimize energy imbalance and weight gain in sedentary
individuals and societies. Thus, since most people in developed coun-
tries are sedentary, it is reasonable to assume that fat balance is
achieved at a level of fat intake of 30% or less. In developing coun-
tries, the level of dietary fat compatible with fat balance may be
higher as a result of the amount of energy expended on work and
personal chores.

Exercise intensity and substrate balance. The metabolic responses to
low- and high-intensity physical activity are very different. The extent
to which fat and carbohydrate contribute to energy metabolism de-
pends on the intensity level of the activity; fat is preferentially oxi-
dized during low-intensity activity whereas carbohydrate is the
dominant fuel at high intensity. In theory, the highest relative level of
fat oxidation occurs when adults are moderately active at around 50—
60% of maximum. In addition, theoretical calculations suggest that
multiple bouts of intense exertion are better stimuli for fat oxidation
than the equivalent energy use through more prolonged low-activity
levels (54). The important point to remember is that the number of
grams of fat oxidized during activity increases with the intensity and



the duration of the activity, despite the fact that the proportion of fat
in the mixture of fuel oxidized for muscular contraction may decrease
at higher intensities. It should also be kept in mind that fat is oxidized
not only during the activity but also in the recovery period.

Impact of physical activity on food intake and preference

Food intake. There is a common perception that exercise stimulates
appetite, leading to an increased food intake that even exceeds the
energy cost of the preceding activities. In fact, there is little support-
ing evidence for this from human studies; if a compensatory rise in
intake does occur, this tends to be accurately matched to expenditure
in lean subjects so that energy balance is re-established in the long
term (54, 55). However, Woo et al. (56) showed that obese women did
not compensate for the higher energy expenditure induced by exer-
cise by increased intake, and thereby obtained a significant negative
energy balance on exercise. This suggests that those who have stored
an excess amount of energy may particularly benefit from exercise.

In the short term, hunger can be suppressed by intense exercise, and
possibly by low-intensity exercise of long duration (54). The effect is
short-lived, however, so that the temporal aspects of exercise-induced
anorexia may best be measured by the delay in eating rather than the
amount of food consumed (57).

Food preference. Whether exercise influences the type of food and the
mix of macronutrients chosen by free-living subjects remains uncer-
tain. In a small number of longitudinal studies, a higher intake of
carbohydrate-rich foods has been observed with an increase in PAL
(58), and a significant positive relation was recently found between
the level of PAL and carbohydrate intake in a diet intervention study
(59). However, it is not known whether dictary advice on optimum
sport nutrition or physiological needs helps to initiate such dietary
changes (54).

More information is needed in order to assess the value of a higher
intake of carbohydrate-rich foods in the general population in whom
changes in the level of physical activity are relatively small.

Physical activity levels for prevention of excessive weight gain

Analyses of over 40 national physical activity studies worldwide show
that there is a significant relationship between the average BMI of
adult men and their PAL, the likelihood of becoming overweight being
substantially reduced at PALs of 1.8 or above (see Box 7.2, p. 114, for
information on PALs). The relationship for women, though not statis-
tically significant, is similar, but their physical activity tends to be lower

117



7.4

(mean PAL 1.6) (49). It has been suggested, therefore, that people
should remain physically active throughout life and sustain a PAL of
1.75 or more in order to avoid excessive weight gain. Sedentary people
living or working in cities typically have a PAL of only 1.55-1.60, and
PALs in industrialized societies are drifting downwards.

People who make extensive and increasing use of motorized trans-
port, automated work and sedentary leisure pursuits, may find it
difficult to attain PAL levels at or above 1.75 simply by increasing
activity during “leisure time”. This is illustrated by the calculations of
Ferro-Luzzi & Martino (49), who showed that, for an average 70-kg
adult male, increasing a PAL of 1.58 to one of about 1.70 involves an
average of 20 minutes a day of vigorous exercise, such as running or
circuit training at an activity ratio of 11 (a level of activity achievable
only by a physically fit person), or else 1 hour of extra walking every
day. Increasing a PAL of 1.58 to one of 1.76 requires approximately 1
hour and 40 minutes of extra walking (at 4km/h) per day (Fig. 7.4). As
these activity requirements are additional to a 24-minute period of
“active leisure” (12 minutes of sports and 12 minutes of walking)
already required for a PAL of 1.58, it follows that urban sedentary
populations are likely to attain a PAL of 1.75 or more only if sup-
ported by vigorous national policies that encourage physical activity.
For example, these should encourage children to be active at play and
school, and should create environments in which walking and cycling
become the most common means of travel to work and for short
journeys.

Environmental and societal influences

As previously mentioned, the rapid increase in obesity rates in recent
years has occurred in too short a time for there to have been any
significant genetic changes within populations. This suggests that the
primary cause of this increase must be sought in the environmental
and societal changes now affecting a large proportion of the world’s
population.

This section discusses the environmental and societal factors that,
through their effects on food intake and physical activity patterns,
have overwhelmed the physiological regulatory processes that oper-
ate to keep weight stable in the long term. The societal changes
that influence food intake and physical activity are also briefly
considered.

7.4.1 Changing societal structures
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The trend towards industrialization and an economy based on trade
within a global market in most of the developing countries has



Figure 7.4
Active leisure required to achieve an overall mean PAL of 1.76°
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This model of the nature, duration and timing of active leisure required to achieve an overall
mean PAL of 1.76 is based on the activity profile of the average Italian adult male, aged 30-60
years (60). He is assumed to weigh 70 kg and to have a predicted BMR of 1690 kcal,/day. He
is sedentary, being employed in a light-activity job (BMR factor = 1.60 (67)), and he spends
only 24 minutes per day in active leisure (made up of 12 minutes’ sports and 12 minutes’
walking) at an overall BMR factor of 5.0. The other 252 minutes are spent in passive leisure
(BMR factor 1.94). Increasing his daily walking time (speed 4 km/h, BMR factor 4.0) to 111
minutes raises his daily PAL to 1.76. The extra 99 minutes of walking time have been taken
from the 252 minutes of passive leisure time; more specifically, it has been assumed that he
would replace all the time spent watching television (90 minutes) and 9 minutes spent reading
by walking.

Adapted from reference 49 with the permission of the publisher. Copyright John Wiley & Sons
Ltd.

brought about a number of improvements in the standard of living
and in the services available to the population. However, it has also
had various negative consequences; these have led, directly and indi-
rectly, to deleterious nutritional and physical activity patterns that
contribute to the development of obesity. Changing societal struc-
tures resulting from this economic transition have given rise to new
problems associated with unemployment, overcrowding, and family
and community breakdown. Social dislocation has often followed the
loss by indigenous populations of traditional lands that are then used
for production for the export market (62).
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The food system that has emerged today is based on an industrial
approach to agriculture and food production, makes most foods avail-
able regardiess of season, and supplies highly processed outputs.
While this may have contributed to improved food availability, it has
not necessarily solved the problem of undernutrition in many of the
poorer countries, nor has it improved the nutritional quality of the
diets of the affluent (63). Indeed, some aspects of the industrialization
of food production have contributed to the consumption of a diet
higher in protein and fat (particularly saturated fat) and lower in
complex carbohydrate.

The decline in energy expenditure seen with modernization and other
societal changes is associated with a more sedentary lifestyle in which
motorized transport, mechanized equipment, and labour-saving de-
vices both in the home and at work have freed people from physically
arduous tasks (Table 7.3). Work-related activity has declined over
recent decades in industrialized countries, while leisure time domi-
nated by television viewing and other physically inactive pastimes has
increased (49). In the United Kingdom, for instance, the average
distance walked by English children aged 14 years and younger fell by
20% between 1985 and 1992, and the average distance cycled fell by
26%, while the average distance travelled by car increased by 40%
(64). The dangers of traffic and fears for personal safety have also
influenced the decline of play in public areas.

Some of the key changes in societal structures that are thought to
underlie the observed adverse changes in dietary and physical activity
patterns implicated in the rapid global rise in obesity are considered
below.

Modernization

Most adults who still have a “traditional” lifestyle appear to gain little
or no weight with age. Anthropometric studies have reported an
absence of obesity in the few remaining hunter—gatherer populations
of the world, since energy expenditure is generally high and food
supplies are scarce in certain periods of the year (70). For the majority
of the world’s population, however, the process of “modernization”
has had a profound effect on the environment and on lifestyles over
the last 50-60 years.

Food is now more abundant and the overall energy demand of mod-
ern life has dropped appreciably. These changes have subsequently
been associated with dramatic increases in obesity rates. Indeed,
Trowell & Burkitt, who carried out 15 case-studies of epidemiological



Table 7.3

Examples of energy-saving activity patterns in modern societies

Transport

In the home

In the workplace

Public places

Sedentary pursuits

Urban residence

Dramatic increases in car ownership mean that many people
now travel short distances by car rather than walking or cycling
to their destination.

Easily available fuel supplies obviate the need to collect and
prepare fuels for lighting and heating; central heating has
reduced the need to expend energy on thermoregulation.
Energy expenditure is also reduced through the use of cooking
eguipment and ready-prepared foods/ingredients in meal
preparation. Use of washing machines and vacuum cleaners
makes for easier and quicker cleaning.

Mechanization, robotics, computerization and control systems
have markedly reduced the need for even moderate activity,
and only a very small proportion of the population now engages
in physically demanding manual work.

Lifts, escalators and automatic doors are all designed to save
substantial amounts of time and energy.

Television viewing is a major cause of inactivity, especially in
the obese (65). Data from the USA show that it was strongly
related to the incidence of new cases of obesity and to the
failure of obese children to lose weight (37). These results are
consistent with those of recent research showing that there
were notable reductions in obesity when reductions in television
viewing time were included in a dietary and activity intervention
(66). The average person now watches over 26 hours of
television a week in the United Kingdom, compared with 13
hours in the 1960s (67); children in the USA can spend more
time watching television than attending school (68). Data are
needed from other countries and for other sedentary pursuits
such as computer use.

In urban areas of more affluent countries, children, women and
older people are reluctant to go out alone or at night because
of fears for their personal safety. Children also have difficulty in
playing on streets in residential areas because of traffic trying
to bypass congested main roads (69). For active leisure
pursuits, children and adults therefore usually travel by car to
sports facilities or to the open country as “special” outings
rather than taking exercise routinely as a part of their daily
lives. Further research is needed in this area to determine the
relative importance of such factors, and whether or not they
have an impact on obesity.

change in modernizing societies, report that obesity is the first of the
so-called “diseases of civilization” to emerge (77). While early studies
concluded that obesity usually emerged first in middle-aged women
and then in middle-aged men, particularly among the more affluent
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groups, in the last decade it has become clear that obesity is increas-
ingly being seen in much younger age groups, e.g. in children and
adolescents. Trend or longitudinal data generally indicate that steady
increases in the rates of obesity are greater in urban areas (72).
However, a recent report from Samoa noted a dramatic increase in
obesity prevalence of 297% in men and 115% in women in a rural
community (73). This was clearly apparent even in the 25-34-year age
group in both sexes.

New World syndrome. Obesity can be seen as the first wave of a defined
cluster of NCDs now observed in both developed and developing
countries. This has been called the “New World syndrome” (74) and
is already creating an enormous socioeconomic and public health
burden in poor