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ADVANCED NUTRITION AND DIETETICS BOOK SERIES

Dietary recommendations need to be based on solid evidence, but where can you find this information? 
The British Dietetic Association and the publishers of the Manual of Dietetic Practice present an essential 
and authoritative reference series on the evidence base relating to advanced aspects of nutrition and dietetics 
in selected clinical specialties. Each book provides a comprehensive and critical review of key literature in 
the area. Each covers established areas of understanding, current controversies and areas of future develop-
ment and investigation, and is oriented around six key themes:

 • Disease processes, including metabolism, physiology and genetics
 • Disease consequences, including morbidity, mortality and patient perspectives
 • Clinical investigation and management
 • Nutritional consequences of disease
 • Nutritional assessment, including anthropometric, biochemical, clinical, dietary, economic and social 

approaches
 • Nutritional and dietary management of disease

Trustworthy, international in scope, and accessible, Advanced Nutrition and Dietetics is a vital resource for 
a range of practitioners, researchers and educators in nutrition and dietetics, including dietitians, nutritionists, 
doctors and specialist nurses.
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Obesity, which is often described using terms such 
as fat, stout or corpulent, is in fact derived from the 
Latin word obesus. Obesity is a disease, and as such 
has had an International Classification of Disease 
code since just after World War II. Despite having 
the status and recognition as a disease, obesity 
treatment has often been overlooked as a regular 
component of medical management. Comorbidities 
associated with obesity, such as type 2 diabetes, 
hypertension and hyperlipidaemia, have themselves 
been treated, while interventions that aim to reduce 
body weight are less rigorously and consistently 
employed.

The first clinical guidelines for obesity were pub-
lished in 1996, advocating roles and responsibilities 
for a range of health professionals  –  including 
doctors (general practitioners/family physicians), 
nurses and dietitians  –  to manage obesity. In the 
light of these clinical guidelines, researchers sought 
the views of health professionals whose practice 
was either in the community (primary care) or in a 
speciality based in a hospital (secondary care). 
Hospital consultants across all specialities agreed 
that effective weight management could, without 
exception, improve treatment outcomes. However, 
none had a treatment protocol in place, suggesting 
that obesity management was ad hoc. A majority 
felt unable to resource weight management, sug-
gesting that community (primary care) and general 
practice were more suitable as locations for treat-
ment. General practice staff, general practitioners 
and practice nurses also felt that reduction in body 
weight would improve the health of many adults 
who consulted them. Once more, they themselves 
felt unable, for the same reasons, to address the 
need for weight loss as part of their care. Many 
considered obesity an inevitable result of aging, an 

intractable and persistent condition and a time‐
consuming issue that they were unable to treat 
effectively. Any treatments they considered were 
long term, resource intensive and only poorly effec-
tive. Sadly, these data from the 1990s have been 
replicated many times.

Advanced Nutrition and Dietetics in Obesity 
takes on the huge task of describing the aetiology 
of obesity across the life course. There are large 
sections devoted to the disease in children and in 
adults. Treatments including surgical, pharmaco-
logical and lifestyle interventions are considered. 
Prevention of weight gain and obesity, the role of 
the environment, new town design and transport 
policy too are discussed. The occurrence of obesity 
has reached epidemic proportions worldwide, and 
this text aims to provide the reader with a broad 
understanding of the multifactorial causes of exces-
sive and unwanted weight gain. After reading this 
book, I hope the reader will feel that obesity is not a 
simple problem, but a global phenomenon that is 
multifactorial in nature, requiring a multidisciplinary 
approach for management and prevention. Much 
effort, commitment and research are still required to 
challenge this chronic and persistent disease.

This book is aimed at all those whose work 
embraces any aspect of obesity. This includes clini-
cians, researchers, public health experts, educators 
and health economics specialists. Those undertak-
ing further studies in health and disease too may 
find this a useful reference and resource.

Catherine Hankey PhD RD
Senior Lecturer in Human Nutrition

University of Glasgow, UK
Editor

Advanced Nutrition and Dietetics in Obesity

Preface



x   Preface

This book is the third title in a series (Advanced 
Nutrition and Dietetics Book Series) commissioned 
as part of a major initiative between the British 
Dietetic Association and Wiley. Each book in the 
series provides a comprehensive and critical review of 
the key literature in a clinical area. Each book is 
edited by one or more experts who have themselves 
undertaken extensive research and published widely 
in the relevant topic area. Each book chapter is written 
by experts drawn from an international audience 
and from a variety of disciplines as required of the 
relevant chapter (e.g. dietetics, medicine, public health, 
psychology, biomedical sciences). A future title in 
this series will cover nutritional support.

The editor and I are proud to present the third title 
in the series, Advanced Nutrition and Dietetics in 

Obesity. We hope that it will impact on health 
professionals’ understanding and application of nutri-
tion and dietetics in the management and prevention 
of obesity. Effective weight management improves 
the health of both adults and children. Prevention of 
the chronic weight gain of adulthood in many parts 
of the world are essential, and approaches to address 
this issue so far are discussed.

Kevin Whelan PhD RD FBDA
Professor of Dietetics

King’s College London, UK
Series Editor

Advanced Nutrition and Dietetics Book Series



This book is a very timely synthesis of the dimen-
sions of the problems of obesity and how to manage 
them in what is rapidly now becoming the most 
intractable issue in both clinical management and 
public health across the globe. This book, written 
by contributors from the UK, Europe and throughout 
the world, comes at a time when it looks as though 
politicians are finally waking up to the fact that 
health services are already overwhelmed by the 
numbers of people with multiple obesity‐related 
conditions. As healthcare professionals become 
ever more sophisticated at coping with the immedi-
ate risk factors of type 2 diabetes and cardiovascular 
disease, we still see most clinical teams neglecting 
obesity as the underlying driver, with all its proxi-
mal causes. Given the magnitude of the currently 
escalating health burden, it is timely that this book, 
essentially geared to the clinical teams involved in 
obesity prevention and treatment, is now published. 
The descriptions cover the full range of new ideas 
and evidence of both the underlying pressures on 
the majority of our population and how to begin 
to effectively manage such a challenging organisa-
tional and multidimensional problem.

Many of these expert contributors have decades of 
experience in trying to establish effective approaches 
to the management and prevention of obesity. The 
historical account emphasises the struggle that 
has gone on for decades, with the first semi‐official 
reports on appropriate clinical schemes for manag-
ing the problem only emerging 20 years ago in both 
Scotland and the USA. Much of the drive, as is 
usual in medical management, has come with the 
search for suitable pharmacological strategies; 
nevertheless, as other chapters emphasise, the neglect 
of the transformation of both the dietary modifica-
tion and physical activity required necessitates not 

only an understanding of the underlying features 
of appetite control but also the need for routine 
physical activity incorporated into most individuals’ 
normal habits. There are very authoritative accounts 
of the genetic, endocrinological and clinical aspects 
of the epidemic in adults as well as in children, in 
whom obesity only emerged in the last 20 years as a 
major burden in paediatric practice. Although the 
childhood obesity epidemic seems to be slowing in 
many European countries, the overall prevalence of 
childhood overweight and obesity are still horrifying. 
Hence, we can expect to see vicious combinations 
of genetic and epigenetic influences as these 
children and the next generation enter adulthood, 
with their clinical care becoming ever more diffi-
cult. Thus, young overweight women now entering 
pregnancy seem unaware of the challenges that new 
research suggests lies in wait for their families and 
family practitioners. With rapidly rising rates of 
gestational diabetes, especially in Europe’s ethnic 
minorities, we are already witnessing far earlier 
onsets of adult abdominal obesity and type 2 diabe-
tes, with its sustained challenges for maintaining 
medical care of chronically sick patients. The 
chapters on the co‐morbidities should therefore 
help to amplify a broader approach to the manage-
ment of an array of risk factors, and this book 
benefits from adding musculoskeletal and psycho-
logical comorbidities to the traditional cardiovascular 
foci of concern.

There are very appropriate chapters first on the 
diagnostic criteria that should be used in both 
screening and monitoring clinical progress in children 
and adults, followed by a comprehensive descrip-
tion and analysis of dietary approaches that have 
been tried and progressively evaluated. Then come 
assessments of the value of pharmacological and 

Foreword



xii  Foreword

surgical management, as well as interventions to 
improve physical activity levels.

Fitting all this together with the issues of obe-
sity prevention and how this can link into clinical 
practice is a real challenge. This book therefore 
gives us both an overview and the detail that is so 
necessary if we are to engineer a revolution in 
clinical practice. One just wishes that the many 

integrated contributions could have been produced 
a decade ago, but then we would not have benefitted 
from so much of the new research and analyses 
that are presented here.

W. Philip T. James
Professor, London School of Hygiene and 

Tropical Medicine
Past president of the World Obesity Federation
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Chapter 1.1

1.1.1 Definitions of overweight 
and obesity

In clinical practice, body fat is most commonly and 
simply estimated by using a formula that combines 
weight and height. The underlying assumption is that 
most variations in weight for persons of the same 
height is due to fat mass. The formula most fre
quently used in epidemiological studies is the body 
mass index (BMI), which is weight in kilograms 
divided by the square of the height in metres. BMI is 
strongly correlated with densitometry measurements 
of fat mass adjusted for height in middle‐aged adults. 
The main limitation of BMI is that it does not distin
guish fat mass from lean mass. Table 1.1.1 identifies 
the cut‐off points applied by the World Health 
Organisation for BMI classification in adults [1].

Although BMI is used to classify individuals as 
‘obese’ or ‘overweight’, it is only a proxy measure of 
the underlying problem of excess fat. As a person’s 
body fat increases, both their BMI and their future 
risk of obesity‐related illness also rise, although 
there is still some uncertainty about the exact nature 
of the relationship, especially in children.

Measurement of body circumference is an addi
tional indicator of health risk in an overweight or 
obese person: excess visceral (intra‐abdominal) fat 
is a risk factor for long‐term conditions independent 
of total adiposity. Waist circumference and the ratio 
of waist circumference to hip circumference are 
practical measures for assessing upper‐body fat 
distribution.

Skinfold thickness, measured with calipers, pro
vides a more precise assessment of body fat, espe
cially if taken at multiple sites. Skinfolds are useful 
in the estimation of fatness in children, for whom 
standards have been published. However, the 
 measurements are more difficult to make in adults 
(particularly in the very obese), are subject to con
siderable variation between observers, require accu
rate calipers and do not provide any information on 
abdominal and intramuscular fat. In general, they 
are not superior to simpler measures of height and 
weight. Table 1.1.2 lists the practical measures for 
the assessment of an obese person.

Why use BMI?

BMI is an attractive measure because it is an easy, 
cheap and non‐invasive means of assessing excess 
body fat. Prior to the application of BMI, clini
cians referred to ‘ideal’ weight tables, which were 
derived from the weight–height tables provided by 
the Metropolitan Life Insurance Company (1959), 
based on subsequent mortality of insured adults in 
the USA and Canada [2]. However, prospective 
epidemiological data confirmed the impreciseness 
of the term ‘ideal’ even within a North American 
population (despite attempts to sharpen this with 
measures of body frame size), and its inapplicabil
ity when applied in a global context. BMI has been 
used widely around the world, permitting com
parisons between areas, across population sub‐
groups and over a long period. Another advantage 
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of BMI is the availability of published thresholds 
and growth references to which children’s BMI 
can be compared. BMI in children varies with 
age  and gender, which prevents the use of fixed 
 thresholds as in adults [3,4]. Equivalent growth 

references do not exist for other measures such as 
waist circumference.

Interpretation of BMI: defining 
a ‘healthy weight’ for a particular 
society

There are methodological problems that derive from 
a definition based on total mortality rates. People fre
quently lose weight as a consequence of illness that 
is ultimately fatal, which was unrecognised at the 
time of the survey. This gives the appearance of 
higher mortality among those with lower weights: 
reverse causation. The effect can be minimised by 
either excluding persons with diagnoses that might 
affect weight and/or those who report recent weight 
loss, or excluding those who die during the first years 
of follow‐up. A second major concern is confound
ing factors that may distort the association between 
body weight and mortality – cigarette smoking is of 
particular importance. Overweight and obesity cause 
or exacerbate a large number of health problems, 
both independently and in association with other 
 diseases, and are among the most  significant con
tributors to ill health [5]. Unfortunately, many of the 
health risks associated with increasing body weight 
begin their manifestation in children and young 
 people – of great current concern is the increasing 
prevalence of type 2 diabetes and associated medical 
complications in young overweight adults. There is a 
close relationship between BMI and the incidence of 
many long‐term conditions caused by excess fat: 
type 2 diabetes, hypertension, coronary heart disease 
and stroke, metabolic s yndrome, osteoarthritis (OA) 

BMI* WHO classification Popular description

<18.5 Underweight ‘Thin’
18.5–24.9 Healthy weight ‘Healthy’
25.0–29.9 Overweight ‘Overweight’
30.0–34.9 Obesity I ‘Obese’
35.0–39.9 Obesity II ‘Obese’
40 or greater Obesity III ‘Morbidly or seriously obese’

Table 1.1.1 Cut‐off points applied by the World Health Organisation for the classification 
of overweight and obesity

*BMI is the weight in kilograms divided by the square of the height in metres.
Data sourced from http://apps.who.int/bmi/index.jsp?introPage=intro_3.html

Characteristic of 
obesity measured Methods

Body composition BMI
Underwater weighing
Dual‐energy X‐ray 
absorptiometry (DEXA)
Isotope dilution
Bioelectrical impedance
Skinfold thickness

Regional 
distribution of fat

Waist circumference; waist‐
to‐hip ratio
Computerised axial 
tomography
Ultrasound
Magnetic resonance imaging 
(MRI)

Energy intake Dietary recall or record 
‘macronutrient composition’ 
by prospective dietary record 
or dietary questionnaire

Energy 
expenditure

Doubly labelled water
Indirect calorimetry (resting)
Physical activity level (PAL) 
by questionnaire
Motion detector
Heart rate monitor

Table 1.1.2 Clinical methods for the assessment 
of an individual with obesity
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and cancer. An overview of the association between 
BMI and the development of a range of diseases is 
given in Table 1.1.3.

Risk factors for some conditions start to increase 
at relatively low BMIs (e.g. hypertension and type 2 
diabetes). It is found that 85% of patients with 
hypertension have a BMI of >25 kg/m2, and 90% of 
those with type 2 diabetes have a BMI of >23. In 
2011, an estimated 62% of adults (aged 16 and over) 
were overweight or obese in the UK. The risk of 
developing type 2 diabetes is about two times more 
for people who are obese as compared to lean peo
ple. Abdominal obesity is a particular risk for the 
cluster of diseases that have become known as the 
metabolic syndrome – type 2 diabetes, hypertension 
and dyslipidaemia – and is strongly linked to the risk 
of cardiovascular disease [6]. Most of the  medical 
complications will not present to a medical practi
tioner until the age of 40 years – hence, it is difficult 

to discern the immediate benefits to younger 
 generations from modest weight loss. In prevention 
terms, the benefit that an individual may feel may be 
relatively quick to manifest, but the overall benefit 
to society will take years [7].

1.1.2 Prevalence and trends 
for obesity in adults

In the UK, data on overweight and obesity among 
adults (16 years and older) are derived from the 
Health Survey for England [3]. Results from 
the  2011 survey are summarised in Box  1.1.1. A 
 comparison with international findings is given in 
Figure 1.1.1.

A recent review of international comparisons has 
collated published and unpublished studies on BMI 
to provide a comprehensive global dataset covering 

Metabolic syndrome 30% of middle‐aged people in developed countries have features of metabolic 
syndrome

Type 2 diabetes 90% of people with type 2 diabetes have BMI >23 kg/m2

Hypertension 5x risk in obesity
66% hypertension linked to excess weight
85% hypertension associated with BMI >25 kg/m2

Coronary artery disease 
(CAD) and stroke

3.6x increase in risk of CAD for each unit change in BMI
Dyslipidaemia progressively develops as BMI increases from 21 kg/m2 with rise 
in small‐particle LDL
70% of obese women with hypertension have left ventricular hypertrophy
Obesity a contributing factor to cardiac failure in >10% patients
Overweight/obesity plus hypertension associated with increased risk of 
ischaemic stroke

Respiratory effects Neck circumference >43 cm in men and >40.5 cm in women associated with 
obstructive sleep apnoea, daytime somnolence and development of pulmonary 
hypertension

Cancers 10% of all cancer deaths among non‐smokers related to obesity (30% of 
endometrial cancers)

Reproductive function 6% of primary infertility in women attributable to obesity
Impotency and infertility frequently associated with obesity in men

OA Frequent association in the elderly with increasing body weight – risk of 
disability attributable to OA equal to heart disease and greater to any other 
medical disorder among elderly

Liver and gall bladder 
disease

Overweight and obesity associated with non‐alcoholic fatty liver disease and 
non‐alcoholic steatohepatitis (NASH); 40% of NASH patients are obese; 20% 
have dyslipidaemia
3x risk of gallbladder disease in women with BMI >32 kg/m2; 7x risk if 
BMI > 45 kg/m2

Table 1.1.3 Risks and diseases associated with increasing body weight
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Figure 1.1.1 International comparisons of the prevalence of obesity (BMI 30 kg/m2 and greater). Published with 
acknowledgment from Public Health England. Source: http://www.noo.org.uk/NOO_about_obesity/adult_obesity/
international.

Box 1.1.1 Summary of the results from the Health Survey of England 2011 [3]

• An estimated 62% of adults (aged 16 and over) were overweight or obese.
• Around 2% were underweight, and 3% had  severe obesity (BMI 40 or greater).
• Men and women have a similar prevalence of obesity, but men are more likely to be overweight 

(41%,  compared to 33% in women).
• The prevalence of obesity in adults rose from 15% in 1993 to 25% in 2011. Many of those in the obese cate

gory have a BMI much higher than 30. There are more women than men with  extremely high BMI values.
• The prevalence of obesity and overweight changes with age, being lowest in the 16–24 years age group, and 

generally higher in the older age groups among both men and women.
• Women living in more deprived areas have the highest prevalence of obesity, and those living in less  deprived 

areas have the lowest. There is no clear pattern for men.
• Women from the African American racial  category appear to have the highest prevalence of  obesity, and men 

from Chinese and Bangladeshi groups the lowest, based on the most recent data (2004). However, research 
has shown that BMI may  overestimate obesity among Africans and  underestimate obesity in South Asians.

• Using adjusted thresholds for these ethnic groups could improve obesity estimates.
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the years 1980–2008 [8]. The data was derived 
from both measured and self‐reported estimates 
and included 199 countries and territories. Between 
1980 and 2008, age‐standardised mean global BMI 
increased by 0.4–0.5 kg/m2 per decade in men and 
women. The reviewers noticed substantial differ
ences across regions and gender. The region 
with  the largest BMI rise was Oceania for both 
sexes, and the regions with almost flat trends or 
even potential decreases were Central and Eastern 
Europe for women and Central Africa and South 
Asia for men. The estimated value for the UK at 
24.8% is high compared to most other countries, as 
is the rate of increase (almost double) during the 
past 25 years [3].

1.1.3 Recent history of obesity 
in adults

From an evolutionary point of view, excess body 
fat has served nature’s purpose by providing a 
superbly efficient system for storing energy 
reserves. This system only became maladaptive 
when technological advances altered the balance 
between the availability of food and the body’s 
expenditure of energy. During pre‐historic times, 
the greatest burden for mankind was infection and 
famine. Natural selection rewarded the ‘thrifty’ 
genotypes of those who could store the greatest 
amount of fat from the least amount of food and 
release it as frugally as possible. Those who could 
store fat easily had an evolutionary advantage in 
the harsh environment of hunters and gatherers. 
This precarious food supply was gradually reduced 
with the advent of agriculture and domestication of 
animals – humankind developed the ability to grow 
its food, but supply still remained precarious due to 
the vagaries of nature and warfare.

Food shortage, famine and infection remained the 
biggest challenges to the world’s population until 
the twentieth century. The current global epidemic 
of obesity is a problem of the late twentieth century, 
and now impacts across societies. Modern techno
logical and scientific advances have resulted in an 
abundance of food in many countries, although 
many tragically still face chronic food shortages. 
However, it is only within the last 50 years that 

overweight and obesity have come to be regarded as 
long‐term conditions associated with well‐defined 
comorbidities; prior to this, corpulence was often 
regarded by many societies as desirable and a reflec
tion of well‐being.

The increasing prevalence of obesity is closely 
associated with the emergence of modern lifestyles 
in the UK and other developed countries in Europe, 
North America and Asia. Towards the close of the 
nineteenth century, medical concerns were raised 
about obesity. In 1900, the UK was already the 
world’s most urbanised and one of the wealthiest 
countries, with a large service sector, expanding 
public transport network and a developing con
sumer culture.

Living standards continued to rise during the 
years between World Wars I and II (1919–1939) 
despite high unemployment and economic depres
sion. With falling prices and smaller families, real 
incomes per capita increased by about one‐third. 
Britain’s growing prosperity was not shared equally, 
and substantial sections of the working class contin
ued to suffer from undernutrition.

Sir George Newman, the Chief Medical Officer at 
the Ministry of Health in the UK, held ‘excessive 
and unsuitable food combined with lack of fresh air 
and exercise’ responsible for sowing the ‘seeds of 
degeneration’ [9]. He accepted that some persons 
‘no doubt’ were ‘under‐fed’ in 1931, but argued that 
many were ‘over‐fed – giving their poor bodies little 
rest, clogging them with yet more food’.

Doctors began to take interest in obesity, and The 
Lancet noted in 1933 that in ‘these days of “ slimming” 
there was no more popular subject of discussion 
among the laity than the reduction in weight’ [10]. 
Such a preoccupation might appear incongruous at a 
time of economic depression, high unemployment, 
hunger marches and working‐class poverty, but has 
been seen again in the present  century. Between the 
wars, obesity was noted to be increasingly associated 
with the comforts of suburban middle‐class life, plen
tiful food and a rapid rise in car ownership.

After 1939, the introduction of extensive ration
ing with a strict regulation on food supplies resulted 
in reductions of sugar, meat and fats, with consump
tion shifting to bread, potatoes and milk [11]. This 
substantial governmental intervention, which was 
only possible in the context of World War II, 
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amounted to a major turning point in the history of 
the British diet. The policy has been described as a 
revolutionary transformation because it largely 
eliminated the disparities of energy and nutrient 
intake between social classes. Energy consumption 
declined, and physical activity levels rose among 
the middle classes due to longer working hours, 
increased walking, reduced motoring (owing to 
 petrol rationing) and schemes such as ‘Dig for 
Victory’ [12].

Nobel laureate Robert Fogel has examined health, 
nutrition and technology over three centuries, con
cluding that a synergy between improvements in 
productive technology and human physiology has 
enabled humans to more than double their longevity 
and to increase their average body size by more than 
50% [13]. Fogel argues that larger and healthier 
humans have resulted in accelerated economic 
growth that, in turn, has led to reduced workload and 
increased leisure time. Increased longevity has also 
resulted in increased demands for healthcare. The 
erosion of class differentials in food intake persisted 
after the end of rationing in 1954, and weight gain 
was no longer confined to the highest‐income 
groups. Since the 1950s, the British diet has been 
characterised by ever more abundant cheap food. In 
recent decades, the traditional three‐meals‐at‐home 
pattern has been replaced by snacking, junk foods 
and takeaways, contributing towards weight gain. 
This has been compounded by a decline in physical 
activity, with expanding car ownership and new 
forms of home‐based entertainment. The increasing 
problem of overweight and obesity in children and 
adults highlight the limits of personal responsibility 
when considering daily food consumption. However, 
policies aimed at addressing this imbalance have 
avoided any form of regulation.

The UK’s Foresight programme, in the Government 
Office for Science, was asked by government in 2005 
to consider how society might deliver a sustainable 
response to obesity in the UK over the next 40 years 
[7]. Foresight works across government departments 
to analyse complex cross‐cutting issues. The analysis 
of published evidence revealed that the causes of 
 obesity are embedded in an extremely complex bio
logical system, set within an equally complex societal 
 framework. Furthermore, the scale of the challenge 

to  prevent obesity is substantially increased by the 
complex nature of the condition. The many causes 
of obesity argue against depending on a number of 
unconnected solutions to address the issue, and 
against focussing on single aspects because this is 
unlikely to bring about the scale of change required.

In 2010, a new coalition government in the 
UK  prompted a rethink about social policies and 
public health. The new Secretary of State for Health 
launched a policy of ‘nudge’ when addressing 
the British Medical Association’s conference [14]. 
The Right Honourable Andrew Lansley cited evi
dence that ‘if we are constantly lecturing people and 
trying to tell them what to do, we will actually find 
that we undermine and are counterproductive in the 
results that we achieve’. Mr Lansley went on: 
‘Behaviour change is the great challenge for public 
health  –  but too often it is ignored. Public health 
efforts, which only try to control supply, will fail. 
We have to impact on demand. That means we have 
to change behaviour, and change people’s relation
ships with each other and with drugs, alcohol, 
tobacco and food. The fact is, you can’t legislate for 
self‐esteem from Westminster. We can’t pass the 
Elimination of Obesity Act 2010. Our Government 
will be a much smarter one, shunning the bureau
cratic levers of the past and finding intelligent ways 
to encourage support and enable people to make 
better choices for themselves’.

Sadly, the historical evidence from public health 
initiatives and the complexity of the scientific basis 
of obesity suggests limited success from the policy 
of ‘nudge’. As Foresight concluded, a long‐term 
comprehensive strategy needs to incorporate a range 
of policies. Importantly, the implementation of such 
strategies may have limited impact on the current 
generation of adults, but lead to long‐term benefit in 
younger generations. Benefits from integrated and 
sustained strategies should lead to a progressive 
decline in obesity prevalence across all generations 
and an accompanying reduction in obesity‐related 
diseases [7].

Lessons from the history of obesity

Too often, it seems that we concentrate on the pre
sent without reflecting on lessons from the past. 
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The following is a summary of knowledge about the 
growing prevalence of overweight and obesity.

 • The history of consumption and living standards 
in Britain during the twentieth and early twenty‐
first century points towards the close relationship 
between obesity and modern affluent lifestyles 
characterised by abundant food and increasingly 
sedentary habits.

 • Extensive rationing and controls on food reversed 
these trends during the 1940s and early 1950s. 
The policy was only possible in the context of 
war and does not offer a practical solution for the 
public health problems of the early twenty‐first 
century.

 • Inter‐war weight loss manuals did not pay much 
attention to energy counting, but rather empha
sised a holistic approach to transform lifestyles by 
adopting healthy habits as the key to successful, 
permanent weight reduction.

1.1.4 Genetics of obesity

The suspicion of an inherited background to 
 obesity  has existed over many generations. Carl 
Van  Noorden in 1907 delineated two type of 
 obesity – exogenous and endogenous [15]. He sug
gested that exogenous obesity, which accounted for 
the majority of cases, was the consequence of exter
nal elements, namely food consumption in excess of 
energy expenditure. Nevertheless, the group with 
endogenous obesity had an intrinsic problem that 
led to hypometabolism. Jules Hirsch observed in 
the 1950s that there is a ‘biochemical or biological 
element’ to will power, basing the observation on 
the life‐long struggle faced by many obese persons 
to maintain weight loss over the longer term [16]. 
Ethan Sims demonstrated in a prison population 
that the majority of inmates (over)fed 10,000 kcal/
day over 200 days had difficulty in maintaining 
their weight gain, whereas a small number, with 
family history of obesity, gained weight swiftly and 
struggled to lose the weight once the overfeeding 
had ceased [17].

The seminal studies of twins by Albert Stunkard 
and colleagues provide additional strong evidence 

for an inherited basis to obesity. From the Danish 
Twin Registry, Stunkard identified twins who had 
been adopted early in life and therefore separated 
from their biological parents. Despite a shared envi
ronment with the adoptive parents, the adoptee 
twins’ BMIs were more closely associated to that of 
their biological rather than the adoptive parents. 
Accordingly, most adoptees inherited their biologi
cal parents’ obesity [18]. On reviewing identical 
twins registered by the Swedish registry, Stunkard 
found that identical twins had virtually the same 
body weight regardless of whether they had grown 
up together or separately [19]. A subsequent study 
by Bouchard and colleagues, which involved 
 overfeeding 12 pairs of identical male twins over 
100 days, demonstrated a wide variety of responses 
across the twin pairs; however, within each twin 
pair, there was little difference in the weight gained 
and even less difference in body fat distribution and 
visceral fat accumulation [20].

With the advent of molecular genetics, exten
sive mapping of obesity‐gene mutations in rodents 
began in earnest. Jeffrey Friedman and colleagues 
cloned the gene ob, which encodes leptin [21]; 
their findings resulted in a transformation in obe
sity research. Thousands of articles have been 
published and s ubstantial research funds invested 
in pursuing the relevance of leptin and related 
genes, including ghrelin, neuropeptide y and 
MCHC, in human obesity. However, the signal
ling pathways of molecules involved in appetite; 
and the genetic mutations that may interfere with 
these pathways. More recently, a common variant 
of the fat mass and obesity–associated gene FTO 
and genetic variants of DYRK18 have been asso
ciated with human obesity [22]. This is evidence 
that provides fuel to the argument that body 
weight regulation is not simply governed by 
‘energy in – energy out’.

Nevertheless, evidence remains that few are pre
destined to obesity, while many are predisposed to 
weight gain. Genetic predisposition in tandem with 
the development of food environments that encour
age overeating and built environments that discour
age energy expenditure are undoubtedly explanations 
for the increasing prevalence of obesity observed 
during the last four decades.
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1.1.5 Summary box
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Key points

• In clinical practice, body fat is most commonly 
and simply estimated by using a formula that 
combines weight and height – BMI. Measurement 
of body circumference is an additional indicator 
of health risk in an overweight or obese person: 
excess visceral (intra‐abdominal) fat is a risk 
 factor for long‐term conditions independent of 
total adiposity.

• Overweight and obesity cause or exacerbate a 
large number of health problems, both indepen
dently and in association with other diseases, and 
are among the most significant contributors to ill 
health.

• Between 1980 and 2008, age‐standardised mean 
global BMI has increased by 0.4–0.5 kg/m2 per 
decade in men and women.

• The history of consumption and living standards 
during the twentieth and early twenty‐first 
 century points towards the close relationship 
 between obesity and modern affluent lifestyles, 
characterised by abundant food intakes and 
 increasingly sedentary habits.

• Evidence confirms that few individuals are pre
destined to obesity, while many are predisposed 
to weight gain. Genetic predisposition in tandem 
with the development of food environments that 
encourage overeating and built environments 
that  discourage energy expenditure explain the 
increasing prevalence of obesity observed during 
the last four decades.
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An epidemic of childhood obesity occurred over the 
past few decades, affecting all age and social groups 
in the developed world. The prevalence of child
hood obesity appears to have stabilised in some 
developed countries in recent years, but at an unac
ceptably high level. Therefore, obesity continues to 
be one of the most common child health problems, 
and a major challenge to public health. Developing 
countries have also experienced rising childhood 
obesity rates in recent years. The aim of this chapter 
is to summarise the evidence, using good‐quality 
systematic reviews where available, on the world
wide prevalence of obesity among children; the 
development of the childhood obesity epidemic in 
the UK and USA; and the identification of sub
groups of the population at greater risk of becoming 
obese. This chapter will also discuss how to define 
obesity in children for epidemiological purposes 
(i.e. to monitor and compare prevalence at the popu
lation level), whereas the criteria for diagnosing 
obesity in children for clinical management will be 
covered in Chapter 3.2.

1.2.1 Definition of obesity 
in children

Obesity is an excess of body fat, which is associated 
with increased health risks. Subjective assessment 
of obesity in children is inaccurate, and therefore 
obesity should be defined using objective methods 
[1]. Direct measures of adiposity, such as densitom
etry and dual‐energy X‐ray absorptiometry, are 

more accurate than indirect methods (e.g. waist 
 circumference, skinfolds, body mass index, bioelec
trical impedance), but are not practical for epidemi
ological studies or clinical use [2]. A critique of the 
different methods to measure adiposity and define 
obesity in children is available elsewhere [2,3]. 
There is widespread international support for the 
use of body mass index (BMI; ratio of body weight 
to height squared – kg/m2) to define childhood obe
sity in epidemiological studies and in clinical prac
tice [1–7]. Although BMI is not a direct measure of 
adiposity in children, it correlates well with more 
accurate measures of body fatness, it is practical to 
measure and a high BMI for age is associated with 
both high fat mass and increased risk to health 
[1–3,7–10].

As BMI varies with age and gender in children, 
BMI values are compared with age‐ and gender‐spe
cific national reference data using cut‐off points in 
the BMI distribution (BMI percentiles or standard 
deviation scores, SDSs) to identify obesity in chil
dren [4]. National BMI reference data are available 
in many countries including the UK [4] and the 
USA [11]. The UK 1990 reference data represents 
the BMI distribution of UK children in 1990, 
are  widely available in the form of BMI centile 
charts and can be used as a baseline against which 
 subsequent obesity trends can be compared [4]. 
Epidemiological studies commonly use the ≥85th 
centile of BMI for age and gender and the ≥95th 
centile of BMI for age and gender based on national 
(country‐specific) reference data as the percentiles 
to identify overweight and obesity in children [1]. 
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These percentiles define overweight and obesity 
reasonably well, and children with BMI in the ≥95th 
percentile are at high risk of obesity‐related con
ditions [1,5,7,10]. Age‐ and gender‐specific waist 
circumference percentiles are available for the UK 
and elsewhere but have not been used in epidemio
logical studies to estimate obesity prevalence.

An alternative method for identifying obesity in 
children was developed by Cole et al. in 2000 [12]. 
This method provides age‐ and gender‐specific BMI 
cut‐offs that correspond to the adult cut‐offs for obe
sity (i.e. BMI of 30 kg/m2) and are based on interna
tional data collected from six countries (UK, Brazil, 
Hong Kong, the Netherlands, Singapore and 
the USA). These cut‐offs, commonly referred to as 
the  International Obesity Task Force (IOTF) 
 definition of obesity, allow international compari
sons of  childhood obesity prevalence, but are not 
intended for clinical or national epidemiological use 
[12]. Detailed discussions of the ongoing debate 
surrounding the use of national and international 
methods to classify healthy weight, overweight and 
obesity in children are available elsewhere [1,12,13]. 
Briefly, both methods are widely used to define obe
sity in epidemiological studies; however a recent 
systematic review found that the IOTF method was 
much less sensitive (poorer accuracy) than national 
reference methods for detecting obesity in children 
[1]. The IOTF cut‐offs for BMI are useful for world
wide comparisons of childhood obesity prevalence 
[2], but will give more conservative estimates of 
obesity prevalence, particularly in boys, compared 
to methods based on national (country‐specific) ref
erence data [1,2].

1.2.2 Trends in the prevalence 
of childhood obesity

Comparison of obesity rates among countries is dif
ficult as different methods have been used to define 
obesity. Further differences can be due to different 
study designs, the range of ages of the samples 
included and the timing of the surveys [2]. Despite 
these problems, several systematic reviews have 
examined trends in the prevalence of childhood obe
sity in developed and developing countries over the 
past few decades [2,14–20].

The global situation

The prevalence of childhood obesity has increased 
markedly over the past few decades in most devel
oped countries and in several developing countries 
[2,14,15,17]. Thus, obesity in children is a serious 
global public health problem. Prevalence is particu
larly high in the USA, Canada, Australia, Japan and 
parts of Europe, with obesity rates doubling or tri
pling from the 1970s to late 1990s in these countries 
[2,14,15]. In Europe, the highest levels are reported 
in the UK and many southern European countries, 
such as Greece, Spain, Malta, Portugal and Italy 
[2,14,15,18]. Parts of South East Asia and much of 
sub‐Saharan Africa appear to have the lowest 
 prevalence [2,14]. Some developing countries have 
experienced a marked increase in obesity preva
lence, associated with rapid socioeconomic growth, 
including Brazil, Chile and urban regions of China 
[2,14]. Data from Brazil demonstrated a threefold 
increase in obesity prevalence among children and 
adolescents from 1974 to 1997 [14]. Obesity is 
more prevalent in wealthier groups and urban popu
lations in developing countries, whereas children in 
the lowest SES groups are more at risk in developed 
countries [2,14].

Recent systematic reviews [16,18–20] have indi
cated that the prevalence of obesity in children has 
stabilised (i.e. no change in obesity prevalence) or 
levelled off (i.e. change in the trend from an increase 
towards stability or a slowing down in the increase) 
since the early 2000s in several developed countries 
including Australia, most of Europe, Japan and the 
USA. However, levels remain high in these countries, 
and childhood obesity continues to be a major pub
lic health issue. In addition, it is unclear if this stabi
lisation is a long‐term change or a temporary phase 
that may be followed by a further increase [20]. 
Additionally, obesity prevalence has continued to rise 
in some countries (e.g. China and Vietnam), and 
recent trends for Africa, South America and much of 
the Middle East have not been reported [20].

Development of the obesity epidemic 
in the USA and UK

In the USA, the National Health and Nutrition 
Examination Survey (NHANES) has monitored 
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trends in obesity prevalence among children from 
the 1960s (shown in Figure 1.2.1) using cross‐sec
tional, nationally representative samples of US chil
dren [21]. The proportion of obese children and 
adolescents (defined as BMI ≥95th percentile on 
US/CDC reference charts) remained stable at 5% 
from mid‐1960s to 1976–1980, but then trebled 
between 1976–1980 and 2003–2004 [21]. By 2003–
2004, 14% of 2–5‐year‐olds, 19% of 6–11‐year‐olds 
and 17% of 12–19‐year‐olds in the USA were obese 
[21,22]. The most recent estimate of obesity preva
lence based on data from the 2007–2008 NHANES 
indicates that 10% of children aged 2–5 years, 20% 
of those aged 6–11 years and 18% of adolescents 
aged 12–19 years were obese, suggesting that preva
lence has stabilised in the USA as previously dis
cussed, although prevalence remains high [21,23].

Childhood obesity increased markedly in the UK 
from the late 1980s [24–26]. Chinn reported the 
prevalence of obesity (defined using the IOTF 
method) in representative samples of English and 
Scottish children aged 4–11 years using three cross‐
sectional surveys in 1974, 1984 and 1994 [24]. 
Obesity prevalence did not increase from 1974 to 
1984, but increased substantially from 1984 to 1994 
in both English and Scottish children. Similarly, in 
the 1996 Health Survey for England (HSE), 11% of 

6‐year‐olds and 17% of 15‐year‐olds were classed 
as obese (BMI ≥ 95th percentile). These figures were 
significantly higher than the 1990 UK reference 
standard of 5% [25], and indicated that obesity 
 prevalence had doubled in children and trebled in 
adolescents (relative to the UK 1990 reference data) 
in a short period of time (shown in Figure 1.2.2). By 
the 2003 HSE, 14% of children aged 2–10 years and 
21% of 11–15‐year‐olds were obese [27]. The most 
recent estimate of obesity prevalence based on the 
2009 HSE indicated that 15% of 2–10‐year‐olds and 
18% of 11–15‐year‐olds were obese [28], suggest
ing that prevalence has stabilised, albeit at a high 
level [26].

In addition to the rise in the proportion of chil
dren classed as ‘obese’, average BMI and BMI 
z scores have risen across paediatric populations in 
developed countries over the past few decades, 
suggesting that most children have been affected 
by the obesogenic environment (i.e. environments 
that promote obesity) [19,24,29,30]. In addition, 
data from measures of body composition and body 
fat distribution, such as skinfolds and waist circum
ference, indicate that total body fatness and central 
fatness has increased over the past few decades 
among children and adolescents [30–32]. A meta‐
analysis found significant increases in triceps and 
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subscapular skinfold thickness and percentage 
body fat (estimated from skinfold measures) 
between 1951 and 2003 in children aged 0–18 
years in developed countries, with the rate of 
increase becoming much steeper in the 1980s [32]. 
McCarthy et al. used data from cross‐sectional sur
veys conducted in 1977, 1987 and 1997 to examine 
changes in waist circumference for age (a measure 
of central fatness) and BMI of adolescents aged 
11–16 years [29]. Average waist circumference for 
age and BMI had increased substantially over the 
10–20‐year period between the surveys. In addi
tion, waist circumference for age had increased at a 
faster rate than BMI. The increase in central fatness 
among children is particularly worrying because 
central fatness is strongly associated with several 
cardiometabolic risk factors [1,10].

Obesity prevalence by age, gender, 
socioeconomic status (SES) 
and ethnicity

The obesity epidemic has affected children of 
all  ages, both genders, most ethnic groups and all 

 socioeconomic backgrounds, although some groups 
have been affected more than others [2,30]. Several 
studies in the USA have observed higher  obesity 
rates in African American and Hispanic chil
dren  compared to non‐Hispanic white children 
[22,33,34]. Hedley et al. [34] showed that the preva
lence of obesity (BMI ≥ 95th percentile on US/CDC 
reference charts) among children aged 6–11 years 
was 20% in African Americans, 22% among 
Mexican Americans and 14% among non‐Hispanic 
whites. Furthermore, over a 30‐year period from 
1971–1974 to 1999–2002, Mexican American and 
African American children experienced much 
greater increases in the prevalence of obesity than 
white children [33]. For example, among 6–11‐
year‐olds, the prevalence of obesity (BMI ≥ 95th 
percentile) increased by 16% among Mexican 
Americans, by 15% among African Americans and 
by 10% among white children. Recent data from the 
2007–2008 period indicate that ethnic differences in 
obesity prevalence are still evident [23].

The relationship between obesity and ethnicity in 
developed countries other than the USA is less clear, 
although there is some evidence to suggest that some 
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ethnic minority groups may be at greater risk of obe
sity [30,35]. A recent systematic review [35] of stud
ies conducted in the UK between 1980 and 2010 
concluded that Chinese children appeared to have 
lower risk for obesity than Caucasian children. In 
contrast, the literature on obesity prevalence among 
South Asian and black children relative to Caucasians 
in the UK was mixed. Several studies observed 
higher rates of obesity among South Asian and black 
children compared to Caucasians, whereas other 
studies observed either lower rates or no differences. 
The existing literature is limited by a lack of studies 
using UK representative samples, as well as the 
f ailure to consider differences in SES by  ethnic 
group (ethnic minorities in the UK have lower SES 
than Caucasians). Also, categorising Bangladeshis, 
Indians and Pakistanis as ‘South Asians’ may mask 
the differences in obesity prevalence between these 
groups and the problems defining obesity using BMI 
cut‐offs in some ethnic minority groups (at the same 
BMI level, children from some ethnic minority 
groups have higher fat mass) [35]. Despite these 
limitations, obesity prevalence appeared to be higher 
in South Asian boys and lower in South Asian girls 
relative to their Caucasian counterparts, whereas 
girls from black subgroups appeared to have higher 
risk, and boys from black subgroups lower risk, 
compared to Caucasians. The reasons for possible 
ethnic differences in obesity rates are not entirely 
clear, but may be partly explained by SES differ
ences [35].

In developed countries, children from families 
with low SES are at greater risk of obesity 
[2,30,36–38]. A recent systematic review of cross‐
sectional studies published between 1990 and 
2005 concluded that there is an inverse association 
between SES (using parental education as the SES 
indicator) and obesity risk in children from devel
oped countries [36]. The evidence suggested that 
children from all SES groups have been affected by 
the obesity epidemic; however, children whose par
ents (particularly mothers) have a low level of edu
cation were at greater risk. Stamatakis et  al. [37] 
examined trends in obesity prevalence by SES in 
UK children aged 5–10 years using nationally 
 representative cross‐sectional data collected 
over  several time periods to 2002–2003. A rapid 
increase in obesity prevalence was observed in all 
children, particularly from 1994 onwards; however, 

 prevalence had increased at a faster rate among chil
dren from lower SES groups [37]. A further study 
by Stamatakis et al. [38] showed that obesity rates 
had levelled off between 2002–2003 and 2006/2007 
among UK children (aged 5–10 years), whereas 
obesity prevalence had continued to increase among 
children from lower socioeconomic groups, sug
gesting that the existing socioeconomic gap in 
childhood obesity in the UK may be expanding. 
Similarly, a study examining obesity trends between 
2000 and 2006 in Australia reported that prevalence 
was only increasing in children attending low‐SES 
schools [20]. Reasons for SES differences in obesity 
rates are complex and require further study, although 
poor diet and limited opportunities for physical 
activity may be important factors.

There is no obvious international trend towards 
systematic differences in obesity rates with age or 
between the sexes [30]. Although some studies have 
observed higher rates of obesity among older 
 children (e.g. see prevalence figures in previous 
 section 1.2.2), that may be due to greater exposure 
to the obesogenic environment with increasing age 
[30]. Apparent differences in obesity prevalence by 
gender may be a result of the method used to define 
obesity; the IOTF method underestimates preva
lence in boys more than girls [1]. Thus, several stud
ies have observed higher obesity rates in girls than 
boys when using the IOTF method, and no gender 
difference when national reference standards are 
used [1,2,18,30]. The plateau in prevalence 
described previously has been observed in all age 
groups and both genders [19,20,23,26], but this has 
not been shown in all studies [16].

1.2.3 Conclusion

The prevalence of childhood obesity is high and has 
increased rapidly over the past few decades in devel
oped countries. Children of all ages, ethnic groups, 
socioeconomic backgrounds and both genders have 
been affected, although children from some ethnic 
minorities and lower socioeconomic groups are par
ticularly at risk. Reasons for ethnic and SES differ
ences are not entirely clear and require further study, 
although differences in dietary intake and physical 
activity may be important. Recent data indicate that 
prevalence of childhood obesity may have stabilised 
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or levelled off in some developed countries in recent 
years, although it is too soon to be certain if this 
change is long‐term, and obesity rates have not 
appeared to stabilise among children from lower 
socioeconomic groups. Possible reasons for the sta
bilisation are unknown at present, although public 
health campaigns to improve dietary and physical 
activity habits may be at least partly responsible 
[20,26]. However, prevalence remains unacceptably 
high, and therefore obesity prevention and treatment 
strategies are needed for all children and should also 
target children and families from specific groups. 
Developing countries have also experienced rising 
obesity rates among children in recent years, par
ticularly among wealthier groups and urban popula
tions, and recent data suggest that these rates are not 
levelling off. Overall, childhood obesity is a serious 
global public health problem, and interventions to 
prevent and reduce obesity among children are 
needed worldwide.

1.2.4 Summary box
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Development of overweight and obesity 
across the life course

Obesity and overweight are persistent conditions 
and are compounded by the gradual age‐dependant 
involuntary weight gain that occurs in adulthood 
(approximately 0.5 kg per year). In order to under
stand this unconscious weight gain, this chapter will 
address each of the key risk periods across the 
life course.

1.3.1 Childhood: birth to early 
school age

Childhood and adolescence are risk periods for 
excess weight gain. The Early Bird study identified 
the period from birth to 5 years of age as the stage 
when the majority of excess weight gain occurs, 
prior to puberty [1]. More recently, a considerable 
increase in weight gain has also been shown between 
children after 5 years of age, when formal schooling 
begins (school year one), and towards the end of pri
mary/elementary school (school year six). The data 
in Figure  1.3.1 use information collected from 
the National Child Measurement programme in the 
UK to report the changes in school children’s body 
mass index (BMI) [2]. For this report, the years 
2006–2007 and 2014–2015 were considered [2]. 
Figure 1.3.1 highlights the recent trends in terms of 
obesity and overweight, and within that the trends 
evident in different subgroups of children. These 
changes in weight and growth rates reflect substan
tial changes in the environment and in the way chil
dren grow and live. Furthermore, weight gain may 
be occurring in children who are overweight and 

moving towards obesity, but these changes are often 
known to be frequently overlooked by their parents 
[3]. This ‘normalisation’ of obesity and overweight 
may hamper approaches to challenge excess 
weight gain.

1.3.2 Adolescence and young 
adulthood

Weight gain is rapid in the translational period span
ning adolescence to young adulthood [4]. Birth 
cohorts for surveys completed in 1998, 2003 and 
2008 were used to examine weight and BMI changes 
over time in different age groups. Results high
lighted the temporal increases in obesity rates 
between different age groups. Most cohorts were 
heavier during the period spanning 1998–2003 
than  in the 2003–2008 surveys. Overall increases 
between 1998 and 2003 were 1–1.5 kg/m2 units in 
BMI and 2–7 cm in waist circumference, greater in 
the younger age cohorts. Famously, the Freshman 
15 study in the USA highlighted relocation – in par
ticular, a move away from home for education – as a 
key driver for weight gain. This included an average 
weight gain in the first semester ranging from 3.5 
to  7.8 lbs (1.6 kg–3.5 kg) [5]. It may be that the 
 additional freedom of food choice, lack of account
ability and the opportunity to explore alternative 
dietary and lifestyle choices favours weight gain.

Inactivity has also been suggested as an impor
tant factor in weight gain at this developmental 
stage. A number of studies have explored possible 
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links with computer gaming/screen time as a proxy 
for inactivity. Cross‐sectional and prospective 
associations between computer gaming and over
weight (BMI ≥ 25 kg/m2) have been observed in 
women, with adjustment for age, job and amount 
of activity, among other factors. For men, only 
cross‐sectional associations could be seen [6]. The 
impact of screen time on weight gain has also been 
reported by the findings of a Swedish study. This 
impact is likely to persist across the life‐course, 
given the habitual nature of the use of games or 
mobile devices.

1.3.3 Marriage or cohabitation 
and body weight

The formalisation of a relationship via marriage or 
as cohabitating partners, with or without financial 
commitment, may lead to changes in lifestyle pat
terns and behaviour. Being part of a settled relation
ship favours contentment, a situation that itself 
encourages weight gain [7]. Married respondents 
were usually heavier than both never‐married and 
divorced respondents [8]. Observations have sug
gested that food becomes central to a relationship as 
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couples may have more time together to share 
 mealtimes and make food purchases. Perhaps con
tentment and security reduce the importance 
of appearance or awareness of body weight, either 
subconsciously or otherwise.

Given that marriage and in fact parenthood are 
associated with weight gain in general, the US 
CARDIA study data were used to try to understand 
the impact of marriage in differing environmental 
settings [9]. Data on neighbourhoods compared 
married adults living in more affluent areas – with 
lower population density, better environments for 
food purchasing and more public facilities for sport 
and activity  –  with their unmarried neighbours 
exposed to the same environment. There was a posi
tive association between weight gain and marriage 
in white, affluent couples, in comparison to their 
unmarried neighbours. Marriage showed no such 
associations with the same comparisons made in 
less affluent couples, living in poorer settings [9].

Given the recognised variation in marriage dura
tion, a review investigated the associations between 
marital transitions, BMI and body weight [10]. 
Fourteen studies described transitions both in and 
out of marriage. The positive association between 
marriage and weight gain was supported, while 
dissolving a marriage was associated with weight 
loss. The range of weight changes vary according 
to the duration of the study period [10]. A short‐
term study suggested a weight gain of around 
1.5 kg after 3 months of cohabitation [11]. Although 
the lack of any comparator in this study meant that 
the impact of moving in together was unclear, more 
certainty was seen in analyses of national survey 
data, which allowed comparison between newly 
married adult couples and those already married. 
The newly wedded adults had gained an additional 
2 kg after a year [12].

For a range of possible reasons, the impact of 
leaving a marital relationship was associated with 
weight loss, although the impact of divorce has been 
considered as only ‘temporary’ [8]. Using data from 
men who either divorced or remained married, 
the impact on BMI in each category after more than 
20 years was limited. Both groups of men gained 
weight, and the BMI rose from a healthy weight to 
an overweight category. This mirrors the weight 
gain seen across most Western populations.

Despite being a complex setting, with many com
pounding factors, marriage or cohabitation, but not 
ceasing of a marriage, may in certain circumstances 
offer opportunities for interventions to promote 
healthy weight programmes.

1.3.4 Pregnancy

Pregnancy is often a time of great anticipation, 
 especially for healthy mothers without any specific 
concerns about the health of their unborn child. 
Anecdotally, many pregnant women regard preg
nancy as an opportunity to bloom, disregarding any 
restrictions they usually apply to the energy they con
sume. Pregnancy is probably the only period across 
the life course when positive encouragement for 
weight gain is given by many. Eating for two, 
although widely known to be a myth, appears attrac
tive to many who choose to believe it. Increasingly, 
given the worldwide epidemic of obesity, excessive 
weight gain in pregnancy has been less widely 
accepted, but it does still have a cross‐cultural impact. 
Excessive gestational weight gain is associated with 
adverse infant, childhood and maternal outcomes, 
and research to develop interventions to address this 
issue is ongoing [13].

In the UK, there are no data to assess how many 
pregnant women are obese or overweight. The 
Centre for Maternal and Child Enquiries [14] con
ducted a UK‐wide audit of obesity during preg
nancy for a 2‐month period during 2009. The 
results disclosed that 5% of all women who had 
given birth (≥24 weeks’ gestation) were identified 
as having a BMI of ≥35 kg/m2 at any time during 
pregnancy. Even more concerning was that the 
median BMI for these women was >35 kg/m2. This 
was 39.1 kg/m2, and 2% had a BMI of ≥40 (morbid 
obesity). Moreover, 0.2% of pregnant women 
reported having a BMI of ≥50, categorized as 
super‐morbid obese.

Recognizing the issue of obesity and excessive 
weight gain in pregnancy, the United States Institute 
of Medicine [15] produced some guidance material 
for weight gain, which differed according to indi
viduals’ initial BMI. This issue was judged as 
important, given the demographic changes that had 
taken place in those women who were becoming 
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pregnant. They were older at conception, tended to 
gain more weight than in the past, were more likely 
to have a twin or triplet birth, and were more likely 
to be overweight or obese at conception. A recent 
pilot observational study aimed to determine the 
feasibility of implementing a programme within the 
UK National Health Service to limit maternal 
weight gain [16]. The findings demonstrated the dif
ficulties in actually measuring body weight in 
women across their pregnancy, implying an unwill
ingness in the women or their health professionals 
in make weighing a routine practice. This has been 
demonstrated in other studies [17] involving the 
measurement of body weight. This highlighted the 
positive association between higher weight gain and 
adverse perinatal outcomes. Currently, UK clinical 
guidelines do not advocate regular weighing during 
pregnancy [18].

Awareness of the risks of excess maternal weight 
gain appears to be surprisingly low. The views of 
women on their gestational weight gain were sought 
in a survey of almost 500 pregnant women. Weight 
measurements were made at their 12th‐week clinic 

appointment, and their opinions of weight gain were 
sought [19]. Over half of all respondents were 
obese, and 62% were living in areas of mild to 
 moderate deprivation. Over three‐quarters of par
ticipants felt dissatisfied with their current weight, 
although a majority (60%) expressed limited con
cern about potential weight gain. Also, 39% were 
unconcerned about weight gain during their preg
nancy, including 34 (19%) who reported having 
retained the weight gained in earlier pregnancies. 
These data suggest a lack of awareness among obese 
women regarding excessive gestational weight gain. 
A pilot study in pregnant women of low socio
economic status suggested the ability of health pro
fessionals to reach and engage successfully with 
these women was poor. Despite them recognising 
the importance of the issue of obesity and excess 
gestational weight gain [20].

It is clear that opportunities exist to challenge the 
excessive weight gain observed in pregnancy. To 
date, the various approaches attempted have met 
with only limited success. While an opportunity is 
present, it remains unclear how best to reduce the 
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elevated weight gain associated with pregnancy 
without incurring a detrimental impact on infant and 
maternal health.

1.3.5 Retirement and aging

Obesity is increasing in older adults, a category 
where obesity was traditionally considered unusual. 
The European Male Aging Study noted an unremit
ting increase in BMI and waist circumference from 
middle age until the seventh and eighth decades [21] 
(Figure 1.3.2).

A large US study highlighted a positive relation
ship between childhood poverty and downward 
socioeconomic status across the life course and an 
increase in older‐age obesity and overweight [21]. 
This study demonstrates that increased body mass in 
middle and late adulthood is a likely consequence of 
the complex interplay among indi viduals’ genes, 
dynamic socioeconomic experiences and historical 
context in which they live. While BMI changes after 
55–60 years of age, waist circumferences continue 
to increase, indicating increasing body fat with 
reduced muscle mass [4]. It has been speculated that 
the loss of occupational role/status, leading to a lack 
of structure to the day, limited empowerment, a 
reduction in social contact and financial concerned 
may lead to depression, which is strongly associated 
with obesity and weight gain [21].

Retirement involves adapting to multiple 
new  demands (reduced income, social isolation, 
grandchildren responsibilities, bereavement, etc.), 
but few people currently make structured forward 
preparations for life or health after retirement. 
However, some responsible employers and national 
pre‐retirement agencies already provide courses 
on financial planning, adult education and keeping 
fit. The potential to deliver a more structured 
approach for diet and lifestyle changes, to pre
serve function and physical and mental health, is 
important for this high‐risk group. Reducing or 
retarding chronic disease, compressing morbidity 
and optimising physical and mental health would 
improve functional capacity, quality of life and 
cognitive function to favour prolonged independ
ent living, and enable continued contribution to 
domestic and social life. This would benefit the 

individual, the family and the economy as a whole. 
To date, however, the opportunity has yet to be 
fully realised.

1.3.6 Conclusion

Weight change across particular phases of the life 
course are increasingly common. Many popula
tions, both from the more economically developed 
and less economically developed nations, are 
becoming more affluent and therefore gaining 
weight. The epidemic of obesity, when considered 
in detail, appears to show that specific periods of 
life are particularly associated with weight gain. 
Opportunities for tailored and appropriate interven
tions to manage weight are available.

1.3.7 Summary box
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Obesity is defined as a disease by the World Health 
Organisation. Its International Classification of 
Diseases code has subcategories of some historical 
interest, which do not correspond well to the clinical 
or public health concerns about obesity, or to man
agement strategies. Most people think they know 
what is meant by ‘obesity’ in principle, but different 
criteria may be applied in relation to different inter
vention or treatment strategies, and between differ
ent populations or subgroups. The diagnostic criteria 
for other diseases such as hypertension or hyperlipi
daemia similarly vary between genders and racial 
groups, or between children and adults, so different 
diagnostic criteria are used at different ages to initi
ate and assess treatment.

Modern obesity research has revealed complex 
genetic–environment interactions in its aetiology, 
and the interacting neural and endocrine compo
nents that modulate appetite and eating. New man
agement packages, with better‐defined goals and 
success criteria, have emerged, and so diagnostic 
criteria have come under new scrutiny. Importantly, 
in order to establish diagnostic criteria, a robust 
definition of obesity is required, to characterise the 
disease. In principle, obesity is obviously a disease 
of having too much body fat, but measuring body 
fat is not simple. Furthermore, any diagnosis based 
on measuring body fat, which is a component of 
both normal and obese individuals, will inevitably 
have to rely on arbitrary criteria. Body fat can only 
accumulate over time in people who are (for genetic 
and/or environmental reasons) predisposed. The 

2010 Scottish Intercollegiate Guidelines Network 
(SIGN) guideline on obesity [1] took the important 
step of defining obesity as a disease process: 
‘Obesity is defined as a disease process, character
ised by excessive body fat accumulation, with mul
tiple organ‐specific consequences’. Accepting that 
there is a disease process operating, it becomes pos
sible, if we have reliable markers of the process, to 
diagnose it before its full clinical manifestation 
becomes apparent.

1.4.1 Indicators of rising 
body fat content

Direct measures of body fat include computer 
tomography, magnetic resonance imaging, bio‐ 
electrical impedance analysis or dual‐energy X‐ray 
absorptiometry scan. These tools are primarily used 
in obesity research, whereas in routine clinical 
 practice other anthropometric measures are used as 
a proxy measure of body fat.

1.4.2 Weight and body 
mass index (BMI)

The simplest indicator of obesity, or body fat con
tent, is of course body weight. For monitoring 
patients over time, weight is the most reliable meas
ure. However, body weight varies with stature as 
well as fatness. Many mathematical corrections have 

Diagnostic criteria and assessment 
of obesity in adults

Chapter 1.4

Mike Lean
University of Glasgow, Glasgow, UK



1.4 Diagnostic criteria and assessment of obesity in adults  25

been applied to eliminate the influence of  stature. 
The BMI (kg/m2) is not the best of the many indices 
proposed, but for adults it does eliminate most of the 
effects of stature, and it is simple enough for wide 
use in epidemiology. Women have more fat and less 
muscle than men at any given weight or BMI, so the 
sexes should always be separated in any analysis.

WHO adopted the now‐conventional BMI cate
gories for overweight and obesity in 1995, 2000 
and 2004 (Table  1.4.1) for health monitoring in 
populations, and to establish associations between 
diet and lifestyle and health outcomes [2–4]. 
These are arbitrary BMI cut‐offs, and the detailed 
health–outcome associations of BMI, or BMI 
 categories, vary between genders, with age, and 
between social and racial groups. The con
ventional BMI categories were not intended for 
clinical diagnosis of individuals. They are not 
completely accurate in classifying individuals’ 
body fat contents, so some people such as sports
men, classified as ‘obese’ with BMI > 30 kg/m2, 
actually have low body fat, but have expanded 
muscle masses. Muscle is more dense than fat, so 
variations in muscle mass introduce rather large 
errors in BMI classification.

It remains true that most people with BMI >30 kg/m2 
in a population survey do in fact have excess body 
fat, to a degree that it is likely to affect health 
adversely. Almost nobody with BMI >35 kg/m2 has 
an acceptable amount of body fat. In the category 
with a BMI of 25–30 kg/m2, a relatively large num
ber are en route to, or at risk of, a BMI of >30 kg/m2. 
Hence, these conventional BMI categories are still 
useful in epidemiology. They were designed with 
European adult populations in mind and do need to 
be interpreted carefully when applied to groups with 
unusual features. Thus, a mean BMI of 27 kg/m2 is 
of concern for the whole adult population of UK, 
with mean age about 45 years. However, a mean 
BMI of 27 kg/m2 for a group of young people in 
their 20s would be of much greater concern. South 
Asian adults generally have more body fat, and less 
muscle, than Europeans at any given BMI, so a 
mean BMI of 27 kg/m2 would also be of greater con
cern in a group of South Asians, implying more fre
quent attributable health problems [4]. Older BMI 
criteria had different cut‐offs for men and women. 
This makes sense if the concern is the absolute level 
of risk attached to high body fat content: women can 
clearly tolerate great fat masses more than men 

Classification

BMI (kg/m2)

Principal cut‐off points Additional cut‐off points

Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinness 16.00–16.99 16.00–16.99
Mild thinness 17.00–18.49 17.00–18.49

Normal range 18.50–24.99 18.50–22.99
23.00–24.99

Overweight ≥25.00 ≥25.00
Pre‐obese 25.00–29.99 25.00–27.49

27.50–29.99
Obese ≥30.00 ≥30.00

Obese class I 30.00–34.99 30.00–32.49
32.50–34.99

Obese class II 35.00–39.99 35.00–37.49
37.50–39.99

Obese class III ≥40.00 ≥40.00

Table 1.4.1 International classifications and sub‐categories for BMI 
(adapted from references [2–4])
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(being smaller, they need a greater proportion of 
body fat than men to survive long famines). The 
same BMI cut‐offs are now applied to men and 
women to indicate similar relative excess of health 
impairment for both sexes.

The BMI is likely to remain a key indicator of 
body fat and obesity for surveys in the foreseeable 
future. It is essential for the measurements of weight 
and height to be made as reliably, accurately and 
precisely as possible. Equipment must be calibrated 
regularly, particularly stadiometers used to measure 
height, since squaring height to compute BMI also 
squares any errors and biases in its measurement.

1.4.3 Waist circumference

The waist circumference was introduced into public 
health thinking very specifically in 1996, in the 
SIGN obesity guideline, not as a diagnostic crite
rion, but as a tool for health promotion [5]. The BMI 
was too complex and conceptually problematic for 
health promotion among the general public, even 
with the weight vs. height charts to compute it. 
Research found that waist circumference was in fact 
a marginally better indicator of both total body fat 
and associated health risks than BMI, in addition to 
being simpler.

As with BMI, cut‐offs are arbitrary. The waist 
cut‐offs that prevailed, and which have now entered 
both public health and clinical guidelines world
wide, emerged from a pragmatic risk analysis of a 
large Dutch database to incorporate both BMI and 
the older marker ‘waist/hip ratio’, supported by cor
relations with risks of diabetes and cardiovascular 
risk factors. Waist >102 cm for men and >88 cm for 
women form ‘Action Level 2’ (broadly equivalent to 
BMI 30, obesity), above which risks are high and 
professional help is required for weight loss. The 
lower ‘Action Level 1’, of waist circumference 
>94 cm for men and >80 cm for women (similar to 
BMI 25 kg/m2), indicates a rising risk and the need 
for individuals to take personal action against 
weight gain [6]. Subsequent research has confirmed 
that waist circumference is at least as good as BMI, 
and in some cases marginally better, to predict obe
sity‐related health risks, particularly type 2 diabetes. 

The earlier term ‘waist–hip ratio’ (WHR) proved to 
be less accurate than waist alone, but does relate 
to  type 2 diabetes in cross‐sectional surveys [7], 
because the onset of diabetes incurs a loss of 
 muscle  mass, and hence a drop in hip circumfer
ence. (Subsequent research showed that hip circum
ference relates more to muscle mass than to fat.) For 
all practical purposes, it is unnecessary to adjust 
waist circumference for height.

There is potential for observer‐error in measur
ing the waist, but this is not a major concern if it is 
done carefully. It should be measured according to 
the WHO guidelines  –  with the subject standing, 
using an inelastic tape, horizontal, between the iliac 
crest and lowest rib (which can be felt with a finger 
even in the most obese) [8]. An error of 1–2 cm in 
this position makes very little difference. Most peo
ple categorised as ‘obese’ on the strength of a waist 
greater than 88 or 102 cm would have excess body 
fat, even with relatively inexpert measurement. In 
extreme obesity, the belly becomes pendulous, 
hanging towards the ground, and so variations in 
body fat will no longer be detectable. Waist only 
correlates accurately with body fat content in peo
ple with BMI below about 40. However, this is not 
an obstacle to categorising, or diagnosing, people 
as obese.

At lower levels of total body fat, waist circum
ference might misclassify people as being over
weight or obese, because it is specifically increased 
in people with larger‐than‐usual amounts of intra‐
abdominal fat. In large population surveys with a 
wide range of BMI, etc., most of the variance in 
waist circumference relates to variations in total 
body fat content: waist is primarily a marker of 
total body fat, and a little better than BMI for this 
purpose. In groups with similar BMI, variance in 
waist circumference is driven more by variations in 
intra‐abdominal fat mass. In a group of individuals 
with exactly the same total body fat, different waist 
circumferences would indicate differences in intra‐
abdominal fat.

There are important differences in waist circum
ferences and fat distribution among different races 
(more so than ethnic differences). Thus, South Asian 
people generally have larger waists, with more 
intra‐abdominal fat than Europeans, at the same 
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height and weight. For this reason, South Asians are 
at greater risk of metabolic complications from obe
sity at lower levels of waist circumference. In an 
attempt to equalise the level of risk at which inter
vention is indicated, a table of modified waist cut‐
offs has been produced (Table 1.4.2).

‘Waist‐deniers’

Confusion about the associations of waist circum
ference has dissuaded some guideline‐writers from 
accepting it as an alternative, or equivalent, to BMI 
for predicting body fat and health risks. Its major 
advantage – its very simplicity – may have engen
dered suspicion, and tables have been constructed 
combining cut‐offs of BMI and waist. This approach 
valuably identifies people at risk despite a low BMI; 
however, risk assessment is most accurate using 
continuous variables without categorisation. This is 
not the same as diagnosis, and is unhelpful for 
health promotion.

Several large surveys have suggested that WHR is 
better than waist circumference. The Interheart 
study is one. However, the waist measurement 
methods did not use the standard WHO method; 
data came from a large number of different coun
tries, so different methods were used (shortest cir
cumference) [9]. Others have suggested introducing 
ratios of waist with height to generate an index. This 
tends to eliminate differences between the sexes, but 

at the expense of a more complicated, less immedi
ate message.

1.4.4 Diagnosis of obesity 
by genetic markers

All disease arises through a conjunction of genetic 
and environmental factors, many mediated, as with 
obesity, by the behavioural patterns of individuals. 
To become obese, an individual must consume 
more energy that he or she expends. An increase in 
BMI from 23 to 30 kg/m2 requires the accumula
tion of about 160,000 kcal of excess fat. This has 
to be consumed over a period of time as energy 
above the need for energy balance. There are large 
numbers of physiological mediators of appetite 
and eating, and of energy expenditure, all of which 
may be disrupted by genetic factors, either at the 
level of a gene mutation or through altered expres
sion of a gene. It has long been recognised that 
there are familial, and probably genetic, factors 
responsible for obesity, and very large numbers of 
gene variants have been shown over the years to 
have weak   associations with greater BMI, and 
effect sizes are generally very small. Evolutionary 
success has depended on the body weight and 
appetite being under complex physiological and 
ultimately genetic control, such that weight loss is 
opposed by a range of mechanisms all directed at 

Classification BMI (kg/m2)

Risk of comorbidities

Waist circumference

<90 cm (men)
<80 cm (women)

≥90 cm (men)
≥80 cm (women)

Underweight <18.5 Low (but risk of other 
clinical problems)

Average

Normal range 18.5–22.9 Average Increased
Overweight ≥23
At risk 23–24.9 Increased Moderate
Obese I 25–29.9 Moderate Severe
Obese II ≥30 Severe Very severe

Table 1.4.2 Comorbidities risk associated with different levels of BMI and suggested waist 
circumference in adult South Asians (adapted from IDF‐WPR and IOTF 2002)
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increasing food  consumption and limiting non‐
essential energy expenditure. Obesity is usually 
considered to be polygenic, that is, there need to be 
‘defects’, or altered expression, in several regula
tory systems simultaneously. These ‘defects’ can 
be considered simply exaggerated normal mecha
nisms for evolutionary survival. None of the 
genetic variants so far identified, or even combina
tions, are sufficient to explain the obesity epi
demic. The main influence is environmental, but 
there is growing interest in the role of epigenetics, 
for example, by studying the effects of diet and 
stresses in pregnancy to program the expression of 
genes related to appetite and energy balance (refer 
to Chapter 3.1). Susceptibility to weight gain can 
be exaggerated, or unmarked, by treatment with 
various obesogenic drugs [10].

1.4.5 Obesity diagnosis 
with clinical staging

A more functional diagnosis of obesity, based not 
solely on criteria from BMI or other static measure 
of body fat, includes criteria of clinical staging. 
This approach is used routinely in cancer diagno
sis, where the staged diagnosis defines treatment. 
The Edmonton system combines conventional 
BMI categories with a descriptive term to denote 
the degree of functional impairment. This system 
was loosely directed towards treatment, and impor
tantly drew attention that there could be an ‘end‐
stage’ in obesity  –  for example, with severe 
arthritis  –  in which even successful weight loss 
would not improve function significantly, and so 
only symptomatic palliative care is indicated [11] 
(Figure 1.4.1).

A simplified diagnostic staging was adopted in 
the 2010 SIGN clinical guideline, more overtly 
linked to the very limited range of evidence‐based 
treatments available.1 It again recognised that, for 
some patients, only symptomatic palliative care 
would be indicated. Within the SIGN 2010 guide
line, the concept and diagnostic category of ‘severe 
and complicated obesity’ was recognised. In the 
past, the term ‘morbid obesity’ was used by WHO 
and others for use in epidemiology, to denote the 
category with BMI >35 kg/m2. The word morbid 

(latin, morbus = disease) was used in recognition 
that many people with BMI >35 kg/m2 were 
f unctionally affected and unwell because of their 
obesity, but many are not, so this is clearly inade
quate for diagnostic staging. The term ‘severe and 
complicated obesity’ has thus been introduced to 
identify individuals who require more aggressive 
intervention, either because their obesity has pro
gressed to an extreme level (e.g. BMI >35 kg/m2), or 
because, at a lower level of BMI, they already have 
serious secondary medical and functional complica
tions, such as diabetes or arthritis. ‘Complicated 
obesity’ (which points to clinical complications and 
treatment indications) is preferable to ‘complex 
obesity’ (which can be misinterpreted as referring to 
aetiology).

The principle of clinical and functional staging 
for the diagnosis of obesity is a valuable advance, 
both for epidemiological classification and to 
 determine clinical action. Adding clinical staging 
for diagnosis makes it less necessary to modify the 
BMI or waist categories for different races or ethnic 
groups, which can be difficult to define in mixed 
populations.

1.4.6 Summary box

Key points

• Obesity is a disease, defined as the disease pro
cess of excess body fat accumulation, with multi
ple organ‐specific clinical and public health 
consequences.

• A BMI of 30 kg/m2 is the most widely used crite
rion for the classification of obesity, in epidemi
ology, but not for clinical or diagnostic use in 
individuals.

• For health promotion, waist circumference is the 
simplest and most robust criterion: >80 cm 
(women) or >94 cm (men) marks a need for self‐
determined action to avoid further gain; >88 cm 
(women) or >102 cm (men) indicates high health 
risks and a need for professional support for sus
tained weight loss.

• For clinical decision‐making, clinical assessment 
of co‐morbid conditions must be added to BMI 
or waist level to determine the appropriate 
intervention.



Figure 1.4.1 Edmonton clinical staging. From IJO (ref [11]).
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1.5.1 Introduction

The effective management of childhood obesity is 
dependent on accurately identifying and assessing 
the weight status of a child or young person [1]. In 
addition to the need to tackle the lack of parental 
awareness and their inability to recognise their child’s 
overweight status results in low levels of weight con
cern [2]. A health professional is tasked with the role 
of ensuring that the issue of excess weight is raised in 
a sensitive manner, in order to help parents under
stand the potential health risks of their child carrying 
excessive weight but also  motivate them to engage in 
treatment [3,4]. This chapter provides key aspects of 
accurately assessing childhood overweight and obe
sity [3–6]. While there is a constant need to ensure 
dietetic and medical treatments are clinically and 
cost‐wise effective, it is also important to consider 
what clinical o utcomes are most useful to measure 
and judge treatment effectiveness.

1.5.2 Diagnosis of overweight 
and obesity in children 
and young people

The importance of overweight and obesity lies in 
the association of excess body fat with ill health. 
Therefore, the diagnosis of overweight and obesity 
requires the measurement of body fat. Direct 
 methods of measuring body fat include computer 

tomography (CT), magnetic resonance imaging 
(MRI), bio‐electrical impedance analysis (BIA) and 
dual‐energy X‐ray absorptiometry (DEXA) scan 
[1,7–9]. These tools are primarily of greater use in 
research and occasionally tertiary care centres due 
to their high costs. In routine practice, body mass 
index (BMI) is the recommended ‘easy‐to‐use’ 
proxy measure of body fat [1,3–7,9].

Body mass index

BMI [weight (kg)/height (m)2] has been widely used 
to define and diagnose obesity in adults [3,6,9]. 
There is widespread national and international sup
port for the use of BMI to clinically diagnose obe
sity and overweight in children and adolescents 
[3–7]. However, BMI has well‐documented limita
tions as an absolute measure of body fat, such as that 
it does not distinguish abdominal fat and visceral fat, 
it does not take into account excess muscle mass 
[1,3,9]. However, BMI is the most practical measure 
to estimate excess body fat in children [1,10].

BMI for age centiles in clinical practice

Child BMI varies throughout growth and differs 
between sexes, which means that both age and gen
der needs to be taken into account when interpreting 
BMI status [10]. Child BMI is classified using 
thresholds that are derived from a reference popula
tion, known as the child growth reference. In the 
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UK, the 1990 population‐based BMI centile charts 
(UK 1990) [11] are recommended for use for those 
4 years and above, and WHO data for those under 
4 years, available to order from Harlow Healthcare 
(www.healthforallchildren.co.uk).

In practice, BMI should be calculated and plotted 
on a centile chart for children above the age of 2 
[3–4,6–7]. A cut‐off with high specificity (a positive 
result from a test with high specificity means there is a 
high probability of presence of the disease) has gener
ally been regarded as more important for clinical 
applications than high sensitivity (a test with high sen
sitivity means a high probability of a negative result) to 
avoid diagnosis of non‐obese children as obese [1,3–
6,10]. The 91st and 98th centiles on the WHO/UK 
1990 charts for age and sex are recommended as the 
clinical cut‐offs to diagnose overweight and obesity, 
respectively. Table  1.5.1 summarises the clinical 
 centile cut‐off points used to diagnose overweight and 

obesity in the UK based on systematic reviews [1,10] 
and evidence‐based guidelines [3,6]. International 
Obesity Task Force (IOTF) cut‐off points are also 
available [12]. A systematic review by Reilly et al. [10] 
concluded that evidence was lacking for BMI using 
the IOTF approach in preference to national BMI per
centiles for identifying children and adolescents with 
excess body fat and cardiometabolic risk factors.

Table  1.5.2 demonstrates that BMI can indi
cate  very different weight states in children and 
 adolescents of different ages. For example, a BMI 
of 19.5 would categorise a 5‐year‐old girl as obese, 
a 10‐year‐old boy as overweight and a 15‐year‐old 
boy or girl as being of healthy weight. It is essential 
that a child’s BMI is plotted on a centile chart, or 
height and weight added to a child BMI calculator 
that is adjusted for age and sex (see Section 1.5.6, 
titled ‘Useful tools and websites’).

BMI for age standard deviation scores 
(SDSs) or z‐scores

BMI can also be defined in terms of a BMI standard 
deviation score (SDS) or BMI z‐score (BMI at 50th 
centile for age and sex is an SDS of 0) [13]. Software 
(LMS Growth) is available to convert BMI measure
ments into BMI SD scores [13]. Expressing the 
degree of overweight or obesity as an SD score is 
useful for statistical purposes but also provides 
more details for children and adolescents at the 
extremes of BMI, that is, those above the 98th 
 centile. BMI SDSs are now included in WHO/UK 
1990 BMI management charts; see Table 1.5.1 for 
its relation to clinical diagnosis.

There is a need to distinguish those with ‘severe’ 
to ‘extreme’ obesity [14]. Experts have suggested 

Clinical 
terminology

BMI 
centiles*

SDS or 
z‐score*

Overweight ≥91st centile ≥ + 1.33 SDS
Obesity ≥98th centile ≥ + 2 SDS
Severe obesity ≥99.6th 

centile
≥ + 2.67 SDS

Very severe 
obesity

≥ + 3.33 SDS

Extreme obesity ≥ + 4 SDS

Table 1.5.1 Clinical diagnostic criteria 
for overweight and obese children and young 
people (aged <18) in the UK

*Defined relative to the WHO/UK 1990 reference 
chart for age and sex.

Male Female

Age BMI centile
91st
(overweight)

98th
(obese)

91st
(overweight)

98th
(obese)

5 years 17.4 18.6 17.7 19.1
10 years 19.5 21.7 20.4 22.9
15 years 23.1 26.0 24.2 27.2

Table 1.5.2 Absolute BMIs for boys and girls aged 5, 10 and 15 to classify as clinically overweight or 
obese (UK 1990 cut‐offs)
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that the ‘severely obese’ (≥99.6th centile) are in 
greater need of clinical assessment and treatment 
[4–6,15]. In the UK, the ≥99.6th (+2.67 SDS) cen
tile line is included on the charts along with centiles 
for +3.0 SDS, +3.33 SDS, +3.66 SDS and +4 SDS 
(extreme obesity). In the USA, the 97th centile is 
the highest curve available on the growth charts; 
hence, cut‐offs points for the 99th centile are pro
vided for reference in clinical guidelines [4,16]. 
Thus, a child with a BMI ≥3.33 SD above the mean 
at age 18 years is the equivalent of the adult defini
tion of morbid obesity (BMI ≥40 kg/m2) [17].

Waist measurements

It is recommended that the waist be taken as the mid‐
way between the lowest rib and the iliac crest, and 
that the child be asked to bend to one side to locate 
this point. Several studies agree that waist circumfer
ence is a useful tool to provide information on central 
adiposity, which is associated with high blood pres
sure, dyslipidaemia and insulin resistance in children 
and adolescents [19,20]. It is not yet clear what the 
universal cut‐off points should be to assess risk 
[5,6,10]. Evidence‐based clinical guidelines recom
mend that waist circumference not be used to diag
nose overweight and obesity in children [3,4,6,17,18], 
but that it may be used to give additional information 
on the risk of developing other long‐term health 
problems and for clinical monitoring purposes [3,7].

1.5.3 Assessment

Once a child has been diagnosed as overweight 
(above the 91st centile), a key aim of assessment is 
to build a rapport with the parent and/or child, as 
many parents have had negative experiences around 
weight‐related issues or be completely unaware of 
the condition [2,21]. This is discussed further in 
Chapter 6.1 (weight management in children).

Anthropometric measurements

Accurate measurements of both weight and height 
are needed to calculate BMI. These should be taken 
with the child in light clothes and with no shoes. 
When measuring height, care should be taken to 
ensure the child’s head is positioned such that the 

Frankfurt plane is horizontal (lining up the ear hole 
with the bottom of the eye socket) [22]. Self‐
reported weight and height should never be consid
ered appropriate, as this will lead to inaccurate data 
collection and BMI outcomes.

Waist measurements can be a useful tool in the 
clinical setting to help children monitor their out
comes; however, care must be taken to ensure that it 
is measured in a consistent manner – most impor
tantly, following the same technique.

Talking about body weight

Research tells us that more than half of parents can
not recognise when their child is overweight [2], 
and thus care should be taken when raising the issue 
of weight with children and parents [23]. Health 
professionals need to talk openly, but sensitively, 
about children’s weight [24]. It is important to help 
educate parents about BMI and to explain the asso
ciated health risks at different BMI levels. Although 
guidelines recommend the clinical terms ‘over
weight’ and ‘obese’, these should be maintained for 
diagnostic purposes only. Weight can be a sensitive 
and emotive issue, so it would be helpful for health 
professionals to think carefully about how they 
approach the subject matter. To avoid parents feel
ing blamed or judged, using more neutral terms 
such as ‘weight’, ‘excess weight’, carrying extra 
weight’ or ‘BMI for age’ (if explained) can be use
ful [4,24]. Preliminary research shows that weight 
feedback provided in a factual and non‐emotive way 
by a healthcare professional can significantly influ
ence a parent’s readiness to initiate lifestyle changes 
[25]. Other factors indicating when a parent may be 
more likely to be ready to address their child’s 
weight issues include: the child being aged 8 years 
or above, and a belief that their child’s weight is a 
health problem [21,24,26]. Talking about weight at 
an early stage of assessment can help in exploring 
the understanding of the parents/family about refer
ral and their possible expectations of treatment.

Clinical factors

At the initial child weight management assessment, 
it is useful to obtain additional clinical information 
to build a fuller picture of the child’s obesity and 
risk of future obesity‐related comorbidities. In some 
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child weight management services, this may be 
completed as part of a multi‐disciplinary team 
assessment or as part of the criteria required on 
referral into the service. Clinical obesity guidelines 
outline a number of areas that are useful to include 
during assessment [3–7]:

 • BMI – plot a growth chart and discuss growth pat
terns (look out for short stature, as obese children 
are generally tall) [6,17].

 • Weight history patterns, including any previous 
attempts at weight control

 • Family history of overweight/obesity and co
morbidities (e.g. type 2 diabetes, prediabetes, 
hypertension, dyslipidaemia in first‐degree 
relatives)

 • Associated comorbidities (such as hypertension, 
hyperinsulinaemia, dyslipidaemia, type 2 diabetes, 
and exacerbation of conditions such as asthma) 
and risk factors

 • Level of family support and family setup – that is, 
who is important at home, who the child spends 
time with and any other significant carers, such 
as, for example, grandparents

 • Level of emotional/psychosocial distress  –  for 
 example, low self‐esteem, bullying, teasing

 • Explore school and social history – this provides 
an opportunity to engage with the child by explor
ing his or her world

 • Other weight‐related signs and symptoms  –  for 
example, exercise intolerance, hip/knee/foot 
pain,  shortness of breath, acanthosis nigricans 
(t hickened velvety darkened skin usually around 
the neck) [6,17]

When to consider a medical 
referral?

In clinical practice, most children managed in the 
community will have obesity with no underlying 
medical cause and no comorbidity [6]. If medical 
input is required or further investigation is 
needed to assess risk factors for comorbidities, 
this can be done in primary care by following 
recommendations from a range of specialist 
 bodies [27,28]. Some children showing signs 
of  psychological distress or disordered eating 

should be considered for referral to psychologi
cal assessment and treatment [3,6].

Referral to secondary care or paediatric special
ists should only be considered for children or ado
lescents with very severe to extreme obesity; those 
who are obese with a serious obesity‐related comor
bidity that requires weight loss. Another group are 
those having complex needs such as significant 
learning difficulties (see OSCA guidance for assess
ing obesity in secondary paediatric practice in the 
UK); or as per NICE C43 and SIGN 115 [3,6,17]. 
Referral to a paediatric endocrinologist should be 
made for any obese child who is short in stature, 
as  this may be an indication of an underlying 
 endocrine cause of their obesity, such as hypothy
roidism, growth hormone deficiency or Cushing’s 
syndrome [6,17].

1.5.4 Treatment success 
criteria

It is becoming common practice for childhood 
weight management interventions to be commis
sioned at a local, regional or national level. The 
National Obesity Observatory published a Standard 
Evaluation Framework [29,30] to aid the evaluation 
of child obesity programmes in the UK. While it 
does recommend measuring the change in a child’s 
BMI using the BMI SDS rather than the BMI cen
tile, it does not assist in providing guidance on the 
extent of weight or BMI change required to be clini
cally efficacious in reducing disease risk.

Due to lack of data, expert clinical opinion col
lectively agrees that the primary goal of obesity 
treatment for children who are overweight and most 
children who are obese ought to be weight mainte
nance. This is an acceptable target that will create a 
reduction in BMI because of ongoing linear growth 
[3–4,6–7]. Table 1.5.3 shows a case study demon
strating this. It is recommended that, in older chil
dren and those diagnosed as severely obese, small 
amounts of weight loss be considered acceptable, up 
to 0.5–1 kg per month, under clinical supervision 
[3–4,6].

It is important to note that there is a limited but 
growing evidence base on the impact of improving 
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BMI SDS and on reducing cardiovascular disease 
risk factors. The small number of studies published 
suggest that a reduction of 0.1–0.5 BMI SDS after a 
1–2‐year follow‐up is sufficient to show changes in 
cardiometabolic risk factors, such as improvements 
in insulin sensitivity, some lipid profiles, blood 
pressure and body composition [31–36]. This is a 
promising area for future research, to provide a bet
ter understanding of the effects that child weight 
management interventions have on improving 
weight status and health.

1.5.5 Conclusion

There is widespread international support for the use 
of BMI to clinically diagnose obesity in children 
[3–6]. Despite its well‐documented limitations, it is 
the most practical measure of defining excess body 
fat in children, provided values are interpreted using 
relative national child growth references, taking into 
account age and sex [1,10]. When a child is classi
fied as overweight or obese (≥91st or ≥98th centile 
using the WHO/UK 1990 reference [11]), this should 
be integrated with a comprehensive assessment, 
including raising awareness of the child’s overweight 
in a sensitive, non‐judgemental manner to encourage 
parents (and adolescents) to help bring their weight 
under control. Following this, a comprehensive 
assessment is crucial before deciding upon appropri
ate treatment options and discussing weight mainte
nance as a likely clinically effective outcome of the 
treatment. Further research and guidance is required 
to help define additional clinical outcomes in order 
to demonstrate treatment success.

1.5.6 Summary box

1.5.7 Useful tools and websites

BMI management charts and LMS 
growth (free to download)

Order from Harlow Healthcare,  
www. healthforallchildren.co.uk

Online child BMI calculators 
(adjusted for age and sex)

NHS Choices Healthy weight BMI calculator,  
www.nhs.uk/Tools/Pages/Healthyweightcalculator. 
aspx

Weight Concern child and young person’s BMI 
calculator, www.weightconcern.com/node/9

Talking about weight

Raising the issue of weight in children (download 
tool), Department of Health (2006), www.dh.gov.
uk/prod_consum_dh/groups/dh_digitalassets/
documents/digitalasset/dh_096580.pdf

Age (years) 
at each 
appointment Weight (kg) Height (m)

Weight 
change (kg) BMI BMI SDS

10 50 1.3 – 29.6 3.14
10.5 50.5 1.325 +0.5 28.8 2.95
11 50.5 1.36 0 27.3 2.63

Change +0.06 Change +0.5 Change −2.3 Change of −0.51*

Table 1.5.3 Case study example of a 10‐year‐old girl and treatment effect

*SDS is a clinically effective change in adiposity indicator to reduce cardiovascular disease risk.

Key points

• BMI should be calculated for children.
• BMI needs to be plotted on age‐ and sex‐ 

appropriate charts for each country.
• BMI SDS should be reported for programme 

outcomes.
• Waist measurement is useful for measuring 

 clinical progress.
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Weight Concern leaflet, www.weightconcern.com/
node/134

Online toolkit preventing weight bias, Rudd Center 
for food policy and obesity, www.yaleruddcenter.
org/resources/bias_toolkit/index.html
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Obesity in the development 
of type 2 diabetes

Chapter 2.1

2.1.1 Introduction

The burden of obesity in relation to the quality of 
health and development of illness and disease is of 
increasing concern. For healthcare professionals, 
arguably the first disease that comes to mind when 
asked about the complications of obesity is type 2 
diabetes. With type 2 diabetes also on the rise glob‑
ally, more and more healthcare professionals are 
being involved in the management of obese people 
with this disease and the clinical sequelae that fol‑
low for an individual with diabetes.

This chapter reviews the importance of diabetes 
as a major complication of obesity, starting with 
examining the epidemiological relationship between 
diabetes and obesity. The role of physical activity 
influencing the risk of diabetes will also be consid‑
ered, given the importance given to regular and 
 frequent physical activity in the obese with type 2 
diabetes. The pathophysiological role of obesity in 
diabetes, including the association of ectopic fat 
states, such as non‐alcoholic fatty liver disease 
(NAFLD), will be examined. Finally, the influence 
of ethnicity in relation to obesity and risk of type 2 
diabetes will be addressed, before summarising the 
natural history of type 2 diabetes, to highlight the 
complications and impact on healthcare systems.

2.1.2 Diabetes and obesity, the 
epidemiological relationship

Worldwide, the prevalence of diabetes is estimated 
at around 285 million people [1]. In 2012, the preva‑
lence of diabetes (both type 1 diabetes and type 2 
diabetes) in the UK was estimated to be 4.6%, which 
translates to 3 million people [2]. However, nearly 
20% of people with diabetes are unaware that they 
have the disease [3]. Around 85% of people (90% of 
adults) with diabetes have type 2 diabetes [4]. Both 
the prevalence (proportion of population found to 
have a condition) and incidence (the risk of develop‑
ing a new condition within a specified period) of 
type 2 diabetes have been increasing the UK, with 
prevalence doubling from 2.3% in 1996 to 4.6% in 
2012 [2,5], and incidence increasing from 2.71/1000 
person‐years to 4.42/1000 person‐years between 
1996 and 2005 [5]. Furthermore, the projected fig‑
ures for the increasing global prevalence of diabetes 
are in agreement with UK estimates – in 2004, the 
predicted global prevalence of diabetes in 2030 was 
4.4% (366 million people) [6]; however, in 2010, the 
prevalence was predicted at 6.4% (430 million) [1].

The growing incidence of diabetes is nearly all 
type 2 diabetes  –  the incidence increasing from 
2.60/1000 person‐years in 1996 to 4.31/1000 
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 person‐years in 2005  –  whereas the incidence of 
type 1 diabetes remained relatively constant [5]. This 
growing incidence and prevalence of type 2 diabetes 
is being linked to the increasing prevalence of  obesity – 
the proportion of individuals newly diagnosed with 
type 2 diabetes who were obese increased from 46% 
to 56% over the 10‐year period [5].

This adverse effect of obesity is not surprising, as 
it is recognised that weight gain is an important 
proven risk factor in developing type 2 diabetes [7–9]. 
A 5‐year follow‐up of over 50,000 healthy men 
aged 40–75 years found that men with a BMI of 
>35 kg/m2 were at 42‐fold higher risk of developing 
type 2 diabetes than men with a BMI of <23 kg/m2 
[8]. Moreover, the landmark data from Hillier and 
colleagues illustrated how the severity of obesity 
lowered the age of onset of type 2 diabetes in the 
USA. Defining early onset of type 2 diabetes as a 
diagnosis before the age of 45, they calculated the 
mean BMI in this group to be 39 kg/m2; however, 
the usual group (age > 45) had a mean BMI of 33 
[10]. There was also a significant inverse linear rela‑
tionship between BMI and age at diagnosis of type 
2 diabetes (P < 0.0001) (Table  2.1.1). Research is 
also confirming the belief that, with growing num‑
bers of younger people becoming obese, the number 
of younger adults being diagnosed with type 2 dia‑
betes is also on the rise [11]. Thus, it can be safely 

concluded that obesity is a key driver, if not the 
main driver, for the growing (and premature) devel‑
opment of type 2 diabetes.

2.1.3 Epidemiological evidence 
for both obesity and reduced 
physical activity

While it is recognised that undertaking less physical 
activity is associated with an increased risk of dia‑
betes [9,12], are the adverse effects of being less 
active greater than the adverse effects of being 
obese? It has been shown that a high BMI (>30 kg/
m2) is a more important risk factor for the develop‑
ment of type 2 diabetes than physical inactivity in 
women, with active obese women having a diabetes 
hazard ratio of 11.5 compared to 1.15 for inactive 
women who are of a healthy BMI, and 1 for active, 
normal‐weight women [12]. Similar data has been 
shown in a smaller study that included men and 
women, which also categorised subjects according 
to normal or impaired glucose regulation (impaired 
fasting glucose or impaired glucose tolerance) at 
baseline (Table  2.1.2) [9]. This latter study shows 

BMI (kg/m2)

<30 >30

Physical 
activity

Relative risk (subjects with 
normal glucose regulation)

Low 1.10 13.2
Medium 2.22  7.32
High 1  3.79

Physical 
activity

Relative risk (subjects with 
impaired glucose regulation)

Low 15.5 19
Medium 12.7 30.1
High  5.5 30.2

Table 2.1.2 Relative risk of type 2 diabetes 
according to joint levels of physical activity, BMI 
(adjusted for age, sex, study year, systolic blood 
pressure, smoking status and education)

Age at diagnosis  
type 2 diabetes (years) Average BMI (kg/m2)

<30 38.3
31–35 37.1
36–40 38.3
41–45 36.3
46–50 35.9
51–55 35
56–60 33.9
61–65 31.7
66–70 31.1
>70 28.8

Table 2.1.1 Relationship between age at 
diagnosis of type 2 diabetes and BMI 

Source: Adapted from reference [10].
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that increasing body mass, reduced physical activity 
and impaired glucose regulation all independently 
contribute to the risk of developing type 2 diabetes. 
An obese individual with impaired glucose regula‑
tion who undertakes low physical activity has a 30‐
fold increased risk of developing type 2 diabetes 
compared with a person who has a normal BMI, 
normal glucose regulation and is physically active. 
While being obese is a stronger risk factor than 
being inactive in relation to the risk of developing 
type 2 diabetes, novel data suggests that cardiores‑
piratory fitness is almost as important as body fat‑
ness in increasing risk [13], and as fitness can only 
be increased by undertaking more physical activity, 
the importance of undertaking regular physical 
activity when trying to reduce the risk of developing 
type 2 diabetes cannot be underestimated.

2.1.4 Pathophysiological 
processes linking obesity 
and type 2 diabetes

It is clear from the epidemiological data reported 
that obesity is strongly associated with onset and, in 
particular, the premature onset, of type 2 diabetes. 
The pivotal pathophysiological process that results 
in obesity causing type 2 diabetes appears to be the 
development of insulin resistance [14]. Insulin 
resistance can be defined as ‘the inability of a 
known quantity of exogenous or endogenous (i.e. 
from the pancreatic beta cells) insulin to increase 
glucose uptake and utilisation in an individual as 
much as it does in a normal population’ [15]. In 
other words, an individual with insulin resistance 
requires more insulin to have the same effect in con‑
trolling glycaemia, and ultimately the body cannot 
produce enough insulin to maintain normoglycae‑
mia, leading to states of impaired glucose control 
(including states such as impaired fasting glucose 
and impaired glucose tolerance), and ultimately 
type 2 diabetes. Impaired glucose tolerance is an 
important intermediate pathological state in the 
pathway to type 2 diabetes, as individuals in this 
state have lost around 80% of pancreatic beta cell 
function [16].

The connection between obesity and increased 
levels of circulating insulin was first described in 

the 1960s [17], with research showing that, in sys‑
temic insulin resistance, there was compensatory 
activity by insulin‐secreting beta cells. It has also 
been recognised that obese individuals have 
increased circulating free fatty acids, and this is 
associated with insulin resistance and dysglycaemia 
[18]. Finally, it is known that obese normoglycae‑
mic individuals have both increased beta cell mass 
and function [17,19]. Thus, obesity‐induced glucose 
intolerance appears to reflect the failure of beta cell 
activity [14].

Several mechanisms have been suggested in try‑
ing to explain why obesity causes insulin resistance 
and, subsequently, type 2 diabetes. These include 
increased production of adipokines/cytokines that 
contribute to insulin resistance [20]; ectopic fat dep‑
osition mainly in the liver but also in skeletal muscle 
and the resulting effect on glucose/insulin homeo‑
stasis [21]; and impaired mitochondrial activity 
[22]. Impaired mitochondrial activity, reflected by 
reduced mass and/or function, could be one of the 
many important pathologies connecting obesity to 
diabetes, both by decreasing insulin sensitivity and 
by compromising beta cell function.

Ectopic fat deposition in the liver can contribute 
to insulin resistance, with ongoing deposition exac‑
erbating the insulin‐resistant state [21]. It is not 
 surprising, therefore, that liver fat has a strong asso‑
ciation with obesity and type 2 diabetes. Obesity is 
a common feature of people with NAFLD – a condi‑
tion when a person has more than 5% fat in their 
liver [23]. Up to 93% of people with NAFLD are 
thought to be obese [24]. Likewise, 75% of people 
with obesity have NAFLD, compared to a preva‑
lence of 16% in people with a normal BMI [25].

The most compelling information describing the 
associations between NAFLD, obesity/adiposity and 
type 2 diabetes comes from the pilot data from bari‑
atric surgery outcomes and reduced‐energy diets in 
obese patients with type 2 diabetes. By applying the 
concept of ‘tracing the reverse route from cure to 
cause’ for the pathogenesis of type 2 diabetes [26], it 
can be hypothesised that, if a reduction in adiposity 
(particularly liver fat content) is associated with a 
significant improvement in the dysglycaemic state 
in type 2 diabetes [27,28], then the presence of liver 
fat is a reflection of a relatively increased adiposity 
state, with both liver fat and excess adiposity 



44  SECTION 2: Consequences and comorbidities associated with obesity

contributing to the development of type 2 diabetes. 
One study clearly demonstrates that, in a group of 
obese subjects, weight loss from a strict moderately 
hypocaloric very‐low‐fat diet (liquid diet formula 
with 50% carbohydrate, 43% protein, 3% fat, 12 g 
dietary fibre, supplemented with raw fruit and veg‑
etables, totalling ∼ 1,200 kcal/day), followed by a 
period of weight stabilisation, resulted in an 8% 
weight loss over a mean of 7 weeks. This was asso‑
ciated with an 81% reduction in liver fat, with the 
reduction in overall body adiposity only falling 
1.9% over the same period [27]. Mean fasting 
plasma glucose improved from 8.8 mmol/l to 
6.4 mmol/l in these subjects. Therefore, in an obese 
state, the relatively small quantity of fat deposited in 
the liver has the key influence in glycaemic control.

Interestingly, despite these pathophysiological 
mechanisms described in the preceding text, it is 
recognised that not every obese individual develops 
diabetes, for reasons remaining as yet unknown, 
and even genetic factors fail to fully explain the dis‑
crepancy [14]. Consequently, a recently published 
 consensus report, cosponsored by the American 
Diabetic Association, the Endocrine Society and the 
European Association for the Study of Diabetes, on 
obesity, insulin resistance and type 2 diabetes, 

highlights the need for further research for identify‑
ing why all patients with obesity do not develop 
type 2 diabetes, and the mechanisms by which obe‑
sity and insulin resistance contribute to beta cell 
decompensation [14]. Nevertheless, given the cur‑
rent body of evidence, one can conclude that, for 
many individuals, obesity drives insulin resistance 
and increases the chances of ectopic fat deposition, 
chiefly in the liver, which appears to have a signifi‑
cant influence on the progression of insulin resist‑
ance that culminates in the onset of type 2 diabetes 
(Figure 2.1.1).

2.1.5 Influence of ethnicity 
on obesity and risk of type 2 
diabetes

Much of the data in the preceding text in relation 
to obesity and risk of type 2 diabetes come mainly 
from populations of white European extraction. 
However, much of the projected increase in the 
global prevalence of diabetes is attributable to 
Asia – namely, the Indian subcontinent, China and 
the Middle East [1]. The prevalence of diabetes is 
expected to rise 54% between 2010 and 2030; 

Visceral fat
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Genes/programming

These sites empty
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Figure 2.1.1 Fat deposition in obese individuals (VF: visceral fat; EF: ectopic fat).
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however, the prevalence is expected to rise by 72% 
in South Asian countries, and by 94% in countries 
from the Middle East. Interestingly the prevalence 
in Europe is only expected to rise by 20% concur‑
rently. In terms of absolute numbers, India, China 
and Pakistan will provide 63 million of the 145 
million extra people who will have diabetes by 
2030, with India alone contributing 37 million 
people.

In light of this epidemiological data, is it possible 
that obesity, or indeed weight gain in general, has a 
stronger association with the onset of type 2 diabetes 
in such high‐risk populations? A recent review plot‑
ted the relative risk of type 2 diabetes against BMI 
for people of South Asian and white European origin 
(Figure 2.1.2) [29]. The graph illustrates clearly that 
the BMI threshold associated with the exponential 
increase in diabetes risk occurs at 22–23 kg/m2 (in 
the ‘normal’ BMI range of 18.5–25) for South 
Asians, whereas in white Europeans the increase 
occurs at a BMI in excess of 30 kg/m2. Similarly, a 
study from Canada investigating multi‑ethnic popu‑
lations (South Asian, Chinese, Aboriginal and 
Europeans) calculated the ethnicity‐specific BMIs 

for an equivalent risk of impaired glucose control 
akin to the risk of diabetes [30]. They calculated the 
risk for a European with a BMI of 30 kg/m2, and sub‑
sequently calculated the equivalent BMI that would 
give the same risk in the other ethnic groups. The 
equivalent BMIs in the South Asian, Chinese and 
Aboriginal populations were 21, 20.6 and 21.8 kg/
m2, respectively.

Perhaps one explanation for the relationship 
between BMI thresholds and the risk of type 2 dia‑
betes is that the current BMI categories for weight 
are not as useful or sensitive in other ethnicity 
groups in relation to metabolic risk. For example, 
BMI‐matched South Asians and Europeans have 
more body fat for the same BMI [13,31]. Or equally, 
in South Asians, the fat appears to be relatively 
more distributed around the abdomen as compared 
to Europeans, as indicated by an increased waist–
hip ratio [13,32], which is recognised as a stronger 
predictor of the risk of type 2 diabetes than BMI in 
South Asians [33]. Regardless of the underlying 
reason(s), one thing is clear – people of ethnicities 
such as South Asian or Chinese who are overweight 
are more at risk of developing diabetes as compared 
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to their European counterparts. Thus, consensual 
international opinion and guidelines have suggested 
ethnicity‐specific BMI and waist circumference 
(a  surrogate for waist–hip ratio) cut‐offs that are 
lower than those for white populations to reflect this 
increased risk [34].

2.1.6 Diabetes – the impact 
of the disease

Recent data from a study involving 1 million peo‑
ple showed that having a diagnosis of diabetes 
causes premature death – a 40‐year‐old male with 
diabetes will lose 6–7 years of life due to the 
 disease [35].

The main complications from type 2 diabetes are 
vascular in nature, falling into two main catego‑
ries – macrovascular complications such as ischae‑
mic heart disease, cerebrovascular disease and 
peripheral vascular disease; and microvascular 
complications such as retinopathy, nephropathy and 
neuropathy [36]. Retinopathy is the leading cause of 
blindness in the working population in the USA 
[37]. Further, many patients with type 2 diabetes 
often experience more than one type of complica‑
tion. For example, many patients experience prob‑
lems with their feet, including deformity and 
ulceration, which are often multifactorial in aetiol‑
ogy [38]. Moreover, the lifetime risk for a patient 
with type 2 diabetes for developing a foot ulcer is 
25% [39], with type 2 diabetes accounting for up to 
80% of non‐traumatic amputations (of which 85% 
is preceded by a foot ulcer) [40]. Ultimately, com‑
plications such as retinopathy are linked to the level 
of dysglycaemia [41]. Optimising glycaemic con‑
trol, particularly in the early years, has a positive 
influence on complications [42], but this requires 
concerted and sustained effort in the management of 
patients – by both healthcare professionals and the 
patients themselves.

The direct drug costs of managing patients with 
type 2 diabetes have been disproportionately 
increasing over the past 10–15 years. While preva‑
lence in the UK has increased by 50%, the drug 
costs have doubled over the same period [43]. 

Therefore, while the cost of obesity in itself burdens 
health resources financially, the subsequent effects 
of type 2 diabetes only add to the financial drain. 
Moreover, patients with diabetes are more likely to 
be admitted to hospital. Recent data from 219 hospi‑
tals in the UK, in the 2009 National Audit of 
Inpatient Diabetes Care, suggested that a little over 
15% of patients with diabetes are admitted, of which 
94% have type 2 diabetes [44]. Although having 
type 2 diabetes increases the chances of hospital 
admissions, only around 12% of admissions are dia‑
betes related [45]. Thus, patients with diabetes are a 
high‐risk group, growing in number.

2.1.7 Conclusions

Having reviewed the association between obesity 
and type 2 diabetes, it is clear that these two condi‑
tions have a close relationship. The epidemiological 
trends showing the worldwide increase in obesity 
are being mirrored in type 2 diabetes. Of growing 
concern is the manner in which obesity adversely 
influences the age of onset of type 2 diabetes, and, 
with greater numbers of children and younger 
adults becoming obese and people becoming more 
sedentary, it is unsurprising that more and more 
younger people are being diagnosed with type 2 
diabetes.

Substantial evidence suggests that obesity causes 
the body to become insulin resistant, which is 
worsened by liver fat deposition. Ultimately, the 
pancreatic beta cells fail, and type 2 diabetes 
ensues. Moreover, some ethnic groups such as 
South Asians appear to be more sensitive to the 
adverse effects of weight gain, with type 2 diabetes 
occurring in people with normal BMIs for this 
group, indicating the probable need for ethnicity‐
specific BMI classification. Once a diagnosis of 
type 2 diabetes is made, the combined efforts of the 
patient and healthcare professionals are required to 
control glycaemia (through lifestyle changes and, 
where necessary, medication) in order to minimise 
the development and progression of complications 
that can cause significant morbidity and premature 
mortality.
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2.1.8 Summary box
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Obesity in the development 
of cardiovascular disease

Chapter 2.2

2.2.1 Relationship between 
BMI and cardiovascular 
mortality

In a large meta‐analysis in nearly 900,000 subjects 
from 57 prospective cohorts, including smokers and 
non‐smokers, it was found that ischemic heart dis‑
ease deaths increased linearly from 2.7 in 1000 per 
year at a BMI of 22.5 kg/m2 to 7.8 in 1000 per year 
at a BMI of 40 kg/m2. In non‐smokers, the rates were 
1.68–6.52 in 1000 per year. Stroke deaths increased 
from 1.2 to 1.3 between a BMI of 22 to 30 kg/m2, 
and then rose more steeply up to 2.9 at a BMI of 45, 
and, in non‐smokers, 0.96–1.86 in 1000 per year [1].

In males (smokers and non‐smokers), the total 
vascular death rate increased from 4.8 to 12.9 in 
1000 per year across the BMI range (22.5 to >40 kg/
m2), while in females the rate was about half that, 
increasing from 2.4 to 6.1 in 1000 per year over the 
same BMI range. Smoking increases death rates by 
2 in 1000 per year in men and 1 in 1000 per year in 
women between the ages of 35 and 69, and is addi‑
tive across the BMI range.

A more recent study has investigated BMI and 
all‐cause mortality in a pooled analysis of 19 pro‑
spective studies from the National Cancer Institute 
Cohort Consortium, which included 1.46 million 
white (non‐Hispanic) adults and 160,087 deaths, 
and, as in the preceding study, the age‐standardised 
rate of death from any cause in non‐smokers was 
generally lowest among participants with a BMI of 
22.5–24.9 kg/m2 [2].

2.2.2 Causes of increased 
cardiovascular mortality

Obesity increases blood pressure; increases the risk 
of sleep apnoea that can also increase blood pres‑
sure; enhances sympathetic activity and elevates 
insulin resistance, blood glucose and blood triglyc‑
erides; and lowers high‐density lipoprotein (HDL) 
cholesterol. It is not clear as to which of these is the 
most important factor(s), and also whether obesity – 
independently of all these risk factors  –  is still 
associated with cardiovascular disease (CVD). 
Obesity is associated with increased inflammation, 
impaired endothelial function, lower adiponectin, 
increased liver fat, increased fibrinogen and other 
clotting factors, and increased PAI‐I (which impairs 
fibrinolysis). However, in established heart disease 
and heart failure, obesity is associated with lower 
mortality. All of these factors will be discussed 
briefly.

Fat distribution and association 
with cardiovascular events

Central fat distribution as assessed by increased 
waist circumference (WC) and waist‐to‐hip ratio 
(WHR) is associated with increased numbers of 
CVD events, but how much additional information 
it adds to BMI is dependent on age and population. 
In a meta‐analysis of more than 258,000 partici‑
pants and 4300 CVD events, a 1 cm increase in 
WC increased the risk of a cardiovascular event by 
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2%, while a 0.01 unit increase in WHR increased 
the risk by 5%, with similar effects in men and 
women [3]. In the Norfolk cohort of the EPIC 
study, coronary events increased by 50–90% from 
the first to the fifth quintile of WHR after adjust‑
ment for BMI [4]. In a meta‐analysis of nine stud‑
ies in the UK, a 1 standard deviation (SD) increase 
in WHR or WC increased mortality by 15%, but 
they were not significantly more discriminatory 
than BMI [5]. In the USA, NHANES III waist‐to‐
thigh ratio (WTR) in both sexes (P < 0.01 for both) 
and WHR in women (P < 0.001) were positively 
associated with total mortality in middle‐aged 
adults (30–64 years), while BMI and WC exhib‑
ited U‐ or J‐shaped associations. In older adults 
(65–102 years), a higher BMI in both sexes 
(P < 0.05) and higher WC in men (P = 0.001) were 
associated with increased survival, while the 
remaining measures of body fat distribution exhib‑
ited either no association or an inverse relation 
with mortality [6].

Visceral fat

Visceral fat is intra‐abdominal fat that is found in 
the greater omentum, around the intra‐abdominal 
organs and blood vessels, and fatty acids from vis‑
ceral fat go directly to the liver via the portal 
circulation.

If fat is measured directly with computed 
tomography scan, as in the 3001 subjects in the 
Framingham Heart Study [7], both subcutaneous 
adipose tissue (SAT) and visceral adipose tissue 
(VAT) are significantly associated with blood pres‑
sure, fasting plasma glucose, triglycerides and high‐
density lipoprotein cholesterol, and with increased 
odds of hypertension, impaired fasting glucose, 
 diabetes, and metabolic syndrome (P range < 0.01). 
However, VAT is more strongly correlated with 
most metabolic risk factors than SAT. In women, the 
odds ratio of metabolic syndrome per 1 SD increase 
in VAT (4.7) was stronger than that for SAT (3; P for 
difference between SAT and VAT < 0.0001); similar 
differences were noted for men (OR for VAT, 4.2; 
OR for SAT, 2.5). Furthermore, VAT but not SAT 
contributed significantly to risk factor variation 
after adjustment for BMI and waist circumference 
(P ≤ 0.01).

2.2.3 Changes 
in cardiovascular risk 
associated with obesity

Changes in risk over time

From NHANES1 (1971–1975) to NHANES II and 
NHANES 111 (1988–1994), the enhanced mortality 
risk with obesity has been reducing (and overall 
mortality has reduced by 63% or more), and over‑
weight was not associated with excess mortality in 
NHANES 111 [8]. It was suggested that better treat‑
ment of obesity, particularly blood pressure control 
and treatment with statins, has accounted for the 
mortality reduction in this group. In addition, car‑
diovascular risk factors have declined at all BMI 
levels (particularly blood pressure >140/90, which 
had fallen from 42% to 24%), and, with the excep‑
tion of type 2 diabetes, the falls were greater in the 
higher‐BMI category [9].

Changes in risk in heart disease and 
heart failure – the obesity paradox

In a meta‐analysis of nine studies with 28,090 partici‑
pants with heart failure, overweight and obesity were 
associated with lower all‐cause and CVD mortality by 
16–33% and 19–40%, respectively [10]. In patients 
undergoing percutaneous coronary intervention, 
obese patients had a 35–37% lower short‐term and 
long‐term (5‐year) mortality, while in patients under‑
going a CABG, short‐term mortality was reduced, but 
long‐term mortality was similar [11]. In patients hav‑
ing no procedures, overweight and obesity was still 
associated with reduced mortality. Patients with obe‑
sity may be presenting earlier and receiving more 
aggressive treatment compared to those with normal 
BMI. In patients undergoing CABG, lowest mortality 
was seen with a BMI of 30–35 [12].

2.2.4 Obesity 
and cardiovascular risk factors

Hypertension

A meta‐analysis of 19 cross‐sectional studies in 
the  Asia‐Pacific region, which examined BMI in 
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comparison to WC and WHR as predictors of hyper‑
tension, WHR was the most consistent risk factor 
between regions in both men and women, but no 
measure of obesity was systematically better [13].

Sympathetic function

Enhanced sympathetic function increases blood 
vessel contraction and improves sodium reabsorp‑
tion in the kidney, and can increase circulating 
adrenalin and noradrenalin. In normotensive obe‑
sity, renal sympathetic tone is doubled, while sym‑
pathetic activity in the heart is only 50% of normal. 
In obesity‐related hypertension, there is a similar 
elevation of renal noradrenalin spillover, but cardiac 
noradrenalin spillover is more than double that of 
normotensive obese, and 25% higher than in healthy 
volunteers. The obese who develop hypertension 
appear to lose the suppression of cardiac sympa‑
thetic outflow seen in the normotensive obese [14]. 
Excess body weight in young individuals is associ‑
ated with increased sympathetic activity and 
impaired endothelial function even in the absence of 
hypertension, and the increased sympathetic activity 
may initiate hypertension [15].

Endothelin

Endothelin is a potent vasoconstrictor released from 
the endothelium. A high plasma endothelin predicts 
the development of hypertension in normotensive 
subjects over 7 years with a 79% increase in the 
highest quartile [16].

Sleep apnoea and blood pressure

In a cardiovascular health study of nearly 6000 older 
participants, daytime sleepiness (and not snoring) 
was the only sleep symptom that was significantly 
associated with mortality in women (and not in men 
after age adjustment). The age hazard ratio was 1.82 
in women [17]. This means the death rate per 1000 
women per year with daytime sleepiness was nearly 
double the death rate in women of a similar age but 
who did not have daytime sleepiness. Sleep apnoea 
and intermittent hypoxia lead to sympathetic activa‑
tion, oxidative stress, inflammation and neurohu‑
moral changes [18]. Metabolic syndrome is 9.1 

times more likely to be present in subjects with 
obstructive sleep apnoea [19], and sleep apnoea is 
an independent risk factor for hypertension [20] and 
insulin resistance [21]. Sleep apnoeic men have 
higher plasma concentrations of leptin, tumour 
necrosis factor (TNF) alpha and interleukin‐6 (both 
pro inflammatory cytokines) than non‐apnoeic 
obese men. Indexes of sleep‐disordered breathing 
are positively correlated with visceral fat, but not 
with BMI or total/subcutaneous fat [22].

Dyslipidaemia

Obesity increases fasting and postprandial triglycer‑
ide levels, probably by increased delivery of free 
fatty acids (FFA) to the liver [23,24], although 
enhanced cholesterol synthesis in the liver too may 
play a role [25]. Increased very‐low‐density lipo‑
protein (VLDL) secretion precedes impaired control 
of endogenous glucose production in obese men 
with impaired suppression by insulin [26]. Elevated 
fasting triglyceride is invariably associated with 
lower‐HDL cholesterol [27]. Metabolic syndrome is 
a cluster of abnormalities associated with central 
obesity and insulin resistance, and includes elevated 
glucose, elevated triglyceride and low‐HDL choles‑
terol and elevated blood pressure [28]. The greater 
the number of abnormal factors, the greater the 
CVD risk [29].

Endothelial dysfunction

Endothelial dysfunction as assessed by flow‐medi‑
ated dilatation, plethysmography, endothelin 
responsiveness [30] and increased levels of endothe‑
lial‐derived molecules, such as endothelin [31] and 
adhesion molecules [32], is associated with obesity 
and an increased risk of coronary events [33] in a 
wide spectrum of health and diseased populations, 
including children and adolescents [34]. In obesity‐
discordant monozygotic twins, a lower adiponectin 
level was associated with greater endothelial dys‑
function [35].

Coagulation and fibrinolysis

In monozygotic twins, the levels of most coagula‑
tion factors are similar within all twin pairs, with the 
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intra‐class correlations ranging from 0.73 to 0.97 
(P < 0.03). In obese twin pairs, fibrinogen and factor 
IX, factor XI, and factor XII, and plasminogen acti‑
vator inhibitor‐1 (PAI‐1) were increased. Intra‐pair 
differences in fibrinogen and PAI‐1 correlated with 
those in BMI, adiposity and fasting insulin levels 
(r = 0.40–0.58) [36].

2.2.5 Pathophysiological 
processes linking obesity 
and cardiovascular disease

Inflammation, FFA, adiponectin 
and insulin resistance

Adipocyte expansion is associated with a wide 
array of changes, and it is currently not clear which 
the fundamental disease‐causing mechanism is. 
Low‐grade chronic inflammation in adipose tissue, 
as expressed by enhanced numbers of mac‑
rophages, monocytes and lymphocytes, is a com‑
mon observation, but the initiating factor has not 
been identified. Possibilities include necrosis or 
apoptosis of adipocytes; hypoxia of adipocytes 
from inadequate blood supply and resulting endo‑
plasmic reticulum stress and finally mitochondrial 
dysfunction from excessive FFAs and glucose, 
which can then switch on a wide array of 
chemokines and cytokines [37–41].

Macrophage accumulation has been observed in 
human adipose tissue. The extent of accumulation 
has strong positive correlations with BMI and adi‑
pocyte area, and is negatively related to insulin sen‑
sitivity [42]. Visceral fat of obese humans contains 
more macrophages than subcutaneous fat, and the 
visceral fat macrophage number correlates with 
fasting glucose and insulin and liver lesions in obese 
patients [43]. Obese subjects with impaired glucose 
homeostasis have preferential visceral fat mac‑
rophage infiltration [44].

Along with adipose tissue inflammation, plasma 
acute‐phase markers such as fibrinogen, sialic acid, 
C‐reactive protein (CRP) and serum amyloid A are 
chronically elevated to a moderate level in obesity 
[45,46], along with IL6, TNF‐alpha, TNF‐alpha 
receptor and circulating adhesion molecules.

FFAs

FFAs inhibit insulin‐stimulated glucose uptake and 
glycogen synthesis. FFAs also cause hepatic insulin 
resistance by inhibiting insulin‐mediated suppres‑
sion of glycogenolysis, and have been shown to acti‑
vate inflammatory pathways [47].

Insulin sensitivity/adiponectin

Adiponectin inhibits liver gluconeogenesis and pro‑
motes fatty acid oxidation in skeletal muscle. In 
addition, adiponectin counteracts the pro‐inflamma‑
tory effects of TNF‐alpha on the arterial wall by 
reducing ceramide production, and probably pro‑
tects against the development of arteriosclerosis. It 
is not clear whether low adiponectin is the primary 
cause of IR and endothelial dysfunction in obesity, 
or whether inflammation is required [48].

Leptin resistance

Leptin has been found to have a role in the regula‑
tion of whole‐body metabolism by stimulating 
energy expenditure, inhibiting food intake and 
restoring euglycaemia. However, in most cases of 
obesity, leptin resistance limits its biological effi‑
cacy [40]. Adiponectin resistance is also seen in 
obesity. Adiponectin and leptin increase the rates of 
fatty acid oxidation and decrease muscle lipid con‑
tent, which may in part be the underlying mecha‑
nism in their insulin‐sensitising effect.

2.2.6 Research requirements

It is not clear if those obese individuals without 
CVD risk factors achieve this state by limiting adi‑
pocyte hypertrophy and increasing adipocyte num‑
bers and thus limiting adipocyte stress and death, or 
whether they have a muted inflammatory response to 
adipocyte hypertrophy [49]. It may be possible to 
have a large fat mass, have a minimal inflammatory 
response and retain insulin sensitivity of the adipo‑
cyte, and control FFA release and thus the accumula‑
tion of fat in liver and muscle [50]. These individuals 
may also have good clearance mechanisms in fat 
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tissue, thus ensuring that plasma triglycerides and 
apo B remains low [51]. Although metabolically 
healthy obese people do not have an increased risk of 
heart attacks, they do have an enhanced risk of heart 
failure [52].

2.2.7 Summary box
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Obesity as a risk factor in the development 
of cancer

2.3.1 Introduction

Obesity has been described as the most important 
avoidable cause of cancer in non‐smokers, and it is 
predicted that it will eventually become the main 
risk factor. This chapter considers the epidemiologi‑
cal evidence linking adiposity with the development 
of cancer, and describes the proposed mechanisms 
by which excess body fat may impact on cancer 
risk. Using evidence from several large‐scale stud‑
ies, some evidence on whether weight loss can 
reduce cancer incidence and cancer recurrence is 
presented, along with an overview of the established 
guidelines for cancer risk reduction and cancer 
survivorship.

2.3.2 Obesity and the 
development of cancer: 
the epidemiological evidence

Global estimates for cancer show that there were 
around 12.7 million cancer cases and 7.6 million 
cancer deaths in 2008, most of which occurred in 
the developing world [1]. It is predicted that, by 
2030, the number of cancers worldwide will double 
due to population growth, ageing and lifestyle fac‑
tors (including smoking, obesity, physical inactivity, 
diet, alcohol intake and sun exposure) [2], and that, 
in the UK, increases in obesity will account for 
about 87000–130000 of cancer cases [3]. Indeed, 

obesity has been described as far and away the most 
important avoidable cause of cancer in non‐smok‑
ers, with predictions that it will eventually become 
the main risk factor [4].

It is recognised that weight gain, overweight and 
obesity are associated with increased occurrence, 
morbidity and mortality in several cancer sites. In 
their 2007 review of food, nutrition, physical activ‑
ity and the prevention of cancer, the World Cancer 
Research Fund (WCRF) [5] graded the evidence for 
an association between obesity and cancer of the 
breast (postmenopausal), colorectum, endometrium, 
kidney, pancreas and oesophagus as ‘convincing’, 
and gall bladder cancer as ‘probable’. It is estimated 
that obese individuals have approximately a 1.5–
3.5‐fold increased risk of developing these cancers, 
as compared to non‐obese individuals [6]. Current 
estimates suggest that significant proportions of 
these cancers can be reduced through decreases in 
excess body fat. For example, it is estimated that, in 
the UK, 38% of endometrial cancer, 31% of oesoph‑
ageal, 16% of postmenopausal breast cancer and 
14% of colorectal cancer can be attributed to excess 
body fat [7]. Links with other cancers have also 
been reported in the Million Women Study in the 
UK, which associated high BMI with increased risk 
for multiple myeloma, leukaemia, non‐Hodgkin’s 
lymphoma and ovarian cancer [8].

Gender and ethnic differences in the relationship 
between BMI and specific cancers have been 
reported in a systematic review and meta‐analysis of 
prospective observational studies [9]. Significantly 
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stronger associations were found between BMI and 
colon cancer risk for men than women, and between 
BMI and breast cancers in the Asia‐Pacific region as 
compared to North America, Europe and Australia 
[9]. For cancers of the female reproductive organs, 
the effect of BMI on risk is greatest after the meno‑
pause [10]. In premenopausal women, obesity may 
protect against breast cancer [5].

In addition to overall body size, adult weight 
gain (since age 18 years and since menopause) is 
thought to be a risk factor for the development of 
postmenopausal breast [10] and possibly colon [11] 
cancer. It is notable that, at any BMI, weight gain in 
adulthood is associated with a greater risk of breast 
cancer [10], and that, after age 50 years, weight 
gain of 2–10 kg has been associated with a 30% 
increase in risk [12]. In addition to BMI, waist size 
has also been demonstrated to be strongly associ‑
ated with cancers of the colon, pancreas, breast and 
endometrium.

Current evidence has prompted researchers to 
question whether obesity management might be an 
opportunity for cancer prevention [13].

2.3.3 Pathophysiological 
processes linking obesity 
and cancer

A number of metabolic and hormonal abnormalities 
arising from excess fat storage are implicated in 
cancer causation, such as those involving insulin 
and leptin, cell growth factors (insulin‐like growth 
factor (IGF‐1) and IGF‐binding proteins) and 
 steroids [14].

Insulin and growth factors

Of increasing interest is the interaction between 
growth factors (such as insulin and IGF‐1) and oes‑
trogen signalling, and the impact of both obesity 
and physical activity on insulin resistance, insulin 
presence in the peripheral tissue and hyperinsuli‑
naemia. Increased blood insulin levels result in 
lower levels of IGF‐binding protein 1, which can in 
turn lead to an increase in free IGF‐1 levels. 
Metabolic syndrome (the clustering of risk factors 

for cardiovascular disease and type 2 diabetes) and 
type 2 diabetes have also been associated with 
increased prevalence of colon cancer [15]. Metabolic 
syndrome may also increase cancer risk, suggesting 
that the metabolic disturbances associated with this 
disorder promote genetic instability.

Raised oestrogens

These are likely to contribute to the greater risk of 
breast and endometrial cancers in obese patients. 
Exposure to increased oestrogen levels (especially 
in postmenopausal women), whether from endoge‑
nous production or exogenous when taken as hor‑
mone replacement therapy, is a well‐established risk 
factor for breast and uterus cancers [16].

In addition, cancer‐site‐specific mechanisms 
have been postulated in relation to tissue damage 
caused by obesity. For example, increasing gall 
stones has been implicated as a factor in gallbladder 
cancer, and increased gastro‐oesophageal reflux in 
patients with abdominal obesity has been implicated 
in the development of oesophageal cancer [17]. The 
relationship between colorectal cancer and obesity 
is thought to be related primarily to the effect of 
obesity in increased inflammation that might 
account for why the disease risk is reduced with 
anti‐inflammatory agents such as aspirin [18].

2.3.4 Weight loss and cancer 
risk reduction

There have been no long‐term trials of intentional 
weight loss on cancer end points (incidence or 
recurrence), but results from several observational 
studies suggest that weight reduction may be associ‑
ated with cancer risk reduction [17,19].

Observational studies of weight loss 
and cancer risk

Two prospective cohorts have examined the associa‑
tion between intentional weight loss and cancer 
incidence (the Iowa Women’s Health Study, IWHS) 
or mortality (the American Cancer Society’s Cancer 
Prevention Study I, CPS‐I).
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The IWHS followed up 21,707 postmenopausal 
women and reported decreased cancer incidence 
rates of 11% for any cancer (RR = 0.91, 95% CI 
0.79–1) in women who had experienced intentional 
weight loss in adulthood (of ≥9.1 kg) [20]. Those in 
the lowest breast cancer risk group were women 
who maintained or lost weight from age 18–30 
years and then lost weight (>5% body weight) from 
age 30 years to menopause (RR 0.36, 95% CI 0.22–
0.60), indicating important effects of relatively 
small amounts of weight loss [21].

The CPS‐I study results were less consistent and 
depended on whether the participants had obesity‐
related pre‐existing illnesses and how much weight 
had been lost. In women, mortality from all cancers 
was again reduced, but only in those who had obe‑
sity‐related illnesses: by 37% if they lost 0.5–9 kg 
(RR = 0.63, 95% CI 0.43–0.93) or 29% if they lost 
≥9 kg (RR = 0.71, 95% CI 0.52–0.97) [22]. In those 
without obesity‐related illnesses, the associations 
with mortality were only significant for those who 
had obesity‐related cancers and had lost less than 
9 kg, whereby their mortality risk had increased 
(RR = 1.62, 95% CI 1.10–2.58). It is notable, how‑
ever, that this was based on a small sample of only 
10 deaths. In men, no significant associations were 
found [23].

Several others have considered associations 
regardless of intentionality of weight loss [19], 
including the US Nurses’ Health Study that fol‑
lowed up a cohort of 49,514 postmenopausal women 
for 24 years. They demonstrated that women who 
(a) had never used postmenopausal hormones, (b) 
had lost 10 kg or more since menopause and (c) kept 
the weight off for at least two consecutive question‑
naire cycles (around 4 years) were at a significantly 
lower risk of developing breast cancer than those 
who maintained weight (RR 0.43, 95% CI 0.21–
0.86) [10].

Intervention studies of weight loss 
and cancer risk

The Women’s Health Initiative [24] tested the 
impact of a low‐fat diet (20% energy goal) versus 
control in 48,835 postmenopausal women. Most 
women were either overweight (36%) or obese 
(38%). Although the trial was not designed to assess 

the effects of weight loss, in comparison to the con‑
trol arm, the low‐fat group did experience a modest 
weight loss (−2.2 kg) in year 1, and they maintained 
this greater weight reduction throughout the remain‑
der of the trial (−0.8 kg at year 6). After 8 years, 
there was a 9% difference between intervention and 
control groups in breast cancer incidence.

Two major trials of diet have been undertaken in 
women with breast cancer. The Women’s Healthy 
Eating and Living (WHEL) trial [25] tested a diet 
low in fat (15–20% energy), high in fibre (30 g) and 
high in fruits and vegetables (three servings of 
fruits, five servings of vegetables, plus 16 oz of 
vegetable juice) in 3088 women. No difference in 
body weight was detected after 7.3 years, and no 
difference in breast cancer occurrence. These find‑
ings are in contrast to the findings of the Women’s 
Intervention Nutrition Study (WINS) [26], which 
aimed to test the hypothesis that a dietary interven‑
tion targeting diet composition (reduction in fat to 
a goal of 15% energy) would prolong relapse‐free 
survival in 2437 women with resected breast can‑
cer. Body weight was not an intervention target; 
however, after 5 years follow‐up, those who 
received the dietary intervention weighed a statisti‑
cally significant 2.7 kg (3.7%) less than the control 
group (P = 0.005). This modest difference was 
associated with a 24% lower risk of relapse than 
found in the control group (HR = 0.76, 95% 
CI = 0.60–0.98).

Modest weight loss is associated with cancer risk 
reduction (which would be considered highly desir‑
able if a drug was being tested), and there appears to 
be a dose–response relationship, with higher weight 
loss associated with greater risk reduction.

Bariatric surgery studies of weight 
loss and cancer risk

A number of studies have now reported reduced can‑
cer incidence following bariatric surgery. In the 
Swedish Obesity Subjects (SOS) study, Sjöström 
et  al. [27] studied cancer incidence in 2010 obese 
adults undergoing bariatric surgery and 2037 
matched controls after a 10.9‐year follow‐up. In 
women, they reported a marked 42% reduction in 
cancer risk (79 vs. 130 new cases in the surgery vs. 
control groups, respectively). There was a negligible 
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impact on men, suggesting a higher impact on endo‑
crine cancers, although data was not specific to any 
one cancer site. Similar findings were reported in the 
Utah Obesity Study, where total cancer incidence 
was 27% lower after gastric bypass in women, with 
little impact on men [28]. A Canadian cohort study 
reported a reduction of 78% cancer risk over 5‐year 
follow‐up, with a notable 83% reduction for breast 
cancer [29]. However, Ostund et al. [30] examined a 
total of 13,123 obese surgery patients and found no 
overall decrease in standardised incidence ratios 
and no decreases in breast, endometrial or kidney 
cancer.

Collectively, these studies suggest some incon‑
sistency in outcomes. Where positive effects have 
been reported, these suggest that significant weight 
loss can reduce cancer risk within a relatively short 
time period, with marked differences by gender. 
Longer‐term follow‐up and the impact of weight 
gain on risk remain to be assessed.

Studies of weight loss and cancer‐
related biomarkers

Byers and Sedjo’s [17] review of studies designed to 
examine the impact of weight loss on cancer‐related 
biomarkers shows considerable promise, although 
there are few long‐term trials, and these have not 
included cancer end points. Biomarkers studied 
include cancer‐related hormonal factors (oestradiol, 
sex hormone–binding globulin), inflammation‐
related biomarkers (C‐reactive protein, TNF‐alpha 
and interleukin 6 (IL‐6), and growth factors (IGF‐1 
and IGF‐binding proteins)). Oestradiol is consid‑
ered a causal mediator for postmenopausal breast 
and endometrial cancers, and the authors conclude 
that even modest weight loss could have substantial 
and fairly immediate effects on risk. They suggest 
that a 10% weight loss is associated with a reduction 
of free oestradiol levels by about one‐third. 
Inflammatory markers have been associated with BMI 
and cancer risk, and a similar magnitude of reduction 
in C‐reactive protein is found with weight loss, with 
smaller effects on TNF‐alpha and IL‐6. Weight loss 
studies have shown inconsistent results on IGF‐1 and 
IGF‐binding proteins, although insulin does show sig‑
nificant reductions with a decrease in body weight.

2.3.5 Development of weight 
loss regimens for cancer risk 
reduction

At a public health level, in the absence of surgery, 
effective weight loss programmes based on current 
national guidelines on obesity management includ‑
ing diet, physical activity and behaviour change are 
crucial tools. It is important within such studies to 
focus on weight loss (shown to be effective) rather 
than diet or physical activity alone. Imayama et al. 
[30] tested the impact of diet, exercise or both on 
inflammatory biomarkers (C‐reactive protein, 
serum amyloid, interleukin‐6, leukocyte) and weight 
loss and demonstrated that an energy‐restricted diet 
with or without exercise reduced biomarkers of 
inflammation [31].

Both components are likely to have significant 
effects on cancer risk, but the combined effect is 
greater. The addition of physical activity may be 
important in cancer risk reduction due to an inde‑
pendent effect on relevant metabolic pathways 
(notably insulin), although Byers and Sedjo [17] 
suggest that ‘the relationship between physical 
activity and both obesity and cancer risk is 
largely  inextricable in the context of intentional 
weight loss’.

Fundamental to the design of weight loss trials 
(and prior to the investment in expensive, long‐
term follow‐up trials) is the development and feasi‑
bility testing of robust and acceptable interventions 
that can demonstrate weight reduction in people at 
risk of developing cancer. In the UK, Harvie et al. 
[32] have tested a novel dietary approach compar‑
ing 25% energy restriction via intermittent energy 
restriction (IER) (~2266 kJ/day for 2 days/week, 
plus the energy required for weight maintenance 
for the remaining 5 days) or continuous energy 
restriction (CER) (~6276 kJ/day for 7 days/week) 
in 107 overweight or obese premenopausal women 
over 6 months. Subjects were recruited from a 
breast cancer family history clinic and from the 
general population. All participants received fort‑
nightly motivational phone calls, received feed‑
back on weight at monthly clinic appointments and 
were encouraged to use behavioural techniques 
such as self‐monitoring and social and stimulus 
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control to maintain diets. All participants were 
advised to maintain their current activity levels 
throughout the trial and did not receive specific 
advice on physical activity. The authors reported 
similar results for biomarkers and weight losses in 
both groups (weight change for IER was −6.4 kg 
vs. −5.6 kg for CER (P = 0.4 for difference between 
groups). The impact of this magnitude of weight 
loss is unclear, given the scarcity of evidence, but 
observational studies of weight loss suggest sig‑
nificant cancer risk reduction [21]. Long‐term tri‑
als of weight loss interventions and cancer 
outcomes may not be feasible, given the numbers 
required and the length of follow‐up. However, 
weight loss trials in patients with cancer (notably 
breast cancer) are underway [33].

Anderson et al. [34] undertook an acceptability 
and feasibility study of a 3‐month personalised 
lifestyle (diet, exercise and weight management) 
intervention in overweight adults who had com‑
pleted curative treatment for colorectal cancer. 
Weight change was −1.2 (±4.4) kg overall and –4.1 
(±3.7) kg in only those who had lost weight. 
Quality of life, measured using a patient‐generated 
index questionnaire [35], also improved in 14 of 
the 17 patients (82%). Participants reported adher‑
ence related to tailored advice, personalised feed‑
back and family support. Reported barriers 
included time following surgery, fatigue, having a 
stoma or chronic diarrhoea and conflicting instruc‑
tions from clinicians who had advised patients ‘to 
build themselves up’, which was interpreted as pro‑
moting weight gain.

An ongoing weight loss trial (‘BeWEL’) for peo‑
ple who have had colorectal adenomas (identified 
through the national colorectal screening pro‑
gramme) aims to achieve 7% body weight loss 
after 12 months, using personal counsellors to pro‑
mote changes in diet and physical activity, with 
emphasis on self‐monitoring (provision of self‐
monitoring tools including body weight scales) 
[36]. Consultant endorsement of the trial has also 
been added to the protocol following formative 
work, indicating that many people are unaware of 
the relationship between lifestyle and colorectal 
cancer [37]. This trial has highlighted the opportu‑
nity for building lifestyle interventions into cancer 
screening settings.

2.3.6 Recommendations 
for cancer risk reduction 
and cancer survivorship

The WCRF has produced guidelines on diet, physi‑
cal activity and body weight and the prevention of 
cancer [5]. With respect to body fatness, they stress 
that people should be as lean as possible within the 
normal range (noting that this range will vary by 
race). It was noted that cancer risk starts to increase 
below the BMI threshold of 25 kg/m2, overwhich an 
individual is classified as ‘overweight’. Data from 
US data reported an increased risk of deaths from a 
BMI of >21 kg/m2 for cancer, and >23 kg/m2 for 
 cardiovascular disease and all other causes [5]. 
Allowing for variations in this relationship between 
populations, the public health message is therefore 
that adults should attain a median BMI of 21–23 kg/
m2, and there should be no increase in the propor‑
tion of the population in the overweight/obese cate‑
gory [5]. At the individual level, they recommend 
that (a) body weight through childhood and adoles‑
cent growth should project towards the lower end of 
the normal BMI range at age 21, and (b) adults 
should maintain their body weight within the nor‑
mal range from age 21 (i.e. avoiding increases in 
weight and waist circumference).

For cancer survivors, WCRF recommends that ‘if 
able to do so’ and unless otherwise advised, they 
should aim to follow the recommendations for diet, 
healthy weight and physical activity. They note that 
there is growing evidence that physical activity and 
other measures that control weight may help to pre‑
vent cancer recurrence, particularly breast cancer.

In their paper on nutrition and physical activity 
during and after cancer treatment [38], the American 
Cancer Society (ACS) advises that, throughout the 
cancer continuum, individuals should aim to achieve 
and maintain a healthy weight. Noting that people 
can become malnourished and underweight at diag‑
nosis or after treatments, interventions for these 
people should aim to increase food intake and regain 
a positive energy balance. For cancer survivors who 
are overweight or obese, ACS recommends that 
modest weight loss (up to 2 lb/week) can be encour‑
aged during treatment: ‘as long as the treating 
oncologists approve, weight loss is monitored 
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closely, and weight loss does not interfere with 
treatment’. After cancer treatment, weight gain or 
loss should be managed with a combination of die‑
tary and physical activity strategies. Modest weight 
loss (5–10%) is encouraged even if ideal weight is 
not achieved.

2.3.7 Conclusion

There is now considerable evidence that associates 
excess body weight with the development of cancer 
at several sites. The mechanisms involved vary by 
cancer site, although hormonal, inflammatory and 
metabolic factors are implicated. As yet, there is no 
trial evidence on weight loss and reduction of can‑
cer rates. However, observational evidence, notably 
from cohorts of people who have undergone bariat‑
ric surgery, suggests a significant effect on overall 
cancer reduction, especially in women over a rela‑
tively short time frame. Even modest weight loss 
has been observed to be associated with cancer risk 
reduction, although there is insufficient data to ana‑
lyse this reduction by cancer site, and the effects are 
likely to be modest in men. There is some evidence 
that weight loss can be achieved by people with 
known cancer risk, but full‐scale trials would con‑
firm these observations. Current advice for patients 
with cancer should take into account weight status, 
with the aim of weight gain in the malnourished, 
and modest weight loss for the overweight and 
obese, achieved through a nutrient‐dense diet, 
increased physical activity and behavioural 
techniques.

2.3.8 Summary box
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fat storage. There is evidence that levels of 
biomarkers – for example, oestradiol, inflam‑
matory markers and sex hormone–binding 
globulin – are altered by weight loss.

• Intentional weight loss is associated with a re‑
duced incidence of cancer in women, but not in 
men. Such associations are particularly evident 
in obesity‐related cancers, primarily postmeno‑
pausal breast cancer and endometrial cancer.

• Bariatric surgery trials have reported conflicting 
outcomes, with three of four trials reporting sub‑
stantial reductions in cancer incidence. Two of 
these trials noted marked differences in gender, 
with positive effects found only in women.

• The impact of behavioural weight loss interven‑
tions on cancer incidence and recurrence is as yet 
unknown. Modest weight losses in intervention 
trials targeting dietary intake have been associat‑
ed with reductions in breast cancer incidence and 
recurrence. However, weight loss intervention 
trials are dependent on the development of robust 
and acceptable interventions for people at risk of 
developing cancer.

• Current cancer prevention guidelines recom‑
mend being ‘as lean as possible within the nor‑
mal range of body weight’, noting that cancer 
risk starts to increase below the BMI threshold of 
25 kg/m2 for overweight.

• Cancer patients and cancer survivors are advised 
to maintain a healthy body weight, provided that 
any weight loss (if overweight or obese) is ap‑
proved by the treating oncologist, monitored 
closely and does not interfere with treatment.

Key points

• Weight gain, overweight and obesity are associ‑
ated with increased occurrence, morbidity and 
mortality in several cancer sites: the breast (post‑
menopausal), colorectum, endometrium, kidney, 
pancreas, oesophagus and gall bladder.

• The mechanisms for these associations vary 
by site, but may be explained by metabolic and 
hormonal abnormalities arising from excess 
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Chapter 2.4

Obesity as a risk factor in osteoarthritis 
and pulmonary disease

2.4.1 Osteoarthritis – disease 
pathogenesis and 
consequences

Osteoarthritis (OA) is a common chronic, progres‑
sive musculoskeletal disorder characterised by 
gradual loss of articular cartilage. The disease most 
commonly affects the middle‐aged and elderly, 
although it may begin earlier in life as a result of 
injury or limb overuse. It often manifests more 
acutely and over the longer term in weight‐bearing 
joints such as the knee, hip and spine than in the 
wrist, elbow, and shoulder joints. All joints may be 
more affected if they are used extensively in work or 
sports, or if they have been damaged from fractures 
or other injuries. OA is a multifactorial disease with 
obesity as one of the main risk factors. It is a com‑
mon disorder of synovial joints, and the whole joint 
is involved. It is a leading cause of chronic disability 
and has a significant impact on health‐related qual‑
ity of life [1]. The global prevalence of OA contin‑
ues to rise, both because of an ageing population as 
well as because of the current obesity epidemic, 
with obesity in the elderly becoming an increasing 
problem [2].

OA can occur in any synovial joint in the body, 
but it is most common in the hands, knees, hips and 
spine. OA is pathologically characterised by areas 
of damage to the articular cartilage, centred on load‐
bearing areas, associated with new bone formation 
at the joint margins (osteophytes), changes in sub‑
chondral bone, variable degrees of mild synovitis 

and thickening of the joint capsule [3]. OA is 
regarded as a complex disease whose cause is not 
completely understood. The diagnosis is based on 
clinical presentation supported by radiography. 
Knee OA is the most common form of joint disease 
in people aged 50 years or more, and the prevalence 
of knee pain and symptomatic knee OA has 
increased substantially over the last 20 years [4]. 
Women have higher prevalence than men [5], and, 
in addition to sex, the main risk factors for radio‑
graphic changes include age, family history, joint 
injuries, selected activities and obesity [3].

Pain is the most prominent and disabling symp‑
tom of OA. The pain of OA is activity‐related, with 
pain generally only coming on when a person car‑
ries out specific activities that induce the pain. For 
example, in persons with knee OA, walking up and 
down stairs often produces pain, whereas lying in 
bed most frequently does not. In more advanced 
disease, it is painful at rest and at night. OA 
accounts for more mobility disability in the elderly 
than any other disease. In the 1986 diagnostic 
 criteria, recommended by the Diagnostic and 
Therapeutic Criteria Committee of the American 
Rheumatism Association, the presence of knee 
pain is required for the clinical diagnosis of knee 
OA [6]. Consequently, pain is the target for most 
treatment modalities, and their influence on pain is 
the key factor when evaluating the effect of a treat‑
ment [7]. Other clinical features of knee OA 
include joint stiffness, swelling and deformation 
[8] (Figure 2.4.1).
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OA: clinical management

OA should be managed on an individual level and 
will, in most cases, consist of a combination of 
treatment options. The initial treatment of OA 
focuses primarily on assisting patients in changing 
their lifestyles (Figure  2.4.1). Treatment involves 
alleviating pain, and the aim of disease manage‑
ment is to educate the patients about how to handle 
living with the disease: how to control pain, 
improve function, and alter the disease process and 
its consequences. The hierarchy of management is 
recommended to consist of non‐pharmacological 
treatments at first, then drugs, and then, if neces‑
sary, surgery [8,9].

In the newest guidelines for non‐pharmacologi‑
cal treatment of knee OA from the American 
College of Rheumatology (ACR), the strongest rec‑
ommendations focus on modifying lifestyle: the 
patients should participate in specialised exercise 
(cardiovascular and/or resistance land‐based exer‑
cise plus aquatic exercise), and overweight patients 
should lose weight. A list of 10 other non‐pharma‑
cological approaches are conditionally recom‑
mended, such as participating in self‐management 
programmes, wearing insoles, using walking aids 
as needed and participating in tai chi programmes 
[10]. Whereas the ACR guidelines point out 
approaches to be undertaken, they are very general 
and not very specific about content, timing, inten‑
sity, duration and mode of delivery. In the current 
European guidelines from the European League 
Against Rheumatism (EULAR), the aim is to pro‑
duce detailed recommendations for patient care, 
and the end‐result is 11 propositions, all with very 
detailed descriptions [11].

The pharmacological management of OA involves 
mostly oral analgesics [12]. Glucosamine com‑
pounds have also been debated, as they may have 
structure‐modifying effects. However, the latest rec‑
ommendation from the ACR is not to use glucosa‑
mine [10]. Intra‐articular steroids and hyaluronan 
are other pharmacological treatment options, but 
both have very short lasting effects [13].

Surgery should be avoided if symptoms can be 
managed with other treatment options, and is there‑
fore only recommended for patients with severe 
symptoms [8,10]. Surgical treatment is generally 
reserved for failed medical management, with func‑
tional disability affecting a patient’s quality of life. 
Obese individuals with OA are more likely to 
require surgery, as shown by a case–control study 
involving >7000 individuals, which demonstrated a 
strong association between increasing BMI and 
total hip and knee replacements [14].

Obesity and weight loss in OA

The coexistence of OA and obesity has been recog‑
nised by epidemiologists for decades [15,16]. 
Obesity and OA share pathogenic features, and the 
development of one disease increases the risk of the 
other and may therefore be the onset of a vicious 
circle [17]. Excess weight may act through two dif‑
ferent mechanisms to cause OA. One, which is the 
most obvious, is that the increased weight in itself 
increases the joint loading. This could induce stress 
on the cartilage, which may lead to trauma and 
breakdown, which would then lead to OA. The sec‑
ond mechanism involves a systemic factor. This 
could work as a growth factor that accelerates carti‑
lage breakdown or affect the bone underneath the 

Non-pharmacological 
management

Education, weight loss, exercise,
appropriate footwear, 

physiotherapy

Mild SevereSeverity of symptoms

Pharmacological 
management

Simple analgesics (such as
paracetamol) and 
NSAIDs, opioids

Surgery
Osteotomy, 

total joint replacement

Figure 2.4.1 The spectrum of OA and its management. Source: Adapted from reference [8].
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cartilage, and thereby lead to OA. Adipose tissue is 
metabolically active, especially in postmenopausal 
women, who have the highest risk of knee OA. 
Load, therefore, almost certainly plays a role in trig‑
gering the disease in many cases, but will probably 
be aided by a systemic factor [16]. This systemic 
factor or several factors may on their own also stim‑
ulate the development of OA, since part of the OA 
population are not obese [18].

OA has traditionally been regarded as non‐
inflammatory arthritis, but improved detection 
methods show that the inflammatory pathways are 
upregulated. These and other clinical and laboratory 
data suggest that there is a role for inflammation in 
OA, at least in some patients and in some phases of 
the disease. Several of the environmental risk fac‑
tors mentioned (obesity, joint injury, joint overload) 
are mechanical.

Relative loss of muscle mass and strength over 
time also contributes to the onset of OA in obese 
individuals. Although muscle as well as fat mass 
increases with weight gain, overall, the volume of 
muscle mass remains relatively low and inadequate 
to match the loads placed upon it [19].

Furthermore, recent evidence from the Intensive 
Diet and Exercise for Arthritis study suggests that 
weight loss may have anti‐inflammatory as well as 
biomechanical benefits in obese subjects with con‑
comitant knee OA, as evidenced by reduced levels 
of IL‐6 [20]. Intriguingly, although a definite asso‑
ciation exists between obesity and OA in weight‐
bearing joints such as the knee and hip, obesity is 
also associated with the development of OA in non‐
weight‐bearing joints, such as those in the hand. 
This suggests that non‐mechanical risk factors must 
also play a part [21].

Also worthy of note is the association of obesity 
and OA with metabolic abnormalities, such as 
hyperinsulinaemia and other cardiometabolic 
defects. OA of the knee is associated with hyperin‑
sulinaemia, which may play a role in OA in over‑
weight patients, possibly via changes in insulin‐like 
growth factor‐1 [22].

Weight loss is recommended as a treatment 
option for overweight and obese patients with knee 
OA [10,23,24]. The immediate effect of weight loss 
will be an improvement in the joint symptoms 
[17,25]. One systematic review and meta‐analysis 
has assessed changes in pain and function from 

randomised controlled trials applying weight loss 
strategies in obese patients with knee OA. The 
major finding was the association between improve‑
ments in physical disability and weight reduction, 
and that disability reduction could be predicted 
from weight loss. The patient’s weight loss has to be 
at least 5% within a 20‐week period to experience 
symptomatic relief, with greater weight loss leading 
to a larger effect [26].

While loss of approximately 5% of body weight 
has been shown to provide some relief in obese 
patients with OA, several studies have indicated that 
the ultimate goal should be an initial decrease in 
body weight of at least 10%, in order to provide sig‑
nificant reductions in pain [27,28]. Importantly, 
concomitant with OA pain reduction comes 
increased mobility and physical function [28,29].

Weight loss can be particularly difficult to achieve 
for an OA patient, since the limited physical func‑
tion most certainly will lead to a limited physical 
activity level, leading to a decline in energy expend‑
iture. This means that the average OA patient will 
have difficulty in losing weight based on the general 
dietetic advice and guidelines for weight loss (i.e. 
eat less sugar, less fat etc.). This is because their 
change in energy intake according to such guide‑
lines will not be sufficient to induce weight loss of a 
magnitude that will motivate and encourage the 
patient to continue the effort.

In the CAROT study from Copenhagen [30,31], 
192 participants with OA were included in a ran‑
domised trial in order to lose weight with a formula 
diet intervention lasting 16 weeks. The participants 
lost on average 12% of their initial body weight and 
experienced a highly significant improvement in 
symptoms [25]. They were followed up for a further 
52 weeks, and randomised to one of three interven‑
tions aiming to find the optimal treatment to main‑
tain the symptomatic effect of weight loss. The 
group of participants who followed the control and 
diet intervention had maintained a significantly 
larger proportion of the weight loss when combined 
with the participants randomised to follow special‑
ised knee exercise [31]. The symptomatic responses 
were similar in all three groups and were successful 
in about 50% of the participants at the end of the 
trial visit [32] (Figure 2.4.2).

Quality of life is also improved following 
weight  loss in patients with OA, as evidenced by 
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improvements in the composite physical health score 
in the Short Form‐36 Health Survey, as well as 
improvements in satisfaction with body function and 
appearance [33].

For all obese patients with OA, weight loss should 
be advocated as a first‐line management approach, 
with a goal of rapid initial weight loss of approxi‑
mately 10% of body weight. The challenge of main‑
taining the weight loss and the question of whether 
weight loss can alter the progression of OA remain 
key areas of ongoing research. At present, clinicians 
should manage patients with OA using a combina‑
tion of methods.

2.4.2 Chronic obstructive 
pulmonary disease

Chronic obstructive pulmonary disease (COPD) is 
the third leading cause of death globally. COPD is 
characterised by airflow obstruction and is associ‑
ated with severe morbidity and mortality. COPD is 
the umbrella term for two conditions: chronic bron‑
chitis and emphysema, both of which are related to 
similar aetiologies and may coexist [34]. The rela‑
tionship between COPD and body composition has 

been extensively studied. Underweight and low 
BMI are independent risk factors for mortality in 
patients with COPD [35]. A relationship between 
COPD and obesity is increasingly recognised, 
although the nature of this association remains 
unknown [36]. There is an inverse relationship 
between a person’s BMI and the forced expiratory 
volume in the first second (FEV1). Increases in 
body weight lead to worsening of pulmonary func‑
tion. The role of BMI relative to the risk of impaired 
lung function has also been investigated. Obesity is 
known to contribute to other respiratory illnesses, 
including asthma and sleep apnoea, making it logi‑
cal to investigate obesity as a risk factor for loss of 
lung function [37].

A recent meta‐analysis concluded that, for 
patients with COPD, being overweight or obese had 
a protective effect against mortality. However, the 
relationship between BMI and mortality in different 
classes of obesity needed further clarification in 
well‐designed clinical studies [38].

In considering treatment options for COPD, clini‑
cians should consider the possible protective effects 
of BMI before implementing weight‐loss pro‑
grammes in patients, especially in those with severe 
lung function impairment. In patients who are over‑
weight or obese, fat‐free mass index has been shown 
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to be associated with higher exercise capacity; 
therefore, therapies that promote weight loss with‑
out the loss of lean body mass should be considered 
[36] (Figure 2.4.3).

2.4.3 Summary box

Key points

• Osteoarthritis is a common chronic, progressive 
musculoskeletal disorder, regarded as a complex 
disease whose cause is not completely under‑
stood. Pain is the most prominent and disabling 
symptom of osteoarthritis.
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Figure 2.4.3 Relative risks of mortality with BMI among patients with COPD. Source: Taken from refer‑
ence [38].

• Osteoarthritis should be managed on an individu‑
al level and will, in most cases, consist of a com‑
bination of treatment options.

• Weight loss is recommended as a treatment op‑
tion for overweight and obese patients with knee 
OA. The immediate effect of weight loss will be 
an improvement in the joint problems.

• Chronic obstructive pulmonary disease (COPD) 
is characterised by airflow obstruction and is 
 associated with severe morbidity and mortality. 
Nutritional issues not only impact patients physi‑
cally but also psychologically, and clinicians 
should consider the possible protective effects 
of  BMI before implementing weight‐loss pro‑
grammes in COPD patients.
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Psychology and mental health issues 
in obesity

Chapter 2.5

Obesity research to date has focused on understand‑
ing the physical‐health‐related outcomes linked to 
overweight and obesity (e.g. increased risk of diabe‑
tes, myocardial infarction, osteoarthritis) [1]. More 
recent studies have investigated the links between 
psychosocial well‐being and obesity.

From a bio‐psychosocial perspective, obesity is 
multifactorial in cause, and as such the answers are 
also multifactorial. This provides an individualised 
understanding of obesity, but also sees the occur‑
rence of obesity within the wider societal context 
that shapes these individual responses.

2.5.1 Attitudes towards shape 
and weight vary with time 
and place

Particularly within Western society, a premium is 
currently placed on beauty, with concepts of the 
‘ideal’ body shape being viewed as ultra‐slim and 
athletic [2]. Thinness is seen as safe, attractive and 
controlled. Fatness is associated with labels such as 
lazy, unattractive and uncontrolled. Consequently, 
overweight and obese individuals are often stigma‑
tised [3], with obese individuals (particularly chil‑
dren and adolescents) being more likely to 
experience verbal abuse [4], social isolation and low 
self‐esteem [5].

These ‘ideals’ are represented in many types of 
advertising and media. This includes the routine 
touching up of images to remove skin blemishes, 

enhance figures or stretch legs that are not thought 
to reflect the right sort of image. It has been sug‑
gested that up to 38% of women are on a weight loss 
diet at any one time [6]. These pressures apply to 
both men and women – with an increased emphasis 
on men needing to appear athletic and fit in shaving 
and other male‐grooming adverts.

These pressures are in contrast to the consistent 
increases in population average weight over the last 
20 years [7]. However, these values are socially 
driven and fluid. The notion of attractiveness and its 
prerequisites have changed greatly in recent centu‑
ries, and this may have had an influence on body 
image and the emergence of a dieting culture [8]. 
For example, in the sixteenth century, voluptuous 
women who appeared fertile and physically able to 
bear children were considered highly attractive, fea‑
turing in many examples of fine art from this era [8]. 
Sumo wrestlers in Japan are large and weighty – yet 
are feted as supreme sportsmen. Similarly, the Inuit 
tribes see obesity in women as being sexually 
attractive.

Such values change with time and place, and have 
become more extreme quite quickly in Westernised 
societies. A study of adult magazine centrefolds 
from between the 1970s and 1990s found an increas‑
ing discrepancy between the shape and weight (vital 
statistics) of the models, and this increasingly 
diverged from the ‘real’ weight of women as out‑
lined in actuarial figures [9]. Similarly, the number 
of dietary articles in women’s magazines has 
increased, and are often juxtaposed with articles 
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such as to ‘Be your own woman’ and ‘how to cook 
the perfect chocolate cake’. These changes have 
occurred in spite of studies finding that many men 
do not find thin, waif‐like women attractive [10]. 
These pressures are not limited to the Western 
world. The rates of occurrence of eating disorders, 
once thought to be Western‐only diseases, have now 
increased significantly in Asian communities, as 
Westernised values are being adopted across the 
world [11].

These different messages from society and from 
families shape attitudes towards food. Food is no 
longer seen just as food and a source of nutrition and 
health. It is seen as branded (Michelin‐starred res‑
taurants, celebrity chefs) and aspirational (with spe‑
cial, more expensively prepared ranges of foods in 
supermarkets). The end result is that value judge‑
ments in terms of weight are often made in society, 
and people start to negatively judge themselves in 
terms of their shape and weight.

Some additional aspects regarding peoples’ rela‑
tionships with food and psychology will help us 
understand the psychosocial factors that may pro‑
mote obesity (Box 2.5.1).

2.5.2 Mental health issues 
and obesity

Among obese adults, low self‐esteem has been asso‑
ciated with increased sadness and loneliness. A link 
between obesity and the likelihood of engaging in 
behaviours such as smoking and alcohol abuse has 
been demonstrated [19]. However, despite the pur‑
ported links between obesity and psychosocial fac‑
tors, many weight management interventions still 
primarily focus on physical health outcomes, paying 
little attention to the wider psychosocial outcomes 
[20]. An individual’s psychosocial well‐being may 
play an important role in increasing his or her moti‑
vation to participate in weight management interven‑
tions. However, such conditions are also important in 
their own right as low mood and anxiety are distress‑
ing, and may contribute to inactivity, poorer diet, 
alcohol misuse and comfort eating. Hence, research 
suggests that there may be an association between 
obesity and certain psychopathologies, in particular, 
anxiety and depression [21]. Thus, understanding 

psychosocial factors and their associations with obe‑
sity seems an essential part of increasing the efficacy 
of weight management programmes.

Obesity and depression

According to the World Health Organization 
(WHO), depression affects approximately 350 mil‑
lion people globally and is among the leading causes 
of disability [22]. The high prevalence of both 
 obesity and depression may be an indication of an 
association between the two disorders [23], with 
a considerable number of population‐based studies 
being conducted to examine these potential 
associations.

From a psychiatric view point, such an associa‑
tion might be expected, since, as per the Diagnostic 
and Statistical Manual of Mental Disorders (fifth 
edition) [24], symptoms of depression include both 
an increase in food intake and a decrease in physical 
activity, two symptoms also associated with weight 
gain [25]. In addition, other psychosocial variables 
such as negative body image and stigmatisation of 
obese individuals can lead to low self‐esteem and 
other symptoms of depression and psychological 
distress [26]. However, such a relationship has yet to 
be ascertained in community‐based samples [23]. 
Nevertheless, even if rates of depression are no 
higher than normal in patients with obesity, the 
prevalence in society is so high that, even at average 
prevalence rates, it is a significant issue. It matters 
clinically because of the known association between 
comfort eating and depression, reduced activity 
(meaning less energy is used) and lack of motiva‑
tion – all of which make decisions to make sustained 
weight change more difficult.

There are, however, a number of limitations that 
need to be considered when reviewing this area of 
research. Friedman and Brownell (1995) [27] point 
out in their extensive review of literature that the 
variability of findings in areas such as psychopa‑
thology and obesity is unsurprising, given the vari‑
ous methodologies and outcome measures used, 
together with the heterogeneity of the obese popula‑
tion and lack of focus on moderators of the obesity/
mental health relationship. In addition, the range of 
mental health disorders explored has been limited, 
mainly focusing on major depressive disorders [28].
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Anxiety and obesity

Anxiety disorders represent the most prevalent men‑
tal health disorders in the Western world, with 25% 
of individuals being affected by some variant of 
anxiety disorder at some point in their life [29]. 
Anxiety disorders are marked by a range of psycho‑
logical symptoms that include excessive worry, fear 
and apprehension, alongside physical symptoms 
such as fatigue, palpitations, shortness of breath and 
difficulty sleeping.

Obesity may be a risk factor for anxiety disor‑
ders [30], with other research also suggesting a 
reverse relationship  –  that is, anxiety disorders 
acting as a risk factor for obesity [31]. A range 
of  pathways through which obesity and anxiety 
disorders may be linked have been suggested. 
For example, similar to the links with depression, 
weight‐related stigmatisation and discrimination 
may be distressing to individuals, leading to 
 feelings of anxiety and strategies such as 

Box 2.5.1 Psychosocial factors that may promote obesity

(a) Food is enjoyable to eat
There is increased likelihood of a behaviour occurring if it is associated with reward. For eating, these 
rewards are twofold – first, negative reinforcement of eating by a reduction in aversive feelings (hunger); 
and second, the enjoyment of the taste itself. In animal studies, rats and others can be encouraged to do 
tasks for food rewards. Certain foods specifically stimulate the brain’s reward centres, especially those rich 
in fat, carbohydrate and salt. It has been argued that junk foods (which are highly marketed and available) 
are designed to maximise these tastes.

(b) Food as a source of comfort (comfort eating)
When a child falls over and cries, many parents give them sweets to help them settle. It has been 
argued that this action associates soothing and hugs with the carbohydrate taste. Later in life, that 
pattern is repeated by using food to self‐sooth/self‐medicate against a range of aversive emotional 
states such as anger, anxiety, depression/sadness, guilt or shame, as well as during times of high 
stress [12,13].

(c) Food as a medium for communication
Most people can identify with times when they visited a relative or friend for a meal, and felt some 
pressure to say they enjoyed the food and to accept additional servings. Declining or saying that you did 
not enjoy what was offered would be rude and rejecting to the host. The key point is that people can feel 
pressure to eat when eating with others, and to act like they enjoy it, even if they do not. Social facilitation 
studies have also shown that eating with friends and family can increase food intake as engaging with 
others can draw attention away from the eaten food, thus stimulating food intake [14].

(d) Food as a means of control or rejection of control
Characteristic of bulimia nervosa and binge eating disorder is a sense of loss of control over eating. In 
contrast, in anorexia nervosa, control is paramount. People with anorexia often talk about feeling that the 
rigid control they exert over their appetite, weight and shape is one of the few areas in their lives they feel 
they can control. Mealtimes become a source of high emotion, with concerned parents sometimes wrapping 
their daughter or son in cotton wool, or shouting and threatening them unless they eat. These examples of 
so‐called high expressed emotion are understandable, but are known to worsen outcomes [15].

(e) Eating, shame and avoidance
Eating can be enjoyable, yet for some it becomes very shameful. Many people with obesity feel 
embarrassed about how they look [16]. A proportion of overweight men and women also binge on food, 
and can go onto develop binge eating disorder or bulimia nervosa, when they act to reverse the binge 
eating by vomiting, missing meals or using laxatives or exercise to lose energy. People with binge eating 
disorder and bulimia often fail to present because of embarrassment and stigma [17], and may avoid 
eating in public or with those they know. People who binge often describe self‐regret, self‐loathing and 
low mood post‐bingeing. All in all, obesity is associated with significant emotional impacts, whether it 
be in childhood or adulthood [18].
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avoidance/staying at home in order to not encoun‑
ter the discrimination [32]. This in turn may lead 
to increased energy intake and a decrease in phys‑
ical and social activities, which may lead to 
 further weight gain. Additionally, it has been 
 suggested that the negative effects that obesity 
may have on physical health and quality of life 
may be particularly stressful and isolating [33], 
thus increasing the likelihood of anxiety. The less 
people do, the worse they feel. Then, the worse 
they feel, the less they do. Obese individuals may 
feel increased pressure from others around them 
to gain control over their weight; this can be 
 distressing, particularly if they have experienced 
repeated failure at losing weight. Such preoccu‑
pation with dieting and weight loss has been 
shown to be correlated with anxiety [34]. Anxiety 
is also documented as representing a trigger for 
emotional eating, with experimental evidence 
suggesting that anxiety increases food consum‑
ption in obese individuals [35].

However, overall, research suggesting a link 
between obesity and anxiety remains equivocal, 
with some studies identifying strong relationships 
between the two disorders, while others have 
failed to find a significant relationship [36]. 
A  potential reason for the mixed findings is the 
heterogeneous nature of both obesity and anxiety 
disorders, with the relationship between the two 
disorders potentially differing between the diffe‑
rent sub‐groups of society who have different 
socio‐demographic, biological and behavioural 
characteristics. Hence, values of what is seen as 
attractive and normal may vary between indivi‑
duals and also groups in society. For example, 
Puhl and Heuer (2009) [37] suggest that, because 
of the greater social pressure on women to  conform 
to an ‘ideal’ body shape and the resulting discri‑
mination that is seen towards obese women, 
 obesity may be more strongly related to anxiety 
disorders in females compared to males. Although 
a review of all the relevant studies is beyond the 
scope of this chapter, a recent systematic review 
and meta‐analysis by Gariepy, Nitka and Schmitz 
(2010) provides a good overview of the findings 
in this area [36].

2.5.3 Addressing the mixed 
messages

Cognitive behavioural therapy (CBT) [38] pro‑
vides a means of making sense of these discrepant 
results. It argues that what people think affects 
how they feel and what they do. Hence, if two 
people are overweight, one might feel entirely 
comfortable about his/her shape and weight, and 
see himself/herself as big and beautiful. In con‑
trast, the other might hate how he/she looks, feel 
his/her eating is out of control and have an eating 
pattern characterised by avoidance and swinging 
between every new diet, and then failure, which 
may lead to his/her feeling he/she has crashed 
back with significant depression. As how the 
 person feels also can affect behaviour, the wors‑
ening of anxiety and depression can lead to addi‑
tional behaviours such as withdrawal, avoidance, 
drinking too much, comfort eating or acting 
in  ways that confirm to themselves how bad 
and  unattractive they are (such as by eating too 
much). This vicious circle [39] is summarised in 
Figure 2.5.1.

A vicious circle can arise where changes in any of 
the five areas can create or worsen problems in any 
of the others. However, the implication is that mak‑
ing changes in any of the areas can also lead to 
improvements in the other aspects of life. CBT pro‑
vides a framework for helping people work out why 
they feel as they do, identify problems relevant to 
them and then work on making changes using a 
planned step‐by‐step plan. The individualised sum‑
mary is jointly shared, and problems worked on 
with support from a practitioner. This assessment 
has various possible targets for change  –  around 
assertiveness and saying no, dealing with upsetting 
thoughts, stabilising eating and more. Help could be 
offered by specialist CBT workers, but more likely 
be gained from using CBT self‐help resources such 
as books that have a proven evidence base and are 
recommended for  anxiety and depression [40–42]. 
These books, with support from a practitioner, can 
provide a useful framework for change that can 
tackle the important comorbidities of depression 
and anxiety.
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2.5.4 Conclusion

Obesity poses a significant challenge for individu‑
als, families and society. Although seen predomi‑
nantly as a physical condition associated with 
additional physical comorbidities, there is a signifi‑
cant personal cost in terms of low confidence, 
depression, anxiety and associated eating disorders 
such as bulimia nervosa and binge eating disorder. 
This chapter brings together these individual psy‑
chosocial factors and views them as part of a vicious 

circle, including personal beliefs. It discusses the 
impacts of others/wider society and the physical 
aspects, and finally also the impacts on behaviour/
activity level that occur as part of obesity. These 
crucial ‘five areas’ provide a CBT formulation that 
can help individuals and clinicians identify main‑
taining factors for obesity, and also define key areas 
to target when planning change. It also encourages 
seeing the person within a social/systemic situation 
where the reactions of others also have a key role in 
affecting longer‐term outcomes.

People and events around you
‘At a friend’s house and feeling full. My friend’s partner asks
if I would like some more. I say I don’t want to, but then give

in and have seconds.’

Altered feelings
‘Felt anxious and stressed.

Later, I felt annoyed at myself
as I ate more than I had planned to.

Felt annoyed with friends.’

Altered physical symptoms
‘Felt physically full.

After I ate the extra food,
felt too full and couldn’t sleep

later that night.’

Altered behaviour/activity levels
‘I felt I couldn’t say no, so I had another large portion.

Decided to miss breakfast and lunch the next day,
which left me feeling hungry, then had a binge and

ended up hating myself. Declined to go to my friend’s
house the next time I was invited.’

Altered thinking
‘If I’d said no, I’d have upset them. I didn’t want to have more – I’m so

useless for not saying no.’

Figure  2.5.1 The Five Areas assessment model showing vicious circles to understand how the person feels 
(Williams 2009).
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2.5.5 Summary box
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Key points

• Attitudes to obesity vary with different cultures. 
In Western societies, a premium is the ‘ideal’ 
body shape  –  as ultra‐slim and athletic. Other 
cultures regard obesity more positively.

• Adult relationships with food are complex – of‑
fering comfort and opportunities for communica‑
tion, among other things. Food can be associated 
with binging and a loss of control.

• Many psychological conditions are associated 
with obesity – such as depression and anxiety.

• Poor psychological health frequently impairs the 
individual’s motivation to participate in weight 
management interventions.

• Understanding psychosocial factors and studying 
their associations with obesity seem essential for 
increasing the effectiveness of weight manage‑
ment programmes.



2.5 Psychology and mental health issues in obesity  77

29. Kessler RC, Wang PS. The descriptive epidemiology of com‑
monly occurring mental disorders in the United States. Annual 
Review of Public Health 2008; 29: 115–129.

30. Parikh NI, Pencina MJ, Wang TJ, Lanier KJ, Fox CS, 
D’Agostino RB, et  al. Increasing trends in incidence of 
overweight and obesity over 5 decades. The American Journal 
of Medicine 2007; 120: 242–250.

31. Canetti L, Bachar E, Berry EM. Food and emotion. 
Behavioural Processes 2002; 60: 157–164.

32. Ashmore JA, Friedman KE, Reichmann SK, Musante GJ. 
Weight‐based stigmatization, psychological distress, and 
binge eating behavior among obese treatment‐seeking adults. 
Eating Behaviors 2008; 9: 203–209.

33. Sareen J, Jacobi F, Cox BJ, Belik S‐L, Clara I, Stein MB. 
Disability and poor quality of life associated with comorbid 
anxiety disorders and physical conditions. Archives of Internal 
Medicine 2006; 166: 2109–2116.

34. Horner TN, Utermohlen V. A multivariate analysis of psycho‑
logical factors related to body mass index and eating preoccu‑
pation in female college students. Journal of the American 
College of Nutrition 1993; 12: 459–465.

35. Ganley RM. Emotion and eating in obesity: a review of the litera‑
ture. International Journal of Eating Disorders 1989; 8: 343–361.

36. Gariepy G, Nitka D, Schmitz N. The association between obesity 
and anxiety disorders in the population: a systematic review and 
meta‐analysis. International Journal of Obesity 2010; 34: 407–419.

37. Puhl RM, Heuer CA. The stigma of obesity: a review and 
update. Obesity 2009; 17: 941–964.

38. Beck AT, Rush AJ, Shaw BP, Emery G. Cognitive Therapy of 
Depression. New York: Guilford Press, 1979.

39. Williams CJ. Overcoming Depression and Low Mood: A Five 
Areas Approach. Hodder Arnold: London, 2009.

40. Ridgway N, Williams CJ. Cognitive behavioural therapy self‐
help for depression: an overview. Journal of Mental Health 
2011; 20: 593–603.

41. National Institute for Health and Care Excellence. Generalised 
anxiety disorder and panic disorder (with or without agorapho‑
bia) in adults. CG113. London: National Institute for Health 
and Care Excellence, 2007.

42. National Institute for Health and Care Excellence. Depression 
in adults (update). CG90. London: National Institute for 
Health and Care Excellence, 2009.



Advanced Nutrition and Dietetics in Obesity, First Edition. Edited by Catherine Hankey. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.

Binge eating and obesity

Chapter 2.6

2.6.1 Binge eating and obesity

Despite there being several pathways leading to 
obesity [1], there is evidence that binge eating may 
be an important contributor to its development [2]. 
Excessive food consumption without compensation 
increases the risk for the development of obesity, 
which in turn is associated with numerous compli‑
cations [3]. Obesity has been found to develop sev‑
eral years after the onset of binge eating, and 
individuals who were overweight prior to the onset 
of binge eating tend to gain even more weight dur‑
ing adulthood [4].

Binge eating is defined as eating a larger amount 
of food than normal during a short period of time 
(within any 2‐hour period) and, during this time, 
experiencing a loss of control over eating. Since the 
publication of research criteria for binge eating dis‑
order (BED) in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM‐IV), substantial 
research has happened on the various aspects of 
BED, leading to its inclusion in the recently pub‑
lished DSM‐5. BED, which is defined as engaging 
in frequent binge eating episodes without the con‑
comitant use of compensatory behaviours, was first 
recognised in DSM‐IV as a disorder in need of fur‑
ther study. It is now considered a distinct diagnosis 
in DSM‐5, as there is evidence that affected indi‑
viduals experience considerable distress and func‑
tional impairment associated with frequent binge 
eating episodes [5] (Box 2.6.1). The lifetime preva‑
lence estimate of BED is 3% among adults and 
1.6% among adolescents.

Although BED and obesity represent distinct phe‑
nomena, BED is the most common eating disorder 
found in obesity. Nearly 70% of individuals who 
binge eat have a BMI of 30 kg/m2 and above, 
whereas slightly fewer than 30% of individuals who 
do not binge eat report comparable BMIs. It is also 
estimated that 10% of the obese population [6] and 
30% of obese participants in weight reduction pro‑
grammes have BED [7,8]. BED also occurs in nor‑
mal‐weight persons, but less frequently, and it may 
predispose individuals towards overweight and obe‑
sity. Some studies also show that, among both com‑
munity and clinic studies, many individuals who 
meet the criteria for BED are not obese [9].

Binge eating has also been identified to be a main 
contributing factor to overweight and obesity among 

Box 2.6.1 The diagnosis of BED

The chapter titled Feeding and Eating Disorders 
in DSM‐5 describes the diagnosis of BED as:

‘… recurring episodes of eating significantly 
more food in a short period of time than most 
people would eat under similar circumstances, 
with episodes marked by feelings of lack of 
control. Someone with binge eating disorder 
may eat too quickly, even when he or she is not 
hungry. The person may have feelings of guilt, 
embarrassment, or disgust and may binge eat 
alone to hide the behaviour. This disorder is 
associated with marked distress and occurs, on 
average, at least once a week over three months’.
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children and adolescents [10]. Other studies have 
shown that binge eating predicts overweight status in 
adolescents who were not initially overweight 
[11,12]. In addition, the prevalence of sub‐clinical 
binge eating among overweight‐treatment‐seeking 
adolescents has been found to be similar to the levels 
reported among adults. Estimates of sub‐clinical 
binge eating among adolescents and children range 
from 20% to 30%, and severe binge eating is esti‑
mated to be approximately 10% [10]. However, it is 
interesting to note that, in a large study of adolescent 
girls and boys from Norway, BMI was found to be 
significantly higher among those who engaged in 
binge eating with compensatory behaviours in com‑
parison to those who only reported binge eating [13].

Regardless of weight status, it does appear that 
increased binge eating is associated with a signifi‑
cant amount of distress and dysfunction. Research 
has shown no differences in overall psychological 
distress, depressive symptoms as well as concerns 
about eating and shape between normal/overweight, 
obese and severely obese men and women diag‑
nosed with BED [14,15]. Overall, distress com‑
monly reported among individuals who binge eat 
seems not a consequence of weight gain, but most of 
these studies are based on cross‐sectional data only. 
Further research is warranted to examine the causal 
relationships between binge eating and BMI.

2.6.2 Characteristics of binge 
eating in obese individuals

BED is a prevalent problem associated with obesity 
and is associated with an increased number of medi‑
cal and psychiatric comorbidities. Furthermore, 
there is often psychosocial impairment relative to 
obese persons without BED [16] and hence with an 
increased healthcare utilisation, particularly in gen‑
eralist medical settings [17]. Moreover, adults with 
concurrent binge eating and obesity are typically 
older, have a longer duration of illness, eat more 
meals and snacks throughout the day and exercise 
less than non‐obese binge eaters [18]. Similarly, 
compared to obese adults who do not binge eat, 
adults with concurrent obesity and binge eating 
report more psychopathology [19], engage in more 
overeating episodes [20] and consume more energy 

during both meals and binges [21]. Empirical stud‑
ies also show that obese adults with BED have much 
more impairment in the psychosocial aspects of 
quality of life (e.g. work, sex life, self‐esteem) than 
obese individuals without binge eating problems 
[22]. These findings suggest that, although binge 
eating and obesity are each associated with physio‑
logical and psychological consequences, the combi‑
nation of BED and obesity may be particularly 
problematic with regard to comorbidity and risk.

Similar to adults, adolescents with BED are char‑
acterised by more eating‐related psychopathologi‑
cal features, high levels of body image concerns, 
higher depressive symptoms, higher social anxiety 
and poorer self‐esteem [10,23]. Binge eating has 
also been found to be related to impaired quality of 
life among obese adolescents [10,24]. However, it 
has been found to have a greater impact on the 
quality of life for girls than boys. Obese girls who 
engaged in binge eating showed more impairment in 
the areas of mobility, self‐esteem, activities of daily 
living, fatigue and sleep, social functioning and 
work/school [10,24].

One of the reasons why binge eating may have 
less of a negative impact for adolescent boys is 
because binge eating is more socially sanctioned for 
males [25,26]. The nature of binge eating is also dif‑
ferent among males, and it may simply reflect over‑
eating. Although a greater number of men report 
eating large quantities of food at times other than at 
meals, they are less likely to call this pattern ‘binge 
eating’ [27]. Men are also less likely to be troubled 
by their binge eating and to feel depressed about it, 
and they also report less guilt [25]. In addition, men 
are less likely to report a sense of being out of con‑
trol during binge eating in comparison to women 
[28]. In one study, Snow and Harris found that ado‑
lescent boys (in comparison to girls) thought that 
binge eating episodes were normal [29].

It is also important to distinguish problem from 
non‐problem binge eating [30]. For many individu‑
als, binge eating is distressing as it affects their 
physical and emotional health. However, for others, 
binge eating has no effect on their quality of life. In 
one of our early studies, we found only problem 
binge eating among adolescent girls [31]. However, 
among boys, we found support for both problem 
and non‐problem binge eating. That is, many boys 
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engaged in binge eating without experiencing any 
negative emotional outcomes such as distress, 
worry, anxiety or guilt.

Another reason why binge eating may be viewed 
more positively by boys than girls is because binge 
eating is one of the strategies that boys may use to 
attain physical bulk. Specifically, adolescent boys 
may use binge eating/overeating in combination with 
weight‐loss strategies and the use of food supplements 
to improve their muscular build [26,32]. However, fur‑
ther studies are needed to more fully evaluate whether 
this is in fact the case, and whether these strategies 
may lead to weight gain and obesity later in life.

Interestingly, only a few reports have documented 
the overlap between BED and night eating syn‑
drome (NES) among obese persons. Although indi‑
viduals with BED and NES share a feeling of loss of 
control over their eating, the amount of food they 
consume during binges and nocturnal eating epi‑
sodes is quantitatively different. BED individuals 
eat more frequently during the day than both the 
NES and only‐obese individuals, whereas only 7% 
of individuals with BED described nocturnal snack‑
ing in at least half of the nights [33].

Clinical studies have also shown that binge eating 
is highly prevalent among obese individuals pre‑
senting for bariatric surgery [34]. However, system‑
atic reviews examining pre‐surgical binge eating as 
a predictor of post‐surgical weight loss have con‑
cluded that most evidence does not support this rela‑
tionship [35]. Nevertheless, it is noteworthy that 
pre‐surgery binge eating and disordered eating are 
related to an increased risk of post‐surgical uncon‑
trolled eating and ‘grazing’ [36], and the presence 
of binge eating post‐operatively seems associated 
with less weight loss or more weight regain. Overall, 
the factors contributing to successful outcomes after 
surgery are multiple, and the importance of single‐
predictive variables (such as binge eating) should 
not be over‐emphasised [37].

2.6.3 Factors to consider in the 
development and treatment of 
binge eating and obesity

It has been argued that binge eating behaviour is an 
emotion regulation strategy for coping with negative 
feelings such as frustration, and even the depressive 

symptoms associated with body dissatisfaction [38]. 
Specifically, binge eating may be used to cope with 
negative affect by providing immediate distraction 
or comfort [39].

More recent research, using experience sampling 
methodologies in the form of ecological momentary 
assessment, has examined associations between 
mood and binging behaviours in naturalistic set‑
tings. Ecological momentary assessment collects 
information about target behaviour(s) and relevant 
experiences, including antecedents and conse‑
quences, as they occur naturally during the day. 
Studies using ecological momentary assessment 
support that increases in negative affect often pre‑
cede binge episodes in individuals with BED and 
bulimia nervosa [40,41]. In addition, these studies 
have demonstrated that loss‐of‐control eating epi‑
sodes among obese individuals are associated with 
both increased stress and increased negative affect, 
regardless of whether the episodes were character‑
ised by overeating [42]. Moreover, individuals with 
BED seem vulnerable to engaging in emotional 
overeating because they lack adaptive emotion regu‑
lation strategies and skills, including being able to 
identify and cope with emotional states [43].

In summary, research supports a negative affect 
regulation model for binge eating, which posits that 
overweight individuals overeat as an attempt to reg‑
ulate the emotions they are feeling. The increase in 
negative feelings and mood (i.e. ‘I’m feeling sad’) 
triggers binge episodes, and binge eating functions 
to alleviate negative emotions by using food for 
comfort and distraction. Binge eating in response to 
negative emotions becomes a conditioned response 
that is maintained through negative reinforcement.

It is also noteworthy that a considerable number 
of studies have documented the pervasiveness of 
negative weight bias across areas including educa‑
tion, workplace and even healthcare settings [44]. 
Weight bias is defined as the negative attitudes and 
beliefs attributed to an individual based on his or her 
body weight. Weight bias leads to stigmatisation of 
persons with obesity through the attribution of ste‑
reotypes such as being lazy, being less intelligent 
compared to persons without obesity or having no 
willpower. Moreover, individuals with obesity who 
internalise this bias also attribute these negative stereo‑
types to themselves and base their self‐evaluation 
on these stigmatising attitudes. Such widespread 
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stigma is related to a number of negative psycho‑
logical outcomes, such as more severe depression, 
body image dissatisfaction, poorer self‐esteem, dis‑
turbed and binge eating [45]. Treatment‐seeking 
obese patients with BED demonstrate high levels of 
internalised weight bias, which in turn is associated 
with greater eating psychopathology, depression 
and lower self‐esteem [46].

In addition to negative affect and the stigma associ‑
ated with obesity, another factor to also consider in 
both the development and treatment of binge eating 
among obese individuals is body dissatisfaction. 
Several studies have demonstrated a strong relation‑
ship between body dissatisfaction and binge eating 
[47,19], and there is also evidence in support of binge 
eating as a mediator of the link between body dissat‑
isfaction and psychological distress, especially for 
obese people who seek both dietary and psychologi‑
cal support [48]. Overweight and obese individuals, 
including adolescents, who are more dissatisfied with 
their bodies are more likely to gain weight and com‑
mence binge eating than those who are more satisfied 
with their bodies [47]. In addition, a weight control 
trial of overweight and obese women has shown that 
improved body satisfaction was associated with a 
greater reduction in binge eating [49]. This suggests 
that body satisfaction may protect overweight and 
obese individuals against excessive weight gain and 
binge eating. Individuals who are more satisfied with 
their bodies are likely to feel more positive about 
themselves in other areas of their lives, have higher 
levels of self‐esteem and also engage in more positive 
lifestyle behaviours. Thus, body dissatisfaction is an 
important factor to target in both prevention and treat‑
ment programmes. Effective programme components 
for adolescents and adults include increasing resist‑
ance to sociocultural pressures for thinness, develop‑
ing healthy weight management skills, developing 
stress and coping skills and self‐esteem training [50]. 
In addition, media literacy training has also been 
found to be effective for adolescents [51].

Interestingly, weight reduction programmes that 
include behavioural and pharmacological compo‑
nents, on the whole, have shown similar levels of 
effectiveness in terms of reductions in BMI for 
obese individuals with or without BED [23]. In 
addition, although individuals who binge eat dem‑
onstrate higher loss of control in eating and greater 
hunger levels.

Despite these challenges, it has been established 
that weight reduction programmes can be effective 
at reducing loss of control in eating and hunger lev‑
els, and also at reducing binge eating. In one pro‑
gramme with adolescents, binge eating declined 
from 24% at baseline to 8% at the 6‐month follow‐
up, and to 3% at the 12‐month follow‐up [23]. The 
adolescents participated in 24 weeks of group 
behavioural counselling that addressed lifestyle 
management, and received the weight loss medica‑
tion, sibutramine.

Well‐controlled studies have demonstrated that 
cognitive behavioural therapy (CBT) and interper‑
sonal psychotherapy (IPT) are effective in reducing 
binge eating and the associated psychological dis‑
tress, but do not produce clinically significant 
weight loss [52]. Binge eating recovery rates were 
equivalent for CBT and IPT at post‐treatment (79% 
vs. 73%) and at 1‐year follow‐up (59% vs. 62%). It 
is also noteworthy that, among individuals who 
recovered from BED post‐treatment, those who 
remained recovered at the 12‐month follow‐up had 
lost weight during the course of follow‐up (−5.3 lb 
or −2.4 kg), whereas those who were no longer 
recovered from BED at the end of the follow‐up had 
gained weight (+4.6 lb or +2.1 kg).

Guided self‐help based on CBT is effective in 
the  short term. It has been shown to reduce binge 
eating without compromising compliance with 
behavioural weight loss treatments, an approach 
widely used to treat obesity (and binge eating) [53]. 
A randomised trial that compared the short‐ and 
longer‐term outcomes of IPT, CBT self‐help and 
behavioural weight loss treatment for BED found 
no  differences among the three interventions at 
post‐treatment for binge eating and specific eating 
disorder psychopathology. However, both IPT and 
CBT self‐help were more effective than behavioural 
weight loss treatment in eliminating binge eating 
at the 2‐year follow‐up [54]. In summary, ‘the opti‑
mal approach to treating obese BED patients may be 
a combination of behavioural weight management to 
address weight loss and psychosocial interventions 
that specifically target disordered eating symptoms’ 
[55, p. 124].

In conclusion, BED is a fluctuating and persisting 
disorder that is commonly associated with obesity, 
particularly among obese adults who seek treat‑
ment. A careful assessment of binge eating among 
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obese patients can guide the choice of treatment 
to  reduce such dysfunctional eating behaviours. 
However, further research is necessary to determine 
the aetiology of this problematic eating pattern and 
to improve strategies for clinical management.

2.6.4 Summary box
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Chapter 3.1

Genetics and epigenetics in the 
aetiology of obesity

3.1.1 Introduction

The heritability of obesity is estimated at between 
40% and 70% [1], with evidence implicating 
 mutations and variants in many genes. Much of the 
variation that is obesogenic in the modern environ
ment may have been advantageous during historical 
periods of food scarcity, with the most energy‐ 
efficient individuals being more likely to survive 
and reproduce [2]. Some ethnic groups, for example, 
Polynesians, have a greater tendency to overweight 
[2]. As expected, the genes implicated include many 
involved in the regulation of metabolism, satiety and 
appetite, but also include variants associated with 
addiction and motivation to engage in physical 
 exercise [3]. Additional complexity comes from 
 epigenetics  –  modifications, often in response to 
environment, that alter the way in which genes 
are  used. The majority of obesity has a complex 
multifactorial / polygenic aetiology (see Table 3.1.1); 
but, in a small proportion of cases, obesity can be 
explained by rare mutations in single genes (mono
genic obesity) or rare chromosomal rearrangements 
such as those causing syndromic obesity. Study 
of  these rare disorders provides insight into the 
genes and pathways that are likely to play a role in 
 common obesity.

3.1.2 Monogenic forms 
of obesity

Very rare, severe and early‐onset forms of obesity 
are caused by mutations in genes involved in the 
leptin–melanocortin pathway (LMCP), which 
 regulates food intake and appetite (Figure  3.1.1). 
The hormone leptin, produced by adipocytes, binds 
to a cell surface protein, the leptin receptor (LEPR), 
present on cells within the hypothalamus; this 
 binding triggers a series of downstream events 
(Figure 3.1.1) that lead to a feeling of satiety [4]. 
Leptin is coded for by the LEP gene, of which we 
should have two working copies, one inherited from 
each parent. The absence of leptin, due to loss‐of‐
function mutations in both copies of LEP, leads to 
severe obesity and hyperphagia [4–7]. Carriers, who 
have loss‐of‐function mutations in only one copy of 
LEP, have increased body mass index (BMI) but do 
not show severe obesity. It is not clear whether lep
tin levels differ in these carriers as compared to con
trols [8]. Mutations affecting other components of 
the LMCP can also cause severe obesity, the most 
important being LEPR and the melanocortin 4 
receptor (MC4R) (Figure  3.1.1). It has been esti
mated that approximately 3% of severely obese 
adults and children have loss‐of‐function mutations 
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in both copies of LEPR [9], such that feelings of 
satiety are not generated even when leptin is present 
at normal levels. However, the most prevalent form 
of monogenic obesity is the one caused by muta
tions in MC4R, which codes another receptor 
required in the LMCP (Figure 3.1.1). Mutation of 
only one copy of MC4R can result in severe obesity 
[7], although 40% of carriers of such mutations do 
not become obese [10]. Loss‐of‐function of both 
copies of MC4R leads to obesity in all cases [10] 
with greater severity [11]. In a healthy German pop
ulation, the frequency of MC4R mutant alleles that 
impaired protein function was 0.07%, though none 
of the carriers were obese [11]. Nevertheless, it has 
been estimated that up to 6% of early‐onset obesity 
and around 2.5% of adult‐onset obesity cases are 
caused by MC4R mutations [7,10,12]. The age of 
onset might depend on the degree to which MC4R 
mutations impair functionality [12]. In contrast, rare 
variants of MC4R reported to be associated with 
enhanced function may have a protective effect 
against obesity [13]. Mutations affecting genes 
encoding downstream elements of the LMCP have 
also been reported [7] (Figure 3.1.1).

Monogenic forms of obesity account for a minor
ity (about 5–10%) [14,15] of obese individuals, but 
demonstrate the clear role of genes. However, the 
data for MC4R indicates that other genetic and/or 
environmental factors may play a significant role 
even with ‘monogenic’ disease.

3.1.3 Syndromic obesity

Obesity occurs as part of the spectrum of character
istics present in approximately 30 syndromes, 
together with other distinct features, such as 
 developmental delay, dysmorphism and abnormal 
behaviour. Prader–Willi syndrome (PWS) and 
Bardet–Biedl syndrome (BBS) are the most well‐
known and studied obesity‐related syndromes [1].

Roughly 1 in 25,000 births are affected by PWS, 
which is characterised by neonatal hypotonia, 
 intellectual disability, behavioural problems and 
hyperphagia leading to severe obesity [16,17]. 
PWS  is an imprinting‐related disorder (imprinted 
genes are differentially expressed dependent upon 
parent of origin) that is associated with a region of 

Monogenic 
obesity

Pathogenic mutation in one particular gene has a major 
effect, leading to obesity; the effect may be dominant 
or recessive. Other genes or environmental factors may 
still influence the severity of the condition.

Recessive: requires that both 
copies (maternal AND paternal) 
of the gene have mutations 
present.
Dominant: requires a pathogenic 
mutation to be present in one of 
the two copies (maternal OR 
paternal) of the gene.

Polygenic 
obesity

Obesity is the cumulative result of variants in many different genes; individually, the gene 
variants are not pathogenic, but in combination can lead to obesity.

Multifactorial 
obesity

Obesity is the cumulative result of both environmental factors plus variants in a number of 
different genes.

Syndromic 
obesity

Obesity is present as part of a characteristic group of signs and symptoms that are seen 
together in a particular condition – for example, Prader–Willi syndrome, which is 
characterised by short stature, learning difficulties, weak muscle tone in infancy, delayed or 
incomplete puberty and hyperphagia leading to obesity. The underlying genetic cause may 
be the deletion or duplication of a section of a particular chromosome, which may include 
several adjacent genes.

Table 3.1.1 Monogenic, polygenic and multifactorial obesity. Note that ‘variants’ can denote gene 
alterations of minor functional effects, whereas pathogenic mutations are those variants that are 
known to have serious consequences
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Leptin

ARC

POMC

PC1

cleavage
α -MSH

PVN/VMN

BDNFSIM1

LEP gene: leptin

AR mutations: SEO+H, hypogonadotropic
hypogonadism with late-onset puberty,
hypothyroidism, immune dysfunction,
respiratory infections

LEPR gene: leptin receptor

AR mutations: SEO+H, hypogonadotropic
hypogonadism with late-onset puberty, leptin
resistance

POMC gene: proopiomelanocortin

AR mutations: SEO+H, hypoadrenalism due to
ACTH deficiency, decreased blood glucose,
icterus, pale skin, red hair

PCSK1 gene: PC1 proprotein
convertase

AR mutations: SEO+H, decreased blood
glucose, diarrhoea, hypogonadotropic
hypogonadism

MC4R gene: melanocortin 4 receptor

CD mutations: SEO+H, increased lean mass,
increased bone density, increased height

SIM1 gene: regulatory protein

AD mutations: SEO+H, developmental delay,
behavioural problems

BDNF gene: brain-derived neurotrophic
factor

AD mutations: SEO+H, cognitive and memory
impairment

NTRK2 gene: TRKB neurotrophic tyrosine
kinase receptor type 2

AD mutations: SEO+H, developmental delay,
memory and speech impairment

Appetite and food
intake regulation

TRKB

MC4R

LEPR

Figure 3.1.1 Mutations in the LMCP are associated with severe early‐onset obesity with hyperphagia (SEO + H). 
The hormone leptin produced by adipose tissue binds its receptor (LEPR) in the hypothalamus, leading to cleavage 
of proopiomelanocortin (POMC) by PC1 proprotein convertase to generate α‐melanocyte‐stimulating hormone‐ 
(α‐MSH); α‐MSH binds to the MC4R receptor, leading to further signalling via components including SIM1, 
BDNF and TRKB; this signalling leads to feelings of satiety and regulation of food intake. Components of the 
pathway associated with SEO + H when mutated are indicated by a star, with information relating to additional 
phenotypes seen in monogenic obesity shown on the right. Gene variants in some of these components (e.g. MC4R 
and BDNF) have already been shown to be associated with common obesity, and, given the interplay of multiple 
elements within the pathway, it is likely that variants of additional LMCP genes will be found to be associated with 
polygenic obesity. AR: autosomal recessive (mutations required in both copies of the gene); CD: codominant 
(mutation only required in one copy of the gene, but the condition is more severe if both copies are mutated); AD: 
autosomal dominant (mutation only required in one copy of the gene); ARC: arcuate nucleus; PVN/VMN: 
 paraventricular nucleus/ventromedial nucleus; SIM1: single‐minded, homolog, Drosphila, homolog of, 1.
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 chromosome 15 (15q11–13) which, in healthy peo
ple, is only expressed from the paternal copy. The 
maternal copy of 15q11–13 is silenced during 
oogenesis by a process involving DNA methylation 
(addition of methyl‐groups to the cytosine of spe
cific CG dinucleotides). Most PWS patients have a 
deletion affecting the paternal 15q11–13, and recent 
evidence suggests that loss of only the small nucleo
lar RNA (snoRNA) gene cluster SNORD116 is suffi
cient for patients to show typical PWS features [17]. 
Studies in mice demonstrate high expression of 
SNORD116 in regions of the hypothalamus that 
 control food intake and regulate energy balance [18]. 
The actual roles of the SNORD116 products are still 
not clear, but potential roles in gene regulation and/
or modification of other RNAs seem likely [18].

Another imprinting disorder associated with obe
sity is Albright’s hereditary osteodystrophy (AHO), 
which is caused by mutation of the maternal copy of 
the GNAS (guanine nucleotide‐binding protein, 
alpha‐stimulating activity polypeptide 1) gene. Only 
the maternal GNAS appears to be expressed in the 
hypothalamus, and GNAS defects affect signal 
transduction via MC4R, thus providing insight on 
obesity aetiology in these patients [19].

BBS is caused by mutation of both copies of any 
one of a group of at least 18 genes (BBS1–18) [20]. 
These genes are involved in the formation and func
tion of primary cilia, mainly through the BBSome, a 
complex responsible for the proper localisation of 
transmembrane proteins, including receptors. 
Obesity in BBS appears to result from BBSome 
 failure to deliver key receptors such as LEPR to the 
membrane of hypothalamic neurons. This is sup
ported by the fact the BBS patients show leptin resist
ance, a feature seen in people with LEPR deficiency 
[20]. Interestingly, in some cases, individuals with 
pathogenic mutations in both copies of one BBS 
gene are healthy, whereas siblings carrying a third 
mutation, in another BBS gene, are affected [20].

3.1.4 Copy number variations

Copy number variants (CNVs) represent chromo
some segments, usually longer than one kilobase 
(kb) of DNA, that, as a consequence of deletions or 
duplications of DNA, vary in copy number between 

individuals [21]. Common CNVs (frequency ≥ 5%) 
are usually benign, but rare CNVs (frequency ≤ 1%) 
have been implicated in various diseases, including 
obesity. CNVs larger than two megabases occur in 
1.3% of obese patients but not in controls, and 
smaller CNVs are overrepresented in the obese pop
ulation [5]. Several CNVs have been associated 
with obesity, but one of the best characterised is 
deletion of a 220 kb region of chromosome 16 
(16p11.2), which accounts for about 0.5% of severe 
early‐onset obesity cases [22]. The region deleted 
includes a number of genes, including SH2B adap
tor protein 1 (SH2B1), in which mutations have also 
been shown to cause severe obesity. Not all carriers 
of this deletion are obese, but adults of normal 
weight who carry the 16p11.2 deletion have trans
mitted the deletion to their obese children [22], indi
cating that other genetic and environmental factors 
contribute to the pathogenic effect [22]. A separate 
600 kb deletion in 16p11.2 is also associated with 
obesity, and, interestingly, individuals with the 
reciprocal 16p11.2 duplication have increased risk 
of being underweight as adults [21].

3.1.5 Polygenic / multifactorial 
or common obesity

Monogenic and syndromic forms of obesity are 
rare, but they illustrate the profound impact on 
weight that can result from loss of function in any 
one of a large number of genes. However, there is a 
massive level of variation between human genomes 
[23], and although individual variants may have 
only minor effects on the function of genes or their 
products, the cumulative effect of many different 
low‐risk variants may predispose to obesity [24]. 
The simplest type of variant is the single nucleotide 
variant or single nucleotide polymorphism (SNP; a 
polymorphism is defined as a variant with a fre
quency of greater than 1%). Genetic recombination 
during the production of eggs and sperm allows 
reshuffling of variants in our DNA, but large chunks 
of DNA, known as ‘haplotype blocks’, tend to be 
inherited as intact blocks through many generations, 
and thus certain combinations of variants within 
particular blocks tend to stay together (linkage). 
Genome‐wide association studies (GWAS) take 
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advantage of this in order to identify common 
 variants of small effect, by assaying for millions of 
SNPs across the genomes of thousands of obese and 
lean people [24,25]. However, the SNPs identified 
by GWAS may not be the causal or functional vari
ants responsible for increasing the risk – they might 
be benign variants present in the same haplotype 
block as the actual causal ones.

To date, GWAS has identified approximately 
60  different genes to be associated with obesity 
[5,24–27] (Figure 3.1.2). The strongest association 
in many different populations, for both adults and 
children, comes from SNPs within non‐coding 
sequences of the fat mass and obesity–associated 
(FTO) gene. FTO codes for a nucleic acid demethy
lase that is highly expressed in the hypothalamus 
[24], and FTO‐deficient mice are lean, whereas 
FTO‐overexpressing mice are obese. However, 
recent evidence suggests that the FTO risk alleles 
identified by GWAS associate with increased 
expression of the adjacent IRX3 (Iroquois home
obox protein 3) gene in human brain rather than 
with FTO expression levels [28]. IRX3 encodes a 
regulatory protein known to play a role in neural 
development; IRX3‐deficient mice are 25–30% 
lighter than control litter‐mates and are resistant to 
weight gain when fed a high‐fat diet [28]. Both FTO 
and IRX3 may be important, but these data highlight 
one of the issues related to GWAS – that functional 
studies are required in order to validate GWAS 
associations.

Other genes consistently found to be associated 
with obesity by GWAS in various populations include: 
SH2B1, neuronal growth regulator 1 (NEGR1), glu
cosamine‐6‐phosphate deaminase 2 (GNPDA2), 
MC4R and brain‐derived neurotrophic factor (BDNF) 
[24,25]. Food choices also appear to have a genetic 
component: GWAS demonstrated a variant in the opi
oid receptor mu‐1 gene (OPRM1) to influence fat 
intake in adolescents [29]. While the FTO/IRX3 asso
ciation has been replicated in many populations, 
some associations are more prominent in particular 
subsets of populations [26], indicating that the genetic 
factors underlying obesity may vary considerably 
depending on ethnic origin (Figure 3.1.2).

From GWAS, it is clear that some genes involved 
in monogenic obesity are also implicated in the 
common form. However, in monogenic obesity, rare 

DNA changes almost completely disrupt the normal 
function of the gene, whereas in polygenic obesity 
the variants are common but individually of small 
effect (Figure 3.1.3). It is the additive effect of many 
such common variants that predisposes to obesity. 
Although heritability of obesity is estimated at 
40–70% and GWAS have led to the discovery of 
many potential obesity‐related loci, these loci are 
able to explain only a small proportion, less than 
2%, of the heritability of BMI [1]. The strongest 
association, that of FTO/IRX3, explains only 0.34% 
of BMI variance [1,27].

3.1.6 Epigenetic modifications 
and obesity

For imprinted genes, such as those associated with 
PWS and AHO, the epigenetic marks are estab
lished during gametogenesis and maintained after 
fertilisation throughout the life of the individual. 
However, epigenetic modifications are also used 
in a more dynamic way to regulate gene expression 
in  response to environmental signals. The best‐ 
characterised epigenetic modification is DNA 
 methylation, and genes that have been found to 
have abnormal methylation pattern in obese people 
include LEP, with decreased methylation, and 
POMC (proopiomelanocortin; Figure  3.1.1), with 
increased methylation [30]. However, it is less clear 
whether the abnormal methylation is the cause or 
the result of obesity, and increased methylation of 
the hypoxia inducible factor 3A gene (HIF3A) in the 
adipose tissue of obese individuals was found to be 
the consequence of increased BMI [31]. Abnormal 
methylation has been linked with in utero factors 
that affect the offspring’s susceptibility to adult obe
sity, and, perhaps surprisingly, both foetal malnutri
tion and maternal overweight confer an increased 
risk of later obesity in the offspring [2,32]. One of 
the effects of increased maternal weight is decreased 
foetal methylation in the insulin‐like growth factor 2 
gene (IGF2) with increased plasma IGF2, which is 
a risk factor for obesity [32]. Other factors that can 
affect DNA methylation patterns in the offspring are 
the diet of the mother and contact with xenobiotic 
obesogens, such as pesticides or antipsychotic 
drugs, during pregnancy, all associated with 
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increased risk of obesity [33]. Measurement of the 
neonatal methylation status of relevant genes, using 
tissues such as placenta or umbilical cord, could act 
as future biomarkers of obesity risk [32].

A 6‐month exercise programme resulted in 
increased methylation of several metabolism‐ 
associated genes in the adipose tissue, with reduced 
gene expression in some [34]. This, along with the 
fact that the methylation pattern in obese patients 
after weight loss surgery resembles more that of 
lean individuals, is an additional argument that 
some epigenetic modifications may be the result of 
obesity, rather than the cause [30].

Histone modifications, including methylation and 
acetylation, can have a profound effect on gene 
expression, and obesity with hyperlipidaemia has 
been shown to develop in mice deficient in one of the 
histone methylases [3]. Furthermore, microRNAs 
(miRNAs) have been linked to obesity; these are 
small non‐coding RNAs that play an important role in 
the regulation of gene expression in many biological 
processes, including adipogenesis [35]. Many miR
NAs have been found to be deregulated in  adipose 
tissue in obese patients compared to  controls [35]. 

Again, whether this is the cause or the result of 
 obesity needs to be considered; however, genetic 
variants in DNA/histone‐modifying enzymes, or in 
miRNAs or their target sequences, may influence 
gene expression changes in response to an obeso
genic environment, both during development and 
during adult life.

3.1.7 Genetic factors affecting 
response to weight loss 
interventions

Genetic variation affects not only the predisposition 
to obesity but also the ability to successfully lose 
weight. Variants of genes associated with addictive 
behaviours have been implicated in obesity and the 
ability to resist food temptation [36]. Many studies 
have demonstrated an association between variants of 
genes, including beta‐3 adrenergic receptor (ADRB3) 
and LEPR, and the degree of weight loss following 
energy restriction [37]. Furthermore,  variants in 
 circadian rhythm genes have been shown to affect 
dietary adherence as well as weight loss [37], and 
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(indicated by ‘?’). Note that the figure is illustrative and does not attempt to show all genes / variants.
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may influence energy expenditure in response to 
dieting [38]. The degree of weight loss following 
bariatric surgery is influenced by genetic variants, 
including those in FTO/IRX3 and MC4R [39]. Also, 
interestingly, maternal weight loss as a result of 
bariatric surgery leads to decreased risk of obesity 
in offspring, associated with epigenetic changes [2]. 
Although it is currently premature to implement 
such findings in clinical practice, it does provide 
hope for more effective future interventions tailored 
to personal genetic make‐up.

3.1.8 Genetic testing in obesity

Although obesity is a growing health problem 
worldwide, there are no formal guidelines regard
ing genetic testing [16]. In cases of extreme early‐
onset obesity, it may be useful to use any additional 
 clinical features seen (Figure  3.1.1) in order to 
direct testing to the likeliest candidate genes or 
regions in each case [16]. However, even in appar
ently monogenic obesity, the situation may be more 
complex. Conventional clinical molecular labora
tory investigations tend to focus on individual 
genes, but recent innovations in technologies for 
investigating DNA sequence – the so‐called ‘next‐
generation DNA sequencing (NGS)’  –  allows the 
simultaneous analysis of large numbers of genes. 
Using such technology, one extremely obese 
patient was shown to possess two BBS1 mutations 
and one melanocortin 3 receptor (MC3R) mutation, 
which were all predicted to be damaging, in addi
tion to several other variants of obesity‐related 
genes [40]. An NGS approach analysing the coding 
sequences of 43 genes involved in obesity and dia
betes has been developed as a potential diagnostic 
test [41]. Validation of this assay in obese patients 
successfully identified the previously reported 
mutations, but additional damaging mutations in 
different obesity genes were also found in some 
cases [41]. Such NGS analyses should allow more 
effective diagnosis in monogenic obesity, and will 
be helpful in elucidating other genetic variants that 
contribute to severity.

Genetic testing in common obesity is more 
 complicated. Some online companies are already 
offering direct‐to‐consumer genetic testing, with 

prediction on common obesity risk. However, each 
of the gene variants identified by GWAS explain 
only a small proportion of obesity heritability, and 
therefore testing for such variants in clinical prac
tice is not currently helpful for providing advice on 
the risk of obesity [27].

3.1.9 Perspectives

Despite the characterisation of many genetic loci 
involved in obesity, far more than it has been possi
ble to discuss here, only a proportion of the herita
bility of obesity can be explained. More research is 
needed to discover the ‘missing heritability’ and to 
investigate gene–environment interactions  –  the 
easy availability of energy‐dense foods and more 
sedentary lifestyles are key factors. There do not 
appear to be separate genes influencing childhood‐
onset versus adult‐onset obesity [5]; instead, it is the 
severity of the mutations, in conjunction with other 
genetic variants and lifestyle, that determines the 
age of onset. Whole genome sequencing by NGS is 
likely to facilitate identification of new genes 
responsible for monogenic obesity [14] as well as 
the variants that influence the likelihood and sever
ity of obesity. This will allow improved genetic 
diagnostics in relation to obesity, in addition to 
 providing potential targets for generating new thera
pies. A personalised medicine approach to obesity is 
likely to be developed: identifying relevant causal 
mutations/variants in patients may lead to specific 
drug and/or dietary therapeutic approaches, leading 
to optimum results for individuals based on their 
personal set of genetic variants [14].

Obesity‐linked genetic variants have been identi
fied in many genes associated with a variety of 
traits, including satiety [4–7], food choice [29], 
addiction [36], physical activity [3] and circadian 
rhythm [37]. When epigenetic responses to the envi
ronment, together with variants in the genes encod
ing components of the epigenetic machinery, are 
added into the mix, it is clear that we require not 
only an understanding of the effects of individual 
variants, but an appreciation of how the (potentially) 
hundreds of relevant variants that may be present in 
a single individual interact together, and with the 
environment, to generate the overall obesity risk.
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3.1.10 Summary box
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3.2.1 Introduction

There are strong logical reasons why food con
sumption is important for obesity. For many health 
professionals, it is obvious that overconsumption of 
food is responsible for the rise in the prevalence of 
obesity over the last 25 years – a phenomenon often 
referred to as ‘the obesity epidemic’. Advocates of 
this view have drawn attention to data from the USA 
in which the increase in the average body weight of 
the population between 1970 and 2000 is mirrored 
by the increase in the availability of food pro
duced  –  and, presumably, consumed [1]. It was 
argued that the increase in energy intake was more 
than sufficient to account for the rise in obesity. 
However, other researchers have argued that a 
decline in energy expenditure (through changing 
working practices) over a 50‐year period could also 
be more than sufficient to account for the level of 
obesity [2]. This polarisation can be referred to as 
‘the energy balance wars’. This antagonism (or 
healthy academic competition) is detracting from 
useful scientific analysis, but it does draw attention 
to the need to justify and prove the impact of food 
intake on obesity, rather than assume that it occurs. 
In passing, it can be noted that the present writers 
has argued that obesity arises from a combination of 
increased energy intake (EI) and a decrease in 
energy expenditure (EE). Such states may operate 
separately in different individuals or – perhaps more 
frequently – coexist in the same person. Therefore, 

we should not seek to defend the position that obe
sity is entirely dependent on an overconsumption of 
food, although obesity does arise from a positive 
energy balance (EI > EE).

Two fundamental questions about food intake in 
humans are: ‘What to eat?’ and ‘How much to eat?’ 
Two subsidiary questions are, where and with 
whom to eat – neither of which is trivial, but these 
will not be the focus of this chapter. In addition, 
it  should be recognised that food consumption 
(or energy intake) is a behavioural act, and there
fore eating is a  phenomenon that is subject to laws 
of behaviour rather  than just rules of physiology. 
Some key terms that are useful to identify are 
‘appetite’, ‘hunger’, ‘satiation’ and ‘satiety’ (see 
Box 3.2.1).

3.2.2 Food intake: biology 
or culture?

Food intake is viewed by different groups of 
researchers as an exclusively biological or cultural 
phenomenon. On the one hand, for some theorists, 
eating is a way of getting food into the body to 
 provide the energy and nutrients required for main
tenance and growth. This implies a biological 
 purpose; other features of food intake  –  such as 
opportunities for personal interaction or social 
 discourse  –  are regarded as mere embellishments, 
not related to the true purpose. In contrast, other 
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groups of researchers, such as anthropologists or 
sociologists, construe eating as a means of fulfilling 
social obligations, embodying rituals and influenc
ing personal relations [3]; any physiological 
 consequences are regarded as a side effect. These 
opposing positions create a conflict, which can be 
resolved by viewing biological and cultural deter
minism as incomplete explanations. While eating 
has its origins in biological obligations, the inte
grated patterns of eating are shaped and given  values 
though the influence of culture. Part of the frame
work for understanding food intake is to see 
 eating as a bio‐cultural interaction, as depicted in 
Figure 3.2.1. Since normal eating is 100% behav
iour, it can be seen as a bio‐behavioural bridge 
through which eating expresses biological needs in 
a social landscape.

Humans are omnivores

One of the most salient features of appetite in humans 
depends on the fact that humans are omnivores. 
Unlike herbivores or carnivores whose feeding 
 habits are biologically programmed for restricted 

types of foods, omnivores have a much greater 
range of potentially edible items. One consequence 
of this has been that humans are able to colonise and 
exploit many different types of environments that 
sustain quite distinctive nutritional repertoires. 
It follows that, for humans, the type of food that is 
put into the mouth is not heavily programmed bio
logically, but depends on the local culture, geogra
phy, climate, religion, ethnic principle and social 
forces. This means that the processes of food intake 
control have to be geared to a variety of dietary 
 scenarios, and the control mechanisms have to be 
sufficiently adaptable to deal with a wide range of 
food types. Although food is basically comprised of 
fats, proteins and carbohydrates, it is put into the 
mouth in a large number of forms that are associated 
with a multitude of tastes and textures. The behav
ioural act of putting a selected type of food into the 
mouth is a precursor of eating. This means that food 
choice depends on the environment. In certain cir
cumstances, rational food choice can be undermined 
by an environment in which the nutritional value 
(and therefore the biological value) of specific food 
items can be concealed or confused. This can easily 

Box 3.2.1 Glossary of terms relating to appetite, hunger, satiation and satiety

Appetite
There are two definitions in circulation:
(a) Covers the whole field of food intake, selection, motivation and preference;
(b) Refers specifically to the qualitative aspects of eating, its sensory aspects or responsiveness to 

 environmental stimulation, which can be contrasted with the homeostatic view, based on eating in  response 
to physiological stimuli, such as an energy deficit.

Hunger
(a) Construct or intervening variable that indicates the drive to eat. Not directly measurable, but can be 

 inferred from objective conditions.
(b) Conscious sensation reflecting a mental urge to eat. Can be traced to changes in physical sensations in 

parts of the body – stomach, limbs or head. In its strong form, may include feelings of light‐headedness, 
weakness or emptiness in stomach. Hunger will be used in this sense throughout this chapter.

Satiation
Process that leads to the termination of eating; therefore, controls the meal size. Influenced by sensory 
qualities, palatability, energy density, density (weight and volume) and portion size. Also known as intra‐meal 
satiety.

Satiety
Process that leads to inhibition of further eating, decline in hunger and increase in fullness after a meal has 
finished. Influenced by total energy, macronutrient composition, types of fibres, carbohydrates, proteins and 
fats. Also known as post‐ingestive satiety or inter‐meal satiety.
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happen in technologically advanced societies in 
which synthetic foods, which contain arbitrary and 
unlikely combinations of composition, texture and 
tastes, can be readily manufactured. This can lead to 
quantitatively (eating too much) and qualitatively 
(making poor, unhealthy choices) inappropriate 
 eating habits.

Food intake, obesity and the 
obesogenic environment

The human omnivorous habit, together with the 
huge variety of manufactured foods available, 
may be responsible for the epidemic of obesity. 
It  is claimed that the epidemic is maintained 
(and  possibly initiated) by an ‘obesogenic envi
ronment’ that encourages overconsumption [4,5]. 
In turn, it has been argued that overconsumption 
is ‘passive’ and depends on the energy density of 
the  diet [6]. This overconsumption is permitted 
because of the asymmetry of the appetite control 
system in which excess food intake is readily 
allowed, whereas under‐ consumption (biological 
deficit) is strongly resisted. In other words, in an 
obesogenic environment,  overeating is easy but 
undereating is difficult.

Does this mean that the food industry (through 
its  contribution to the obesogenic environment) is 
responsible for obesity? Before reaching such a 
conclusion, it should be considered that overcon
sumption of food is just one example of the more 

widespread practice of acquiring material objects 
well beyond any limit defined by personal need [7]. 
People in industrialised societies are encouraged to 
purchase more clothes, shoes, TVs, motorcars, 
refrigerators, furniture and palatable foods; only the 
last of these is blamed for obesity. The prevailing 
socioeconomic system encourages the materialistic 
self‐interest and unnecessary consumption (and 
 purchasing) deemed essential for economic growth. 
Thus, overconsumption takes place in a climate 
of  abundance, aggressive advertising and easy 
accessibility in which food purchase is strongly 
 promoted. Overconsumption is legitimised, not 
 prohibited, by prevailing cultural values [8]. 
Consequently, the argument for the role of food in 
excessive energy intake is economic and political, 
but made possible by the biological asymmetry of 
the appetite system and the presence of a persistent 
biological drive.

3.2.3 Food intake, obesity 
and energy balance

It is widely considered that weight gain can only be 
achieved with a surfeit of energy intake over expend
iture, and this draws attention to the concept of 
energy balance. This concept is often depicted as a 
set of kitchen scales with food on one side and phys
ical activity on the other; whichever has the greatest 
value causes either an energy surfeit or  deficit. 

Interaction between biology
and the environment

FOOD INTAKE

NUTRITIONAL
SUPPLY

Biological forces

BRAIN

Biological
regulation

EATING PATTERN Cultural forces

Environmentel
adaptation

StructureMacronutrient
composition

Weight concern
(dieting)

Food
supply

Figure 3.2.1 Model to illustrate that the behavioural act of food consumption reflects an interaction between 
biological and cultural influences.
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However, it has been recognised for some years that 
this simple mechanistic model gives a false repre
sentation [9]. The balance mechanism is not a simple 
physical device but an active, physiologically regu
lated system. This means that food intake not only 
influences the energy intake side of the equation, 
but  also has an effect on energy  expenditure [10]. 
In  turn, physical activity not only influences 
energy expenditure, but also has an effect on energy 
intake [11]. This picture has been referred to as 
‘dynamic’ rather than ‘static’ energy balance [12] 
and is consistent with new ways of viewing appetite 
control [13].

What is the driver of food intake?

Over 50 years ago, animal research gave rise to the 
idea that the drive to eat originated in an excitatory 
centre of the hypothalamus. This idea generated 
considerable research activity but made the source 
of the drive to eat rather inaccessible – particularly 
for dealing with human food intake. Around the 
same time (but in a completely separate domain of 
science), a group of physiologists working in the 
field of human nutrition developed the idea that 
energy expenditure was the main driver of appetite. 
It was proposed that ‘the intakes of foods [of indi
viduals] must originate in the differences in energy 
expenditure’ [14]. This idea was ignored for over 50 
years, during which time the discovery of leptin led 
to an upsurge of research on fat and, consequently, 
to the belief that adipose tissue was the main con
troller of food intake. However, although adipose 
tissue stores define the state of obesity, there is little 
evidence that they influence normal eating behav
iour. Indeed, it has been demonstrated that, in 
 overweight and obese people, the size of individual 
meals and the total daily energy consumed are 
 associated not with the amount of fat in the body, or 
BMI, but with the fat‐free mass (FFM) or lean tissue 
[15,16]. This makes logical sense since it proposes 
that the source of the drive for food arises from the 
energy needed to maintain physical integrity and to 
provide the power for adaptive behaviour (eating 
and foraging). This means that the drive for food is 
generated by the energy requirements to run the 
body. In turn, approximately 60% of the body’s 

energy requirement is contributed to by the resting 
metabolic rate (RMR). Consequently, RMR can 
provide the basis for the appetite drive [17], and this 
resonates with an older concept of needs translated 
into drives. The RMR in turn is mainly influenced 
by the amount of lean tissue (FFM) and much less 
by the amount of adipose tissue (fat mass, FM). 
Therefore, the activity of this FFM is an important 
determinant of meal size and daily energy intake 
[15]. This process can account for what appears to 
be a rather mundane observation: that, in general, 
men eat more than women. This is because men 
have a greater FFM than women, and therefore a 
greater energy requirement.

This explanation can also account for the fact 
that obese people eat more (on average) than lean 
individuals, and also why they continue to feel 
hungry and eat more in the absence of any energy 
deficit or food restriction. Even in the resting 
state, most obese people show considerable hun
ger (contrary to some popular commentaries) and 
eat in accordance with this [18]. Although obese 
people are characterised – by definition – as hav
ing larger amounts of adipose tissue (FM), they 
also have larger amounts of FFM (needed to sup
port the larger tissue bulk) and therefore higher 
RMRs than lean people (again, contrary to much 
speculation) [19].

The role of body composition (FM and FFM) in 
the determination of food intake helps to explain 
how the drive to eat arises from physiological 
requirements for energy (as Edholm proposed more 
than 50 years ago). Both FFM and RMR are associ
ated with the size of individual meals and the 
total daily energy intake. This has produced a new 
 formulation for appetite control [13], illustrated in 
Figure 3.2.2.

Adipose tissue and food intake

Given the association between food intake (over
consumption) and obesity, it seems logical that fat 
tissue should be involved in appetite control. This 
idea is incorporated in the lipostatic hypothesis, 
which was an early example of this suggestion. 
The discovery of leptin, deemed to be the dominant 
signal informing the brain about fat stores in the 
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body [20], seemed to confirm the central role of adi
pose tissue as a controller of food intake. Indeed, it 
has  been proposed that there is an intimate and 
reciprocal relationship between the control of 
 adipose tissue and the control of food intake [21]. 
However, careful studies in humans (see the subsec
tion titled ‘Satiation and Satiety’) have shown that 
the situation is not so simple, and that there is no 
obvious relationship between the amount of fat in 
the body and the control of food intake. Indeed, for 
obese people, the large amount of adipose tissue in 
the body does not help, but rather hinders, the con
trol of appetite. Why is this? One plausible proposal 
is that, for lean, normal‐weight people, fat exerts a 
regulatory role and inhibits food intake according to 
the amount of energy stored in the body (in the fat 

stores). Leptin is probably a mediator in this action. 
However, as people gain fat and leptin levels 
increase, the phenomenon of leptin resistance 
occurs (this is widely agreed), together with insulin 
resistance. These actions lead to a weakening of the 
inhibitory control (or ‘disinhibition’) of appetite by 
fat. Therefore, the greater the amount of body fat, 
the less help a person gets from the fat stores to con
trol eating [22]. In addition, it is well documented 
that a larger amount of body fat is associated with 
unhelpful dispositions such as the tendency for 
binge eating, food craving and with a trait called 
‘disinhibition’ (measured by questionnaires). 
Together, these tendencies make people more 
 vulnerable to ‘opportunistic eating’ and further 
serve to increase food intake [23].

ENERGY
BALANCE

ENERGY
INTAKE

ENERGY
EXPENDITURE

Appetite
stilmulating

hormones

Appetite
inhibiting
hormones

Gastrointestinal tract
Episodic appetite signals

BODY COMPOSITION
Tonic appetite signals

Fat-free mass Fat mass

Leptin and other
adipokines

Ghrelin

CKK, PYY, GLP-1

Resting metabolic
rate

Energy demand and
drive to eat

Tonic inhibition of
energy intake

Exercise
Acute and long-term effects

Figure 3.2.2 Formulation to show the separate effects of FFM and FM on the tonic drive to eat. Through a major 
influence on RMR, FFM reflects the energy requirements of the body and is a driver of eating. FM reflecting the 
store of energy in the body can modulate this drive, but this is weakened as FM increases. Episodic influences on 
food intake arise, partly from the action of food in the stomach and the periodic release of peptides from the gut 
after eating.
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3.2.4 The ‘satiety 
cascade’ – episodic control 
of food intake

In the theoretical treatment of food intake control 
(in relation to body weight), it is conventional to 
refer to long‐term and short‐term processes – also 
referred to as ‘tonic’ and ‘episodic’, respectively. 
The tonic controllers change gradually over time 
and reflect enduring and slowly changing mecha
nisms (such as FFM and RMR). In contrast, the 
 episodic controllers fluctuate markedly during the 
course of a day in relation to the episodes of eating; 
these mechanisms are considered to be responsible 
for controlling the size of meals and the period of 
inhibition against eating that follows a meal 
( postprandial period). The ‘satiety cascade’ was 
developed to account for the episodic control of eat
ing and to provide a framework for thinking about 
the different mechanisms involved: nutritional, 
physiological and psychological. The satiety cas
cade reflects the fact that eating itself is influenced 
by a number of factors – including the sight, taste, 
texture and smell of food; thoughts and beliefs 
about food; as well as the actual nutritional compo
sition and the environmental factors surrounding 
eating [24]. Figure  3.2.3 shows a model of the 
 satiety cascade, illustrating that the influence of 
overlapping variables such as sensory and cogni
tive processes are integrated with physiological 

 consequences  –  all generated by the act of food 
 consumption. Acting conjointly, these factors influ
ence the expression of eating behaviour, and there
fore determine  –  in part  –  the amount of food 
consumed and the willingness to eat.

Satiation and satiety

Two fundamental components of the satiety cascade 
are satiation and satiety. Satiation represents the 
effects of those processes that occur while a person 
is in contact with food during the eating process 
itself. The processes of satiation influence the dura
tion and then the termination of an episode of eat
ing, and therefore control meal size. Along with the 
composition of the food being eaten, these deter
mine the amount of food energy put into the mouth. 
Following the termination of a meal (or other eating 
episode), the effects of ingested food exert a control 
over the processes of satiety, which reflects the sup
pression of the motivation to eat and an inhibition 
against eating behaviour for a measurable period of 
time. Satiety is often best indicated by changes in 
subjective appetite sensations such as hunger and 
fullness, which provide valid markers of the inten
sity and rate of change of satiety [25]. Satiety is also 
influenced by the physiological actions of the con
sumed food, especially the effects in the stomach and 
the hormones released from the gastrointestinal tract 
during the digestion and absorption of foods [26]. 

Post-ingestive

Early

Sensory Cognitive
Post-absorptive

Satiety

Late

Satiation

FOOD

Figure  3.2.3 The satiety cascade, which conceptualises the episodic control of eating. It shows the relation 
 between satiation and satiety in controlling the pattern of eating, and illustrates how food intake is influenced by 
psychological, nutritional and physiological factors. These factors act conjointly to determine the intensity and 
duration of the periods of eating and non‐eating [13].
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Although there is a view that satiety is encoded in 
specific peptide hormones such as CCK or GLP‐1, 
recent studies suggest that there is no single peptide, 
nor any unique peptide profile, that is responsible 
for satiety [27]. We can envisage that different 
 peptide combinations – reflecting the varying physi
ological actions of different foods – can all deliver 
the same sensations and the same degree of satiety.

Foods and the satiety cascade

It has been noted earlier that satiation and satiety are 
quite complex states constructed from a series of 
overlapping and interacting factors. Having identi
fied some of the key processes involved in the 
 satiety cascade, one natural and important question 
is: how do different foods impact on these pro
cesses? Do some foods possess nutritional proper
ties that allow them to have a stronger effect than 
others, and therefore a better profile for controlling 
appetite? This is a key research area, and much 
attention has been directed to the macronutrients 
and to the issue of whether fats, proteins or carbohy
drates have equally potent actions. In addition, what 
are the effects of volume, dietary fibre and the gly
caemic index? Do solid foods and beverages have 
equivalent effects? In short, how are the properties 
of foods related to their capacity to influence satia
tion, satiety or both, and therefore to influence the 
amount and type of energy ingested? One currently 
significant issue is whether it is possible to techno
logically engineer functional foods that will help 
people manage their appetites, and therefore their 
body weight [28]. In Europe, the European Food 
Safety Authority (EFSA) has been established, in 
part, to assess the strength of the evidence on which 
such satiety claims for foods are based. This is a 
huge and complex issue that cannot be adequately 
summarised in this short chapter. However, details 
can be found elsewhere [29], and there is an agreed 
methodology available to examine the effects of 
foods on the satiety cascade [30]. Moreover, it is 
safe to conclude that not all foods produce equiva
lent effects, and it is possible to construct a diet 
(or  meal) from foods that will deliver the most 
potent control over satiation and satiety [31]. 
However, it is a separate issue whether people can 
be motivated to eat such a judicious diet. In an 

 obesogenic environment, in which there is a strong 
promotion of purchasing and eating, many cultural 
forces oppose (and often undermine) an individual’s 
intention to gain control over his or her own eating 
behaviour. The range of the obesogenic culture 
means that it will be very difficult for any single 
food to exert an effect on the satiety cascade that is 
sufficient to have an effect on the whole diet and on 
daily energy intake  –  in the absence of additional 
behavioural control procedures.

Homeostatic and hedonic aspects

The control of food intake is often conceived as 
being influenced by homeostatic and hedonic pro
cesses. Homeostatic regulation is usually used to 
explain the quantitative changes in eating and 
food intake, such as those that occur in relation to 
energy expenditure (see the subsection titled 
‘Satiation and satiety’) or during the operations of 
the satiety  cascade (see subsection titled ‘The 
“ satiety  cascade” – episodic control of food intake”). 
The homeostatic system comprises a network of 
brain neurotransmitters, peripheral signals and hor
monal inputs that indicate the strength of physiolog
ical signalling. In contrast, hedonic processes are 
concerned with the influence of pleasure and palat
ability in eating. This system is coordinated by the 
brain’s reward circuitry and reflects the degree of 
attractiveness (positive or negative) of foods and the 
sensitivity of the response to foods. There is consid
erable debate about whether overconsumption and 
obesity are due to defects in the homeostatic or 
hedonic systems [32]. However, it is becoming clear 
that there is a degree of overlap between the two 
systems [33]. Just as the homeostatic system can be 
subdivided into components (e.g. tonic vs. episodic; 
drive to eat vs. satiety), the hedonic system com
prises distinct entities. One important division is 
between the processes of liking and wanting [34]. 
Liking is defined as the subjective state of perceiv
ing pleasure (of food), whereas wanting represents a 
directional component in the tendency to approach 
food (usually a specific class of foods  –  such as 
sweet and fatty items). Although liking and wanting 
can be dissociated and certainly do not invariably 
occur together, in those foods for which liking and 
wanting are generated simultaneously, there is a 
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strong stimulus to consume. The identification of 
such foods is currently a matter of great interest since 
they carry a high risk of being overconsumed. The 
existence of a responsive hedonic system, together 
with the presence of highly palatable foods in the 
food supply, creates a potent scenario for the promo
tion of eating. In addition, it gives rise to the ‘palat
ability dilemma’. Is it possible to raise the palatability 
of a food (so that it will be attractive to consume) 
while at the same time introducing attributes into the 
food that will induce satiety and inhibit eating? This 
is one of the fascinating technological challenges 
facing the development of functional foods.

3.2.5 Conclusions

Food intake is influenced by both biology and cul
ture; the role that each plays depends on the aspect 
of food intake under consideration. The amount of 
energy that food brings into the body depends on the 
foods selected for consumption and the patterns of 
eating across a day (this means the number of meals 
and snacks). The huge range of foods eaten by 
humans in different habitats across the world indi
cates that the choice of foods that people consume is 
largely a cultural and environmental phenomenon. 
Biology determines the intensity of an individual’s 
drive to eat and the strength of inhibition of the pro
cesses of satiation and satiety. Also, the biological 
system operates asymmetrically – permitting over
consumption, but strongly resisting under‐eating. 
These processes should be interpreted in relation to 
the existence of an obesogenic environment that 
encourages overconsumption. The proposed frame
work suggests ways of thinking about the control of 
food intake in relation to weight gain and obesity in 
the first decades of the twenty‐first century.
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3.2.7 Summary box
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3.3.1 Introduction

Energy from food intake will be stored as fat if more 
energy is consumed than expended, as stated in the 
first law of thermodynamics states. The major organ 
involved in this process is the brain, although many 
physiological systems, including the endocrine, gas
trointestinal, central nervous, peripheral nervous 
and cardiovascular systems, are involved in this 
homeostasis process. Figure  3.3.1 shows how 
peripheral signals from different body organs are 
integrated to control energy homeostasis. Small 
changes in any of these determinants can, over time, 
result in substantial changes in body weight. This 
chapter will focus on the physiology of obesity and 
the key peripheral and central signals involved in the 
regulation of body weight.

3.3.2 Central homeostatic 
regulation

Homeostatic regulation of body weight occurs 
 primarily in the hypothalamus, which is a small 
structure in the brain located above the brainstem. 
The hypothalamus integrates peripheral signals 
that indicate satiety levels and energy stores, as 
well as higher cortical factors, such as emotional 

and reward factors, to regulate food intake and 
maintain energy homeostasis.

In the hypothalamus, the arcuate nucleus (ARC) 
is the main region involved in the homeostatic con
trol of food intake. Within the ARC, two groups of 
neurons are prominently implicated in the regula
tion of feeding. One group, localised more medially 
in the ARC, co‐expresses orexigenic (appetite‐ 
stimulant) neuropeptides –  that is, neuropeptide Y 
(NPY) and Agouti‐related protein (AgRP). The sec
ond group of neurons tends to cluster more laterally 
in the ARC and co‐expresses anorexigenic (appetite 
suppressant) neuropeptides  –  that is, cocaine‐ and 
amphetamine‐related transcript (CART) and pro‐
opiomelanocortin (POMC). Neuronal projections 
from the ARC then communicate with other key 
hypothalamic regions, such as the paraventricular 
nucleus, dorsomedial nucleus, and ventromedial 
and lateral hypothalamic nuclei.

The blood–brain barrier surrounding the ARC is 
not complete, and this allows peripheral signals, 
secreted by the adipocytes and pancreas, to gain 
access to the signalling pathway in the ARC. In 
addition, the vagus nerve and the sympathetic fibres 
of the nervous system transmit peripheral signals 
produced in the gastrointestinal tract to the brain
stem, where signals then integrate with those of the 
hypothalamus to control appetite (Table 3.3.1).

Chapter 3.3
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3.3.3 Peripheral homeostatic 
regulation of energy intake

Long‐ and short‐term energy balance is regulated 
by a number of satiety signals. Afferent signals 
transmit via the bloodstream and vagus nerve to 
the hypothalamus and brainstem, to provide infor
mation about the state of the external and internal 
environments as related to energy balance. In turn, 
the central control systems transduce these mes
sages into efferent  signals governing the search 

for and acquisition of food, and also modulates 
the subsequent disposal of food once inside the 
body. Hormones such as leptin and insulin regu
late long‐term energy balance. Short‐term energy 
balance requires several signals that send infor
mation to the brain on a meal‐to‐meal basis and 
include nutrients such as glucose, non‐esterified 
fatty acids (NEFAs), hormones such as ghrelin, 
 cholecystokinin (CCK), glucagon‐like peptide‐1 
(GLP‐1), pancreatic polypeptide (PP) and PYY 
(Table 3.3.2).

Food intake

Leptin

Insulin

PYY

Ghrelin

Vagus
CCK

GLP-1

Energy expenditure

Figure 3.3.1 Integration of the key hormonal signals released from different body organs to control food intake 
and energy homeostasis. Leptin and insulin circulate in the blood at concentrations proportionate to body‐fat mass; 
together with PYY‐36, GLP‐1 and CCK, which are released from the GI tract, they decrease appetite by inhibiting 
orexigenic neurons while stimulating anorexigenic neurons in the hypothalamus. The gastric hormone ghrelin has 
the opposite function.

Location Anorexigenic Orexigenic

Hypothalamus Pro‐opiomelanocortin (POMC) Neuropeptide Y (NPY)
Cocaine‐ and amphetamine‐related transcript (CART) Agouti‐related protein (AgRP)

Gastrointestinal 
tract

Cholecystokinin (CCK) Ghrelin
Glucagon‐like peptide‐1 (GLP‐1)
Peptide tyrosine tyrosine (PYY)

Pancreas Insulin
Pancreatic polypeptide (PP)

Adipocytes Leptin
Nutrients Glucose

Non‐esterified fatty acids (NEFAs)

Table 3.3.1 Central signals, peripheral signals and nutrients involved in the regulation of appetite 
and energy homeostasis
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Long‐term satiety signals

Leptin

Leptin is the best described afferent signal from fat 
to the brain. This 167–amino acid hormone, synthe
sised by adipose tissue, crosses the blood–brain 
 barrier through a saturable transporter mechanism. 
Leptin acts in the ARC to reduce food intake and 
increase energy expenditure by increasing the 
expression of anorexigenic neuropeptides POMC 
and CART and decreasing the expression of 
the  orexigenic neuropeptides AgRP and NPY. 
Congenital leptin deficiency in humans causes 
hyperphagia and obesity, and, in these patients, lep
tin treatment reduces food intake to normal amounts, 
and results in weight loss (98% represented by loss 
of fat) [1,2].

In normal subjects, the circulating levels of leptin 
are correlated with the level of body fat. However, 
women tend to have up to four times higher plasma 
leptin concentration than men, at a given body mass, 
even after correction for body fat percentage [3]. 
Although elevated levels of leptin should be repre
senting reduced appetite and, consequently, weight 
maintenance or weight loss, the failure of leptin to 
prevent weight gain has been hypothesised to be a 
result of leptin resistance in the obese. Leptin resist
ance results in reduced leptin transport across the 
blood–brain barrier and impaired leptin signalling in 
the hypothalamus [4,5]. During weight and fat mass 
loss, leptin levels decrease quickly. This is a very 
powerful signal that leads to dramatic increases in 
hunger and modest decreases in energy expenditure. 

Leptin levels that are reduced, therefore, result in 
increased hunger, thus promoting weight regain [6].

Insulin

Insulin is produced by the β cells of the pancreas to 
primarily maintain glucose homeostasis, and has 
been thought to be important in the long‐term stabil
ity of body weight and fat mass. With a short plasma 
half‐life of 3 minutes, insulin provides a minute‐to‐
minute update of ongoing metabolic activity via a 
signal to the brain. Insulin rises in the blood follow
ing a meal in a concentration directly proportional 
to the total body fat [7], and reaches the ARC via the 
blood–brain barrier through a saturable transporter 
mechanism. Insulin administered directly into the 
brains of rodents causes a dose‐dependent reduction 
of food intake [8]. Conversely, reducing the amount 
of insulin in the brain by using a brain‐specific insu
lin receptor knockout in rats results in hyperphagia, 
increased food intake and increased adiposity [9].

Short‐term satiety signals 
(e.g. satiety‐inducing gut hormones)

Cholecystokinin

Cholecystokinin (CCK) was the first gut hormone 
described to signal nutrient intake from the gut to 
the brain and leading to the inhibition of further 
food intake [10]. CCK is released by endocrine cells 
(I cells) in the jejunum and duodenum in response to 
fat and protein ingestion. CCK does not change 
according to body weight or percentage body fat as 
both lean and obese subjects have similar fasting 
CCK concentrations [11]. Peripheral administration 
of CCK in humans reduces food intake and delays 
gastric emptying. In a study carried out on 12 non‐
obese subjects, food intake was approximately 
reduced by 362 g in those peripherally infused with 
CCK compared to saline infusion [12]. However, 
the effect of CCK is short‐lived; when administered 
more than 30 minutes prior to the start of a meal, it 
does not alter food intake [12]. A short plasma half‐
life of a few minutes means that CCK only tran
siently decreases food intake, but also stimulates the 
release of digestive enzymes from the pancreas and 

Factor Obesity status

Leptin Elevated
Insulin Elevated
Ghrelin Reduced
CCK Unchanged
GLP‐1 Reduced
PYY Reduced/unchanged
PP Reduced/unchanged

Table 3.3.2 Changes to the peripheral 
hormones in obese compared to normal‐weight 
subjects
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gallbladder to increase intestinal motility and delay 
gastric emptying. The anorexigenic effects of CCK 
are mediated through CCK1 and CCK2 receptors 
within the gastrointestinal tract on the vagus nerve 
and in the hypothalamus and brainstem [13].

Peptide tyrosine tyrosine (PYY)

Peptide tyrosine tyrosine (also known as peptide 
YY, PYY) is a 36–amino acid peptide released from 
the L cells of the distal bowel in two forms, PYY

1–36
 

and PYY
3–36

 (biologically active major form), and 
acts through the five hypothalamic G‐protein‐ 
coupled receptors (Y1–Y5). Levels of PYY rise 
after a meal in proportion to the consumed energy, 
peaking at the second hour and remaining elevated 
for a number of hours. PYY

3–36
 acts on the Y2 recep

tor in the arcuate nucleus of the hypothalamus to 
decrease food intake by inhibiting the NPY and 
AgRP neuropeptides and disinhibiting the POMC 
neuropeptide [14]. Both PYY

1–36
 and PYY

3–36
 also 

have local effects on gut motility [15], inhibiting the 
secretion of gastric acid and pancreatic enzymes, 
and also inhibiting gallbladder emptying [16–18].

PYY
3–36

 has been shown to physiologically 
reduce food intake in rodents [14,19] as well as in 
lean and obese humans [20]. Intravenous infusion of 
PYY

3–36
 at a rate of 0.8  pmol  kg−1  min−1 into lean 

humans increased mean plasma PYY
3–36

 levels from 
8.3 to 43.5  pM. Plasma PYY

3–36
 returned to baseline 

concentrations within 30 minutes of the end of the 
infusion. Despite this, at a free‐choice buffet meal 
2  hours after the end of the infusion, there was a 
significant reduction in energy intake of approxi
mately 36%, with no effect on fluid intake or on 
gastric emptying, as assessed by paracetamol 
absorption [21]. Despite lower basal levels of PYY

3–36
 

in obese subjects, obesity does not appear to be 
associated with resistance to the effects of PYY

3–36
. 

Infusion of PYY
3–36

 into a group of obese volunteers 
resulted in a comparable 30% reduction in energy 
intake when compared with lean controls [20]. 
Quantification of the dynamic postprandial response 
to energy consumed may shed light on the relation
ship between PYY, satiety and obesity. This may be 
important as obese individuals report decreased 
satiety and may consequently  consume more energy, 

thus sustaining body weight or perhaps favouring 
further weight gain.

Pancreatic polypeptide

Pancreatic polypeptide (PP) is a polypeptide secreted 
by PP cells of the pancreatic islets in response to the 
ingestion of food [24]. This release is proportional to 
the energy ingested, and postprandial levels remain 
elevated for up to 6 hours [22]. PP is thought to have 
arisen by gene duplication of the PYY gene as PP 
and PYY are structurally closely related [23]. Obese 
subjects have been shown to have low fasting plasma 
PP concentrations compared to lean subjects [24]. 
Peripheral administration of PP in humans increases 
satiety, with a consequent reduction in meal energy 
intake by 22%, and 24‐hour cumulative energy 
intake reduced by 25%. The mechanisms by which 
PP reduces food intake have not been established, 
but it appears that PP acts through the NPY Y4 
receptor. These Y4 receptors are expressed within 
the hypothalamus and brainstem, and thus are ana
tomically well placed to influence food intake.

Glucagon‐like peptide‐1

Glucagon‐like peptide‐1 (GLP‐1) is a 30–amino 
acid peptide product of the cleavage of the progluca
gon precursor, secreted by the L cells of the distal 
bowel together with PYY. GLP‐1 is a potent incre
tin, stimulating insulin secretion from pancreatic 
islet B‐cells in response to carbohydrate ingestion. 
GLP‐1 also stimulates B‐cell proliferation, and 
inhibits glugacon secretion, gastric acid secretion 
and gastric emptying [25].

GLP‐1 receptors are located in the hypothalamus, 
among other areas of the brain [26]. GLP‐1 is 
released in response to a meal, and leads to a reduc
tion in food intake and appetite through actions on 
the hypothalamus, but also through the vagus and 
brainstem [27]. A meta‐analysis of studies on GLP‐1 
infusion indicates a reduction in food intake of 11% 
in obese and lean subjects [28]. Administration of 
GLP‐1 agonists in the form of exenatide and liraglu
tide decreases prospective energy consumption and 
hunger ratings, in addition to inducing a reduction 
in body weight [25]. Liraglutide (in 1.2 and 1.8 mg 
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doses) has been used since 2012 for the treatment of 
type 2 diabetes (under the brand name Victoza). It 
has been approved by the FDA to be licensed for the 
treatment of obesity (in a 3 mg dose), as it has shown 
a result of 8% total‐body weight loss, compared to 
2.6% with placebo.

Ghrelin

Ghrelin is a 28 − amino acid peptide synthesised in 
the endocrine cells of the stomach, and at much 
lower levels in the hypothalamus [29]. Ghrelin stim
ulates feeding by increasing NPY and AgRP levels 
in the ARC [30], increasing gastric acid secretion 
and motility, and reducing pancreatic insulin secre
tion. Infusion of ghrelin into subjects with appetite 
loss due to cancer increased energy intake by 31% 
[31]. This compares with an increase in energy 
intake of 28% when ghrelin was administered to 
healthy human volunteers [32]. Plasma ghrelin lev
els are highest when fasting; they fall after eating 
and correlate with a subjective rating of hunger, 
with carbohydrates having more of a suppressive 
effect compared to protein and lipids. The levels 
also rise through the day and fall overnight [33]. 
A state of negative energy balance increases fasting 
ghrelin concentrations [34], while levels reduce 
after food and exercise [35]. Distension of the stom
ach with water does not lead to ghrelin reduction 
[36,37]; however, ingestion of non‐nutritive fibre 
does decrease ghrelin [38]. In humans, ghrelin 
 levels are high in patients with anorexia nervosa and 
heart failure cachexia, and after diet‐induced weight 
loss [39–41]. However, in obese individuals, ghrelin 
levels are low, falling after a meal [42], suggesting a 
role of ghrelin in longer‐term energy balance as well 
as in meal initiation.

3.3.4 Conclusion

While individuals can and should take steps to con
trol their weight, several physiological mechanisms 
could counteract the best of intentions. Adipose tis
sue is an active endocrine organ; it plays a key role 
in long‐term energy and metabolism homeostasis by 
its secretion to a number of hormones that have a 
direct influence on the control of body weight. 

On the other hand, the gastrointestinal tract contrib
utes to the short‐term energy and metabolism home
ostasis by its secretion to several hormones that act 
as satiety enhancers. Nevertheless, these hormones 
work synergistically, and many clinical trials are 
currently investigating the combining of hormones 
to reduce body weight, and to development of safe 
and effective pharmacotherapeutic agents. Self‐ 
control through diet and lifestyle adjustments may 
be less powerful than pathophysiological factors, 
and hence understanding how the brain receives 
 signals from the gut and adipose tissue may help us 
develop better interventions.

3.3.5 Summary box
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3.4.1 Introduction

The development of obesity is a long‐term multi‐
factorial process. While changes in diet and physical 
activity are considered key factors in terms of 
underpinning the obesity epidemic, other additional 
factors have been proposed that modify the like
lihood or extent of weight gain [1,2]. In principle, 
this could be through influences on (1) food choice 
and intakes, (2) absorption/malabsorption, (3) phys
ical activity, or (4) any of the biochemical pathways 
that contribute to energy expenditure [3].

There are many prescription drugs currently in 
use that are associated with weight gain, and this 
contributes to ‘pharmaceutical iatrogenesis’ [1,3]. 
Many are used in the treatment of chronic non‐ 
communicable diseases, are consistently associated 
with weight gain and are considered obesogenic 
(Table 3.4.1) [4–7]. In some conditions (e.g. type 1 
diabetes), weight gain is indicative of effective treat
ment, but weight gain as a result of drug treatment is 
an unwanted side effect for many. A survey carried 
out to elicit the perceived reasons for weight gain 
found that 8–10% of adults felt their weight gain 
was a consequence of drug treatment [8]. The use of 
many of the drugs associated with weight gain has 
increased significantly over the past 30 years [1]. 
However, evidence regarding the amount to which 
they can contribute to weight gain is not widely 
promoted.

3.4.2 Drugs associated with 
weight gain

Psychotropic medications are one group of drugs 
associated with weight gain. Antipsychotics, used to 
treat many psychiatric disorders including schizo
phrenia and other psychoses, have been long been 
acknowledged as being associated with weight gain, 
and several reviews have examined their effect on 
body weight [9–12]. Weight gain is reported as a 
consequence of most atypical antipsychotics; 
 however, the magnitude of weight gain is dependent 
on the drug used (Table  3.4.1). Olanzapine and 
 clozapine have been found to have the greatest 
effect on body weight. Weight gains ranging from 
4.4 kg/10 weeks to 10 kg/~1 year [10,12] have been 
observed. Risperidone and ziprasidone are reported 
to have the least effect on body weight (−3 kg to 
+2.3 kg) [12]. Prescribing of atypical antipsychotics 
has increased since the recommendation  –  in par
ticular, following the recommendation of the UK 
National Institute for Health and Clinical Excellence 
(NICE) that they be used as a first‐line option in the 
treatment of schizophrenia [13]. In 2006–2007, pre
scriptions accounted for two‐thirds of all antipsy
chotic prescriptions [14]. Half of these patients 
could therefore expect a weight gain of 3–10 kg.

Epilepsy affects around 500,000 (1:130) people 
in developed countries, and the drug valproate is one 
of the first‐line treatments in its management [15]. 
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It  is also used in the treatment of manic episodes 
associated with bipolar disorder, which affects 
around 1% of the population [16]. Weight gain is a 
common side effect of valproate, with the frequency 
of weight gain reported as ranging from 7 to 71% 
among adults [17]. In one study, 24% of patients 
who commenced treatment gained 5–10% body 
weight, and 47% gained more than 10% [18]. Data 
from randomised controlled trials (RCTs) that com
pared valproate therapy with an alternative drug and 

quantified the weight gain found mean increases in 
weight of 2.5–5.8 kg within 1 year of treatment 
(Table 3.4.1) [12,20].

Lithium has been used for many years in the 
treatment of people experiencing mania (bipolar 
disorder) [19], and weight gain is a notable side 
effect of treatment. Treatment is reported to cause 
an initial and often large weight gain, which then 
remains constant [19,20]. Around 75% of patients 
who were prescribed lithium experienced weight 

Drug (number of 
studies) Conditions

Follow‐up 
(weeks)

Range of weight 
change (kg)*

Psychotropic drugs
Valproate (4) Epilepsy, bipolar disorder 12–47 +1.2 to +5.8
Lithium (1) Bipolar disorder 52 +4
Clozapine (2) Schizo‐affective disorder, 

schizophrenia
14–52 +4.2 to +9.9

Olanzapine (4) Bipolar disorder, psychosis, 
schizophrenia

12–51 +2.8 to +7.1

Risperidone (2) Schizo‐affective disorder, 
schizophrenia

14–24 +2.1 to +2.3

Ziprasidone (1) Schizophrenia 52 −2.7 to −3.2

Corticosteroids
Prednisone (1) Graves’ ophthalmopathy 24 +2

Anti‐hyperglycaemic drugs
Insulin (6) Type 2 diabetes 12 weeks–10 years +1.8 to +6.6
Glipizide (5) Type 2 diabetes 16–52 −0.3 to +3.8
Glimepiride (2) Type 2 diabetes 14–52 +0.8 to +2.3
Glibenclamide (2) Type 2 diabetes 24 weeks–10 years +1.4 to ~ +4
Chlorpropamide (1) Type 2 diabetes 10 years ~ + 5
Troglitazone (1) Type 2 diabetes 12 +0.06
Rosiglitazone (1) Type 2 diabetes 12 −0.95 to +0.36
Pioglitazone (3) Type 2 diabetes 12–52 +0.7 to +1.9

Tricyclic antidepressants
Nortriptyline (1) Depression 12 +3.7
Doxepin (1) Depression 13 +2.7
Amitriptyline (1) Depression 104 +1.7

Beta‐adrenergic blocking agents
Atenolol and/or 
metoprolol (4)

Hypertension 13 weeks–4 years +0.5 to +1.5

Propranolol (2) Post‐myocardial infarction, 
hypertension

52 weeks–10 years −0.6 to +2.3

Table 3.4.1 Summary of systematic review data on the effect of obesogenic drugs on body 
weight [12]

* Greatest weight gain not always related to the longest follow‐up period.
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gain [20]. The average weight gain has been reported 
at around 4 kg within 2 years following initiation of 
treatment [12,20].

Tricyclic antidepressants are one of the oldest 
classes of antidepressant that, despite the introduction 
of selective serotonin reuptake inhibitors (SSRIs), are 
still used extensively [12]. Weight gain as a result of 
treatment has been found to be variable, but mean 
gains of 2–4 kg have been reported (Table 3.4.1) [12].

Prescription medications used in the treatment of 
non‐communicable diseases associated with obesity, 
such as diabetes, heart disease and hypertension, are 
also associated with weight gain [4–7,21]. Increases 
in obesity over the past 30 years have been mirrored 
by a dramatic rise in the prevalence of diabetes. 
In  the USA, the incidence of type 2 diabetes is 
reported as doubling, and much of the increase is 
observed in those who are obese (BMI ≥30 kg/m2) [22]. 
In the UK, around 2.8 million people suffer from either 
type 1 or type 2 diabetes [23]. Drugs used in the 
treatment of type 2 diabetes include insulin, sulpho
nylureas and thiazolidinediones, and all are associ
ated with weight gain, albeit to differing degrees.

Insulin therapy often has the greatest effect on 
body weight. Review of RCTs that compared insulin 
therapy only with either oral agents or with insulin 
plus oral agents showed increases in weight of 1.8 kg 
at 12 weeks, 5.2 kg at around 6 months and 6.6 kg at 
1 year. Data from the United Kingdom Prevention of 
Diabetes study (UKPDS) showed that longer‐term 
treatment can result in a mean weight gain of around 
6.5 kg at 10 years.12 Some correlation between dos
age of insulin and weight gain is evident, with more 
intensive therapy associated with greater weight 
gain [11,12]. Treatment with insulin therapy in type 
2 diabetes is often delayed, and weight gain is con
sidered one factor contributing to this delay [24].

Weight gain of 0.8–3.6 kg within 1 year of treat
ment with sulphonylureas to around 4–5 kg at 10 years 
is reported in studies that compared treatment with 
an alternative oral hypoglycaemic, placebo or insu
lin. Thiazolidinediones appear to have less effect on 
body weight, with effects reported as ranging from 
weight loss to +1.9 kg at 1 year in one review [12], 
and around +2.9 kg in another [11].

Beta‐blockers (unless contraindicated) have a 
prominent role in the management of coronary heart 
disease, which affects around 2.7 million people in 

the UK [25]. Beta‐blockers may also be used in the 
management of hypertension, although they are not 
recommended as an initial treatment [25]. The effect 
of beta‐blocker therapy on body weight has been 
shown to be relatively small but more marked in 
those prescribed propranolol – around 2 kg at 1‐year 
follow‐up, and 3 kg at 2 years [12,21].

Corticosteroids have long been associated with 
weight gain. One RCT, in which weight gain as a 
result of treatment with prednisone was quantified, 
found an increase in body weight of 2 kg at 6 months 
post treatment [12].

3.4.3 Discussion

Not all drugs associated with weight gain are 
 discussed here. However, the ones presented are 
those consistently reported in medical/scientific lit
erature, many of which are used to treat chronic 
non‐communicable diseases. The effects on body 
weight differ greatly among the different drug cate
gories, but for all the drugs, weight gain is a result 
of treatment. Given the prevalence of the diseases/
conditions for which obesogenic drugs are used, the 
number of individuals in the population receiving 
treatment with these drugs is potentially quite high. 
During adulthood, the average annual weight gain in 
the general population is around 0.5–1 kg [26,27]. 
The weight gain observed as a consequence of treat
ment with some of the drugs highlighted here, often 
over a shorter time period, is greater than this. Thus, 
pharmacotherapy has become a significant factor in 
the continually rising prevalence of obesity.

In many developed countries, up to two‐thirds of 
men and women are considered either overweight or 
obese, with further increases predicted [28–30]. 
Those who are overweight or obese have been 
shown to be more likely than those of normal weight 
to be prescribed drugs associated with weight 
gain. Comparison of 1150 obese patients with 1150 
age‐and‐sex‐matched controls of normal weight 
showed that a higher percentage of the obese were 
prescribed drugs used to treat chronic non‐ commu
nicable diseases, including those considered obeso
genic [31]. This has the potential to trap individuals 
in a vicious cycle, as any existing weight problem 
may be exacerbated by drug therapy. Body mass 
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index (BMI) may be shifted towards the obese 
 category, and risks of developing obesity‐related 
comorbid conditions are increased.

Many patients with chronic long‐term conditions 
do not comply with treatment, and non‐compliance 
has been reported as an issue with many of the drugs 
presented here [12]. The adverse effect of weight gain 
may be a significant factor in non‐compliance. The 
potential for weight gain should be discussed with 
patients at the commencement of treatment using any 
drug that is associated with weight gain. The use of 
alternative drugs may be possible and should be 
 considered. However, if this is not possible, then 
 support should be made available to help patients 
minimise potential weight gain and the related non‐
communicable diseases associated with obesity. The 
recently published Scottish Intercollegiate Guideline 
Network guideline on obesity management high
lights the drugs associated with weight gain, and rec
ommends that weight management be discussed with 
patients at the commencement of treatment [32].

Treatment with obesogenic medications may 
impede, but not negate, the success of weight manage
ment interventions. The Lifestyle Challenge study 
recruited patients with obesity‐related comorbid dis
eases, and they were prescribed a range of obesogenic 
drugs [33]. Individuals taking drugs associated with 
weight gain were heavier at baseline and achieved less 
weight loss after a 20‐week behavioural weight man
agement programme (3.7 kg vs. 5.8 kg). In patients 
with type 2 diabetes, treated with either insulin or oral 
hypoglycaemic drugs, an intensive lifestyle interven
tion was successful in achieving significant weight 
loss in comparison to those randomised to usual care 
(−6.15% vs. −0.88%; P < 0.001) [34]. For those pre
scribed antipsychotic medications, an 18‐month 
behavioural weight control programme resulted in 
significant weight loss in those allocated to the inter
vention in comparison to those allocated to usual care, 
in whom significant weight gain was observed 
(between‐group difference of 6.7 kg, P < 0.01) [35].

3.4.4 Conclusion

All factors that contribute to the rising tide of obe
sity should be recognised and addressed [36]. The 
weight gain potential of some commonly prescribed 

drugs is evident, and, given the current prevalence 
of obesity, is a pertinent adverse effect. Prescribers 
need to be aware of the potential effects of com
monly used medications on body weight, and the 
use of alternative drugs, if available and known to be 
of equal efficacy, should be considered. Patients 
should also be made aware of the possibility of 
weight gain at the time of initial prescription. While 
the provision of effective advice and support to 
avoid or minimise weight gain would be the optimal 
approach for patients receiving treatment with obe
sogenic medications, weight loss is achievable, but 
may require intensive interventions. The potential 
effect of obesogenic medications should be taken 
into consideration when evaluating individuals 
 presenting for weight management.

3.4.5 Summary box
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Gut microbiome in obesity

Chapter 3.5

3.5.1 The gut microbiome

The gut microbiome comprises 100 trillion bacteria 
containing 100‐fold more unique genes than the 
human genome [1]. It is estimated that 1000–1150 
bacterial species are able to colonise the human gas
trointestinal tract, with each individual harbouring 
100–1000 of such species [1]. Approximately 90% 
of the gut microbiome belongs to the two main 
phyla: Firmicutes (e.g. Lactobacillus, Clostridium); 
and Bacteroidetes (e.g. Bacteroides) [2]. The gut 
microbiome is mostly strict anaerobes, predomi
nately bacteroides, bifidobacteria, eubacteria, gram‐
positive cocci, clostridia, lactobacilli, methanogens 
and sulphate‐reducing bacteria. Depending upon the 
species, these bacteria can exert a range of impacts 
on the host, some of which might be beneficial, and 
some, harmful.

An important and beneficial function of the gut 
microbiome is the suppression of enteropathogens 
(e.g. Clostridium difficile) through a process 
described as colonisation inhibition. This involves 
competition for nutrients and a geographic niche in 
the colonic lumen; the production of antimicrobial 
compounds that inhibit the growth of enteropatho
gens; and the production of lactate and short‐chain 
fatty acids (SCFAs) that maintain an acidic colonic 
environment. In addition, SCFAs have other bene
fits, such as the stimulation of colonic water absorp
tion and the provision of a metabolisable energy 
source to colonocytes that supports the maintenance 
of gut mucosal integrity. The gut microbiome also 

has important roles in both the development of 
the  gastrointestinal immune system as well as 
the  metabolism of non‐digestible carbohydrates 
(e.g. fermentable fibres). Therefore, it is not only 
the presence/absence or numbers of specific bacte
rial groups in the gut microbiome that are important 
to human health, but also their functional and meta
bolic characteristics within the gut.

Only a minority of the bacteria in the gut can be 
grown using traditional culture techniques. 
However, advances in molecular microbiology 
(e.g.  metagenomic sequencing) have enabled 
researchers to more completely characterise not 
only individual bacterial species in the gut but also 
their community structure and genomic function. 
For example, some studies have shown that bacteria 
populate the gut in discrete clusters, with some 
 species frequently co‐occurring together (‘entero
types’) [3].

The large number of bacteria able to colonise 
the  gastrointestinal tract allows for large inter‐ 
individual variability. The variability can be 
affected by a number of factors related to the 
environmental pressures that shape the microbial 
ecosystem. These  include geographical location 
(e.g. Europe vs. rural Africa) [4], early diet (e.g. 
breastfeeding vs. formula milk) [5], antibiotics 
and disease [6].

Diet is clearly a major determinant of obesity 
through excess energy intake. However, both 
cross‐sectional studies and intervention studies 
show that diet is also a primary determinant of the 
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gut microbiome. One cross‐sectional study of 98 
healthy  volunteers reported that Bacteroides were 
positively associated with dietary fat intake and 
negatively associated with fibre intake, whereas 
the opposite was true for Firmicutes and 
Proteobacteria [7]. More recently, a study of 1135 
humans reported that 63 dietary factors were asso
ciated with variation in the gut microbiome, 
including intakes of energy and macronutrients, as 
well as specific food items such as bread, sugar‐
sweetened beverages, buttermilk, whole milk, 
alcoholic drinks, coffee and tea [8]. Meanwhile, an 
intervention study comparing animal‐based diets 
with plant‐based diets found that changes in micro
bial diversity occurred very rapidly following die
tary manipulation [9]. Therefore, investigating 
relationships between the gut microbiome and 
obesity are challenging, since they are both influ
enced by diet.

3.5.2 Microbiome, obesity 
and weight loss

The association between obesity and the gut micro
biome and the effect of weight loss on the gut 
microbiome have been investigated in a range of 
human studies, some of which are summarised in 
Table 3.5.1 [10–14].

A number of observational studies have reported 
higher Firmicutes and lower Bacteroidetes (and, 
therefore, a higher Firmicutes–Bacteroidetes ratio) 
in obese humans as compared to lean counterparts 
[11,15], although this is not consistently shown in 
all studies [10,16]. Lower microbiome diversity and 
richness (i.e. lower number of bacterial species) 
have also been reported in people with obesity 
[17,18]. Indeed, a systematic review of 10 observa
tional studies found that three studies reported 
lower richness and two reported lower diversity of 

Author Method Result

Duncan et al. 
(2008) [10]

Major bacterial groups were 
measured in 33 obese and 14 
controls (lean) during weight‐
maintaining conditions.

No evidence that the proportions of 
Bacteroidetes and Firmicutes were associated 
with human obesity.

Ley et al. 
(2006) [11]

12 obese adults randomised to 
fat‐ or carbohydrate‐restricted 
weight loss diets. Stool samples 
analysed for microbiome using 
sequencing over 1 year.

Obese subjects had higher Firmicutes, lower 
Bacteroidetes and a higher Firmicutes–
Bacteroidetes ratio. Weight loss resulted in 
reduction in Firmicutes and increase in 
Bacteroidetes, irrespective of diet type.

Cotillard et al. 
(2013) [12]

49 obese or overweight subjects 
underwent a 6‐week high‐protein 
weight loss diet, followed by a 6‐
week weight‐maintenance diet. 
Stool samples were collected and 
food intake measured at baseline, 
6 and 12 weeks.

18 individuals with a low gene count 
(microbiome with less genetic/functional 
capacity) and 27 with high gene count 
(microbiome with more genetic/functional 
capacity) were identified. Following an 
energy‐restricted diet, gene richness 
increased significantly in the low‐gene‐count 
group.

Kong et al. 
(2013) [13]

30 obese women underwent 
gastric bypass surgery, resulting in 
significant weight loss. Stool and 
white adipose tissue samples were 
taken at baseline and 3 months 
post‐operatively.

58 initially undetectable genera were 
detected post‐operatively in all patients. 
Following weight loss surgery, there were 
more associations detectable between the gut 
microbiome and gene expression as 
compared to before the weight loss surgery.

Table 3.5.1 Examples of human studies investigating the interplay between diet, obesity, weight loss 
and the gastrointestinal microbiome (adapted from Graham et al., 2015) [14]
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microbiome among obese compared to lean coun
terparts [17]. Following meta‐analysis of the data 
from all studies, obese individuals had 7.47% lower 
richness and 2.07% lower diversity, with the authors 
questioning the clinical significance of such small 
differences. No consistent differences in phyla were 
identified across the studies [17]. It is important to 
note that the gut microbiome within an individual is 
actually rather stable.

The findings from observational studies are 
also supported by a number of dietary interven
tion studies that have investigated the effect of 
energy restriction and subsequent weight loss on 
the gut microbiome in the obese. Some interven
tion studies report a reduction in Firmicutes and 
an increase in Bacteroidetes (and, therefore, low
ering of the Firmicutes–Bacteroidetes ratio, 
which has been shown to be raised in some stud
ies of obesity) during dietary energy restriction 
and weight loss [15], although others report no 
such change [10].

Studies of the gut microbiome in obesity are com
plicated by the mutually dependent interactions 
between diet, the microbiome and obesity. For 
example, observational studies on the association 
between obesity and the gut microbiome are con
founded by the fact that people with obesity con
sume different diets compared to lean comparators, 
while intervention studies on the effect of weight 
loss on the gut microbiome are confounded by the 
fact that weight loss is often induced by dietary 
modification. Therefore, in both instances, dietary 
differences, rather than obesity or weight loss alone, 
are likely to be partly responsible for any observed 
differences in gut microbiome.

This has been elegantly overcome by using 
 surgically induced weight loss based on an ani
mal  model. A study reported an increase in 
Verrucomicrobia and Gammaproteobacteria in 
mice following Roux‐en‐Y gastric bypass (RYGB) 
surgery, as compared with controls (without 
RYGB) [19]. When the microbiome from these 
mice was then transplanted into mice without an 
established gut microbiome (germ‐free mice), 
those who received microbiome transplant from 
the RYGB donors experienced greater weight loss 
and decreased fat mass as compared to those who 
received microbiome transplant from controls. 

The  mice colonised with microbiome from the 
RYGB donors had lower energy harvest from the 
gut (i.e. lower caecal SCFAs) [19]. Interestingly, 
mice undergoing RYGB lost 29% of their initial 
body weight, whereas those that received microbi
ome transplant from RYGB donors only lost 5% 
body weight, suggesting that the gut microbiome 
is not the major contributor responsible for weight 
loss [19]. These findings are perhaps expected; the 
surgical intervention was always going to lead to 
enormous differences in energy consumption and 
absorption, but differences in the microbiome are 
affecting body weight (despite them not having 
surgery) as a result of receiving a microbiome 
from mice who have. The effect of surgically 
induced weight loss on the microbiome has also 
been investigated in humans. An increase in 
microbiome diversity was reported following 
RYGB in obese humans, with 58 previously unde
tectable genera subsequently added to the gut 
microbiome following surgery, many of which 
were Proteobacteria [13]. Higher microbiome 
diversity has been considered beneficial, as 
numerous studies have shown that those with gas
trointestinal and metabolic disorders have lower 
diversity. However, the role of microbial diversity 
as a direct cause has not been confirmed. Changes 
in the expression of genes related to white adipose 
tissue (WAT) also occurred, and these were also 
associated with changes in bacterial genera, many 
of which were independent of the change in 
energy intake, thus suggesting a potential mecha
nism through which microbiome might impact 
body weight [13]. The mechanisms through which 
the microbiome impacts host gene expression, 
whether direct or indirect, are unknown and are 
the focus of much current research.

3.5.3 Metabolic mechanisms 
of the microbiome in obesity

In addition to studies indicating an association 
between obesity, weight loss and the gut microbi
ome, a range of evidence, mostly from animal stud
ies, suggests plausible mechanisms through which 
the microbiome may exert such effects, and are 
summarised in Figure 3.5.1.
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Colonic energy harvest

Some dietary carbohydrates (especially polysaccha
rides) are not digested and absorbed in the small 
intestine and reach the colon, where they can be fer
mented to provide energy for microbial metabolism. 
A by‐product of carbohydrate fermentation in the 
colon are the SCFAs, including acetate, propionate 
and butyrate, which are then absorbed and utilised 
as an energy source by the human colonocytes.

In one study, SCFAs were 20% higher in stools of 
obese compared to lean humans, therefore poten
tially acting as an additional energy source for the 
host – that is, the microbiome in the obese is more 
efficient at energy harvest from the diet [16]. 

However, the greater levels of colonic SCFAs may 
not be causal in obesity. For example, these may 
merely be the result of greater SCFA production 
from the already‐described altered microbiome, or 
the greater levels in stool may not be due to greater 
production but owing to reduced absorption (as a 
mechanism to avoid additional energy harvest) [20].

SCFAs may have numerous independent effects on 
the development of obesity. A rodent study has shown 
that increased acetate production during a high‐fat 
diet activates the parasympathetic nervous system, 
resulting in increased ghrelin and insulin secretion 
[21]. This generates a positive feedback loop, result
ing in hyperphagia (due to increased ghrelin) and 
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Figure  3.5.1 Potential mechanisms of the relationship between the gastrointestinal microbiota and obesity 
(adapted from reference [14]). Some animal studies and a small number of human studies demonstrate alterations 
in this metabolic balance that are hypothesised to be linked to obesity. For example, some studies show that a 
high‐fat diet favours gram‐negative bacteria, while others show that this may lead to raised serum lipopolysac
charide concentrations, which could lead to inflammation and weight gain. In contrast, some studies have shown 
that microbiome‐derived SCFAs stimulate satiety hormones such as leptin and polypeptide YY (LPS, lipopolysac
charide; SCFAs, short‐chain fatty acids).
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increased energy storage (due to increased insulin 
secretion), which, in an obesogenic environment 
characterised by exposure to energy‐dense diets, pro
motes obesity and metabolic syndrome [21].

It is worth highlighting that SCFAs may also stim
ulate satiation through PYY and leptin production. 
Acetate has been shown to cause an anorectic effect 
by working directly on the hypothalamus [22]. 
Therefore, the role of SCFAs in body weight regula
tion involves a number of opposing mechanisms.

Host gene function and increased 
adiposity

Some components of the gut microbiome suppress 
the expression of genes for proteins, such as the 
fasting‐induced adipose factor (Fiaf) and tight junc
tion proteins expressed in the intestinal epithelia.

Fiaf plays a central role in triglyceride metabo
lism [23]. The suppression of Fiaf by specific com
ponents of the gut microbiome increases lipoprotein 
lipase activity in adipocytes and promotes triglyc
erol storage in host fat cells [24]. Mice that do not 
have any gut microbiome (germ‐free mice) have 
higher levels of circulating Fiaf, resulting in lower 
LPL activity and, therefore, reduced fat storage. 
Therefore, aspects of the gut microbiome might 
stimulate host weight gain through the suppression 
of Fiaf, which results in impairing triglyceride 
metabolism and promoting fat storage [24].

The gut microbiome profile can also impact on 
the expression of genes encoding gut permeability 
(e.g. tight junction proteins), and can therefore influ
ence permeability [25]. This is important because 
increased gut permeability can expose the systemic 
circulation to the gut microbiome, which in turn can 
drive inflammation and metabolic endotoxaemia.

Pro‐inflammatory mechanisms

Some bacterial components are associated with 
inflammation, which itself is associated with obesity. 
For example, lipopolysaccharide (LPS), an endotoxin 
contained within the cell membrane of gram‐negative 
bacteria (e.g. Bacteroides, Prevotella), triggers 
inflammation in the host as part of an innate immune 
response. In some studies, LPS has been shown to 
result in inflammation and weight gain, with one 

study in mice showing similar weight gain after infu
sion with a low dose of LPS as that occurring during 
a high‐fat diet [26]. The inflammation caused by 
microbiome‐derived LPS has been linked to a variety 
of mediators, including toll‐like receptor‐4.

A variety of animal studies have established the 
connection between LPS, inflammation and weight 
gain. However, for this to occur, the microbiome‐
derived LPS from the gut lumen must enter the host 
bloodstream, which has been shown to occur 
through both the integration of LPS into chylomi
crons, as well as increases in gut permeability 
allowing passive exposure.

Chylomicron formation increases following a 
high‐fat meal, resulting in greater transport of LPS 
to the systemic circulation in humans [27]. Increases 
in plasma LPS concentrations are associated with 
greater inflammation, including CD14 and interleu
kin (IL)‐6 [26]. Therefore, a high‐fat diet (in addi
tion to resulting in increased energy intake) also 
results in greater transport of microbiome‐derived 
LPS into the circulation, and the subsequent inflam
mation and metabolic endotoxaemia.

Gut permeability is a key exposure regulator of 
the systemic circulation to the contents of the gut 
lumen, including the gut microbiome. The more 
permeable the gastrointestinal tract, the less effec
tive it is as a barrier to LPS. When the gastrointesti
nal epithelium is compromised, whole bacteria and 
their products (such as LPS) may translocate and 
enter the blood stream. Bacterial translocation has 
been shown to be higher in mice fed a high‐fat diet 
than those fed standard chow [28]. Therefore, in 
addition to increasing chylomicron production, a 
high‐fat diet may also result in a microbiome profile 
that reduces the host expression of genes encoding 
tight junction proteins that maintain gut integrity 
and reduce gut permeability [25].

Raised serum levels of LPS are also associated 
with obesity through other mechanisms and can 
stimulate leptin resistance, which can lead to hyper
phagia and weight gain [29].

However, the role of the gut microbiome in driving 
intestinal inflammation is not a simple relationship. 
First, although LPS is pro‐inflammatory, some by‐
products of microbial metabolism (e.g. SCFAs such 
as butyrate) can be immuno‐regulatory [30]. Second, 
the role of the gram‐negative‐bacteria‐derived LPS in 
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inflammation and obesity is in contrast to observa
tions that obese humans have more Firmicutes 
( generally gram positive) and fewer Bacteroidetes 
(gram negative) than lean humans [11,15]. However, 
other bacterial groups such as Prevotellaceae have 
been shown to be higher in the obese, and are 
 composed of LPS, which would stimulate the 
inflammation found in obesity [31].

3.5.4 Modifying the 
microbiome in the 
management of obesity

The finding that the gut microbiome is altered in 
obesity, together with plausible physiological mech
anisms to suggest at least some causality, raises the 
possibility that interventions that modify the micro
biome may be efficacious in the prevention or man
agement of obesity.

A randomised controlled trial of a probiotic 
(Lactobacillus rhamnosus CGMC1.3724) com
pared with placebo in obese people undergoing 
moderate energy restriction found no differences in 
weight loss between the groups at 12 weeks, 
although there was a clinically and statistically sig
nificant greater weight loss among females in the 
probiotic group (−4.4 kg), as compared to those in 
the placebo group (−2.6 kg) [32]. More recently, a 
randomised controlled trial was undertaken of a 
commercially available probiotic yoghurt contain
ing lactobacilli (Lactobacillus acidophilus LA5) 
and bifidobacteria (Bifidobacterium lactis BB12), 
compared to a control yoghurt in conjunction with 
an energy‐restricted diet (dietary advice) in 89 over
weight and obese women. Although significant 
weight loss occurred in both groups after 12 weeks, 
there was no significant difference in the weight loss 
between the probiotic yoghurt (−5.3 kg) and control 
yoghurt (−5 kg) groups [33].

A meta‐analysis of randomised controlled trials of 
probiotics and their effect on body weight and body 
mass index (BMI) was recently published [34]. 
Probiotics were shown to significantly reduce body 
weight by 0.59 kg (95% CI, 0.30–0.87, data from 
21  trials) and reduce BMI by 0.49 kg/m2 (95% CI, 
0.24–0.74, data from 19 trials), indicating a small but 
statistically significant effect. Trials were of varied 

durations (ranging from 3 weeks to 24 weeks) and 
used various probiotics; however, those of longer dura
tions and those using multi‐species probiotics were 
more effective. However, only four of the trials were 
specifically in people who were overweight or obese. 
Restricting the meta‐analysis to trials where the mean 
baseline BMI was >25 kg/m2 still showed a significant 
reduction in BMI of 0.58 kg/m2 (95% CI, 0.28–0.88; 
P < 0.01) during probiotic supplementation [34].

Prebiotics are defined as selectively fermented 
ingredients that result in specific changes in the 
composition and/or activity of the gastrointestinal 
microbiome, thus conferring benefit(s) upon host 
health. They have also been investigated for their 
effect on body weight. A study in non‐obese humans 
reported that inulin/oligofructose increased GLP‐1 
and peptide YY concentrations and suppressed 
appetite [35]. However, despite GLP‐1 concentra
tions strongly correlating with markers of prebiotic 
fermentation, it has not been possible to demon
strate that changes in microbiome induced by prebi
otics per se are the cause of the reductions in 
appetite (as opposed to the fibre‐satiating proper
ties) [35]. A meta‐analysis of randomised controlled 
trials confirmed the effect of specific prebiotics on 
satiety; however, their impact on energy intake and 
body weight was found to be equivocal [36].

Finally, in a randomised controlled trial in obese 
males with metabolic syndrome (defined as either 
>30 kg/m2 or waist circumference >102 cm, together 
with fasting plasma glucose >5.6 mmol/L), faecal 
microbiome transplant from lean donors did not 
result in significant weight loss. However, it did 
increase insulin sensitivity, with the median rate of 
glucose disappearance changing from 26.2 µmol/kg/
min at baseline to 45.3 µmol/kg/min following the 
faecal microbiome transplant [37].

Further research is required to investigate whether 
interventions that modify the microbiome can 
impact on body weight, and therefore identify 
whether they have a role in obesity management.

3.5.5 Conclusion

There is now considerable evidence to suggest 
that the gut microbiome is altered in obesity. 
While diet wields a large influence on body 
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weight, the gut microbiome is integral to the host 
metabolic response to diet. There is some evi
dence that the microbiome in the obese harvests 
energy more effectively, may manipulate host 
gene function and may drive systemic inflamma
tion, which in some studies has been shown to 
be  associated with increased body weight. The 
extent to which alterations in the microbiome are 
a cause or a consequence of weight gain or weight 
loss are difficult to elucidate in humans due to the 
complex multidirectional interactions between 
diet, the microbiome and obesity. However, if the 
microbiome plays even a minor role in influenc
ing body weight, then it holds future potential for 
preventing or managing obesity through it’s mod
ulation. What remains clear, however, is that diet, 
and particularly its energy content, remains a 
central factor in obesity development.

3.5.6 Summary box
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Physical activity and physical inactivity 
in the aetiology of obesity

Chapter 3.6

3.6.1 Introduction

Overweight and obesity are associated with 
increased risks of many poor health outcomes, 
including cardiovascular disease, type 2 diabetes, 
arthritis, depression and some cancers [1]. 
Overweight and obesity arise in adults as a result of 
accumulative weight gain, which occurs when there 
is a positive energy balance – that is, when energy 
intake exceeds energy expenditure, resulting in 
energy storage. Conversely, weight maintenance 
occurs when the body is in a state of energy balance, 
when energy intake and energy expenditure are bal
anced over a period of time, resulting in minimal 
energy storage [2]. Therefore, it can be hypothesised 
that energy expenditure is an important determinant 
of long‐term energy balance and, consequently, 
weight change over time. Energy expenditure 
should be viewed as a continuum of behaviours, as 
energy is expended in all waking activities – includ
ing those performed lying and sitting down (com
monly termed sedentary behaviours); light to 
moderate activities such as walking or household 
chores; and vigorous activities such as running or 
playing competitive sports.

The objective of this chapter is to describe the 
evidence for cross‐sectional and longitudinal asso
ciations between physical activity, physical fitness 
and sedentary behaviour with overweight and obe

sity in adults. Relationships between current physi
cal activity guidelines and weight gain prevention 
are also discussed.

3.6.2 Physical activity 
and body weight: does 
physical inactivity lead 
to weight gain?

Many studies with a cross‐sectional design have 
shown inverse relationships between physical activ
ity and body weight or body mass index (BMI) 
[3,4]. One example is the Copenhagen City Heart 
Study of more than 3653 women and 2626 men. 
This study showed that both men and women are 
statistically less likely to be concurrently obese if 
they have moderate or high levels of leisure‐time 
physical activity. The odds ratios (OR) (95% confi
dence interval [CI]) 0.70 (0.59–0.83) and 0.51 
(0.40–0.64), respectively for women and 0.71 
(0.58–0.85) and 0.65 (0.52–0.80) respectively for 
men [4]. However, the direction of this association 
cannot be confirmed by the results of this type of 
study, as high body weight may predispose people 
to inactivity.

Few large‐cohort studies have examined the rela
tionships between physical activity and weight gain. 
While there appears to be an inverse relationship, 
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with increased or higher levels of physical activity 
resulting in less weight gain over time, the exact 
dose–response relationships are unclear. Reviews 
in this area are consistently limited by the large 
variations in study and analytical design, accuracy 
and reliability of the measures used to capture 
physical activity, and the concurrent inability to 
control for confounding factors, including changes 
in diet and energy intake.

Given that there is a high rate of weight gain in 
young adult women, it is surprising that few studies 
have examined the relationships between physical 
activity and weight gain at this life stage. Indeed, a 
review of the determinants of weight gain in young 
adult women found only one prospective cohort 
study that assessed both physical activity and weight 
change in young adult women [5]. In the Coronary 
Artery Risk Development in Young Adults 
(CARDIA) study [6], the researchers assessed 
changes in leisure‐time physical activity and weight 
in a group of 1541 women at 2–5 years and 5–7 
years of the 10‐year study period. Women who 
increased and then maintained their activity levels 
had the smallest weight gain (0.8 lb/year, or 0.36 kg/
year), as compared to those who either maintained 
or decreased their activity levels, who gained, on 
average, 2.4 lb/year (or 1.1 kg/year). These results 
are important because they support the notion that 
increasing activity levels may be important in dis
rupting the typical homeostatic mechanisms that 
tend to promote energy conservation and, therefore, 
weight gain over time [2].

Focusing on slightly older women, data from the 
Nurses’ Health Study show an average weight gain 
of 5.7 kg in 8 years among 46,754 women who were 
aged 23–45 years in 1989 [7]. Those who main
tained a ‘high level’ of physical activity (>30 min 
walking/day or >20 min jogging/day), or who 
increased their physical activity by at least 30 min/
day, were less likely to gain weight (defined as >5% 
of initial weight). Overall, the researchers con
cluded that sustained physical activity for at least 
30 min/day, particularly if more intense, was associ
ated with a reduction in long‐term weight gain. 
They also concluded that, for weight gain preven
tion, the type of physical activity was not as impor
tant as the total energy expenditure [7]. It is 
important to note, however, that while 38% of this 

sample ‘avoided weight gain of >5% in 5 years’, 
data from the Australian Longitudinal Study on 
Women’s Health (ALSWH) can be used to show 
that a 4.5% increase in weight for a 20‐year‐old 
woman of average weight and height (62.7 kg, 
1.66 m) would mean a one unit increase in BMI 
every 5 years. If this rate of weight gain was to con
tinue, then this woman’s BMI would increase from 
22.8 (healthy range) to 27.1 (overweight) by the 
time she was 40 [8].

Researchers from the United States Women’s 
Health Study (WHS) have also recently reported on 
the amount of physical activity required to prevent 
weight gain [9]. Average weight gain in this sample 
of 34,079 mid to older aged women (age 54.2 years 
at baseline) was 2.6 kg over 13 years, or 200 g/year, 
which is much lesser than in the younger nurses’ 
cohort described earlier (713 g/year over 8 years) 
[7], and lesser than that observed in the mid‐age 
cohort of the ALSWH (292 g/year over 14 years 
from 45–50 to 59–64 years of age) [10]. In the 
WHS, physical activity was associated with less 
weight gain only in women with initial BMI < 25 kg/
m2. Women in this BMI category, who maintained 
their weight and gained <2.3 kg over 13 years, aver
aged physical activity equating with 21.5 MET‐
hours/week at six follow‐ups over 13 years. This 
translates to about an hour a day of moderate‐inten
sity activity.

This study is important as it highlights the fact 
that physical activity was not protective against 
weight gain in women who were overweight at 
baseline. Results from the ALSWH have also 
shown that the rate of weight gain over 10 years is 
higher in younger adult women (age 18–23 years 
at baseline) with BMI > 25 than those with healthy 
BMI [8,11]. Data from that study also show that 
women who report doing no physical activity 
gained an average of 7.9 kg in 10 years, while 
those in the low (40–600 MET‐min/week), moder
ate (600–1200) and high (>1200) physical activity 
categories gained 7.1, 6.6 and 4.3 kg, respectively. 
As the women in the highest physical activity cat
egory (corresponding to about 50 min of daily 
moderate‐intensity activity) gain (on average) 
more than 4 kg in 10 years, it is reasonable to 
assume that more activity is required for preven
tion of weight gain [8].
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3.6.3 Physical fitness and 
body weight: does being 
unfit lead to weight gain?

There is evidence of an inverse association between 
physical fitness and body weight status. The term 
‘physical fitness’ is typically used to describe car
diovascular fitness, which is expressed as maximal 
oxygen uptake (VO

2
max; ml/kg/min). VO

2
max is 

usually estimated using treadmill or cycling tests. In 
Australia, cardiovascular fitness, estimated using 
the PWC 75% submaximal cycle test, and BMI and 
skinfolds were measured in more than 1000 people 
for the DASET survey in 1992 [12]. The data show 
a small but significant inverse correlation between 
fitness and body weight status – that is, the higher 
an individual’s fitness, the lower their BMI. 
Although the correlation (±95% CI) between 
VO

2
max and BMI was small (r = –0.17 ± 0.06; 

n = 1084, age range 18–78 years), there was a 
stronger correlation between VO

2
max and the sum 

of four skinfolds (r = −0.40 ± 0.05). There was no 
significant difference in these relationships by 
gender.

There is also evidence to suggest a longitudinal 
relationship between physical fitness and weight 
gain. Di Pietro and colleagues [13] conducted a 
cohort study with a sample of 4599 men and 729 
women. Physical fitness (estimated using a timed 
treadmill test) and body weight were measured at 
least three times over 7.5 years. The results of this 
study showed inverse relationships between fitness 
and weight change. Each 1‐min improvement in 
treadmill time was associated with a 14% reduction 
in the odds of a ≥5 kg weight gain in men (OR = 0.86; 
95% CI: 0.83–0.89), and with a 9% reduction in 
women (OR = 0.91; 95% CI: 0.83–1). There was 
also a 21% reduction in the odds of a ≥10 kg weight 
gain in both men (OR = 0.79; CI: 0.75–0.84) and 
women (OR = 0.79; 95% CI: 0.67–0.93). The results 
of these cross‐sectional and longitudinal studies 
suggest that individuals who have higher levels of 
physical fitness are likely to weigh less than their 
unfit counterparts, but also that improvements in 
physical fitness over time can attenuate weight gain.

It is also important to note, however, that recent 
work suggests that individuals who are obese but 

physically fit have similar morbidity and mortality 
outcomes as their normal‐weight counterparts. This 
has been termed the ‘metabolically healthy but 
obese’ phenotype [14]. Ortega and colleagues ana
lysed data from the Aerobics Center Longitudinal 
Study, which classified 43,265 US adults (24.3% 
female) as metabolically healthy or not healthy at 
baseline (based on standard metabolic syndrome 
criteria, excluding waist circumference), and 
tracked health and mortality outcomes over a mini
mum period of 7 years. The results showed that 
metabolically healthy but obese individuals were 
fitter (maximal treadmill test) than their metaboli
cally unhealthy but obese peers (P < 0.001). 
Furthermore, individuals with the metabolically 
healthy but obese phenotype had a 20–50% lower 
risk than their metabolically unhealthy but obese 
peers of all‐cause mortality (hazard ratio, HR = 1.44; 
95% CI: 1.06–1.96); non‐fatal (HR = 1.39; 95% CI: 
0.92–2.10) and fatal (HR = 1.48; 95% CI: 0.87–
2.52) cardiovascular disease; and cancer mortality 
(HR = 1.17; 95% CI: 0.73–1.88). Importantly, the 
metabolically healthy but obese participants had 
similar morbidity and mortality outcomes as the 
metabolically unhealthy but normal‐weight 
participants.

3.6.4 Sedentary behaviour 
and body weight: does 
being sedentary lead 
to weight gain?

Sedentary behaviours include activities during 
waking time that involve sitting or lying down and 
require low levels of energy expenditure, typically 
in the range of 1–1.5 METs (metabolic equiva
lents) [15]. They include many activities at work 
(e.g. sitting at a desk or machine), during leisure 
time (e.g. watching TV, reading, socialising) and in 
transport (e.g. sitting in a car, bus or train). 
Recently, time spent in sedentary behaviours has 
been linked to adverse health outcomes, including 
overweight/obesity and weight gain, with some 
studies showing that relationships are independent 
of the time spent in physical activity [16,17]. To 
date, much of the research in this field has been 
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limited by self‐report questionnaires that are 
restricted to one domain (e.g. watching TV); how
ever, the evidence base is rapidly developing, with 
more studies using device‐based measurement and 
prospective designs.

Several recent reviews have suggested that there 
is a positive cross‐sectional relationship between 
time spent in sedentary behaviour and overweight 
and/or obesity [17–20]. For example, a review of 
the time spent watching TV vs. health outcomes 
identified 25 cross‐sectional studies that found 
associations between TV viewing and overweight 
and/or obesity, using a variety of self‐report and 
objective measures. This finding does not mean 
that watching TV causes overweight and obesity, 
but could be interpreted to mean that heavier indi
viduals spend more time watching TV than their 
healthy‐weight counterparts. In some studies, these 
significant relationships only remained in women 
when analyses were controlled for other factors, 
such as demographic variables and physical activ
ity [17]. In a cross‐sectional study of data from 
8233 ALSWH participants, each additional hour of 
self‐reported sitting time was associated with 110 g 
(95% CI: 40–180) and 260 g (95% CI: 140–380) of 
additional weight, in overweight and obese women, 
respectively [18]. As stated, these cross‐sectional 
studies demonstrate associations between seden
tary behaviour and overweight and obesity, but 
cannot determine whether increased amounts of 
sitting or sedentary behaviour cause weight gain 
over time.

Prospective studies with a time delay between 
the measure of sedentary behaviour and the out
come (weight gain) are required to do this, and 
several recent reviews of such studies have 
reported mixed findings [16–18,21]. For example, 
a systematic review of longitudinal studies by 
Thorp and colleagues identified 10 studies, of 
which six found that sedentary behaviour signifi
cantly predicted adverse changes in BMI, largely 
independent of baseline BMI and physical activity, 
while four either showed gender‐specific associa
tions, no association or that the time spent seden
tary was a determinant of changes in body weight 
[16]. Using the same data set that demonstrated the 
cross‐sectional association described in the pre
ceding text, the ALSWH researchers found that, 

after adjustment for other variables, sitting time 
was not associated with weight change over a 9‐
year period [18]. Overall, these results suggest 
that, while there are cross‐sectional relationships 
between sedentary behaviour and weight, it is not 
yet clear whether high sedentary behaviour time 
results in weight gain.

3.6.5 Current physical activity 
guidelines and their 
relationship to weight change

Current physical activity guidelines, including 
those from the UK, USA and Australia, generally 
recommend a minimum of 150 min of moderate‐
intensity or 75 min of vigorous‐intensity physical 
activity, or an equivalent combination of both 
moderate and vigorous activities each week [22–
25]. The Australian guidelines are the only ones to 
provide a range of recommended activity levels, 
with an upper level of 300 min of moderate or 
150 min of vigorous activity each week. The high 
end of the range was added to the Australian guide
lines because evidence suggests that 50–60 min/
day of moderate‐intensity activity, or the equiva
lent volume of more vigorous activity, is the dose 
of physical activity required for the prevention of 
weight gain [26,27]. It is important to note that 
meeting the minimum physical activity recommen
dations is likely to result in substantial health ben
efits (e.g. lower risk of cardiovascular disease, type 
2 diabetes, musculoskeletal and mental health 
problems), but that physical activity at the upper 
end of the range is required for the prevention of 
weight gain.

Reflecting on the emerging nature of the evi
dence, and the current lack of a strong dose–
response relationship between sedentary behaviour 
and weight gain, population‐based guidelines for 
sedentary behaviour for adults are limited to a gen
eral message, with no specific recommendations on 
time limits for the time spent sitting. Guidelines in 
Australia and the UK recommend minimising the 
amount of time spent in prolonged sitting [22,23], 
with Australian guidelines also recommending 
breaking up long periods of sitting whenever 
possible.
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3.6.6 Summary

Multiple cross‐sectional studies have shown rela
tionships between physical activity, fitness, seden
tary time and weight. Most seem to indicate that less 
movement and lower fitness are associated with 
greater weight, but the direction of these relation
ships is unclear. A growing body of evidence from 
prospective cohort studies suggests that more move
ment is associated with lower weight gain over time, 
with the equivalent of about 1 hour of moderate‐
intensity activity each day required to prevent 
weight gain in adults. Given the growing prevalence 
of overweight and obesity in most countries, and the 
difficulty of losing weight once it is gained, there is 
an urgent need for well‐designed studies to inform 
the development of population‐based strategies to 
prevent weight gain in adulthood. Based on the 
results of the studies reviewed here, physical activ
ity is likely to be a key component of these 
strategies.

3.6.7 Summary box
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Obesogenic environment and obesogenic 
behaviours

Chapter 3.7

3.7.1 Introduction

Poor diets, physical inactivity and sedentary behav
iour are the major drivers of obesity, with a wide 
range of chronic diseases directly or indirectly 
linked to these ‘obesogenic’ behaviours [1,2]. Lack 
of physical activity and excessive eating have been 
described as a normal response, by normal people, 
to an abnormal environment [3]. To a large extent, 
these obesogenic behaviours are driven by environ
mental characteristics that were absent until very 
recently in human evolution. Environmental charac
teristics can affect an individual’s level of physical 
activity (e.g. through the availability of opportuni
ties to walk, interconnectivity of streets, proximity 
of parks [4–6]) and dietary behaviours (e.g. through 
availability, accessibility and affordability of foods 
and variety of fast‐food outlets) [7]. In turn, certain 
environments and aspects of the environments may 
be more ‘obesogenic’ than others, as they contain 
elements that are more likely to promote obesogenic 
behaviours, weight gain and obesity in individuals 
or populations [8]. The physical, sociocultural, 
political and economic environments, in powerful 
interaction with individual factors, are thus likely to 
be driving the obesity epidemic [9–12]. A large 
number of potential environmental‐level determi
nants of obesity have been considered in the scien
tific literature. In this chapter, we aim to provide an 
overview of the current knowledge about environ

mental determinants of obesity in adults, with spe
cial reference to the physical (built) environment 
(i.e. the places and spaces created by people, includ
ing buildings, parks and transport systems).

3.7.2 Environmental correlates 
of obesity

How our environment affects our 
body weight

The relatively new scientific approach of studying a 
broad range of environmental dimensions can be 
supported by a comprehensive framework to under
stand and characterise the ‘obesogenic environ
ment’ [13]. The obesogenic environment has been 
described as ‘the sum of influences that the sur
roundings, opportunities, or conditions of life have 
on promoting obesity in individuals or populations’ 
[8], or simply put, any environmental characteristic 
that acts as a barrier to the maintenance of a healthy 
body weight [13]. Building on this, Swinburn et al. 
have created the ANGELO framework (the ANalysis 
Grid for Elements Linked to Obesity) for conceptu
alising the obesogenic environment and prioritising 
potential areas for intervention. The focus of this 
framework is to characterise the elements within 
environments that may have an influence on diet, 
physical activity and sedentary behaviour [8]. The 
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framework is divided in two axes, one for the level 
(micro or macro) of the environment and one for 
the  type of environment (physical, sociocultural, 
economic and political; Figure 3.7.1).

Micro environments are defined as environmental 
 settings where groups of people gather and meet. 
Such settings are often geographically distinct, and 
there may be direct mutual influence between indi
viduals and the environment. Examples of micro envi
ronments are homes, workplaces, supermarkets, bars 
and restaurants, and recreational facilities and neigh
bourhoods. Macro environments include the broader 
infrastructure (sectors) that may support or hinder 
health behaviours such as the spatial characteristics 
of  urban form, transport infrastructure, the health 
 system,  legislation regarding food marketing and distri
bution, and the media [8] (although specific marketing 
activities may fall in the micro environment category). 
Although it is not fully understood how components 
affect behaviour and weight status [14], the ANGELO 
framework supports the analysis of all relevant 
 environmental elements while providing a relatively 
 simple scheme for describing a complex system [13].

Not all persons living near a fast‐food outlet will 
regularly buy and consume unhealthy foods, nor 
will everyone increase their physical activity when 

there is a sports ground or appealing green space 
nearby. Individual‐level factors such as motivation, 
attitudes and socio‐demographic background play 
important roles in the relations between the physical 
environment and behaviour [15–17], and genetic 
factors strongly underlie the propensity of individu
als to be physically active [18] and to become obese 
[19]. Kremers et  al. [20], in their Environmental 
Research framework for weight Gain prevention 
(EnRG) framework, conceptualised how environ
mental factors may have an impact on obesogenic 
behaviours, and how these environmental influences 
are also likely to be mediated and moderated by 
individual‐level factors [4]. For example, the pres
ence of a high‐quality cycling infrastructure may 
improve people’s motivation to ride bikes and, sub
sequently, develop actual cycling habits (mediating 
pathway). This is, however, influenced by individ
ual‐level factors: research conducted in the 
Netherlands shows that adolescents from ethnic 
minority groups may be less likely to respond to the 
cycling infrastructure than ethnic Dutch [21–22]. 
Likewise, people with a genetic or learned stronger 
taste preference for sweet flavours may be more 
affected by the high availability and accessibility of 
sweet foods (moderating pathway). The model has 

Size

Type

Physical
What is available? 

Sociocultural
What are the attitudes
and beliefs?

Political
What are the rules?

Economic
What are the costs? 

Food retailers, e.g. supermarkets
Food service outlets, e.g. restaurants

Micro (settings)
Neighbourhood, workplace, school,
household, institutions, community

Macro (sectors)
National, international levels

Community’s norms and values
related to food
Food traditions

Institutional rules and policies
For example, school food rules,
family food rules 

Prices of food
Household income 

Food importing/production
Food distribution 

Mass media, e.g. advertising and
marketing for (un)healthy food products
‘Common culture’

Governmental policies, regulations,
and laws,
e.g. on food labelling, advertising

Costs of food importing,
production, distribution
Pricing policies, taxes 

Figure  3.7.1 The ANGELO framework with examples of the levels and types of food environments. 
Adapted from [8].
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been adapted and used by others [21] in order to 
accommodate other potential mediating and moder
ating characteristics, and links to outcomes such as 
body composition (Figure 3.7.2).

What environmental factors have 
been identified thus far?

The association between environmental characteristics, 
obesogenic behaviours and obesity is in some ways 
well established. Firstly, the obesity epidemic has 
developed in parallel with changes in the food 
and physical activity environments. In extreme envi
ronments, for example, in very poor and nutrition
ally‐insecure countries or population groups, the 
environment  –  what is available and accessible, 
rather than individual choices – dictates what people 
can eat, and obesity is far less likely. For instance, the 
Cuban situation in the 1980s showed that dramatic 

changes to the food and physical activity environ
ments very strongly affected the prevalence of obe
sity and related diseases [23]. In experimental studies 
in which micro‐environments are manipulated, 
strong effects on eating behaviour and dietary intake 
have been observed [24]. For example, research from 
Wansink and colleagues illustrates that making food 
only slightly less available or accessible can result in 
observable changes in food intake [24].

The number of studies that report physical envi
ronmental correlates with overweight or obesity has 
increased significantly in recent years, with a number 
of review articles published, each of which has taken 
a slightly different focus [4,5,25–30]. These reviews 
have shown that the outcomes of individual studies 
are not consistent. For instance, where some studies 
have reported significant positive associations 
between obesity and exposure to fast‐food restaurants 
[31], or the physical activity environment [32], other 

PSYCHOLOGICAL MEDIATORS

ENVIRONMENT
Level Micro
 Macro

Type     Physical
             Economical
             Political
             Socio-cultural

OBESOGENIC BEHAVIOURS

BODY COMPOSITION

MODERATORS
Such as
 - Socio-demographics 
 - Genetic factors
 - Awareness of risk behaviour
      - Health literacy
      -  Age

 - Diet
 - Physical activity
   - Sedentary behaviours

 - BMI
   - Waist circumference

Such as
 - Motivation
 - Self-regulatory skills
     -  Perceived environment

Figure 3.7.2 An adaptation of the EnRG Framework [20].
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studies have not [33], or have reported negative asso
ciations [34]. This may reflect genuine differences in 
effect, or it may be a consequence of limitations 
within the published literature. Overall, among the 
many studies in which a large range of environmental 
characteristics have been studied, only two environ
mental characteristics appear to be consistently asso
ciated with weight status: indicators of urban sprawl 
(often based on population density, and positively 
associated with obesity) and measures of land use 
mix (negatively associated with obesity) [29,35]. It is 
important to note that almost all studies that have 
examined urban sprawl and land use mix were con
ducted in North America, where neighbourhood 
design tends to be very different from that in Europe.

There are numerous potential environmental fac
tors associated with obesity for which there is no 
robust evidence of an association. Examples include 
access to recreational areas, proximity to fast‐food 
outlets or the presence of infrastructure to support 
walking and cycling [36–39]. The micro environ
mental level (e.g. household, direct neighbourhood, 
workplace) has been studied relatively more often 
than the macro environmental level (see also 
Figure  3.7.1) [40]. This is unsurprising when one 
considers how much more straightforward it is to 
study individual‐level interventions than it is to assess 
the impact of upstream, population‐level activities.

Evidence for environmental 
determinants of obesity

Systematic reviews considering which aspects of the 
environment may influence obesity and obesogenic 
behaviours, and how they might exert that influence, 
are predominantly based on cross‐sectional, observa
tional studies, and thus cannot provide conclusive 
evidence of causation. The lack of robust evidence 
for the impact of environmental correlates of obesity 
may well reflect the quality and design of studies 
rather than representing the absence of a true relation
ship [5,29]. These quality and design issues include:

(1) A lack of variation. In Western countries, almost 
all environments exceed a threshold that would 
characterise them as obesogenic; hence, study
ing environmental determinants in one area 
does not allow for explanation of variation of 
obesity within that area.

(2) Mediation and moderation. Although they are 
highly influential, environmental factors do 
not  directly cause obesity. Instead, they act 
by  influencing human behaviour, mediated 
and  moderated by a range of factors (see 
Figure 3.7.2).

(3) Comprehensiveness. It is not possible to con
sider all potential environmental factors in a 
research project, so studies of environmental 
influences are unavoidably only able to con
sider a partial view of the environment.

(4) Measurement. Equally, there are no gold 
standards against which the parts of the envi
ronment that we do consider can be judged. 
There is a lack of consensus as to the most 
appropriate measures and the definitions of 
exposure to the environment, while detailed 
measures may not be feasible in large pro
jects. In addition, the act of measurement 
may itself have an influence on behaviour, 
and is subject to biases and measurement 
errors.

(5) Research designs and  analyses. Most studies 
that attempt to identify the environmental 
characteristics related to obesity use cross‐sec
tional designs. However, individuals are not 
randomly distributed among areas; healthy and 
active people may, for example, choose to 
reside in neighbourhoods that allow them to be 
physically active. This may be partially offset 
by longitudinal observational studies and natu
ral experiments, which have the advantage of 
allowing for temporal associations and disen
tangling causation and selection, but these 
designs require more time and financial 
resources.

3.7.3 Conclusion

Despite a consensus that the physical environment 
has an important influence on individuals’ weight 
status (in environments where there is no food, one 
cannot eat; in environments where there are no 
cars, buses or machines, one cannot avoid being 
physically active for transport, daily activities or 
work), a large body of research has failed to iden
tify robust associations between the physical envi
ronment and weight status. Thus far, there is no 
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consistent evidence for an association between 
specific characteristics of the physical environment 
and overweight or obesity in adults. It remains a 
challenge to identify the physical environmental 
factors with a measurable impact on overweight 
and obesity. However, it may be that even influ
ences with effect sizes that are too small to detect 
using the research tools we have available could 
still have an important role to play at the popula
tion level [41].

Future researchers should consider the complex
ity of the relationship between the environment with 
individual weight status, as simplistic interventions 
aimed at limited aspects of the physical environ
ment have not been shown to provide the desired 
changes in obesity‐related behaviours, let alone in 
outcomes such as weight status. It needs to be 
understood which health‐related activities people 
conduct where, when, for how long, with whom and 
so on. This will facilitate a thorough appraisal of 
the different tools that measure perceptions of the 
environment in terms of validity, reliability and 
applicability.

3.7.4 Summary box

3.7.5 List of useful websites

www.spotlightproject.eu
www.dedipac.eu
www.ipenproject.org
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Chapter 4.1

The topic of the best dietary approach for  optimising 
weight loss has long historical roots. There are 
 considerable amounts of theories and literature 
as  to  whether there is an optimal macronutrient 
 com position to support weight management and 
maintenance. The debate particularly challenges the 
principles of the energy balance theory (energy in vs. 
energy out) and the first law of thermodynamics. It 
has been proposed that the thermic effect of feeding 
is greater for fats and proteins than for carbohydrates 
[1,2]. The absolute effect of this has also been misre
ported as having a considerable effect on the total 
energy expenditure. Although the effects of different 
nutrients on energy expenditure are variable between 
individuals, the overall effect of the thermic effect of 
nutrients is only thought to account for around 
4–15% of the total energy expenditure – far less than 
that of physical activity, which is responsible for 
>30% of energy expenditure [1,2].

There is a limited body of scientific evidence, 
along with a considerable volume of non‐evidence‐
based marketing messages, about the properties of 
different macronutrients with respect to body weight 
and weight loss. These include differences in the 
greater thermic effects of fats and proteins on 
metabolism; impact on host physiology; and poten
tial impacts on satiety and satiation. The challenge 
in interpreting these types of data can be considera
ble, as they are dependent on interactions between 
physiology and self‐reported human behaviour. 
However, to date, there is no evidence that manipu
lating macronutrients to influence satiety has a 

long‐term effect on energy intake or energy balance, 
and therefore no demonstrable indication of its 
impact on weight [3].

There are, however, a number of potential mecha
nisms through which manipulating macronutrient 
intake can support weight loss and weight manage
ment. There are several thousand studies, ranging 
from epidemiological observational research to ran
domised controlled trials (RCTs), investigating vari
ous ratios of macronutrients for weight loss. The 
rationale and evidence for why these approaches 
may or may not be more effective (in the short term 
or chronically) need to be considered.

4.1.1 Carbohydrates 
and weight loss

The potential of a low‐carbohydrate diet was  initially 
developed as palliative treatment for type 1 diabetes 
prior to the discovery of insulin [4]. The earliest 
clear definition of a low‐carbohydrate diet and its 
application with respect to weight management was 
perhaps in ‘Letters on Corpulence’, published in the 
mid‐nineteenth century by William Banting [5]. In 
this, Banting described what appears to be predomi
nately a low‐energy diet, which is limited with 
respect to carbohydrate content (around 15–20 g per 
meal). This is not in complete agreement with some 
commentators who use ‘Banting’ as a term for very‐
low‐carbohydrate diets.

Macronutrient composition for weight 
loss in obesity
Rebecca Mete1, Ekavi N Georgousopoulou1 and Duane D Mellor2
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Currently, there is no universal definition of 
what  constitutes a low‐carbohydrate diet, and 
 perhaps the most widely used definition is that by 
Feinman et al. [6], adapted by McCardle et al. [7] 
to  include the  percentage of dietary energy 
(Table  4.1.1). The proposed definitions of low‐ 
carbohydrate diets should consider the findings of 
the safety review on total diet replacements by the 
European Food Safety Agency (EFSA). This review 
proposed a minimum carbohydrate content of 
energy‐restricted diets of 30 g/day (for brain, renal 
medulla and erythrocyte metabolism, which cannot 
be met by other substrates, e.g. ketone bodies, and 
based on the assumption that 75 g of proteins is pro
vided), which represents an 80–90% reduction in 
carbohydrate intake from a typical Western‐type 
diet or that advised in many national guidelines. 
This review highlighted the challenges of viewing 
macronutrients in isolation [8].

When considering reviews of the effectiveness of 
low‐carbohydrate diets, there are mixed data, typi
cally varying according to the duration and intensity 
of the intervention. A number of studies suggest that 
low‐carbohydrate diets can be superior to low‐
energy or low‐fat diets, with up to 2 kg more weight 
found to be lost in low‐carbohydrate diets [9]. 
However, these findings were not replicated by 

Naude et al. [9] in a meta‐analysis reviewing studies 
of 12 weeks or  longer in duration, having defined 
‘low  carbohydrate’ as being <45% of total energy, 
and therefore including studies with carbohydrate 
intakes in the range of 4–40% of total energy. This 
review analysed data from 19 studies, splitting them 
into higher‐fat and higher‐protein variants of low‐
carbohydrate diets. The conclusion of this meta‐
analysis was that there was little or no difference in 
weight loss up to 2 years when diets were isoener
getic but differed in macronutrient content, further 
supporting the view that the energy deficit is the key, 
rather than the macronutrient profile.

Very‐low‐carbohydrate, 
ketogenic diets

It has been theorised that very‐low‐carbohydrate 
diets (less than 25–50 g per day), may have addi
tional benefits over a normal low‐carbohydrate diet. 
As these types of diets are unlikely to meet the 
requirements of the brain for glucose even with glu
coneogenesis (glucose synthesis from amino acids 
and glycerol), they lead to a metabolic shift linked to 
starvation to preserve lean tissue through ketogene
sis, the synthesis of ketone bodies from fatty acids, 
which occurs when there is a saturation of Krebs’ 

Amount of 
macronutrients 
per day (grams)

Energy from 
macronutrients 
(%)*

Carbohydrate intake [6,7]
Very‐low‐carbohydrate diet 20–50 6–10
Low‐carbohydrate diet <130 <26
Moderate‐carbohydrate diet 130–225 26–45
High‐carbohydrate diet >225 >45
Fat intake [23,47]
Typical fat intake 67–89 30–40
Low‐fat diet 67 ≤30
Lower limit recommended 44 20
Protein intake [34,48,49]
Range of high intake 
(90th–97th centile in Europe)

85–135 17–27

Upper limit proposed 175 35
High‐protein diet 125 25

Table 4.1.1 Definition of high or low macronutrient intakes as defined in research 
literature or as per consensus definitions [6,7,23,34,46–49]

*Based on 2000 kcal/day.
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cycle with acetyl Co‐A, resulting in the synthesis of 
acetone and beta‐hydroxy‐butyrate. These can then 
be used as energy substrates in a range of tissues, 
including muscle and brain, as well as the heart, 
where it is a preferred substrate. It has been hypoth
esised that a moderately raised level of ketones may 
increase the metabolic rate and help supress hunger. 
Therefore, a dietary pattern that is ketogenic, being 
higher in fat with a moderate protein content, could 
be more effective with respect to weight loss than 
simply low‐energy diets or diets less restrictive 
in  carbohydrates [10]. However, this evidence is 
largely from one short‐term (4‐month) study, where 
the actual between‐group weight changes in a very‐
low‐calorie ketogenic diet were not significantly 
different. It remains unproven whether ketosis has 
any additional benefits over a diet containing more 
carbohydrate that results in an equivalent energy 
deficit [11].

Does reducing carbohydrates 
simply lead to a greater 
energy deficit?

At first glance, the view that low‐carbohydrate diets 
offer little additional benefits with respect to weight 
loss appears to conflict with much of the literature, 
which seems to support the beneficial role of low‐
carbohydrate diets in weight management. However, 
when more closely scrutinised, reducing carbohy
drate consumption from a habitual intake of 45–55% 
of energy to 5–10% may simply result in a greater 
energy deficit than seen when reducing fat intake 
from 40% to 30% of energy. If this is reflected in an 
energy intake of 2000 kcal (8400 kJ) per day, a 10% 
reduction in energy from fat would equate to a 200 
kcal (840 kJ) per‐day energy deficit, whereas a 
40–45% reduction in dietary energy by reducing 
carbohydrate down to 5–10% of total energy intake 
would result in a per‐day energy deficit of 800–900 
kcal (3360–3780 kJ), which is likely to lead to more 
rapid and greater weight loss. This can be most 
clearly seen in the study by Bazzano et al. [12]. This 
study additionally reported the dietary intake con-
sumed, which in obese people itself has questiona
ble value, in addition to the dietary intake advised. 
This discrepancy in the degree of carbohydrate 
restriction and the definition of low‐carbohydrate 
diets (Table  4.1.1) could, in part, explain, along 

with  variabilities in study duration, why some 
 meta‐ analyses suggest greater efficacy of low‐ 
carbohydrate approaches [13], whereas others do 
not [9]. Nevertheless, all this detail in terms of die
tary prescription really depends on actual dietary 
compliance (which is difficult to measure), and, 
although weight change may be considered to be an 
objective measure of dietary compliance, this to can 
vary considerably between individuals.

Potential risks of very‐low‐
carbohydrate/ketogenic diets 
(less than 50 g per day)

A concern raised about low‐carbohydrate diets is about 
safety [14], that is, whether it can be nutritionally ade
quate. There is no obligate physiological requirement 
for dietary carbohydrate in adults in the short‐to‐
medium term, with evidence from studies lasting at 
least 12–24 months in duration, suggesting there are 
no clear safety concerns [15]. There are some findings 
from epidemiological studies suggesting positive asso
ciations between mortality rates seen in populations 
consuming low carbohydrates and greater quantities 
of animal proteins [16]. However, it needs to be 
acknowledged that individuals in these studies were 
not actively engaged in weight loss. Additionally, there 
are at least three reported case studies of  ketosis becom
ing ketoacidosis in individuals following extremely 
low‐carbohydrate diets. The logical inference is that 
reducing carbohydrates can be effective, but that there 
is no  clear advantage in the very‐low‐carbohydrate 
ketogenic diets for weight management, and that there 
may be risks as seen with the case reports of non‐dia
betes‐related ketoacidosis [8].

4.1.2 Fat intake and 
weight loss

Being the most energy‐dense macronutrient, provid
ing twofold higher energy per gram when compared 
to proteins and carbohydrates (9 vs. 4 vs. 4 kcal/g, 
respectively), fat was the first nutrient to be posi
tively associated with obesity [17]. Supporting the 
fat–obesity hypothesis, in addition to its high energy 
density, many high‐fat foods (fried foods and 
the majority of confectionary and cakes) are highly 



144  SECTION 4: Weight management in adults

 palatable and associated with pleasure, and elicit a 
relatively weak satiety signal. Thus, it has been 
 suggested that increased dietary fat intake could 
promote passive overconsumption of energy [18]. 
This, together with the observation that it is difficult 
to overeat carbohydrates when following a low‐fat 
diet that replaces fat with carbohydrates (fruits, veg
etables, legumes, cereals, etc.), was hypothesised to 
enable ad libitum weight control [19]. As a result, 
approximately 60 years ago, reduction of dietary fat 
intake was the first public health recommendation 
made, aiming to reduce the burden of obesity, and 
was granted great acceptance worldwide [20].

Despite the application of these guidelines, the 
prevalence of obesity has increased several‐fold over 
the past decades, while its incidence was inversely 
associated with the proportion of dietary fat intake 
[21]  –  suggesting that the key intervention against 
weight gain might not be in dietary fat reduction 
alone. This matter still remains controversial, with 
some commentators suggesting that reducing dietary 
fat intake is linked to the inevitable overconsumption 
of carbohydrates (and particularly added sugar and 
refined carbohydrates), which have been linked to 
hyperinsulinemia, lower metabolic rate and increased 
hunger [21]. Moreover, the low‐fat era was not linked 
to healthier dietary habits as initially hoped (more 
fruits, vegetables and whole‐grain cereals), but with 
a tendency to consume more highly processed prod
ucts based on refined grains and sugary foods and 
drinks [22]. Concerning these controversial public 
health results, nutrition research has focussed in 
answering whether low‐fat diet interventions are 
actually effective in achieving weight loss.

Low‐fat diets and weight loss

One of the very first meta‐analyses performed to 
answer the question of the effectiveness of low‐fat 
diets in weight loss included 32 RCTs with approx
imately 54,000 participants and data from 25 
cohort studies. The effect of eating less fat (defined 
as ≤30% of total energy being derived from fat, 
compared with usual dietary fat intake, considered 
as >30% energy from fat) was a mean weight 
reduction of 1.5 kg (95% CI = −2 to −1.1 kg), with 
greater weight loss resulting from greater fat reduc
tions, suggesting a dose‐related response. However, 

a lower fat intake was associated with smaller 
increases in weight in middle‐aged but not elderly 
adults in the cohort studies (>65 years of age) [23]. 
However, it was not possible to quantify this effect, 
owing to the different methodologies used in these 
intervention studies; hence, interpretation needs to 
be treated with caution.

In a recent meta‐analysis of RCTs that endured at 
least 6 months, the effects of low‐carbohydrate diets 
compared to low‐fat diets were assessed, and 11 
RCTs with 1369 participants met the eligibility cri
teria. Compared with participants on low‐fat diets 
(<30% energy from fat), participants on low‐ 
carbohydrate diets (defined as <20% energy from 
carbohydrates, or in accordance with the ‘Atkins’ 
diet programme) experienced a greater reduction in 
body weight (weight mean difference = −2.17 kg; 
95% CI = 3.36, −0.99), suggesting consistent results 
regarding the complex and unexpected roles of fat 
intake in weight loss [13].

Mediterranean diet and ‘healthy fats’

Mancini et al. (2016) [24] performed a meta‐analy
sis that studied the healthy high‐fat Mediterranean 
dietary pattern, which is defined in this study 
as a regional diet rich in vegetables, fruits, mono
unsaturated fats (mainly from olive oil) and cere
als; with moderate consumption of poultry, fish 
and dairy produce; and little or no consumption of 
red meat. This was compared with low‐fat diet 
(not   formally defined), a low‐carbohydrate diet 
(not  formally defined) and the American Diabetes 
Association diet, for weight loss in overweight or 
obese individuals in RCTs having at least a 12‐
month follow‐up period. Five RCTs with 998 
 individuals met the inclusion criteria, and the 
Mediterranean diet resulted in greater weight loss 
(range of mean values: −4.1 to −10.1 kg) than the 
low‐fat diet (2.9 to −5 kg) at ≥12 months, but 
 produced similar weight loss as the other compara
tor diets (range of mean values: −4.7 to −7.7 kg). 
These results were the first to support the notion 
that a healthy but higher‐fat diet could be more 
effective in weight loss interventions than low‐fat 
diets, under the context of compliance and satisfac
tion, as seen through the comparable or greater 
mean weight loss described [24].
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Regarding specific fat types, in a meta‐analysis 
of  13 RCTs with 749 individuals, medium‐chain 
 triglyceride (MCT) intake decreased body weight 
as  compared to long‐chain triglyceride intake 
(−0.51 kg; 95% CI = −0.80 to −0.23 kg). This effect 
is thought to be linked to the increased thermic 
effect of MCTs, along with their satiating proper
ties. Unfortunately, many trials lacked sufficient 
information for a complete quality assessment, and 
commercial bias was detected [25]. Moreover, in an 
RCT that provided rapeseed oil and olive oil as 
mono‐unsaturated fatty acid sources to assess 
their  potential incremental roles in weight loss 
 programmes, both were proved after 6 months to 
significantly reduce body weight more effectively 
than diet alone [26].

All findings of the aforementioned studies are in 
accordance with recent evidence, suggesting that 
the role of total dietary fat intake in obesity epidem
ics may possibly have less importance than first sug
gested, a rationale linked to potentially limited data 
and perhaps linked to general poor adherence by the 
general population [27]. As a result, the 2015 USDA 
Dietary Guidelines significantly raised the upper 
limit on the recommended dietary saturated fatty 
acid intake of <10% of total energy [28]; however, 
the results remain to be seen in practice. These 
changes perhaps reflect a change in the view of the 
diet–heart hypothesis more than diet–weight, with 
critiques proposing that reducing fat only served to 
increase refined carbohydrate intake. Perhaps the 
overall message is to consider the overall dietary 
pattern, rather than focussing on single nutrients?

4.1.3 Proteins and weight loss

Similar to low‐carbohydrate diets, there has been 
renewed interest in the outcome of high‐protein 
diets in weight management in recent years [29]. 
Before considering the benefits of increasing pro
teins directly, it is important to reflect on the dilut
ing effect that increasing proteins may have on the 
fat and carbohydrate content in the diet, which in 
turn may reduce dietary energy intake. There is a 
theoretical basis, with some empirical evidence sug
gesting that these have produced modest evidence 
that higher protein intakes may facilitate weight 

loss, encourage weight maintenance, and improve 
body composition and clinical outcomes [29,30]. 
This potential benefit is thought to be via the 
 influence of increased satiety through the elevated 
dietary protein intake, which may result in lower 
energy intake. Increased diet‐induced thermogene
sis (DIT) has also been proposed, but the net effect 
of this alone, as previously described, is very 
 modest. However, the combined effects of increased 
protein intake have been reported to support 
weight loss and maintenance in a number of studies 
[29–32]. However, the size of this effect is unlikely 
to be large enough to result in clinically meaningful 
weight loss, although it may be statistically signi
ficant, causing a maximum variation of around 
100 kcal (420 kJ) per day, based on extrapolations 
from clinical studies.

There are a number of recommendations for pro
tein intake. For example, the Australian dietary 
 protein recommendations for adults suggest an 
acceptable macronutrient distribution range of 
15–25% of total energy intake [33]. While there has 
been little agreement on the classification of a high‐
protein diet, a recent meta‐analysis suggested that 
protein intake in high‐protein diets range from 1.07 
to 1.60 g/kg/day, as compared to 0.55–0.88 g/kg/
day in standard‐protein diets [29]. However, it is 
important to consider the effects that this will have 
on the intake of fats and carbohydrates.

Effects of proteins on body weight

Several studies comparing high‐ and standard‐pro
tein diets have documented that high‐protein diets 
produce greater short‐term mean weight loss as 
compared to standard‐protein diets [29–31,34–38]. 
In a randomised 12‐month trial, 50 overweight and 
obese participants were given a reduced‐fat diet 
(<30% energy from fat), which was either a high‐
protein (25% of total energy from proteins) or a 
medium‐protein (12% total energy intake) diet, for 
6 months [34]. Consistent with other reported find
ings, participants assigned to the high‐protein diet 
achieved greater weight loss outcomes (9.4 kg vs. 
5.9 kg) and improved body composition outcomes, 
including greater loss of fat mass [34], with 8% 
dropping out in the high‐protein group and 28% in 
the medium‐protein group.
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Despite the short‐term success of the high‐protein 
diet, after a 12‐month follow‐up period, no differ
ence in weight loss was found between both groups 
[34]. The long‐term success of high‐protein diets 
has also been reported by other studies to be rela
tively unclear [34,35,38], with many studies report
ing a loss of benefit after 12–24 months [34,35,39]. 
While modest‐quality evidence supports the short‐
term benefits of high‐protein diets in facilitating 
weight loss and maintenance, the long‐term benefits 
(12–24 months) of high‐protein diets are currently 
under debate due to inconclusive findings [38].

Dietary protein intake and satiety

Strong satiation effects have been commonly cited 
as the primary mechanism of weight loss associated 
with high‐protein diets [30,35,36]. Affirming that 
proteins are the most satiating macronutrients as 
compared to carbohydrates or fats, it is theorised 
that high‐protein diets have the potential to induce a 
negative energy balance and facilitate weight loss in 
overweight individuals [30,36,37]. Although not 
conclusive, it has been suggested that increasing the 
protein content of meals by 25–81% will result in 
overall suppressed hunger and enhanced satiety 
[36,37,40]. However, this represents a wide range of 
interventions, making it impossible to conclude 
anything clinically meaningful from these data.

In several studies investigating high‐protein diets, 
with typically 25% of the total energy from protein, 
it was a common theme that continual elevated pro
tein consumption for 1–5 days produced higher sati
ety as compared to the standard‐protein diets of the 
control group, with no difference apparent in dietary 
energy intake [40,41]. While the mechanisms 
behind protein‐induced satiety are still elusive, it is 
thought to be a multifactorial relationship between 
an effect on satiety hormones (glucagon‐like pep
tide 1, cholecystokinin, PYY), concentrations of 
metabolites (amino acids) and gluconeogenesis, all 
contributing to the protein‐induced satiety [40].

Emerging research has suggested that different 
protein sources influence energy intake differently, 
with whey proteins found to be more satiating than 
casein and other proteins (egg‐albumin and soy) 
[40,42,43]. The differences in satiety between 
 protein sources are considered to be due to the 

 variations in amino acid concentrations and meta
bolic efficacies of protein oxidation [40]. However, 
the reason why different protein types contribute 
differently to protein‐induced satiety still remains 
relatively unclear, and as such should be treated 
with caution when making recommendations for 
dietary interventions.

Dietary protein intake and  
diet-induced thermogenesis

DIT is the metabolic response to food and the asso
ciated increase in energy expenditure related to 
the nutrient processing of food (digestion, absorp
tion and disposal) [37,44]. Consensus within the 
 literature postulates that proteins stimulate DIT 
(~15–30%) to a greater extent than other macronu
trients, including carbohydrates (~5–10%) and fats 
(~0.3%) [29,35,37,44]. While explanations behind 
the mechanisms associated with the thermogenic 
nature of proteins have been made, they largely 
remain elusive [30]. Little is still known concerning 
how DIT contributes to metabolic expenditure and 
weight loss [44]. However, explanations from 
within the literature, regarding how a high‐protein 
diet may induce thermogenesis to a greater extent 
than other macronutrients, include the following:

(1) Owing to the body’s inability to store proteins 
[32,44]. As a consequence, proteins need to be 
metabolically processed immediately, a process 
that demands a high ATP cost. However, to date, 
the clinical impact in terms of effect on weight 
and overall energy balance is not clear [32,44,45].

(2) Due to the potential relationship between DIT 
and satiety [44]. While this mechanism is yet to 
be clearly articulated, a correlation between 
satiety and DIT has been suggested [44,45].

There is emerging evidence to suggest that, in the 
short term (less than 12 months), high‐protein diets 
(~25% energy from proteins) can facilitate greater 
weight loss and encourage weight maintenance, as 
compared to standard‐protein diets (~12% energy 
from proteins) [30]. However, more research is 
needed to establish what the ideal high‐protein diet 
intake for weight loss is, along with a classification 
of what high‐protein diets are. Table 4.1.1 collates 
definitions from consensus groups and clinical 
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 trials. This is necessary to assess the effectiveness of 
high‐protein diets within longer time periods (of 
>12 months) on weight maintenance and outcomes, 
and to investigate further the roles of satiety and 
DIT in higher protein intakes.

4.1.4 Summary and conclusion

The focus of the scientific and media communi
ties has moved, over the past century, to the 
 different combinations of macronutrients as the 
optimal approach to managing weight. However, 
the best dietary approaches with respect to 
macronutrient distribution are the ones that are: 
nutritionally adequate with respect to proteins 
and micronutrients; that maximise health effects, 
including minimising lean tissue loss; that are 
ecologically sustainable; and that can be adhered 
to for long periods.

The evidence to date does not support the view 
that any particular macronutrient profile is supe
rior to another. Differences are only observed 
when manipulations of macronutrient intake 
result in a greater energy deficit. These differ
ences can be illustrated by a very‐low‐carbohy
drate diet (5–10% of dietary energy) as compared 
to a low‐fat diet (30% of dietary energy). The 
respective energy deficits based on 2000 kcal 
(8200 kJ) per day diet of approximately 400 (3360 
kJ) or just 200 kcal (840 kJ) per day, respectively. 
This is further complicated by the fact that the fat‐
intake recommendations in the national guide
lines of many countries are similar, whereas the 
carbohydrate‐intake suggestions are very differ
ent. The apparent differences reported in a num
ber of studies can largely be attributed to these 
differences in energy deficit. Further challenges 
in interpretation result from the lack of consensus 
definitions on what the low and high intakes of 
each of these macronutrients should be. While, in 
the short term, a range of dietary approaches have 
been reported as being safe, it should be noted 
that a meta‐analysis of observational studies 
found that low‐carbohydrate diets, although not 
associated with increased risk of cardiovascular 
mortality, were associated with a significantly 
higher risk of all‐cause mortality [46].

Additionally, perhaps too much focus has been 
placed on trials investigating the hypothesised opti
mal ratios and altering intakes of macronutrients. 
Based on published evidence, trials are required that 
investigate customised approaches based on indi
vidual preferences towards macronutrient content to 
induce energy deficits. This is especially the case 
when long‐term adherence is considered.

4.1.5 Summary box
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4.2.1 Introduction

Meal replacements are food substitutes containing 
fixed portions of energy and nutrients and can be 
instrumental in weight‐loss diets as the sole 
energy source, or in combination with other foods. 
Meal replacements encompass a wide range of 
commercially available solid or liquid products 
that provide 200–400 kcal (840–1680 kJ) of 
energy, with 25–50% of the total energy as pro
teins and ≤30 % as fats [1], fortified with vitamins 
and minerals (Table 4.2.1).

Energy‐restricted diet prescriptions, designed 
to lower energy intake by 500–1000 kcal/day 
(2100–4200 kJ/day) can incorporate meal replace
ments into low‐calorie diets (LCDs) and very‐
low‐calorie diets (VLCDs). LCDs, which provide 
800–1600 kcal/day (3360–6720 kJ/day), may 
include one or more meals replaced by a meal 
replacement, or at least one daily meal consisting 
of regular food in a ‘partial‐meal‐replacement’ 
plan, while VLCDs provide 400–800 kcal/day 
(1680–3360 kJ/day), using meal replacements as 
the sole nutrient source [2]. LCDs and VLCDs 
induce greater weight loss than conventional 
approaches, with even greater results when com
bined with regular physical activity and behav
ioural therapy [3]. Weight loss is similar to that 
induced with the weight‐lowering medications 
orlistat and sibutramine [4]. This chapter will dis
cuss the use of meal replacements for weight 
management in obese adults.

4.2.2 Weight loss with meal‐
replacement plans

Prescription of LCDs

A reduction of 500–1000 kcal/day (2100–4200 kJ/day) 
from usual intake will provide a weight loss of approxi
mately 0.5–1 kg/week (~1–2 lb/week) [2]. LCDs usu
ally begin at 1000–1200 kcal/day (4200–5040 kJ/day), 
with diets below 1000 kcal/day (4200 kJ/day) sufficient 
in older, smaller and inactive individuals. A more accu
rate and individualised means of prescribing the energy 
deficit uses calculation of the daily energy requirement, 
which is resting metabolic rate (RMR) multiplied by 
activity factor based on the level of physical activity 
(i.e. 1.2 for sedentary, 1.4 for low–moderate active and 
1.6 and above for active lifestyles) [2]. Where measure
ment of the RMR is not available, the Mifflin–St Jeor 
equation is the most accurate means for estimating 
RMR for overweight and obese individuals [5]:

RMR male weight in kg
height in cm age in years
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For example, a 46‐year‐old woman, 165 cm tall and 
weighing 90 kg (body mass index [BMI] 33.1 kg/
m2), working a sedentary office job and doing little 
exercise (activity factor 1.2), requires approximately 
1850 kcal/day (7770 kJ/day). A reduction of 750 
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kcal/day (3150 kJ/day) would give an energy 
 prescription of ~1100 kcal/day (4620 kJ/day). 
Achieving this through meal replacements might 
involve replacing two meals with two sachets of a liq
uid meal replacement, each containing 160–170 kcal 
or 672–714 kJ (20 g carbohydrate, 14 g protein, 3–4 g 
fat, 4–5 g fibre) and the recommended daily allow
ances of minerals, vitamins and omega‐3 and omega‐6 
essential fatty acids, thus providing 340 kcal/day 
(1428 kJ/day) as meal replacements. The remaining 
760 kcal (3192 kJ) would come from the one other 
regular meal, with <30% of total energy intake as fats 
(<10% saturated fats) and at least 20% as proteins.

Benefits of meal‐replacement plans 
compared to conventional diet

Weight loss of at least 10% is known to lower car
diovascular disease risk [2], and has been achieved 
in 12–16 weeks using meal‐replacement plans [3]. 
In a meta‐analysis of six randomised trials (N = 
487, duration 3–51 months), weight loss at 12 
months in the conventional diet group approxi
mated 3–7% (2.6–4.3 kg), a significant difference 
of 2.5–3 kg overall from subjects on partial 
meal  replacements, who lost 7–8% body weight 
(7–7.3 kg) [6]. Improve ments in blood glucose, tri
glyceride, systolic blood pressure, and total and 
LDL cholesterol levels in this meta‐analysis were 
also highly significant (P < 0.001) in both diet 
groups, with reduction in insulin being signifi
cantly greater in the partial‐meal‐replacement 
group [6]. In a subsequent meta‐ analysis of seven 

studies (N = 416, duration 1–5 years), weight 
reduction was greater at 6 months in subjects on 
meal‐replacement‐based LCDs (9.6%) or VLCDs 
(16%), as compared to losses in those on conven
tional diets with (8.5%) or without (5%) exercise 
advice [7]. A recent randomised controlled study 
found that the Medifast 5 & 1 Plan (a commercially 
available low‐fat meal‐replacement plan, manufac
tured by Medifast Inc, Maryland, USA, consisting 
of five pre‐packaged meal replacements plus a 
user‐selected meal consisting of a lean protein 
source and three servings of vegetables, thus pro
viding 800–1000 kcal/day) induced significantly 
greater reductions in weight (−7.5 kg) and waist 
circumference (−5.7 cm) than an isocaloric food‐
based diet (−3.8 kg, −3.7 cm), at 26 weeks and 
52 weeks (−4.7 vs. −1.9 kg, −5 vs. −3.6 cm), with 
lower attrition rate at 52 weeks in the meal‐ 
replacement group (16.7% vs. 25%) [8]. This plan 
also induced significantly greater reductions in 
BMI and fat mass than the food‐based diet at 
26  weeks, which were maintained at 52 weeks, 
in  association with larger improvements in total 
and LDL cholesterol levels. Serum glucose, 
 insulin,  blood pressure, triglyceride and LDL 
 cholesterol  levels decrease in association with 
weight loss  induced with meal‐replacement plans 
[2,3,6,7,9–12], as do visceral adiposity, inflamma
tion and oxidative stress [9,11]. Meal‐replacement 
plans are therefore associated with more rapid 
improvement in  cardiovascular risk factors [3], 
facilitate exercise and  cognitive‐behavioural 
 therapy [2,3,7], reduce  anxiety and depression 
and  improve quality of life [6]. Moreover, in a 

Nutrients & energy 
content Specifications

Energy 3360 kJ (800 kcal) to 5040 kJ (1200 kcal) for the total daily ration. 840 kJ (200 kcal) 
to 1680 kJ (400 kcal) per meal

Protein 25–50% of the total energy; ≤125 g per product
Fat <30% of the total available energy of the product
Dietary fibre 10–30 g for the daily ration
Vitamins and 
minerals

Meet 100% of the requirements of vitamins and minerals in the daily diet; 30% of 
the amounts of vitamins and minerals specified available per meal; 500 mg 
potassium per meal

Table 4.2.1 European Communities (foods intended for use in energy‐restricted diets for weight 
reduction) Regulations 2007
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meta‐analysis, the dropout rate at 1 year of follow‐
up was significantly lower (P < 0.001) in subjects 
on meal‐replacement plans (47%), as compared to 
that in the conventional diet group (64%) [6]. 
Portion‐controlled meal replacements, therefore, 
promote significantly greater weight loss, in addi
tion to reduction in cardiometabolic risk and lower 
attrition rates.

How do meal replacements induce 
greater weight loss?

During the active weight‐reduction phase, the 
 predicted rate of weight loss is proportional to the 
prescribed energy deficit (intake minus expendi
ture), as observed in a meta‐analysis of 35 studies of 
diet‐induced weight loss published between 1995 
and 2009 [13]. By prescribing larger energy deficits, 
the likelihood of reaching the point where energy 
expenditure surpasses energy intake is greater and 
allows a larger margin of noncompliance or error in 
energy estimation [10,13]. Since dietary adherence 
is inversely associated with the deficit between 
intake and expenditure, as observed in a study of 
overweight and obese women restricted to 800 kcal/
day (3360 kJ/day) [14], moderate energy restriction 
(relative to estimates of energy requirements rather 
than a fixed intake regardless of activity level) 
f acilitates compliance when prescribing portion‐
controlled diets. Comparison of weight changes to 
reported energy intakes using equations to estimate 
basal metabolic rate [15] is of value as obese adults 
in population studies tend to underestimate their 
energy intake by 40–50% [16,17].

Wing and Jeffrey found that food provision in a 
study that supplied meal replacements for 18 
months (pre‐packaged meals: five breakfasts and 
five  dinners per week designed to provide 1000 or 
1500 kcal, depending on calculated requirement) 
increased initial weight loss by 31% and struc
tured portion‐controlled meal plans by 61% in 
obese subjects, compared to subjects given stand
ard behavioural therapy (SBT) [18]. The mean 
weight losses in  subjects provided food were sig
nificantly greater at 6 (10.9 vs. 7.7 kg), 12 (9.1 vs. 
4.5 kg) and 18 (6.4 vs. 4.1 kg) months compared 
to the SBT group, while attrition rates were 30% 

in the SBT and 10% in the food‐provision group. 
Diet adherence was also better in the food provi
sion group, as demonstrated by the higher com
pletion rates of eating and exercise diaries: 87% 
during weeks 1–20, 61% in weeks 21–52 and 37% 
during weeks 53–78, compared to 67%, 33% and 
23%, respectively, during the same periods in the 
SBT group. The authors suggested that subjects 
provided with food had increased compliance and 
nutritional knowledge, and snacked less, leading 
to better adherence. In a cross‐over study of 
healthy volunteers who were randomised to a self‐
selected meal from a buffet or a lunch‐only meal 
replacement, using the meal replacements induced 
a 250 kcal (1050 kJ) deficit in total daily intake 
without compensatory intake at the other ad libi-
tum meals [19]. Similarly, calculated total energy 
intake in obese men found approximately 150 
kcal/day (630 kJ/day) greater deficit in subjects 
on partial meal replacements (~1400 kcal/day, or 
5880 kJ/day), as compared to those prescribed an 
isocaloric reduced‐fat diet on self‐recorded 3‐day 
dietary records and physical activity diaries that 
were monitored at weeks 4, 8 and 12 of the diet 
intervention [9], which was associated with a 2 kg 
difference in weight loss between the groups after 
12 weeks. Similarly, adults using different meth
ods for weight loss reported greater reduction in 
mean daily energy intake using meal replacements 
(360 kcal vs. 71 kcal with a commercial weight 
loss programme, and 159 kcal with a self‐guided 
weight management regime) in the STOP Regain 
trial [20], with correspondingly greater weight 
loss in this group (24.1% vs. 16.6% with the com
mercial programme, and 17.1% in the self‐guided 
group). Although the accuracy of self‐reported 
records is lower in obese as compared to lean indi
viduals, the use of meal replacements appears to 
facilitate diet adherence, as compared to conven
tional foods.

Overall, partial‐meal‐replacement plans are asso
ciated with higher diet satisfaction and lower drop‐
out rates [6,8,13,21]. The ease of using meal 
replacements is likely to account for lower energy 
intake, as seen in overweight and obese Australians 
on a meal‐replacement‐based weight‐loss diet, who 
reported greater ease of dining out and compliance, 
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scoring significantly (P < 0.05) higher on question
naires related to understanding and complying with 
food amounts, as compared to a control group given 
shopping vouchers and instructions for a low‐fat/
energy diet [11]. The stress of meal preparation is 
reduced for people who have difficulty understand
ing portion sizes and calorie counting, or finding 
the time or inclination to cook [6], by providing 
caloriecontrolled alternatives to self‐selected calo
rie‐dense foods.

4.2.3 Weight maintenance 
with meal‐replacement plans

Beyond 6 months of energy restriction, energy 
requirements generally decrease with weight loss 
due to reductions in metabolically active muscles, 
which decrease resting energy expenditure (REE) 
and possibly adaptive thermogenesis [22]. Adaptive 
thermogenesis (AT) refers to the underfeeding‐asso
ciated decrease in non‐resting and resting energy 
expenditure, leading to greater‐than‐expected reduc
tions in REE after weight loss (measured directly, or 
calculated using a quantitative model that includes 
weight and body composition). The discrepancy 
(~0.5 MJ or 120 kcal) may be up to 25% of the 
expected reduction in REE [23]. The non‐REE com
ponents  –  which include activity‐related energy 
expenditure (exercise and non‐exercise activity ther
mogenesis) and diet‐induced (thermic effect of 
food) and cold‐induced thermogenesis (in brown 
adipose tissue and skeletal muscle) – also decrease 
after weight loss, in association with reductions in 
sympathetic nervous system activity, 3,5,3’‐tri‐iodo
thyronine and leptin [22]. AT reduced the under
feeding‐induced loss in energy stores by ~50% [24], 
which may explain the weight regain after diet‐
induced weight loss and the  accelerated fat gain dur
ing refeeding [25].

Changes in concentrations of brain and gut hor
mones that mediate appetite (ghrelin, cholecysto
kinin, peptide YY, pancreatic polypeptide and leptin), 
which persist even at 1 year after diet‐induced weight 
loss, facilitate weight regain by increasing hunger and 
preoccupation with thoughts of food, while reducing 

fullness after a standard meal, compared to before 
weight loss [26]. These changes suggest that the high 
rate of relapse may have a physiological basis and is 
not solely owing to  the resumption of poor eating 
habits (such as  uninhibited, stress‐driven or binge 
 eating) or  behavioural fatigue in the presence of a 
toxic  environment – all of which are well‐established 
contributors to weight regain [3].

Extended use of meal replacements improved 
weight‐loss maintenance over 12 months in a recent 
meta‐analysis (N = 3017) of 20 randomised con
trolled trials [27] with similar initial mean weight 
losses in the VLCD/LCD run‐in period (11.1–13.5 
kg over median 8–12 weeks). Meal replacements 
improved weight‐loss maintenance by 3.9 kg (95% 
CI = 2.8, 5.5 kg) as compared to controls, which 
was greater in comparison to a high‐protein diet (1.5 
kg; 95% CI = 0.8, 2.1 kg), non‐protein macronutri
ents (1.2 kg; 95% CI = 0.4, 2 kg), anti‐obesity drugs 
(3.5 kg; 95% CI = 1.5, 5.5 kg) and exercise (0.8 kg; 
95% CI = −1.2, 2.8 kg). Substantial initial weight 
loss predicts larger long‐term weight loss: weight 
loss of 17.9 kg (16%) at 6 months using VLCDs was 
followed by rapid regain, such that net weight loss 
at 12 months was 10.9 kg (10%) and 5.6 kg (5%) by 
36 months [28].

4.2.4 Risks of meal‐
replacement plans

Complications of energy restriction

Medical and dietetic supervision is indicated with 
the use of VLCDs due to the increased risks of nutri
ent inadequacy, dehydration and electrolyte imbal
ances (such as hypokalaemia from reduced intake 
and/or gastrointestinal losses), which may lead to 
hypotension and cardiac arrhythmias. Gallstones 
develop in 10–25% of people on VLCDs [2]. Rapid 
weight loss reduces body fat and therefore sex ster
oid production, which can lead to loss of libido, 
menstrual irregularity in women and osteoporosis 
[29]. Dizziness, constipation, loss of muscle mass, 
hair loss, cold intolerance, poor wound healing, 
headache, fatigue, depression and irritability may 
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also occur. The risks are dependent on the rate and 
magnitude of weight reduction.

LCDs and VLCDs are not recommended for 
pregnant or breastfeeding women; individuals with 
severe or unstable psychiatric illnesses (particularly 
eating disorders such as bulimia and anorexia 
 nervosa) or substance abuse tendencies; and patients 
with illnesses that are adversely affected by energy 
restriction (e.g. active malignancy, severe renal or 
liver impairment, unstable angina or recent cardiac 
events, recent cerebrovascular accidents, recurrent 
gout, uncontrolled epilepsy, gastrointestinal malab
sorption) [2]. These diets should be used with 
 caution and under close medical supervision in chil
dren and the elderly, who are more vulnerable to 
dehydration and nutrient inadequacy and/or have 
comorbidities that predispose them to complications 
of extreme energy restriction.

Unsupervised use of meal 
replacements and challenges 
with weight maintenance

While meal replacements are effective for short‐
term weight loss, the expense of initiating and 
maintaining a meal‐replacement plan, with need 
for medical and dietetic supervision and possibili
ties of complications, is a major barrier to contin
ued compliance. In the STOP Regain study, an 
18‐month stand‐alone weight maintenance analy
sis that evaluated obese individuals who had lost at 
least 10% of their body weight using VLCDs, only 
21% of those who had used VLCDs were main
taining their weight loss under 2 kg after 6 months 
of continued supervision and follow‐up by study 
investigators, compared to 75% in groups using a 
commercial programme or self‐guided approach. 
The effects of meal replacements may be even 
more unpredictable in individuals who buy and 
use meal replacements themselves. The variable 
costs and lack of regulation of different commer
cially available plans, especially those sold over 
the Internet and through advertisements, may lead 
to ‘shopping around’, which adversely affects die
tary adherence. Meal‐replacement plans that are 
used as a ‘quick‐fix’ solution to achieve short‐term 
weight loss goals, with little or no supervision by 

healthcare professionals, increase the risks of 
complications and are less likely to be effective for 
weight maintenance in the absence of learning and 
retention of healthy eating habits [2]. Difficulties 
with compliance may also be due to lack of dietary 
variation and unpalatability, or unfamiliarity in 
relation to local diet and cultural norms, which 
were cited as reasons for the low adherence and 
high drop‐out rates in one of the centres in the 
Diet, Obesity and Genes Project, which evaluated 
the use of VLCDs for weight loss in eight European 
cities [30].

4.2.5 Use of meal 
replacements for weight loss 
in special populations

Diabetes

Meta‐analyses indicate that LCDs and VLCDs are 
safe and effective in reducing insulin resistance 
and other cardiovascular risk factors in obese 
adult populations, including significant propor
tions with type 2 diabetes [2,3,6,7], and they were 
also associated with better adherence [21]. 
Similarly, meal‐replacement plans incorporated 
into group lifestyle interventions in obese patients 
with type 2 diabetes were associated with signifi
cantly greater mean weight loss (7.3 kg vs. 2.2 kg) 
and reduction in glycated haemoglobin, in com
parison to a group programme of diabetes self‐
management education that prescribed similar 
energy intake (1250–1550 kcal/day, or 5250–6510 
kJ/day) and physical activity levels [31]. The 
increase in the proportion of proteins in relation to 
carbohydrates in meal‐replacement plans, as com
pared to conventional diets, may also contribute to 
superior glycaemic control, owing to the lower 
carbohydrate content [32].

Before bariatric surgery

As preoperative weight loss is associated with 
decreased liver volume (thereby reducing risks of 
hepatic injury), 2 weeks of VLCDs has been recom
mended before bariatric surgery, particularly in 
patients with uncontrolled diabetes with HbA1c >64 
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mmol/mol (8%) and hepatomegaly or fatty liver 
 disease [33]. Improvements in glycaemic control 
and other comorbidities may also decrease risks of 
anaesthesia, poor wound healing and infection. 
Hence, meal replacements can help ensure a 
 controlled VLCD preoperatively.

Improving fertility in polycystic 
ovarian syndrome (PCOS)

Weight loss studies in women with PCOS typically 
show high drop‐out rates: 26–38% over 1–4 months 
for women with PCOS, as compared to 8–9% over 
4 months in women without PCOS [34]. In women 
with PCOS, the higher prevalence of depression 
and anxiety can increase stress‐driven overcon
sumption of comfort food. Lifestyle modification 
is effective in restoring reproductive function in up 
to 80% of individuals with PCOS who achieve at 
least 5% weight loss [34]. Women with PCOS who 
followed an 8‐week weight‐loss regimen (two 
meal replacements daily, ~5000 kJ), followed by 
6  months of weight maintenance, demonstrated 
significantly reduced androgen concentrations and 
improved menstrual cyclicity, which were sus
tained for the period of weight maintenance [35]. 
Hence, by enhancing dietary adherence and weight 
loss, the use of meal replacements can improve 
fertility.

4.2.6 Conclusion

Meal replacements are portion‐controlled low‐
energy alternatives to self‐selected foods, which 
improve adherence to energy restriction by simpli
fying diet planning, thereby inducing greater weight 
loss in comparison to food‐based diets when used as 
LCDs or VLCDs. Individual activity level and local 
diet norms should be considered in the prescription. 
Low‐energy diets are ideally incorporated into a 
comprehensive weight‐management programme, 
including exercise and behavioural therapy. 
Although meal‐replacement plans are associated 
with numerous health benefits, judicious patient 
selection and supervision by healthcare profession
als are necessary to reduce complications and mini
mise weight regain.

4.2.7 Summary box
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4.3.1 Introduction

Very‐low‐energy diets (VLEDs, or VLCDs – very‐
low‐calorie diets) are diets providing 800 kcal/day 
or less, composed of three or four portions of for
mula food products based on skimmed milk powder 
or other protein sources providing approximately 
one‐third of the micronutrients and essential fatty 
acids in each portion. They are usually presented in 
powdered form for reconstitution as soups or shakes 
to make a fully liquid diet. Devised over 30 years 
ago to deliver sufficient proteins and micronutrients 
to facilitate weight loss (usually 1 kg/week or more) 
while minimising lean body mass loss and nutrient 
depletion, they have been unpopular with healthcare 
professionals in some (but not all) countries, owing 
to largely unfounded anxieties about adverse effects 
and perceived clinical management issues.

Low‐calorie liquid diets (LCLDs) are liquid diets 
based on the same products, with energy made up 
using liquid skimmed milk when necessary to 
deliver 800–1200 kcal/day. Some manufacturers 
divide an 800 kcal/day intake among five portions in 
the context of a total diet replacement, providing the 
full daily nutritional requirement across the five 
portions. While energy intakes of up to 1500 kcal/
day are possible, in practice, 1000 kcal/day is the 
highest level usually used as a liquid diet. For 
requirements of above 1000 kcal/day, a small con
ventional meal is usually given to achieve the higher 
total dietary energy intake. Part food, part formula 
diets can incorporate meal replacements providing 
200–400 kcal/portion, but products carrying a 
weight maintenance claim relating to substitution 

of two conventional meals within the context of an 
energy‐restricted diet in Europe are legally required 
to not exceed 250 kcal/portion.

The UK National Institute for Health and Care 
Excellence partial update guideline [1], which is 
clearly stated as not being a guideline for use in a 
commercial context, states that VLCDs should not 
be used routinely in clinical practice to manage obe
sity. The guideline states that VLCDs should only 
be considered ‘as part of a multicomponent weight 
management strategy for people who are obese and 
who have clinically assessed need to rapidly lose 
weight (e.g. people who need joint replacement sur
gery or who are seeking fertility services)’. The 
guideline development group did not review evi
dence for the use of LCLDs, thus missing an oppor
tunity to consider all the potential applications of 
formula diets in the present‐day context of the rising 
prevalence of severe and complex (morbid) obesity, 
which will increasingly drain the resources of health 
providers across the globe. The recommendation to 
consider VLCDs for one increasingly prevalent pre
operative application (weight loss before knee 
replacement) followed a decision to exclude a 
review of evidence for the use of VLCDs in the 
preparation for bariatric surgery, because the guide
line development group ‘were concerned that clini
cians would use VLCDs routinely instead of 
bariatric surgery, and that the patient’s treatment 
may be delayed as a consequence’ [1]. Since obesity 
can influence many aspects of the process of induc
tion of anaesthesia – such as physical difficulty with 
intubation, and postoperative recovery and out
comes, including respiratory recovery time, wound 

Formula diets for weight loss in obesity

Chapter 4.3

Anthony R Leeds 
University of Surrey, Guildford, UK



158  SECTION 4: Weight management in adults

infections and, in the case of knee arthroplasty, 
long‐term outcomes [2–3]  –  a review of evidence 
for the preoperative use of formula diets was indeed 
necessary, but not delivered.

4.3.2 Mechanism of action 
of formula diets

Formula diets are believed to work via several 
mechanisms. First, it involves the substitution of 
conventional food with defined portions, facilitating 
portion control in those for whom controlling food 
portion size is a problem. Second, lower energy 
intakes can be achieved than would be possible with 
a restricted conventional food intake, while still 
maintaining micronutrient and protein intake. The 
energy and carbohydrate restriction (which in most 
commercial products does not go down to the very 
low carbohydrate levels used in the ketogenic diets 
used for treating intractable epilepsy in children) 
results in physiological ketosis, which has recently 
been shown to suppress the usual rise of the hunger 

hormone, ghrelin [4]. This evidence is consistent 
with the anecdotal evidence that users of VLCDs 
tend not to feel hungry, and that they are able to 
achieve a high degree of compliance with their pre
scribed diet. The energy and carbohydrate restric
tion results in a rapid increase of insulin sensitivity 
with decreased liver glucose output, which can 
cause improved metabolic variables in people with 
diabetes [5]. Third, the greater energy deficit that 
can be achieved (1000–2000 kcal/day) can result in 
greater rates of weight loss than possible with the 
500–600 kcal/day energy deficit in a conventional 
diet. VLCD use in men with severe and moderate 
obstructive sleep apnoea can cause an average 19 kg 
weight loss in 7–9 weeks, and caused five out of six 
men to show improvement in obstructive sleep 
apnoea, with nearly 50% no longer using positive 
airway pressure machines after 1 year of weight 
maintenance [6–7] (see Figure  4.3.1). The use of 
VLCDs for 16 weeks in men and women with type 
2 diabetes caused an average 23 kg weight loss over 
16 weeks, with improved metabolic variables [8]. 
VLCD use in older people with knee osteoarthritis 
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Figure 4.3.1 Mean change from baseline in weight and waist circumference during and after treatment with 
very‐low‐calorie diets for men with severe or moderate obstructive sleep apnoea. Results at 52 weeks are given for 
completers (n = 44); with multiple imputation for missing data (n = 63); with last observation carried forward 
(LOCF; n = 63); and baseline observation carried forward (BOCF; n = 63). Low attendance at 15 and 23 weeks 
was attributed to summer holidays. Redrawn from reference [6].
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over 8 weeks, followed by an 8‐week part‐food‐part‐
formula diet (1200 kcal/day), gave the same weight 
loss (around 12–13 kg) as LCLD followed by 8 
weeks 1200 kcal/day diet. However, importantly, it 
reduced pain in more than 60% of the  subjects, thus 
improving mobility and quality of life [9].

4.3.3 Weight regain and lean 
body mass loss

Healthcare professionals believe that rapid weight 
loss results in rapid weight regain and will cause 
excessive lean loss. Purcell has reported a study on 
over 200 subjects who were prepared with a weight 
loss of 15 kg by either the use of VLCDs (over 12 
weeks) or conventional diets (over 36 weeks) [10]. 
Weight regain over nearly 3 years, during which 
subjects met with a dietitian monthly and followed 
the Australian healthy eating guidelines, was the 
same in both groups, being about 10 kg regain so the 
net weight loss from baseline of 5 kg. The Purcell 
study proved that weight regain was not influenced 
by the preceding rate of weight loss. The composi
tion of body weight lost after VLCDs can be influ
enced by exercise, as established by Snel [8], who 
showed that the addition of a vigorous exercise pro
gramme in people with type 2 diabetes reduced lean 
loss from 29% to 19%. In elderly people with osteo
arthritis who started relatively immobile with a 
probable degree of muscle atrophy, the lean mass 
losses following VLCDs or LCLDs and a food rein
troduction diet (1200 kcal/day) were low at just 
under 20%, reflecting adequate protein intake and a 
relative increase in activity [7,11]. The protein 
requirement during weight loss, to minimise lean 
loss, has not been adequately investigated, and the 
European Food Safety Authority panel’s current 
recommendation on protein requirement for for
mula food products (>70 g/day) is based on guide
lines for healthy‐weight stable subjects rather than 
solid experimental evidence [12], and represents a 
sensible interim compromise [13]. The pattern of 
protein intake is probably important, and there may 
be merit in examining whether the delivery of a 
bolus of 25–30 g proteins after the day’s main 
 episode of physical exercise [14] will be proved 
to  facilitate lean retention during weight loss with 
formula programmes.

Consequences of rapid weight loss 
with formula diets

Rapid weight loss can have tangible benefits, such as 
reduced joint pain and shortness of breath, which are 
highly motivating and encourage compliance. While 
this is an anecdotal remark based on clinical observa
tion, it is supported by Purcell’s finding that drop‐out 
rates were much higher in the slow‐weight‐loss 
group than in the rapid‐weight‐loss group [6–10].

Weight loss with formula diets may cause a range 
of secondary changes – some beneficial, others not. 
Cardiovascular risk factors such as blood pressure, 
blood lipids and calculated insulin sensitivity can 
improve [11], and there is evidence for improved 
coronary flow reserve following weight loss in 
obese women who have severe coronary heart dis
ease or have suffered heart attacks [15,16]. 
Nutritional status, which can be impaired in the 
obese [17], can improve following weight loss with 
formula diets. Nearly 50% of elderly obese people 
with knee osteoarthritis living in Copenhagen were 
vitamin D deficient at the commencement of weight 
loss treatment; this reduced to 22% after the 16‐
week weight loss programme [11], and to 8% after 
1 year of weight maintenance with one formula food 
portion in place of one conventional meal. The 
National Institute for Health and Care Excellence 
(NICE) obesity guideline development group wrote 
that they ‘felt that reduction in bone density may 
occur because of insufficient calcium in the diet and 
may result in fragility and fracture’ [1], without 
referring to published evidence showing that those 
same elderly Danes who lost weight with formula 
diets showed less bone mineral loss and less bone 
density reduction (measured by DEXA scanning) 
than was expected based on their fat mass losses 
[18]. Constipation can be a problem, but is easily 
forestalled by asking about the history of constipa
tion, diverticular disease and anal disease, and by 
providing extra stool‐bulking fibre such as a psyl
lium preparation (3.5 g twice daily). Gout has 
occurred, but rarely, in some trials, but can be pre
vented by adequate early detection of raised uric 
acid followed by treatment. A large survey under
taken in Sweden showed that the rate for clinical 
gallstone events requiring hospitalisation was low in 
absolute numbers after weight loss, but three 
times  more likely after weight loss with VLCDs 
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(at  44 cases per 1000 person‐years), than after a 
1200 kcal/day diet (at 15 cases per 1000 person‐
years) [19]. Postural hypotension with dizziness and 
a risk of falling is possible, especially in older peo
ple with treated hypertension. Formula diet products 
contain adequate sodium and potassium, but much 
less sodium than the usual food‐based diet. The 
typical systolic blood pressure reduction in an older 
person using a formula diet programme is about 12 
mmHg, sufficient to cause dizzy spells. Users of for
mula diet programmes need to be warned of this 
possible effect, and some need to have regular blood 
pressure monitoring and medication adjustment. 
Use of some other medications (insulin, oral hypo
glycaemic agents and warfarin) require careful 
patient monitoring and dose adjustment during 
weight loss. Other drug groups such as lipid‐lower
ing agents can be left in place, and their dose can be 
reassessed after weight loss.

4.3.4 Potential applications

Formula diet weight reduction programmes are emi
nently suitable for achieving defined amounts of 
weight loss for specific purposes in a short period of 
time. Preoperative weight loss for use before bariat
ric surgery is established in many but not all surgical 
centres. Food‐based 1000 kcal/day diets are still 
used in some centres. Although formula‐based 1000 
kcal/day diets have been shown to cause liver 
shrinkage, some surgeons believe that no preopera
tive preparation is necessary. A number of studies 
have shown that liver fat content and liver volume 
are reduced rapidly, and just 2 weeks of 1000 kcal/s 
liquid formula diet is effective [20,21]. A ran
domised controlled trial of weight loss before knee 
replacement surgery using formula‐based 810 kcal/
day liquid diets has been completed in Denmark. 
Effective weight loss has been achieved, and quality 
of life and function assessment results at 6 and 12 
months are awaited [22]. High levels of compliance 
and predictability of outcome facilitate the process 
of managing surgical sessions. Weight loss pro
grammes can be delivered during the 8‐week period 
from initial assessment to the surgical knee replace
ment. Delivery of surgical treatment is not delayed 
by this planned intervention. Weight loss with 

VLCDs can induce changes associated with 
increased fertility [23], and the predictability of 
weight loss in compliant patients may help them 
achieve target weights set by gynaecologists operat
ing fertility programmes.

When bariatric surgery is not medically indicated, 
where the patient rejects a surgical option or where 
surgical resources are limited, formula diet pro
grammes may be considered to achieve the 10–20 kg 
weight loss needed to reverse type 2 diabetes, improve 
obstructive sleep apnoea, improve psoriasis [24,25], 
improve cardiovascular function or improve quality 
of life in those with knee osteoarthritis. Regarding 
weight maintenance, the evidence derived from ran
domised controlled trials of interventions after initial 
weight loss with VLCDs or LCLDs was reviewed in 
a meta‐analysis by Johansson and colleagues [26], 
who showed that diets with higher‐than‐usual protein 
content, drugs (studies on sibutramine and orlistat) 
and one‐a‐day formula food replacement were all 
shown to result in statistically significantly greater 
weight maintenance at variable lengths of time after 
weight loss (see Figure 4.3.2).

Setting

VLCDs and LCLDs can be used in primary com
munity and secondary hospital clinical settings, but 
are also available in commercial settings provided 
by diet counsellors or consultants who are mostly 
non‐healthcare professionals trained to provide the 
diet programmes with educational, physical activity 
and psychological components in a community set
ting. In the commercial setting, medical manage
ment remains with the patient’s primary care team, 
and written protocols are designed to ensure the 
appropriate use of VLCDs and LCLDs, but the 
unfortunate trend towards Internet and over‐the‐
counter sales can result in little or no control over 
the use of formula diets sold in this way.

Research needs

Since considerable weight loss and health benefits 
have been shown following LCLDs, it is likely that 
future research on formula diets will focus on those 
delivering 800–1200 kcal/day. At this energy intake 
level, it is easier to deliver the needed 70 g/day 
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proteins. Also, when compared directly to VLCDs in 
elderly people with knee osteoarthritis, there appears 
to be no disadvantage in using LCLDs. A number of 
large‐scale randomised controlled trials are already 
underway to investigate diabetes reversal in pre‐dia
betes [27], early type 2 diabetes [28] and advanced 
insulin‐treated diabetes. The underlying mechanism 
in the reversal of insulin resistance has been under
stood for some time [29]. Large multicentre studies 
are planned to follow‐on from the promising find
ings in women who have severe coronary heart dis
ease or suffered heart attacks [15,16] and in people 
with psoriasis [24,25]. Translation into practice trials 
is planned for weight loss in knee osteoarthritis and 
obstructive sleep apnoea, and need to be undertaken 
for idiopathic intracranial hypertension [30]. There 
is a need for studies on mechanisms using which 
acute weight loss before anaesthesia in obese, 

 morbidly obese and super‐obese individuals leads 
to  improved peri‐operative outcomes, including 
reduced healthcare costs. Trials not yet organised 
include weight loss in women after pregnancy and 
after a diagnosis of gestational diabetes; in those 
with leg or postoperative arm lymphoedema; and in 
severe–moderate stress incontinence in women.

4.3.5 Conclusion

Weight loss programmes that utilise 800 kcal/day 
formula diets and above with intense education pro
grammes, regular support and lifestyle guidance 
have been proven to be effective. Bischoff has 
reported on a multicentre programme operating in 
37 centres in Germany, giving results in over 8000 
individuals using a 52‐week programme that 
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incorporates 12 weeks of 800 kcal/day diet [31]. At 
the end of the 1‐year intervention, average weight 
loss was 19.6 kg in women and 26 kg in men (15.2 
kg and 10.4 kg, respectively, using intention‐to‐treat 
analyses). Incidence of adverse events was low. 
Taking this in conjunction with the disease‐specific 
studies described earlier, there is clearly a role for 
nonsurgical weight loss programmes that include 
short periods of LCLDs (above 800 kcal/day). In 
Australia, Germany, Sweden and the USA, these 
programmes are utilised to an increasing degree. A 
number of European countries discourage the use of 
VLCDs, and the recent NICE guidance in the UK 
[1] is somewhat discouraging too. However, in the 
UK, in the absence of guidelines on the use of 
LCLDs, dietitians and doctors can utilise the meta‐
analysis from Sweden as a guideline on weight 
maintenance after weight loss with VLCDs or 
LCLDs [26], and use the results of  randomised 
 controlled trials in specific conditions  – diabetes 
[8], osteoarthritis [9], obstructive sleep apnoea [6,7] 
and psoriasis [24,25] – to judge whether and when 
to use LCLDs for their patients.
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Group‐based interventions for weight 
loss in obesity

4.4.1 Introduction

Interventions for obesity can be delivered in a variety 
of ways – using a one‐to‐one approach, within group 
settings and online using web‐based programmes. 
Group‐based approaches to weight management are 
popular in commercial weight management organi
sations (CWMOs) and have gained popularity in 
healthcare and community settings. Interventions 
using a group format offer a model of obesity treat
ment that facilitates social interaction and peer sup
port and can allow health professionals to reach a 
wider number of people. There are examples of the 
effectiveness of group interventions in other areas of 
health improvement such as diabetes education [1] 
and smoking cessation [2]; however, evaluation of 
effective weight management group processes has 
received less attention.

It is often assumed that programmes provided in 
a one‐to‐one setting are transferable to group‐based 
settings and vice versa. However, planning, leading 
and managing groups call for different skills from 
those employed in one‐to‐one interventions for 
weight management. In addition, there are consid
erations such as the group composition, group set
ting, treatment length and leadership style. Health 
professionals currently have very little guidance on 
how to deliver effective group interventions. This 
chapter explores the use of group‐based interven
tions across a range of obesity treatments and exam
ines evidence for the effectiveness of group‐based 
approaches for obesity management in adults.

4.4.2 Defining group‐based 
interventions for weight 
management

‘Groups’ are a fundamental part of society and 
 feature in social, political, cultural, educational, 
therapeutic and work contexts. Research literature 
relating to group processes and group dynamics 
comes mainly from fields such as behavioural and 
social psychology and sociology. However, aspects 
such as defining groups and their characteristics in 
health‐improvement contexts have not been ade
quately described [3].

Existing literature has explored the use of group 
interventions for weight management in a variety of 
contexts and settings. It is common for behavioural 
programmes for obesity to be delivered in a group for
mat, but few studies describe the group‐specific com
ponents in terms of outcomes. The National Institutes 
for Health and Clinical Excellence (NICE) guidelines 
on behavioural change include groups in the category 
of community interventions but does not provide any 
specific guidance on group settings per se [4].

In the field of eating disorders, therapies such as 
cognitive‐behavioural therapy and interpersonal 
behavioural therapy for binge eating disorder have 
been tested using a group format. These studies do 
not always outline the factors underlying the deci
sion to provide therapy using a group modality, but 
it is thought to relate to the broader reach, interper
sonal support and cost‐effectiveness, as compared to 
individual one‐to‐one therapy [5].

Chapter 4.4
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In addition to focussing on weight manage
ment, groups are often linked by another common 
factor, particularly in relation to group com
position. For example, studies have examined out
comes where members of the group have the same 
health condition; are of a specific racial composi
tion or sexual orientation; are based in a specific 
geographical location, such as a rural setting or a 
worksite  setting; or are of common gender, such 
as men‐only groups [6–10].

The literature also suggests significant variation 
in the structure, underlying theoretical models and 
the intervention delivered within weight manage
ment groups. In some groups, the interaction 
between members may form part of the interven
tion, such as in peer support and self‐care groups. In 
other groups, the intervention will be delivered by a 
recognised group leader who will follow a particular 
programme based on changing diet and physical 
activity levels. Some groups will also include ‘activ
ities’ such as physical activity within the group ses
sion itself.

4.4.3 Evidence for obesity 
interventions delivered in  
a group setting

Studies support the view that the social and peer sup
port provided by group‐based treatments improves 
outcomes [11]. A systematic review of the impact of 
social support on weight loss following bariatric 
 surgery showed that attendance at a support group 
following bariatric surgery was associated with 
greater postoperative weight loss; however, the stud
ies identified were observational, cohort studies, and 
not randomised controlled  trials [12].

The impact of matching participants to treatments 
on the basis of their preference for group or indi
vidual therapy for obesity was investigated by 
Renjilian and colleagues [13]. Their study ran
domised 75 participants to either their preferred or 
non‐preferred treatment modality. The results 
showed that, overall, group intervention was more 
effective than one‐to‐one intervention, and that, 
even in people who expressed a preference for one‐
to‐one therapy, weight loss was greater if they were 
allocated to a group.

Paul‐Ebhohimhen and Avenell conducted a 
 systematic review of group vs. individual treatments 
for adult obesity [14]. They identified five trials using 
a randomised controlled design that compared group‐
based with individual‐based treatment in adults 
with BMI > 28 kg/m2, who were followed‐up for at 
least 1 year and a meta‐analysis of weight change con
ducted. They concluded that group‐based interven
tions were more effective than individual‐based 
interventions, with a significantly greater weight 
change for group over individual treatment at 12 
months (P = 0.03). Further sub‐analyses showed that 
better outcomes were achieved with the inclusion of 
financial incentives and where groups were led by 
psychologists. The limitations of their review are that 
only one of the studies included men; there was little 
information on the socioeconomic status of the 
 participants; and there was no information on the 
training provided to those running the groups. In addi
tion, the review focussed primarily on weight loss out
comes, and the studies provided little insight into the 
characteristics and processes that might enhance the 
effectiveness of group‐based interventions. Despite 
the theory that group‐based interventions are poten
tially less resource intensive than individual‐based 
interventions, limited studies have been reported 
on  the cost‐effectiveness of group interventions as 
 compared to individual treatments for obesity.

4.4.4 Evidence for CWMO 
programmes delivered in  
a group setting

CWMOs are accessible in communities and online, 
and are a popular method used by people to support 
self‐management of their weight (Chapter  4.5). 
More women than men attend such groups, the for
mat of which usually involves payment for weekly 
attendance, following a branded dietary programme, 
with support from a recognised group leader and 
additional support online and through magazines. In 
the UK, the most popular commercial organisations 
include Weight Watchers, Rosemary Conley and 
Slimming World. Tsai and Wadden conducted a 
review of CWMO programmes in the USA and 
reflected that there were little or no high‐quality 
controlled trials reporting on the effectiveness on 
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weight loss [15]. They identified only one large ran
domised controlled trial that compared Weight 
Watchers with a standard self‐help programme, with 
the results showing a mean weight loss of 2.9 kg in 
the Weight Watchers attendees, as compared to 0.2 
kg in the self‐help programme, after 2 years [16].

Health service leaders have more formal qualifica
tions but less access to ongoing training specific to 
developing skills in group facilitation and manage
ment as compared to commercial group leaders. The 
personality and people skills of the group leader were 
consistently valued, regardless of the type of group 
attended. The desirability of the leader having per
sonal experience of weight loss varied, with men in 
particular being indifferent to this and placing more 
emphasis on the leader’s expert knowledge and credi
bility. The authors highlight that there were no guide
lines for how groups should be operationalised within 
health service settings, and recommend paying atten
tion to leader training, extending access and targeting 
populations who are less likely to attend or have the 
means to attend commercial groups. Further review of 
CWMOs can be found in Chapter 4.5.

4.4.5 Gender in relation 
to weight loss groups

The prevalence of overweight and obesity is higher 
among men than women, yet men are much less 
likely than women to seek interventions for weight 
management. Men‐only groups have been provided 
by a number of CWMOs, with Bye et al. evaluating 
the outcomes for men attending men‐only groups at 
Slimming World [17]. They observed a mean 
weight reduction of 9.2 % at 12 weeks of attend
ance in 53 men enrolled across seven of their com
mercial weight loss groups. The study was 
observational in design and did not provide any 
qualitative data about why men joined and what 
their experience of the group was. Gray et al. [10] 
conducted a qualitative and quantitative evaluation 
of men attending a 12‐week, primary‐care‐based, 
men‐only group in Scotland. Their evaluation 
 concluded that men will engage with group 
 interventions that are specifically tailored to them. 
The participants in their study appreciated the 
 flexible approach to weight management that the 

programme offered. They valued the use of humour, 
the educational emphasis on nutrition, the rapport 
they had with the group leader, as well as the peer 
support gained from other  participants. This con
curs with qualitative research from Allan et al., who 
observed that men valued an educational‐style 
health‐service‐based group, as compared to com
mercial groups, whom they perceived as being 
aimed at women and unsuitable for them [18]. In 
the Football Fans in Training (FFIT) study, Hunt 
et al. conducted an innovative randomised trial of a 
12‐week, men‐only, group‐based weight manage
ment programme with football fans from 13 
Scottish Professional Football League clubs [19]. 
At 12 months, the men participating in the FFIT 
programme (n = 374) had a mean weight loss of 
5.56 kg, as compared to 0.58 kg in the men in the 
minimal intervention comparison group (n = 373). 
This is a higher weight loss than other trials report
ing weight loss outcomes in interventions aimed at 
men. The authors suggest that this may have been 
due to the fact that their intervention was a group‐
based programme that was gender sensitised in 
content and context (held at football clubs), and that 
the style of delivery (participative, peer supported 
with emphasis on learning) was more appealing to 
the male  participants. The intervention was deliv
ered by community coaching staff employed by the 
football clubs, and they received training for 2 days 
in preparation for running the groups.

4.4.6 Important components 
of group‐based approaches 
in obesity management

The quality of reporting on the group‐specific elements 
of weight management interventions is poor. Few 
 studies provide information on elements such as the 
group setting, group composition, optimum group size, 
length, style and content of sessions and leader attrib
utes and training. In response to the lack of guidelines 
for designing, evaluating or reporting health improve
ment interventions in a group setting, Hoddinott et al. 
proposed a framework to support a more systematic 
approach to the development and interpretation of 
group‐based interventions [3]. Their article highlights 
that behaviour change interventions delivered in a 
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group setting are complex processes, with interactions 
among group participants, the leader and the wider 
environment occurring, which differ from individual‐
based approaches. They recommend:

 • Taking consideration of how aspects of the setting 
(e.g. meeting place, surroundings and venue) will 
impact on all aspects of the group processes, com
position and outcomes

 • Defining what the intervention is, what quantity 
will be delivered and how this will be delivered

 • Defining who will participate in the group and 
how they will access the group

 • Describing how being part of the group may influ
ence participants

 • Defining clearly what happens in the group

Currently, the evidence base is weak with regard to 
understanding what components of group programmes 
work in which settings and for whom. Better reporting 
is required in studies applying a group‐based approach, 
and more research is required to support health profes
sionals with the design, implementation and evaluation 
of group interventions.

4.4.7 Conclusion

Group‐based interventions are an important option 
in the range of weight management strategies. The 
advantages of groups are that they can lessen feel
ings of social isolation and stigmatism that are 
associated with obesity, but they may not be practi
cable or appealing to all people wanting to manage 
their weight. Groups can provide opportunities 
for  health professionals to reach a wider number 
of  people and have the potential to be less 
resource intensive. However, cost‐effectiveness 
studies are lacking, and randomised controlled tri
als that directly compare current models of group 
care with each other and with models of individual 
treatment are limited. Those that have been con
ducted show that there is evidence to support the 
application of group‐based approaches, but the 
poor description and reporting of group‐specific 
elements in many studies mean that the com
ponents of group‐based approaches that are 
most  effective or show most promise in different 
 settings and contexts are not known.

Facilitating weight management groups has been 
described as ‘giving a performance’, and calls for a 
different skill set as compared to one‐to‐one inter
ventions [18]. Existing literature is scarce on the 
practicalities of implementing groups within com
munity and health settings, and training in group 
facilitation skills is variable and rarely described. 
The knowledge and skills required to lead groups 
will, to some extent, be determined by the style and 
composition of the group, but what makes for an 
effective group leader in relation to weight manage
ment has not been well defined. Gender in relation 
to groups warrants further investigation, as does the 
context and group setting.

Given the extent to which groups are utilised, both 
within commercial settings and in the health service, 
surprisingly little research has focussed on which 
group strategies and techniques are most useful and 
which are not helpful for maximising outcomes. A 
one‐size‐fits‐all approach is unlikely to be useful in 
the design and implementation of group‐based pro
grammes, but more evidence‐based guidelines are 
required that would support health professionals in 
setting up, managing and evaluating groups.

4.4.8 Summary box

Key points

• Group‐based interventions in weight manage
ment strategies can lessen the feelings of social 
isolation and stigmatism that are associated with 
obesity.

• Groups can provide opportunities for health pro
fessionals to reach a wider number of people and 
have the potential to be less resource intensive, 
but are not attractive to all patients.

• Evidence of the cost‐effectiveness of current 
models of group care as compared to each other 
and to models of individual treatment are 
limited.

• Poor description and reporting of group‐specific 
elements in many studies mean that the most ef
fective components in different settings and con
texts are unknown.

• Facilitating weight management groups calls for 
a different skill set as compared to one‐to‐one 
interventions.
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Commercial weight management organisations 
(CWMOs) are well positioned to be able to support 
the large numbers of people who need weight man
agement guidance.

In the UK, the National Institute for Health and 
Clinical Excellence (NICE) [1,2] and Scottish 
Intercollegiate Guidelines Network (2010) [3] rec
ommended that CWMOs, alongside self‐help and 
community weight management programmes, may 
be endorsed if they meet specific criteria (Box 4.5.1).

This chapter will critically examine the 
 supporting published literature, including data on 
cost‐effectiveness; briefly describe three examples 

of large commercial providers – Rosemary Conley 
(RC), Slimming World (SW) and Weight Watchers 
(WW); and then summarise the strengths, weak
nesses, opportunities and threats of CWMOs that 
conform to the guidance (Box 4.5.2).

4.5.1 Evidence 
for effectiveness of CWMOs

Tod and Lacey (2004), in their qualitative survey, 
concluded that limited public resources mean that 
patients with obesity may not receive the support 

Commercial weight management 
organisations for weight loss in obesity

Chapter 4.5

Amanda Avery
University of Nottingham, Nottingham, UK

Box 4.5.1 Essential criteria for CWMO programmes approved by NICE

• Provide a multicomponent programme, including dietary and physical activity support, employing  behaviour 
change techniques.

• Focus on lifelong lifestyle change and the prevention of future weight gain – people need to be equipped 
with the necessary skills to develop lasting self‐determined behaviour change.

• Developed by a multidisciplinary team to include registered dietitians, nutritionists, psychologists, 
 behavioural scientists and experts in physical activity.

• Personnel involved in the delivery of the programme are appropriately trained and supported and receive 
regular professional development – training content to be based on current evidence and latest thinking in 
weight management.

• Last at least 3 months, offering at least fortnightly sessions, including a ‘weigh‐in’.
• Ensure achievable goals for weight loss are agreed on for different stages of the weight loss journey.
• Ensure specific dietary targets are agreed on, tailored to individual needs.
• Provide support on how to reduce sedentary behaviour and how to incorporate physical activities into  everyday life.
• Employ a variety of behaviour change methods.
• Tailor programmes to support the needs of different population groups – for example, women, men, younger 

people, people from different cultural backgrounds and ethnic groups.
• Adopt a respectful, non‐judgemental approach to overweight/obese individuals.
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they require to move through the stages of change, 
improve their self‐esteem and achieve successful 
weight loss [4]. The authors proposed that partner
ship working between the National Health Service 
and a CWMO may help to make more efficient use 
of public resources to maximise weight loss.

Lavin et al. (2006) first reported the feasibility and 
benefits of a referral programme from primary care 
to a CWMO with 107 patients recruited from the UK 
National Health Service (NHS) [5]. Of these patients, 
85% attended a local slimming group, with 58% 
completing the full 12‐week programme. A mean 
weight loss of 6.4% was reported, and significant 
improvements in mental well‐being were also 
observed. Of the original population sample, 44% 
chose to self‐fund further attendance at the CWMO 

groups, and study follow‐up continued until the end 
of the 12‐week self‐funding period. Of these patients, 
72% completed the second 12‐week self‐funding 
period, achieving a mean weight loss of 11.3%.

A more recent evaluation of 34,271 adults 
referred into a CWMO primary care partnership 
scheme (SW) (Stubbs et  al., 2011) [6] reported a 
mean BMI change of −1.5 kg/m2, a mean percent
age weight change of −4%, a rate of weight change 
of −0.3 kg/week and a mean attendance of 8.9 
weekly sessions out of the 12 offered. For the 19,907 
patients who attended at least 10 of the 12 sessions, 
the results were even better, with a mean BMI 
change of −2 kg/m2, mean percentage weight change 
of −5.5% and rate of weight change of −0.4 kg/
week. In addition, 35.8% of all patients enrolled and 

Box 4.5.2 A brief overview of the content of common CWMO programmes in the UK 
(programmes in other countries may vary)

Rosemary Conley (RC) is group‐based; participants are able to join at any time. Meetings take place in 
community venues for 1.5 hours. There is one‐to‐one support during weighing and to establish an energy 
allowance. Additional support is available via email and telephone. Goals are staged: either 1–1.5 kg/week 
with goal of 1 stone loss, or 0.5–1 kg/week with 3.2 kg (7 lb) initial goal. Sessions include a 45‐min optional 
exercise class. Extra exercise sessions may be offered for an additional fee. The theoretical background is 
based on role modelling and group support, and uses visualisation and reframing to support behaviour change. 
Predominant behaviour change strategies used include rewards for slimmers who lose or maintain weight; 
slimmer of the week; and certificates for the 3.2 and 6.35 kg milestones.

Slimming World (SW) is group‐based; participants are able to join at any time. Meetings take place in 
community venues for a duration of 1.5 hours. Also included is access to website, magazines and 
one‐to‐one telephone support from the consultant or other members. Members are encouraged to 
mainly eat low‐energy‐dense foods to achieve satiety, plus some extras rich in calcium and fibre, with 
controlled amounts of high‐energy‐dense foods. Weight‐loss goals are set by the individual. Physical 
activity is encouraged, with a gradual build up to 30 min of moderately intense activity 5 days a week. 
The theoretical background is based on transactional analysis and motivational interviewing. 
Predominant behaviour change strategies used included weekly weighing; group support; and group 
praise for weight loss, new decisions and continued commitment even in absence of weight loss. 
Awards for 3.2 kg (7 lb) lost and loss of 10% of body weight. Individual support if needed using 
self‐monitoring of food and emotions, for and against evaluations, visualisation techniques and per
sonal eating plans.

Weight Watchers (WW) is group‐based; participants are able to join at any time. There is one‐to‐one support for 
new members and during weighing. This is followed by a group talk from the leader with discussions. Meetings 
take place in community venues for 1 hour. Core programme material delivered over 5 weeks included a food 
points system (based on age, sex, height, weight and activity), beating hunger, taking more physical activity, 
eating out and keeping motivated. Other sessions delivered to the whole group cover recipes, health and nutrition 
and keeping active. The plan aims for 500 kcal/day deficit, leading to 0.5–1 kg weight loss per week. Physical 
activity such as walking is encouraged, with the objective to gradually build up to 10,000 steps daily. Predominant 
behaviour change strategies used include stages of change, food and activity diaries, goal setting and evaluation 
of progress. Rewards are given for every 3.2 kg (7 lb) lost, and at 5% and 10% of body weight lost.
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54.7% of patients attending 10 or more sessions 
achieved >5% weight loss at 12 weeks. Weight gain 
was prevented in 92.1% of all patients. Weight loss 
was significantly greater (P < 0.001) in the 3651 
men compared to the larger number of women 
(30,620).

Results from further work investigating referral 
over a 6‐month period in a study population of 4754 
suggest that, if patients are offered a second 12‐
week referral and continue to attend after the initial 
12‐week referral period, these weight losses persist 
[7]. Extending the evaluation period to 24 weeks 
resulted in a mean weight loss of 8.6% and a mean 
BMI change of −3.3 kg/m2. In total, 74.5% of all 
patients offered the programme achieved at least 
a 5% weight loss, and weight gain was prevented 
in 96.3%.

A similar observational study of WW including 
29,326 patients showed similar results [8]. Median 
weight change for all commenced referrals was 
−2.8 kg, equating to a 3.1% weight loss from base
line after the 12‐week initial period. Median 
weight loss increased as the number of meetings 
attended increased. For the 11,851 participants 
who attended all 12 sessions, a median weight loss 
of 5.4 kg, representing a 5.6% median loss, was 
reported. Overall, 57% lost greater than 5% of 
their starting weight, and 12% lost greater than 
10% of their starting weight.

A randomised control trial showed that, in all 
analyses, participants in the CWMO programme 
(WW) lost twice as much weight as those in the 
standard care group [9]. All of the study participants 
were referred through primary care practices in 
Germany, Australia or the UK (n = 772 overweight 
and obese). Participants randomised to the standard 
care group received healthcare advice from a pri
mary care professional at their local general practi
tioner practice. Professionals delivering the standard 
care were encouraged to use the relevant national 
clinical guidelines for treatment and were directed 
to the available resources. Mean weight change at 
12 months was −5.06 kg for those in the commercial 
programme, as compared to −2.25 kg for those 
receiving standard care. When outcomes were ana
lysed conservatively, with a ‘last observation carried 
forward’ analysis the values were, −2.99 to −1.58 
kg, respectively. Participants assigned to the 

commercial programme had increased odds of los
ing >5% (OR = 3; CI = 2–4.4) and >10% (OR = 3.2; 
CI = 2–5.3) of initial body weight at 12 months than 
those assigned to standardised care. The greater 
weight loss in participants attending the commercial 
programme also resulted in larger reductions in both 
waist circumference and fat mass in all the analyses, 
and significant improvements in circulating insulin 
and total HDL cholesterol levels. Participants ran
domised to the commercial programme may have 
been advantaged, in that they were also able to 
access online support in addition to the weekly 
group meetings and attended a mean of three meet
ings per month (UK), as compared to one appoint
ment per month with the healthcare provider. As 
with many other clinical obesity trials, the dropout 
rate was high, but more participants completed the 
commercial programme (61%) as compared to 
those completing the standard care programme 
(54%). The numbers of men recruited to the study 
were low  –  12% referred to the commercial pro
gramme and 14% to standard care, but these figures 
are very consistent with similar referral data 
reported [5,6].

Lighten Up is a randomised control trial con
ducted in the UK that involved the comparison of a 
range of commercial and NHS weight reduction 
programmes with a control group, where patients 
were provided with 12 vouchers enabling free 
access to a local leisure centre [10]. All programmes 
resulted in a significant weight loss at 12 weeks, 
with the commercial options resulting in a signifi
cantly greater weight loss than the primary‐care‐led 
options (mean difference 2.3 kg). The NHS dietetic‐
led programme and the commercial options all led 
to significant weight loss at 1 year, but not the gen
eral practice and pharmacy provision when com
pared to the control group. The authors suggest that, 
because the primary care programmes were the 
more costly to provide, commercially provided 
weight management services are more cost‐effec
tive. A further non‐inferiority analysis has been 
reported by the Lighten Up study group with a 
larger population sample, but just comparing weight 
loss outcomes at 12 months for those people referred 
to either the NHS group‐based programme, RC or 
SW, and comparing outcomes with those achieved 
by people selecting to go to WW [11]. Follow‐up 
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rates at 3 months were 74.5% for NHS, 69.9% 
for RC, 81.4% for SW and 77.6% for WW, and, at 
12 months, 80.2%, 60.7%, 71.8% and 63.1%, 
respectively. As in the earlier Lighten Up study, the 
NHS group programme was inferior to WW in 
terms of weight loss at 12 months. At the 12‐month 
follow‐up, the weight losses for both SW and RC 
were similar to those achieved by people attending 
WW, with the losses being slightly greater for the 
SW programme (4.5 vs. 3.7 kg).

The Diet Trials study, a randomised, controlled 
trial comparing WW, RC, as well as Atkins and 
Slimfast, concluded that clinically useful weight 
and fat loss can be achieved in adults who are moti
vated to follow CWMO for 6 months [12]. Loss of 
body fat and weight was significantly greater in all 
groups, compared with the control group. 
Furthermore, the follow‐up data at 12 months sug
gested that participants had made considerable 
changes to their dieting and activity behaviours, but 
more participants in the unsupported programmes 
had withdrawn compared to those in the WW and 
RC group programmes (P = 0.04). The weight 
rebound after the 6‐month intervention period was 
also higher in the unsupported programmes, 
although all diets resulted in a clinically useful 
(~10%) weight loss at 12 months for those partici
pants who had continued with the weight manage
ment programme allocated. More participants from 
the control group who decided to make changes to 
their diet and lifestyle after the 6‐month test period 
went on to choose group‐based support, achieving a 
mean weight loss of 6.4 kg in 12 months [12].

For all programmes achieving successful weight 
loss over a short time period, there are concerns that 
the weight lost is easily regained [13]. However, 
most of the data on weight regain was from research 
conducted within either university or hospital envi
ronments, and hence the study populations are not 
representative of a typical overweight/obese popula
tion using CWMO [14]. From a sample of 1002 tar
get members at 5 years after achieving their target 
weight, 19.4% were still within 5 lb of this weight, 
18.8% maintained a loss of >10%, 42.6% main
tained a loss of >5% and 70.3% were still below 
their initial weight.

Heshka et al. (2003) reported greater weight loss 
in a population who received support through 

CWMO groups than a clinically matched group 
who received two 20‐min counselling sessions with 
a dietitian plus supporting self‐help materials [15]. 
The 423 overweight/obese people were randomly 
assigned to one of the two interventions, and weight 
loss compared over a 2‐year period. While the self‐
help group lost a mean of 1.4 kg in 1 year, there was 
a return to baseline weight observed at 2 years. In 
contrast, the CWMO group lost 5 kg in 1 year, and 
the mean weight loss was still 2.8 kg lower than 
baseline at 2 years. Those participants who attended 
78% or more (70% overall completion rate vs. 75% 
for the self‐help group) of the CWMO weekly ses
sions maintained a mean weight loss of 5 kg at the 
end of the 2‐year study period. Waist circumference 
was also reduced in the commercial group by 4.5 cm 
at 1 year and 2.5 cm at 2 years.

Weight loss maintenance is particularly important 
in any obesity strategy. Many CWMOs have strate
gies in place, including free membership, to incen
tivise weight loss maintenance for those members 
achieving their personal target weights.

To evaluate the benefits of setting up men‐only 
CMWO groups, Bye et al. (2005) analysed data col
lected from seven men‐only SW groups (n = 67) 
[16]. Mean weight loss at 12 weeks was 9.2% (range 
0.2–21.1%). At least 5% weight loss had been 
achieved by 90% of the sample since joining. In 
those who had been members for 24 weeks, the 
mean weight loss was 11.4% (range 5–17.9%), and 
69% achieved a 10% weight loss. The remaining 
31% had all achieved at least a 5% weight loss. At 
the point of data collection, mean BMI had 
decreased from 35.9 to 32.5 kg/m2. Barraj et  al. 
(2014) presented men’s data from a pooled analysis 
of weight loss and the related physiological param
eter data from two randomised clinical trials [17]. 
After 12 months, analysis of covariance tests 
showed that men in the CWMO group (n = 85) lost 
significantly more weight (P < 0.01) than men in the 
control group (n = 84); similar significant differ
ences were observed for body mass index and waist 
circumference. These results suggest that participa
tion in a commercial weight loss programme may be 
an effective means for men to lose weight and main
tain weight loss, but there needs to be greater insight 
into the barriers to men attending CWMO group 
sessions and how engagement can be improved.
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Women can find it difficult to lose excess weight 
gained during pregnancy [18]. With repeated preg
nancies, maternal weight can often increase pro
gressively. A survey of members attending SW up to 
2 years postnatally was hosted on the members’ 
website for 2 weeks. Of the respondents, 42.5% (n = 
590) said that they had reached their pre‐pregnancy 
weight, and 41.5% said that they were lighter than 
before becoming pregnant. Of the respondents who 
were members for >6 months (n = 152), 56.5% had 
reached their pre‐pregnancy weight and 55.3% were 
lighter than before becoming pregnant [19].

It is also suggested that CWMOs may have a 
positive influence on the diet and physical activity 
behaviours of both members and their families. Of 
the SW group members who were responsible for 
providing food for a family (n = 709), 63% said that 
they had changed their eating habits and were eating 
more healthily [20]. Among the study population 
who had become more active (n = 718), 33% 
included their partners and 28% included their chil
dren in their physical activity sessions. It is difficult 
to cost these wider benefits.

A qualitative study comparing commercial and 
health service weight loss groups suggests that 
health service leaders had less opportunity for 
supervision, peer support or specific training in how 
to run a group when compared to group facilitators 
from the commercial sector [21].

Self‐esteem and mental well‐being are important 
outcome measures of any weight management pro
gramme. To sustain behaviour change, such as 
adopting healthier eating habits and increasing 
physical activity levels, self‐esteem needs to be 
enhanced. Mental well‐being was reported in the 
referral feasibility study [5]. Compared to a repre
sentative sample, obese patients had a lower level of 
‘well‐being’ before enrolment (assessed using a 
validated questionnaire). Improvements in all 
aspects measured (feeling calm and peaceful, hav
ing a lot of energy, feeling downhearted and low) 
were seen in those attending a CWMO at both 12 
weeks (P = 0.001, 0.001, 0.015, respectively) and 
24 weeks (P = 0.02, 0.001, 0.001). The emphasis of 
the training received by the lay people facilitating 
CWMO groups is very much on developing behav
iour change techniques and using a compassionate 
approach to promote self‐worth.

A qualitative study comparing CWMO and health 
service weight loss groups suggests that health ser
vice leaders had less opportunity for supervision, 
peer support, or specific training in how to run a 
group when compared to group facilitators from the 
commercial sector [21].

Commercial programmes use many of the tech
niques that are used in more intensive behavioural 
treatments, delivered by healthcare professionals, 
such as self‐monitoring, goal setting, problem‐solv
ing, stimulus control and relapse prevention [9]. In a 
survey examining self‐reported behaviour changes 
associated with weight loss and maintenance in a 
group of 292 longer‐term SW members, primary 
factors reported by participants as important in 
achieving their weight loss included not going hun
gry by satisfying appetite with low‐energy‐density 
food eaten ad libitum, following a flexible diet, 
peer‐group support and having tools to cope with 
small lapses. A range of eating and activity behav
iours was associated with weight loss maintenance, 
and the paper concluded that it was important to 
offer consumers flexible solutions that they can 
adapt to their individual lifestyle needs to support 
long‐term weight control [22].

In the modern healthcare system, and given the 
scale of the obesity epidemic, finding cost‐effective 
solutions to obesity is of paramount importance. 
Trueman and Flack used an economic model to 
determine the cost‐effectiveness of WW groups in 
the prevention and management of obesity [23]. In 
the base case analysis, the incremental cost per 
quality‐adjusted life year (QALY) gained compared 
to no treatment was £1022. This compares favoura
bly with other interventions  –  for example, the 
incremental cost of other non‐pharmacological 
interventions was reported to range from £174 to 
£9971 per QALY, with anti‐obesity medication cost
ing £3200–£24,431 per QALY and surgery costing 
£6289–£8527 per QALY [1].

More recently, the cost‐effectiveness of primary 
care referral to SW has been reported [24]. At 12 
months, the incremental cost‐effectiveness ratio was 
£6906, indicating that referral was cost‐effective. 
Over a lifetime, referral to the CWMO was dominant, 
as it led to a cost saving of £924 and an incremental 
benefit of 0.22 QALY over usual care, defined as 
information provision but with no active component. 



Box 4.5.3 Strengths, weaknesses, opportunities and threats of CWMOs in the management 
of weight loss and obesity

Strengths of CWMOs
• Well‐established infrastructures focussing solely on weight management.
• Input from advisory panels that consist of a range of experts, including psychologists and physical activity 

advisers, to support company dietitians and nutritionists.
• Comprehensive electronic databases allow the monitoring and reporting of attendance and weight 

change data.
• Already large capacity, but with the scope to expand further.
• Weekly group support, with in‐between support offered in different forms, such as through mobile appli

cations, appealing recipe ideas, cookbooks, online access and magazines, as required, and usually at no 
additional cost.

• Use of local community venues with a range of meeting times made available to ensure equal access 
opportunities.

• The groups are often run by locally recruited people who themselves had been overweight and have lost 
weight through group support.

• A range of motivational and behavioural modification tools are available to support members to make life
style changes, including an increase in physical activity.

• Able to support people with a range of starting BMIs.
• Members of the group are able to access on‐going support for as long as they feel the need, rather than the 

support being made available for a set number of weeks.
• Well‐established subsidised referral partnership schemes available to help reduce health inequalities
• Cost‐effectiveness has been demonstrated.

Weaknesses of CWMOs
• Limited knowledge of how they support people from different ethnic minority groups.
• Predominantly attended by females – at least 90% of the self‐referred membership will be female.
• The weekly group fee may be expensive for people with low incomes
• A group approach may not be the first choice of support for everyone.
• Not all members will be able to stay for the whole group session, and they will thus not benefit from the 

behavioural group support.
• There may be some variability in the group facilitation skills of the person leading the group, although qual

ity checks are in place.

Opportunities for CWMOs
• To take a family approach to weight management to help support more men and adolescents.
• To work with local authorities to offer the opportunity for people from local ethnic minority groups to be

come trained and be able to lead the groups.
• To continue to forge partnerships with healthcare professionals to ensure that all members with associated 

chronic conditions are appropriately supported – for example, overweight members with diabetes.
• To continue to forge partnerships with physical activity specialists, and thus encourage more overweight and 

obese people to become more physically active.
• To further increase capacity by looking at geographical locations where there is limited access.
• To ensure an even greater involvement from local communities by using a whole‐systems approach to 

weight management.
• To provide support in the workplace setting, including working with catering teams.
• To continue to develop appropriate behavioural therapy techniques that are best suited for motivating over

weight or obese people.
• To continue to publish scientific literature that explores efficacy – particularly long‐term data. Also, to in

clude outcome measures other than just weight change.

Threats to CWMOs
• The very fact that CWMOs need to be financially viable means there may be cynicism from some health 

professionals that they make money out of overweight people.
• Some healthcare professionals may view CWMOs as a direct threat to services that they would wish to deliver.
• Evidence produced by CWMOs may never be perceived as being as robust as that presented by academic 

institutes, irrespective of the rigor involved in the data analysis.
• In the past, ‘fad diets’ have been inappropriately associated with CWMOs, giving them an unfounded poor 

reputation.
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Threshold analyses suggested that a weight loss of 
1.25 kg was sufficient to make 12 weeks of the com
mercial programme cost‐effective at 12 months. Sub‐
group analyses showed that the programme is even 
more cost‐effective for men [24].

In many areas, be they public‐, private‐ or voluntary‐
sector weight management providers may be commis
sioned to provide individual or group lifestyle weight 
management services. People can also self‐refer to 
voluntary or commercial lifestyle weight  management 
programmes. Local policies vary, but funded referrals 
to a lifestyle weight management programme (in tier 2 
services/usually in the community) generally lasts for 
around 12 weeks or 12 sessions.

In 2013, approximately 69,000 adults in the UK 
were referred to WW and SW under NHS referral 
schemes. According to evaluation data, 71% of adults 
who attended a weight management programme 
opted for a CWMO or not‐for‐profit programme [10]. 
Inflating the figure of 69,000 to account for the 29% 
of people who attended other types of weight man
agement programmes gives a total of approximately 
97,000 adults in the UK. This is equivalent to around 
0.3% of overweight or obese adults, or 170 adults per 
100,000 population. Going forward, NICE, in their 
costing model, have assumed that the proportion of 
overweight or obese adults attending lifestyle weight 
management programmes each year will increase by 
1% [25]. This would represent a quadrupling of exist
ing levels of uptake for these programmes. The 1% 
increase equates to approximately 680 overweight or 
obese adults per 100,000 population. The potential 
cost impact for this proposed model, recognising the 
role of CWMOs as a commissioned service, is illus
trated in the recent work by NICE [25], examining 
the potential costs over time, per 100,000 population, 
for referral to commissioned lifestyle weight man
agement programmes [25].

The strengths, weaknesses, opportunities and 
threats of CWMOs in the management of weight 
loss and obesity are summarised in Box 4.5.3.

4.5.2 Conclusion

Over the recent years, there has been an increase in 
published scientific literature supporting the role 
of  CWMOs in tackling overweight and obesity. 

Clearly, this needs to continue – particularly with an 
emphasis on the reporting of long‐term weight 
changes, and also the extended role of CWMOs in a 
whole‐systems approach as a community provider of 
services. The experience and wealth of knowledge of 
these organisations should not be overlooked.

4.5.3 Summary box
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4.6.1 Introduction

A ‘fad’ is defined as ‘something that is embraced very 
enthusiastically for a short time, especially by many 
people’. While there is no definitive meaning of the 
term ‘fad diet’ this, for health professionals at least, may 
have negative connotations of crazes and celebrity‐
endorsed regimes lacking in a sound evidence base. 
Labelling a particular diet as a ‘fad’ may be socially, 
culturally and time dependent, and, even for a given 
individual at a given time, the term ‘fad diet’ may still 
encompass a very heterogeneous group of practices.

Therefore, for the purposes of this chapter, the 
term ‘fad diet’ will be taken to mean any dietary 
regime promoted for weight loss that does not form 
part of standard dietetic‐led weight management 
advice, and is not covered elsewhere in this section 
concerning approaches for weight management in 
adults. Fad approaches will be cited but, given the 
diversity and ever‐changing nature of this classifica
tion, the focus will be primarily on general, rather 
than regime‐specific, issues.

Fasting could be classified as the oldest ‘fad diet’; 
however, while fasting shares many common issues, 
fasts, specifically alternate‐day fasts (ADF) and 
intermittent fasting (IF), will be discussed sepa
rately in recognition of the greater historical body of 
evidence relating to fasting, starvation and semi‐
starvation practices.

While it is easy to dismiss fads, it is essential that 
health professionals understand the regimes that 
their patients may be exposed and attracted to, and 

appreciate their motivation for following them, to 
effectively communicate risk and benefit.

4.6.2 Popularity of fad diets

Regardless of their evidence base, or lack of it, fad 
diets remain extremely prevalent and popular in the 
field of weight management. Over 1500 diet books 
are published each year, and data suggests that con
sumers are willing to pay for the ‘rapid weight loss 
with minimal effort’ promoted by many fads – an 
industry worth US$35 billion per year in the USA 
alone [1]. In Australia, 78% of obese adults searched 
online for information about obesity and weight 
loss, exposing them to the wealth of fads available 
[2], while 14–15% of Americans report having used 
short‐term fasting or supplements to facilitate 
weight loss [3,4]. Many fad diets also avoid the 
face‐to‐face contact that overweight or obese people 
may find intimidating, yet provide extensive support 
and encouragement via online forums, further 
encouraging their uptake.

4.6.3 Classification of fad diets

While a definitive list of fad diets is not possible 
or particularly useful, given the ever‐changing 
market, Table  4.6.1 lists some of the common 
 categories of fad diets promoted as tools for 
weight loss.

Fad diets and fasting for weight loss 
in obesity

Chapter 4.6

Katherine Hart
University of Surrey, Guildford, UK
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There are many different forms of fasting diets. 
ADF involves alternate feed and fast days, whereas 
ADMF involves alternate feed followed by partial 
fast days (usually 25–50% energy requirements); IF 
involves as little as one fast day per week (e.g. the 
5:2 diet), whereas TRF allows ad libitum dietary 
intake within a controlled time frame each day (e.g. 
3–12‐hour range).

While not all fad diets are inherently detrimental to 
health, there are certain ‘red flags’ that can help in iden
tifying those regimes and practices that are less likely 
to promote successful or sustainable weight loss, or are 
unlikely to support overall health (Table 4.6.2).

4.6.4 Mechanism of action

Short‐term weight loss is certainly achievable with 
many fad diets, but, contrary to the claims often 

associated with these regimes, this is unlikely to be 
due to any specific ingredient or component [5]. 
Despite the various ‘phenotypes’ of these diets 
(Table 4.6.1), the vast majority facilitate weight loss 
via a simple reduction in food and therefore energy 
intake, often due to decreased total or refined carbohy
drate intake.

Fasting is an extreme but simple example of 
reduced intake whereby all food, and therefore all 
nutrients, are severely restricted. This usually results 
in rapid weight loss, but this is characterised by 
large losses of water, glycogen and muscle, and as 
such may be associated with greater side‐effects and 
greater regain once a normal diet is resumed than 
when predominantly fat is lost.

There is, however, evidence that fasting may have 
longer‐term benefits independent of weight loss per 
se. Energy restriction has been shown to exert a nutrig
enomic effect via the activation of a ‘skinny gene’, 

Classification Example

Herbal or other supplements Synephrine (bitter orange)
Physical/physiological testing Hair mineral analysis

Kinesiology
Face/tongue reading
Blood group analysis

Very‐low calorie diets Cabbage soup diet
Baby food diet

Fasting Alternate‐day fasting (ADF)
Alternate‐day modified fasting (ADMF)
Intermittent fasting (IF) (e.g. 5:2 diet)
Time‐restricted feeding (TRF)

Table 4.6.1 Types of ‘fad’ regimes or supplements promoted for weight loss

 • Promise of rapid weight loss (>0.5–1 kg/week, 1–2 lb/week)
 • Restricts large number of foods and/or whole food groups
 • Recommends consumption of large amounts of one food or food type
 • Suggests foods should be eaten in a specific order or specific combinations
 • Suggests that certain foods or ingredients ‘burn’ fat
 • Is nutritionally imbalanced
 • Does not include or encourage exercise
 • Based on anecdotal evidence and/or testimonials rather than robust clinical trials and/or 
simplistic conclusions drawn from complex studies

 • Makes dramatic claims not supported by evidence or seem ‘too good to be true’
 • Requires purchase of specific products, supplements or resources
 • Provides no health warning to those with pre‐existing medical conditions
 • Focus on appearance‐related outcomes rather than health benefits

Table 4.6.2 ‘Red flags’ to identify unhealthy weight loss regimes

Adapted from [5], [14] and [21].
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SirT1, whose potential effects include increasing insu
lin sensitivity and the efficiency of fat oxidation while 
inhibiting fat storage and inflammation [6,7].

The ability of energy restriction, via various fasting 
protocols, to facilitate acute negative energy balance 
and/or to activate adaptive stress response pathways 
have been proposed as the potential mechanisms 
underlying the metabolic improvements seen [8].

4.6.5 Advantages of fad diets

Fad diets may have a number of perceived advan
tages over traditional approaches to weight manage
ment. These include the novelty value of a ‘new’ 
diet, which may counter ‘diet fatigue’ and promote 
greater compliance. Fad diets can offer a choice of 
weight loss strategies in recognition that ‘one size 
does not fit all’ [9], and are frequently accompanied 
by an active and supportive online community.

In addition, fasting has numerous perceived advan
tages above those of general fad diets. For example, 
fasting may be perceived to offer a ‘quick fix’ to 
achieve substantial weight loss in a short duration (up 
to 5% in 6 days or 8% in 8–12 weeks) [8,10,4]. 
Intermittent fasting may promote greater adherence 
with an ‘on–off’ approach to eating, which is poten
tially more preferable and achievable [11] than stand
ard dietary regimes that require daily dietary 
restrictions [12]. Fasting may also preserve a greater 
proportion of lean body mass during weight loss 
(10% FFM:90% FM) in comparison to continuous 
energy restriction (25% FFM:75% FM) [13]. There 
may also be additional benefits for chronic disease 
risk, similar to those associated with long‐term energy 
restriction (Figure 4.6.1), although these effects may 
be partially or fully explained by the weight loss 
achieved, rather than being independent effects of the 
regime itself. Finally, they may equip users with a 
successful long‐term weight management strategy via 
repeated ADF episodes, leading to greater mainte
nance of weight loss (compared to a low‐calorie or 
very‐low‐calorie diet) at 3 months and 1 year [4].

4.6.6 Disadvantages 
of fad diets

Despite these advantages, there are considerable 
disadvantages to the use of fad diets. Fad diets 
encourage the notion of a ‘diet’ as a short‐term 

behaviour rather than a sustainable lifelong change. 
Regular dieting itself is associated with weight gain 
[14], possibly due to the adoption of negative behav
iours such as binge eating, skipping breakfast and 
not exercising [15]. Persistent dieting attempts may 
be associated with weight cycling, itself associated 
with a number of physiological effects, including 
the suppression of natural killer cells necessary for 
immune response [16] and potential increased risk 
of hypertension, hypercholesterolaemia and gall 
bladder disease [17]. Fad diets fail to re‐educate 
consumers about healthy eating and portion control 
as they often focus on ‘unlimited’ eating and/or very 
restrictive eating. They fail to address the causes of 
poor eating behaviour and, therefore, are unlikely to 
help change underlying behaviours.

Fad diets rarely focus attention on energy expend
iture (e.g. by promoting increased activity). They 
can be expensive and time consuming, and therefore 
may be inaccessible to a large proportion of the 
population who would benefit most from weight 
loss. Some fad diets can be difficult to sustain due to 
boredom, monotony, cost and unsociable eating 
practices, and consumers may blame themselves if 
they are unable to conform to the unrealistic expec
tations of the fad diet, with a subsequent reduction 
in self‐esteem and body image [2]. Many fad diets 
are nutritionally imbalanced, with lower diet quality 
scores, particularly where the focus is on macronu
trient composition rather than micronutrient intakes 
[18,19].

Low‐carbohydrate regimes (see Chapter 4.1) may 
result in fatigue, irritability and impaired athletic 
performance due to depletion of glycogen reserves. 
The resulting ketosis may manifest itself as bad 
breath, and there may also be significant fluid 
losses, and therefore dehydration, itself a risk factor 
for impaired oral health (e.g. xerostomia).

Those who follow fad diets that include supple
ment use should be cautioned. Supplements are 
largely unregulated, and, while some ingredients 
such as ephedra are now banned, their chemical alter
natives are easily available online. No independent 
health check is required to purchase weight loss sup
plements online, despite a number of potential vascu
lar, hepatic and cardiac‐related contraindications.

In terms of fasting regimes, these require drastic 
changes to eating patterns to reduce energy intake 
sufficiently, and support may therefore be essential 
for success in the free‐living environment (as com
pared to clinical trials). Many fasting regimes result 
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in hyperphagia on ‘feed’ days and/or elevated hun
ger or motivation to eat, although the evidence is 
inconclusive. Low fullness ratings during ADF may 
compromise long‐term adherence [12].

Fasting cannot be used as a widespread public 
health strategy due to the potential medical issues, 
and because it is as yet unclear which strategies 
and/or characteristics are required to convert 
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Figure 4.6.1 Intermittent energy restriction: mechanisms of its action, effects upon cardiometabolic risk factors 
and clinical endpoints reported by animal and human IER studies to date. Taken from [8].
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short‐term weight loss success into long‐term 
weight loss and maintenance. This is complicated 
as outcomes are variable between individuals. The 
optimal fasting regime (e.g. ADF, IF) has yet to be 
elucidated, achieving a compromise between the 
advantages for adherence of allowing some intake 
on fast days and the disadvantages in terms of 
slower weight and fat loss. For this, more well‐con
trolled human trials are required [8]. Adherence 
may be correlated with fatigue – that is, the stricter/
longer the fast and more rapid the weight loss, the 
greater the reported fatigue and, subsequently, the 
lower the energy expenditure [4].

Fasting will inevitably affect intakes of vital 
nutrients if not managed very carefully, and will 
likely require micronutrient supplementation to 
compensate. Fibre intakes may be inadequate, par
ticularly where energy restriction is achieved via the 
use of liquid diets. Finally, there is a lack of longer‐
term studies (>8 weeks) to investigate changes in 
the eating practices of fasters over time. Anecdotal 
evidence suggests that the level of restriction on fast 
days may diminish over time, but may be counter
acted by a simultaneous reduction in intake on feed 
days. Excessive limitation in the variety of foods 
consumed on ‘fast’ days [20], in addition to their 
quantity, may be linked to lower sustainability [8].

4.6.7 Conclusion

The term ‘fad diets’ encompasses an extremely het
erogeneous group of weight loss practices varying 
considerably in their approach and evidence base, 
and therefore also in their subsequent outcomes in 
terms of health risk, benefits and actual weight loss. 
At best, these regimes may offer a novel and engag
ing means of energy reduction, often accompanied 
by an active and supportive online community. 
However, at worst, they may be nutritionally imbal
anced, medically unsuitable, unsustainable and una
ble to effectively re‐educate consumers about 
behaviour change, portion control, healthy eating 
and physical activity.

It is essential that health professionals in the field 
of weight management maintain a working knowl
edge of current trends and fads in order to have effec
tive discussions with their clients and equip them to 

make informed choices. Although the detail of their 
dietary regimes may be equally susceptible to trends, 
fasting is one of the longer‐standing ‘fads’ for which 
a greater evidence base does exist. While there is lit
tle support for the application of true fasts or starva
tion practices, alternate or intermittent  fasting has 
become increasingly popular, and may confer psy
chological and physiological benefits compared to 
the more conventional chronic energy restriction. 
However, the evidence base is by no means com
plete, focussing heavily on animal models. Also, 
fasting should not be portrayed as an ‘easy option’.

In conclusion, contrary to the claims associated 
with most fad diets and fasting regimes, it is clear 
that, unfortunately, a ‘no effort, quick fix’ does not 
exist for those in pursuit of sustainable healthy 
weight loss and management.

4.6.8 Summary box
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Chapter 4.7

Pharmacological management of weight 
loss in obesity

Drug treatment of obesity has had a chequered past, 
with amphetamines proving popular for much of the 
twentieth century, until their cardiovascular adverse 
effects resulted in them being withdrawn from the 
market in the late 1970s. Medicines are required to 
be tested for efficacy and safety, and their benefits 
and risks assessed, before they are given a license 
for use. In Europe, this is done by the European 
Medicines Agency (EMA), and, in the USA, by the 
US Food and Drug Administration (FDA). While 
products are required to go through rigorous testing 
and clinical trials, some rarer adverse effects are 
only recognised once many people have taken the 
medicine. There seemed to be a resurgence in devel
oping drugs to treat obesity in the early twenty‐first 
century. Orlistat, rimonibant and sibutramine, all 
were licensed for long‐term use in the UK, until the 
withdrawal of rimonabant in 2008, when the 
European Medicines Agency (EMA) concluded that 
the risks outweighed the benefits, and the subse
quent withdrawal of sibutramine in 2010, owing to 
cardiovascular risks.

In the UK, orlistat remains the only drug specifi
cally licensed for the long‐term treatment of obesity. 
This is in contrast to the USA, where lorcaserin and 
the phentermine/topiramate combination are both 
licensed by the FDA but have been rejected by the 
EMA. However, as is clear from previous experi
ence, this is an area of constant change, and there 
may be differences in indications in different areas.

Use of other drugs is being investigated, with an 
application for liraglutide and a fixed combination 
of  naltrexone/bupropion having been approved by 

the FDA. The naltrexone/bupropion combination has 
received a positive opinion from the EMA, and is now 
approved for use. Exenatide, a glucagon‐like peptide 
1 receptor agonist, is in late‐phase clinical trials.

Drugs used for obesity management are licensed 
in conjunction with diet and exercise, and show 
overall modest benefits in some patients, with 
weight loss in the region of 3–5% of initial weight, 
as compared to placebo. Studies, regardless of the 
medicine, have shown that there is a 30–50% attri
tion rate in those patients randomised for treatment 
[1]. A patient’s response in the first 12 weeks of 
treatment provides a good indication of his or her 
long‐term response, and results in the discontinua
tion of obesity medication if the patient does not 
lose at least 5% of initial weight after 12 weeks of 
therapy (after assessment for adherence and, where 
appropriate, an increase in dosage). Reviews of the 
effectiveness of these products should also be part 
of the treatment plan, as the benefit–risk ratio of 
using long‐term medication for weight management 
requires to be assessed.

4.7.1 Orlistat

Orlistat inhibits gastrointestinal and pancreatic 
lipases, which results in the inability to hydrolyse 
dietary fat, in the form of triglycerides, into absorb
able free fatty acids. It is available as a prescription 
product at a dose of 120 mg three times daily, and 
also as an over‐the‐counter preparation at a dose of 
60 mg three times a day.

Aileen Muir
NHS Greater Glasgow and Clyde, Glasgow, UK
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A recent systematic review found that orlistat at 
120 mg three times a day caused weight loss of 
average 3.4 kg (3.1% of initial weight) more than 
placebo‐treated patients at 12 months. Patients were 
also participating in a behavioural weight control 
programme and had a lower‐fat diet that contained 
around 30% of energy from fat. The review also 
found two trials of orlistat 60 mg three times a day 
that resulted in a pooled estimate of 2.5 kg greater 
weight loss at 52 weeks than placebo [1].

It has also been shown in a 4‐year study to signifi
cantly reduce the risk of developing type 2 diabetes. 
The cumulative incidence rate of type 2 diabetes at 
4 years was 2.9% with orlistat, as compared to 4.2% 
for placebo‐treated patents [2].

As orlistat acts by decreasing the fat that is absorbed, 
this can result in considerable gastrointestinal side 
effects, which may lead to discontinuation. The pos
sibility of these effects being experienced increases if 
the patient continues with a high‐fat diet or if orlistat is 
taken with a meal that is very high in fat [3].

Within the licensed indication, orlistat should not 
be continued beyond 12 weeks if at least a 5% 
decrease from the initial body weight has not been 
achieved.

4.7.2 Lorcaserin

Lorcaserin is licensed for use by the FDA, but not 
by the EMA in Europe. It is a selective serotonin 2C 
(5HT2c) receptor agonist, and is administered as a 
10 mg tablet twice a day. In the pivotal trials in non‐
diabetic patients, lorcaserin decreased body weight 
by about 3.2 kg more than placebo, and significantly 
more patients lost >5% body weight (47% vs. 20% 
in BLOOM and 47 vs. 25% in BLOSSOM, respec
tively) [4,5]. Blood pressure, total cholesterol, LDL 
cholesterol and triglycerides were also improved.

However, there have been concerns about the 
adverse effects associated with lorcaserin, including 
about the risk of tumours and also the potential risk 
of psychiatric disorders and valvulopathy (problems 
with heart valves). Indeed, problems with heart 
valves led to the withdrawal of a previous product, 
fenfluramine (5HT2B agonist), in the 1990s [6]. 
These concerns led to the EMA being of the opinion 
that the benefits did not outweigh the risks of this 
medicine, and the application for a marketing 

authorisation was subsequently withdrawn [7]. The 
FDA granted approval on condition that a post‐mar
keting study to evaluate long‐term cardiovascular 
safety was carried out [8].

4.7.3 Phentermine/topiramate 
extended release

The combination of phentermine and topiramate is 
another product that has been granted approval for 
treatment of obesity by the FDA, but not by the 
EMA. Phentermine is an appetite suppressant/stimu
lant, and topiramate is marketed as an anti‐epileptic, 
but has been found to have weight loss side effects. 
There are four fixed‐dose combinations that allow 
upward dosage titration. The main pivotal studies 
showed clinically relevant weight loss, but adverse 
effects have once again proven to be a concern [1]. 
The cardiovascular effects of phentermine on long‐
term use, in addition to concerns about the long‐term 
psychiatric effects and cognitive effects related to 
topiramate, resulted in the EMA concluding that the 
benefits did not outweigh the risks, and refusing 
marketing authorisation [9]. An additional concern 
is the teratogenic effects from the topiramate com
ponent. The majority of potential users of the prod
uct are women of childbearing age, and therefore a 
risk‐evaluation and ‐mitigation strategy was devel
oped to minimise this risk in the USA [10].

4.7.4 Glucagon‐like peptide‐1 
(GLP‐1) receptor agonists

Liraglutide and exenatide are two drugs currently 
licensed for the treatment of type 2 diabetes that are 
undergoing clinical trials for the treatment of obe
sity. Applications have been made to both the FDA 
and the EMA for liraglutide, seeking a license for 
the treatment of obesity, and liraglutide is now 
licensed for use by the FDA and in the EU. It is 
licensed as a treatment option for chronic weight 
management, along with a low‐energy diet and 
physical activity.

Liraglutide is a glucagon‐like peptide‐1 (GLP‐1) 
receptor agonist, and is administered via a once‐daily 
subcutaneous injection using a pre‐filled multi‐dose 
pen [11]. GLP‐1 reduces appetite in normal and obese 
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individuals, and liraglutide mimics this effect on the 
receptors [13].

There were three clinical trials presented for 
licensing that includes obese and overweight 
patients with and without significant weight‐related 
conditions [11,12,13]. All patients received counsel
ling regarding lifestyle modifications that consisted 
of a low‐energy diet and regular physical activity.

The main pivotal trial, which was a 56‐week clini
cal trial that enrolled 3731 patients without diabetes, 
showed a significant difference when compared to 
placebo, with patients having an average weight loss 
of 4.5% from baseline. In this trial, 62% of patients 
treated with liraglutide lost at least 5% of their body 
weight, as compared to 34% of patients treated with 
placebo [11]. Liraglutide was studied in patients who 
had previously achieved weight loss by adopting a 
low‐calorie diet [13]. Maintenance of ≥5% weight 
loss was achieved by 81.4% of those taking liraglu
tide, as compared to 48.9% of those on placebo, and 
50.5% lost ≥5% of randomisation weight, as com
pared to 221.8% of those on placebo. The most com
mon side effects observed in patients treated with 
liraglutide were nausea, diarrhoea, constipation, 
vomiting and hypoglycaemia. The FDA requires 
post‐marketing trials investigating medullary thyroid 
tumours, breast cancer and cardiovascular safety.

Exenatide is from the same group of drugs as 
liraglutide, and is currently being studied for its 
effectiveness on weight loss in non‐diabetic 
obese patients. This study is due for completion 
in 2016 [14].

4.7.5 Naltrexone/bupropion

Naltrexone/bupropion use in combination in the 
treatment of addiction is sold under the brand 
names Contrave (in the USA) and Mysimba (in 
European markets). Naltrexone is an opioid antago
nist, and bupropion is a dopamine and norepineph
rine re‐uptake inhibitor used in some countries as 
an antidepressant, although it is used as an adjunct 
for smoking cessation in the UK.

Four 56‐week, multicentre, double‐blind, pla
cebo‐controlled obesity trials (CONTRAVE Obesity 
Research, or COR‐I, COR‐II, COR‐BMOD and 
COR‐Diabetes) were conducted to evaluate the 
effect of naltrexone/bupropion in conjunction with 

lifestyle modification in 4536 patients, randomised 
to combination drug or placebo. Baseline mean 
weight across the trials was in the region of 100 kg 
[15,16,17,18].

In the 56‐week COR‐I trial, the mean change in 
body weight was −5.4% among patients assigned to 
naltrexone/bupropion (32 mg/360 mg), as compared 
to −1.3% among patients assigned to placebo, and at 
least 5% reduction in body weight was achieved by 
44% of those receiving naltrexone/bupropion, as 
compared to 17% receiving placebo.

There was a large proportion of withdrawals 
from both arms across the studies, with the major
ity doing so within the first 12 weeks. In those ran
domised to naltrexone/bupropion, 46% withdrew 
(24% due to adverse reactions), as compared to 
45% in the placebo group (12% due to adverse 
reactions). Indeed, adverse reactions may be a lim
iting factor to the success of this combination drug. 
Risks of developing suicidal ideation and neu
ropsychiatric disorders are well‐recognised con
cerns in relation to bupropion use. The most 
common adverse effects in studies for weight loss, 
however, were nausea, constipation, headache and 
dizziness [15].

4.7.6 Cost‐effectiveness 
of pharmacological 
interventions in obesity

A systematic review assessed the cost‐effectiveness 
of orlistat by analysing the combined results of 54 
studies [19]. The authors found that the average esti
mated cost of the drug was £1665 per quality‐
adjusted life year (QALY), which is well below 
accepted thresholds for cost‐effectiveness.

The QALY is a widely used economic indicator, 
or tool, that allows a consistent approach to compar
ing the value of different interventions. A QALY 
takes into account how a treatment affects a patient’s 
quantity of life (how long he or she lives) and qual
ity of life (the quality of his or her remaining years 
of life). It combines both these factors into a single 
measure that puts a figure on the health benefits for 
any treatment, including medicines. QALY pro
vides a benchmark that can be used to measure and 
compare the benefits that an intervention is likely 
to offer.
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There has yet to be a cost‐effectiveness analysis 
of the more recently licensed medicines for obesity. 
However, in the USA, the cost of liraglutide is 
almost 25 times that of orlistat, so there are afford
ability implications for the healthcare system. 
However, in view of the large costs associated with 
the health impact of obesity, these newer medicines 
may still be found to be cost‐effective.

4.7.7 Conclusion

Pharmaceutical interventions for weight loss and 
maintenance produce modest benefits, and should 
be combined with lifestyle modifications. 
Experience in the development of medicines for the 
treatment of obesity has shown that some of the 
more serious adverse effects may not be seen until a 
large number of patients have received the product 
post‐marketing, and this strategy should be consid
ered when using all newly licensed medicines. The 
recent license submissions and approvals will no 
doubt increase interest in the pharmaceutical solu
tions for weight management. It remains to be seen 
whether the most recent approvals for drugs licensed 
for treatment of overweight and obese patients will 
have a major impact on the care of these patients. 
However, it seems likely that they will remain as 
adjuncts to treatment.

4.7.8 Summary box
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Key points

• Pharmacological therapy for obesity should only be 
used in combination with lifestyle interventions.

• Pharmacological therapy has shown modest 
weight loss of 3–5% of body weight, as com
pared to placebo.

• Response should be assessed after 12 weeks and 
treatment discontinued if the patient has not lost 
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• Pharmacological treatment is a rapidly changing 
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Chapter 4.8

Diet to support pharmacological 
management of weight loss

Treating obesity with medication does not represent a 
cure, but rather the management of a chronic condition. 
Lifestyle and behavioural modifications, including diet 
and exercise as recommended by the American College 
of Physicians (ACP) and the Scottish Intercollegiate 
Guideline, are part of the long‐term management of the 
obese [1–5]. People with a BMI of ≥30 kg/m2, or those 
with a BMI of ≥27 kg/m2 with comorbidities such as 
type 2 diabetes, cardiovascular disease and sleep 
apnoea, are good candidates for pharmacological ther
apy [1]. A combination of medication with lifestyle 
measures are better than either medication or lifestyle 
modifications alone [6]. Obesity should thus be treated 
within the healthcare system, just like any other com
plex and chronic disease.

Physicians and other healthcare specialists find it 
challenging to assist obese patients to lose weight 
and to maintain weight loss. The combination of 
regular physical activity, cognitive‐behavioural 
modification of lifestyle and effective anti‐obesity 
drugs (Chapter 4.7) is more likely to achieve weight 
loss maintenance. Treatment for obesity should be 
personalised to address age, sex, severity of obesity, 
comorbidities, psychological−behavioural charac
teristics and history of previous weight loss efforts.

4.8.1 Anti‐obesity drugs

Orlistat

Orlistat is a reversible gastrointestinal lipase 
 inhibitor that reduces fat absorption by attenuating 

hydrolysation of dietary fat in the gut [7]. The effects 
of orlistat when taken in combination with a high‐fat 
diet are unpleasant, and include diarrhoea, steator
rhoea, flatulence, bloating, dyspepsia and abdominal 
pain [8]. Prior to patients starting the drug, these 
effects are not always clearly linked to the overcon
sumption of fat. During the consultation between 
healthcare professionals and patients, this aspect of 
treatment should be emphasised. The lack of this 
crucial information can lead patients to experience 
these predictable effects and subsequently reduce 
compliance with medication and diet. If explained 
appropriately to patients, the drug results in a change 
from ‘mindless eating’ to ‘mindful eating’, with 
patients changing their diet and consuming less 
energy from fat to avoid steatorrhoea. A deficiency 
of the fat‐soluble vitamins (vitamins A, D, E and K) 
is rare, and, although no signal exists for either posi
tive or negative effects, definitive data on long‐term 
cardiovascular outcomes are still awaited [9].

The X‐PERT study showed good weight loss and 
reductions of the components of the metabolic syn
drome when lifestyle changes were combined with 
diverse dietary interventions and orlistat [10]. 
Patients received 120 mg orlistat three times/day. 
They were randomly divided into two groups (500 
or 1000 kcal/day deficit) and followed for a year, 
with assessments at 3 and 6 months, in addition to 
the primary outcome measure the change in weight 
after 12 months as compared to the baseline. It 
showed that both groups had similar improvements 
in blood pressure, lipid levels, waist circumference 
and weight loss (−11.4 kg vs. −11.8 kg, respectively; 
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P = 0.78). In addition, owing to treatment with orl
istat, 84% and 85% of patients in the 500 and 1000 
kcal/day deficit groups, respectively, achieved ≥5% 
weight loss; and 50% and 53% of patients, respec
tively, achieved ≥10% weight loss [11]. The results 
of a systematic review and meta‐analysis of 10 stud
ies to assess the effects of orlistat on cardiometa
bolic risk factors [12] were similar to the findings of 
a multicentre, randomised, double‐blind, placebo‐
controlled study (RCT). This trial also compared 
orlistat to placebo. All groups had a nutritionally 
balanced diet with a 600‐kcal energy deficit. The 
orlistat groups lost significantly more weight and 
maintained the weight loss over 2 years [13]. The 
role of the diet is thus crucial for the medication to 
be optimally effective. The diets with the best poten
tial effects will enhance satiety  –  for example, by 
increasing the protein content and reducing the gly
caemic index of carbohydrates – but it is critical that 
the diet also be low in fat. The latter component is 
required to prevent the predictable side effects of 
orlistat when taken with a high‐fat diet. The advice 
to improve long‐term compliance should thus be 
focussed on enhancing satiety and reducing the risk 
of side effects of the medication.

Contrave

Contrave, a combination of naltrexone sustained‐
release (SR) and bupropion (SR), is a norepineph
rine/dopamine reuptake inhibitor and opioid 
receptor antagonist. All these patients underwent 
simultaneous intensive behaviour modification, por
tion size control, calorie counting and were advised 
to undertake increased physical activity, in addition 
to keeping detailed daily records of their food 
intake. Patients were instructed to consume a bal
anced low‐energy diet, with 15–20% of energy from 
protein, 30% or less energy from fat and 50% from 
carbohydrate. They had group sessions with dieti
tians, behavioural psychologists and exercise spe
cialists weekly during the first 4 months of the 
study, followed by monthly sessions thereafter. The 
group sessions used multimodal therapies to 
improve the patients’ compliance with the medica
tion and lifestyle approaches. Information was given 
on how to sustain the interventions in the long term, 
but these sessions also allowed the patients to 

‘belong to the club’ and to feel that they were not in 
this on their own (see Chapter 4.7). A combination 
of Contrave with intensive behavioural modification 
produced significantly greater weight loss than 
behavioural modification alone [14].

Qsymia

Qsymia (Qnexa) is a combination of low‐dose 
phentermine and the antiepileptic agent topiramate 
[15]. The combination can maintain approximately 
10% body weight loss over 1 year. The drug is meant 
to complement lifestyle modifications, low‐fat diet, 
exercise, behavioural changes and surgical approaches 
[16,17]. In the trial setting, the drug was combined 
with techniques from The LEARN Program for 
Weight Management [18], which represented a bal
anced 500 kcal/day deficit with increased water intake 
and physical exercise. The LEARN Program for 
Weight Management advocates working on changes 
in Lifestyle, Exercise, Attitudes, Relationships, and 
Nutrition. It uses diets low in fat and high in low‐gly
caemic‐index carbohydrate, and was founded on 
national guidelines that aimed to achieve precise 
goals for energy restriction. The LEARN books pro
pose multiple strategies, such as relapse preparation, 
planning strategies and goal setting. In general, the 
LEARN manual emphasises behaviour alteration 
strategies [19]. Patients in the trials were also offered 
a monthly nutritional and lifestyle modification coun
selling [16,18,20–24]. For example, The LEARN 
Program for Weight Management provides 16 step‐
by‐step lessons for modifying eating, activities and 
thinking habits. The dietary recommendations are 
based on the ‘Food Guide Pyramid’, introduced in 
1992 by the United States Department of Agriculture. 
Keeping a daily record of their food intake, including 
the amount of energy consumed, is encouraged. An 
increase in physical activity (by walking up to 30 min/
day) and practicing other weight control behaviours 
(e.g. stimulus control, cognitive restructuring,  slowing 
eating) are encouraged [18].

Liraglutide

In the SCALE Obesity and Prediabetes study as 
well as the SCALE Diabetes study, patients were 
randomised to either liraglutide (3 mg) or placebo. 
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All patients also received a 500 kcal/day deficit that 
reflected the usual practice of the centre where they 
were treated [25]. There was no statistically signifi
cant difference in weight loss, depending on the 
macronutrient contribution of the 500‐kcal deficit 
diet that patients received. The SCALE Maintenance 
study used a low‐energy diet approach to achieve at 
least 5% weight loss prior to patients being ran
domised to a 500 kcal/day deficit with or without 
liraglutide. This combination approach resulted in 
almost 15% total weight loss on average in the lira
glutide group, and weight maintenance in the pla
cebo group [26]. The diet approaches can vary with 
liraglutide, but the principles of combining a diet 
approach that enhances satiety together with the 
satiety‐enhancing effects of the medication appears 
to work best.

4.8.2 Diet to support anti‐
obesity drugs

Pharmacotherapy can be useful for managing obesity 
as part of a comprehensive approach, which includes 
lifestyle modifications [27,28], diet, exercise and 
behavioural therapy [10]. The most successful strat
egy initially to use with pharmacotherapy are low‐
calorie‐diets (LCDs) of 800–1500 kcal/day and a 
balanced deficit diet typically of around 1500 kcal/
day, which results in approximately 8% body weight 
loss over 6 months. The National Institute of Diabetes 
and Digestive and Kidney Diseases and the National 
Heart, Lung, and Blood Institute convened the first 
Expert Panel on the Identification, Evaluation, and 
Treatment of Overweight and Obesity in Adults, 
which suggested a 500–1000‐kcal/day deficit for 
obese people aimed at 0.5–1 kg/week weight loss. 
However, it remains challenging to determine 
patients’ daily energy requirements, and thus energy‐
intake guidelines are often based largely on a patient’s 
original body weight and  gender [29].

Regular adjustment of the energy content of any 
prescribed diet is needed in response to a patient’s 
weight loss response and treatment goals. Low‐fat 
diets are the typical approach, defined as diets deriv
ing 30% of energy from fat [30], but an increase in 
proteins and low‐glycaemic‐index carbohydrates may 
be equally helpful [31]. Obese people undertaking 

long‐term weight maintenance ought to consume 
only 25% of their energy intake from fat [32].

A low‐carbohydrate ketogenic diet (LCKD) has 
been shown to lead to improvements comparable to 
orlistat plus a low‐fat diet (O+LFD) [33,34]. The 
LCKD restricts carbohydrate intake initially to less 
than 20 g/day [33,34]. Patients in the LCKD group 
were allowed to eat ad libitum amounts of meat, 
eggs, hard cheese, low‐carbohydrate vegetables (e.g. 
leafy greens) and moderate‐carbohydrate vegetables 
(e.g. broccoli, asparagus) daily, with no restrictions 
on energy intake. All types of fats and oils, even but
ter, were allowed. Patients did not avoid the fat that 
came with meat, poultry, fish and eggs. Olive oil and 
peanut oil, which are particularly healthy oils, were 
encouraged in cooking. Margarine and other hydro
genated oils that contain trans unsaturated fats were 
avoided. Approximately 5 g/day from other carbohy
drates were added to the patients’ intake each week 
as they approached their goal weight, or if cravings 
threatened their compliance. The second group took 
orlistat therapy (120 mg orally three times before 
meals per day) plus a low‐fat diet which constituted 
<30% of daily energy, saturated fat <10% of daily 
energy and cholesterol <300 mg per day. The study 
showed that both the very‐high‐fat and the very‐low‐
fat diets had similar health benefits. Brinkworth 
et al. [35] also confirmed that compliance with low‐
carbohydrate diets could be maintained for 1 year, 
by testing the mean carbohydrate intake in the 
LCKD group (62 g/day, 15% of energy intake), 
although the impact of carbohydrate intake in the 
longer term (>1 year) is unclear. The combination of 
orlistat with LCKDs has not been tested.

Weight loss is considerably greater in the obese 
who regularly attend group sessions. Attending 80% 
or more of the group counselling sessions resulted 
in more weight loss – −14.9% and −13.9% among 
the LCKD and low‐fat groups, respectively – regard
less of whether the patients were taking medications 
or not. This inclusion led to the selected population 
probably representing the motivated patients. 
Incorporating intensive weight loss programmes 
into medical practice and identifying the motivated 
patients require extra efforts from healthcare pro
viders, which may not always be possible [36].

Reduction in energy intake is the cornerstone 
of  reducing weight, while appropriate nutrition 



4.8 Diet to support pharmacological management of weight loss  191

counselling, behaviour modification therapy and 
lifestyle changes could aid weight loss maintenance. 
The addition of medications to reduce long‐term 
energy intake or absorption can have added benefits 
[37], such as improving the risks of type 2 diabetes, 
cardiovascular problems, hyperlipidaemia and sleep 
apnoea, but only in partnership with dietary and life
style management.

4.8.3 Conclusion

Despite initial promise, most anti‐obesity drugs 
have either not been approved or had to be with
drawn from the market. Orlistat is the anti‐obesity 
drug that has been internationally available for the 
longest period [38]. The development of new and 
safe anti‐obesity drugs is urgently needed, and the 
recent progress of liraglutide, tesofensine, Qsymia 
(Qnexa), Contrave and Empatic is exciting [39], 
although the dietary strategies to optimise the out
comes of these drugs remain to be defined. The 
majority of the clinical trials of anti‐obesity drugs 
have been in combination with low‐energy diets, 
which may have included behaviour change advice. 
Given that compliance is frequently better in clini
cal trials than in clinical practice, weight loss expec
tations may have to be adjusted [9]. The diet types 
that need to be used in conjunction with specific 
obesity drugs were often left up to the research cen
tres that participated in the studies. In some 
instances, these diets were poorly defined, and only 
the energy deficit was specified. This heterogeneity 
represents an important aspect that requires further 
study, as it will be helpful to understand how to use 
specific diets or specific macronutrient composition 
of diets to further enhance the effects of medication.

4.8.4 Summary box
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Chapter 4.9

Surgical management of weight loss 
in obesity

4.9.1 Introduction

Conventional strategies for weight loss and mainte
nance have modest long‐term outcomes in severe 
obesity [1]. A variety of surgical weight loss proce
dures and operations have been developed that offer 
effective and persistent weight loss that may contrib
ute to improvements of comorbidities with associated 
survival benefits [2]. These were typically termed 
‘bariatric’ or ‘metabolic’ procedures, in recognition 
of the beneficial impact they may have on conditions 
such as type 2 diabetes, cardiac disease and stroke 
[2–4], in addition to weight‐related musculoskeletal 
and degenerative conditions [5], hypertension, hyper
lipidaemia reflux disease, sleep apnoea [6], asthma 
[7], cancer risk [8] and infertility [9]. This chapter 
will explore the indications, benefits and risks of 
weight loss surgery; types of procedures available and 
their controversies; future developments in bariatric 
surgery; and translational work in the field.

Bariatric surgery is effective, evidence based, cost‐
effective and safe, associated with a 0.5% mortality 
rate, although this is dependent on procedure and 
patient comorbidity [10,11]. Initially, it developed 
following recognition that gastric surgery, for peptic 
ulceration and cancer, resulted in significant weight 
loss and improvement or resolution of established 
type 2 diabetes in some. The onset of the obesity epi
demic has prompted clinicians to explore this man
agement option for obesity and related comorbidity.

There is now acceptance that conventional weight 
control strategies are unable to replicate the magnitude 

and durability of weight loss afforded by surgical 
options for the severely obese [2]. Several factors con
tributed to early controversy around the use of surgical 
options. These included the paucity of an evidence 
base regarding optimal patient selection, preparation 
and support. Furthermore, information on the tech
nical safety of procedures, the choice of optimal 
approaches and the lack of any useful audit data 
were also shortcomings.

4.9.2 Patient selection, 
assessment and preparation

Early patient selection focussed on preoperative 
weight or BMI, and the associated risk of mortality. 
A National Institutes of Health consensus meeting 
held in North America in 1991 defined a BMI of 
>40 kg/m2, or a BMI of >35 kg/m2 in association 
with obesity‐related comorbidity, as appropriate 
indications for bariatric surgery. These remain core 
to most healthcare systems, although requiring 
adjustment for high‐risk demographic groups – such 
as South Asian populations (increased type 2 diabe
tes risk at lower BMI); ‘lighter’ patients with estab
lished or impending type 2 diabetes; and adolescents 
[10]. Hence, the selection criteria used often include 
a BMI of >30 kg/m2 with impaired glucose toler
ance or type 2 diabetes, and South Asian or ethnic 
high‐risk groups with a BMI of >27 kg/m2 [12].

Selection, assessment and preparation of patients 
to ensure best outcomes with least adverse effects 

Natasha P Ross1 and Duff Bruce2
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require a team of healthcare professionals, including 
dietitians, psychologists, specialist nurses, pharma
cists, physical activity specialists, physicians, anaes
thetists, patient mentors and surgeons. Patients 
should have an opportunity to engage with struc
tured healthy eating and lifestyle programmes 
through specialised weight management services. 
These ought to be compulsory prior to the considera
tion of invasive options. Engagement, often congru
ent with a good outcome, can be gauged during these 
structured programmes through attendance and 
weight change. Such programmes inform patients of 
the potential benefits, limitations and adverse effects 
of bariatric procedures [13].

Within the UK, the National Bariatric Surgery 
Registry reported over 17,000 bariatric surgical pro
cedures between 2011 and 2013. These were pre
dominately gastric bypass, with gastric band and 
sleeve gastrectomy taking second and third place, 
respectively. Over 1300 of these were revisional 
procedures. Obesity surgery in adolescents is rare, 
with few studies in the literature and in the UK reg
ister. Over 3 years, only 62 patients who were ≤18 
years underwent bariatric surgery.

Key contraindications to surgical interventions 
include active mental health issues, eating disorders 
(especially binge eating), substance dependence and 
high anaesthetic and surgical risks, although defini
tive evidence around these is scant and often seen as 
relative contraindications if these conditions are 
managed appropriately. Learning difficulties may 
impact on safe or effective engagement with changes 
in eating behaviour and lifestyle following bariatric 
surgery [14]. All active comorbidities and other ill
nesses should be optimised prior to surgery, and 
smoking should be ceased, due to the increased risk 
of respiratory complications, surgical site infections 
and anastomotic breakdowns [15].

Controversy still surrounds the assumed benefits of 
preoperative weight loss. Modest preoperative weight 
loss may decrease peri‐operative risk and provide a 
surrogate marker of patients whose higher levels of 
engagement in preparation for surgery has been asso
ciated with greater weight loss and overall outcomes. 
It has been suggested that it is therefore appropriate to 
prioritise ‘engaged’ individuals, given the scarcity of 
publicly funded access to bariatric surgery. However, 
such prioritization remains subjective, and cannot be 
considered as evidence‐based practice [16].

A number of screening tools have been described for 
sleep apnoea, including the Epworth and STOP‐BANG 
scores. While there is a high prevalence of this condi
tion in the obese, evidence of the benefits of formal 
diagnosis and prolonged treatment prior to weight loss 
surgery has not been comparatively studied [10].

Many overweight patients are prescribed medica
tions as treatment for comorbidities. Early involve
ment of a pharmacist is advised, since cessation or 
modification of medications may be required prior 
to or after surgery (insulin, anticoagulants), where 
the consumption and absorption changes can neces
sitate change, or negate requirements [17].

4.9.3 Surgical and endoscopic 
procedures

Endoscopic weight loss procedures

Bariatric procedures now fall into two categories: tem
porary endoscopic procedures and permanent surgical 
procedures. Temporary procedures include intra‐
gastric balloon, endo‐duodenal sleeve placement and 
mucosal‐based stapling to parts of the stomach. Short‐
term studies are increasingly demonstrating weight loss 
and comorbidity improvement with some procedures, 
but long‐term evidence is as yet unavailable. Most are 
likely associated with weight regain when removed. 
Patients should be informed of the limits of current evi
dence and the likelihood of long‐term weight regain.

Operative weight loss procedures

There are a number of established surgical proce
dures that aim to provide long‐term benefits. 
Worldwide, three laparoscopic procedures account 
for the majority of surgeries: gastric bypass with 
Roux‐en‐Y reconstruction, adjustable gastric band 
and sleeve gastrectomy.

The gastric bypass, first performed in 1965, 
involves forming a small pouch from the proximal 
stomach, immediately below the oesophagus, using 
surgical staples, anastamosed to a divided portion of 
small bowel. The stomach and duodenum are left in 
place to act as a channel for digestive juice from the 
liver, pancreas and gastric remnant and are joined to 
the small bowel approximately 100 cm below its 
attachment to the pouch. Key effects significantly 
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suppress appetite (due to the small gastric pouch), 
decrease the volume of food eaten, and cause a 
degree of malabsorption. The procedure results in 
rapid weight loss, to around 30–35%, in 2 years [18].

An early and popular weight loss procedure was 
the vertical banded gastroplasty (VBG). This formed 
a small pouch of proximal stomach using staples 
and a fixed band of special reinforcing mesh. The 
gastric band developed later with the advantage of 
adjustability. These are positioned like a collar 
around the top part of the stomach. A thin tube 
attaches to a subcutaneous port, which may be 
accessed to fill or empty the band, causing a variable 
mixture of appetite suppression and volume restric
tion, which decreases intake. Patients are encour
aged to avoid filling the band in excess of a level that 
causes appetite suppression, as this can result in 
conversion to a high‐calorie liquid intake, regurgita
tion and poor oesophageal function. On average, a 
gastric band patient will lose 20% of his or her over
all weight in 2 years, and this change may persist.

Sleeve gastrectomy is a recent popular procedure 
in which stapled removal of the left portion of the 
stomach leaves a thin gastric conduit of 1–1.3 cm. 
The resected stomach is completely removed, mak
ing this procedure irreversible. This results in 
25–27% weight loss [18] by reducing the volume of 
food eaten and through appetite suppression. 
Although the resulting hormonal disturbance has 
been hypothesised, there is no clear evidence that 
this contributes to weight loss postoperatively.

A small number of procedures are primarily mal
absorptive: duodenal switch, bilio‐pancreatic 

diversion and distal gastric bypass. These appear to 
result in greater, prolonged weight loss and 
improved diabetic control, particularly in heavier 
patients, but are associated with more nutritional 
deficiency, which limits their use to well‐engaged 
patients with follow‐up provided in expert units [18] 
(Table 4.9.3).

4.9.4 Risks and benefits 
of surgical procedures

As bariatric surgeries increase in number, the asso
ciated risks and adverse outcomes are being better 
scrutinised. Many of the risks of surgery are generic 
to abdominal surgery in the severely obese, includ
ing venous thromboembolism (VTE) [19], respira
tory complications, wound herniation and surgical 
site infection [6]. In  procedures that involve the 
division of gastrointestinal tissue, the possible 
 complications include bleeding [20], leaks and 
internal hernias [21] (Figure 4.9.1).

Postoperative mortality must be considered in the 
context of untreated obesity. In those eligible for 
surgery, the annual mortality risk is 0.5%, which 
is  higher than the mortality risk from surgery, 
 estimated to be around 0.07–0.3% [10]. Furthermore, 
bariatric surgery is associated with a long‐term 
reduction in overall mortality (hazard ratio 0.71) [2]. 
The obesity surgery mortality risk score has been 
validated to predict risk based on five factors: 
(1) male sex, (2) age >45 years, (3) BMI >50 kg/m2, 
(4) hypertension and (5) risk of venous VTE 

Phi 
Angle

Figure 4.9.1 Gastric band: Contrast study demonstrating gastric band in position. Normally, the Phi angle 
(between spine and longitudinal axis of the gastric band) is 4–58°.
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(includes sleep apnoea). However, recent data 
 challenges this [10].

Some of the risks are particular to specific bariat
ric procedures. Gastric bypass is associated with 
stromal ulcer [21] and dumping syndrome, where 
hormonal responses to excess sugar intake result in 
hypoglycaemia [22]. Orientation of the small bowel 
mesentery results in two potential internal hernia 
spaces – between mesenteric loops, and in Petersen’s 

space (behind the Roux‐en‐Y loop)  –  and such 
defects can result in internal hernia and catastrophic 
strangulation of the small bowel [21].

Some gastric bands will be removed over time due 
to intolerance; ineffective oesophageal motility; gastric 
pouch dilatation [23] and slippage [21] (Figures 4.9.2 
and 4.9.3); stomach band erosion [21] and technical 
failure [21]. Rates of removal are described up to 40%, 
and port site infections are relatively common [18].

Internal hernia
swirl pattern

Infarcted small
bowel

Figure 4.9.3 Complication following Roux‐en‐Y gastric bypass. CT images show an internal hernia (swirl pat
tern) through Peterson’s space and mesenteric–jejunal defects resulting in small bowel infarction demonstrated 
with poor enhancement.

Figure 4.9.2 Gastric band slippage. A typical ‘O’ sign of a slipped gastric band.
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Sleeve gastrectomy can be complicated by an 
overly narrow conduit, bleeding and leaks that can 
be particularly troublesome and may require further 
surgery [20] (Table 4.9.1).

All the risks of bariatric surgery come with 
remarkable potential benefits in all‐cause, cardio
vascular, stroke and cancer‐related mortality [24], in 
addition to improvements in quality of life and 
comorbidities [6] (Table 4.9.2).

4.9.5 Selection of weight loss 
procedure

Much attention has been given to the choice of an 
optimal surgical procedure for any individual, and a 
number of studies have compared these, focussing on 
outcomes of either weight loss or the control of type 2 
diabetes. However, the range of outcomes for any 
individual includes many other factors, such as com
plications and psychological impact. We currently do 
not have sufficient information to definitively allocate 
patients to an optimal procedure. Health professionals 
should ensure that patients understand current evi
dence‐based information regarding the benefits and 
limitations of different procedures to aid informed 
patient choice as several procedures may provide 
acceptable degrees of weight loss and equal reduction 
in comorbidity for an individual patient [18]. Recent 
work has suggested that simple genetic factors may 
impact procedure outcomes, and, once matured, this 
may impact procedure choice [25,26].

4.9.6 Novel procedures

Several novel procedures have been described and 
are performed in limited numbers. The mini‐gastric 
bypass is formed by leaving a long, gastric‐sleeve‐
like pouch, anastomosed to a jejunum loop approxi
mately 200 cm from the duodenum. This is 
technically straightforward, and early results show 
satisfactory weight loss of 80% of excess body 
weight in 1 year. Although patients may suffer bile 
reflux, and similar reconstructions for ulcer surgery 
were historically associated with a late increase in 
cancer development, changes in drainage of the 
pouch may alter this [27]. Gastroplication involves 
sewing the left side of the stomach in on itself. Early 
outcomes are reasonable, with loss of 31–74% of 
excess weight in ≤2 years and lowered glucose lev
els, but long‐term outcomes are awaited [28]. A 
common modification of the sleeve gastrectomy and 
gastric bypass is to place a small non‐distensible 
band around the upper part of the pouch, termed the 
‘banded sleeve/bypass’ [29]. This correlates with 
increased, persistent weight loss, and studies are 
underway to compare any adverse effects, such as 
band slippage and infection. These procedures 
exemplify the large amount of experimental work 

Complication Risk (%)

Mortality 0.05–0.3
VTE 0.4–2.4
Surgical site infection 0.4–3.7
Bleeding 3

Gastric bypass
Dumping symptoms 40
Internal hernia 0.75–1.1
Small bowel obstruction 3.9
Leak 0.5
Stromal ulcer 0.75

Gastric sleeve
Dehydration 19
Leak 0.1–0.3
Narrow conduit/stricture 0.59

Gastric band
Port site complications 2.6
Pouch dilatation 12
Band slippage 9.09
Band erosion 1.19
Failure to lose weight 1.58

Table 4.9.1 Frequent complications of common 
bariatric surgical procedures

Benefits of bariatric surgery

Reduced mortality
 • Long‐term, all‐cause
 • Cardiovascular, stroke and cancer associated

Improved quality of life
Improved comorbidities, including:
 • Diabetes (HbAic)
 • Cholesterol
 • Hypertension
 • Obstructive sleep apnoea
 • Reflux

Table 4.9.2 Advantages of bariatric surgery 
and procedures
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being undertaken in this field, although long‐term 
data is required before these may be recommended 
beyond research study.

4.9.7 Long‐term management

Revisional surgery

Procedure complications or failure to lose weight 
can necessitate revision or conversion to another 
procedure. Typical revision procedures include 
endoscopic or laparoscopic removal or revision of 
gastric bands; conversion of gastric bands to sleeve 
gastrectomy or gastric bypass; and conversion of 
sleeve gastrectomy to gastric bypass or duodenal 
switches. These are typically more complex proce
dures than primary ones, and have higher risk of 
major morbidities such as leak rates [30].

Long‐term follow‐up

The goal of surgery is to have a lifelong impact on 
eating behaviour and nutrition, and traditional life
long follow‐up has therefore been indicated. Early 
follow‐up should ensure good surgical outcome and 
monitor for complications. Follow‐up should pro
vide an opportunity for advice and support around 
dietary change, nutritional supplementation and 
psychological challenges. It offers a crucial oppor
tunity to screen and identify common nutritional 
deficiencies [13,20,31–35] (Table 4.9.3).

Body contouring surgery

Patients successful in weight loss – often estimated as 
around 50% of excess body weight loss with bariatric 
surgery – may be left with large amounts of loose skin 
at the lower abdominal apron, breasts, upper arms and 
thighs. Approximately 15–40% of patients seek body 
contour surgery (BCS), most commonly for cosmetic 
reasons, psychological distress or difficulties with 
movement and skin ulceration. Access to treatment is 
often limited due to clinical risk or limited access, and 
less than 20% achieve the local requirements for con
tour surgery. For clinical reasons, many surgeons will 
only perform the surgery at a BMI of <30 kg/m2, a 

cut‐off that is difficult for most people undergoing 
surgery to achieve. Access in some healthcare sys
tems is limited to those with a BMI of <28 kg/m2 with 
associated comorbidities such as skin ulceration or 
infection. As there is a limit to weight loss from bari
atric procedures, a majority of patients are unable to 
satisfy these criteria [36,37].

4.9.8 Challenges and future 
developments

Differences in philosophy, geography and resources 
present various challenges throughout the world in 
the management of severe obesity. However, certain 
key themes emerge, such as patient selection (who 
will benefit) and decisions around which procedure 
will best serve an individual. There is no doubt that 
the healthcare community strives to improve the 
options available for the management of obesity. This 
requires innovative techniques – both improved surgi
cal procedures and translation of surgically induced 
benefits to conservative interventions. Such improve
ments will require structured research and comparable 
audit of interventions and their outcomes.

Patient selection

Patient selection has primarily been defined by 
absolute weight or BMI, or, in the past, ‘ideal 
weight’ as modified by associations with comor
bidities. The Edmonton classification describes cat
egories of comorbidities and levels of impact on 
function with reversibility. It attributes a score of 
0–4 based on metabolic, psychological and physical 
parameters to determine optimal obesity manage
ment. Classifications such as this have been vali
dated and demonstrate more accurate outcome 
prediction than current patient selection based on 
BMI and diabetes.

Procedure selection

Numerous comparisons have examined differences 
between bariatric procedures. While differences in 
weight loss outcomes are easily measured, integrating 

Potential nutritional 
deficiency Associated procedure Cause Complications

Patients 
deficient (%) Supplement    

Urea and electrolytes All Early postoperative poor fluid 
intake

Dehydration 19 Fluids  

Albumin Duodenal switch Poor nutritional compliance Malnutrition – −  

Iron  Bypass 
 Duodenal switch 

 Poor intake 
 Limited absorption 
 Loss (menstruation, pathology) 

Iron deficiency anaemia 49 Complete 
multivitamin and 
mineral supplements  

Vitamin B 
12

 , folate 
deficiency

 Bypass 
 Duodenal switch 
 Sleeve 

 Deficient diet 
 Loss of intrinsic factor 
 Poor absorption/intake 

 Macrocytic anaemia 
 Neuropathy 

3.6–64 B 
12

  injections (every 
3 months)  

Protein Duodenal switch  Poor intake 
 Malnutrition 

 Muscle wasting 
 Oedema 
 Fatigue 

– Dietary advice  

Vitamin D and calcium 
(monitor 25‐hydroxy 
vitamin D)

 Duodenal switch 
 Gastric bypass sleeve 

 Preoperatively common 
 Malabsorption 

 Secondary 
hyperparathyroidism 
 Osteomalacia 

7 Calcium and vitamin D  

Fat‐soluble vitamins 
(vitamins A, K and E)

 Duodenal switch 
 Gastric bypass 

Fat malabsorption  Visual disturbance 
 Anaemia 
 Neuropathy 
 Coagulopathy 
 Osteoporosis 

11–23 Supplements  

Thiamine All  Excessive weight loss 
 Reduced appetite 
 Vomiting 
 High alcohol intake 

 Oedema 
 Neuropathy 
 Wernikes encephalopathy 

18 Consider additional 
thiamine  

Trace mineral 
deficiency (zinc, 
copper, selenium, 
magnesium)

 Bypass 
 Duodenal switch 

 Poor absorption 
 Chronic diarrhoea 

 Chronic diarrhoea 
 Cardiomyopathy 
 Bones 
 Fatigue 
 Neuropathy 

 30 (zinc) 
 Most rare 

Dietary 
supplementation

 Table 4.9.3    Common nutritional deficiencies and the supplements that should be considered, based on British Obesity and Metabolic Surgery 
Society Guidelines 2015 [  41  ]
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 Most rare 

Dietary 
supplementation
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Society Guidelines 2015 [  41  ]
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differences in comorbidity and nutritional and life
style outcomes has made recommendations largely 
subjective. Some prospective randomised (ByBrand) 
and observational (ScOTS) studies are attempting 
to answer this [18]. There are early indications that 
some genetic or demographic factors may impact on 
clinical outcomes, such as gender, hormonal status 
(oestrogen) and age. In the future, matrices of meas
urable factors may guide selection [25].

Innovative procedures

Many surgical research groups attempt to improve 
outcomes by further developing existing surgical 
procedures or inventing new surgical concepts. 
These include minimally invasive approaches, such 
as altering stimulation of the foregut and endo
scopic manipulation of the gastrointestinal tract. 
Autonomic innervation in relation to gut hormones 
is a focus of research, as is the study of gut micro
biome. Anatomical manipulation with transposition 
of the ileum has been suggested as a future area of 
study, and appears to alter gut function and delay 
onset, or improve severity, of metabolic syndrome 
in rat models [38].

Audit

With the plethora of surgical innovations being used 
to combat obesity, it is increasingly important that 
we understand the cumulative outcomes of individ
ual practitioners, institutions and organisations, and 
the breadth of procedures offered. Many organisa
tions are developing extensive data collection tools. 
The National Bariatric Surgery Registry in the UK 
has already given reassurance about individual sur
geons and national outcomes data, and the 
International Federation of Surgical Obesity is devel
oping international databases, collecting  similar 
information for comparison. Similarly, the American 
Society of Metabolic and Bariatric Surgery has 
developed the Bariatric Outcomes Longitudinal 
Database. Aligning and examining this information 
in centres of excellence worldwide will enable 
improved recommendations for future patients.

Much work is going on to examine the patho
physiological mechanisms that underlie the benefits 

of weight loss surgery. This includes work examin
ing potential gut hormones and gut microbiome 
changes from surgery [39,40].

4.9.9 Summary box
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Chapter 4.10

Diet to support surgical management 
of weight loss

4.10.1 Introduction

Lifestyle interventions including changes in eating 
behaviour, energy intake and physical activity are 
key components in weight management for the mor
bidly obese adult patient. Bariatric surgery too is a 
treatment option, provided certain criteria are met 
(Box 4.10.1) [1].

There are a number of considerations when deter
mining whether bariatric surgery is an appropriate 
treatment option for the individual. These include 
the degree of obesity, comorbidities and psychologi
cal and social factors, alongside the benefits and 
risks of surgery. Nutrition is affected by surgery, and 
it is essential that patients have a comprehensive 
nutritional assessment. Positive changes in lifestyle 
are still required to obtain optimum results follow
ing bariatric surgery.

The current bariatric procedures include the 
adjustable gastric band (AGB), Roux‐en‐Y gastric 

bypass (RYGB), sleeve gastrectomy (SG) and duo
denal switch (DS). Within the UK and Ireland, the 
most common surgical procedure reported by the 
National Bariatric Surgery Registry [2] is RYGB 
(52.3% of all operations in 2011–2013), followed 
by AGB (22.4%) and SG (20.9%).

4.10.2 Preoperative assessment 
and preparation for surgery

A comprehensive assessment by the bariatric multi
disciplinary team (MDT) is essential, and the dieti
tian, as a core member, plays a lead role in this. All 
surgical procedures affect the volume of food con
sumed and, therefore, the diet and nutritional content. 
The absorption of micronutrients and/or macronutri
ents may be affected, increasing the risk of nutritional 
deficiencies [3,4,5]. Surgery may lead to deterioration 
in eating patterns and nutritional status [6,7].

Mary O’Kane
Leeds Teaching Hospitals NHS Trust, Leeds, UK

Box 4.10.1 Criteria for bariatric surgery, NICE CG 189: obesity [1]

Bariatric surgery is recommended as a treatment option for people with obesity if all the following criteria are 
fulfilled:

• They have a BMI of 40 kg/m2 or more; or a BMI of 35–40 kg/m2 along with other significant diseases 
(e.g. type 2 diabetes or high blood pressure) that could be improved if they lost weight.

• All appropriate nonsurgical measures have been tried, but the person has not achieved or maintained adequate, 
clinically beneficial weight loss.

• The person has been receiving or will receive intensive management in a tier 3 service.
• The person is generally fit for anaesthesia and surgery.
• The person commits to the need for long‐term follow‐up.
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Weight and dieting history

To be eligible for surgery, patients must have 
exhausted all nonsurgical methods to lose weight 
[1]. Most patients report many dieting attempts but 
failure to maintain the lower weight [8]. Those who 
have never attempted to lose weight may be ill‐pre
pared for the dietary and lifestyle modifications 
required following surgery [9]. They may need fur
ther support to make dietary and lifestyle changes 
before going forward.

Dietary and nutritional assessment

The specialist dietitian will explore eating behav
iour and the patient’s ability to manage the postop
erative dietary changes. Many obese patients feel 
ashamed of their failed weight loss attempts [9] and 
are more likely to under‐report food intake and 
over‐report energy expenditure than lean people 
[10]. The dietitian will assess patients’ eating pat
terns, regularity of meals, grazing, favourite foods, 
food cravings, emotional cues and triggers for eat
ing. The impact of surgery on eating behaviour will 
be discussed alongside the postoperative diet. 
Current alcohol misuse is seen as a contraindication 
for surgery [11].

The nutritional assessment may reveal pre‐existing 
nutritional deficiencies that will be further exacer
bated by the bariatric surgery [4,12,13,14]. Nutritional 
deficiencies must be corrected prior to surgery [12]. 
The risk of nutritional problems following surgery 
and the need to comply with postoperative dietary 
advice and follow‐up should be emphasised.

Eating disorders

Screening for eating disorders such as binge eating 
disorder, night eating syndrome and bulimia ner
vosa is important. For patients with binge eating 
disorder or night eating syndrome, consideration 
should be given as to whether they need specialist 
support, as it may affect the ability to comply with 
the postoperative diet [11]. Bariatric surgery in 
patients with active bulimia nervosa is contraindi
cated because of the high risk of vomiting [9], and 
specialist help is recommended.

Social and psychological factors

The patient’s social environment should also be 
considered as part of the overall assessment. 
Unfortunately, some patients have limited cooking 
skills, or state that they have little time to prepare 
or cook meals. Patients need to consider how they 
will manage the postoperative diet and potential 
barriers.

Preoperative courses that discuss the various sur
gical procedures, the impact on food and eating 
behaviours and the psychological implications 
have been found to be of value [15]. Many find it 
helpful to attend bariatric surgery patient support 
groups.

Knowledge of bariatric surgery 
and expectations

The patient’s expectations and level of understand
ing of bariatric surgery need to be explored. Those 
who have attended preoperative weight manage
ment programmes are more likely to be prepared, in 
contrast to those who have little knowledge or who 
have gained information via media sources. The 
dietetic interview is an opportunity to discuss the 
surgical procedures, impacts on diet and  lifestyle 
and the need for regular follow‐up. Expectations 
about the weight loss achieved by surgery should 
also be discussed, as the purpose is to reduce excess 
weight and improve comorbidities rather than 
achieve a BMI of 25 kg/m2. Weight regain is possi
ble after all procedures. Written information and 
contact details should be provided, along with 
opportunities to ask further questions.

Preoperative diet/‘liver  
shrinking’ diet

Many bariatric surgery centres require patients to 
follow a strict preoperative low‐energy diet to 
decrease the liver volume and intra‐abdominal fat 
[16]. There is no consensus as to the type of diet or 
the length of time needed prior to surgery [17]. 
However, this period can be used as a time for the 
patient, along with the family, to prepare for the 
bariatric surgery.
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4.10.3 Postoperative dietary 
intervention

Postoperative dietary intervention depends on 
the  nature of the bariatric surgery performed 
(Box 4.10.2).

All surgical procedures require a phased intro
duction to foods and textures. Initially, a liquid diet 
will be recommended, followed by a pureed diet, 
soft foods and then progressing to normal food 
 textures. The rate of progression will depend on the 
surgical procedure and the recommendations of 
the bariatric centres.

Liquid diet

Following surgery, patients initially commence on 
clear fluids for 1–2 days before progressing to nour
ishing fluids such as milk, yoghurt, liquid meal 
replacement and fortified soup. Liquids should be 
sipped slowly over the day. This may be for a couple 
of days only, although many centres do recommend 
longer times. For SG, a minimum of 2 weeks is usu
ally advised because of the greater risk of anastomotic 
leaks. There may be a small risk of secondary lactose 
intolerance, and patients would need to be advised 
accordingly. Carbonated drinks should be avoided.

Pureed/blended diet

Patients are advised to progress to pureed/blended 
foods, keeping portions small (1–2 tablespoons per 
meal). Small, frequent meals and nourishing fluids are 
encouraged. Drinks and meals must be taken sepa
rately, and a gap of 30–45 min is recommended. Care 
should be taken to ensure that there is adequate protein 
intake. This phase may continue for 2–3 weeks.

Soft diet

During the soft phase, patients should be encour
aged to further expand the range of food and tex
tures. Meat and poultry should be moist and 
tender  –  for example, slow‐cooked casseroles and 
stews. Fish may need to be served with a sauce. 
Cheese, eggs, beans, pulses, quorn and tofu are suit
able soft protein sources. Many starch sources such 
as pasta, rice and bread may be difficult for patients 
to tolerate initially.

Patients need to be reminded to keep the portions 
small, and to eat slowly.

Gradually, over a few weeks, portions will start to 
slowly increase. Melba toast, crisp breads, crackers 
and, eventually, toasted bread can be introduced. 
The expansion in food groups enables the patient to 
return to a balanced diet and develop a regular meal 

Box 4.10.2 Bariatric surgical approaches

Adjustable gastric band
This involves the placement of a band around the upper part of the stomach (Figure 4.10.1a). The band is 
inflated or deflated by injecting or withdrawing fluid via a port. The first band adjustment will take place 4–8 
weeks after surgery. Care must be taken to not overinflate the band, else dysphagia will result.

Roux‐en‐Y gastric bypass
A small gastric pouch is created and a section of the small intestine attached to the pouch bypassing the 
stomach, duodenum and part of the jejunum (Figure 4.10.1b). This procedure impacts on the absorption of 
iron, calcium, vitamin D and vitamin B

12
 [3–4,12].

Sleeve gastrectomy
A sleeve is created by stapling along the lesser curvature of the stomach and removing the outer section of 
stomach (Figure 4.10.1c). Absorption is less likely to be affected compared with the gastric bypass.

Duodenal switch
This may be done as a one stage or two stage procedure. A sleeve gastrectomy is performed and then a large 
section of the small intestine bypassed leaving 50–100 cm common channel for absorption (Figure 4.10.1d). 
There is malabsorption of protein, fat, calcium, fat soluble vitamins and zinc [5].
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Figure 4.10.1 Bariatric surgical approaches. Diagrams reproduced with permission from Dendrite and NBSR Committee.
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pattern. Support may be needed to help with menu 
planning, especially when the patient returns to 
work or is away from home.

The importance of chewing food and eating 
slowly cannot be overemphasised. Some patients 
struggle with the phased approach, choosing food 
textures that are inappropriate for that stage. This 
may result in the food becoming lodged in the gas
tric pouch, causing discomfort, followed by regurgi
tation or vomiting. Patients may then become 
reluctant to try new foods and choose soft foods or 
liquids of poor nutritional content [18]. This is likely 
to result in nutritional deficiencies and/or poor 
weight loss results. Patients who self‐reported that 
they had adhered to the postoperative dietary advice 
as directed by the dietitian experienced a greater 
weight loss than those who said they had not [19].

4.10.4 Impact of bariatric 
surgery on nutrition

All bariatric surgical procedures impact on nutrition. 
This may be by altering the volume and type of food 
eaten, or by affecting absorption [3–7,12], and thus 
increasing the risk of nutritional deficiencies. A sur
vey of current practice of members of the British 
Obesity and Metabolic Surgery Society (BOMSS) 
found variation in preoperative nutritional screening, 
postoperative nutritional monitoring and recommen
dations regarding vitamin and mineral supplements 
[20], following which the BOMSS guidelines on pre
operative and postoperative biochemical monitoring 
and micronutrient replacement for patients undergo
ing bariatric surgery were developed [21]. These 
guidelines give practical guidance around long‐term 
nutritional monitoring and vitamin and mineral 
 supplementation. Table 4.10.1 summarises the main 
recommendations for nutritional monitoring and 
micronutrient supplementation. The SurgiCal Obesity 
Treatment Study (SCOTS) includes the monitoring 
of nutritional parameters over 10 years, and will pro
vide valuable information [22].

Protein

Adequate protein intake can be difficult to achieve 
postoperatively [12,19,23]. DS results in additional 

protein requirements because of malabsorption. A 
protein intake of 60 g/day should be the target fol
lowing gastric bypass, and 90 g/day following DS 
[12,23]. The risk of protein energy malnutrition is 
greatest following DS. An emphasis on proteins 
may also help prevent weight regain in the longer 
term, but the diet should still include complex car
bohydrates to prevent loss of muscle mass [24].

Calcium and vitamin D

RYGB and DS increase the risk of calcium and vita
min D deficiency [4,5,12,23,25,26]. This may result 
in secondary hyperparathyroidism and, eventually, 
metabolic bone disease [26]. Low vitamin D and 
increased parathyroid hormone (PTH) levels have 
been reported in SG patients [27]. Vitamin D defi
ciency should be corrected prior to surgery and moni
tored postoperatively. The National Osteoporosis 
Society’s guidelines document, titled ‘Vitamin D and 
bone health: A practical clinical guideline for patient 
management’, contains practical recommendations 
for vitamin D replacement in primary care [28]. 
There is ongoing debate about the levels of calcium 
and vitamin D supplementation required following 
surgery, but it is acknowledged that the monitoring of 
calcium, vitamin D and PTH levels following RYGB, 
SG and DS is essential [5,12,23,26].

Iron, folate and vitamin B12

Patients may struggle to tolerate red meat, thereby 
reducing iron intake. As iron is mainly absorbed 
in the duodenum and proximal jejunum, absorp
tion is reduced following RYGB, SG and DS, and 
the risk of iron deficiency anaemia increases 
[3,5,12,20,23,27,29]. Additional iron supplemen
tation is needed, especially in women of menstru
ating age.

Poor folate status has been reported following 
AGB, SG and RYGB [30–32]. This may indicate a 
low‐folate diet or noncompliance with vitamin and 
mineral supplements.

Vitamin B
12

 absorption requires the intrinsic 
 factor, secreted by the gastric parietal cells, and so 
vitamin B

12
 levels are decreased following RYGB 

[12,23,29,31]. There are variable reports of vitamin 
B

12
 deficiency in SG [27,32]. Vitamin B

12
 deficiency 



Surgical procedure and 
monitoring/supplements Biochemical monitoring AGB SG, RYGB, DS    

Vitamin and mineral supplements 
(complete, containing water‐ and 
fat‐soluble vitamins, iron, zinc, 
copper and selenium)

One daily One to two daily  

Iron and folate Monitor ferritin and folate levels Within vitamin and mineral 
supplements

Additional iron recommended, providing 45–60 
mg iron. 100 mg iron recommended for 
menstruating women  

Vitamin B 
12

 Monitor vitamin B 
12

  levels in 
SG, RYGB, DS

Should not need additional vitamin B 
12

 Three monthly intramuscular vitamin B 
12

  
injections  

Calcium and vitamin D Monitor calcium, vitamin D and 
PTH levels

Continue with maintenance doses of 
calcium and vitamin D as identified 
preoperatively

Continue with maintenance doses of calcium and 
vitamin D as identified preoperatively. Treat and 
adjust vitamin D supplementation to maintain 
serum vitamin D levels in line with National 
Osteoporosis Society guidelines. Patients are 
likely to be on at least 800 mg calcium and 20  μ g 
vitamin D. Additional vitamin D supplementation 
is likely to be required for DS  

Vitamin A Monitor vitamin A in DS and 
RYGB patients in case of severe 
malabsorption

Contained within vitamin and mineral 
supplements

Contained within vitamin and mineral 
supplements. Consider additional fat‐soluble 
vitamin supplementation for DS  

Zinc, copper and selenium Monitor zinc and copper in 
RYGB, SG and DS. Monitor 
selenium in unexplained 
anaemia, metabolic bone disease 
or cardiomyopathy

Contained within vitamin and mineral 
supplements

Contained within vitamin and mineral 
supplements. If additional zinc required, ensure 
ratio of 8–15 mg of zinc per mg of copper  

Thiamine Sufficiently contained in multivitamins 
and minerals; however, if patient 
experiences prolonged vomiting, always 
prescribe additional thiamine (200–300 
mg daily, vitamin B compound strong, 
one or two tablets, three times a day), 
and urgent referral to a bariatric centre.

Sufficiently contained in multivitamins and 
minerals; however, if patient experiences 
prolonged vomiting, always prescribe additional 
thiamine (200–300 mg daily, vitamin B compound 
strong, one or two tablets, three times a day), and 
urgent referral to a bariatric centre

 Table 4.10.1    Nutritional monitoring and vitamin and mineral supplements following bariatric surgery

     Adapted from reference [  21  ]. 
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results in megaloblastic anaemia and peripheral 
neuropathy. Oral supplementation with vitamin B

12
 

following RYGB may not be sufficient to prevent 
vitamin B

12
 deficiency, and intramuscular vitamin 

B
12

 injections are recommended [33]. Vitamin B
12

 
concentrations should be monitored, and patients 
should receive supplementation as appropriate. 
However, postoperative nutritional monitoring may 
not be as robust as it should be, so vitamin B

12
 sup

plementation is recommended following SG and DS 
[31]. Vitamin B

12
 deficiency should be excluded as a 

cause of megaloblastic anaemia before giving addi
tional folate supplements.

Vitamins A, E and K

The risk of vitamin A deficiency in patients follow
ing DS is increased as a result of fat malabsorption 
[5,25]. Although the risk of vitamin A deficiency is 
small following RYGB, poor vitamin A status has 
been reported [34]. Poor vitamin K status has been 
reported in patients following DS [35]. Routine 
screening for vitamin A deficiency is recommended 
following DS [23], with higher doses of fat‐soluble 
vitamins provided in a water‐soluble form to aid 
absorption [12]. For other procedures, multivitamin 
and mineral supplements should be sufficient.

Thiamine

Thiamine deficiency leading to Wernicke’s encepha
lopathy has been reported following bariatric surgery 
[36]. Causes included poor dietary intake, prolonged 
vomiting and noncompliance with vitamin and min
eral supplements. Healthcare professionals need to 
be aware of the risk of thiamine deficiency and 
should treat with additional thiamine.

Zinc, copper and selenium

Routine screening for zinc deficiency is recom
mended following RYGB and DS, especially if there 
are symptoms of zinc deficiency [23]. Zinc supple
mentation is routinely recommended following DS, 
but not RYGB. As zinc and copper share a common 
absorption pathway, over‐supplementation with zinc 
will affect copper and vice versa [37], so the supple
ments must contain the appropriate copper–zinc ratio 

[23]. There is insufficient evidence to support routine 
screening for selenium status, but deficiency should 
be considered if there are specific conditions such as 
persistent diarrhoea or unexplained anaemia [23].

Managing weight regain

Although many patients achieve significant weight 
loss following bariatric surgery, a small minority will 
have inadequate weight loss or even weight regain 
[38]. In the Swedish Obesity Surgery (SOS) study, in 
which patients had a gastric band, vertical banded gas
troplasty or gastric bypass, the average weight loss at 
12 months was 25.3% [38]. After 10 years, the average 
weight loss was 16%. There was variability in the 
weight loss results, ranging from around 12% who lost 
more than 30% of their initial body weight, to 9% who 
had gained weight. The SOS is not a randomised con
trol trial, so it is not possible to decide which surgical 
procedure may result in optimum weight loss and 
weight maintenance. For this reason, a multicentre 
trial that randomises patients to gastric band, gastric 
bypass or sleeve gastrectomy is being undertaken [39].

Weight regain is disheartening for patients, 
whether they have had surgery or not. In surgical 
patients, factors include dietary noncompliance and 
maladaptive eating [18–19]. Patients who self‐
reported that they had complied with the dietary 
advice had greater weight loss and less regain [19]. 
Those patients who had a higher baseline level of 
cognitive restraint had better outcomes, suggesting 
that the ability to restrict food before surgery may 
be a predictor of the ability to follow the postopera
tive diet. Good postoperative dietetic intervention 
was found to help patients make positive changes in 
eating behaviours [40]. In the National Control 
Weight Registry, Bond et al. compared the weight 
loss between nonsurgical and surgical methods [41]. 
Both groups had managed to lose around 56 kg and 
experienced the same amount of weight regain; 
however, those who had surgery reported a higher‐
fat diet and were less physically active. Kalarchian 
et  al. randomised patients who were more than 
3 years post‐surgery, and had less than 50% excess 
weight loss, to a behavioural intervention or a wait‐
list control group [42]. This pilot study suggested 
that ongoing support with weight management fol
lowing surgery was of benefit. Patients need 
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continued support and behavioural interventions 
following surgery to aid weight maintenance.

4.10.5 Conclusion

The dietitian has a key role is assessing patients pre
operatively, in preparing them for surgery and in 
supporting them to make the appropriate lifestyle 
modifications postoperatively. There is a risk of 
maladaptive eating and nutritional deficiencies, and 
patients need continued dietetic support and nutri
tional monitoring following surgery. When accom
panied with positive changes in behavioural and 
lifestyle changes, bariatric surgery is an effective 
treatment option.

4.10.6 Summary box

References

1. National Institute for Health and Clinical Excellence. NICE 
CG189 Obesity: identification, assessment and management, 
2014. Internet: https://www.nice.org.uk/guidance/cg189.

2. Welbourn R, Sarela A, Small P, Somers S, Finlay A, Mahawar 
K. National Bariatric Surgery Registry of The British Obesity 
and Metabolic Surgery Society Second Registry Report, 2014. 
Henley on Thames: Dendrite Clinical Systems Limited. 
Internet: http://nbsr.co.uk/2014‐report/.

3. Malone M, Alger‐Mayer S, Lindstrom J, Bailie JR. 
Management of iron deficiency and anaemia after Roux‐en‐Y 
gastric bypass surgery: an observational study. Surgery for 
Obesity and Related Diseases 2013; 9: 969–974.

4. Carlin AM, Rao S, Meslemani AM, Genaw JA, Parikhb NJ, 
Levy S, et al. Prevalence of Vitamin D depletion amongst mor
bidly obese patients seeking gastric bypass surgery. Surgery 
for Obesity and Related Diseases 2006; 2(2): 98–103.

5. Dolan K, Hatzifotis M, Newbury L, Lowe N, Fielding G. A 
clinical and nutritional comparison of biliopancreatic diver
sion with and without duodenal switch. Annals of Surgery 
2004; 240: 51–56.

6. Lindroos AK, Lissner L, Sjostrom L. Weight change in relation 
to intake of sugar and sweet foods before and after weight 
reducing gastric surgery. International Journal of Obesity and 
Related Metabolic Disorders 1996; 20: 634–643.

7. Nӓslund I, Jӓrnmark I, Andersson H. Dietary intake before 
and after gastric bypass and gastroplasty for morbid obe
sity in women. International Journal of Obesity 1988; 12: 
503–513.

8. Gibbons LM, Sarwer DB, Crerand CE, Fabricatore AN, 
Kuehnel RH, Lipschutz PE, et al. Previous weight loss experi
ences of bariatric surgery candidates: how much have patients 
dieted prior to surgery? Obesity 2006; 14 (3):70S–75S.

9. Wadden TA, Sarwer DB. Behavioural assessment of candi
dates for bariatric surgery: a patient‐oriented approach. 
Obesity 2006; 14: 53S–62S.

10. Prentice AM, Black AE, Coward WA, Davies HL, Goldberg 
GR, Murgatroyd PR, et al. High levels of energy expenditure 
in obese women. BMJ 1986; 292: 983–987.

11. Stevens T, Spavin S, Scholtz S, McClelland L. Your patient 
and weight loss surgery. Advances in Psychiatric Treatment 
2012; 18: 418–425.

12. Aills L, Blankenship J, Buffington C, Furtado M, Parrott J. 
ASMBS allied health nutritional guidelines for the surgical 
weight loss patient. Surgery for Obesity and Related Diseases 
2008; 4(5): S73–S108.

13. Bates B, Lennox A, Prentice A, Bates CSG. National Diet and 
Nutrition Survey, London. Headline results from years 1, 2 and 
3 (combined) of the rolling programme (2008/2009–2010/11) 
2013: Department of Health and the Food Standards Agency. 
Internet: https://www.gov.uk/government/statistics/national‐
diet‐and‐nutrition‐survey‐headline‐results‐from‐years‐1‐2‐
and‐3‐combined‐of‐the‐rolling‐programme‐200809‐201011, 
accessed 12 January 2016.

14. Hypponen E, Power C. Vitamin D status and glucose homeo
stasis in the 1958 British Birth Cohort. Diabetes Care 2006; 
29: 2244–2246.

15. Giusti V, De Lucia A, Di Vetta V, Calmes JM, Héraïef E, 
Gaillard RC, Burckhardt P, Suter M. Impact of preoperative 
teaching on surgical option of patients qualifying for bariatric 
surgery. Obesity Surgery 2004; 14: 1241–1246.

16. Fris RJ. Preoperative low energy diet diminishes liver size. 
Obesity Surgery 2004; 14: 1165–1170.

17. Baldry EL, Leeder PC, Idris IR. Pre‐operative dietary restric
tion for patients undergoing bariatric surgery in the UK: obser
vational study of current practice and dietary effects. Obesity 
Surgery 2014; 24(3): 416–421.

Key points

• A comprehensive assessment by the bariatric 
multidisciplinary team is essential, and the dieti
tian, as a core member, plays a lead role in this.

• Bariatric surgery impacts on dietary and nutri
tional intake. The dietitian plays a key role in 
educating and supporting the patient to ensure a 
good nutritional intake and avoidance of mala
daptive eating.

• The gastric bypass, sleeve gastrectomy and duo
denal switch adversely affect the absorption of 
micronutrients. The duodenal switch also im
pacts on the absorption of proteins and fats.

• Patients require lifelong nutritional supplements 
and nutritional monitoring postoperatively.

• Patients need support with behavioural changes 
and weight maintenance after bariatric surgery.



4.10 Diet to support surgical management of weight loss  211

18. Sarwer DB, Dilks RJ, West‐Smith L. Dietary intake and eating 
behaviour after bariatric surgery: threats to weight loss mainte
nance and strategies for success. Surgery for Obesity and 
Related Diseases 2011; 7(5): 644–651.

19. Sarwer DB, Wadden TA, Moore RH, Baker AW, Gibbons LM, 
Raper SE, et al. Preoperative eating behaviour, postoperative 
dietary adherence, and weight loss after gastric bypass sur
gery. Surgery for Obesity and Related Diseases 2008; 4(5): 
640–646.

20. O’Kane M. Bariatric surgery, vitamins, minerals and nutritional 
monitoring: a survey of current practice within BOMSS [M.Sc. 
dissertation]. Leeds: Leeds Metropolitan University, 2013.

21. O’Kane M, Pinkney J, Aasheim E, Barth J, Batterham R, 
Welbourn R. BOMSS guidelines on perioperative and postop
erative biochemical monitoring and micronutrient replacement 
for patients undergoing bariatric surgery 2014. Internet: http://
www.bomss.org.uk/bomss‐nutritional‐guidance/, accessed 12 
January 2016.

22. Logue J. Surgical obesity treatment study. Available from: 
http://www.nets.nihr.ac.uk/projects/hta/104202.

23. Mechanick JI, Youdim A, Jones DB, Garvey WT, Hurley DL, 
McMahon MM, et al. Clinical practice guidelines for the peri
operative nutritional, metabolic, and nonsurgical support of 
the bariatric surgery patient – 2013 update: cosponsored by the 
American Association of Clinical Endocrinologist, The 
Obesity Society, and American Society for Metabolic and 
Bariatric Surgery. Surgery for Obesity and Related Diseases 
2013; 9(2): 159–191.

24. Faria SL, Faria OP, Buffington C, Cardeal MdeA, Ito MK. 
Dietary protein intake and bariatric surgery patients: a review. 
Obesity Surgery 2011; 21: 1798–1805.

25. Søvik TT, Aasheim ET, Taha O, Engstrom M, Fagerland MW, 
Bjorkman S, et al. Weight loss, cardiovascular risk factors, and 
quality of life after gastric bypass and duodenal switch. Annals 
of Internal Medicine 2011; 155: 281–291.

26. Heber D, Greenway FI, Kaplan LM, Livingston E, Salvador J, 
Still C. Endocrine and nutritional management of the post‐
bariatric surgery patient: an endocrine society clinical practice 
guideline. Journal of Clinical Endocrinology and Metabolism 
2010; 95(11): 4823–4843.

27. Aarts EO, Janssen IMC, Berends FJ. The gastric sleeve: losing 
weight as fast as micronutrients? Obesity Surgery 2011; 21: 
207–211.

28. Francis R, Aspray T, Fraser W, Gittoes N, Javaid K, MacDonald 
H, et al. Vitamin D and bone health: a practical clinical guide
line for patient management. National Osteoporosis Society 
[Internet], 2013. Available from: http://www.nos.org.uk/
document.doc?id=1352, accessed 12 January 2016.

29. Cable CT, Colbert CY, Showalter T, Ahluwalia R, Song J, 
Whitfield P, et al. Prevalence of anaemia after Roux‐en‐Y gas
tric bypass surgery: what is the right number? Surgery for 
Obesity and Related Diseases 2011; 7(2): 134–139.

30. Gasteyger C, Suter M, Calmes JM, Gaillard RC, Giustiet V. 
Changes in body composition, metabolic profile and nutri
tional status 24 months after gastric banding. Obesity Surgery 
2006; 16(3): 243–250.

31. Gudzune KA, Huizinga MM, Chang H‐Y, Asamoah V, Gadgil 
M, Clarke JM. Screening and diagnosis of micronutrient defi
ciencies before and after bariatric surgery. Obesity Surgery 
2013; 23(10): 1581–1589.

32. Saif T, Strain GW, Dakin G, Gagner M, Costa R, Pomp A. 
Evaluation of nutrient status after laparoscopic sleeve gastrec
tomy 1, 3, and 5 years after surgery. Surgery for Obesity and 
Related Diseases 2012; 8(5): 542–547.

33. Majumder S, Soriano J, Cruz AL, Dasanu CA. Vitamin B
12

 
deficiency in patients undergoing bariatric surgery: Preventive 
strategies and key recommendations. Surgery for Obesity and 
Related Diseases 2013; 9: 1013–1019.

34. Eckert MJ, Perry JT, Sohn VY, Boden J, Martin M, Rush RM, 
et al. Incidence of low vitamin A levels and ocular symptoms 
after Roux‐en‐Y gastric bypass. Surgery for Obesity and 
Related Diseases 2010; 6(6): 653–657.

35. Slater GH, Ren CJ, Siegel N, Williams T, Barr D, Wolfe B, 
et al. Serum fat‐soluble vitamin deficiency and abnormal cal
cium metabolism after malabsorptive bariatric surgery. 
Journal of Gastrointestinal Surgery 2004; 8(1): 48–55.

36. Aasheim ET. Wernicke encephalopathy after bariatric surgery. 
Annals of Surgery 2008; 248: 714–720.

37. Rowin R, Lewis SL. Copper deficiency myeloneuropathy and 
pancytopenia secondary to overuse of zinc supplementation. 
Journal of Neurology, Neurosurgery, and Psychiatry 2005; 76: 
750–751.

38. Karlsson J, Taft C, Rydén A, Sjostrom L, Sullivan M. Ten‐year 
trends in health‐related quality of life after surgical and con
ventional treatment for severe obesity: the SOS intervention 
study. International Journal of Obesity 2007; 31: 1248–1261.

39. Rogers CA, Welbourn R, Byrne J, Donovan JL, Reeves BC, 
Wordsworth S, et  al. The by‐band study: gastric bypass or 
adjustable gastric band surgery to treat morbid obesity: study 
protocol for a multi‐centre randomised controlled trial with an 
internal pilot phase. Trials 2014; 15: 53.

40. Sarwer DB, Moore RH, Spitzer JC, Wadden TA, Raper SE, 
Williams NN. A pilot study investigating the efficacy of post
operative dietary counselling to improve outcomes after bari
atric surgery. Surgery for Obesity and Related Diseases 2012; 
8: 561–568.

41. Bond DS, Phelan S, Leahey TM, Hill JO, Wing RR. Weight‐
loss maintenance in successful weight losers: surgical vs. non‐
surgical methods. International Journal of Obesity 2009; 33: 
173–180.

42. Kalarchian MA, Marcus M, Courcoulas AP, Cheng y, Levine 
MD, Josbeno D. Optimizing long‐term weight control after 
bariatric surgery: a pilot study. Surgery for Obesity and 
Related Diseases 2012; 8: 710–716.



Advanced Nutrition and Dietetics in Obesity, First Edition. Edited by Catherine Hankey. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.

Physical activity for weight loss in obesity

Chapter 4.11

4.11.1 Introduction

Physical activity (PA) is a commonly prescribed 
means of promoting weight loss in overweight and 
obese individuals. Increased levels of daily PA can 
create a negative energy imbalance, which, if main
tained over a prolonged period, will result in weight 
loss. However, the efficacy of PA to promote mean
ingful and sustained weight loss has been ques
tioned, potentially undermining the important role 
that PA can (and should) play in obesity manage
ment [1]. However, effective obesity management 
should not simply focus on body weight. This mis
conception in part stems from a failure to disassoci
ate the independent health benefits of regular PA 
from changes in body weight, with weight loss 
often mistakenly perceived as the only reason for 
promoting PA. Recent guidelines by the American 
College of Sports Medicine (ACSM; Table 4.11.1) 
indicate that differing levels of PA are needed to 
prevent initial weight gain, elicit weight loss and 
prevent weight regain, and these differences must 
be recognised when prescribing PA for weight man
agement [2]. These issues are further complicated 
by recent findings demonstrating that exercise‐
induced weight loss is characterised by a high 
degree of inter‐individual variability, and compen
satory changes in the energy balance system can 
attenuate exercise‐induced increases in total daily 
energy expenditure (TDEE). As such, this chapter 
will provide a current overview of the positive role 
that PA can play in obesity management. Particular 
attention will be given to the individual variability 

in exercise‐induced weight loss, as well as the com
pensatory adjustments in energy balance that medi
ate the propensity for weight loss, as this is vital for 
a more complete understanding of the relationship 
between PA and body weight.

4.11.2 Physical activity 
and weight gain

In many countries, governments and health agencies 
are strongly promoting PA as a means to prevent the 
accumulation of fatness that leads to weight gain 
and obesity. However, there is often a resistance to 
respond to health promotion initiatives. For exam
ple, in the UK, the Chief Medical Officer has 
recently reported that 71% of women and 61% of 
men fail to carry out even the minimal amount of PA 
recommended in the government’s guidelines. 
However, whether the current rates of obesity are 
primarily driven by decreased PA or increased 
energy intake (EI) has been debated [3–5]. Recently, 
it has been argued that increased EI is the key driver 
[6,7], as PA has remained unchanged since the 
1980s [8,6]. It has been suggested that an ‘energy 
gap’ of approximately 50 kcal/day (the imbalance 
between total daily energy intake and expenditure) 
can explain the average 1 kg/year increase in body 
weight seen in adult Americans over the last decade 
[9]. However, inaccuracies inherent to the measure
ment of PA and EI at the population level mean that 
this energy gap is likely much larger, with the gap 
between normal weight and obese individuals likely 
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to be in the range of 300–1500 kcal/day [10]. 
Notwithstanding this, the promotion of PA at the 
individual and population level would seem a viable 
approach to obesity management, as PA is a readily 
modifiable component of energy balance that 
accounts for approximately 30% of TDEE in seden
tary individuals [11]. Unfortunately, the complexi
ties in both human behaviour and the biological 
regulation of body weight can confound this 
approach. While the psychological benefits and bar
riers to PA have been discussed elsewhere [12], it is 
important that the interplay between PA and the 
physiological regulation of energy balance be dis
cussed if the role of PA in obesity management is to 
be fully understood.

4.11.3 The impact of physical 
activity on energy balance

The basic assumption made when prescribing 
increased PA for weight loss is that the associated 
increase in energy expenditure will create a negative 
energy imbalance and lead to weight loss. However, 
this assumes a static energy balance system in which 
the individual components of energy balance are 
rigid. In fact, the regulation of energy balance is a 
dynamic and integrated process, where components 
interact in a coordinated fashion and can compen
sate for perturbations elsewhere in the system [13]. 
For example, an increase in energy expenditure via 
PA could produce compensatory changes in EI or 

Aim Recommended level of PA

NHLBI 
evidence 
category Evidence statement

PA to prevent 
weight gain

150–250 min/week (1200–2000 
kcal/week).

A PA level will prevent excessive 
weight gain (>3%) in most adults.

PA for weight 
loss

<150 min/week promotes 
minimal weight loss.
150–250 min/week results in 
modest weight loss of 
approximately 2–3 kg.
>225–420 min/week results 
in approximately 5–7.5 kg 
weight loss.

B A clear dose–response relationship 
exists for weight loss.

PA for weight 
maintenance 
after weight loss

Approximately 200–300 min/
week during weight 
maintenance to reduce weight 
regain after weight loss.

B While a dose–response relationship 
appears to exist, there is a lack of 
appropriate studies to provide 
evidence for the amount of PA to 
prevent weight regain.

Resistance 
training (RT) for 
weight loss

Evidence does not support RT 
as effective for weight loss with 
or without diet restriction.

B Limited evidence that RT promotes 
gain or maintenance of lean mass 
and loss of body fat during energy 
restriction.
Some evidence that RT improves 
chronic disease risk factors (HDL‐C, 
LDL‐C, insulin, blood pressure).

Table 4.11.1 ACSM physical activity recommendations for weight management and the level 
of evidence (NHLBI) for each statement. Adapted from reference [2]

PA, physical activity; ACSM, American College of Sports Medicine; NHLBI, National Heart, Lung, and Blood 
Institute; RT, resistance training; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein 
cholesterol.
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non‐exercise PA, while changes in EI may influence 
TDEE through changes in daily PA levels. The need 
for such flexibility becomes apparent when the vari
ability in day‐to‐day EI, which can vary by as much 
as 100%, is considered [14]. Indeed, on a daily or 
short‐term basis, the energy state of the body is con
stantly fluctuating between periods of positive and 
negative energy imbalance; yet, body weight 
remains relatively stable in most individuals over 
time [15]. Therefore, when an acute exercise‐
induced increase in energy expenditure is consid
ered in the context of this changeable internal 
environment, it should not be assumed that TDEE 
will simply increase in a linear fashion relative to 
the exercise‐induced energy expenditure (ExEE).

The integrated nature of this dynamic regulatory 
system must be considered when examining the evi
dence relating to PA and obesity management. The 
efficacy of exercise for weight loss has been exten
sively reviewed, with a weight loss of approximately 
1.5–3 kg typically reported [16]. Importantly, the 
observed weight loss is often below that theoretically 
expected, based on objective measures of ExEE. In 
such cases, expected weight loss is predicted using 
objectively measured ExEE, body composition and 
the energy equivalents of tissue composition. As 
such, adherence (or the lack of it) cannot explain any 
differences between actual and predicted weight loss. 
Indeed, Borer (2008) suggests that, when performed 

without dietary restriction, a daily ExEE of 400 kcal 
produces body fat losses equivalent to approximately 
one‐third of that predicted [17]. This indicates partial 
compensation in one or more components of the 
energy balance system that limits perturbations to 
stored energy and body weight.

4.11.4 Individual variability: 
biological and behavioural 
compensatory responses

Until recently, compensation to exercise was not 
explored, with poor adherence commonly cited as a 
causal factor for the lower‐than‐expected weight 
loss. Findings have revealed marked inter‐individual 
variability in the body weight response to acute 
[18,19] and medium‐term exercise interventions, 
which cannot be explained by differences in adher
ence or ExEE [20–23]. For example, Barwell et al. 
(2009) reported that, following 7 weeks of aerobic 
exercise in sedentary women, changes in fat mass 
ranged from −5.3 to +2.1 kg [21]. Differences in 
ExEE accounted for 36% of this variance, but large 
variability still existed in the residual changes in fat 
mass when ExEE was accounted for (Figure 4.11.1). 
While it is intuitive that individuals will not respond 
in the same way to exercise (even under conditions of 
high compliance), this notion has not been reflected 
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Figure 4.11.1 Individual changes in fat mass following seven weeks of aerobic exercise training in lean women. 
Data are presented as residual changes in fat mass after net ExEE has been accounted for. Previously published in 
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in the standard scientific approach to the study of PA 
and obesity management. Acknowledgement of this 
variability is of great importance if effective weight 
management programmes are to be designed. This 
need is clearly illustrated by the fact that, despite 
large and verified increases in ExEE, a small number 
of individuals actually gain weight during supervised 
exercise interventions [20,21].

Attempts to characterise this variability has revealed 
that that some individuals are more susceptible to 
exercise‐induced weight loss than others. This 
 susceptibility is likely to be conveyed through one 
or  more compensatory pathways that act as auto‐ 
regulatory responses to energy deficit, minimising 
perturbations to energy homeostasis and body weight 
[24]. Attempts have been made to identify the key 
biological and behavioural compensatory mecha
nisms, but a greater understanding of these, and how 
they interact to shape body weight during long‐term 
energy deficit, is still needed. While two potential 
compensatory pathways are briefly summarised in 
the following text, more detailed reviews concerning 
energy balance and compensation [25], and the 
effects of exercise on appetite control [26–28] and 
spontaneous PA, can be found elsewhere [29,30].

4.11.5 The effect of physical 
activity on energy intake

While acute exercise does not lead to an automatic 
increase in EI [31–33], it is becoming clear that eating 
behaviour in response to acute exercise is highly vari
able [18,19,34]. When exercise is performed over con
secutive days, EI begins to track TDEE, with partial 
compensation in EI equal to approximately 30% of 
the ExEE observed following 7–14 days of intense 
exercise [35–37]. These findings are consistent with 
longer‐term interventions, which demonstrate that 
exercise‐induced compensatory eating is a powerful 
mediator of weight loss in susceptible individuals 
[20,23,38]. In some, the same ExEE can result in sub
stantial weight loss and no concomitant increase in EI, 
but minimal weight loss and compensatory increases 
in hunger in others [23]. However, even in those who 
experience an increased orexigenic drive, evidence 
suggests that regular exercise still has a positive 
effect on appetite control. A ‘duel process’ has been 

observed in which increases in fasting hunger are par
tially offset by an improved post‐meal satiety response 
following chronic exercise [23,38]. This is consistent 
with the improved sensitivity in appetite control noted 
in regular exercisers [39] and those who undertake 
exercise training [40]. It has been proposed that the 
primary rationale for promoting PA in obesity man
agement may not relate to its impact on energy 
expenditure, but to the positive effect it has on appetite 
regulation [41,42]. Recent evidence indicates a weak 
coupling between EI and TDEE in sedentary individu
als or those displaying low levels of PA, but a stronger 
coupling between EI and TDEE at high levels of PA 
[43–45]. A weak  coupling at low levels of PA would 
promote the overconsumption of food, whereas a 
stronger coupling between EI and TDEE would pro
mote the maintenance of energy balance (albeit at 
higher absolute levels of intake and expenditure).

4.11.6 Physical activity 
and non‐exercise activity 
thermogenesis

It has also been suggested that compensatory reduc
tions in non‐exercise activity thermogenesis 
(NEAT) – that is, the energy expenditure of all phys
ical activities other than volitional exercise – may 
occur in response to increased voluntary exercise 
[46]. However, some [47,48], but not all, have 
reported a reduction in NEAT with increased levels 
of voluntary exercise [49–52]. Such inconsistencies 
may relate to the duration or mode of the exercise 
intervention and the variations in the measurement 
techniques used, with TDEE commonly measured 
using indirect calorimetry, doubly labelled water, 
accelerometers, heart rate or activities diaries (or a 
combination of these). Age and/or exercise intensity 
may also mediate such compensation, with reduc
tions in non‐exercise activity reported in older (55–
68 years) but not younger (28–41 years) individuals 
[53,54], while a delayed increase in NEAT has been 
reported 3 days after a high‐intensity exercise bout, 
but not a moderate bout [55]. Notwithstanding these 
methodological inconsistencies, a recent systematic 
review [30] concluded that there was little evidence 
to support a compensatory reduction in non‐exercise 
PA during exercise training in healthy adults.
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4.11.7 Beyond weight loss: 
alternative health benefits 
of physical activity

While body weight is typically (and inappropriately) 
used as the primary marker of success in exercise‐
based weight management, it is clear that regular PA 
can produce clinically meaningful improvements in 
health that are independent of body weight. Studies 
have demonstrated that regular exercise can improve 
insulin sensitivity, reduce the progression of type 2 
diabetes and ameliorate hepatic steatosis and blood 
lipid profiles without changes in body weight [56–
58]. Indeed, it has been argued that cardiovascular 
fitness is a better predictor of all‐cause mortality 
than body weight. This is supported by evidence that 
adults demonstrating high cardiovascular fitness are 
at lower risk of all‐cause mortality than those with 
poor cardiovascular fitness [59–62]. Such findings 
have led to the ‘fat but fit’ concept, where it has been 
shown that, for all‐cause and cardiovascular mortal
ity, those with a high BMI and good cardiovascular 
fitness are at lower risk than those with a normal 
BMI but poor cardiovascular fitness [63]. However, 
it should be noted that the evidence demonstrating a 
protective effect of high aerobic fitness for type 2 
diabetes and cardiovascular disease is stronger than 
that for high PA levels [64], and that a high BMI is 
still a risk factor in type 2 diabetes and cardiovascu
lar disease [65]. As such, body weight and cardio
vascular fitness should be considered alongside each 
other when trying to improve long‐term health [66]. 
While it is clear that the ideal is to be of normal 
weight and to be physically active, the importance of 
PA and aerobic fitness should be promoted to the 
general public as clinically meaningful health 
improvements can be achieved irrespective of 
changes in body weight [67].

4.11.8 The optimal dose 
of physical activity for weight 
loss and maintenance

A dose–response relationship appears to exist 
between PA, health and body weight [68]. As shown 
in Table  4.11.1, the required PA dose will vary 

depending on the desired outcome. It has been sug
gested that the relationship between PA and health 
is curvilinear (see Figure 4.11.2), with the greatest 
benefits seen in physically inactive individuals who 
can achieve marked improvements in health with 
relatively minor increases in PA [68]. However, 
while 150 min/week of moderate PA appears suffi
cient to reduce the risk of multiple chronic diseases 
and all‐cause mortality [69], higher levels of PA 
may be needed for weight loss. The ACSM cur
rently suggests that 150–250 min/week of moderate 
PA is required for modest weight loss (2–3 kg), 
while 225–420 min/week is required for more sub
stantial weight loss (5–7.5 kg) [2]. It is worth noting 
that little attention has been given to how exercise 
dose affects compensatory responses to exercise. 
Church et  al. (2009) compared actual to predicted 
weight loss across three doses of ExEE (4, 8 and 12 
kcal.kg/week) during 6 months of supervised exer
cise [22]. Actual weight loss closely mirrored that 
predicted in the 4 and 8 kcal.kg/week groups, but, in 
the 12 kcal.kg/week group, the actual weight loss 
was significantly lower than that predicted (−1.5 vs. 
−2.7 kg, respectively). Consequently, weight loss 
was higher in the 8 kcal.kg/week group than the 12 
kcal.kg/week group, despite a lower total ExEE 
[22]. While this suggests that a higher exercise dose 
may elicit greater compensation, the mechanisms 
behind such compensation were not examined. 
Indeed, even within the 4 and 8 kcal.kg/week 
groups, compensation was still observed in approxi
mately 50% of individuals. It is also important to 
note that evidence indicates that sedentary behav
iour/time is an independent risk factor (distinct to 
PA levels and other known risk factors) in several 
chronic and all‐cause mortality [70]. Importantly, 
high levels of PA appear to attenuate, but not com
pletely eliminate, the risks associated with high lev
els of sedentary behaviour [70].

While research has primarily focussed on the effi
cacy of specific weight loss strategies, less attention 
has been given to the prevention of weight regain, 
despite a high level of recidivism seen in body weight 
following initial weight loss. Unfortunately, approxi
mately one‐third of the initial weight lost is regained 
within 1 year [71], while much of the weight is 
 typically regained after 5 years [56]. Although identi
fying predictors of successful weight maintenance is 
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problematic [72], PA has been shown to play a key 
role in preventing or attenuating weight regain [73]. 
While some have suggested that PA is a stronger 
determinant of weight maintenance than diet [74,75], 
other behaviours such as eating a low‐calorie and 
low‐fat diet, regular breakfast consumption, self‐
monitoring of body weight and a consistent pattern of 
eating across weekdays and weekends have also been 
shown to predict successful long‐term weight main
tenance [76]. Again, a dose–response relationship 
appears to exist between the volume of PA performed 
and weight regain, with those achieving better weight 
maintenance regularly engaging in high levels of PA 
[77]. However, despite the apparent importance of 
PA in weight maintenance, the optimal dose and type 
of PA has not been well defined. While noting that 
there is a lack of quality studies addressing this issue, 
the ACSM has recommended that 200–300 min/
week of moderate‐to‐vigorous PA is required to 
 prevent weight regain in weight‐reduced individuals 
[2]. As such, it is apparent that the volume of PA 

required to prevent weight regain is substantially 
greater than that initially required to prevent weight 
gain in the first place. The high volume of PA required 
to prevent weight regain may in part contribute to the 
high level of recidivism seen following weight loss.

4.11.9 Conclusions

When considering the importance of PA in obesity 
management, the independent health benefits 
derived from regular PA must be considered (and 
promoted) alongside any changes in body weight. 
These benefits convey clinically meaningful 
improvements in health and are not undermined by 
minimal changes in body weight. When PA is used 
to promote a negative energy imbalance and weight 
loss, the interplay between the components of 
energy balance must be considered. An increase in 
energy expenditure through PA has the potential to 
produce compensation in other areas of the energy 
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balance system, with evidence suggesting that 
changes in hunger and EI may attenuate the increase 
in energy expenditure in susceptible individuals fol
lowing acute and chronic exercise. While evidence 
is equivocal with regard to compensatory changes in 
NEAT, behavioural and/or biological compensation 
can partly explain why exercise‐induced weight loss 
is highly variable (even under conditions of high 
 compliance), and often less than that theoretically 
expected based on objective measures of ExEE. 
Evidence suggests that a dose–response relationship 
exists between PA and health, with marked improve
ments in health seen in physically inactive individu
als with relatively modest increases in PA. A similar 
relationship exists between PA and weight loss, 
albeit that a greater volume of PA is needed to 
achieve  substantial weight loss when dietary intake 
is not controlled. Despite the high level of recidi
vism seen in body weight following weight loss, 
further work is needed to characterise the factors 
that contribute to  successful weight maintenance. 
However, it appears that PA plays a key role in the 
prevention of weight regain.

4.11.10 Summary box
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4.12.1 Introduction

Worldwide obesity rates have rapidly increased over 
several decades [1], and there is a more pressing 
need for efficacious obesity treatments than ever 
before. While traditional treatment of obesity has 
focussed on the provision of dietary counselling and 
increasing physical activity, health organisations are 
increasingly recommending the use of psychologi
cal interventions as a means of managing and reduc
ing excess weight in adults. For example, a recent 
report commissioned by the British Psychological 
Society explicitly identifies the value of adopting a 
psychological approach to obesity treatment [2]. 
This is consistent with recommendations by multi
ple government health bodies [3,4] that identify psy
chological treatments or referral to a psychologist 
alongside diet and exercise‐based treatments as use
ful in the management of overweight and obesity.

In recent years, several key reviews have been 
published to evaluate the effectiveness of current 
psychological interventions in obesity [5,6]. These 
have identified behavioural therapy (BT) and cogni
tive therapy/cognitive‐behavioural therapy (CBT) 
as the commonly used types of psychological inter
ventions for the treatment of obesity in adults. 
Mindfulness‐based therapies have more recently 
also been suggested as a potentially useful avenue 
for emerging weight loss interventions [7]. This 
chapter will consider and evaluate the most common 
psychological interventions currently employed in 
the treatment of obesity.

Behavioural therapy for obesity

BT for obesity is based on the behavioural princi
ples of learned behaviour; that is, behaviours have a 
learned component that can be increased or 
decreased, depending on their desirability. If a 
behaviour is adaptive or likely to contribute to the 
achievement of a goal, its frequency can be increased 
using behaviour modification techniques. In terms 
of application to obesity treatment, BT aims to mod
ify behaviours that contribute to the development 
and maintenance of excess weight. BT programmes 
tend to focus on developing techniques that enable 
the individual to adapt their behaviours to promote 
successful weight loss [8]. They typically hold at 
their core the three stages of behavioural change 
identified by Brownell and colleagues [9]: (1) reali
sation of motivation for change; (2) application of 
learned weight loss strategies; and (3) cultivating 
plans for maintaining change.

Whereas early reports of the effectiveness of BT 
for obesity describe programmes lasting approxi
mately 10 weeks, more recent programmes can be 
up to 40 weeks in length [10]. This reflects the inclu
sion of developments in the research areas relevant 
to therapies that have occurred since their inception 
several decades previously. Participants will often 
attend weekly meetings as part of a weight loss pro
gramme that may also include a focus on diet and 
physical activity. The BT aspect of these programmes 
includes at least the following key components: goal 
setting, stimulus control and self‐monitoring. 
Detailed descriptions of these components have been 
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published elsewhere [11], but a brief description is 
provided in Box 4.12.1.

BT for weight loss is the most commonly studied 
psychological intervention in obesity management 
in adults [6]. Reviews and meta‐analyses of multiple 
randomised controlled trials evaluating the effec
tiveness of behavioural therapies, compared to con
trol or other established therapies, suggest that 
establishing behavioural modification techniques is 
a valuable tool in weight loss for the obese [5,12,14]. 
Indeed, behavioural weight loss therapies can pro
duce a significant weight loss of 8–10% of initial 
body weight in obese adults [10]. This is a similar 
reduction to that seen in some pharmacological 
weight loss options [4], and is highly promising, 
considering reports that a 5–10% reduction of body 
weight has been associated with reductions is obe
sity‐related health risks [16]. Furthermore, a review 
[5] of 18 studies that examined behavioural weight 
loss therapy showed that greater weight loss was 
achieved by behavioural weight loss therapy in 
comparison to no‐therapy control groups. BT was 
also shown to be effective when combined with 
dietary counselling and physical activity, and when 
the intervention was more intense than less intense.

Evaluations of the effectiveness of BT clearly show 
that it is a valuable psychological intervention for obe
sity when received alone or in addition to a diet and 
exercise intervention. This is recognised in the 

inclusion of BT in treatment guidelines and in the rec
ommendations for obesity published by health advi
sory and regulatory bodies such as the National 
Institute for Health and Care Excellence (NICE [17]), 
the National Obesity Observatory (NOO [18]) and the 
National Heart, Lung, and Blood Institute (NHLBI 
[3]). BT can be delivered by health practitioners, rather 
than by specialised psychological therapists, and is 
often less costly than other forms of interventions (e.g. 
cognitive therapy/CBT). Despite this, evidence of its 
efficacy in the long term is mixed. The range of fol
low‐up times reported in the preceding reviews and 
studies is often far less than the recommended 5 years 
[3]. Wing [10] reports that participants in behavioural 
weight loss therapies lose most of the weight by 
6  months of treatment, and that regain often begins 
after this point. In fact, some data [19] suggest that, 
although behavioural weight loss therapy appeared 
superior to CBT immediately post‐treatment, this dif
ference had reversed by the 12‐month follow‐up point. 
Weight maintenance following weight loss and the 
prevention of weight regain are significant issues in 
any form of weight loss intervention.

Cognitive therapy/CBT for obesity

Cooper and Fairburn [20,21] describe an initial adap
tation of CBT as a psychological intervention for 
obesity. The structured programme they present has 

Box 4.12.1 Brief description of the three key components of behavioural therapy 
for the management of weight loss in obesity

Goal setting: Participants are encouraged to set moderate, achievable goals throughout the course of a programme. 
The eventual achievement of the 10% reduction in body weight that is recommended by these programmes is 
broken down into weekly goals of 0.5–1 kg [12]. Breaking down the larger, long‐term goal of overall weight 
reduction into smaller, more immediate goals makes the ultimate aim more manageable and achievable [13].

Stimulus control: The basis of the stimulus control component of BT is that cues related to food intake  become 
associated with eating behaviour [14]. By limiting the presence of, or modifying the associations  attached to, 
internal or external cues, behaviours relevant to weight management can be modified based on their desirability. 
Stimulus control may take the form of changing the visibility of unhealthy food items in the home to reduce their 
consumption.

Self‐monitoring: Encouraging participants to monitor their own behaviours, energy intake and physical 
 activity has been described as a crucial component of BT for obesity [12]. Participants are encouraged to 
monitor and record their food intake, physical activity and behaviours during their progression through a 
BT  programme. Effective self‐monitoring has been associated with more successful weight loss when 
 incorporated into BT [15].
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been adopted for use in multiple healthcare settings 
and, as such, is identified as a candidate treatment for 
obesity in the European Clinical Practice Guidelines 
for the Management of Obesity in Adults [16].

Cognitive therapies and CBTs have roots in 
Beck’s [22] work, which assumes that defective cog
nitions are crucial to the development and mainte
nance of maladaptive behavioural and emotional 
responses. Current incarnations of CBTs have a 
combined focus on cognitive, behavioural and emo
tional components, and have been adapted as treat
ments for multiple disorders [23]. Applied to the 
treatment of obesity, these therapies aim to change 
cognitions and equip participants with strategies and 
responses that are used to identify and revaluate 
behavioural and emotional responses, processes and 
thought patterns likely to help or hinder progress 
towards an eventual weight loss goal [20,21]. CBT is 
distinct from traditional BT, as described in the pre
ceding text. While similarities between the two types 
of interventions are undeniable due to their aims to 
produce new behavioural patterns and their require
ment of active contributions from participants, cog
nitive therapies also emphasise the importance and 
role of cognitive processes in successful weight man
agement and maintenance of weight loss [21]. A core 

facet of CBT that is absent from behavioural 
 therapies is the aim of creating cognitive change 
in  addition to behavioural change. Behavioural 
experiments (explicit tests of the predicted outcome 
of behaviour, aimed at challenging predictions) 
and working to modify cognitive patterns are key to 
this [21].

The established programme of CBT for obesity 
is described in detail by Cooper and Fairburn 
[20,21], and an overview is presented here. The 
CBT programme for obesity is divided into two 
phases, which are further subdivided into a series 
of nine modules. Phase One focusses on weight 
loss; Phase Two focusses on weight maintenance. 
It is worth noting that this focus on weight main
tenance is another defining feature of CBT for 
obesity, not always seen in other types of inter
ventions. The programme was initially designed 
for one‐to‐one delivery [20], although examples 
of group‐based delivery are not uncommon 
[24,25]. Participants work through modules sys
tematically, although not without flexibility, with 
the guidance of a trained cognitive‐behavioural 
therapist. The intervention produced by Cooper 
and Fairburn [20,21] is designed to last 11 months, 
and is depicted in Box 4.12.2.

Box 4.12.2 An 11‐month CBT intervention for the management of obesity produced by Cooper 
and Fairburn [20,21]

Phase One comprises the following modules:
• Module 1: ‘Starting Treatment’ – involves assessment of the participant and introduction to the programme, 

key requirements and activities.
• Module 2: ‘Establishing and Maintaining Weight Loss’ – introduces the practicalities and considerations of 

an energy‐restrictive diet.
• Module 3: ‘Addressing Barriers to Weight Loss’  –  examines the issues that may arise and compromise 

 successful weight loss.
• Module 4: ‘Eating Well’ – nutrition‐centred.
• Module 5: ‘Increasing Activity’ – examines the relevance of creating an active lifestyle, and how this is done.
• Module 6: ‘Body Image’ – utilises CBT to address concerns relating to self‐acceptance of shape.
• Module 7: ‘Weight Goals’  –  focusses participants on the acceptance of their weight goals and explores 

 participants’ historical weight management issues.
• Module 8: ‘Primary Goals’ – explicitly explores goals participants may have that are directly related to their 

weight loss. The importance of planning goal‐attainment methods, potential obstacles to this and how to 
overcome them is also stressed in this module.

Phase Two primarily concerns the longevity of the changes made:
• Module 9: ‘Weight Maintenance’  –  provides participants with strategies and techniques that should be 

adopted in order to maintain weight loss.
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CBT appears to be effective in aiding weight 
reduction, particularly when combined with diet 
and exercise interventions [5]. Empirical support for 
its efficacy is provided by a host of studies, as dis
cussed in Shaw et al. [5], although some evidence is 
mixed, and the long‐term effects of treatment are 
unclear [25]. Some studies indicate that cognitive 
therapy produced weight reductions of 8.3 kg (com
pared with no weight change in the wait‐list control 
group) [24] and 8.6 kg (1.4 kg weight gain in the 
behavioural programme control group) [26]. The 
beneficial effects of the cognitive therapy groups 
were maintained until the 18‐month follow‐up 
in  both studies. Complementary results are also 
reported by Werrij et  al. [27], where significant 
weight loss was seen when cognitive therapy was 
added to dietetic treatment and in a control dietetic 
plus physical exercise intervention, although only 
the group receiving cognitive treatment maintained 
this weight loss at the 12‐month follow‐up. The 
authors conclude that superior relapse prevention 
can be achieved by the combination of cognitive 
therapy and dietetic treatment than is possible 
through a dietary and exercise intervention.

While evidence suggests that these programmes 
can produce weight loss of approximately 10% of 
initial body weight, others have highlighted that this 
is not always maintained over time [28]. For exam
ple, Muggia et  al. [25] report no difference in the 
numbers of participants achieving a 10% weight 
reduction, regardless of whether they received brief, 
group‐based CBT or standard care. Others report 
significant, but not differing weight loss in partici
pants of CBT and BT groups, as compared to guided 
self‐help (weight reductions of 10%, 11.3% and 
6.7%, respectively) [29]. Follow‐up data 3 years 
post‐treatment showed substantial weight regains 
for BT and CBT participants. These results indicate 
that, despite its focus on relapse prevention, CBT 
was no more effective at preventing weight regain 
than BT. Conversely, evidence from Sbrocco et al. 
[19] suggests that participation in a BT intervention 
(vs. a cognitive‐therapy‐based intervention) led to 
better initial weight loss, but this pattern was 
reversed at the 12‐month follow‐up.

It is clear that more research with longer follow‐up 
periods is desperately needed in order to fully under
stand the effectiveness of CBT for obesity. While, on 

one hand, it appears to be an effective treatment and is 
recognised as such in clinical practice recommenda
tions (see [16]), the disparity between results, such as 
those discussed here, challenges previous statements 
of CBT’s effectiveness as a psychological intervention 
for weight management. Furthermore, the practicali
ties of delivering interventions such as these may 
impact the types of investigations of efficacy that can 
be conducted, and also limit the feasibility of delivery 
of CBT in a healthcare setting. Initial descriptions of 
CBT are of an 11‐month programme delivered by a 
specialist therapist in a one‐to‐one setting [20,21]. 
This relatively time‐ and labour‐intensive structure 
may be off‐putting to some health providers or 
researchers. CBT typically requires delivery by a grad
uate‐level‐qualified cognitive‐behavioural therapist, 
whereas behavioural therapies do not, thus arguably 
making behavioural therapies more easily deliverable. 
Furthermore, the delivery of shortened or group‐based 
variations of the treatment has produced disappointing 
results (e.g. see [25]). Considerations such as these 
may deter finance‐ and time‐pressured researchers 
from embarking on the much‐needed in‐depth and 
long‐term evaluations of CBT for weight loss.

Mindfulness‐based interventions 
for obesity

Mindfulness‐based interventions have been sug
gested as a potential avenue for investigation in the 
development of new psychological interventions for 
obesity [7]. Mindfulness has been described as a 
way of paying attention to the present moment in a 
purposeful and non‐judgemental way [30]. A recent 
review indicates that a host of mindfulness‐based 
therapies show beneficial effects on weight loss in 
obese adults [7]. These therapies are hypothesised 
to act by promoting self‐regulation and attention to 
cues that may trigger unhelpful eating behaviours.

Mindfulness‐based therapies include, but are not 
limited to, Mindfulness‐Based Eating Awareness 
Training (MB‐EAT [31]), Mindful Eating Training 
[32] and Acceptance‐Based Treatments (ABTs 
[33]). Although originally developed for the treat
ment of obese individuals with binge eating disor
der, a 10‐session MB‐EAT intervention can produce 
a weight loss of approximately 3.2 kg and shows 
promise for translation into a non‐pathological 
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intervention setting [34]. Comparable weight loss 
has also been shown in Mindful Eating Interventions 
[32]. When compared to standard behavioural treat
ment, ABT for weight loss (which aims to cultivate 
tolerance of experiences that may provoke unhelp
ful eating behaviours) yielded superior weight loss 
achievements in a large sample of overweight and 
obese adults (‘Mind Your Health Project’; [33]). 
Participants in this study took part in a 40‐week 
intervention and, although both ABT and standard 
behavioural treatment groups achieved a 10% 
weight loss by follow‐up, the ABT group performed 
better overall when lead by more experienced thera
pists and for participants with higher levels of cue 
reactivity. Additional variations of these therapies 
have been developed, but a thorough examination of 
these is beyond the scope of this chapter.

Interventions that incorporate or are centred on 
mindfulness‐based theories and techniques appear 
to be a promising means of supporting successful 
weight loss in non‐clinical populations of obese 
adults. Although current evidence does indeed sup
port this, more research is needed to examine the 
longevity of the effects described in the preceding 
text [7]. As is often seen in research evaluating the 
effects of other psychological interventions for obe
sity, studies of mindfulness‐based treatments are 
limited by their short (or lack of extended) follow‐
up times. Furthermore, some evidence suggests that 
these treatments may only achieve their maximum 
effects when delivered by highly specialised and 
experienced therapists [33]. This is in contrast to the 
therapy provision options of behavioural treatments. 
This specificity and probably increased financial 
cost is likely to hinder the palatability of mindful
ness‐based treatments when health bodies consider 
them alongside existing psychological interventions 
for obesity. In these respects, in comparison to the 
long‐established bank of literature on behavioural 
and cognitive therapies, these types of psychologi
cal interventions for obesity are in their infancy.

4.12.2 Final considerations

Psychological interventions for obesity in adults are 
included in many treatment and clinical practice 
guidelines [3,4]. However, empirical findings 

supporting their immediate and long‐term efficacy 
are mixed. Evidence suggests that, although BT, 
CBT and mindfulness‐based interventions each 
have some value as stand‐alone interventions for 
obesity, they are also effective when combined with 
interventions that include dietary counselling and 
physical activity [5]. This is reflected in the call for 
the use of multicomponent weight management 
interventions seen in clinical practice guidelines and 
in recommendations published by NICE [17], NOO 
[18] and the National Health and Medical Research 
Council [4]. Combined with emerging mindfulness‐
based interventions, it does appear that psychologi
cal interventions for obesity are a valuable treatment 
option for weight management in obese adults. 
Importantly, however, more longitudinal research is 
needed to meet the 5‐year follow‐up criteria recom
mended by the National Heart, Lung, and Blood 
Institute [3].

Extensive reviews of psychological interventions 
for obesity [5,6] consider results from large num
bers of participants across multiple studies (Shaw 
[5]; 3495 participants). While these provide excel
lent overviews of the state of the literature on this 
topic, examination of the studies included by these 
authors, and also the other studies included in this 
chapter, indicate common themes that should be 
addressed by future research. There appears to be an 
over‐reliance on university settings, female partici
pants and prescriptive treatment structures in the 
existing literature. While it is understandable that 
these limitations stem from the nature of academic 
research and research conducted in collaboration 
with health providers, future evaluations of 
 intervention effectiveness should consider commu
nity‐based settings, wider participant groups and, 
perhaps, increasingly participant‐directed interven
tions. In an increasingly Internet‐reliant society, 
Internet‐based interventions may become useful 
tools to maximise intervention audience, accessibil
ity, engagement and personalisation of future 
 psychological interventions for obesity. Online 
CBT programmes for bulimia nervosa (iCBT) have 
already been shown to be efficacious for symptom 
improvement and treatment accessibility in some 
individuals [35]. Translating these methods for non‐
clinical purposes may prove to be an effective and 
modern psychological intervention for obesity.
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4.12.3 Summary box
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4.13.1 Epidemiology of obesity 
in men

Data from the USA from 2007 to 2010 demonstrated 
that 34.4% of men and 36.1% of women were obese 
[1]. In the UK, in 2011, 24% of men and 26% of 
women were obese [2], but the UK Foresight Report 
[3] predicted that more men (47%) than women 
(36%) will be obese by 2025. However, morbid obe
sity (BMI ≥40 kg/m2) is less prevalent in men [1,2].

Men are under‐represented in weight loss pro
grammes. In the US National Weight Control Registry 
[4], only 20% of participants are men. In the UK 
Counterweight weight loss programme in 65 general 
practices, only 23% of participants were men [5]. 
Men comprise only around 10% of   participants in 
commercial weight loss  programmes [6,7].

Obesity in men is a risk factor for a very wide range 
of diseases impacting on health and quality of life [8]. 
Men with BMI ≥30 kg/m2 and waist circumference 
≥102 cm have an increased risk of at least one symptom 
of impaired physical, psychological or sexual function, 
and these symptoms are also more likely in men with 
raised waist circumference but lower BMI [9].

4.13.2 Men’s attitudes 
to lifestyle behaviour change

Men’s attitudes

Men may be more reluctant to change their  lifestyle than 
women, and may be cynical about government health 

messages [10]. Media and other cultural influences 
encourage men to maintain a larger, muscular,  masculine 
body size [11]. Men appear less interested in gaining an 
ideal body weight, according to medical  definitions, and 
are more interested in physical activity, fitness and 
body shape [12]. There are also differences in the way 
that men and women view physical activity as a means 
of becoming stronger, fitter and  healthier [13].

Weight loss programmes and facilities, including 
commercial weight loss organisations, can be seen 
as feminised spaces [12,13], while men prefer mas
culine spaces, such as their workplaces, for such 
programmes [14,15]. Fear and embarrassment may 
particularly hinder men from taking part in weight 
loss programmes [15].

Social, cultural and environmental 
influences on obesity in men

Men’s reluctance to seek help is often explained 
through theories of masculinity, resting on the con
cept of ‘hegemonic’ or dominant masculinity [16]. 
In debates on health‐related help‐seeking, hegem
onic masculinity is thought to create patterns of 
behaviour resisting  contact with formal services to 
emphasise self‐sufficiency and robustness. However, 
viewing hegemonic masculinity as the dominant 
force in health‐related decision‐ making has been 
criticised. It is argued that masculinity interconnects 
with other factors such as social class, age and eth
nicity [17,18]. Hence, it is impossible to pull men 
out of the social structures in which they live.
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4.13.3 Identifying obesity 
in men

The desire for muscularity may make it harder for 
men than women to identify that they are overweight 
or obese. BMI tends to be used more than waist 
 circumference in clinical practice, but waist circum
ference might be an easier measurement to raise 
awareness among men, and less susceptible to con
flicts over muscularity. BMI does not distinguish 
between differences in body composition affected by 
sex, physique or ethnicity. Thus, men will have lower 
percentage of fat than women of equivalent BMI [19]. 
Unlike BMI, waist circumference cut‐offs for risks of 
disease are sex‐specific. If waist circumference alone 
is used to define risks from obesity, then women are 
more at risk (47% of women and 34% of men) in the 
UK in 2011 [2]. The National Institute for Health and 
Care Excellence (NICE) has advised that both BMI 
and waist  circumference should be used to assess 
the risk of health problems such as type 2 diabetes in 
people with BMI <35 kg/m2 [20] (see Table 4.13.1).

4.13.4 Clinical management

We have systematically reviewed the long‐term ran
domised trial and qualitative research evidence on 
weight loss interventions for men [21]. Some of our 
findings are similar to those of an earlier systematic 
review by Young and colleagues on interventions for 
men [22], which included shorter studies, but 
excluded studies of men who were all recruited on 
the basis of comorbidities. Our review shows that 
long‐term weight loss programmes help reduce 

comorbidities in obese men. Programmes with low‐
fat, low energy diets, and/or physical activity, with or 
without behaviour change training, improved erectile 
function (where there was approximately 10% weight 
loss after 1 year) [23–25] and prevented diabetes in 
the Finnish Diabetes Prevention Study (hazard ratio 
for diabetes incidence 0.43; 95% CI = 0.22–0.81) 
[26]. However, in type 2 diabetes, successful weight 
loss might increase the risk of osteoporosis (change 
in total hip bone density for men after 1 year is 
−1.48% vs. 0.02% in controls; for women, −1.44% 
vs. −0.61% in controls; reported P = 0.04 for interac
tion) [27]. Health benefits could help motivate men to 
try to lose weight. Other benefits for men include tak
ing fewer medications, increased mobility and physi
cal  fitness, and outcomes not traditionally associated 
with obesity, such as fewer headaches [21]. We found 
no evidence that men are less successful at losing 
weight than women. Typical weight losses for men 
are around 5 kg after 1 year [28,29]. In the intensive 
Look AHEAD trial, diabetic men in the intervention 
group lost around 8% of body weight by the end of 
the first year, and half of this weight loss was sus
tained 8 years later [30,31].

4.13.5 Weight loss in men

Engaging and motivating men 
with weight loss

By examining randomised trials for men and 
women, we found that men were significantly less 
likely to drop out of weight loss programmes than 
women [21]. Combining long‐term data from eight 

BMI

Waist circumference

Low High Very high

Men <94 cm 94–102 cm >102 cm

Women <80 cm 80–88 cm >88 cm

Normal (<25 kg/m2) No increased risk No increased risk Increased risk
Overweight (25–<30 kg/m2) No increased risk Increased risk High risk
Obese (30–<35 kg/m2) Increased risk High risk Very high risk

Table 4.13.1 NICE table for assessing increased risk of obesity‐related disease [21]
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trials with 3813 participants (31% men), we found 
that men were 11% (95% CI = 8–14%) less likely to 
drop out [21]. Men may be harder to engage in 
 current weight loss programmes than women, 
emphasising the need to improve engagement 
 without diminishing commitment.

The qualitative literature shows that middle‐aged 
men are more likely to attempt to lose weight once 
they perceive that they have a health problem from a 
health professional (particularly a health scare or 
hospitalisation); are told by a health professional 
that they are ‘obese’ as opposed to other terms; and/
or are shown their weight position on a chart [21]. 
Doctors’ referral to commercial organisations prob
ably doubles the proportion of men taking part, 
compared to self‐referral [21]. This suggests that, 
for some men, health professionals’ advice acts as a 
motivator to engage in a programme. Contacts with 
primary care can provide ‘teachable moments’ [32], 
opportunities to motivate people to change unhealthy 
behaviours and for referral or signposting to availa
ble services. Offers of health screening (e.g. 
 cholesterol, blood pressure), particularly checks 
provided outside health service premises, may be a 
way of  engaging with obese men. ‘Jolts’ from a 
partner and word‐of‐mouth recommendation can 
help  provide motivation to lose weight and engage 
with programmes.

Improving personal appearance is an important 
motivator, but men are wary of looking too thin 
[33]. In contrast to women, social norms mean 
that men may express the desire to gain weight as 
a means of living up to bodily ideals for strength 
and size.

Placing interventions in the community, for 
example, in sports clubs and workplaces, may be 
preferable to healthcare settings. The enjoyment 
associated with attending a football or rugby match 
in a stadium contrasts with the anxiety that can be 
experienced while visiting a health setting. 
Associating such healthcare‐related visits with their 
long‐standing loyalty and pleasure from collectively 
supporting a sporting team (still predominantly a 
male activity), while challenging men to change 
behaviour, could also increase the likelihood of 
‘contagious motivation’ among fans. Privileges, 
such as access to team coaches and gifts of clothing, 
reinforce the connection between being a supporter 

and losing weight. These factors are exemplified 
by the successful long‐term weight loss of men par
ticipating in the Football Fans in Training (FFIT) 
programme, a randomised trial with football clubs 
in Scotland [28,34]. Men in the FFIT programme 
attended 12 weekly sessions at their club training 
ground and received personalised dietary and 
behaviour change advice, followed by structured 
exercise classes delivered by the club community 
coaches. Men were encouraged to increase their 
walking through the use of pedometers and were 
taught behaviour change techniques (e.g. goal 
 setting and self‐monitoring). The 12‐week active 
phase was followed by email prompts and group 
reunions at 6 and 12 months. The FFIT trial attracted 
men at high risk of future ill health, very few of 
whom had ever attended a weight loss programme 
with the NHS or in the commercial sector [35].

However, sporting venues are not the most promis
ing points of contact for all obese men. Workplaces 
offer another opportunity, and programmes could 
influence productivity and absenteeism. Other venues 
that are associated with male identities outside health 
services need to be considered to deliver programmes 
that could reach and engage disadvantaged groups, 
such as barbers and pubs. Careful use of humour may 
attract men in promotional materials, but care should 
be taken not to trivialise issues.

Diet and alcohol

There is clear evidence from our review of ran
domised trials that low energy diets, particularly 
low‐fat, low energy diets, are effective for men, and 
are the most important component of any weight 
loss intervention [21]. We have been unable to 
establish that the macronutrient (such as providing 
more protein) or energy content of low energy diets 
(provided there is a prescribed calorie deficit) influ
ence the amount of long‐term weight loss in men. It 
is clear that men do not want strict or extreme diets. 
It may be that terms describing ‘healthier eating’ are 
best used to promote reducing diets to men, rather 
than ‘dieting’ terms. Allowing some alcohol and 
food treats is also valued, although high alcohol 
intake may be an issue for some men. Heavy alcohol 
intake (≥30 g/day) is strongly associated with 
weight gain and obesity [36]. Men have reported 
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being particularly interested in the scientific appeal 
of the energy intake and energy expenditure equation, 
and the ability to monitor their energy intake [21].

Physical activity

Men do well if physical activity is part of a weight 
loss programme, and may be more likely to respond 
to this than women [21]. However, weight loss in 
men is greater with low energy diets than with a 
physical activity programme alone, and better if both 
are provided. Pain and comorbidities may be barriers 
to increasing physical activity for some men.

Interventions in sport clubs, with their focus on 
physical activity sessions, are particularly able to 
provide this important aspect of men’s weight loss 
programmes. Men responded enthusiastically to the 
use of pedometers, but walking as a means of exer
cise may not always be liked, and some men may 
prefer to use the gym [37].

Behaviour change

Our review evidence suggests that behaviour change 
strategies and techniques should be similar in men 
and women [21]. NICE recommends that interven
tions at an individual level contain easy steps over 
time, coping strategies, goal setting and sharing these 
goals, and planning for social situations that might 
undermine changes [38]. In another systematic review 
of systematic reviews and meta‐analyses (including 
meta‐regression), Greaves and colleagues [39] found 
that engaging social support, increased contact fre
quency and using a cluster of self‐regulatory behav
iour change techniques (e.g. goal setting, prompting 
self‐monitoring, providing feedback, review of goals) 
increased the effectiveness of programmes, mainly 
based on weight loss outcomes. Phone and email sup
port may be helpful, particularly for long‐term fol
low‐up. Feedback on diaries is valued, but men are 
less likely than women to use web‐based discussion 
groups for weight loss support [21].

Social support

In a systematic review of male inclusion in ran
domised trials, Pagoto and colleagues [40] found a 
trend of lower representation of men in groups 

(24%) compared to individuals (29%) or mail/
email/Internet programmes (34%), but the sex dis
tribution of these groups was not described. To 
enhance the appeal of group‐based programmes, 
some provision of individual tailoring of fact‐based, 
simple‐to‐understand advice or counselling is also 
desirable [21]. A systematic review by Young and 
colleagues [22] found that group‐based face‐to‐face 
sessions and increased frequency of contact were 
associated with greater weight loss in men.

Based on qualitative research, some men clearly 
wish to attend men‐only groups [33,41], but not all 
men will have a preference [41,42]. Although some 
men will be reluctant to take part in group pro
grammes, being able to identify with other partici
pants can help, including meeting people with 
similar health problems. Men who are a minority in 
a mixed‐sex group may be ‘cheered on’ by the 
female slimmers [42].

For men, groups provide camaraderie, and the 
presence of spontaneous humour and banter, which 
has been shown to be very important, as demon
strated by the FFIT trial [35]. However, although 
groups may require fewer resources to run, group‐
based programmes can be logistically difficult to 
arrange. For group‐based programmes, it is impor
tant to arrange longer‐term follow‐up and support 
after the initial weight loss phase.

Family and friends can play a pivotal role in suc
cessful weight loss, providing support for choosing 
against the expected social norm. If they are not 
supportive, they can also be very detrimental to 
men’s efforts to lose weight [21].

The ‘Healthy Dads, Healthy Kids’ randomised 
trial from Australia evaluated the effect of primary 
school children attending some group weight loss 
sessions intended for their fathers. After 6 months, 
men in the intervention group had lost 7.6 kg more 
than men in the control group, with significant 
improvements in physical activity and dietary intake 
in their children too [43].

Commercial weight loss 
programmes

Commercial weight loss organisations are effec
tive in producing weight loss in men, especially 
when delivered in mixed‐sex settings, but men are 
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much less likely to enrol in such commercial 
 programmes than women. Some organisations 
have started to offer men‐only groups/sections in 
their websites. However, it is unclear how much 
single‐sex group sessions are tailored for men. 
Although referrals by doctors to commercial pro
viders can improve the low take‐up, health service 
programmes appear to be favoured over commer
cial weight loss organisations, despite the fact that 
health service settings appear to provoke fear and 
anxiety among men.

Drug treatment

One randomised trial has examined the effects of 
orlistat 120 mg three times daily as compared to pla
cebo added to lifestyle counselling for weight main
tenance in type 2 diabetes. In the weight maintenance 
phase, after an 8‐week very‐low‐calorie diet, men 
were significantly less likely to benefit from orlistat 
than women after 1 year (calculated difference in 
weight loss between orlistat and placebo 3.1% for 
women and 0.8% for men) [44].

Other factors to consider

We found evidence that some men found technol
ogy and innovations appealing in their weight loss 
programmes – for example, using sandbags to dem
onstrate weight that had been lost, or body scans to 
show changes in body composition [21].

There is no clear evidence that the sex or profes
sion of the person delivering the intervention affects 
men’s outcomes. In the UK, men appear to be more 
likely to raise weight problems with primary care 
nurses than with their family doctor [21].

4.13.6 Conclusions

Policies and services to prevent and treat obesity 
should take account of sex and gender‐related dif
ferences, and consult users in the development and 
evaluation of services. Some points to consider 
when designing services for men are listed in the 
summary box. Additional helpful resources are 
available in the literature [45,46].

4.13.7 Summary box
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To understand the needs of individuals with intel
lectual disabilities (IDs), this chapter will start with 
a definition of ID, a summary of the prevalence 
studies of obesity and an outline of the determi
nants of obesity in this population group. National 
 clinical guidelines [1–2] recommend the use of 
multicomponent weight loss interventions for the 
management of obesity. Therefore, the issues 
around multicomponent weight loss interventions 
for adults with ID and obesity are discussed in the 
final part of the chapter.

4.14.1 Definition of intellectual 
disability

The American Association on Intellectual and 
Developmental Disabilities (AAIDD) [3] defines 
ID as:

… a disability characterized by significant limita
tions both in intellectual functioning and in adap
tive behaviour, which covers many everyday social 
and practical skills. This disability originates 
before the age of 18.

Individuals with IDs have more complex unmet 
health needs than the general population, and expe
rience significant health inequalities, including 

increased mortality rates, higher physical and  mental 
health needs and inequitable access to  evidence‐
based healthcare [4].

4.14.2 Obesity in people 
with intellectual disabilities

Obesity is an important health issue for children and 
adults with IDs, and comparisons with data from 
national health surveys consistently report that the 
prevalence of obesity is higher in this population 
group than in the general population [5–7].

In children and adolescents, the prevalence of 
obesity ranges from 7 to 36% [7]. In adults, studies 
report a range of estimates of obesity from 2 to 
50.5% [8]. A review of 12 articles published 
between 1985 and 2006 showed that the national 
and international prevalence of obesity in adults 
with IDs has increased in the last 20 years [9]. 
However, a recent study showed that the prevalence 
of obesity in adults with IDs in 20 states in the USA 
has reached similar levels as that of people without 
IDs (33.6 vs. 33.8%, respectively) [10].

Caution should be exercised in interpreting the 
review findings on the prevalence, because of the 
heterogeneity identified across the study samples. 
Recruitment of samples from different geographical 
areas (e.g. urban and suburban areas, individuals 
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living in the community or living in institutions), as 
well as the inclusion of people with varying levels 
of IDs and people who have full time and part time 
support from carers, all contribute to the heteroge
neity of the sample. However, the overall evidence 
indicates that the rates of obesity are higher for 
 individuals with IDs.

4.14.3 Determinants of obesity 
in intellectual disability

The identification of the determinants of obesity in 
adults with IDs is relevant to the prevention of obe
sity and for the development of weight management 
interventions [9]. Some of the most commonly rec
ognised risk factors for obesity in IDs are discussed 
in the following subsections.

Gender

Similar to the general population [11], 11 studies in 
adults with IDs show higher rates of obesity in 
women than in men [5]. Bhaumik et al. [7] reported 
that women with IDs were around three times more 
likely to be obese than men with IDs (OR 0.36; 95% 
CI = 0.25–0.53). This finding is supported by a 
population‐based study which found that women 
were more likely to have obesity (OR 1.68; 95%  
CI = 1.28–2.21) [5].

Dietary habits

Similar to the general population, people with IDs 
are susceptible to unhealthy dietary habits, and have 
the same needs for healthy and balanced diets [12]. 
Recorded unhealthy dietary habits among people 
with IDs include high fat intake and very low con
sumption of fruit and vegetables [13–14]. However, 
alcohol consumption has not been identified as a big 
health issue among adults with IDs [13–14].

Very few studies have examined the association 
between unhealthy dietary habits and the risk of 
developing obesity in adults with IDs. Druheim 
et al. [15] assessed the dietary habits of 145 partici
pants with mild IDs living in the community and 
found that participants with lower dietary fat intakes 

(≤35% of total intake) were at lower risk of devel
oping abdominal obesity. However, Cunningham 
et al. [16] and Braunschweig et al. [17] reported no 
significant associations between dietary intakes and 
BMI or waist circumference.

It is difficult to review the evidence and make an 
overall estimation of the dietary habits of people 
with IDs, owing to the methodological differences 
among the studies. For example, Draheim et al. [15] 
assessed the nutritional status of the participants 
by  using the “Block Screening Questionnaire for 
Fat Intake’, but Cunningham et al. [16] used semi‐
weighing techniques over 4 consecutive days. In 
addition, data was based on reports made by the 
participants with assistance from the carers who 
supported them, or via entirely second‐hand report
ing by the carers. This method can affect the relia
bility of assessing the health behaviours of people 
with IDs [13].

Physical activity

Adults with IDs have consistently been shown to 
lead inactive and sedentary lifestyles. A review of 
data from national health surveys show that men and 
women with IDs are less likely to meet public health 
recommendations for physical activity than the gen
eral population [18].

Current guidelines for health improvement in the 
general population recommend at least 30 min of 
accumulated moderate‐intensity physical activity 
for 5 days per week or more [1] A review of studies 
assessing the physical activity levels of adults with 
IDs reported that the proportion of study partici
pants who follow current clinical guidelines ranges 
from 17.5 to 33% [19]. Older age, lack of daytime 
opportunities, immobility, faecal incontinence and 
epilepsy have been identified as barriers to physical 
activity in adults with IDs [20].

Finlayson et al. [21] compared the actual levels 
and patterns of physical activity in adults with IDs 
against the recommended 10,000 steps per day. The 
study found that only 27% of the participants, who 
were mainly public transport users, were achieving 
the recommended number of steps. The participants 
(73%) who were not achieving the 10,000 steps 
were mainly overweight (P < 0.05).
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There is no consistency in the methodologies 
used in these studies. There is a variety of physical 
activity assessment techniques used, such as accel
erometers, pedometers and diaries. There is also 
a  variety of definitions used to classify healthy 
 physical activity levels  –  for example, 10,000 
steps, 30 min of moderate physical activity, etc. 
Measured outcomes included the percentage of 
inactivity and the hours spent exercising or walk
ing. Regardless of the differences in methodology, 
research consistently reports low levels of physical 
activity in adults with IDs.

Environment – living arrangements

Evidence from studies that explore the environmen
tal factors linked to obesity in adults with IDs show 
a strong association between living in less restrictive 
environments and obesity.

Bryan et al. [22] assessed the nutritional vulnera
bility of people with IDs living in the community by 
measuring weight changes 1 year after discharge 
from institutions. The study showed that the preva
lence of overweight for males and females increased 
within 1 year by 6% and 5%, respectively. Moran 
et  al. [23] defined more restrictive environments 
including community training homes, intermediate 
care facilities and family homes, private boarding 
homes, supervised apartment living or living in a 
private home as least restrictive environments. 
Prevalence of obesity was found to be higher in 
adults with IDs living in less restrictive environ
ments than in those living in more restrictive envi
ronments (P < 0.05). This finding is supported by 
Bhaumik et  al. [7], who showed that individuals 
who live independently, or with family members, 
were at higher risk of becoming obese than individ
uals living in residential care.

Proposed pathways for this environmental influ
ence on the development of obesity is the impact of 
living in a restrictive institution but living in the 
community where there is greater availability of 
food choices and access to it. Consequentially, it has 
been suggested that people with IDs who live inde
pendently in the community may not be prepared 
for the implications of the lifestyle patterns they 
adopt or follow. This highlights the need to provide 

accessible information and appropriate support for 
individuals with IDs.

Level of intellectual disability

Studies that have used bivariate and multivariate 
analysis to examine the association between levels 
of IDs and the prevalence of obesity consistently 
report that obesity is more common in individuals 
with milder IDs [7,24]. Melville et al. [5] reported 
that men and women with profound IDs had a 52% 
and 71% lower risk of obesity, respectively, than 
men and women with mild IDs. Profound IDs can 
often be accompanied by neurological problems 
that affect food intake, and is therefore often associ
ated with the risk of becoming underweight.

Obesogenic medication

A review of 43 studies showed that the medication 
used for chronic conditions can lead to a weight 
gain of 10 kg in 52 weeks [25]. Medications 
known for their obesogenic effect include antipsy
chotics, antidepressants, lithium, beta blockers 
and insulin. The side effects of these medications, 
especially the psychotropic ones, include increased 
appetite and abnormalities in the metabolic rate, 
leading to weight gain. These types of medications 
are more commonly used by adults with IDs [26], 
and could potentially contribute to the increased 
rate of obesity.

Genetic syndromes

In a small proportion of individuals with IDs, the 
genes responsible for the IDs could also contrib
ute to the development of obesity at an early age. 
It is believed that these genes could act directly in 
the brain, or in the periphery, to affect food intake 
and energy metabolism [27]. Research has identi
fied about 30 genetic disorders that have obesity 
as a clinical feature and are also associated with 
IDs, dysmorphic features and organ developmen
tal abnormalities [28]. More common genetic 
syndromes that are associated with obesity 
include Prader–Willi, Bardet−Biedl, Cohen and 
Down syndromes.
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4.14.4 Weight management 
interventions for adults 
with intellectual disabilities

Several reviews that examined the effectiveness of 
weight loss interventions for adults with IDs have 
commented on the limited evidence‐base and meth
odological weaknesses of published studies [29]. The 
limitations of the studies reviewed include small sam
ple sizes, heterogeneous samples, non‐randomised 
designs and generalisability of the results. There is a 
need for research in adults with IDs and obesity to 
examine the effectiveness of multicomponent weight 
loss interventions. These studies are essential to 
assess the sustainability of the weight loss interven
tions and their cost‐effectiveness. In keeping with the 
treatments of choice recommended in clinical guide
lines [1,2], the focus of investigation in the following 
section is multicomponent weight loss interventions 
for adults with a variety of IDs.

Multicomponent weight loss 
interventions

The studies discussed in this section are multicom
ponent interventions that focussed on three lifestyle 
areas: diet, physical activity and behaviour [1,2]. 
These interventions used behaviour change strate
gies to improve unhealthy dietary patterns and to 
increase the physical activity levels of individuals 
with IDs and obesity.

Of eight studies for adults with IDs identified as 
multicomponent weight loss interventions, six were 
mainly delivered in group sessions, and two offered 
individual interventions [30,31]. The components of 
the different interventions in these studies are sum
marised in the following text.

Diet

Only two studies included energy‐deficit diets as 
part of the intervention. Melville et al. [30] recom
mended dietary change based on a personalised 
dietary prescription that was calculated to achieve 
an energy deficit of 600 kcal/day and a weight loss 
of 0.5–1 kg/week. Saunders et al. [31] recommended 

a low‐energy diet of 1200–1300 kcal/day, focussing 
on the consumption of foods that provide the sensa
tion of fullness and offering meal‐replacement 
shakes that provide 110 kcal per serving. This study 
also developed a ‘Stoplight Guide’, classifying food 
into three coloured categories based on their energy 
content: green for <60 kcal, yellow for 60–100 kcal 
and red for >100 kcal.

Other studies that involved a dietary change com
ponent offered home visits to the participants to 
develop individualised dietary plans [32,33]. One 
study provided dietary information based on the dia
betic exchange diet [34]. The rest of the studies pro
vided limited information about the nutritional 
advice that was offered to the participants. These 
studies mainly took the form of health education 
programmes providing general information on 
healthy dietary habits and patterns  –  for example, 
healthy meal planning [35–37]. Cooking classes, 
meal planning and grocery store visits were com
mon activities relevant to diets offered among the 
interventions [31,33,35,37].

Physical activity

Compared to the multicomponent interventions for 
adults without IDs, the physical activity component 
in interventions for adults with IDs recommended 
less intensive physical activity. Only one study fol
lowed current clinical guidelines and recommended 
that participants work towards 30 min of moderate‐
intensity physical activity, on at least 5 days per 
week [30]. Five of the studies incorporated physical 
activity (sometimes optional) as part of the interven
tion sessions – offering dancing, aerobic exercises 
and walking [31,33–35,37]. Ewing et  al. [32] and 
Mann et al. [33] offered home visits to develop an 
individualised physical activity programme for the 
participants. Jackson and Thorbecke provided 
advice on simple changes – for example, taking the 
stairs instead of the lift [36].

Behaviour

The behavioural techniques that were used as part 
of the multicomponent interventions included goal 
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 setting, strategies to improve motivation, problem‐
solving, stimulus control and relapse‐prevention strat
egies [30,32–34]. Geller and Crowley [37] mainly 
focussed on empowering the participants by enhanc
ing their ability to make choices, and by creating feel
ings of community and success. Self‐monitoring was 
facilitated with weight and food diaries [30,31,36], 
and reward systems were used to motivate behav
ioural changes [31,35,36]. None of the multicompo
nent interventions for adults with IDs that focussed 
on behaviour modification reported using a specific 
theory  –  for example, trans‐theoretical therapy or 
social cognitive theory.

Overview of the outcomes 
of multicomponent weight loss 
interventions

The majority of the studies for adults with IDs and 
obesity have not followed the national guideline rec
ommendations on obesity management, and have not 
focussed on changing the dietary, physical activity 
and behavioural aspects of an individual’s lifestyle, 
at the same time [1,2]. Energy‐deficit diets were not 
usually offered as part of the dietary intervention. 
Physical activity interventions were of low intensity, 
and did not follow the total recommended minutes 
and levels of physical activity. However, most of the 
studies used similar behavioural approach tech
niques, although none of them reported using a spe
cific behaviour change theory.

Only a few multicomponent studies for adults 
with IDs helped participants achieve a clinically sig
nificant weight loss of 5–10%. All the multicompo
nent interventions reported decreases in weight (or 
BMI), but it appears that the biggest instances of 
weight loss were reported by the two interventions 
that recommended energy‐deficit diets [30,31]. At 
6 months follow‐up, Saunders et al. [31] reported a 
6.3% weight loss from baseline, and Melville et al. 
[30] reported a mean weight loss of 4.3%. Melville 
et  al. [30] reported that 36% of the participants 
reached a 5% weight loss. No power calculations or 
randomisations were used by any of these studies. 
An intervention that intensively involved the parents 
of the participants reported a 6% weight loss at 

week 17, and a further weight loss of 10.4% from 
baseline in 12 months [36].

There are several important methodological 
weaknesses in the evidence base. The majority of 
the studies of multicomponent weight loss inter
ventions recruited small sample sizes, ranging 
from 12 to 192, and included obese and overweight 
participants based on BMI scores. Only one study 
limited inclusion criteria to participants with obe
sity [30].

Only two studies reported weight changes at fol
low‐up at least 12 months from baseline [34,36]. 
All the multicomponent studies reported attrition or 
dropout rates, with the highest attrition rate up to 
35% [35]. The study by Bazzano et al. [35], which 
had the highest attrition rate, reported that the barri
ers to attendance included lack of motivation to 
exercise, transportation issues, childcare problems, 
conflicting work schedules and language transla
tion needs. Ewing et  al. [32] showed that, when 
home visits were added to the analysis of attend
ance in more than four classes of the intervention, 
attendance was higher among the group with home 
visits (87%) as compared to those without home 
visits (79%).

The majority of the multicomponent studies for 
adults with IDs and obesity did not aim for the rec
ommended clinically significant weight loss [1,2]. 
Studies that incorporated energy‐deficit diets as part 
of their intervention reported bigger weight loss 
than the studies offering healthy eating advice. 
Weaknesses in the methodology are similar to those 
identified by the other reviews, including small 
sample sizes, heterogeneity in the characteristics of 
the samples, no randomised designs and no long fol
low‐ups [29].

4.14.5 The role of carers

The supporting role of carers has been recognised as 
an important factor in meeting the needs of individ
uals with IDs. Carers can exert a strong influence on 
the dietary patterns of people with IDs by making 
food choices on their behalf, based on their own 
knowledge or preferences [38]. However, carers 
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may have poor knowledge about healthy eating and 
healthy physical activity patterns [39]. Since carers 
often have pivotal relationships with the persons 
they support, and can help in tackling the barriers or 
difficulties that individuals with IDs experience, it is 
essential to involve carers in intervention research 
for adults with IDs.

A limitation of the weight loss intervention litera
ture for adults with IDs is that the role of the carers 
is not always described in detail. Carers have been 
invited to be present during interventions to simply 
support the participants, assist in the consultation 
where appropriate, encourage the participants dur
ing the weight loss process [30] or be involved with 
the design of activity programmes [31]. In other 
studies, the carers had more active roles, such as 
assisting with food intake recording, reinforcing 
intervention messages and being involved with 
reward systems [29].

The involvement of carers in the obesity manage
ment of adults with IDs can have a positive impact 
on weight loss. However, to date, there has been 
only very limited description of the views and 
 experiences of carers supporting individuals with 
IDs participating in a weight loss intervention.

4.14.6 Conclusion

There is a high prevalence of obesity in adults with 
IDs, and the determinants are multifactorial and dif
ferent from the general population. Overall, the 
studies that examine weight loss interventions in 
adults with IDs are characterised by significant 
methodological limitations. Therefore, there is 
insufficient evidence to support the effectiveness of 
multicomponent weight loss interventions in adults 
with IDs and obesity.

Future research should aim to use controlled 
designs, follow‐up participants for at least 12 
months and specifically examine weight loss main
tenance in adults with IDs. There is also a need to 
specifically assess the role of carers in supporting 
the participants in weight loss interventions, and to 
explore factors that could contribute to clinically 
effective weight loss (≥5% weight loss from initial 
body weight).

4.14.7 Summary box
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4.15.1 Introduction

Given that obesity is a chronic condition that brings 
with it long‐term health complications, maintenance of 
weight loss is essential. Although methods of weight 
loss are explored in the literature and a focus for many 
patients, the importance of maintaining the lost weight 
after the weight loss phase is over is often overlooked. 
Furthermore, we know that weight loss interventions 
can achieve varying levels of success, but there is now 
a growing knowledge base regarding approaches to 
weight maintenance following weight loss.

This chapter aims to investigate the evidence base 
for weight maintenance and synthesise the aspects 
of the individual, the supporting health professional 
and the weight maintenance intervention that con
tribute to the successful maintenance of weight loss.

Although there is currently no consensus on the defi
nition of weight maintenance in adults, a meta‐analysis 
of weight maintenance definitions recommended that 
long‐term weight maintenance in adults be defined as a 
weight change of <3% of body weight [1].

However, studies differ in their definitions of 
weight maintenance  –  in terms of the units used 
(weight loss in kilograms or percentage), timescale 
(number of years examined following the weight 
loss phase), numeric cut‐offs and from when the 
measurement was taken (i.e. weight prior to or fol
lowing the weight loss phase) (Table 4.15.1).

4.15.2 Importance of weight 
maintenance

The health benefits of a 5–10% weight loss have 
been well documented. SIGN (2010) [12] lists the 
health benefits associated with sustained modest 
weight loss, and includes improved lipid profiles, 
reduced osteoarthritis‐related disability, reduced 
blood pressure [13], improved glycaemic control 
and insulin sensitivity [14].

If this modest weight loss is not sustained, 
these health improvements will be short lived. It 
is common for people to lose and then regain 
weight. This ‘weight cycling’ has been defined 
by SIGN 115 (2010) [12] as 4.5 kg lost and 
regained over 3–6 years, and has been linked to a 
greater weight gain as compared to non‐weight 
cyclers, a risk factor for all‐cause mortality, 
hypertension in obese women and symptomatic 
gallstones in men.

The financial cost of treating obesity is substan
tial. The chronic nature of obesity requires long‐
term treatment for weight loss and weight loss 
maintenance to limit future weight gain episodes, 
needing repeated costly weight loss attempts. 
However, it is also important to consider the 
cost  implications of the weight maintenance pro
grammes themselves, and this will be discussed in 
more detail.

Chapter 4.15

Weight maintenance following weight loss 
in obesity
Nathalie Jones
University of Glasgow, Glasgow, UK

First author (year) Study cohort   a   
Weight loss definition 
(time interval)

Weight maintenance definition 
(time interval)

Reference point for 
weight maintenance

Justification for 
definition    

Crawford (2000) [  2  ] Community‐based study ≥5% BMI change (1 
year)

Maintain ‘new weight’ or less (2 years) After weight loss Not stated  

Field (2001) [  3  ] Nurses’ Health Study II  Small: 5–9.9% (3 years) 
 Large: ≥10% 

 Two definitions:
1.   Gain no more than 5 lb from ‘new 

weight’ (4 years) 
2.  Gain no more than 5%   

After weight loss Not stated  

Lowe (2001) [  4  ] Participants in a 
commercial weight loss 
programme (Weight 
Watchers)

 At least 5 lb less than 
joining weight 
 Encouraged to be in the 
BMI range of 20–25 kg/m 2  

 Three definitions:
1.   Maintain weight loss of at least 5% 
2.  Maintain weight loss of at least 10% 
3.  Remained within 5 lb of goal weight   

 Initial weight 
 After weight loss 

Not stated  

McQuire (1999) [  5  ] Random digit dialling 
survey

≥10% of maximum 
lifetime weight

 Two definitions:
1.   Currently ≥10% below maximum 

weight 
2.  Maintained ≥10% weight loss for 

1 year or more   

Initial weight Not stated  

McGuire (1999) [  6  ] National weight loss 
registry

At least 10% of body 
weight (30 lb)

 First phase: maintain at least a 
10% weight loss for 1 year or more 
 Second phase: ±5 lb 

After weight loss and 
1 year of weight 
maintenance

Also used 5% and 
10% – similar results  

Moore (2000) [  7  ] Framingham study >1 lb/year (8 years) ±1 lb/year (8 years) interval After weight loss Not stated  
Mogul (2003) [  8  ] Retrospective analysis of 

syndrome W patients
≥10% or BMI 
normalisation

Weight regain ≤3 kg (2 years) After weight loss NHLBI guidelines 
(1998)  

Sarlio‐Lahteenkorva 
(2000) [  9  ]

Finnish twin cohort At least 5% between 
1975 and 1984

Remain at least 5% below their original 
weight in 1990

Initial weight WHO (1998)  

Wadden (1999) [  10  ] 25 obese women who 
lost weight and 
maintained the weight 
loss for 1 year

5–10% or >10%  Two definitions:
1.   Maintained 5–10% reduction 

(100 weeks) 
2.  Maintained >10% reduction 

(100 weeks)   

Initial weight IOM guidelines 
(1995)  

Wing (2001) [  11  ] National Weight Control 
Registry

At least 10% of body 
weight (30 lb)

Maintain at least 10% weight loss for 
1 year or more

Initial weight IOM guidelines 7  and 
NHLBI guidelines 2 

 Table 4.15.1    Definitions of weight maintenance in studies examining weight maintenance following weight loss (taken from reference [  1  ])

  a   All are cohort studies, except Crawford (2000), which was a weight gain prevention intervention. 
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(time interval)

Weight maintenance definition 
(time interval)
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weight maintenance
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Crawford (2000) [  2  ] Community‐based study ≥5% BMI change (1 
year)

Maintain ‘new weight’ or less (2 years) After weight loss Not stated  

Field (2001) [  3  ] Nurses’ Health Study II  Small: 5–9.9% (3 years) 
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2.  Gain no more than 5%   

After weight loss Not stated  

Lowe (2001) [  4  ] Participants in a 
commercial weight loss 
programme (Weight 
Watchers)

 At least 5 lb less than 
joining weight 
 Encouraged to be in the 
BMI range of 20–25 kg/m 2  

 Three definitions:
1.   Maintain weight loss of at least 5% 
2.  Maintain weight loss of at least 10% 
3.  Remained within 5 lb of goal weight   

 Initial weight 
 After weight loss 

Not stated  

McQuire (1999) [  5  ] Random digit dialling 
survey

≥10% of maximum 
lifetime weight

 Two definitions:
1.   Currently ≥10% below maximum 

weight 
2.  Maintained ≥10% weight loss for 

1 year or more   

Initial weight Not stated  

McGuire (1999) [  6  ] National weight loss 
registry

At least 10% of body 
weight (30 lb)

 First phase: maintain at least a 
10% weight loss for 1 year or more 
 Second phase: ±5 lb 

After weight loss and 
1 year of weight 
maintenance

Also used 5% and 
10% – similar results  

Moore (2000) [  7  ] Framingham study >1 lb/year (8 years) ±1 lb/year (8 years) interval After weight loss Not stated  
Mogul (2003) [  8  ] Retrospective analysis of 

syndrome W patients
≥10% or BMI 
normalisation

Weight regain ≤3 kg (2 years) After weight loss NHLBI guidelines 
(1998)  

Sarlio‐Lahteenkorva 
(2000) [  9  ]

Finnish twin cohort At least 5% between 
1975 and 1984

Remain at least 5% below their original 
weight in 1990

Initial weight WHO (1998)  

Wadden (1999) [  10  ] 25 obese women who 
lost weight and 
maintained the weight 
loss for 1 year

5–10% or >10%  Two definitions:
1.   Maintained 5–10% reduction 

(100 weeks) 
2.  Maintained >10% reduction 

(100 weeks)   

Initial weight IOM guidelines 
(1995)  

Wing (2001) [  11  ] National Weight Control 
Registry

At least 10% of body 
weight (30 lb)

Maintain at least 10% weight loss for 
1 year or more

Initial weight IOM guidelines 7  and 
NHLBI guidelines 2 

 Table 4.15.1    Definitions of weight maintenance in studies examining weight maintenance following weight loss (taken from reference [  1  ])

  a   All are cohort studies, except Crawford (2000), which was a weight gain prevention intervention. 
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4.15.3 Evidence base 
for weight maintenance after 
weight loss

There have been many publications of varying 
 durations, study designs and sizes on the subject of 
weight maintenance. Two large bodies of evidence 
are: (1) the National Weight Control Registry 
(NWCR) by Wing et al., who have published their 
findings since the 1990s; [15] and [12] and (2) the 
Weight Loss Maintenance Randomised Controlled 
Trial (WLMRCT) by Svetkey et al. [16]. NWCR is 
the largest study, covering nearly 3000 individuals 
successful at long‐term weight loss maintenance 
over 10 years. However, it is a self‐selected group, 
chosen based on self‐reported and qualitative data. 
WLMRCT is an intervention study comparing three 
different approaches to maintenance over 30 months, 
following a 6‐month weight loss programme of the 
DASH diet and behavioural techniques.

These will be summarised alongside other studies, 
including the STOP Regain study by Wing et al. [17] 
(a randomised controlled trial comparing three differ
ent methods of weight maintenance for 314  people 
over 18 months); a systematic review of 11 studies [18] 
investigating the importance of extended care; and, 
finally, a study comparing free‐living energy expendi
ture of 61 women who were successful and unsuccess
ful in maintaining a  normal BMI over a year [19].

This chapter will then explore the evidence sur
rounding weight maintenance by examining vary
ing methods of weight loss, and will look at the 
Glasgow and Clyde Weight Management Service as 
an example of an NHS service offering a weight 
maintenance programme as part of their weight 
management service.

National Weight Control Registry

The most recently published data from NWCR 
showed weight loss trajectories of successful weight 
losers over 10 years [20]. The 2886 participants 
included in NWCR at entry had lost at least 13 kg 
and kept it off for at least a year. Mean weight loss 
compared to the start of the weight loss phase was 
31.6 kg at baseline, 23.5 kg at 5 years and 23.1 kg at 
10 years. Over 87% of people were still maintaining 
a 10% weight loss at years 5 and 10. This study over 
10 years shows that long‐term weight maintenance 
after weight loss is possible, but requires sustained 
behaviour change, as summarised in Table 4.15.2.

Extended care

The ‘Study to Prevent Regain’ (STOP Regain) iden
tified a need for maintenance programmes that teach 
skills specific to maintaining weight loss [17]. The 
randomised controlled trial tested the efficacy of a 

Study Characteristics of successful weight loss maintainers

Klem et al. (1997) [21] Limited intake of certain foods (92% of participants), quantities (49.2%), 
percentage energy from fat (38.1%) and counted calories (35.5%)
Were physically active, expending an average of 11830 kJ ± 11682 kJ per week 
(404 kcal ± 399 kcal/day)
Self‐monitoring of weight, at least weekly (75%)
Used more intensive methods of weight loss than in previous weight loss attempts

Shick et al. (1998) [22] Low‐energy and low‐fat diet (women consuming an average of 1306 kcal/day 
with 23% energy from fat; men consuming 1685 kcal/day with 23.5% energy 
from fat)

Wing et al. (2001) [11] Low‐fat diet (24% of dietary energy)
High‐carbohydrate diet (56% of dietary energy from carbohydrate)
Frequent self‐monitoring of body weight and food intake (44% weighed 
themselves daily and 31% weighed themselves at least once a week)
High levels of physical activity (women expending an average of 2545 kcal/week and 
men 3293 kcal/week, comparable to 1 hour of moderate physical activity daily)

Table 4.15.2 Characteristics of participants in NWCR who maintained weight loss
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face‐to‐face programme, an Internet programme 
and a newsletter control group in preventing weight 
regain over 18 months. Participants had to have lost 
at least 10% body weight before starting the mainte
nance programme. At 6 months, there was a signifi
cant difference between the percentage of 
participants regaining 2.3 kg in the face‐to‐face 
group (27%) and the control group (47%). At 18 
months, the control group differed significantly 
from the face‐to‐face group and the Internet group 
(72.4% of participants in the control group regained 
2.3 kg, as compared to 45.7% of participants in the 
face‐to‐face group and 54.8% of participants in the 
Internet group). These are clinically important find
ings that seem to show that more care, for longer 
duration, results in less weight regain.

Middleton et al. [18] extended the data from the 
STOP Regain study and emphasised the effect of 
extended care through a systematic review and meta‐
analysis of 11 studies. Extended care was defined as 
‘at least two sessions, in person or by phone, by 
trained interventionists focussing on continued sup
port of the behaviours associated with weight main
tenance’. These included a reduced energy intake, 
increased physical activity, goal setting, problem‐
solving and relapse prevention. They found that 
extended care led to the maintenance of an additional 
3.2 kg weight loss over 17.6 months post‐interven
tion, as compared to controls. The 11 papers differed 
in the duration of extended care (1.5–30 months), the 
type of contact (in person or by phone) and the 
f requency of contact (weekly, biweekly or monthly). 
As only 11 studies were identified, the authors were 
unable to answer questions about the impact of the 
type or frequency of contact. The authors acknowl
edge the cost implications of extended care mainte
nance programmes, but state that, without continued 
support, weight regain is likely.

The patients’ acceptance of extended care should 
also be considered. For example, Lantz et  al. [23] 
concluded that successful weight loss maintenance 
depended upon completion of a 4‐year comprehen
sive programme of a hypocaloric diet and behav
ioural support, but only 48% of people who started, 
completed the programme.

However, it may well be the case that, over time, 
the likelihood of continued weight maintenance 
will increase. Klem et al. suggested that the risk of 

relapse reduces after a year [24]. They found that 
people who had maintained their weights for longer 
used fewer weight maintenance strategies and 
reported that less effort was required to maintain 
their weights. This was supported by Wing and Hill, 
who found that the chances of longer‐term success 
greatly increased once successful maintainers have 
maintained a weight loss for 2.5 years [11].

Self‐monitoring weight in the 
National Weight Control Registry

Wing suggests that, by adopting particular behav
ioural strategies, including self‐monitoring, 20% of 
overweight or obese people can achieve weight loss 
maintenance in the long term [11]. Frequent monitor
ing of body weight was associated with lower BMI 
and higher cognitive restraint. Weight regain at 1 year 
was significantly greater for participants whose self‐
weighing frequency decreased between baseline and 
1 year (4 ± 6.3 kg), as compared to those whose fre
quency increased (1.1 ± 6.5 kg) or stayed the same 
(1.8 ± 5.3 kg). Furthermore, those who decreased their 
frequency of weighing reported increases in fat intake 
and reduced cognitive restraint [25]. They reported 
that consistent self‐weighing of varying durations 
may help individuals maintain weight by allowing 
them to be aware of weight gains promptly and to 
make changes to prevent additional weight gain.

The STOP Regain study also examined those 
who had regained at least 2.3 kg of their lost weight, 
and compared those who had weighed themselves 
daily with those weighing themselves less often at 
18 months [17]. Figure 4.15.1 shows that the num
bers of people with weight regain of at least 2.3 kg 
was significantly lower in those who weighed them
selves daily in a face‐to‐face and Internet group, but 
not in a newsletter control group where there was no 
support. It suggests that some external support, 
whether face to face or via technology, is needed in 
addition to self‐monitoring weight.

Weight Loss Maintenance 
Randomised Controlled Trial

WLMRCT compared three different approaches of 
maintenance over 30 months following a 6‐month 
weight loss programme of the DASH diet and 
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behavioural techniques [6]. Participants included in 
the study were overweight or obese with hyperten
sion and/or dyslipidaemia, and had lost at least 4 kg 
during the weight loss programme The three 
approaches were monthly personal contact, unlim
ited access to an interactive‐technology‐based inter
vention or a self‐directed control. A total of 71% of 
people who completed the weight loss programme 
maintained their weight below the initial level. In 
this study, where the mean weight loss had been 
8.5 kg, the least weight was regained in the ‘monthly 
personal contact’ group (4 kg), followed by the 
interactive technology group (5.2 kg), and then the 
self‐directed group (5.5 kg) [16].

These results mirrored those of Wing et  al. and 
added to the data that personal contact during main
tenance results in less weight regain than technol
ogy support or no support [17]. In a secondary 
analysis of the ‘interactive technology’ arm of the 
study, it was determined that those who had regained 
the least weight had used the technology (1) more 
frequently; (2) for longer each time; and that they 
had (3) registered their weight and exercise more 
frequently; and (4) used other website features after 
weight entry [26]. It seems, therefore, that if people 
use information technology for weight maintenance, 
they should use it as much as possible.

Similar to those participants in NWCR, subjects 
that maintained their weight loss in WLMRCT con
tinued to adhere to their dietary and lifestyle 
changes. They were physically active for 225 min/
week (measured by a calibrated accelerometer), 
self‐monitored and were skilled in problem‐solving 
and relapse prevention. It has been suggested in the 
SIGN 2010 obesity guideline that 225 min of 
weekly physical activity equates to an expenditure 
of 1800–2500 kcal/week [12]. This is potentially 
achievable through five sessions of 45–60 min of 
moderate‐intensity activity per week, or lesser 
amounts of vigorous physical activity.

Weight maintenance programmes 
in practice

The Glasgow and Clyde Weight Management 
Service (GCWMS) is a specialist, multidisciplinary 
NHS weight management programme providing a 
structured educational lifestyle programme, includ
ing a 600 kcal/day deficit diet, cognitive‐behavioural 
therapy and physical activity advice over 16 weeks 
[27]. Criteria for referral to the service is a BMI of 
>35 kg/m2 or >30 kg/m2 with comorbidities (e.g. 
hypertension, diabetes or poor mobility). After a 5% 
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Figure 4.15.1 Proportion of participants who regained 2.3 kg or more among those who reported weighing 
themselves daily vs. weighing less often at 18 months (taken from reference [17] – reproduced with permission).
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weight loss has been achieved, people are encour
aged to follow a 12‐month weight maintenance pro
gramme. This consists of monthly sessions based 
around the four key factors shown by NWCR to pre
dict weight maintenance success (follow a low‐fat, 
high‐carbohydrate diet; regular meals including 
breakfast; monitor weight and food intake; and 
1 hour of moderate‐intensity exercise daily).

Over a 16‐week weight loss intervention, 26% of 
people lost ≥5 kg (21% lost ≥5% of body weight). At 
around 7 months, 30% of individuals on the mainte
nance programme lost ≥5 kg (25% lost ≥5% of body 
weight); and, after 12 months of the maintenance 
programme, 28% had maintained a loss of ≥5 kg 
(24% lost ≥5% of body weight) [27].

GCWMS aims to maintain a 5‐kg weight loss tar
get for 12 months after the weight loss. Of all suc
cessful weight loss patients (defined as losing ≥5 
kg), 48% maintained ≥5 kg weight loss at 18 months, 
and 77% weighed less than the initial weight at 
 follow‐up [28]. Weight loss maintenance was asso
ciated with a low‐fat, low‐energy diet, weight 
monitoring, portion control, 225–300 min of physical 
activity a week and attending 10 months of the 
maintenance phase of the programme.

4.15.4 The role of physical 
activity in weight maintenance

Successful weight maintainers in NWCR and 
WLMRCT were physically active for around an 
hour a day.

Weinsier et  al. compared the total free‐living 
energy expenditure in 61 women with a BMI of 
<25 kg/m2 who were successful and unsuccessful 
in maintaining a normal body weight over a year 
[19]. Over the year, the ‘maintainers’ (those who 
had gained ≤3%) lost an average of 0.5 kg. The 
‘gainers’ (who had a weight gain of >10%) gained 
an average of 9.5 kg. The ‘maintainers’ had a sig
nificantly higher physical activity level and muscle 
strength than the ‘gainers’. The lower activity 
energy expenditure of the ‘gainers’ explained 77% 
of their greater weight gain. The authors concluded 
that the ‘gainers’ would have to add around 1 hour 
and 17 min of moderate‐intensity physical activity 

to their daily routine to achieve the same weight 
maintenance status as the ‘maintainers’. These 
findings, as well as the information gained from 
NWCR and WLMRCT, suggest that the current 
guidelines, recommending a minimum of 30 min of 
moderate‐intensity physical activity a day, may be 
insufficient for weight maintenance [19].

4.15.5 Method of initial weight 
loss and subsequent weight 
maintenance success

Pharmacological intervention (orlistat), very‐low‐
calorie diets (VLCDs), liquid diets and bariatric sur
gery are recognised weight loss approaches – either 
in addition to, or instead of, making lifestyle and 
behavioural changes.

Maintenance after pharmacological 
intervention

After 6 months of orlistat treatment for weight loss, 
a  6‐month lifestyle modification programme in 
55  people of 18–50 years, with and without diabetes 
and a BMI of ≥25 kg/m2, was found to be effective 
in maintaining weight loss [29]. Initially, 60 people 
were recruited to the weight loss intervention of 
 orlistat plus general advice (not including a low‐
energy diet or  specific lifestyle advice) from a dieti
tian. At the end of the weight loss period, five 
participants declined to participate, and the remain
ing 55 were randomised to a weight maintenance 
phase to receive either a lifestyle intervention 
(27 people, 15 with diabetes) or none (28 people, 15 
with  diabetes) for 6 months.

The lifestyle programme was held monthly in 
groups of five participants with a nutrition educator. 
It consisted of dietary advice (balanced diet; food 
labels; eating out and healthy cooking methods; a 
eucaloric menu plan calculated from the weight at the 
end of the orlistat treatment; and a daily food diary), 
physical activity (30 min aerobic exercise two–three 
times a week; walking at least 10,000 steps daily; 
using a pedometer; and completing a daily activity 
log), peer group support, self‐monitoring, stimulus 
control and cognitive restructuring.
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After 6 months, those who had received the 
intervention gained significantly less weight (−0.2 
kg) than the non‐intervention group (3.3 kg) (P < 
0.001). In addition to maintaining weight loss, 
those in the  intervention group also maintained 
beneficial anthropometric, metabolic, dietary 
intake, physical activity and quality‐of‐life profiles. 
These benefits were not seen in the ‘no lifestyle 
intervention’ group. The authors acknowledge that 
the number of subjects was small and the duration 
of the intervention programme was short. It is 
unknown, therefore, whether subjects would be 
willing or able to continue with the programme in 
the long term.

Maintenance after VLCDs

VLCDs are sometimes the weight loss method of 
choice, particularly for those who have high BMI 
and comorbidities, or those who have not succeeded 
with low‐energy diets. Following an initial 6‐week 
VLCD of  500 kcal/day, one study investigated 
weight regain  during a 2‐year weight maintenance 
period [30]. A total of 133 individuals started the 
6‐week VLCD  programme, and, after the first 
3  months of the weight maintenance  programme, 
13  people withdrew. The remaining 120 subjects 
completed the first year of the programme, and 103 
completed the whole programme of 6 weeks of 
weight loss and 2 years of weight maintenance. 
Average weight loss over the 6‐week weight loss 
phase was 7.2  kg, and average weight regain was 
69%. Those who regained the least weight (<10% 
body weight regain) increased and maintained their 
dietary restraint more over the whole programme, 
and they also lost the most body fat during the 
weight loss phase. However, these “successful’ indi
viduals only made up 9.7% of the total numbers 
involved in the study.

A systematic review of 20 studies investigated 
the effects of anti‐obesity drugs, diet and exercise 
on weight loss maintenance after VLCDs [31]. 
They showed that, after either VLCDs or low‐
energy diet interventions followed for 3–16 weeks, 
improved weight loss maintenance was associated 
with anti‐obesity drugs (3.5 kg), meal replace
ments (3.9 kg) and high‐protein diets (1.5 kg), as 
compared to controls. However, they found no 

significant improvements for dietary supplements 
and exercise, possibly due to the difficulties in 
achieving the 60–90 min of exercise necessary for 
weight control. Similarly, after VLCDs, both orl
istat and meal replacements have been shown to be 
effective in maintaining the lost weight over a year, 
and did  not differ significantly in the levels of 
weight regain [32].

Maintenance after liquid diet

McGuire et  al. investigated the different ways in 
which individuals on NWCR had lost weight and 
how they maintained their weight loss [33]. They 
compared those who had lost weight through life
style changes on their own, those who attended an 
organised programme and those who followed a 
liquid formula diet (which are often, but not exclu
sively, VLCDs and LCDs in the region of 800 kcal/
day). There was a significant interaction between 
the method of weight loss and the reported diffi
culty in maintaining the weight loss. Those who 
followed a liquid diet found that maintaining their 
weight loss harder than losing it. The liquid diet 
group reported a greater use of dietary strategies 
during maintenance, such as calorie counting and 
following a low‐fat diet. Those who had lost 
weight on their own found maintenance easier 
than the initial weight loss phase, suggesting that 
perhaps they had already developed the skills for 
maintenance while losing weight. Although the 
groups differed in their initial weight loss strate
gies and in their perceptions of the effort required 
for maintenance (the ‘on my own’ group reported 
less difficulty in maintaining weight than the 
organised programme group and the liquid for
mula users), all three groups achieved similar 
weight maintenance.

Maintenance after surgical 
intervention

Bond et  al. investigated 315 individuals from 
NWCR, of whom 105 had undergone bariatric sur
gery (58% Roux‐en‐Y gastric bypass, 18% gastric 
banding and 24% non‐specified surgery) [34]. The 
surgical and nonsurgical individuals were matched 
for gender, entry weight,  maximum weight loss 
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and weight maintenance duration. Questionnaires 
were used to gather self‐reported information on 
weight; energy and macronutrient intake (via the 
Block Food Frequency Questionnaire); physical 
activity levels (via the Paffenbarger Physical 
Activity Questionnaire); psychological factors 
(via the Eating Inventory); and the depression and 
stress levels (via the Centers for Epidemiologic 
Studies Depression Scale and the Perceived 
Stress Scale, respectively). Both groups gained 
similar, small amounts of weight (the surgical 
group gained 1.8 kg, and the nonsurgical group 
gained 1.7 kg). However, the surgical group 
reported less dietary restraint, less physical activ
ity, more fast food, higher depression and stress 
levels and higher fat consumption while achiev
ing similar weight regain as those in the nonsur
gical group. Therefore, it could be interpreted 
that, although the surgical and nonsurgical groups 
regained the  same weight over the first year of 
maintenance, the  surgical group seemed to find it 
easier. The  nonsurgical group needs more behav
ioural efforts to achieve the same results as the 
surgical group.

4.15.6 Unsuccessful weight 
maintenance

There will always be some people who do not main
tain their weight loss. Wing et al. suggest that there 
may be a set point for weight, and that reducing 
weight below this level leads to physiological com
pensation [17]. A reduced metabolic rate lower than 
what would be suggested for the person’s new 
weight, reduced fat oxidation, and low leptin and 
insulin resistance have all been suggested as possi
ble metabolic reasons, but these require further 
investigation [17]. Alternatively, it may be too dif
ficult for some to maintain the necessary behaviours 
permanently. Factors that predicted failure to main
tain lost weight in NWCR included increased fat 
intake, depression, poor dietary restraint, black‐
and‐white thinking, low self‐efficacy, greater hun
ger, poor problem‐solving skills, binge eating, 
 evaluating self‐worth in terms of shape and weight, 
unrealistic weight loss goals, more recent weight 

loss (for less than 2 years) and greater decreases in 
energy expenditure.

4.15.7 Conclusion

Health professionals need to give as much impor
tance to weight loss maintenance as to weight loss 
itself. Ensuring that patients are able to maintain 
weight loss will involve extended care, personal con
tact and follow‐up (suggested in the literature to be 
between 6 months and 5 years). People wanting to 
maintain weight loss need to develop the behavioural 
skills of self‐monitoring intake and weight, goal set
ting, relapse prevention and gaining social support, in 
addition to the others that have been discussed.

Weight maintenance can be possible, given the 
right support. Retrospectively, examples such as 
NWCR indicate that many of the behaviours, diets 
and levels of physical activity of successful weight 
loss maintainers are similar to those in successful 
prospective weight maintenance studies such 
as  WLMRCT, as well as in practice at secondary 
care setting of the Glasgow and Clyde Weight 
Management Services (GCWMS). It also seems 
that, as time goes by, the maintenance of weight loss 
becomes easier, presumably as new behaviours 
become more habitual. The method of weight loss, 
whether via lifestyle changes, pharmacotherapy or 
bariatric surgery, has implications on how easy indi
viduals are likely to find maintaining their weight, 
and on the strategies that may be the most effective.

The methods necessary for successful weight 
maintenance can be categorised in two ways – the 
first being methods that individuals can use by 
themselves, such as self‐monitoring, and the second 
being the elements that need to be provided by 
health professionals or another support system. 
Individuals in NWCR are a self‐selecting group, 
and their methods of weight loss maintenance can
not be generalised as being possible for every per
son after weight loss. It is those people who cannot 
maintain their weight loss alone that need effective 
interventions to provide the necessary knowledge, 
skills and support. Both the STOP Regain study and 
WLMRCT found that personal contact resulted in 
the least weight regain, followed by technology 
and, last, by a control (newsletter or self‐directed).
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4.15.8 Summary box
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Key points

• Weight loss maintenance has been defined as a 
weight change of <3% [1].

• Long‐term weight loss maintenance is possible, 
but requires sustained behaviour changes.

• Face‐to‐face contact reduces weight regain, com
pared to Internet/technology‐based support.

• Current guidelines recommend a minimum of 30 
min of moderate‐intensity physical activity a day, 
which probably is insufficient for weight loss 
maintenance. About 80 min daily of moderate 
physical activity is likely to be necessary.

• Weight loss maintenance becomes easier over 
time. The risk of weight regain reduces after 1 year, 
and further after 2.5 years of having maintained the 
lost weight.

• The perceived ease of weight loss maintenance 
after weight loss varies, depending on the  method 
of weight loss.

• The cost‐effectiveness of extended, personal 
 contact in weight maintenance programmes 
should be evaluated.
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4.16.1 Introduction

Many commentators have noted the impact that 
obesity is having both on society and health services 
across the world. The impact is wide ranging, from 
personal day‐to‐day issues through to the economic 
impact on health services and the wider economy. 
There is now general acceptance that we live in an 
obesogenic environment, and that the factors behind 
this are multifactorial and complex. However, a key 
question concerns the impact of weight manage
ment intervention and the cost or cost‐effective 
impact therein. By understanding this in more 
detail, informed decisions can be made around 
appropriate funding and commissioning for sup
porting people who wish to seek weight manage
ment interventions.

This chapter aims to outline some key areas of 
impact being observed with the increasing rate of 
obesity and the resource burden of severe and com
plicated obesity. The impact of realistic and achiev
able weight change is also considered, as well as the 
cost‐effectiveness of currently available interven
tions for the management of obesity.

4.16.2 The cost burden 
of obesity

Estimates of the direct costs to the National Health 
Service (NHS) for treating overweight and obesity 
and related morbidity in the UK have ranged from 

£479.3 million in 1998 [1] to £4.2 billion in 2007 
[2]. Estimates of the indirect costs (arising from the 
impact of obesity on the wider economy, such as 
loss of productivity) over the same period ranged 
between £2.6 billion [1] and £15.8 billion [2]. The 
impact that obesity has imposed on other clinical 
issues is clear and extensive. Estimates suggest that 
80% of the current prevalence of diabetes is due to 
obesity, and that 4.5% of the UK population is cur
rently diabetic. Diabetes care costs presently 
account for around 10% of the total NHS spend, 
for  this 4.5% of the population [3]. Other clinical 
issues such as hypertension, cardiovascular disease, 
asthma, arthritis‐related disability, polycystic ovar
ian syndrome infertility, many cancers and sleep 
apnoea are all either caused or exacerbated by 
excess weight [4].

A number of studies have put more detail around 
not just the economic impact of excess weight on 
the NHS in the UK, but indeed the impact of 
increasing weight within the already obese popula
tions. For a cohort of 8450 patients registered in 
general practice in the UK, data was collected on 
general practice appointments, prescribed medica
tions and the presence of clinical conditions. The 
obese population made significantly more visits to 
the general practitioner (GP)/family doctor (P < 
0.001), practice nurse (P < 0.001) and to hospitals 
(P < 0.034) [5]. This relationship remained for GP/
family doctor and practice nurse attendances after 
adjustments for age, sex, social deprivation and the 
number of comorbid conditions (Figure  4.16.1, 
Table 4.16.1). Also, in the obese population, there 
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Figure 4.16.1 Frequent GP/family doctor attendance by age group, number of comorbidities and obesity [5]. 
Panel (a): the frequency of GP/family doctor attendance vs. age is significant among both obese (P < 0.001) 
and normal‐weight (P = 0.004) patients. The obese group is always above the normal‐weight group, demon
strating that the obese make significantly more visits to the GP for any given age group (P < 0.001). Panel 
(b):  the frequency of GP/family doctor attendance vs. number of comorbidities is highly significant among 
both obese (P < 0.001) and normal‐weight (P < 0.001) patients. The obese group is always above the normal‐
weight group, demonstrating that the obese make significantly more visits to the GP for any given number of 
comorbidities (P < 0.001).

Level of obesity 
(BMI, kg/m2) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Adjusting for Age group
Sex
Deprivation
Country

Age group
Sex
Deprivation
Country
Presence of any comorbidity

Age group
Sex
Deprivation
Country
Number of comorbidities

Normal weight 1 (reference) 1 (reference) 1 (reference)
30–32.49 1.48 (1.24–1.78) 1.36 (1.13–1.64) 1.29 (1.07–1.56)
32.50–34.99 1.58 (1.30–1.92) 1.40 (1.15–1.71) 1.30 (1.06–1.59)
35–37.49 1.63 (1.31–2.02) 1.35 (1.08–1.68) 1.17 (0.94–1.47)
37.50–39.99 2 (1.55–2.58) 1.64 (1.26–2.14) 1.45 (1.11–1.90)
40+ 2.08 (1.64–2.65) 1.69 (1.32–2.16) 1.48 (1.15–1.90)
Test for trend 
within obese

P < 0.001 P < 0.001 P = 0.019

Overall obese vs. 
normal weight

1.64 (1.38–1.95)
P < 0.001

1.43 (1.20–1.71)
P < 0.001

1.30 (1.09–1.56)
P = 0.005

Table 4.16.1 Relationship between frequent GP/family doctor attendance (≥4 appointments/y) 
and level of obesity [5]
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was an increasing relationship between frequency 
of GP visits and higher BMI, which again remained 
significant after adjustments for age, sex, social 
deprivation and the number of comorbid condi
tions (Table 4.16.1) [5]. Using the same cohort data 
on prescribed medications showed that obesity 
resulted in significantly greater numbers of patients 
being prescribed drugs from eight of the 15 drug 
categories; importantly, these eight categories 
accounted for >87% of the prescribing budget. 
Further analysis of the actual burden of prescribing 
using the system of defined daily doses showed 
that the obese cohort was prescribed two–four 
times the volume of many commonly used drugs as 
compared to an age‐and‐sex‐matched normal‐
weight cohort. Finally, the pattern of increased 
 prescribing was observed in both obese and nor
mal‐weight groups with increasing number of 
comorbidities. However, there was an additional 
and significant impact of obesity that was also 
apparent in relation to the number of patients 
receiving ‘polypharmacy’ (four or more repeat 
medications at one time), illustrated by twice the 
number of obese patients receiving 10 or more 
drugs as compared to the age‐and‐sex‐matched 
normal‐weight cohort [6].

A further method of assessing the economic 
burden of obesity is to consider attributable 
costs  –  that is, the costs of healthcare resources 
that can be directly attributed to obesity or over
weight, or the costs that would not have to be 
borne if overweight and obesity did not exist. 
Analysis on this concluded that up to 23% of the 
cost of all prescriptions across the UK population 
could be attributed to obesity. When overweight 
was also considered, this figure increased to 34% 
[7]. At the time of this writing, the spend on pre
scribed medication in the UK is £9.27 billion [8]. 
In other words, if the overweight and obese popu
lation were of normal BMI, then £2.94 billion 
would not be spent on prescribed medications. 
These figures appear dramatic and convincing; 
however, the following two key points need to be 
considered:

(1) Overweight and obesity exists in the population.
(2) What impacts do realistic weight management 

interventions have on the overweight and obese 
population?

These are critical issues, as many previous com
mentaries have in some ways oversimplified the 
economic impact of obesity by comparisons to the 
normal‐weight population (BMI 18.5 < 25 kg/m2 or 
in some cases 18.5–22 kg/m2). The currently avail
able weight management interventions will not shift 
the entire obese population into the ‘normal’ BMI 
range; however, weight management interventions 
with proven evidence of effectiveness/cost analysis 
will result in health and economic benefits.

4.16.3 The economic impact 
of realistic weight management 
interventions

While some individuals will lose enough weight to 
move into the optimal BMI range of 18.5–25 kg/m2, 
outcomes for weight management interventions 
tend to fall into the following categories:

 • Lifestyle: 5–10 kg loss in up to 50% of the proto
col‐compliant population

 • Lifestyle including a phase of formula diets such 
as very‐low‐energy diets: >15 kg loss in 50% of 
the compliant population

 • Bariatric surgery: >15 kg loss in around 80% of 
the compliant population

This essentially means that, while comparisons 
between the economic cost of normal‐weight and 
obese populations are interesting, they do not 
reflect the burden/impact that will result from 
the  available weight management interventions. 
Additionally, given the recent ongoing trend of 
increasing obesity, particularly related to the severe 
and complicated group [9], many commentators 
speak of cost avoidance as opposed to cost saving. 
In other words, act now to prevent/reduce/minimise 
spend in the future.

How cost‐effectiveness is measured

Economics can be defined as a discipline concerned 
with the efficient allocation of scarce resources 
[10,12,17–21] – efficient in the sense of achieving the 
greatest benefit for a population from the resources 
available. A key implication is that economics 
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explicitly focusses on choices and trade‐offs that 
need to be  made between competing (alternative) 
uses of resources. The relevance of the idea of finite 
resources and the consequent necessity of choice is 
clear in the context of healthcare. And, in line with 
the earlier definition, health economics is not con
cerned narrowly with ‘saving money’, but rather with 
achieving value for money in ensuring that health 
benefits are maximised, given the expenditure being 
made. The concepts of ‘value for money’, ‘cost‐
effectiveness’, ‘efficiency’ and ‘opportunity 
costs’  –  in other words, the benefits forgone by 
choosing one course of action in  preference to 
another – are central to health  economics [10–12,16–
21]. The use of economic evaluations started to 
become widespread to aid decision‐making in the 
1990s [13] for reimbursement agencies, including the 
National Institute for Health and Care Excellence 

(NICE) in England and Wales in order to reconcile 
the unlimited health demands and the ever‐growing 
variety of health technologies with the realities of 
an  increasingly resource‐constrained environment 
[14,15].

Establishing cost‐effectiveness involves weighing 
up the costs and benefits associated with an interven
tion to ensure value for money in allocating resources 
between alternatives [16]. Economic evaluation is 
thus concerned with the measurement and compari
son of the outcomes and costs of two or more alterna
tive interventions in order to establish the incremental 
difference between those alternatives  –  in other 
words, assessing what additional health benefits can 
be achieved, and finding out what it will additionally 
cost [17,18]. The different types of methods are 
briefly outlined in Box 4.16.1. These methods differ 
according to how health outcomes are defined. 

Box 4.16.1 Summary of approaches to economic evaluations in healthcare

Cost minimisation
Cost minimisation seeks to identify which of two or more interventions has the lowest cost. The effects are 
identical between options, so it is simply about establishing the least costly way of achieving this outcome, 
with the cheapest being the preferred option [11,17].

Cost consequence analysis
Cost consequence analysis determines the intervention that has the best combination of cost and all outcomes 
for a given condition. The outcomes are many and listed with no comparable valuation. There is a no decision 
rule. Hence, in order to identify the cost‐effective option, the decision‐maker is left to select the most important 
outcome from the list, or to implicitly value the relative importance of these [11,17,19].

Cost‐effectiveness analysis
Cost‐effectiveness analysis (CEA) determines the intervention that is the best combination of cost and outcome 
as measured in natural units. The outcome is a single clinical or health effect common to each alternative. 
Results are presented as the incremental cost per unit of health gain, known as the incremental cost‐effectiveness 
ratio (ICER). Decisions are based upon whether the additional cost is worth the additional benefit, relative to 
the budget or the decision‐maker’s willingness‐to‐pay threshold [11,16–21].

Cost utility analysis
Cost utility analysis (CUA) determines the intervention for any condition that is the best combination of cost and 
utility. It applies the same principles as CEA, but the unit of the effect is expressed as quality‐adjusted life years 
(QALYs), and the ICER is expressed as the cost per QALY gained. QALYs provide a ‘common currency’ [22] 
with which to compare independent treatments instead of a disease‐specific outcome. The length of life gained by 
an individual is weighted against the quality of life that is derived from the individual’s preferences for life‐states. 
Different types of tools exist to obtain these values. QALYs are the preferred outcomes for decision‐makers as, 
being generic outcome measures, they enable the comparison of ICERs across different diseases [11,17–21].

Cost-benefit analysis
Cost–benefit analysis (CBA) measures both the costs and consequences of alternatives in monetary units. It 
differs from CEA and CUA as it can make the case to expand the budget available for an area of need, rather 
than working to achieve efficiency within the constraints of an existing budget or resources [19].
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Regarding costs, the true value of something is 
regarded not in just financial terms, but as the value of 
forgone benefits that could be obtained by putting the 
resources to their next‐best alternative use [17]. Costs 
and resources are also determined according to the 
perspective from which they are viewed [17].

Trial‐based economic evaluations 
and decision modelling

Economic evaluations are commonly carried 
out  alongside randomised controlled trials [23]. 
Alternatively, decision‐analytic models may be used 
to synthesise data from multiple sources or to 
extrapolate to health outcomes beyond the length of 
a trial, often over a lifetime [24]. For example, out
come measures in a weight management trial may 
include percentage weight reduction, systolic and 
diastolic blood pressure, physical activity levels, 
etc. Since obesity is a risk factor associated with 
many chronic and other conditions occurring 
beyond the timeframe of a trial, including coronary 
heart disease, diabetes, stroke, some cancers and 
arthritis [25], modelling can be employed to link 
these short‐term outcomes measured within the trial 
to potential longer‐term impacts on health. A recent 
review [26] found how surrogate measures in weight 
management evaluations are used to predict long‐
term health outcomes.

4.16.4 Cost‐effectiveness 
of weight management 
interventions

NICE, which has significantly contributed to health 
technology assessment (HTA) around the world, 
published guidance on obesity in 2006 [25]. Part of 
this publication included a health economic review 
of the evidence of cost‐effectiveness for weight 
management interventions. The initial conclusion 
from this work was that there was no good‐quality 
cost‐effectiveness evidence on the identification or 
assessment of obesity. Therefore, the focus would 
be on the cost‐effectiveness of treatment options. 
When focussing on non‐pharmacological interven
tions, the literature search yielded four papers, plus 
one using lifestyle intervention as the control and 
providing economic data. The authors of the review 

then applied economic modelling to studies with 
sufficient details around interventions, including 
12‐month outcomes to assess the cost per outcome. 
The conclusion from this work in terms of the range 
of cost per QALY was as follows:

 • Diet: £174–£2039
 • Behavioural treatment: £4360–£10,729
 • Physical activity: £9971–£41,149

The key considerations for cost‐effectiveness was 
centred around the duration of the effects of the 
treatment, or the rate of any weight regain at inter
vention completion.

Some key publications exploring weight manage
ment interventions used in the UK have followed 
this NICE report. The Counterweight Programme 
was tested for cost‐effectiveness using the model 
included in the NICE Guidance 2006 [27]. Costings 
for programme delivery had already been published. 
Using observed outcome data, the conclusion was 
that, over a patient lifetime, there would actually be 
a cost saving –  that is, the intervention was domi
nant. A limitation with this UK assessment of cost‐
effectiveness cited by other reporters was that it was 
not a randomised controlled trial. An HTA system
atic review found this to be one of only two studies 
meeting the minimal core inclusion criteria for cost‐
effectiveness assessment. The second study was 
based in the USA [28].

Analyses of the cost‐effectiveness of a commercial 
weight management programme, Weight Watchers, 
concluded that, compared to routine care, and in a 
population with BMIs of 27–35 kg/m2, the pro
gramme would result in an increased QALY of 0.03 
(i.e. 3 life days of perfect health per 100 patients), 
and at an overall cost saving of AUS$70 (approxi
mately £38.40) [29]. At the level of contact resulting 
in the observed weight change outcomes, the authors 
do note (in a separate but associated publication) that 
achieving this level of weight change may be beyond 
the financial reach of a substantial proportion of the 
population. This may be particularly true for those 
who need it most, owing to the out‐of‐pocket costs 
for additional contacts not funded by healthcare 
 services. (Most frequently healthcare services 
will routinely fund 12 contacts, as compared to the 
36 contacts that those who achieved the published 
weight change outcomes were provided) and the 
additional travel expenses [30].
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More recently, a review of NICE guidelines on 
obesity [31] concluded (from the economic model
ling of weight management interventions) that, for 
weight loss maintained for life (i.e. below the nor
mal expected weight trajectory), and compared with 
what no intervention would achieve, the following 
results were found:

 • A 12‐week programme costing £100 or less would 
be cost‐effective where loss of 1 kg is achieved.

 • A 24‐week programme costing £200 or less would 
be cost‐effective where loss of 1 kg is achieved.

Data was not available to conclude if this was the 
case in populations with BMIs of >40 kg/m2.

 • For programmes costing £500 or more, a 2 kg dif
ferential must be maintained for life.

 • For programmes costing £1000 or more, a 3 kg 
differential must be maintained for life.

Finally, programmes costing more than £100 per 
head will not be cost‐effective if participants regain 
the lost weight within 2–3 years or less (compared to 
the expected trajectory – i.e. people returning to nor
mal pattern of weight gain observed in the popula
tion, as opposed to keeping the weight off for life; 
hence, the trajectory is lowered by least 1 kg for life), 
the key factor being the speed at which weight is 
regained, rather than the average initial weight loss.

Cost‐effectiveness in severe 
and complicated obesity

Burden of disease studies typically classify individ
uals with a BMI of >30 kg/m2 as a single group 
(‘obese’), and make comparisons against those with 
lower BMIs. A recent systematic review [32] found 
little data presented in the literature on the economic 
burden of obesity disaggregated beyond a BMI of 
40 kg/m2, the fastest growing category of obesity, 
with very little analysis of any measure or gradient 
of costs beyond 40 kg/m2. From those studies identi
fied, multiplier effects were derived for costs 
incurred by the severely obese as compared to those 
of normal weight. They ranged 1.5–3.9 for direct 
costs, and 1.7–8 for productivity costs that included 
workers’ compensation claims and number of lost 
workdays. Given the current practice of grouping 
people homogenously above a threshold BMI of 30 
or 40 kg/m2, the multiplier effects for those at the 

highest end of the spectrum are likely to be underes
timated, in turn impacting on the value for money of 
interventions aimed at the severely obese.

A review of NICE guidelines clinical recommen
dations advocates increased access to bariatric 
 surgery for those with type 2 diabetes diagnosed 
within 10 years. Of note is that recognition is made 
of the studies cited as being of low or very low 
 quality, with potentially serious limitations. As of 
2012, bariatric surgery has the most published evi
dence for the treatment of severe and complicated 
 obesity. However, nonsurgical interventions are also 
required to address this increasing problem, owing 
to limitations around the access to and eligibility for 
bariatric surgery. An initial cost analysis has been 
conducted to compare the use of bariatric surgery 
against a programme that involves a phase of 
total  diet replacement followed by stepped food 
reintroduction and weight loss maintenance. This 
demonstrated that, for £1 million worth of health
care service resources, >15 kg weight loss can be 
achieved in around 110 people using bariatric 
 surgery, as compared to 383 people when using the 
programme involving a phase of total diet replace
ment. Therefore, for the same level of resources, 
three times as many people are likely to achieve >15 
kg weight loss in comparison to bariatric surgery 
[33]. The availability of this type of programme also 
means that, in a time of healthcare service ‘ration
ing’, more people may be able to access a weight 
management solution that is appropriate for the 
treatment of severe and complicated obesity. This 
would not replace the option of bariatric surgery; 
instead, it would potentially provide a solution for 
those requiring greater levels of weight loss, but 
who cannot or will not access bariatric surgery.

4.16.5 Conclusion

The economic burden that obesity places on society 
and healthcare services is clear and undisputed. 
However, stating the impact of obesity as compared 
to a normal‐weight population is not reflective of 
what can or will be achieved with proven solutions 
for weight management. Evidence around the health 
and societal benefits of realistic and achievable 
weight management is building year on year, with 
new and innovative community‐based programmes 
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adding to this evidence base [34]. For positive 
results, it is essential to have everyone involved, 
including the participants in weight loss pro
grammes. Patients and staff holding appropriate 
expectations of what moderate weight loss can 
bring, in terms of health and well‐being. That said, 
the economic evidence base for weight management 
remains limited  –  especially around important 
issues such as (1) sustaining and maintaining weight 
loss; and (2) key factors that have a direct bearing 
upon the cost‐effectiveness of interventions – due to 
the aforementioned challenges in carrying out 
robust studies. There is a clear need for longer‐term 
studies, with a defined aim of establishing costs and 
cost‐effectiveness. Thereafter, the evidence will 
equip decision‐makers with a clearer vision around 
short‐ and longer‐term spending and the anticipated 
consequences on future spending, such as cost 
avoidance vs. cost saving.

4.16.6 Summary box
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Genetics, epigenetics and obesity: focus 
on studies in children

Chapter 5.1

5.1.1 Introduction

Obesity in childhood is regarded as a multi‐causal 
disease with complex interrelationships between 
genes, environment and behaviour [1]. The most 
prevalent consequences of obesity – such as hyper-
tension, dyslipidaemia and disturbed glucose 
metabolism [2], summarised as the metabolic 
 syndrome [3], and determining the morbidity and 
mortality effects in obesity [4,5] – depend not only 
on the degree of overweight, but also on the genetic 
background [6]. Understanding the genetic mecha-
nisms behind obesity and its associated comorbidi-
ties will probably allow the development of specific 
tailored interventions for prevention and treatment 
of childhood obesity in future.

5.1.2 The impact of genes 
on weight status

It is widely accepted that obesity is a polygenetic 
disease with environment–gene interactions [7]. 
Studies have clearly demonstrated that the genetic 
predisposition to obesity determines 50–70% of 
body mass index (BMI) variance [7,8].

Monogenic forms

There are a small number of monogenic forms of 
obesity, such as melanocortin 4 receptor gene 
(MC4R) or proopiomelanocortin gene (POMC) 

mutations, leptin receptor insufficiency or leptin 
deficiency [7,9,10]. All these mutations are located 
in the leptin pathway. Leptin is a hormone predomi-
nantly released by adipocytes, circulating at levels 
proportional to the body’s adiposity. More than a 
decade ago, research showed that the ob gene in 
mice and humans expresses the hormone leptin that 
is crucial for weight control [18]. Leptin stimulates 
the leptin receptor in the hypothalamus, activating 
melanocortin 4 (MC4) via the stimulation of proopi-
omelanocortin (POMC). Activation of the MC4R 
results in satiety. This pathway is the strongest sati-
ety signal known so far. Mutations in this pathway 
are characterised by a major effect of the respective 
mutation on the development of obesity. Detecting 
these mutations has helped us understand the regu-
lation of satiety in humans.

Studies in mice and humans have pointed out the 
critical importance of the central melanocortinergic 
pathway in the control of energy homeostasis, par-
ticularly the pivotal role of the MC4R gene. Previous 
studies in humans have shown that the prevalence of 
functionally relevant MC4R mutations ranges from 
0.5 to 5.8% in obese children and adolescents [11]. 
More than 90 different obesity‐associated mutations 
in the MC4R, most of which are non‐synonymous 
mutations leading to either total or partial loss of 
function, have so far been reported [12–15]. These 
mutations within the coding region are assumed to 
have a major effect on BMI, averaging approxi-
mately 4.5 kg/m2 and 9 kg/m2 in adult males and 
females, respectively [11]. The presence of MC4R 
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mutations also influence the outcomes in lifestyle 
interventions in obese children. Children with func-
tionally relevant MC4R mutations demonstrated 
a similar degree of overweight 1 year after the end 
of lifestyle interventions, as they had lost weight 
through the 1‐year intervention at baseline too, 
while children without these mutations were able to 
maintain the degree of weight loss achieved in the 
intervention [16,17].

The extremely rare autosomal recessive genetic 
disorders, such as leptin and leptin receptor defi-
ciency, are further well‐established monogenic 
causes of obesity [7,10,18,19]. Two copies of the 
gene must be mutated for a person to be affected by 
an autosomal recessive disorder. An affected per-
son usually has unaffected parents who each carry 
a single copy of the mutated gene (and are referred 
to as ‘carriers’). Interestingly, leptin deficiency 
due  to mutations in the leptin receptor gene has 
been  associated with central hypothyroidism and 
hypogonadotropic hypogonadism in humans, since 
leptin innervates hypophysiotropic TRH and 
LHRH  neurons [20].

Polymorphisms

Genetic polymorphism is the simultaneous occur-
rence in the same locality of two or more discontinu-
ous forms in such proportions that the rarest of them 
cannot be maintained just by recurrent mutation or 
immigration. Large genome‐wide association stud-
ies (GWASs), conducted in hundreds of thousands 
of adults and children, have identified >30 human 
single nucleotide polymorphisms (SNPs) so far 
associated with increased BMI (see Table  5.1.1) 
[7,21–23]. Polymorphisms are genetic variants that 
occur in more than 1% of the population, in contrast 
to monogenetic defects. SNPs are DNA sequence 
variations that occur when a single nucleotide (A, T, 
C or G) in the genome sequence is altered. SNPs 
make up approximately 90% of all human genetic 
variation. They appear once every 100–300 bases 
along the 3‐billion‐base human genome, and can 
occur in the coding (gene) and non‐coding regions 
of the genome. Many SNPs have no (direct) effect 
on function, but could predispose individuals to 
 disease or influence their response to a drug.

The SNPs summarised in Table 5.1.1 have a rela-
tively small effect size on body weight (usually 
below 1 kg for an individual), but they are frequent, 
and thus relevant in a substantial number of obese 
individuals. SNPs are associated not only with 
weight gain. For example, two polymorphisms 
in  the MC4R gene, Val103Ile and Ile251Leu, 
which occur in 1–3% of the examined populations, 
respectively, are both associated with a slightly 
decreased BMI [13].

The function of most SNPs associated with obe-
sity are unknown, but some loci (MC4R, POMC, 
SH2B1, BDNF) map near key hypothalamic regula-
tors of energy balance, and one is near GIPR, an 
incretin receptor. The biological function of the 
SNPs with the greatest impact on weight (FTO and 
INSIG2) is largely unknown. A relationship between 
polymorphisms at the FTO and physical activity 
levels have been reported [24]. Furthermore, FTO is 
expressed in multiple tissues throughout the brain 
and the periphery, with high expression in the pitui-
tary and adrenal glands and the hypothalamus. It has 
thus been suggested that FTO might play a role in 
the hypothalamic–pituitary–adrenal axis. Recently, 
a knock‐out mouse model for FTO showed that 
the  lack of FTO protects from obesity [25]. The 
leanness of FTO‐deficient mice developed because 
of increased energy expenditure and systemic sym-
pathetic activation, despite decreased spontaneous 
locomotor activity and relative hyperphagia. 
Additionally, the allelic variation of FTO has been 
shown to be associated with a reduced cerebrocor-
tical insulin response [26].

The mechanisms by which INSIG2 influences 
body weight are also unclear. INSIG2 encodes a pro-
tein of the endoplasmic reticulum (ER) that blocks 
proteolytic activation of sterol regulatory element‐
binding proteins and membrane‐bound transcription 
factors that activate synthesis of cholesterol and 
fatty acids in animal cells [27,28]. These proteins 
also restrict lipogenesis in mature adipocytes and 
block the differentiation of preadipocytes.

The impact of polymorphisms on weight has 
been studied not only in cross‐sectional studies but 
also in longitudinal research. The Cardiovascular 
Risk in Young Finns Study, which analysed the 27‐
year follow‐up of 2119 children, demonstrated that 
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polymorphisms near genes FLJ35779, TFAP2B and 
LRRN6C are independently related with adulthood 
obesity [29]. However, genetic risk markers only 
marginally improve the prediction of obesity 
in  adulthood. Childhood BMI, family income 
(inversely) and mother’s BMI were much stronger 

predictive factors, suggesting that polymorphisms 
have only a low impact on BMI.

The outcome of a lifestyle intervention for obese 
children was also influenced by polymorphisms. 
For example, the carriers of the risk alleles in 
INSIG2 lose less weight as compared to the carrier 

* not confirmed in [23].

Nearest gene
Chromosome 
nearest gene Effect on BMI

Insulin‐induced gene‐2 (INSIG2)* 2q14.2 +1.0 kg/m2 for CC genotype
Fat mass and obesity–associated gene (FTO) 16q12.2 +0.40 kg/m2 per A allele
Melanocortin 4 receptor (MC4R) 18q21.32 +0.23 kg/m2 per A allele
Transmembrane protein 18 gene (TMEM 18) 2p25.3 +0.37 kg/m2 per T allele
Serologically defined colon cancer antigen 8 (SDCCAG8)* 1q43–q44 +0.04 kg/m2 per T allele
Tankyrase (TNKS) methionine sulfoxide reductase A (MSRA)* 8p23.1 −0.12 kg/m2 per A allele
Glucosamine‐6‐phosphate deaminase 2 (GNPDA2) 4p12 +0.18 kg/m2 per G allele
Brain‐derived neurotrophic factor (BDNF) 11p13 +0.19 kg/m2 per A allele
Neuronal growth regulator 1 (NEGR1) 1p31.1 +0.13 kg/m2 per A allele
SH2B adaptor protein 1 (SH2B1) 16p11.2 +0.15 kg/m2 per T allele
ETS variant 5 (ETV5) 3 +0.14 kg/m2 per T allele
Mitochondrial carrier 2 (MTCH2) 11p11.2 +0.06 kg/m2 per T allele
Potassium channel tetramerisation domain 15 (KCTD15) 19q13.11 +0.06 kg/m2 per G allele
SEC16 homolog B (SEC16B) 1q25.2 +0.22 kg/m2 per G allele
Transcription factor AP‐2 beta (TFAP2B) 6q12 +0.13 kg/m2 per G allele
Fas apoptotic inhibitory molecule 2 (FAIM2) 12q13 +0.12 kg/m2 per T allele
Neurexin (NRXN3) 14q31 +0.13 kg/m2 per T allele
Rab and DnaJ domain‐containing protein A (RBJ) 2q23.3 +0.14 kg/m2 per C allele
CNV near G protein‐coupled receptor (GPR) C5B 16q12 +0.17 kg/m2 per C allele
Mitogen‐activated protein kinase kinase 5 (MAP2K5) 15q23 +0.13 kg/m2 per G allele
Glutaminyl‐peptide cyclotransferase‐like (QPCTL) 19q13.23 +0.15 kg/m2 per C allele
TNNI3 interacting kinase (TNNI3K) 1q31.1 +0.07 kg/m2 per A allele
Solute carrier family 39 (zinc), member 8 (SLC39A8) 4q22–q24 +0.19 kg/m2 per T allele
POC5 centriolar protein homolog (FLJ35779) 5q13.3 +0.10 kg/m2 per T allele
Leucine‐rich repeat neuronal 6C (LRRN6C) 9p21.2 +0.11 kg/m2 per G allele
Transmembrane protein 160 (TMEM160) 19q13.32 +0.09 kg/m2 per A allele
Fanconi anaemia, complementation group L (FANCL) 2p16.1 +0.10 kg/m2 per T allele
Cell adhesion molecule 2 (CADM2) 3p12.1 +0.10 kg/m2 per G allele
Protein kinase D1 (PRKD1) 14q11 +0.17 kg/m2 per T allele
Low‐density lipoprotein receptor‐protein 1B (LRP1B) 2q21.2 +0.09 kg/m2 per C allele
Polypyrimidine tract binding protein 2 (PTBP2) 1q21.3 +0.06 kg/m2 per C allele
Mitochondrial translational initiation factor 3 (MTIF3) 13q12.2 +0.09 kg/m2 per G allele
Zinc finger protein 608 (ZNF608) 5q23.3 +0.07 kg/m2 per A allele
Ribosomal protein L27a (RPL27A) 11q15 +0.06 kg/m2 per C allele
Nucleoside diphosphate moiety X‐type motif 3 (NUDT3) 6q21.2 +0.06 kg/m2 per G allele

Table 5.1.1 Variants with a polygenic effect on human body weight [44,45]
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of the wild gene [30]. The difference was nearly 
0.5 BMI points. Children homozygous for the 
 obesity risk‐A‐allele in FTO lost weight in the 
intervention, but to a less degree than children 
 heterozygous or homozygous for the wild‐type 
allele [31]. However, after adjusting for age, gen-
der, baseline BMI and the analysed gene polymor-
phisms, this association between FTO and BMI 
change was not significant.

Interestingly the combination of the risk alleles 
in  INSIG2 and FTO was significantly associated 
with the lowest degree of overweight reduction in a 
lifestyle intervention [32]. In concordance, a study 
in adults showed that homozygosity for both 
 polymorphisms in FTO and INSIG2, as well as the 
combination of FTO/INSIG2 homozygosity/hete-
rozygosity, leads to an increased BMI (nearly 0.75 
BMI points) [33]. These findings suggest that the 
effects of INSIG2 and FTO aggravate each other and 
hint towards gene–gene interactions.

Copy number variants

CNVs – a form of structural variation – are altera-
tions of the DNA of a genome that results in the cell 
having an abnormal number of copies of one or 
more sections of the DNA. The search for CNVs in 
large, rare chromosomal deletions associated with 
severe early‐onset obesity is a new genetic strategy. 
For example, Bochukova et  al. showed that rare 
CNVs are associated with severe early‐onset obesity 
[34]: a deletion of 16p11.2 was associated with 
highly penetrant familial severe early‐onset obesity. 
Furthermore, deletion carriers exhibited hyperpha-
gia and severe insulin resistance disproportionate to 
the degree of obesity. The data of this study suggest 
that the phenotype is consistent with a role for the 
Src homology 2 domain‐containing adapter protein 
1 (SH2B1) in human energy homeostasis and 
 glucose metabolism. The prevalence of the SH2B1‐
containing deletion in patients with severe early‐
onset obesity was significantly greater than in 
controls. SH2B1 encodes an adaptor protein involved 
in leptin and insulin signalling. Based on this obser-
vation, 19 similar deletions were identified from 
GWAS data in >16,000 children and adults from 

eight European cohorts [35]. These deletions were 
absent from healthy normal‐weight controls, and 
accounted for 0.7% of the morbid obesity cases 
(BMI ≥ 40 or BMI‐SDS ≥ 4).

Epigenetics

Epigenetics describes the phenomena of inherited 
changes in gene function that occur independently 
of the changes in the nucleotide sequence. 
Epigenetic studies are new promising genetic diag-
nostic approaches since obesity is the consequence 
of environment–gene interactions [36]. The under-
lying genetic mechanisms likely involve a combina-
tion of epigenetic and transcriptional modifications 
(Figure 5.1.1). Initially, it was believed that epige-
netic modifications were unidirectional, but recent 
studies have demonstrated that the epigenome is 
in  fact highly dynamic, changing in response to 
nutrient availability, physical exercise and aging, 
among other exposures of changes in the nucleotide 
sequence [36]. While nearly all cells in the body 
have the same nuclear genome, different cell types 
have their own epigenomes, a characteristic essen-
tial for the development of cell‐specific phenotypes. 
Early‐life nutrition represents an intriguing example 
of how environmentally augmented epigenetic 
events might affect an individual’s response to met-
abolic load and disease susceptibility in adulthood, 
with numerous studies lending weight to this 
hypothesis [36].

Epigenetics could also help explain individual 
differences in weight loss after an energy‐restric-
tion intervention [37]: a hypocaloric‐diet‐induced 
weight loss in humans altered DNA methylation 
 status of specific genes (ATP10A and CD44 
genes). Furthermore, DNA methylation levels 
in  several CpGs located in these genes showed 
 statistical  baseline differences, depending on the 
weight‐loss outcome. The authors conclude that 
baseline DNA methylation patterns may be used as 
epigenetic markers that could help predict weight 
loss [37]. Nevertheless, our understanding of how 
epigenetic events early in life influence the devel-
opment of obesity and its comorbidities remains 
rudimentary.



5.1 Genetics, epigenetics and obesity: focus on studies in children  267

5.1.3 Impact of genes 
on cardiovascular risk factors

Not only obesity but also the prevalence of cardiovas-
cular risk factors in obesity is influenced by the genetic 
background of the individual. For example, one of the 

most important factors influencing insulin sensitivity 
and resistance are variations in TCF7L2 [38]. TCF7L2 
encodes a transcription factor and thereby regulates 
blood glucose homeostasis through the regulation of 
proglucagon gene expression. The SNP rs7903146 in 
TCF7L2 is associated with an increased risk of 
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type 2 diabetes and a slightly reduced risk for obe-
sity, affecting nearly 7% of all obese persons. 
Furthermore, the T‐allele at rs7903146 in TCF7L2 
was associated with a significant negative dosage 
effect per allele on the improvement of insulin resist-
ance and sensitivity indices such as HOMA‐IR and 
QUICKI after a lifestyle intervention, independently 
of the degree of weight loss, age and gender [39]. This 
finding is in line with the longitudinal study by Florez 
et al., demonstrating that the T‐allele at rs7903146 is 
associated with impaired β‐cell function [33].

Another example is the polymorphisms (SNP 
rs10830963) in MTNR1B (melatonin receptor 1B 
gene), which is also associated with type 2 diabetes 
but not to insulin sensitivity or resistance [40]. 
Interestingly, in weight loss of >2 BMI points, glu-
cose levels remained stable in individuals with the 
high‐risk allele [40].

Other examples of a genetic background of 
cardiovascular risk factors are polymorphisms in 
the low‐density lipoprotein receptor gene 
(LDLR). Linsel‐Nitschke and colleagues found 
that each copy of the minor T allele of the SNP 
rs2228671 within LDLR (frequency 11%) was 
related to a decrease of LDL cholesterol levels 
[41]. In parallel, the T allele of rs2228671 was 
associated with a significantly lower risk of coro-
nary artery disease. Also, another SNP rs599839 
located at chromosome 1p13.3 has been demon-
strated to be associated with the risk of coronary 
artery disease and with serum levels of LDL cho-
lesterol [42].

Non‐alcoholic fatty liver disease (NAFLD) is a 
spectrum of diseases that ranges from steatosis to 
steatohepatitis, affecting up 10% of all obese chil-
dren, with a male predominance [43]. Speliotes et al. 
demonstrated by GWAS in 7176 individuals that 
nearly 26% of the variation in hepatic steatosis is 
heritable [44]. They identified three variants near 
patatin‐like phospholipase domain‐containing pro-
tein 3 (PNPLA3), neurocan (NCAN) and protein 
phosphatase 1 regulatory subunit 3b (PPP1R3B) that 
associated with hepatic steatosis, and showed that 
variants in or near NCAN, glucokinase regulatory 
protein (GCKR), lysophospholipase‐like 1 (LYPLAL1) 
and PNPLA3, but not PPP1R3B, associated with 
histologic lobular inflammation/fibrosis.

5.1.4 Summary

Monogenetic disorders are rare in obesity, but are 
helpful for understanding the regulation of body 
weight in humans. The most prevalent monogenetic 
diseases in obesity are MC4R mutations, occurring in 
3–5% of all obese children. Since carriers of the MC4R 
mutations can lose body weight but have  difficulties in 
maintaining this weight loss, very long lifestyle inter-
ventions seem to be necessary for these children.

SNPs associated with obesity are much more 
prevalent than monogenetic disorders but have only 
low impact on weight status (usually below 1 kg). 
However, all these SNPs only explain up to 4% of 
the variance of BMI. Therefore, this research 
approach will not succeed in explaining childhood 
obesity, or the high heritability of BMI.

A new promising strategy for identifying missing 
heritability in obesity are cohorts with extreme phe-
notypes that are likely to be enriched for rare vari-
ants, which improve the power for their discovery. 
The loci identified by this strategy may be subse-
quently analysed to reveal additional rare variants 
that further contribute to the missing heritability. It 
seems to be a very ingenious approach to combine 
‘the power of the extreme’ in small, well‐pheno-
typed cohorts, with targeted follow‐up in case‐con-
trol and population cohorts.

Epigenetic studies reflecting the hypotheses of 
gene–environment interactions is another new and 
promising genetic approach. However, further exper-
imental and longitudinal studies are necessary to 
clarify the role of epigenetics in human obesity.

In summary, obesity and its comorbidities have 
a  high heritability, and even the weight loss and 
 cardiovascular risk factor improvements achievable 
through lifestyle interventions depend partly on 
genetic backgrounds. Therefore, obesity and weight 
loss in lifestyle interventions are not attributable 
only to eating and exercise behaviours. In conclu-
sion, we need to be very cautious not to blame obese 
children, or children in whom lifestyle interventions 
have been unsuccessful, of having ‘unhealthy’ life-
styles, which maybe not very different from those 
of lean children with more favourable genetic 
backgrounds.
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5.1.5 Summary box
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Food intake, eating behaviour 
and obesity in children

Chapter 5.2

5.2.1 Introduction

Overweight and obesity in childhood are more evi-
dent now than ever before. Obesity in early life, 
which was once rare even in urbanised and devel-
oped economies, is now commonplace, with inter-
national surveys showing that childhood obesity is a 
global problem [1]. Estimates for obesity in school‐
age children range from 5 to 10% in Europe and the 
Americas, respectively, and for overweight the range 
is from 25.5 to 27.7% in these same regions [1]. 
Early life is a critical period for the development of 
obesity [2], since obesity in childhood appears to 
track into later life [3,4]. This suggests that patterns 
of eating and activity acquired from an early age are 
relatively stable. During infancy, mothers provide 
their infants with milk, and then, at around 6 months, 
introduce them to the family diet. (Note: It is recog-
nised that ‘caregivers’ can be mothers, fathers or 
guardians; however, for the purposes of this chapter, 
we shall refer to mothers, since most research has 
focussed on the role of mothers in infant feeding.) 
The decision to breastfeed or use formula, the time 
at which solids are introduced and the feeding prac-
tices employed by parents are thought to affect later 
obesity risk. Therefore, in this chapter, the evidence 
on how food habits are formed in early life will be 
explored, as will the proposition that infant feeding 
sets the foundation for self‐regulation and appetite 
control, promoting healthy weight gain and growth. 

Of course, the corollary of this proposition is that 
early life might also sow the seeds for later overeating 
and poor appetite expression; therefore, the research 
that links feeding practices and eating habits to later 
obesity risk will be evaluated in parallel.

5.2.2 Exposure starts early

The earliest exposure to odour, flavour and food 
occurs before birth. Around the end of the third tri-
mester, the foetus swallows up to 1 litre of amniotic 
fluid per day. The foetus is therefore exposed to the 
sensory features of the maternal diet – specifically, 
chemicals that are transmitted through the placenta 
to the amniotic fluid [5]. For example, mothers who 
consume foods containing volatile compounds such 
as those found in garlic or fennel share the flavour 
of these foods with the developing foetus. It is 
known from research by Mennella et  al. [6] that 
amniotic fluid carries odour and flavour. They dem-
onstrated that flavour can be transmitted by the 
mother to the foetus. In this study, 10 mothers were 
assigned to receive either a flavourless or a garlic‐
flavoured capsule. Then, 13 sensory panellists rated 
the strength of odour of five paired samples of amni-
otic fluid (garlic present or absent). A significant 
effect was found for all but one pair, indicating that 
the panellists could detect the presence of garlic 
accurately. Studies on newborn babies indicate that 
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those exposed to garlic during pregnancy show pref-
erence for milk containing garlic compared to milk 
that does not. Newborn babies orient and make 
mouthing movements towards odours and flavours 
that are familiar and complex; thus, they have 
learned through exposure and experience to prefer 
components of the maternal diet. However, familiar-
ity is not enough, since infants who are formula‐fed 
prefer human breast milk [7]. Thus, the rich chem-
osensory medium of human milk is preferred over 
formula, which is rather bland and no longer permit-
ted to have added flavour. Interestingly, adults who, 
as infants, had been exposed to vanillin‐flavoured 
formula milk (when this was permitted) showed a 
preference for ketchup containing vanillin, as com-
pared to plain ketchup [8]. This suggests that experi-
ence with vanillin in early life shapes flavour 
preference during adulthood.

Breastfeeding provides a powerful medium 
through which infants experience flavour. Research 
on weaning‐age infants has demonstrated that 
breastfed babies are more willing to accept new 
foods, including green vegetables, as compared to 
formula‐fed babies [9]. This may be due to the 
greater flavour experience and sensory complexity 
of breast milk as compared to formula milk, or it 
could be due to the other psychological benefits of 
breastfeeding. However, for now, the initial premise 
is that the flavour experience begins during preg-
nancy and continues with the decisions that mothers 
make about feeding, including breastfeeding. This 
flavour experience may guide preference and choice 
in later life too.

The importance of weaning

The introduction to solid foods, complementary 
feeding or ‘weaning’ is the next important step in 
the development of food preferences and appetite 
entrainment. Infants are born as ‘univores’, per-
fectly adapted to consuming breast milk, which is 
sweet in taste. Experiments with newborn babies 
confirm that infants have an innate, unlearned pref-
erence for sweet tastes. Thus, Steiner [10]  –  who 
filmed the gusto‐facial response of babies to basic 
tastes (sour, sweet, salty and bitter) compared to 
water – found that, before the babies had been fed 

their first milk meal, they showed a positive affec-
tive response to sweetness and a negative, aversive 
response to bitterness. However, infants must make 
the transition from being univores to omnivores at 
around 6 months of age. For all infants, the weaning 
period is a critical time during which family foods 
are presented – perhaps at first as purees before sys-
tematic exposure to lumps, and then to foods in 
solid form.

In recent years, some parents have adopted a 
‘baby‐led’ method, rather than a spoon‐feeding 
approach, to infant weaning. Baby‐led weaning 
(BLW) involves infants feeding themselves at 
around 6 months of age. At this stage, babies are 
able to support themselves, grasp food and move it 
to the mouth. Proponents of the practice suggest that 
it enables infants to regulate their intake, as they are 
able to control consumption, as well as the pace and 
duration of eating [11].

The research literature in relation to BLW is scant 
so far; however, there are preliminary indications 
that such an approach may contribute to the devel-
opment of healthy appetite regulation. In a question-
naire‐based study, Brown and Lee [11] found that 
the use of the BLW approach in infancy was associ-
ated with greater responsiveness to satiety in 
 toddlers. Meanwhile, another questionnaire‐based 
study by Townsend and Pitchford [12] found that 
children weaned using the BLW approach had a 
lower BMI and preferences for healthier foods 
(complex carbohydrates) in comparison to spoon‐
fed infants. Such findings may arise from associa-
tions between BLW and additional factors that 
support appetite regulation, such as breastfeeding 
[11]. Furthermore, as noted earlier, BLW is associ-
ated with greater infant control in feeding or a more 
responsive feeding style by parents [13]. Such feed-
ing styles appear to assist in developing appetite 
regulation and in lowering obesity risk [14]. The 
BLW approach presupposes that infants are capable 
of choosing which foods to eat to support good 
health and development, and how much. The classic 
studies by Clara Davis [15,16] demonstrated that 
young children can indeed select foods that are 
not  merely their favourite or sweet foods. These 
 longitudinal observational studies showed that, if 
given an array of raw and processed foods, infants 
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select a varied, healthy diet. This may be interpreted 
as an innate ‘nutritional wisdom’, but evidence sug-
gests that infants learn to consume foods that pro-
vide benefits to them  –  for example, an infant 
preferentially selected cod liver oil when vitamin D 
deficient. In this case, despite the aversive taste of 
the oil, it was selected and consumed, thereby 
reversing the early symptoms of rickets.

Clearly then, at weaning, babies are willing to 
accept even rather unusual foods, or those that 
adults might find disagreeable. Since they have an 
innate preference for sweet tastes, they do not need 
to learn to like sweetness. However, developing a 
liking for bitter foods, such as vegetables, takes sev-
eral exposures. Caregivers may decide to give up 
after only a few exposures, since facial responses 
may be interpreted as dislike; however, it generally 
takes 5–10 exposures for acceptance of an unfamil-
iar food or texture [17].

In the first year of life, infants are willing to try 
new foods, but older children are less amenable to 
novelty. By the age of 24 months or so, neophobia 
begins. This means that, as children become more 
mobile and independent, they also become more 
wary about new foods, and even refuse previously 
liked foods. Parents have a window of opportunity 
in the first years of the infant’s life, before neopho-
bia begins, to introduce foods such as vegetables. 
Studies of school‐age children show that interven-
tions to encourage intake of fruit and vegetables are 
selectively successful for fruit but have no or little 
effect on vegetables [18]. Therefore, in school‐age 
children, it is much more challenging to encourage 
vegetable intake compared to weaning‐ and pre-
school‐age children.

5.2.3 Eating traits

In order to understand the feeding interactions 
between mothers and their infants, it is important to 
know to what extent eating traits are heritable, and 
what is learned. Thus, mothers are often able to say, 
even in the early weeks of life, that they have a ‘hun-
gry’ or a ‘fussy’ baby [19,20]. Mothers who identify 
their babies as hungry are more likely to introduce 
solid foods earlier than 6 months [20,21], and, in so 

doing, increase the risk of exposing their infants to 
higher‐energy‐density diets and more rapid infant 
weight gain [22].

How then do mothers recognise hunger, appetite 
and satiety in their babies and infants? Studies indi-
cate that mothers use a range of cues in responding 
to their infants’ hunger and satiety. Commonly iden-
tified hunger cues include rooting, sucking fingers, 
licking the lips and reaching for food [23]. 
Meanwhile, cues such as pulling/pushing away, 
spitting food, refusal to open the mouth or with-
drawal from the nipple are taken as indications of 
satiety [23]. Crying and fussing have been reported 
both as an indication of hunger and of satiety. Where 
crying has been identified as a hunger cue, some 
mothers have reported their babies as having a dis-
tinct ‘hungry cry’ [19]. On further examination 
though, it would appear that mothers tend to use 
external cues such as time of day or time since the 
last feed to determine which cries indicate hunger 
and which indicate distress [19]. As might be 
expected, there are indications that the specificity 
and clarity of hunger and satiety cues increase with 
age, and that parents are therefore more able to rec-
ognise and respond to the cues of older infants [24].

In order to identify eating traits in babies and 
infants, interviews and focus groups have been con-
ducted with mothers to map out the qualitative 
dimensions of these traits. However, this approach 
is very time consuming and highly specialised. A 
more quantitative approach might involve asking 
mothers to complete questionnaires that measure a 
variety of eating behaviours associated with risk of 
obesity, such as avid appetite, low satiety respon-
siveness and rapid eating. For example, the Baby 
Eating Behaviour Questionnaire (BEBQ) [25] has 
been developed to characterise infant appetite dur-
ing the milk‐feeding phase. The BEBQ was adapted 
and developed from the Child Eating Behaviour 
Questionnaire (CEBQ) [26]. This was originally 
developed and validated with 3–8‐year‐old children; 
contains 35 questions to assess a range of eating 
traits; is widely used; and has been translated into 
many different languages. The CEBQ characterises 
key components of eating styles thought to impact 
on the types and quantities of foods consumed 
by  children [27]. These relate to how responsive 
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children are to the presence and availability of 
foods, to internal cues of hunger and satiety, and to 
the rate of eating. The items relate to eight key fac-
tors: food enjoyment, food responsiveness, satiety 
responsiveness, emotional overeating, emotional 
undereating, food fussiness, slowness in eating and 
the desire to drink.

Evidence from twin studies shows that features of 
appetite expression such as satiety responsiveness, 
enjoyment of food and responsiveness to the pres-
ence of palatable foods are heritable and relate to 
adiposity [27]. Thus, the tendency to overeat rela-
tive to energy expenditure may form part of a behav-
ioural phenotype, increasing susceptibility to the 
development of overweight and obesity.

5.2.4 Self‐regulation

Children who respond accurately and immediately 
in the short term to energy‐dense foods are said to 
demonstrate good self‐regulation [28]  –  a quality 
that facilitates energy balance. Young children, in 
particular, appear to show good self‐regulation – for 
example, by adapting to variations in the energy 
density of formula milk and adjusting food intake in 
line with the energy content of a preload. Preschool 
children show compensation of around 50–80% of 
the energy content of a fixed energy load given prior 
to a test meal [29–31]; however, as children get 
older, their capacity to regulate accurately in the 
short‐term decreases [29]. The capacity to compen-
sate for the energy content of a fixed amount of food 
(preload), sometimes called the ‘compensation 
index’ (COMPX), may reflect responsiveness to the 
internal cues of satiation and satiety. COMPX may 
be linked to a specific genotype [32], or may be 
acquired through experience.

In contrast, eating when not hungry or eating in 
response to the presence of high‐energy‐density, 
palatable foods may reflect weak responsiveness to 
internal cues of hunger and satiety. The tendency to 
eat when not hungry or when faced with appealing, 
palatable foods is known as ‘disinhibition’ in adults. 
Disinhibition strongly and consistently differenti-
ates obese and non‐obese adults. In children, eating 
in the absence of hunger (EAH) is considered a 
 precursor to disinhibited eating, and is linked to 

obesity risk [33,34]. EAH is influenced by restric-
tive feeding practices [34], although it appears that 
mothers’ concerns about children’s weight mediates 
restriction over food rather than causing weight gain 
[35]. EAH may reflect poor self‐regulation, since 
food intake is driven more by the mere presence and 
availability of palatable foods than by any underlying 
biological need. Indeed, proximity to snack foods 
can encourage children to eat, regardless of whether 
the food is high or low in energy density [36].

Mealtime interaction

Eating behaviours should also be considered by the 
complexity of early mealtime interactions. As such, 
early experiences of feeding are important for 
 setting the foundation of healthy eating later in 
life  [37]. Thus, although infants are born with the 
ability to self‐regulate energy intake, some parents 
do not find recognising hunger and satiety cues as 
a  straightforward process, potentially resulting in 
mothers over‐feeding their infants, thus reducing 
their ability to self‐regulate [38].

In addition, excessive parental control on feeding 
may be adversely associated with under‐ or over-
feeding [39], or with slower weight gain [40]. The 
infants of parents who use such feeding behaviours 
might therefore have lower levels of awareness to 
their own hunger and satiety cues. Thus, parental 
control may reflect responsiveness to their child, but 
in a oppositional rather than supportive direction. 
Given the influence of eating traits on the risk of 
obesity, and the role of parents in responding to 
these characteristics, mealtimes may hold the key to 
understanding the dynamic nature of the parent–
child interaction in determining food intake and the 
development of appetite control.

5.2.5 Conclusion

In conclusion, the prevalence of childhood obesity 
is increasing, and healthy eating habits should there-
fore be adopted early in life. Research has shown 
that breastfed infants, who are exposed to compo-
nents of maternal diet, experience different flavours 
and accept novel foods during weaning. For all 
infants introduction of solid foods, and repeatedly 
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exposing infants to novel/disliked foods, encour-
ages the consumption of such foods.

Nevertheless, healthy eating habits are not solely 
regarded via the types of food, but also through 
maternal responsiveness and mealtime interactions. 
Given that infants are born with the ability to self‐
regulate and know when they are full, mothers 
should recognise the hunger and satiety cues of their 
babies. Feeding responsively will promote self‐reg-
ulation and reduce the likelihood of overfeeding. 
Thus, maternal feeding styles, including maternal 
control and interactions during mealtime, contribute 
to the development of infants’ eating habits.

5.2.6 Summary box
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Physical activity and inactivity 
in the aetiology of obesity in children

Chapter 5.3

5.3.1 Introduction

The specific causes of overweight and obesity are 
varied and complex but, including intra‐uterine and 
early‐life exposures, the genetic, biological, socio-
cultural and environmental components, at a popu-
lation level, are consistent with sustained positive 
energy balance. A sedentary lifestyle and low levels 
of physical activity (PA) participation have there-
fore been implicated in this trend.

This chapter aims to describe population levels of 
PA in children and discuss the strength of evidence 
underlying the assertion that there is a secular 
decline in population levels of PA, which occurred 
in parallel with the increase in obesity prevalence. 
The aim is also to discuss whether higher levels of 
PA prevent weight gain, and whether sedentary 
behaviour and physical inactivity induces weight 
gain in children. The issue of reverse or bidirec-
tional causality for the association between physical 
inactivity with body weight gain will be discussed, 
Finally, public health guidelines for PA will be sum-
marised. To understand these complex relationships, 
the chapter will provide a brief overview of some of 
the methods used for assessing population levels of 
PA in youth defined as those less than 18 years of 
age. A glossary of specific terms is provided in 
Box 5.3.1.

5.3.2 Assessment of physical 
activity in children

Population assessment of PA includes self‐reporting 
and objective monitoring of PA, either by direct meas-
urement of body movement (e.g. by accelerometry), by 
a physiological response (e.g. heart rate) to body move-
ment or a combination of both (e.g. combined heart 
rate and movement sensing) (www.mrc‐toolkit.ac.uk).

Self‐reported physical activity

The accuracy of self‐reports is influenced by the 
ability of the respondent to accurately recall all rel-
evant activities retrospectively. Therefore, self‐
report methods are subject to recall bias. This can 
either be intentional or accidental false recall, 
missed recall or differential reporting accuracy of 
different intensities, dimensions and domains of 
activity. The age of the respondent is another impor-
tant variable in determining the method of adminis-
tration. Accurate self‐report data are particularly 
problematic in children younger than 12 years [1]. 
Therefore, parental and teacher‐reported question-
naires or proxy‐reports are often used. However, 
recall of children’s PA is also difficult for adults, 
and unique limitations and errors are associated 
with this method.

Norwegian School of Sport Sciences, Oslo, Norway
Ulf Ekelund
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Box 5.3.1 Glossary of definitions used in physical activity research and practice

Confounder
A variable (e.g. energy intake) that is associated with both the exposure (e.g. PA) and the outcome (e.g. 
obesity).

Energy balance
Energy balance is achieved when energy intake equals energy expenditure (external work, internal work, growth 
and repair, and heat production), and is usually tightly regulated by neuro‐endocrine feedback systems. In 
theory, energy balance and, therefore, a stable body weight can be maintained at various levels of energy intake 
and expenditure (i.e. ‘energy flux’). Although direct evidence is lacking, it is likely that a stable body weight is 
more easily maintained at high energy flux. An increase in total daily energy expenditure (TEE) is possible 
either through an increase in overall PA or a gain in body weight due to a positive energy balance. In the latter 
case, body weight will increase until a new and higher level of energy balance is established.

Energy gap
The term ‘energy gap’ has been used to characterise different aspects of weight gain. Some have defined 
energy gap as the difference in energy intake or expenditure between normal‐weight individuals and individuals 
at various levels of excess weight when weight stability is present [6]. Using this approach, when comparing 
normal‐weight individuals with obese individuals, the energy gap is estimated to be approximately 300–400 
kcal per day. These estimates are considerably larger than the often‐quoted energy gap of 50–100 kcal per day 
based on an average population weight gain between two time points [7].

Others [8] have defined the positive energy balance needed to create weight gain over a period of time as 
the ‘energy imbalance gap’. However, they extended their model and also considered that, in order for en-
ergy imbalance to drive the gain in body weight over time, energy intake needs to keep rising, because TEE 
is continuously rising due to a higher body weight, which increases resting energy expenditure (REE) and 
possibly also PA energy expenditure (PAEE). The latter is explained by the increased energy required to 
move a larger body, but does not indicate higher levels of body movement per se. Eventually, energy intake 
and expenditure (i.e. energy flux) are higher than before weight gain. The ‘energy maintenance gap’ has 
been estimated to be about 350 kcal per day in US children [8]. This amount is substantial, and equates 
approximately to more than 100 min of moderate‐intensity PA per day for a child with a body weight of 
50  kg, suggesting that it is unlikely that small increases in PA will be sufficient to reverse the obesity 
epidemic.

Metabolic energy turnover (MET)
MET is usually used to quantify the intensity of activities in absolute values, with 1 MET corresponding to the 
resting metabolic rate (RMR). Originally, 1 MET was defined as 3.5 mL O

2
/kg/min in adults. RMR in relation 

to body weight is higher in young children, and decreasing with age. For example, in a 6‐year‐old child, RMR 
is likely to be 6–8 mL O

2
/kg/min, and thereafter steadily decrease throughout puberty.

Physical activity (PA)
PA has been defined as ‘any bodily movement produced by skeletal muscles that increase energy expenditure 
above the resting level’. This definition recognises PA as dynamic body movement, takes all types and domains 
of activity into account and provides a platform for how to measure PA.

Physically active
Individuals who meet established guidelines for PA are categorised as physically active.

Physical activity guidelines
Most health authorities agree that children and adolescents should accumulate at least 60 min of moderate‐ and 
vigorous‐intensity PA each day. ‘Moderate intensity’ is defined as an intensity of PA that increases energy 
expenditure three–four times above the resting levels – for example, brisk walking.
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Physical activity questionnaires

Most questionnaires developed for use in children 
consider specific types of activity, such as duration 
and frequency of sport and exercise, and recreational 
PA [2–4], which may be more accurately recalled as 
compared to habitual activity, as the individual has 
made a conscious decision to carry out that activity 
in a defined period. The correlation between any 
self‐report and an objective instrument is low to 
moderate, at best. This is not surprising, given the 
limitations of self‐reports to assess the intermittent 
nature of children’s PA [5]. Self‐report instruments 
usually overestimate the intensities and durations of 
different types of sports. This is because many sports 
are intermittent in nature, and a child who (accu-
rately) reports practicing or playing football, usually 
coded as vigorous intensity, for 1 hour may only be 
physically active at vigorous intensity for a limited 
period of that hour. Therefore, most researchers 
agree that objective methods are preferable when 
measuring sedentary time and PA in children.

Objective measurement of physical 
activity by accelerometry

Accelerometry is currently the most commonly 
used objective method for measuring PA. The devel-
opment of these devices has substantially increased 
our ability to obtain accurate measurements of the 
volume, pattern, frequency, intensity and duration 
of children’s PA and sedentary behaviours [6–10]. 
Furthermore, strong and consistent associations 
have been identified between objectively measured 
PA and health outcomes [11]. Newer versions of 
accelerometers measure the acceleration of the body 

or different parts of body in one, two or three dimen-
sions in its raw format. This information can subse-
quently be converted into a specific, predefined 
period (epoch). Accelerometry has been used to 
assess free‐living PA in many relatively large‐scale 
observational studies (N > 1000 children). Data from 
these studies pooled in large datasets have enabled 
more detailed analyses of the patterns and trends of 
PA, and any associations with health outcomes [12].

However, the interpretation of PA data from accel-
erometry is a challenge, and specific issues associ-
ated with data interpretation need consideration. 
The most imminent issue relates to the definition 
of intensity categories for the amount of time spent 
sedentary, and in light‐, moderate‐ and vigorous‐
intensity PA. Unfortunately, no consensus has been 
reached on the most appropriate intensity cut‐points 
to use in children, and the interpretation of acceler-
ometer data is therefore influenced by the cut‐points 
employed. For example, intensity thresholds for 
one  of the most commonly used accelerometers, 
Actigraph (www.actigraph.com), vary between 100 
counts per min (cpm) and 1100 cpm for time spent 
sedentary, and 615–3600 cmp for time spent in mod-
erate–vigorous‐intensity PA (MVPA). This variabil-
ity in intensity thresholds influences the estimates 
for the prevalence of children active children, when 
judged according to public health guidelines [13].

Objective measurement of physical 
activity by heart rate and movement 
sensing

Accelerometry is limited in its ability to assess 
the  increased energy expenditure associated with 

Physical inactivity
The absence of PA, usually a reflection of the proportion of time spent below the threshold for moderate 
intensity PA, and therefore not meeting established guidelines.

Reverse causality
In epidemiological terms, this refers to a process when the direction of association is opposite to the expected 
(e.g. ‘Does lower levels of PA cause obesity, or does obesity induce lower levels of PA?’).

Sedentary behaviour
Sedentary behaviour defines those behaviours that involve sitting or lounging, very low levels of muscle 
contractions and activities for which energy expenditure is low. Sedentary behaviours are generally defined as 
physical activities of intensity between 1 and 1.5 METs.
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specific activities such as cycling, walking up stairs 
and  carrying loads. Limitations with estimating 
energy expenditure from the heart rate include 
the  increase in heart rate due to environmental 
and emotional factors. However, these errors are 
uncorrelated, and combining information from one 
physiological measure (e.g. heart rate) with body 
movement by accelerometry may overcome the lim-
itations with either method used alone. Unfortunately, 
the high cost of these monitors may prohibit their 
use in population‐based research. Nevertheless, 
these sensors provide interesting information on the 
various sub‐components of PA that may particularly 
applicable to children. Prediction equations for 
 estimating PA energy expenditure (PAEE) from 
acceleration and heart rate measures combined in 
branched equation modelling reduces the error of 
predicted PAEE in children [14]. However, addi-
tional research during free‐living conditions is 
required to determine whether the increased accu-
racy of this method outweighs the increased cost of 
measurement.

Given the limitations with self‐reports, particu-
larly in children younger than 12 years of age, the 
use of an objective assessment method is recom-
mended, both in clinical and research settings. 
Accelerometry is widely used, simple and provide 
useful information on both overall activity levels 
and times spent sedentary, and in different intensity 
levels of PA. Practitioners without any experience in 
objective monitoring of PA who want to use this 
method may contact an academic institution for 
further advice.

5.3.3 Current levels of physical 
activity among young people

Most public health authorities (e.g. Centres for 
Disease Control and Prevention, USA; Department 
of Health, UK; Public Health Agency of Canada/
Canadian Society for Exercise Physiology, Canada) 
agree that young people (<18 years) should accumu-
late at least 60 min of MVPA on at least 5 days per 
week. In addition, the benefits of vigorous‐intensity 
activity are acknowledged. Although the underlying 
evidence for these recommendations may be consid-
ered weak, they provide a framework when evaluat-
ing population levels of PA in the youth.

Data on self‐reported PA from the Health 
Behaviour in School‐aged Children study, the Youth 
Risk Behaviour Surveillance System and the World 
Health Organisation’s Global school‐based student 
health survey suggest that approximately 25–30% 
of school‐aged children are physically active 
according to the current recommendations [15,16]. 
Although these estimates should be interpreted with 
some caution, owing to the limitations associated 
with self‐reported PA, they suggest that a substantial 
proportion of children worldwide can be considered 
as physically inactive.

Data on the prevalence of physically inactive 
children vary considerably when PA has been meas-
ured by using accelerometry, owing to the different 
definitions of intensity levels. Table 5.3.1 summa-
rises the data on sufficiently active children in 
cohort studies including more than 1000 partici-
pants [17–24]. These results clearly highlight that 
the inconsistent use of intensity thresholds is a 
major issue when trying to quantify the prevalence 
of sufficiently active young people by using acceler-
ometry, with prevalence estimates ranging from 
0.4  to >98% across studies. Despite the difficulty 
in  interpreting the prevalence of physically active 
children from these data, two patterns are consist-
ent: PA levels decline by age, and boys are more 
active than girls.

Secular decline in physical activity 
among young people

Unfortunately, neither direct measurements of free‐
living PA nor population‐level information on self‐
reported PA in children are available during the 
period preceding the worldwide increase in the 
prevalence of obesity. We are therefore left with 
uncertainty as to what the population trends in the 
overall levels of PA were in children of all ages 
before the obesity epidemic.

Data on self‐reported PA collected since the early 
1990s do not support the notion that PA levels have 
declined in children during this period. However, the 
available information is limited to those participat-
ing in sports, physical education and more vigorous‐
intensity exercises, and it is likely that activity levels 
have declined in other domains – for example, trans-
port‐related PA and outdoor play. A few studies have 
examined the time trends in PA using accelerometry 

Reference Design Country Age MVPA threshold
MVPA 
definition Prevalence sufficiently active    

Riddoch et al. [  23  ] Cross‐sectional ( N  = 2185) Denmark, 
Estonia, 
Norway, 
Portugal

9 and 15 years  9 years: 1000 cpm 
 15 years: 1500 cpm 

≥3 METs  9 years: boys, 97.4%; girls, 97.6% 
 15 years: boys, 81.9%; girls, 62%   

Nader et al. [  24  ] Longitudinal ( N  = 1032) USA 9–15 years Age dependent  *  ≥3 METs  9 and 11 years: >96% (weekdays) 
 12 years: 83.4% (weekdays) 
 15 years: 30.6% (weekdays)   

Troiano et al. [  25  ] Cross‐sectional ( N  = 1778) USA 6–19 years Age dependent  *  ≥4 METs  6–11 years: boys, 48.9%; girls, 34.7% 
 12–15 years: boys, 11.9%; girls, 3.4% 
 16–19 years: boys, 10%; girls, 5.4%   

Riddoch et al. [  26  ] Cross‐sectional ( N  = 5595) UK 12 years 3600 cpm ≥4 METs  Boys: 5.1% 
 Girls: 0.4%   

Steele et al. [  27  ] Cross‐sectional ( N  = 1862) UK 10 years 2000 cpm NA  Boys: 81.5% 
 Girls: 59.4%   

Thompson et al. [  28  ]  Cross‐sectional 
 ( N  = 1730 and  N  = 2341) 

Canada 8–16 years NA NA  2001–2002 
 8 years: boys, 89.7%; girls, 92.3% 
 12 years: boys, 44.9%; girls, 29.4% 
 16 years: boys, 7.9%; girls, 5.5% 
 2005–2006 
 8 years: boys, 80.5%; girls, 82.6% 
 12 years: boys, 36.2%; girls, 20.5% 
 16 years: boys, 7.7%; girls, 0.3%   

Owen et al. [  29  ] Cross‐sectional ( N  = 2071) UK 10 years 2000 cpm NA  Boys: 76% 
 Girls: 53%   

Baptista et al. [  30  ] Cross‐sectional ( N  = 2714) Portugal 10–17 years Age dependent  *  ≥4 METs  10–11 years: boys, 66%; girls, 55% 
 12–13 years: boys, 50%; girls, 34% 
 14–15 years: boys, 40%; girls, 30% 
 16–17 years: boys, 30%; girls, 20%  **   

 Table 5.3.1    Prevalence of young people accumulating 60 min or more of moderate‐ and vigorous‐intensity PA/day, measured using 
accelerometry in studies with more than 1000 participants

 MET: metabolic equivalents 
  *    Age‐dependent equation: METs = 2.757 + (0.0015 × counts/min) – (0.08957 × age [years]) – (0.000038 × counts/min × age [years]) [  23  ] 
  **    Results extracted from reference [  24  ] 
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 Girls: 59.4%   

Thompson et al. [  28  ]  Cross‐sectional 
 ( N  = 1730 and  N  = 2341) 

Canada 8–16 years NA NA  2001–2002 
 8 years: boys, 89.7%; girls, 92.3% 
 12 years: boys, 44.9%; girls, 29.4% 
 16 years: boys, 7.9%; girls, 5.5% 
 2005–2006 
 8 years: boys, 80.5%; girls, 82.6% 
 12 years: boys, 36.2%; girls, 20.5% 
 16 years: boys, 7.7%; girls, 0.3%   

Owen et al. [  29  ] Cross‐sectional ( N  = 2071) UK 10 years 2000 cpm NA  Boys: 76% 
 Girls: 53%   

Baptista et al. [  30  ] Cross‐sectional ( N  = 2714) Portugal 10–17 years Age dependent  *  ≥4 METs  10–11 years: boys, 66%; girls, 55% 
 12–13 years: boys, 50%; girls, 34% 
 14–15 years: boys, 40%; girls, 30% 
 16–17 years: boys, 30%; girls, 20%  **   

 Table 5.3.1    Prevalence of young people accumulating 60 min or more of moderate‐ and vigorous‐intensity PA/day, measured using 
accelerometry in studies with more than 1000 participants

 MET: metabolic equivalents 
  *    Age‐dependent equation: METs = 2.757 + (0.0015 × counts/min) – (0.08957 × age [years]) – (0.000038 × counts/min × age [years]) [  23  ] 
  **    Results extracted from reference [  24  ] 



282  SECTION 5: Aetiology of obesity in children

or other objective assessment methods, albeit with 
inconsistent results [16,22]. Another approach to 
address whether young people’s PA has declined is 
to compare children living in a ‘traditional’ lifestyle, 
owing to religious beliefs (i.e. Old Order Amish and 
Old Order Mennonite), against those living in a 
more ‘contemporary’ lifestyle. Children living in 
traditional lifestyles appear to be more active than 
contemporary‐lifestyle children (about 80 min vs. 
55 min of MVPA/day, respectively), and this differ-
ence is primarily due to higher habitual activity lev-
els in those children living in traditional lifestyles, 
even despite not participating in organised sports 
and physical education [25].

In summary, more information obtained by imple-
menting objective measurements of PA in repeated 
surveys in population‐representative samples of 
youth are needed to understand PA time trends. This 
approach has been adopted by the National Health 
and Nutrition Examination Survey (NHANES) in 
the USA and the Health Survey in the UK.

5.3.4 Physical activity 
and adiposity in children

There is compelling evidence of strong inverse 
cross‐sectional associations between PA and body 
weight, fat mass and obesity in children and youth 
[26,27]. Furthermore, obese youth are less physi-
cally active as measured by accelerometry – that is, 
they move less than matched normal‐weight con-
trols, although the absolute energy expenditure due 
to PA does not differ between groups [28]. 
Figure 5.3.1 displays the difference in the average 
daily intensity of PA between normal‐weight and 
obese adolescents (Figure 5.3.1a), and the similarity 
in absolute PA energy expenditure (PAEE, MJ per 
day) between groups (Figure 5.3.1b).

Does physical activity prevent 
unhealthy weight gain and obesity?

Cross‐sectional and case‐control studies cannot be 
used to infer causality and to determine the direction 
of association. Prospective observational cohort 
studies, in which PA and body weight or body com-
position are measured at baseline and body weight 

or body composition are measured again at follow‐
up, and randomised controlled trials are better 
placed to suggest a causal direction of association. 
However, it is unlikely that population‐based ran-
domised controlled trials on habitual PA in children 
can be conducted for practical and ethical reasons.

The possibility to observe a prospective or longi-
tudinal association between PA and subsequent gain 
in body weight and adiposity depends on the meas-
urement precision of the exposure variable (i.e. PA), 
the precision and definition of the outcome variable, 
the sample size and follow‐up time. It is generally 
considered that objective methods for assessing PA 
are more precise as compared to self‐reports, owing 
to misclassification from self‐reports, which is even 
more pronounced in children as compared to adults. 
The measurement of the outcome variable (e.g. 
body weight or body composition) offers another 
challenge, as these variables also change by time 
due to growth and maturation. The use of standard-
ised standard deviation (SD) scores, based on the 
baseline distribution of body weight or body com-
position, and statistical adjustment for confounding 
of maturity may, to some extent, overcome these 
analytical issues. Therefore, a measure of biological 
or sexual maturity, such as the Tanner scale [29], is 
recommended when conducting research in youths, 
as this variable can be controlled for in subsequent 
analyses on the associations between activity and 
body weight and composition.

When summarising the available evidence for a 
prospective association between higher levels of 
objectively measured baseline PA and excessive 
weight or body fat gain, recent reviews have usually 
found weak evidence or no evidence of the more 
physically active members of the population gaining 
less excess body weight or adiposity than those who 
are less physically active [30]. Unfortunately, neither 
of these reviews could synthesise the results in the 
form of a meta‐analysis, owing to the marked hetero-
geneity in exposure and outcome measurements.

Does sedentary behaviour predict 
obesity in young people?

Recent data from the NHANES on Americans 
between 6 and 60 years of age suggest that most 
their time awake (55%) was spent sedentary [31]. 
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Many health authorities and organisations have also 
recognised the potentially detrimental effects of 
prolonged time spent sedentary, and have conse-
quently compiled guidelines for reducing the 
amount of sedentary time, especially TV viewing.

In large‐scale cohort studies, self‐reported time 
spent watching TV is usually used as a proxy marker 
of sedentary behaviour. Two recent reviews [32,33] 
observed significant associations between TV view-
ing and body fat, although one of these reported that 

this association was not likely to be clinically rele-
vant [32]. Further cross‐sectional studies that used 
an objective measure of sedentary behaviour and 
more sensitive measures of body fat found positive 
associations and greater risks of being obese with 
sedentary behaviour [34,35]. Interestingly, both 
studies also reported that the magnitude of associa-
tion between moderate and vigorous PA and obesity 
was stronger than the association between sedentary 
behaviour and obesity.
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Figure 5.3.1 PA energy expenditure (MJ/day, Figure 5.3.1a) measured by the doubly labelled water method, and 
total PA (counts/min per day, Figure 5.3.1b) measured by accelerometry in obese and normal‐weight men and women. 
Total PA by accelerometry was significantly different between groups (P < 0.01). Data extracted from reference [34].
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Few prospective observational studies are availa-
ble that report on the association between baseline 
sedentary behaviour (i.e. TV viewing) and a meas-
ure of obesity later in time. In a well‐conducted 
study in a New Zealand birth cohort (N = 1019), it 
was observed that parental‐ and self‐reported TV 
viewing between 5 and 15 years predicted BMI at 
age 26 years, independent of childhood BMI, self‐
reported PA and other confounders [36]. Another 
study reported that each additional hour of watching 
TV at age 5 years was associated with a 7% 
increased risk of obesity at age 30 years [37].

The observed positive association between TV 
viewing and gain in body weight or development of 
obesity may be mediated by other behaviours, such 
as unconscious snacking while watching TV, a 
reduction in PA or both. Although studies attempt to 
adjust their analyses for PA and dietary intake, resid-
ual confounding may persist, owing to the imprecise 
measures of these confounders. Only randomisation 
within a trial can perfectly deal with confounding. 
Epstein et al. [38] examined the effect of experimen-
tally induced changes in sedentary behaviour in 
12–16‐year‐old normal‐weight adolescents (N = 16). 
The authors applied a within‐individual cross‐over 
design, with three phases, each of 3‐week duration: 
the baseline, increase and decrease phases (25–50% 
of self‐reported baseline values) in sedentary time. 
The time spent sedentary was significantly lower for 
the decrease phase as compared to baseline. When 
sedentary time was experimentally decreased, the 
energy intake decreased and PA increased. In con-
trast, when the researchers experimentally increased 
sedentary time over 3 weeks, there were no effects 
on either energy intake or PA. The authors concluded 
that decreasing sedentary behaviour can decrease 
energy intake, and that sedentary behaviour should 
hence be considered as an important component of 
interventions to prevent body weight gain.

5.3.5 The issue of reverse or 
bidirectional causality

It is possible that heavier individuals are less likely 
to adhere to PA between two time points in an obser-
vational study. Studies in adults have suggested that 
PA at baseline was unrelated to weight gain, but the 

converse was true, since a higher body weight or 
BMI at baseline was significantly related to an 
increased risk of becoming sedentary at follow‐up, 
suggesting reverse causality.

However, it is difficult to determine the direction of 
association in any observational study when the expo-
sure and the outcome are measured with different 
degrees of precision. There is a marked difference in 
measurement precision between the measure of body 
weight and that of PA or sedentary behaviour. When 
the more imprecise variable (PA) is used as the out-
come, the magnitude of effect is estimated accurately, 
but with error. When the more imprecise variable is 
used as the exposure, the measure of effect is attenu-
ated. Because PA and sedentary behaviour usually are 
measured with self‐reports, which is much less pre-
cise than is the measure of body weight, it is not sur-
prising that baseline body weight predicts follow‐up 
PA (or sedentary time), whereas, because of measure-
ment error, the reverse may not be detectable.

In an attempt to overcome this, Kwon et  al. [39] 
examined the associations between objectively meas-
ured time in MVPA by accelerometry, with gain in fat 
mass in 326 children aged 5–11 years, in which objec-
tively measured PA and fat mass were available at three 
time points (5 years, 8 years and 11 years). Time spent 
in MVPA did not predict fat mass at follow‐up. In con-
trast, baseline fat mass significantly predicted decreased 
time in MVPA at follow‐up, suggesting that adiposity 
level may be a determinant of PA. Similar observations 
were made in a large pooled analysis of the prospective 
associations between objectively measured MVPA, 
sedentary time and cardio‐metabolic risk factors in 
more than 20,000 youth (mean age 12.8 years) [40]. In 
this study, baseline sedentary time did not predict 
abdominal obesity (waist circumference) at follow‐up, 
whereas greater waist circumference at baseline pre-
dicted an increase in sedentary time [40].

Taken together, these studies suggest that the 
nature of the complex relationships between PA, 
sedentary behaviour and gain in body weight may 
be either reverse or bidirectional. It may be that the 
direction of association between PA and sedentary 
behaviour with change in body weight differs by 
age, by the baseline prevalence of obesity in the 
population and by whether the population examined 
is in energy balance or in a state of positive energy 
balance during the follow‐up period. Furthermore, 
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the association is even more complicated by the 
impact of energy intake on energy balance, an expo-
sure even more difficult to accurately measure than 
PA in observational cohort studies.

The association between PA, sedentary behav-
iour  and obesity is of public health importance. 
Therefore, future longitudinal studies including 
multiple, repeated and precise measurements of the 
exposure and outcome from an early age (before the 
amount of fat accumulated may hinder PA) are more 
likely to be able to address the issue of bidirectional 
or reverse causality. Furthermore, well‐conducted 
studies are warranted that control for the confound-
ing effect of dietary intake and change in sexual 
maturity during adolescence.

5.3.6 Summary box

Useful web links

1. http://dapa‐toolkit.mrc.ac.uk/
2. https://sites.google.com/site/compendiumofphysicalactivities/
3. http://www.parcph.org/mission.aspx
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6.1.1 Introduction

There is a recognition that the prevalence of childhood 
obesity increased dramatically in the early 1990s [1]. 
The causes of childhood obesity are, without doubt, 
complex and multifactorial [2]. However, there is 
agreement that the modern environment and life
style has led to chronic positive energy imbalance [3]. 
The term ‘obesogenic environment’ has been used 
to describe this, which denotes a setting that 
encourages the consumption of foods high in 
energy density but low in nutrients, in combination 
with decreased physical activity and high levels of 
sedentary behaviours, such as watching TV and 
computer use [4–7]. Management of childhood 
obesity therefore requires tackling both sides of the 
energy balance, and must address decreasing total 
dietary energy intake, increasing physical activity 
and decreasing sedentary behaviours (screen time) 
[8–11]. While this chapter focuses on the dietary 
aspects of childhood weight management, any die
tary manipulation must be viewed in the context of 
both sides of the energy balance, along with physi
cal activity and sedentary behaviours (screen time), 
which are discussed elsewhere in this book.

6.1.2 Dietary intake in children

Before considering the areas of change to be explored 
when managing childhood obesity, it is useful to 
discuss the impact of modern dietary eating patterns 
on excessive energy intake.

Fat and sugar intakes

There is evidence to show that the overall propor
tion of fat has increased over the last 50 years [6,12]. 
Trends show increased consumption of foods that 
are particularly high in fat and energy density, 
such as convenience foods used in the home and 
‘takeaway’ meals [6]. High‐fat foods influence 
the overall energy intake, as these foods are more 
energy dense – that is, more energy per gram of food 
is consumed than in the case of lower‐fat foods.

The increased consumption of sugar‐sweetened 
beverages, with their ubiquitous availability in 
vending machines, has also been associated with 
childhood obesity and the obesogenic environment 
[6,7,13]. Ludwig et  al. [14] reported an observa
tional prospective study in school‐aged children 
with the odds ratio of becoming obese increasing 
by 1.6 for each can or glass of sugary beverages 
consumed. This study concluded that the baseline 
intake of sugary beverages and an increase in the 
quantity of sugary beverages consumed are both 
independent predictors of increases in BMI 
[4,12,14]. Additionally, intervention studies that 
have focused on reduction in the consumption of 
sugar‐sweetened beverages have suggested that 
reduced consumption might be helpful in the 
 prevention of childhood obesity [15].

There is a school of thought that TV viewing 
encourages an increased intake of high‐sugar and 
high‐fat energy‐dense snacks by an association with 
eating while watching. There is a continuing world
wide debate on the influence of TV advertising of 
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high‐fat, high‐energy snacks/fast foods and sugar‐
sweetened beverages on children’s choices of foods 
[16–20].

Portion sizes

There has been a trend of increasing food portion 
sizes over the last few decades, particularly in foods 
eaten outside the home [6,7]. For example, French 
et al. [6] report that, in the USA, a 12‐oz soft drink 
portion is now sold as a ‘child’‐sized drink, while in 
the 1950s this same size was considered an adult 
‘king’ size. Bagels and muffins, which were once 
sold at a standard portion size of 2–3 oz, are now sold 
at sizes of 4–7 oz. Hill talks of a growing trend in 
‘super sizing’ portions in fast‐food restaurants [4]. 
French and colleagues suggest that these larger 
portions eaten outside of the home influence overall 
eating habits, as the larger portion sizes are now 
served and eaten when families cook at home. 
Indeed, as a population, there is limited awareness of 
what constitutes a ‘normal’ portion, and parents 
frequently underestimate the portions they give to 
their children [6]. Included in this tendency to larger 
portions is the trend of large plate sizes, and Wansink 
et al. have shown that there is a tendency to eat to the 
size of the plate and spoon; thus, larger plates and 
bowls lead to having larger meal sizes [21]. Work by 
Fisher et  al. has demonstrated that offering larger 
portion sizes to young children can affect both their 
total energy intakes and their reactions to satiety [22]. 
They suggest that being given larger portion sizes 
than they can consume can override the natural sati
ety sensors in children as young as 2 years of age.

6.1.3 Changing childhood 
eating behaviour

Establishing current eating 
behaviours

An important first step is for the healthcare 
 professional, as well as the child and parents, to 
understand current eating patterns and behaviours. 
The use of a lifestyle diary [23] corresponds with 
the behavioural change techniques recommended 
for use in childhood obesity [8,9] (Box 6.1.1), and is 

effective in developing a rapport with the child and 
family [24,25]. Information will be exchanged over 
a number of sessions as a relationship and rapport is 
developed, enabling the health professional to hone 
into that individual child and family’s main areas 
requiring exploration and advice. However, experi
ence and good practice informs us that the health 
professional should particularly look for patterns 
around the following:

 • High‐fat and high‐sugary snacks intake (e.g. sweets, 
crisps), as well as where eaten and the frequency

 • Typical number of meals per day – for example, if 
breakfast or supper is taken on a regular basis

 • Use and frequency of convenience foods at meal 
times

 • Use and frequency of carry‐out meals – for example, 
chip shop, Indian/Chinese, burger meals, pizza 
takeaways

 • Use of sugar‐sweetened beverages – for example, 
cola, sport drinks, sugary flavoured water

 • Portion sizes for the child and the whole family
 • Whether the child eats fruit and/or vegetables on 
a regular basis

 • Whether food is used as a reward/treat after 
physical activity

 • Whether visiting particular relatives or family 
friends (e.g. grandparents) leads to an increased 
intake of high‐energy foods

 • Whether there are particular times of the day when 
the child snacks more (e.g. after school, during the 
evening)

 • Whether the child eats due to boredom or for 
comfort

 • The types of behaviours concerning food and eating 
patterns that the parents are modelling to the child

Box 6.1.1 Behavioural change tools that 
should be utilised in childhood obesity weight 
management

• Stimulus control
• Self‐monitoring
• Goal setting
• Non‐dietary rewards for reaching goals
• Problem‐solving [8,9]
• Although not strictly behavioural techniques, 

giving praise and encouraging parents to become 
role models for the desired behaviours [9]
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Dietary advice

For an overweight or obese child to get his or her 
body weight under control, the child and the whole 
family are required to reduce their total energy 
intake, while at the same time ensuring a balanced 
intake of essential nutrients. While the aim of diet 
therapy is to reduce the total energy intake, energy/
calorie counting per se is not typically used with 
children [26]. An earlier systematic review by 
Collins et  al. [27] concluded that overall energy 
reduction was important, while no type of dietary 
manipulation (e.g. low carbohydrate, high protein) 
was particularly more effective in childhood obe
sity. They did find that the most frequently used 
‘regime’ for educating families on energy restriction 
was the traffic light scheme, as used by Epstein and 
others. Traffic light regimes categorises foods into 
red (high in sugar and fat), amber (mainly protein 
and carbohydrates, with attention to portion size) 
and green (lower in energy, primarily fruit and veg
etables) [23,27–30].

Although there are common themes in the advice 
given to overweight or obese children and their 
families, healthcare professionals should approach 
each child as an individual and tailor their advice 
for the child and his or her family’s particular cir
cumstances [9]. The meta‐analysis in the Cochrane 
review on the treatment of childhood obesity 
showed that the most effective treatments were 
those that combined diet and lifestyle changes [11]. 
A systematic review by Ho et al. showed that dietary 
modification combined with exercise was effective 
in reducing metabolic risk, with particular reference 
to high‐density‐lipoprotein cholesterol and fasting 
insulin in the short term [31]. Therefore, the advice 
outlined in the following text should be given in the 
context of the individual child’s energy balance, and 
delivered with the utilisation of behavioural change 
tools (Box 6.1.1) [8,9,11].

In childhood and adolescence, it is essential to 
ensure that normal height growth continues when 
dietary energy intake is restricted. As discussed in 
Chapter 1.5 in this book (titled ‘Diagnostic criteria 
and assessment of obesity in children’), this should 
be done by plotting the weight, height and body 
mass index (BMI) on national growth charts; in the 
UK, BMI should be plotted on the UK 1990 data 

centile charts (available from Harlow Printing Ltd) 
[8]. A balanced diet (Box  6.1.2) should ensure 
age‐appropriate quantities of proteins, vitamins and 
minerals. However, children who refuse to eat 
certain foods or food groups may require vitamin 
and/or mineral supplements such as iron, calcium or 
multivitamins [26].

Reducing high‐energy foods and drinks

Although evidence and guidelines inform that the 
total energy intake must be reduced, they do not 
give practical advice on how this should be achieved. 
Therefore, this section is based around current good 
practices to help the children and their families to 
reduce the frequency and portion size of foods high 
in sugar and fat, and, where possible, to replace 
them with foods lower in energy, such as fruit and 
vegetables [8,10]. The general health message of 
‘five portions of fruit and vegetables per day’ can be 
utilised in childhood weight management to encour
age the increase use of these foods as snacks to 
replace high‐energy‐dense snacks. Although fruit 
and vegetables are particularly low in energy, it 
should be kept in mind that fruit and vegetables do 
have an energy value, with a small glass (120 ml) of 
fruit juice counting as one of the five portions of 
fruit and vegetables per day – for example, 120 ml 
of fresh orange juice gives 46 kcals. Children should 

Box 6.1.2 Intakes from food groups

Milk and dairy – aim to give 300 ml daily, with a 
maximum of 600 ml. Semi‐skimmed or skimmed 
milk can be used. Low‐fat/low‐sugar yoghurts, 
cheese, low‐fat hard cheese can be used.

Meat, fish, poultry, egg, cheese, beans and lentils  – 
two portions should be given from this group 
daily; all should be grilled, boiled or baked, not 
fried. Low‐fat meats should be used where 
possible.

Cereal foods – breakfast cereal, bread, rice, pasta 
and crackers  –  at least one portion should be 
included at each meal; avoid adding extra fat and 
sugar.

Vegetables and fruit – aim for five age‐appropriate 
portions daily (only one 120 ml glass to be un
sweetened fruit juice).
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be encouraged to replace the consumption of sugary 
drinks, including fruit juice, with plain water. In the 
traffic light scheme, red foods and drinks are those 
particularly high in sugar and fat, and the green 
foods are those lower in energy, such as fruit and 
vegetables. There is a concerted effort to guide 
children and their families to reduce intake of red 
foods and increase the consumption of green foods 
[23,28]. Consideration should always be given to 
ensuring that a balance of foods, with age‐appropri
ate portions, is consumed daily (Box 6.1.2).

Carry‐out or takeaway meals, which may be 
ubiquitous in family food intake, can be particularly 
high in sugar and fat. Therefore, the frequency of 
carry‐out meals needs to be explored, and consider
ation given to finding ways to minimise consump
tion. Children and young people often spend their 
pocket money on high‐energy snacks and drinks, 
indeed often as replacements for main meals. Thus, 
pocket money and the question of foods eaten out
side of the home and beyond the parents’ influence, 
including school lunchtimes, ought to be explored, 
and solutions discussed. For senior pupils, the pull 
of peer pressure to eat the same as others at lunch 
time can often make this a difficult area to make 
changes, and goals for change require to be care
fully explored. Although some parents of younger 
children feel more ‘in control’ by providing a 
packed lunch, the quantities and types of foods 
included in the packed lunch still require to be 
explored and discussed.

Portion sizes

Discussions around family portion sizes and age‐
appropriate portions are exceedingly important 
during any childhood weight management consul
tation. As discussed in the preceding text, many 
parents and families are unaware of the size of age‐
appropriate portions. In many families, parents and 
children eat similar portion sizes. The role of the 
healthcare professional is often to help educate the 
parent and child about the correct and appropriate 
portions for age. In the UK, both the Caroline 
Walker Trust’s ‘Children Eating Well’ (CHEW) 
programme and Nutrition and Diet Resources UK 
(NDR‐UK) currently give very helpful advice in a 
pictorial manner on portion sizes for children of 

different age groups. Using food models can also 
help make sessions on portion sizes more interac
tive. Advice can be given to parents to help them 
control portion size at meal times/snacks – such as 
using smaller plates; the parent/carer serving meals 
instead of letting the family members serve them
selves; cooking only the required food quantity; 
using the simple fist or palm of the hand to esti
mate portions, etc.

Slimming foods and meal replacements

There is currently no evidence to support the use 
of special ‘slimming foods’ and drinks as meal 
replacements in children and adolescents; there
fore, these are not recommended for use in this 
age group [8,32].

Written advice

As with all diet therapy, written information should 
be given to the parents/carers and children. The 
age of the child will determine whether the written 
leaflets are aimed directly at the child, the parent or 
both. Therefore, materials need to be age‐appropri
ate as well as appealing to children and young 
people. Written information on reading food labels 
(e.g. British Heart Foundation) can be very helpful 
for families.

6.1.4 Weight maintenance

As discussed in other resources, BMI will decrease 
over time if the child’s weight remains stable 
while the height continues to increase [8,9,33]. 
For those adolescents in the very severe BMI 
range (≥3.5 SD), a weight loss of around 1–2 kg 
per month is acceptable [8]. Data on long‐term 
maintenance in childhood obesity remains scant; 
however, a study following up children who had 
completed treatment programmes showed that the 
decrease in BMI was maintained only while the 
family continued with regular reviews [34]. This 
suggests that some post‐programme monitoring 
may be essential for maintaining family lifestyle 
changes and control of BMI.
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6.1.5 Summary box

Useful resources

1. Harlow Printing Ltd for UK Body Mass Index centile charts
2. British Heart Foundation: www.bhf.org.uk
3. Nutrition and Diet Resources UK: www.ndr‐uk.org
4. Caroline Walker Trust CHEW resources: www.cwt‐chew.org.uk
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Chapter 6.2

6.2.1 Defining ‘physical 
activity’

There is substantial evidence to support the impor
tance of regular participation in physical activity in 
order to maintain health, decrease risk of chronic dis
eases and increase longevity. As a result, many 
worldwide expert panels have produced physical 
activity guidelines. However, the epidemiological 
definition of ‘physical activity’ still causes confusion. 
‘Physical activity’, ‘sport’ and ‘physical fitness’ are, 
in fact, very distinct concepts. These have been used 
interchangeably in both specialist and layman’s liter
ature, adding to the confusion, and thus highlighting 
the need for a consensus statement on how ‘physical 
activity’ is defined. The terminology has gradually 
been clarified, and a broad consensus reached on how 
the various terms should best be defined [1–4].

As a consequence, ‘physical activity’ is defined 
as bodily movement produced by the contraction 
of skeletal muscles that increases energy expendi
ture (EE) above the basal level [1–4]. ‘Exercise’ is 
a subcategory of physical activity, which is repeti
tive, structured and purposive, in the sense that 
improved maintenance of physical fitness is an 
objective [1]. ‘Sport’ is another subset of physical 
activity, and involves structured physical activi
ties in competitive situations. ‘Physical fitness’ is 
the ability to carry out daily tasks without undue 
fatigue, and with vigour, alertness and ample 
energy to enjoy leisure‐time pursuits and meet 
unforeseen circumstances. It can be seen from 

these now widely accepted definitions that physi
cal activity is a very broad construct that includes 
all kinds of movement, while exercise is more 
narrowly defined. Finally, ‘sedentary behaviour’ is 
defined as a state in which bodily movement is 
minimal [5]. In terms of EE, sedentary behaviour 
represents a state where EE approximates to the 
resting metabolic rate [5].

Physical activity programmes should be part of 
a multidisciplinary approach for the treatment of 
paediatric obesity. Increasing physical activity has 
many benefits, such as loss of fat mass (particu
larly visceral fat); increase in lean body mass 
(through fat oxidation in the skeletal muscle); 
increased EE; improving the metabolic profile; 
and improving quality of life and life expectancy. 
Despite its tremendous benefits, the process of 
increasing physical activity and maintaining the 
increase, particularly in the paediatric population, 
remains an arduous task.

6.2.2 Physical activity as 
a component of energy 
expenditure

The laws of thermodynamics dictate that the energy 
entering a system minus the energy leaving equals 
the energy stored in the system. When the laws 
thermodynamics are applied to humans, it means 
that the energy taken in as food must be expended, 
or the excess will be stored, largely as body fat [6]. 
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A mismatch in this equation between intake and 
expenditure results in underweight or overweight 
and obesity. DeLany et al. (1998) noted that obesity 
is the result of sustained positive energy balance, 
owing to increased energy intake and/or decreased 
total EE [7].

Three components of EE have been identified 
in humans: (1) basal metabolic rate (BMR), 
which typically represents about 60–70% of the 
total EE; (2) diet‐induced thermogenesis (DIT), 
which typically represents about 10% of the 
energy content of food eaten [4]; and (3) the 
energetic cost of physical activity (PA), which 
accounts for the remaining 20–30% of EE in 
typical humans living in Western societies [4]. 
The latter may vary strongly, depending on the 
rate of voluntary activity [4]. EE during activity 
varies enormously during an average day, from 
close to BMR while at rest in bed to more than 
10 times the BMR during vigorous exercise. The 
energy expended through physical activity is the 
most variable component of total EE within and 
between individuals [8].

6.2.3 Physical activity 
in children

Until recently, little was known about the physical 
activity levels of young children [9–11]. Most exist
ing data have been obtained from older children/
adolescents, or from studies before the obesity 
epidemic. It has been argued that physical activity 
in young children and preschool children is typically 
performed in short bursts, instead of sustained 
periods of movement [12,13]; that is, activity pat
terns are intermittent in nature. Young children are 
thought to be spontaneously active, with frequent 
bouts of brief physical activity, and rapid transitions 
between high‐ and low‐intensity physical activities. 
This physical activity is obtained through exercise 
play, rough and tumble play, pretend play and imag
inary play [13].

Play is the most natural way for young children to 
be active [14]. While there is concern that the activ
ity levels in youngsters gradually decline through 
the adolescent years as children are habituated to 

sedentary living [14], current research suggests that 
young children spend a considerable amount of time 
engaged in sedentary behaviours [15–19]. The adult 
lifestyle (which probably directly influences the 
child) is organised in such a way as to reduce phys
ical activity [14]. Houses contain appliances to 
‘make our lives easier’, thus reducing our activity 
levels and encouraging sedentary behaviour. Children 
are increasingly kept indoors  –  at school, and at 
home to do homework. TV programmes are pro
duced to capture their attention. As the number of 
hours spent watching TV has increased [20–22], 
the activity level of children has decreased, and the 
level of sedentary behaviour has probably increased 
[15,17].

Sallis et al. (2000), in an extensive review of the 
correlates of physical activity levels in children, 
evaluated 102 published studies [10], of which 
54  studies were in children aged 3–12 years. 
Unfortunately, there were very little data on pre
school‐aged children. Over 80% of the studies 
were conducted in the USA. Of the 12 studies 
included in this review, five found that boys were 
more active than girls even at the preschool age, 
and the time spent outdoors resulted in higher‐
than‐average activity levels [23]. Trost et  al. 
(2002) also reported a rapid decline in physical 
activity during childhood and adolescence [24].

Furthermore, Gavarry et al. (2003), while inves
tigating habitual physical activity during school 
time and free time in 82 children using heart rates 
and questionnaires to assess physical activity, 
concluded that children, irrespective of gender, 
were more sedentary during free days than during 
school, presumably because they spend more time 
engaging in sedentary behaviours on free days 
[25]. Sleap and Warburton (1996) observed that 
free time periods at school were associated with 
more intense physical activity than free time periods 
out of school (evenings, weekends and holidays) 
in 5–11 year olds in the UK [26]. However, no 
differences in habitual physical activity between 
weekdays and weekends have been observed in 
other samples of European preschoolers and pri
mary one school children [27].

A few studies have reported seasonal differences 
in activity levels. Fulton et  al. (2001) found that 
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sedentary behaviour was higher in winter than in 
summer [28]. In a review by Sallis et al. (2000), the 
variables that were statistically and positively asso
ciated with children’s physical activity consistently 
were sex (male), parental overweight status, physical 
activity preferences, intention to be active, per
ceived barriers (inverse), previous physical activity, 
healthy diet, programme/facilities access and time 
spent outdoors [10]. Sallis et al. (2000) suggested 
that additional studies were needed to confirm the 
findings and explore the additional factors that 
may influence a child’s activity behaviour [10]. While 
investigating the factors associated with physical 
activity in young children, Finn et al. (2002) found 
that sex, history of preterm birth, childcare centre 
and the father’s BMI were the biggest influences 
on the daily physical activity of young children [29]. 
The childcare centre was the strongest predictor 
of activity levels. This finding was in line with the 
findings of Pate et al. (2004), who, using the accel
erometer, investigated the demographic factors that 
might be associated with physical activity in 281 US 
preschool children [30].

To date, a relatively small number of studies 
have examined the tendency of physical activity 
behaviour to continue from childhood to adoles
cence and adulthood. These studies vary con
siderably with respect to the length of follow‐up, 
the population studied, the methods of assessing 
physical activity and the analytical method used 
to assess tracking [31]. Yet, despite these varia
tions, evidence suggests that, over a relatively 
short interval (3–5 years), physical activity behav
iour, to some extent, remains constant over time 
[32]. Data from several longitudinal studies indi
cate that youth at the extremes of the physical 
activity distribution (i.e. those with the lowest 
and highest levels of physical activity) tend to 
retain their ranking with respect to physical 
activity over time [33,19]. In a review article on 
the tracking of physical activity, Malina (1996) 
reported low to moderate tracking of participation 
in physical activity and sports from childhood 
into adulthood [34]. Despite this extensive review, 
the age span of the participants in the ranking 
studies were diverse, with ages ranging from 3 years 
[33] to 23 years [35].

6.2.4 Physical activity 
and exercise recommendations

No evidence‐based guidelines currently exist for the 
levels of physical activity necessary to reduce over
weight or obesity in children. However, published 
guidelines from the Centers for Disease Control and 
Prevention (CDC) and the American College of Sports 
Medicine (ACSM) do exist. These guidelines suggest 
that children older than 6 years of age should engage 
in 60 min or more of aerobic exercise of moderate 
intensity each day of the week, and vigorous‐intensity 
activity on at least 3 days in a week. Activities to 
increase muscular strength (e.g. push‐ups or gymnas
tics) and bone strength (e.g. running, jumping rope) 
are recommended at least 3 days a week as part of the 
child’s 60+ minutes of activity [36,37].

Levels of obesity vary greatly in children, as do the 
levels of adiposity, distribution of body fat, duration 
of obesity, previous levels of physical activity, fitness, 
motor skills, muscular strength, complications 
and comorbidities. Therefore, each child should be 
treated on an individual basis. Most typical ‘weight 
management’ programmes for youth use energy‐
restrictive diets, behaviour modification techniques, 
physical activity and/or drugs, but these approaches 
have generally not been successful.

With regards to aerobic exercise, a general rule of 
thumb is to engage the overweight/obese child in 
aerobic exercise at intensities lower than 60% of 
maximum heart rate, or VO

2
 max, for at least 30 min, 

repeated at a frequency of 3 days/week. At this inten
sity and duration, the aim is to avoid stimulating 
appetite or inducing conflicting post‐exercise rest. The 
modality of exercise is trivial; at this dose and dura
tion of exercise, the modalities are comparable, and 
it is the depletion of fat stores that is important [38].

There are very few clinical research studies that 
have demonstrated the efficacy of specific inter
ventions for improving obesity status in children. 
A number of physical activity initiatives (with and 
without dietary changes) have been used to treat 
obesity in boys and girls by increasing EE to sup
port weight loss [39–41]. However, even the most 
intensive aerobic exercise interventions have led to 
only small reductions in body fat, with uncertain 
impact on metabolic risk [42,43].
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Evidence from adults suggests that incorpora
tion of strength training may be important for 
improving body composition (increased muscle 
mass and decreased fat mass) and fat redistribution 
(reduced visceral fat and intramuscular lipid) 
[44–47]. Strength training has also been shown to 
improve insulin sensitivity and glucose regulation 
in adults with impaired glucose tolerance or type 2 
diabetes [48–50]. However, further studies are 
needed to identify whether these effects are medi
ated through changes in body composition or other 
mechanisms. Several organisations have recently 
endorsed resistance training as a safe activity for 
children and adolescents as a means of improving 
strength and decreasing risk of sports‐related inju
ries, provided appropriate supervision and instruc
tion are given [51,52]. However, to date, most 
resistance training studies in younger populations 
have focused on safety, strength improvements and 
musculature changes [53,54]. One prior study 
examined a 6‐week program that combined a 
 dietary intervention (low energy, 20–25% energy 
from fat, high in complex carbohydrate) with 
strength training in obese children, and showed a 
6% improvement in cholesterol [55]. Treuth et al. 
conducted a resistance training trial with 12 over
weight Caucasian girls, and showed that resistance 
training (20‐min sessions, 3 days/week for 5 months) 
led to increased strength and improvement in vis
ceral fat. Small improvements in glucose tolerance 
and insulin levels (determined using an oral glucose 
tolerance test) were noted, but these changes did 
not achieve statistical significance [56,44]. However, 
the small sample sizes in these studies are a limita
tion of these findings.

Whatever the physical activity/exercise chosen, 
programmes need to progress slowly, preceded 
and followed by gradual warm‐up and cool‐down 
periods, respectively. Fun, enthusiastic leader
ship, group activities, and parental support and 
participation are strong motivating factors in 
children, and should be incorporated into every 
exercise programme [57]. Individual exercises 
and sports events must be chosen carefully to 
avoid overweight/obese children feeling unable to 
complete the activity, and the subsequent failure, 
increases the likelihood of them giving up the 
programme.

6.2.5 Summary box
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Key points

• Physical activity is defined as bodily movement 
that increases energy expenditure (EE) above the 
basal level. Exercise is a subcategory of physical 
activity, and is repetitive, structured and 
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Chapter 6.3

6.3.1 Background

Many studies have now reported the outcomes 
from psychological interventions, and, outcomes 
from randomised controlled trials (RCTs) have 
been increasingly reported in recent years. For the 
 purposes of this chapter, studies including any 
behaviour change strategies or with any psycho
logical theory underpinning the intervention will 
be considered as ‘psychological’. These types of 
interventions are also referred to as ‘behavioural’, a 
broad term including interventions based on a 
defined psychological theory or approach, as well 
as those using behaviour change strategies in a less 
structured way. Although such approaches are 
now the accepted norm for treatment, historically, 
weight management interventions focused on 
restricting energy intake, with support for behav
iour change only emerging in the 1970s. Early 
behavioural treatments for obese children tended to 
target the child directly (often being school‐based), 
with little acknowledgement of the importance of 
the family. Unsurprisingly, these had limited suc
cess, which led to the development of treatments 
that involved the family to facilitate child behaviour 
change. These early family‐based treatments used 
behavioural therapy (BT) or cognitive‐behavioural 
therapy (CBT) and achieved better outcomes than 
the child‐directed approaches [1] (see the follow
ing text for definitions). These two approaches 
have remained the mainstay of treatment for many 

years, although more recent developments propose 
an even stronger family focus [2].

Systematic reviews of behavioural 
interventions

Systematic reviews of RCTs have typically found 
significant but modest benefits for children partici
pating in lifestyle/behavioural treatments as com
pared to those receiving no or minimal input [3–5]. 
For example, meta‐analyses have revealed body 
mass index standard deviation score (BMI‐SDS) 
differences of −0.06 [4] and −0.10 [3] in favour of 
treatment. However, due to the heterogeneous 
nature of interventions, these reviews provide only 
limited information regarding the relative effective
ness of different approaches. Other reviews have 
attempted to unpick whether particular aspects of 
treatment confer greater success, but the only con
sistent findings have been that outcomes tend to be 
better when targeting the family [6] and using multi
component approaches [7]. One review attempted 
to deconstruct the specific behaviour change tech
niques used in treatment and found hints that the 
following could be helpful: personalised feedback 
about consequences of not changing; environmental 
restructuring; encouraging the family to practice 
behaviour changes; encouraging the child to role‐
model new behaviours; supporting the management 
of emotional triggers; and teaching general commu
nication skills (e.g. assertiveness) [8]. However, this 
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was not quantitatively examined and included 
only a limited number of studies. Another review 
of primary care interventions found that effective 
treatments often included techniques for motiva
tional enhancement [9].

Clinical guidelines of behavioural 
interventions

The findings from systematic reviews are reflected 
in the clinical guidelines published in a number of 
countries. All have recommended that interven
tions be family based, and most promote the use of 
behavioural modification strategies [10–12]. The US 
guidelines additionally recommend a stepped‐care 
approach, and advise that motivational interviewing 
(MI) approaches may be useful [12]. The guidelines 
have also made recommendations for appropriate 
dietary and activity changes, and these are covered 
in the other chapters.

As suggested in the preceding text, psychological 
treatments typically fall under the umbrella terms 
‘behavioural’ or ‘lifestyle’, and since they are com
monly examined together in reviews, evaluating the 
effects of different treatment approaches is difficult. 
The remainder of this chapter will look in more detail 
at some of the more commonly used approaches and 
their outcomes. The studies will be confined to 
RCTs, and will focus on contemporary studies 
where possible.

6.3.2 Treatment approaches 
of psychological interventions

A number of psychological interventions have been 
described, and these are typically delivered in out
patient and community settings. The characteristics 
of participating children vary (e.g. age and level of 
overweight), and studies have used a number of 
different formats (e.g. group vs. one‐to‐one, differ
ing levels of parental involvement) and varying 
psychological approaches. Psychological interven
tions most commonly use the therapeutic approaches 
BT and CBT, with solution‐focused therapy (SFT) 
and parenting programmes more recently evaluated. 
While some studies have used such defined therapeu

tic approaches, others have used behaviour change 
strategies drawn from models of behaviour change 
(informed by health psychology) and/or used behav
ioural strategies from psychological approaches in 
a less structured way, and some have combined 
approaches.

Specific psychological approaches and models of 
behaviour change used to inform childhood obesity 
interventions include:

Behavioural therapy: This is designed to change 
children’s eating and activity behaviours by 
providing training for children and parents in 
behavioural methods [13]. It is based on learn
ing theory, which proposes that, since behav
iours are learnt, they can also be ‘unlearnt’, and 
treatment aims to shape obesity‐related behav
iours in order to change energy balance. 
Strategies include self‐monitoring, stimulus 
control and contractual reinforcement.

CBT: This is based on the theory that a problem 
(i.e. obesity) is maintained by dysfunctional or 
‘unhelpful’ thoughts and beliefs [14]. CBT uses 
techniques from BT as well as cognitive strate
gies aiming to identify and restructure unhelpful 
thoughts.

Solution‐Focused Therapy: The focus is to identify 
solutions rather than problems [15]. It is a col
laborative counselling approach which assumes 
that clients are experts in solving their problems 
and have the resources to change, so can be sup
ported to find solutions.

Parenting programmes: The ‘Triple P’ parenting 
programme is typically used, and is commonly 
cited as based on child development theory 
[17]. It is based on a generic parenting pro
gramme and aims to help parents better manage 
their child’s behaviour in relation to weight 
[16,17].

Social cognitive theory (SCT): Interventions based 
on this theory aim to increase participants’ self‐
efficacy (confidence in one’s ability to carry out 
the behaviour in question) and address barriers 
to change [18].

The key strategies taught in behavioural and par
enting interventions are briefly outlined in 
Table  6.3.1; they have been described in detail 
elsewhere [13,19].
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6.3.3 Evidence review

Behavioural therapy

BT is the most extensively evaluated treatment for 
childhood obesity, and the most widely cited inter
vention is Len Epstein’s ‘family‐based behavioural 
treatment’ (FBBT) [4]. Epstein’s programme has 
achieved substantial reductions in adiposity, signifi

cantly greater than in a control group, but trial 
evidence is limited [20]. Other evaluations of this 
treatment have shown significant reductions in 
children’s adiposity over treatment [21], although 
comparisons with control groups have produced 
inconsistent results; positive treatment effects have 
been seen in some studies [22] but not others [21]. 
Other BT interventions have also achieved signifi
cant reductions in adiposity for those undertaking 

Behavioural strategies
Self‐
monitoring

Self‐monitoring is a key component in BT, and is essential for setting goals, assessing 
progress with goals and providing feedback, and rewarding successful goal attainment. 
Additionally, it can itself result in behaviour change (at least in the short term). Self‐
monitoring can be about a number of behaviours (e.g. eating and activity) or weight.

Goal setting Behaviour changes are typically planned using goals, and generally goals are introduced 
gradually, one behaviour at a time. The acronym ‘SMART’ (which stands for specific, 
measureable, achievable, relevant and time‐limited) is often used to teach the concept of 
setting specific goals that have the greatest likelihood of being achieved.

Contracting Families are encouraged to choose appropriate rewards for goal attainment (e.g. non‐food 
and inexpensive). Parents must be in agreement with reward choices, and, for maximum 
effect, the rewards should be given soon after the goals are achieved. Rewards can include 
a family activity or time with a parent, which can also improve family relationships.

Stimulus 
control

This aims to create environments that encourage healthy eating and activity behaviours, and 
includes reducing triggers for unhealthy behaviours and increasing triggers for healthy 
behaviours. Examples of reducing triggers for unhealthy eating include not bringing 
‘unhealthy’ foods into the house, and avoiding serving food at the table to reduce the 
likelihood of having second helpings; for inactivity, examples of reducing triggers include 
limiting access to computer games, and removing TVs from children’s bedrooms. Examples 
of increasing triggers for healthy eating include having a fruit bowl, and bringing healthy 
foods into the house; for physical activity, examples of increasing triggers include having 
clothes and equipment for activity accessible, and establishing routines that incorporate 
activity (e.g. an after‐school club, family walks, and walking or cycling to school).

Relapse 
prevention

These are strategies for preventing lapses in newly instigated behaviours. Examples include 
problem‐solving, so that families can deal with new challenging situations that arise, and 
planning ahead for potentially difficult situations (e.g. holidays, Christmas, routine 
changing). Families can also continue some form of monitoring and, if lapses occur, 
behaviour changes made in treatment can be reintroduced.

Parenting strategies

Praise Parents are instructed in giving praise effectively; this includes being consistent, specific 
and giving it immediately after the child’s behaviour is observed.

Modelling of 
positive 
behaviours

Parents are often asked to follow the dietary and activity guidelines in a programme 
themselves, and are given guidance about the importance of setting a good example to 
their child.

Other Consistency, being observant of child behaviour (so that rewards and praise can be used 
effectively) and limit setting (i.e. saying ‘no’) can also be useful.

Table 6.3.1 Brief description of behavioural and parenting strategies commonly used in psychologically 
based programmes
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treatment, which have typically been greater than 
experienced by control groups [23,24]. Studies 
comparing BT delivered to parents vs. parents and 
children have shown little difference in outcomes [24]. 
BT also has the potential to be delivered online, 
with one study in adolescents showing a greater 
reduction in body fat over 6 months as compared 
to a simple education programme [25]. Children 
undergoing treatment tend to experience reductions 
in adiposity. Absolute adiposity changes are not 
always reported, but have been in the order of 
approximately −0.1 BMI‐SDS [21,24] and −0.7 BMI 
[22] for those attending treatment.

BT is typically delivered over 4–6 months, and 
most often to 8–12‐year‐olds [21,22], although pro
grammes sometimes include wider age ranges [24]. 
Participating children’s average adiposity has varied 
from approximately 2 BMI‐SDS [24] to 3 BMI‐SDS 
[21]. They are typically delivered in group formats 
and target both children and parents, although they 
may be seen separately [20]. Although older studies 
have tended to report limited demographic data, more 
contemporary studies appear to indicate that these 
programmes are acceptable to families from a range 
of ethnic and socioeconomic backgrounds [21,23].

Cognitive behavioural therapy

CBT has also produced significant reductions in chil
dren’s adiposity, and while evidence from RCTs is not 
conclusive, studies have tended to find benefits for 
those in treatment as compared to control groups. This 
has been observed in children [26,27] and adolescents 
[14]. Other trials have compared CBT delivered to 
parents vs. parents and children; results varied, with 
one finding a greater reduction in children’s level of 
overweight when treatment was delivered to parents 
alone [28], and others finding no group differences 
[29]. Where reported, absolute adiposity changes for 
children and adolescents participating in treatment 
has varied from −1.3 BMI [14] to −2.1 BMI [26].

CBT treatments are usually delivered over 4–6 
months to children/adolescents and parents (although 
they may be seen separately), and most use group 
formats (although individual formats too have been 
used) [14]. They have typically targeted children 
aged 8–12 years, or adolescents [14], and their level 
of overweight has varied. Although often poorly 

reported, the ethnicity and socioeconomic status of 
families appear to be varied, with treatments seem
ingly acceptable to families from a range of back
grounds. In fact, in one study,  outcomes were better 
in families of lower socioeconomic status [27].

Solution‐Focused Therapy

SFT is a less established treatment, but there is 
some evidence to support its use. Significant ben
efits have been shown in those receiving treatment, 
as compared to controls, [30] although this is not a 
universal result [31]. Interventions incorporating 
this approach also appear to be more effective than 
physical activity interventions [32]. BMI‐SDS 
changes over 6 months of up to −0.3 have been 
observed for those in treatment [30,32], although 
studies of less intensive interventions have shown 
minimal change [31]. These trials have typically 
included children aged 12 years or younger with 
‘moderate’ obesity (BMI‐SDS ≤ 2, approximately). 
The formats and targets have varied; most have 
targeted parents and children, although some have 
included parents alone [32]. Some were delivered 
in groups [30], and others to families individually 
[31]. The socioeconomic status of samples in the 
trials discussed here appears mixed [31], although 
samples have been predominantly white where 
ethnicity has been reported [30].

Parenting programmes

Another more recent development in treating child
hood obesity is the use of parenting programmes, and 
children tend to experience significant reductions in 
the level of overweight across treatment. Results 
from RCTs have been mixed, however, with studies 
showing significant [16] and non‐significant [17] 
differences between treatment and control groups. 
It is not clear whether this approach is more effective 
with additional ‘lifestyle skills training’ [17]. Where 
reported, absolute change over treatment lasting 
6–12 months has been in the order of −0.25 BMI‐
SDS [17]. These approaches tended to target younger 
children (4–11 years of age) with BMI‐SDS < 3; 
treatments are typically delivered in groups and 
attended by parents only [16,17]. Samples have 
generally been predominantly white, and tended to 
be of above‐average socioeconomic status.
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Programmes using other models 
of behaviour change or behavioural 
strategies less formally

Some interventions are based on other models of 
behaviour change drawn from health psychology or 
have used some behavioural techniques. RCTs indi
cate that such interventions can achieve significant 
reductions in adiposity, with greater reductions seen 
with treatment as compared to controls comprising 
waiting list [33] or self‐help [34] in some studies, 
but no differences in other studies [35]. All of these 
studies used some of the behavioural techniques 
from BT and CBT (e.g. goal setting, self‐monitoring, 
stimulus control, and appropriate use of rewards; 
see Table  6.3.1). Studies have also used SCT to 
inform interventions [33]. It is difficult to judge 
how the techniques in these types of studies have 
been delivered, since they have not been guided by 
a specific treatment format, although one of the 
studies included an independent evaluation of the 
delivery of the behavioural techniques and found 
that the dietitians carrying out treatment were highly 
skilled, indicating that the techniques were correctly 
implemented [35]. The absolute levels of BMI‐SDS 
changes observed with treatment varies, ranging 
between approximately −0.1 [35], −0.16 [34] and 
−0.3 [33] over 6 months.

Most treatments have been delivered to both 
parents and children in groups, an exception being 
a treatment delivered on an individual basis [35]. 
Typically, children have been aged 7–12 years 
[33], although some studies included older [34] or 
younger children [35]. Children have tended to be 
overweight [34] or moderately obese, with an 
average BMI‐SDS of 2–3 [33]; a notable exception 
was a study in which the average BMI‐SDS was 
3.2 [35]. Families’ ethnicity and socioeconomic 
status have tended to be more diverse than other 
treatments, with several of the studies including a 
sizeable proportion of children from low socioeco
nomic status or non‐white families [33–35].

Novel approaches

Results have varied, but promising approaches 
include BT with additional self‐regulation training 
(a portable weighing scale, on which the child’s 

plate is placed during mealtimes, generating ‘real‐
time’ feedback about the eating rate) [36]; MI [37]; 
CBT with ‘peer‐enhanced adventure therapy’ 
(comprising group activities to develop social and 
problem‐solving skills and increase self‐confi
dence) [38]; and ‘multi‐systemic therapy’ [39]. The 
latter targeted the systems in which adolescents with 
serious problems are embedded. It integrates cogni
tive and behavioural weight loss strategies with 
measures to address family, peer and school factors. 
These approaches have tended to target older chil
dren and adolescents, although the MI intervention 
targets children aged 2–6 years.

Longer‐term outcomes

Most trials that have reported longer‐term adiposity 
outcomes have observed good maintenance effects 
at 3–18‐month follow‐up. However, since few trials 
with no input or usual care control groups have 
reported follow‐up outcomes, it is difficult to judge 
longer‐term treatment efficacy. Trials have reported 
differing outcomes, with some finding better 
adiposity outcomes at follow‐up in treatment vs. 
control groups [24,26], and others finding no 
 difference [22,25,35].

Other outcomes

Families experience many benefits from participating 
in treatment, in addition to adiposity reduction. For 
example, a systematic review demonstrated benefits 
for lipid profile, fasting insulin and blood pressure for 
children participating in ‘lifestyle’ treatments as 
compared to no‐ or minimal‐input interventions [3]. 
For other outcomes, improvements have been demon
strated, but achieving significant group differences 
is more difficult. For example, studies have found 
improved child behaviours, but significant group 
differences were only observed in some trials for 
physical activity [33,35,37] and diet [14]. Likewise, 
for parenting skills, studies often find improvements, 
but group differences are rare [16]. For child psycho
social outcomes, quality of life and self‐esteem are 
most commonly reported, and a review concluded that 
improvements have typically been seen [40]. However, 
it is less clear whether treatment groups experience 
greater  benefits than control groups, with only a 
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limited number of studies finding significant between‐
group differences for quality of life [22] or self‐esteem 
[33]. Eating disorder symptoms are rarely reported in 
RCTs, and these have tended to find no change or 
improvements [21,27], but a few have shown signifi
cant between‐group differences [27].

6.3.4 Conclusion

The most commonly evaluated psychologically 
based programmes are BT and CBT delivered in 
outpatient or community settings. These can bring 
substantial adiposity reductions over treatment 
and follow‐up, but there have been fewer well‐
reported RCTs. Despite this, the literature points 
to children in intervention groups experiencing 
significantly greater reductions in adiposity as 
compared to control groups, especially for BT. 
These programmes typically target moderately or 
substantially obese children and appear accepta
ble to children from low as well as high socio
economic status. Less formalised BT and CBT, 
generally delivered by less  specialised practition
ers, also seem to bring about reductions in adi
posity over treatment and relatively short‐term 
follow‐up, although long‐term trial data are lack
ing. These typically target overweight or modestly 
obese children, and appear equally acceptable to 
low‐ and high‐socioeconomic‐status families. In 
fact, these treatments appear to have been studied 
in more diverse groups than other approaches. 
There is preliminary evidence that BT can be 
delivered online, but these appear less effective 
over the long term, and more work is needed to 
improve outcomes. These may offer an alternative 
approach for older children and adolescents (who 
may be more difficult to engage in treatment).

There are a number of newer approaches being 
evaluated. SFT and parenting programmes have 
achieved significant reductions in children’s adipos
ity across treatments, but data regarding treatment 
effectiveness in comparison with control groups are 
inconclusive, and there are limited trial data over 
the longer term. These data therefore only provide 
preliminary evidence of efficacy.

Such programmes have typically targeted mod
estly obese children (and younger and overweight 

children in the case of parenting programmes), and 
samples have been of mixed socioeconomic status, 
but predominantly white. A number of other more 
novel treatment approaches have been evaluated, 
including those based on self‐regulation, peer‐based 
activity, tackling the systems in which young people 
live, and motivational interviewing. More work is 
needed to test these thoroughly (especially in more 
diverse populations), but they offer promising alter
native approaches, especially for older children and 
adolescents.

RCTs focus on reporting group differences after 
treatment, but the magnitude of adiposity change for 
those attending treatment has also been discussed in 
this chapter. Some investigators have reported that 
BMI‐SDS changes of at least −0.25 are required 
for a clinically significant impact [41]. It is clear 
that many of the studies discussed here do not 
achieve this level of change, although improve
ments in health and psychosocial outcomes have 
been observed with even modest adiposity change.

A lack of trial data has been problematic in mak
ing treatment recommendations, but it is clear that 
RCT outcomes have been increasingly reported in 
recent years. There are several problems with the 
literature as a whole. The Cochrane review noted 
that studies were often underpowered, did not report 
power calculations and did not carry out intention‐
to‐treat (ITT) analyses – the latter potentially result
ing in overestimation of treatment effects [4]. 
Despite the increase in RCTs published, many 
have not reported ITT analyses. Even when they 
have reported ITT analyses, these have often only 
included children who attended follow‐up. Other 
problems include the use of differing measures of 
child adiposity (although contemporary trials tend 
to report BMI‐SDS outcomes) and the plethora of 
comparison groups (e.g. waiting list control, usual 
care, different types of treatment, treatment target), 
making it difficult to draw conclusions about treat
ment efficacy and relative treatment effectiveness. 
Questions remain over the optimum treatment 
content, length and intensity of treatment (although 
6 months is typically considered the minimum 
required to instil sustainable behaviour change), 
treatment format (groups vs. individual) and the 
target of treatment (parents vs. children vs. parents 
and children), but it is clear that parental involvement 
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is essential. A review of systematic reviews of 
interventions found that they provided limited 
information of use for clinical practice, thus limit
ing the application of evidence [42]. The reporting 
of ethnicity and socioeconomic status data has been 
poor in the past, but is improving. Future studies 
should ensure clarity and should also seek to include 
families from diverse backgrounds.

6.3.5 Summary box

References

1. Coates TJ, Thoresen CE. Treating obesity in children and 
adolescents: a review. American Journal of Public Health 
1978; 68: 143–151.

2. Sung‐Chan P, Sung YW, Zhao X, Brownson RC. Family‐based 
models for childhood‐obesity intervention: a systematic review of 
randomized controlled trials. Obesity Reviews 2012; 14: 265–278.

3. Ho M, Garnett SP, Baur L, Burrows T, Stewart L, Neve M, 
et al. Effectiveness of lifestyle interventions in child obesity: 
systematic review with meta‐analysis. Pediatrics 2012; 130: 
e1647–e1671.

4. Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, 
O’Malley C, Stolk RP, Summerbell CD. Interventions for treat
ing obesity in children. Cochrane Database Systematic Review 
2009; 3: 1–57.

5. Sbruzzi G, Eibel B, Barbiero SM, Petkowicz RO, Ribeiro RA, 
Cesa CC, et al. Educational interventions in childhood obesity: 
a systematic review with meta‐analysis of randomized clinical 
trials. Preventive Medicine 2013; 56: 254–264.

6. McGovern L, Johnson JN, Paulo R, Hettinger A, Singhal V, 
Kamath C, et al. Treatment of pediatric obesity: a systematic 
review and meta‐analysis of randomized trials. Journal of 
Clinical Endocrinology and Metabolism 2008; 93: 4600–4605.

7. Staniford LJ, Breckon JD, Copeland RJ. Treatment of child
hood obesity: a systematic review. Journal of Child and Family 
Studies 2012; 21: 545–564.

8. Martin J, Chater A, Lorencatto F. Effective behavior change 
techniques in the prevention and management of childhood 
obesity. International Journal of Obesity 2013; 37(10): 
1287–1294. doi:10.1038/ijo.2013.107.

9. Sargent GM, Pilotto, LS, Baur, LA. Components of primary care 
interventions to treat childhood overweight and obesity: a system
atic review of effect. Obesity Management, 2010; 12: 219–235.

10. National Institute for Health and Clinical Excellence (NICE). 
Obesity. Guidance on the prevention, identification, assess
ment and management of overweight and obesity in adults and 
children. NICE Clinical Guidelines, 2006.

11. Scottish Intercollegiate Guidelines Network (SIGN). 
Management of obesity. SIGN Guidelines 2010.

12. Barlow SE, the Expert Committee. Expert committee recom
mendations regarding the prevention, assessment, and treat
ment of child and adolescent overweight and obesity: 
summary report. Pediatrics 2007; 120: 164–192.

13. Epstein LH. Family‐based behavioural treatment for obese 
children. International Journal of Obesity 1996; 20: 14–21.

14. Tsiros MD, Sinn N, Brennan L, Coates AM, Walkley JW, 
Petkov J, Howe PR, Buckley JD. Cognitive behavioral therapy 
improves diet and body composition in overweight and obese 
adolescents. American Journal of Clinical Nutrition 2008; 87: 
1134–1140.

15. Greenberg G, Ganshorn K, Danilkewich A. Solution‐focused 
therapy. Counseling model for busy family physicians. 
Canadian Family Physician 2001; 47: 2289–2295.

16. West F, Sanders MR, Cleghorn GJ, Davies PS. Randomised 
clinical trial of a family‐based lifestyle intervention for child
hood obesity involving parents as the exclusive agents of 
change. Behaviour Research and Therapy 2010; 48: 1170–1179.

Key points

• The most commonly evaluated psychologically 
based programmes are BT and CBT, delivered in 
outpatient or community settings.

• Programmes can bring substantial adiposity reduc
tions over treatment and follow‐up, but there 
have been a few well‐reported RCTs with suc
cessful outcomes.

• Moderately or substantially obese children of 
low as well as high socioeconomic status have 
participated in these programmes.

• Less formalised BT and CBT seem to bring 
about reductions in adiposity over treatment and 
relatively short‐term follow‐up, although long‐
term trial data are lacking.

• There is preliminary evidence that BT can be 
delivered online, but these appear less effective 
over the long term, although more work is need
ed to improve outcomes.

• Several novel treatment approaches have been 
evaluated, including those based on self‐regulation, 
peer‐based activity, motivational interviewing and 
tackling the systems in which young people live. 
More work is needed to test these thoroughly, but 
they do offer promising alternative approaches, 
especially for older children and adolescents.

• Some investigators have reported that BMI‐SDS 
changes of at least −0.25 are required for a clini
cally significant impact – something not achieved 
in most studies discussed.

• Questions remain over the optimum treatment 
content, length and intensity of treatment, 
treatment format (groups vs. individual) and the 
 target of treatment (parents vs. children vs. parents 
and children), but it is clear that parental involve
ment is essential.

• Future studies should ensure clarity, and should also 
seek to include families from diverse backgrounds.



308  SECTION 6: Weight management in children

17. Golley RK, Magarey AM, Baur LA, Steinbeck KS, Daniels 
LA. Twelve‐month effectiveness of a parent‐led, family‐
focused weight‐management program for prepubertal chil
dren: a randomized, controlled trial. Pediatrics 2007; 119: 
517–525.

18. Bandura A. Health promotion from the perspective of social 
cognitive theory. Psychology & Health 1998; 13: 623–649.

19. Robinson TN. Behavioural treatment of childhood and adoles
cent obesity. International Journal of Obesity 1999; 23: 52–57.

20. Epstein LH, Wing RR, Koeske R, Valoski A. Effect of diet plus 
exercise on weight change in parents and children. Journal of 
Consulting and Clinical Psychology 1984; 52: 429–437.

21. Croker H, Viner RM, Nicholls D, Haroun D, Chadwick P, 
Edwards C, Wells JC, Wardle J. Family‐based behavioural 
treatment of childhood obesity in a UK national health service 
setting: randomized controlled trial. International Journal of 
Obesity 2011; 36: 16–26.

22. Kalarchian MA, Levine MD, Arslanian SA, Ewing LJ, Houk 
PR, Cheng Y, Ringham RM, Sheets CA, Marcus MD. Family‐
based treatment of severe pediatric obesity: a randomized con
trolled trial. Pediatrics 2009; 124: 1060–1068.

23. Boutelle KN, Norman GJ, Rock CL, Rhee KE, Crow SJ. 
Guided self‐help for the treatment of pediatric obesity. 
Pediatrics 2013; 131: e1435–e1442.

24. Janicke DM, Sallinen BJ, Perri MG, Lutes LD, Huerta M, 
Silverstein JH, Brumback B. Comparison of parent‐only vs. 
family‐based interventions for overweight children in under
served rural settings: outcomes from project STORY. Archives 
of Pediatrics and Adolescent Medicine 2008; 162: 1119–1125.

25. Williamson DA, Walden HM, White MA, York‐Crowe E, 
Newton RL Jr, Alfonso A, Gordon S, Ryan D. Two‐year inter
net‐based randomized controlled trial for weight loss in 
African‐American girls. Obesity 2006; 14: 1231–1243.

26. Savoye M, Shaw M, Dziura J, Tamborlane WV, Rose P, 
Guandalini C, Goldberg‐Gell R, Burgert TS, Cali AMG, Weiss 
R, Caprio S. Effects of a weight management program on body 
composition and metabolic parameters in overweight children: 
a randomized controlled trial. JAMA 2007; 297: 2697–2704.

27. Jansen E, Mulkens S, Jansen A. Tackling childhood over
weight: treating parents exclusively is effective. International 
Journal of Obesity 2011; 35: 501–509.

28. Golan M, Kaufman V, Shahar DR. Childhood obesity treat
ment: targeting parents exclusively v. parents and children. 
British Journal of Nutrition 2006; 95: 1008–1015.

29. Bathrellou E, Yannakoulia M, Papanikolaou K, Pehlivanidis A, 
Pervanidou P, Kanaka‐Gantenbein C, Tokou I, Tsiantis J, 
Chrousos GP, Sidossis LS. Parental involvement does not aug
ment the effectiveness of an intense behavioral program for the 
treatment of childhood obesity. Hormones 2010; 9: 171–175.

30. Reinehr T, Schaefer A, Winkel K, Finne E, Toschke AM, Kolip 
P. An effective lifestyle intervention in overweight children: 
findings from a randomized controlled trial on ‘Obeldicks 
light’. Clinical Nutrition 2010; 29: 331–336.

31. Wake M, Lycett K, Clifford SA, Sabin MA, Gunn J, Gibbons 
K, et  al. Shared care obesity management in 3–10 year old 
children: 12 month outcomes of HopSCOTCH randomised 
trial. BMJ 2013; 346: f3092.

32. Okely AD, Collins CE, Morgan PJ, Jones RA, Warren JM, 
Cliff DP, Burrows TL, Colyvas K, Steele JR, Baur LA. Multi‐
site randomized controlled trial of a child‐centered physical 
activity program, a parent‐centered dietary‐modification 
program, or both in overweight children: the HIKCUPS study. 
Journal of Pediatrics 2010; 157: 388–394.

33. Sacher PM, Kolotourou M, Chadwick PM, Cole TJ, Lawson 
MS, Lucas A, Singhal A. Randomized controlled trial of the 
MEND program: a family‐based community intervention for 
childhood obesity. Obesity 2010; 18: S62–S68.

34. Johnston CA, Tyler C, McFarlin BK, Poston WS, Haddock 
CK, Reeves R, Foreyt JP. Weight loss in overweight Mexican 
American children: a randomized, controlled trial. Pediatrics 
2007; 120: e1450–1457.

35. Hughes AR, Stewart L, Chapple J, McColl JH, Donaldson 
MDC, Kelnar CJH, Zabihollah M, Ahmed F, Reilly JJ. 
Randomized, controlled trial of a best‐practice individualized 
behavioral program for treatment of childhood overweight: 
Scottish Childhood Overweight Treatment Trial (SCOTT). 
Pediatrics 2008; 121: e539–e546.

36. Ford AL, Bergh C, Sodersten P, Sabin MA, Hollinghurst S, 
Hunt LP, Shield JPH. Treatment of childhood obesity by 
retraining eating behaviour: randomised controlled trial. BMJ 
2010; 340: b5388.

37. Taveras EM, Gortmaker SL, Hohman KH, Horan CM, 
Kleinman KP, Mitchell K, Price S, Prosser LA, Rifas‐Shiman 
SL, Gillman MW. Randomized controlled trial to improve 
primary care to prevent and manage childhood obesity: the 
high five for kids study. Archives of Pediatrics and Adolescent 
Medicine 2011; 165: 714–722.

38. Jelalian E, Mehlenbeck R, Lloyd‐Richardson EE, Birmaher V, 
Wing RR. ‘Adventure therapy’ combined with cognitive‐
behavioral treatment for overweight adolescents. International 
Journal of Obesity 2006; 30: 31–39.

39. Naar‐King S, Ellis D, Kolmodin K, Cunningham P, Jen KL, 
Saelens B, Brogan K. A randomized pilot study of multisys
temic therapy targeting obesity in African‐American adoles
cents. Journal of Adolescent Health 2009; 45: 417–419.

40. Lowry KW, Sallinen BJ, Janicke DM. The effects of weight 
management programs on self‐esteem in pediatric over
weight populations. Journal of Pediatric Psychology 2007; 
32: 1179–1195.

41. Ford AL, Hunt LP, Cooper A, Shield JPH. What reduction of 
BMI SDS is required in obese adolescents to improve body 
composition and cardiometabolic health? Archives of Disease 
in Childhood 2010; 95: 256–261.

42. Wolfenden L, Wiggers J, Tursan d’Espaignet E, Bell AC. 
How useful are systematic reviews of child obesity interven
tions? Obesity Reviews 2009; 11: 159–165.



Advanced Nutrition and Dietetics in Obesity, First Edition. Edited by Catherine Hankey. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.

Chapter 6.4

6.4.1 Introduction

Obesity has been described by the Foresight Report 
as a ‘biological vulnerability to a toxic environ
ment’ [1]. Obesity coexists with deprivation [2] and 
clusters in families and social groups [3]. Current 
estimates are that there are 4.5 million overweight, 
2.7 million obese and 140,000 severely obese chil
dren in the UK. Persistence of obesity is high – 85% 
of obese children become obese adults, as compared 
to approximately 12% of normal‐weight children 
becoming obese adults [4–6].

The duration of obesity is also important, given 
data showing that, for every year a person is obese, 
their life expectancy is reduced by 6–7% [7], and 
the risk of type II diabetes is increased as well [8]. 
Obesity is strongly associated with depression, 
low self‐esteem and quality of life, as well as poor 
mental health [9]. Studies have reported that obese 
children describe their quality of life as similar to 
that of children with terminal cancer [10]. The 
social consequences are less well recognised; 
however, the obese face greater social exclusion, 
bullying and stigma throughout their lives, and they 
also achieve lower levels of educational attainment 
and income [11]. There is now strong evidence 
that social networks assist in the maintenance of 
unhealthy behaviours [12].

Such issues provide a compelling case for action 
in families with serious obesity; however, it is 
worrying that mainstream services are not available 

in the UK. In fact, as outlined in the UK government 
strategy on obesity:

… successful local strategies will need to strike a 
balance between ‘treatment’ interventions that 
help individuals to reach a healthier weight and 
sustained preventive effort to help to make healthy 
weight increasingly the norm. These are not alter
natives – both are vital if we are to ‘shift the curve’.

This is welcome, given that, from 2005 to 2010, 
99.4% of the funding to tackle obesity focused on 
prevention of weight gain, with few (0.06%) 
resources spent to help promote weight loss and 
health improvement in the obese.

Recommendations [13] are that overweight and 
obese children should lose weight or achieve weight 
maintenance while they grow, but specific details are 
not available. While there is compelling evidence 
from the adult literature that a weight loss of 5–10% 
is important for improvement in health variables, 
without such guidance and concerns about the nega
tive consequences of weight loss in children [14], 
encouragement for weight loss is likely to be limited. 
Of course, while caution is appropriate in addition to 
the physical consequences, it is important to recog
nise the psychological, social and emotional factors 
at this critical period in a young person’s life. This is 
particularly true when the lifetime psychological, 
social and emotional factors are considered. For exam
ple, a study [15] has found that obese young women 
are 50% less likely to achieve higher education in 
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Sweden. These additional factors suggest the need 
for more impactful and sustainable weight loss out
comes in children and young people.

The Cochrane [16] review on childhood obesity 
interventions shows that interventions are successful at 
achieving weight loss and weight loss maintenance. 
However, the degree of weight loss is small, with a 
BMI‐SDS (a measure of relative weight change 
accounting for natural growth) change of 0.16 units 
across the 54 studies reviewed. This is not surprising, 
given that they were predominantly community‐based 
interventions usually offering weekly contact with 
participants and their families over a 3–6 month period. 
Only three of the studies reported in this review were 
undertaken in a residential setting, highlighting both 
the lack of provision and research on residential treat
ment approaches. The high degree of cost involved in 
setting up residential weight loss programmes as well 
as the range of methodological challenges involved in 
ensuring a high degree of methodological rigour are 
the primary reasons for this lack of evidence.

6.4.2 Evidence base 
for residential programmes

In addition to the three residential weight loss pro
gramme studies in the Cochrane review [17–19], all 
undertaken in Northern Europe, there is a limited 
range of other published studies in residential set
tings. This demonstrates a lack of research evidence 
on these treatment options.

Residential programmes are primarily delivered in 
two settings: inpatient hospitals and weight loss 
camps. Inpatient programmes are delivered in hos
pital settings, with an average stay from 18 days to 
12 months [20–23]. While all interventions report 
modification of dietary and physical activity behav
iours, there are variations in the frequency, type and 
duration of physical activity promotions and dietary 
modifications (e.g. high‐protein/low‐energy, very‐
low‐energy/calorie, liquid, high‐fibre or low‐energy 
diets). There are also large variabilities in the 
behaviour modification approaches used during the 
treatment period. This makes comparison between 
approaches difficult. The staff are typically a multi
disciplinary team, involving paediatricians, dieti
tians, exercise specialists (or physiotherapists), 
psychologists and nurses. Weight loss camps are 

residential camps run during the summer holiday 
period, and are discussed in later sections.

A primary strength of residential settings is that 
children can be removed from their obesogenic 
environments and can experience alternative envi
ronments that affect short‐ and long‐term behaviours 
positively to support long‐term weight management. 
The specific benefits and concerns of residential 
environments are summarised in Box 6.4.1.

Box 6.4.1 Potential benefits and concerns 
of residential environments for weight loss in 
children

Potential benefits
Weight loss: Given the ability to closely manage 

the environment, safe and sustainable weight loss 
can be achieved. In addition, weight loss in a 
controlled environment demonstrates to participants 
and families that their bodies respond in a predictable 
way to energy imbalance.

Health and well‐being improvements: A range of 
health and well‐being variables are improved by 
attending residential weight loss programmes.

Common goals: Relatedness is outlined as a key 
element of the self‐determination theory [24]. Children 
often report that they are ‘all in the same boat’, suggest
ing a safe environment to try new activities. In addition, 
friendships are built that continue after the residential 
experience. This is particularly important, given 
the emerging evidence of the importance of social 
networks and their influence on behaviours and health.

Educational setting: The safe environment is 
maximised to educate children on a range of factors 
associated with their weight.

Behaviour change setting: In addition to educating 
children, residential environments provide an oppor
tunity to shape behaviours directly (healthy eating, 
physical activity and reduced sedentary behaviours) 
as well as indirectly (teaching behaviour change 
skills such as goal setting, monitoring, etc.).

Potential concerns
Is weight loss sustained? There is concern that 

children return to their obesogenic environments, 
and that weight is hence typically regained.

Increased stigma of being sent to ‘fat camp’: There 
are concerns that attending weight loss camps may 
stigmatise children and young people [13].

Costs: In comparison to general health promotion, 
obesity prevention and community weight loss 
programmes, the costs of residential services are 
relatively high, which is a barrier.



6.4 Residential programmes and weight loss camps in childhood obesity  311

6.4.3 Outcomes of residential 
programmes

Weight loss

Weight is significantly reduced during residential 
interventions. Rolland‐Cachara et  al. (2004) 
reported an average weight loss of 30 kg over a 
9‐month period, which corresponded to a change 
in BMI‐SDS from 4.3 to 1.7 [19]. Braet et al. (2004) 
reported a 49% weight loss, with a wide variation 
in the weight loss of participants. Overall weight 
loss in residential inpatient programmes vary 
considerably, primarily due to their different 
durations and approaches [18].

Wider health benefits

Endo et  al. (1992) reported significant improve
ments in a range of biochemical variables associated 
with atherosclerosis [20]. These include significant 
improvements in total cholesterol, triglyceride 
and apolipoprotein (A‐I and B) levels, with no 
change in HDL cholesterol. Widhalm et al. (1983) 
have reported on the benefits of very‐low‐energy/
calorie diets (VLCDs) on total cholesterol and LDL 
cholesterol [23].

Psychosocial benefits

Braet et  al. (2004) reported significant improve
ments in global self‐worth, school competence, 
athletic competence, social competence and physi
cal appearance, with more positive outcomes 
found in boys and younger children [18]. In addi
tion, improved eating pathology, with significant 
improvement in drive for thinness, occurance of 
bulimia, body dissatisfaction, external eating and 
eating, weight and shape concerns were observed. 
Braet et al. (2004) reported that the total number of 
binges per month reduced from 56% at baseline to 
19% post‐treatment [18]. These changes contrast 
with views that such interventions are likely to neg
atively impact on eating pathology [25,26].

Follow‐up outcomes

Follow‐up data is available on some but not all of 
the studies. Braet et al. (2004) reported significant 

increases in percentage overweight (another measure 
of relative weight) at 14 months post‐intervention 
[18]. Rolland‐Cachara et al. (2004) also reported a 
significant increase from post‐treatment to follow‐
up at 2 years following intervention [19]. It should 
be noted that weight status was still significantly 
lower at the follow‐up point. Deforche et al. (2005) 
[27] interviewed a number of participants involved 
in the study of Braet et al. (2004) at the end of the 
intervention, 1.5 years later [18]. The primary objec
tive was to understand if there were differences in 
dietary and physical activity behaviours and their 
impacts. Deforche et  al. (2005) categorised the 
children into four groups – undergoing healthy or 
unhealthy eating, and healthy or unhealthy physical 
activity [27]. At baseline, there was no difference in 
adjusted BMI between the groups. However, at 
follow‐up, the adjusted BMI values were 138% 
(healthy physical activity and healthy eating), 150% 
(unhealthy physical activity and healthy eating), 
183% (unhealthy physical activity, unhealthy eat
ing) and 156% (healthy physical activity and 
unhealthy eating). This shows that, in some partici
pants, behaviour changes can be sustained, and such 
sustained behaviour changes are associated with 
greater weight loss maintenance. It is unclear 
whether these changes are sufficient to be clinically 
important.

6.4.4 Weight loss camps

Residential weight loss camps are primarily 
active in the USA [28–30] and Europe [31,32]. 
Prog rammes run during the summer holiday 
period usually last 2–9 weeks. Most of the 
 programmes involve dietary modification and 
physical activity promotion, while some include 
educational and behavioural change approaches. 
In addition, there are wide variations in the 
reporting of methods used by the weight loss 
camp programmes, which makes understanding 
and comparisons difficult.

Weight loss during weight loss camps

Significant weight loss during weight loss camps 
is reported by researchers, although the reported 
weight metric varies, with mean weight losses of 
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13.7 kg and 12.1 kg reported by Rohrbacher as far 
back as 1971 [29]. Gately et al. (2005) reported a 
mean weight loss of 6 kg and 2.4 BMI units [31]. 
There were no significant differences between age 
and gender, but a longer duration resulted in signifi
cantly greater weight loss.

Other health benefits during weight 
loss camps

King et  al. (2008) reported significant improve
ments in metabolic variables, particularly LDL 
cholesterol, with the degree of LDL peak particle 
size significantly increased [33]. Hobkirk et  al. 
(2012) also reported significant improvements in a 
range of cardiometabolic risk factors, which 
included fasting insulin, triglycerides, and systolic 
and diastolic blood pressures [34]. Gately et  al. 
(2005) reported significant improvements in blood 
pressure (6% reduction in systolic and 7% reduc
tion in diastolic) and in aerobic fitness (19% 
increase in relative VO

2
) [31].

Psychosocial benefits

Numerous studies have all reported statistically 
significant improvements in psychological well‐
being variables following weight loss camps 
[31,35–37]. Walker reported positive changes in 
global self‐worth and several other domains includ
ing athletic competence and physical appearance 
[37]. In addition, positive changes in body dissat
isfaction, without any increase in worries about 
weight or appearance was observed. Barton reported 
significant cognitive changes, with reductions in 
negative automatic thoughts and increases in posi
tive thoughts (primarily associated with exercise 
and appearance) [36]. Given the more holistic nature 
of weight loss camps, researchers have also reported 
improvements in a range of social factors. Holt 
reported a range of positive experiences; these 
included enjoyment and peer support, as well as 
staff support and a choice of activities [38]. In addi
tion, close to half of the participants in the study 
reported that they were concerned about being 
bullied during the programme, although they 
reported that they did not experience any bullying 
once they had joined the programme.

Follow‐up

Gately et  al. showed weight loss maintenance 
during a 10‐month follow‐up period [39]. Mean 
BMI‐SDS increased non‐significantly during the 
follow‐up period, and BMI‐SDS was significantly 
lower as compared to baseline. This lead to 89% of 
participants having a lower BMI‐SDS as compared 
to baseline. Hester also reported a range of positive 
outcomes following attendance at a weight loss 
camp programme [40]. These included continued 
weight loss or weight loss maintenance; employing 
new skills associated with behaviour change, in the 
form of planning, monitoring and goal setting; and 
the enjoyment of diet and physical activity. In addi
tion, wearing new styles of clothes, making friends 
and improved achievements at school were reported. 
These qualitative outcomes are particularly impor
tant. Hester also reported on how camp participants 
faced challenges in their home environment after 
returning from camp, including conflicting messages 
from family, friends and medical practitioners, as 
compared to messages from the camp programme.

Non‐evidence‐based residential 
weight loss camps

Unfortunately, not all programmes are evidence 
based, and many involve poor practices, given that 
there are no quality standards, care or clinical govern
ance required. The author had first‐hand experience 
of such interventions in the USA. Despite the pro
vision of a positive social climate, many programmes 
do not reflect best‐practice in the provision of 
weight management. Many include little in the way 
of behaviour change therapy, and weight losses are 
often excessive, and dietary and physical activity 
practices extreme. There is clearly a need for such 
interventions to be better understood and systems 
established to ensure safe and effective practice.

6.4.5 Conclusion

Obesity and its duration are important public health 
issues. Early intervention is necessary, particularly for 
children with severe obesity. Residential interventions 
show promise with short‐ and long‐term positive 
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outcomes in weight‐ and health‐related variables, with 
weight loss maintenance also being reported. However, 
there are a limited number of interventions that would 
be considered of high methodological quality.

The level of obesity/need and the quality of the 
intervention should be taken into consideration 
(given the availability of non‐regulated commercial 
approaches). In addition, a balance must be struck 
between the more clinical hospital‐based approaches 
as compared to the more holistic weight‐loss‐camp‐
based interventions. To date, we only have ran
domised controlled trial outcomes of hospital‐based 
approaches, and, as yet, there is no study that has 
compared the outcomes of inpatient hospital pro
grammes vs. residential camps.

Further research is necessary to understand the 
potential of residential approaches, although they 
show real promise as an alternative to surgical inter
ventions or no treatment.

6.4.6 Summary box
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Chapter 6.5

The mainstay of the management of childhood 
obesity remains family‐based behaviour change  – 
that is, healthier eating, an increase in physical 
activity and a reduction in sedentary behaviour – as 
described in Chapter 6.1 (titled ‘Diet in the manage
ment of weight loss in childhood obesity’) and 
Chapter  6.2 (titled ‘Physical activity in the man
agement of weight loss in childhood obesity’) in 
this book, and as recommended in guidelines 
published by a number of expert panels, including 
both the National Institute for Health and Care 
Excellence (NICE CG43) and the Scottish Inter
collegiate Guidelines Network (SIGN Guideline 
115) (Box  6.5.1) [1–3]. However, there are times 
when, despite intensive dietetic intervention and a 
motivated family, weight loss or even weight 
maintenance remains a challenge. As the prevalence 
of childhood obesity increases and risk of future 
medical complications that may lead to the begin
ning of a healthcare challenge for society and the 
health system, should drug therapy be considered? 
There are currently no anti‐obesity medications 
licensed for use in children in the UK. However, 
both SIGN [1] and NICE [2] do offer guidelines for 
the restricted use of medications in adolescents 
(aged 12 years and above) with severe obesity and 
comorbidities (Box 6.5.1). Orlistat, biguanides and 
metformin are occasionally prescribed at paediatric 
obesity clinics, in combination with diet and life
style treatment plans [4].

Comorbidities such as hypertension, hyperinsuli
naemia, dyslipidaemia, osteoarthritis and type 2 
diabetes are risk factors in childhood obesity that 

may benefit from additional pharmacotherapy. 
However, childhood obesity can be aggravated by 
depression and other psychosocial problems, and the 
side effects of anti‐obesity drugs mean that they need 
to be introduced with caution. Anti‐obesity drugs 
work in one of three ways  –  either by increasing 
energy expenditure, by reducing gastrointestinal 
macronutrient absorption or by suppressing appetite 
and in turn reducing energy intake. Drugs are not a 
cure for obesity, and compliance with a healthy life
style remains a key component of therapy. However, 
drug treatment does remain an option, and NICE 
(2006) [2] and others suggest that pharmacotherapy 
be considered as a form of treatment for two groups 
of children – obese children who fail to respond to a 
formal programme of intensive lifestyle modification, 
or overweight children with comorbidities despite an 
intensive lifestyle modification programme.

As with other forms of treatment, drug therapy in 
childhood obesity involves behaviour change, and 
the family will need support from a multidiscipli
nary team to manage this form of treatment. A sys
tematic review of pharmacological interventions for 
the treatment of obesity carried out by Gray et  al. 
reports that modest weight reductions of up to 11 kg 
can be made using appropriate drug treatment [5]. 
However, most of the drugs described have been 
withdrawn due to adverse side effects. There may be 
a place for pharmacological interventions for the 
treatment of obesity if drugs can be developed that 
minimise the side effects; however, the evidence in 
children is limited [6]. A trial of pharmacotherapy 
can be considered for a period of 6–12 months in 
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children over 12 years of age, but this must be in a 
specialist paediatric obesity clinic. Drug therapy may 
be considered in children under the age of 12 years if 
there are comorbidities, but local and national guide
lines must be followed at all times.

6.5.1 Drugs used in childhood 
obesity

Orlistat

Orlistat (sold as Xenical, by Roche) acts by inhibit
ing gastrointestinal lipase activity, thus decreasing 
fat absorption. Orlistat has been shown to reduce 

BMI by 1.9 kg/m2, with a weight loss of 4.4 kg over 
a 3‐month treatment period [7]. A meta‐analysis in 
adolescents shows a small response to orlistat [6]. 
It should only be continued beyond 3 months if 
there is >5% weight loss. There is a need for dietetic 
advice regarding how to identify foods high in fat 
to minimise gastrointestinal side effects such as 
flatulence and steatorrhoea, in addition to the die
tary guidance provided alongside the medication. 
Young children may struggle to identify fatty foods, 
and steatorrhoea and abdominal pain may lead to 
food aversions and nutritionally compromised diets. 
As fat is poorly absorbed, there is a risk of low 
vitamin D and other fat‐soluble vitamins. Despite 

Box 6.5.1 NICE and SIGN guidelines relating to pharmacological management in childhood obesity

NICE Clinical Guideline 43
Consider drug treatment only after dietary, exercise and behavioural approaches have been started and evaluated.

Children <12 years
1. Drug treatment is not generally recommended.
2. Prescribe only in exceptional circumstances, if there are severe life‐threatening comorbidities (e.g. sleep 

apnoea, raised intracranial pressure).
3. Prescribing should be started and monitored only in specialist paediatric settings.

Children ≥12 years
1. Drug treatment is recommended only if there are physical comorbidities  –  for example, orthopaedic 

problems, sleep apnoea or severe psychological comorbidities.
2. Prescribing should be started by specialist multidisciplinary teams with experience in prescribing for this 

age group. This comprises drug monitoring, psychological support, behavioural interventions, interventions 
to increase physical activity and interventions to improve diet.

Drug treatment started in specialist care, may be continued in primary care if local circumstances and/
or licensing allow.

Continued prescribing and withdrawal
1. Offer a 6–12‐month trial of orlistat, with regular review of effectiveness, adverse effects and adherence.
2. Drug treatment may be used to help the child or young person to maintain weight loss, as well as to 

continue to lose weight.
3. If concerned about micronutrient intake, consider a supplement that provides the reference nutrient intake 

for all vitamins and trace elements.
4. If a child or young person’s drug treatment is withdrawn because he or she has not reached the target 

weight, offer support to help maintain the weight loss, because his or her self‐confidence and belief in the 
ability to make changes may be low.

SIGN Guideline 115
Orlistat should only be prescribed for severely obese adolescents (those with BMI ≥99.6th centile of the UK 
1990 reference chart for age and sex) with comorbidities, or those with very severe to extreme obesity 
(BMI ≥ 3.5 SD above the mean of the UK 1990 reference chart for age and sex), attending a specialist clinic.

There should be regular reviews throughout the period of use, including careful monitoring for side effects.
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multivitamin supplementation, vitamin D status was 
shown to be reduced after 1 month of orlistat treat
ment in obese adolescents [8]. There is also some 
evidence of low vitamin D status in obesity as 
increased blood concentrations are stored in adipose 
tissue, although the mechanism for this is poorly 
understood [9]. It is recommended that a multivita
min and mineral supplement containing adequate 
doses of fat‐soluble vitamins be taken at least 2 
hours after the orlistat dose to maximise absorption. 
Alternatively, the patients can be advised to take 
orlistat for 3 weeks out of 4 weeks, and, during the 
off week, to take a multivitamin preparation. A dose 
of 120 mg of orlistat before each main meal has 
been used. Side effects include hypertension, and 
the drug should be discontinued if blood pressure 
rises during treatment. Other side effects of this 
treatment include flatulence, abdominal distension 
and faecal incontinence, and it may adversely affect 
a child’s quality of life, which is already compro
mised due to severe obesity – such as being forced 
to reduce participation in group activities and being 
subject to bullying. In older children, it is possible 
that compliance with medication may become an 
issue as they may stop taking the drug if they wish 
to consume high‐fat foods.

Biguanides

Biguanides (metformin hydrochloride) reduce 
hepatic glucose production, decreases intestinal glu
cose absorption from the GI tract and enhances 
insulin sensitivity. Metformin is the drug of choice 
in children with type 2 diabetes, in whom adherence 
to dietary restrictions has failed to control diabetes. 
Most of the clinical literature on metformin deals 
with its use in the treatment and prevention of diabe
tes, but a frequently occurring side effect appears to 
be weight loss. A recent randomised controlled 
study using metformin for 6 months in obese 
children and adolescents demonstrated a beneficial 
effect on BMI‐SDS as compared to placebo. The 
reduction in BMI‐SDS was 0.1, which is relatively 
small, but this effect was sustained at 6 months, with 
improvements in fasting glucose and liver function, 
together with an increased adipocytokine ratio 
(adiponectin:leptin) [10]. Leptin and adiponectin 
are both secreted by adipose tissue, and leptin is 

involved in appetite regulation, while adiponectin 
improves insulin sensitivity [11,12]. Other studies 
have also shown metformin to aid weight loss of 
up to 4 kg, and metformin is increasingly being 
used in children [13]. Hsia et al. (2011) examined 
prescribing patterns in children and adolescents, 
and found that prescribing metformin had increased 
for children and adolescents, in particular for girls 
with polycystic ovarian syndrome. This is despite 
metformin not being licensed for weight loss in 
children [14]. Side effects of metformin include 
anorexia, abdominal pain, taste disturbances, nausea 
and vomiting.

To aid compliance and minimise side effects, the 
dose of metformin should be gradually increased, 
with dose increments of 250–500 mg/day every 
2 weeks. A starting dose of 250 mg/day for young 
children and 500 mg/day for older children is recom
mended. The doses should be increased to 250 mg 
twice daily for young children and 500–1000 mg 
(maximum) twice daily for older children. Changing 
from standard metformin to modified‐release met
formin may help prevent children with significant 
gastrointestinal disturbances from discontinuing 
therapy.

A 6‐month trial of metformin may halt the rise in 
BMI‐SDS in this group of children, and will also 
improve the insulin glucose status, possibly acting 
as a catalyst and supporting more radical changes in 
lifestyle.

Octreotide

Hypothalamic obesity is a resistant form of obesity 
arising from damage to the satiety and appetite 
centres in the hypothalamus, resulting in hyperphagia 
and reduced energy expenditure. It occurs as a result 
of either brain tumours and/or cranial irradiation, 
such as craniopharyngioma, or genetic conditions 
such as Prader–Willi syndrome. Octreotide may 
play an important role in helping to manage rapid 
weight gain as a consequence of hyperphagia due 
to the cranial insult. Patients with hypothalamic 
obesity exhibit insulin hypersecretion, and octreotide 
acts by suppressing insulin production. In a study by 
Lustig et al. (2003), researchers were able to show a 
stabilisation of weight and BMI while on octreotide 
treatment [15]. Patients who demonstrated greater 
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insulin hypersecretion seemed to benefit most 
after 6 months of treatment. However, this form of 
treatment requires regular subcutaneous injections, 
and side effects of diarrhoea, flatulence and vomit
ing can limit compliance. Long‐acting preparations 
of octreotide have also been used with benefits in 
some, but not all, patients [16].

6.5.2 Future developments

A number of drugs are being developed, some with 
similar actions to those previously withdrawn (such 
as sibutramine), but which are more selective in 
their action and have fewer adverse effects. Some 
have gained approval for use in the USA [17–19]. 
Sibutramine, which is a serotonin reuptake inhibitor, 
was withdrawn due to concerns regarding its safety, 
despite displaying significant weight loss effects.

Qsymia

This drug is a combination of phentermine and 
topiramate, and was approved for use in the USA in 
2012 for adults with BMI of >30 kg/m2 and comor
bidities, alongside diet and exercise [20]. Topiramate 
is an anticonvulsant that is approved for use in 
migraine and certain types of epilepsies, but a side 
effect is anorexia. Phentermine is thought to trigger 
the release of norepinephrine, which increases the 
blood concentrations of leptin, suppressing appetite. 
Used in combination, trials have shown positive 
results in weight reduction, with a mean weight loss 
of at least 10% [21,22]. This drug is not licensed for 
use in the UK yet.

Other combination therapies include bupropion 
and naltrexone, which in a Phase 2 trial demon
strated greater weight loss (4.3–5.5%) than with 
bupropion or naltrexone on its own (2.7% and 1.2%, 
respectively). Both these agents act on the satiety 
centres of the hypothalamus [23]. However, most 
trials thus far have been in adults, not children.

Belviq

Belviq (lorcaserin hydrochloride) has also been 
recently approved in the USA for use in adults. This 
is a centrally acting drug that works on serotonin 

receptors to reduce energy intake and body weight 
[24–26]. As with Qsymia, it is only licensed in 
adults at the moment, and may become available for 
use in children at some stage.

6.5.3 Bariatric surgery 
in children

If diet and pharmacotherapy fails, bariatric surgery 
should be considered. In adults, there have been 
increased success rates in those who have had bari
atric surgery, but there is limited data in children. 
There have been very few adolescents who have 
undergone bariatric surgery in the UK, with most 
being morbidly obese, with body weights around 
200 kg. The children need to be able to cope psycho
logically with the rigours of bariatric surgery and 
the consequences of such a radical procedure. 
Current guidelines suggest that there may be a role 
for surgery in adolescents who have completed 
puberty and who have a BMI of >40 kg/m2, and in 
those with comorbidities who have failed both diet 
and pharmacotherapy [27].

6.5.4 Summary box
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Chapter 6.6

6.6.1 Introduction

Studies about surgical treatments for adult obesity 
were first published in the late 1960s. Bariatric 
procedures for adolescents with severe obesity 
were first reported in the 1970s and 1980s [1,2]. 
The procedures performed in this period included 
jejunoileal bypass, vertical‐banded gastroplasty, 
Roux‐en‐Y gastric bypass (RYGB), biliopancreatic 
diversion and duodenal switch. These earlier experi
ences with a variety of procedures provided insight 
regarding the risks of surgical care, and have helped 
to shape current thinking about bariatric surgical 
procedures for adolescents [3].

The acceptance of bariatric surgery for paedi
atric populations varies across regions. A 2004 
survey of European bariatric surgeons found that 
39% offered laparoscopic surgery to patients less 
than 18 years of age [4]. The most common proce
dures included RYGB, adjustable gastric band 
(AGB) and vertical sleeve gastrectomy (VSG). 
These represent both restrictive (VSG and AGB) 
and malabsorptive/restrictive procedures (RYGB). 
The number of procedures performed yearly is 
rising; also, as evidence continues to show that 
bariatric procedures can be performed safely in 
the adolescent population, this trend is likely to 
continue [5]. With the expanding body of knowl
edge available about weight loss surgery in adoles
cents, several evidence‐based guidelines are now 
available for clinicians treating obese children and 
adolescents [6].

Weight loss surgery for adolescents

There are unique factors specific to adolescents that 
must be addressed before surgery is offered to a 
morbidly obese teen. It would be advantageous to 
know precisely which preoperative and postopera
tive factors most influence successful outcome of 
surgery. Unfortunately, there are currently no estab
lished criteria for determining which adolescents 
will benefit most from weight loss surgery, and no 
evidence‐based criteria to predict which patients are 
at highest risk for postoperative complications. In 
the absence of age‐specific predictors of outcome, 
most specialists who conduct adolescent bariatric 
surgery empirically advise that candidates be 
referred to centres with multidisciplinary weight 
management teams experienced in meeting the dis
tinct physical and psychological needs of adoles
cents. The many physical changes of the adolescent 
period are accompanied by a complicated psychoso
cial developmental process that is impacted by envi
ronmental and social factors, requiring thorough 
assessment in the context of bariatric surgery. The 
decisional capacity of the adolescent must be evalu
ated to assess the ability to understand the risks/ben
efits of an invasive, non‐reversible, elective surgical 
procedure. Additionally, surgical care should be 
provided in conjunction with teams who are skilled 
in performing modern bariatric procedures.

The family is an important part of the preparation 
for surgery. The team should assess the ‘family 
environment’ and define who the adolescent con
siders as ‘family’ to determine if he or she has the 
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support needed in order to be successful both preop
eratively and postoperatively. The multidisciplinary 
team should encourage appropriate independence 
and plan for eventual transition to adulthood.

Eligibility criteria

Conventional wisdom holds that adolescents should 
achieve physical maturity prior to surgical weight 
loss treatment. This is generally assumed to be 
>13 years of age for girls and >15 for boys. Body 
mass index (BMI) is a useful inclusion criterion, 
with the minimum BMI threshold of 35 kg/m2 in 
the setting of serious comorbidities of obesity 
(type 2 diabetes, obstructive sleep apnoea, benign 
intracranial hypertension, moderate non‐alcoholic 
steatohepatitis). The American Society for Metabolic 
and Bariatric Surgery (ASMBS) supports further 
expansion of the eligibility criteria to those with a 
BMI of 30–35 kg/m2 in the presence of type 2 
diabetes. Those with a BMI of ≥40 kg/m2 may 
be  eligible with less serious comorbidities [3,7]. 
Additionally, the American Diabetes Association 
(ADA) recommends the following criteria for a 
surgical candidate:

 • Should have experienced failure in at least 6 months 
of formal organised weight‐loss treatment

 • Should demonstrate commitment to comprehen
sive medical and psychological evaluations before 
and after weight loss surgery

 • Should be capable and willing to adhere to nutri
tional guidelines postoperatively

 • Should possess decisional capacity
 • Should have a supportive family environment

Contraindications for surgical treatment of obe
sity in teens include pregnancy or breastfeeding, 
active substance abuse, inadequate social support 
and medically correctable causes of obesity.

6.6.2 Preoperative assessment

The preoperative evaluation includes a comprehen
sive medical history, physical examination and labo
ratory assessment for the causes and complications 
of obesity. Identification and medical management 
of comorbidities during the preoperative period 

will assist in minimising surgical risk. A discus
sion on pregnancy prevention first begins in the 
preoperative period. It is commonly recommended 
to postpone pregnancy until 18 months after weight 
loss surgery. Therefore, an effective contraceptive 
method is essential [8].

All adolescents seeking weight loss surgery 
should receive a psychological assessment to assess 
developmental status, social support structure and 
presence of mental illness, and identify any behav
ioural conditions that could interfere with adherence 
to the diet and lifestyle changes required after 
surgery. The evaluation is generally conducted as a 
semi‐ structured interview, and may include screen
ing inventories for depression, cognitive abilities 
and quality of life. Treatment of psychopathology 
and ongoing psychosocial support is essential prior 
to and after surgery [9] (Box 6.6.1).

Nutritional assessment

Nutritional management for adolescents consider
ing weight loss surgery can be classified into three 
areas: nutritional assessment, education of the 
patient and family about nutritional requirements 
and postoperative monitoring of nutritional status. 
The multidisciplinary team should include a reg
istered dietitian, preferably with experience in 
paediatric weight management and/or weight loss 
surgery.

The preoperative nutritional assessment may ben
efit from administration of a food/eating behaviours 
questionnaire and a review of the family/home envi
ronment. This can help identify any nutrient‐poor 
food choices, lack of dairy foods, and the amount of 
fruits and vegetables and whole grains intake. The 
energy requirements of the patient, based on height, 
ideal body weight and age, should be determined. 
These energy requirements will be the basis for 
advising the patient on a preoperative eating pattern 
consisting of adequate high‐quality protein (1–1.5 
grams protein/kg of ideal body weight), fruits, veg
etables and whole grains to achieve weight stability 
or weight loss [10]. At this time, behavioural strate
gies for healthy eating should be introduced, such as 
eating from smaller plates, measuring portions with 
measuring spoons and measuring cups, meal plan
ning and grocery lists, and journaling or tracking 
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daily intake of foods and fluids. The adolescent and 
family should receive information in written, visual 
and/or electronic form to accommodate different 
learning styles.

In order to better understand the adolescent’s 
relationship to food and eating, an assessment of his 
or her ‘mindful eating’ habits should be evaluated. 
At its simplest, ‘mindfulness’ is the awareness of 
the present moment. Mindful eating is eating with 
intention and attention [11]. This information will 
allow the dietitian to set realistic goals that are 
measurable and attainable, and specific to the ado
lescent. A typical preoperative goal might be: ‘I will 
drink water and sugar‐free fluids daily with a goal 
of 2 litres each day, and quantify this amount with 
my water bottle’.

A preoperative liquid diet initiated 2 weeks 
prior to surgery introduces the adolescent to the 

postoperative dietary regimen, and may well 
improve the safety and efficiency of the surgical 
procedure by reduction of intra‐abdominal fat 
stores and liver size [12]. Adolescents are capable 
of following individualised meal plans (approxi
mately 1000–1200 kcal, or 4186–8373 kJ) pro
vided by dietitians. Some centres, including our 
own (Surgical Weight Loss Program for Teens, 
Cincinnati, Ohio, USA), suggest choices for the 
liquid meal replacements for three daily meals, in 
conjunction with a portion‐controlled typical solid 
evening meal of 400 kcal (1674 kJ). Liquid meal 
replacement is most readily accomplished as a 
defined and prepared product, such as a ready‐to‐
drink protein shake, or a protein powder added to 
water or low‐fat milk. Such a product, when substi
tuted for a meal, should provide <200 kcal. Fluid 
goals and vitamin/mineral supplementation is also 

Box 6.6.1 Recommended tools to include in the assessment of adolescents undergoing weight 
loss surgery

Adolescent measures
Beck Depression Inventory (BDI‐II): This is a 21‐item multi‐choice self‐report inventory of physical and 
cognitive symptoms of depression, including assessment of suicidal ideation. Total score indicates moderate 
depressive symptoms in the clinically significant range.

Impact of Weight on Quality of Life (IWQOL): This is a 73‐item multi‐choice self‐report inventory 
that assesses the impact of weight on six domains: physical activity, body esteem, social life, distress, 
school and family relations. Domain‐specific and total scores are obtained. Results indicate severe 
 impairment in physical functioning, and moderate impairment in esteem, social, distress, and school and 
family functioning.

Pediatric Quality of Life Inventory (Peds QL): This is a 23‐item multi‐choice self‐ and parent‐report inven
tory of several domains of health‐related quality of life, including physical, emotional, social and school 
functioning. Domain‐specific and total‐health‐related quality‐of‐life scores are obtained. Results indicate 
severe impairment in physical functioning, moderate impairment in emotional functioning and mild impair
ment in social and school functioning.

Questionnaire on Eating and Weight Patterns – Revised (QEWP‐R): This is a 28‐item self‐report inventory 
that assesses a range of features associated with obesity and eating disorders, such as dieting and weight 
history, the presence or absence of binge episodes and features related to binge eating disorder. Results indi
cate symptoms of binge eating disorder.

Parent measures
Peds QL results indicate impairment in physical and emotional functioning, moderate impairment in social 
functioning and minimal impairment in school functioning.

Sizing Them Up: This questionnaire is a 22‐item, obesity‐specific, parent‐proxy measure of health‐
related quality of life. Six domains are assessed: emotional functioning, physical functioning, teasing/
marginalisation, positive social attributes, mealtime challenges and school functioning. Results indicate 
moderate to severe impairment in physical, emotional functioning and minimal to mild impairment in all 
other domains.
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tracked during this preoperative liquid diet phase 
(1.8 litres of water and/or sugar‐free liquids and a 
daily multivitamin supplement).

6.6.3 Surgical options

Important decisions about surgical procedure 
options are made in collaboration with the surgical 
team, the adolescent, key family members and/or 
caregivers. Individual factors to consider include 
BMI, comorbidities, surgeon experience and patient 
preference. Thorough preoperative education allows 
the adolescent and family to carefully weigh the 
risks and benefits of each of the surgical options. All 
bariatric procedures restrict dietary intake and result 
in a negative energy balance either through hypoca
loric intake, altered energy expenditure or both. 
Malabsorption is not considered to be a major 
mechanism of weight regulation after RYGB, VSG 
or AGB. From clinical experience, the anticipated 
weight loss for adolescents in the year following 
RYGB or VSG is 25–35%, while results from AGB 
in adolescents is more variable, but may be 15–30%. 
A key principle to emphasise is that weight loss sur
gery is only a tool to help the adolescent lose weight; 
if the tool is used correctly (dietary and lifestyle rec
ommendations are followed), then weight loss 
results can be remarkable. The concept of the sur
gery as a tool must be reiterated throughout the pre
operative process and reinforced at every 
postoperative follow‐up visit.

Restrictive procedures

Operations that reduce stomach size are known as 
‘restrictive procedures’. These procedures result in 
early satiety, limiting food intake, and can result in 
significant weight loss. These procedures are gener
ally done laparoscopically.

The laparoscopic adjustable gastric band (LAGB) 
involves the placement of a silicone band with an 
inner inflatable balloon at the very top of the stom
ach, creating a small pouch. The second part of the 
operation involves the creation of a subcutaneous 
pocket for fixation of the port on the anterior rectus 
fascia. The key feature of this option is the adjusta
bility. Fluid is injected or withdrawn through the 

port to restrict or loosen the band. This requires fre
quent clinical follow‐up for the band adjustments. 
Complications of LAGB include band slippage, 
reoperations for band or port replacement, erosion 
of the band, damage to the catheter tubing or port 
and dislodging of the port. One small randomised 
trial with adolescents in Australia found that 84% of 
them lost approximately 28% of their body weight 
(more than 50% of their excess weight) 2 years after 
LAGB [13], although the exact duration of follow‐
up varies according to hospital unit.

VSG is a subtotal gastric resection of the fundus 
and body of the stomach to create a long gastric tube 
based on the lesser curve of the stomach. Appetite is 
significantly reduced, and a feeling of fullness is 
reached after 1–1.5 cups of food. Complications of 
VSG include gastric leak along the long staple line, 
stricture, bleeding and nutritional deficiencies. 
Long‐term data for this procedure are limited, but 
weight loss expectations are similar to RYGB. Adult 
studies have reported 25–30% BMI reduction 
(excess weight loss of 33–85%, with an overall 
mean of 55%) [14].

Malabsorptive procedures

In addition to the risks of restrictive surgeries, 
malabsorptive operations also carry greater risk 
for nutritional deficiencies. Biliopancreatic diver
sion with or without duodenal switch results in 
significant macronutrient and micronutrient mal
absorption, and is not recommended for adoles
cents. RYGB is a commonly performed operation 
worldwide for adults and adolescents. A 15–30‐ml 
gastric pouch is created just beyond the gastroe
sophageal junction. A Roux limb of jejunum is 
anastomosed to the gastric pouch, bypassing the 
remaining stomach, duodenum and a small por
tion of the jejunum. RYGB limits food intake and 
results in some micronutrient malabsorption, 
although most believe that no significant macro
nutrient malabsorption occurs. Complications of 
RYGB include gastric leak, stricture, internal hernia, 
bleeding, marginal ulcer and nutritional deficien
cies. A longitudinal study of 61 adolescents who 
underwent RYGB found an average of 37% 
decrease in BMI, with those at lower initial BMI 
more likely to achieve non‐obese BMI [15].



Source: Adapted from reference [17]. RYGB Roux‐en‐Y gastric bypass, AGB adjustable gastric band, VSG vertical sleeve gastrectomy.

Surgery 
type

Stage 1 (ice chips, water, 
sugar‐free clear liquids)

Stage 2 (full liquids, 
high in protein)

Stage 3 (smooth‐consistency foods 
and liquids) Stage 4 (soft foods)

Stage 5 (all textures – 
healthy foods)

RYGB 30 ml/hour for the first 24–48 
hours, then ad lib for 3–7 days

Weeks 2–4 Weeks 4–6 Weeks 7–9 Begins at week 9 for life

AGB 30 ml/hour for the first 24–48 
hours

First 2 weeks after 
surgery

Weeks 3–4 Weeks 5–6 Week 7 and for life

VSG 30 ml/hour for the first 24–48 
hours, then ad lib for 3–7 days

Weeks 1–5 Weeks 5–8 9–12 weeks postoperative Week 13 and for life

Specific 
dietary 
advice

Acceptable: sugar‐free clear 
liquids, including water, clear 
broth or bouillon, sugar‐free 
gelatine, sugar‐free fruit‐
flavoured drinks, fruit ice made 
with sugar‐free fruit drinks, 
sugar‐free popsicles
Restrictions: no carbonated 
beverages, no caffeine, no red 
dyes

Energy: 500–600 kcal/
day (2093.4–2512 kJ)
Protein: 50–60 g/day
Fluids: 2.4 litre/day, or 
based on estimated 
requirements
Pattern: 3–6 meals/day
Volume: ½ cup/meal for 
solid foods

New foods introduced: 
skimmed milk (1% fat), 
low‐fat soya or Lactaid 
milk, high‐protein 
drinks, light yogurt 
thinned with milk

Energy: 500–700 kcal/day 
(2093.4–2030.76 kJ)
Protein: 60 g/day
Fluids: 2.4 litre/day, or based on 
estimated requirements

Pattern: 3–4 meals/day
Volume: ½ cup/meal for solid foods, or 
180 ml/meal of protein drink
Consistency: Smooth foods
New foods introduced: Scrambled eggs, 
blended/minced turkey, chicken, flaked 
fish or mashed tofu, melted low‐fat 
cheese, low‐fat cottage cheese (small 
curd only), low‐fat ricotta cheese
Try new foods one at a time every  
2–3 days

Energy: 700–800 kcal/day 
(2930.76–3349.44 kJ)
Protein: 60 g/day
Fluids: 2.4 litre/day, or based on estimated 
requirements

Pattern: 3–6 meals/day
Volume: ½–1 cup/meal for solid foods, or 
360 ml/meal of protein drink

New foods introduced:
Protein foods: shaved deli meats, low‐fat 
cheese, lean pork, cooked beans
Fruit: soft or canned in own juice, no skin
Vegetables: soft cooked or canned
Grains: Toast, low‐sugar cereal, crackers, 
oatmeal, rice, pasta, mashed potatoes 
(choose mainly whole grain products/foods)

Energy: 800–900 kcal/day 
(3349.44–3768,12 kJ)
Protein: 60 g/day
Fluids: 2.4 litre/day, or 
based on estimated 
requirements
Pattern: 3–6 meals/day
Volume: ¾–1.5 cups/meal
New foods introduced: all 
healthy food choices

General 
long‐
term 
dietary 
advice

 • Avoid high‐sugar foods and/or fat content to prevent dumping syndrome; symptoms may include cramping, clammy feeling, sweating, heart racing, vomiting and/or 
diarrhoea. Late dumping may occur up to 2 hours after eating foods high in sugar or fat.

 • Meals should be eaten in approximately 20 min.
 • Adolescents should be encouraged to stop drinking 30 min before a meal and not to drink until 30 min after a meal. Eating and drinking at the same time may decrease 
satiety and/or increase the incidence of vomiting.

 • Encourage eating slowly with small bites. Make sure food is cut into small pieces, and chew food well until it has a pureed consistency.
 • Do not eat or drink past the first feeling of fullness. When feeling full, stop eating and put food away, or discard what is left.
 • To prevent dehydration, encourage adolescents to continually sip fluids throughout the day, preferably water. Consider limiting caffeinated products
 • Do not lie down within 1 hour after meals.

Table 6.6.1 Diet advancement protocols for weight loss surgery
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6.6.4 Nutritional monitoring 
after surgery

The postoperative advancement of the diet for RYGB, 
ABG and VSG varies by the number of meals/day, as 
well as the consistency, texture and progression of the 
amount of food consumed at a meal. The diet is 
designed to restrict energy intake in order to produce 
the desired weight loss (Table 6.6.1). Every patient is 
different, and may not progress evenly at the stated 
time points. It is normal for a postoperative patient 
to experience food intolerances during the first 3–6 
months after surgery. Over time, the patient will toler
ate a variety of foods from each of the food groups.

Daily vitamin and mineral supplementation is 
essential throughout life after the common 
 procedures. Education regarding the risks of 
vitamin/mineral deficits and the importance of 
continued monitoring of nutritional status will 
assist the adolescents in adherence. Table  6.6.2 
outlines the suggested supplementation after 
weight loss surgery. Fibre intake has been identi
fied as being very low postoperatively, far below 
the daily recommended intake. In the longer 
term, recommending fibre sources in the diet may 
be an important postoperative step to promote 
satiety and weight loss [16].

Supplement
Restrictive 
procedures RYGB Comments

High‐potency 
multivitamin

One daily Two times daily Begin with liquid or chewable formulas with at least 
18 mg iron, 400 µg folic acid, and containing zinc 
and selenium
Separate from calcium supplement by at least 2 hours
Avoid enteric coating

Vitamin B
12

May be 
required

350–500 µg/day 
(tablet)

–

Optional B 
complex

One serving/
day

One serving/day Avoid time‐released tablets
May provide additional prophylaxis against 
thiamine deficiencies
>1000 mg of supplemental folic acid could mask 
B

12
 deficiency

Vitamin D 1000–2000 IU 
may be 
required

1000–2000 IU may 
be required

Screen for vitamin D deficiency
Suggested dose for correction is 50,000 IU 
ergocalciferol weekly × 8 weeks (orally)

Elemental 
calcium

1500 mg/day 1500–2000 mg/day Split into 500–600‐mg doses
Promote intake of dietary dairy sources in addition 
to supplements
Calcium citrate is more effectively absorbed than 
calcium carbonate

Additional 
elemental 
iron

– 18–27 mg/day 
elemental

Recommended for menstruating females
Consider exchanging multivitamins for prenatal 
vitamins in females
Dosage may need to be adjusted based on 
biochemical markers
Vitamin C may enhance absorption

Table 6.6.2 Postoperative supplementation recommendations

Source: Adapted from reference [18].



326  SECTION 6: Weight management in children

6.6.5 Conclusion

Over the past three decades, scientific literature has 
reported positive outcomes of bariatric surgery in ado
lescents with severe obesity. There are factors unique 
to adolescents that must be addressed before surgery 
is offered as an option. The clinical team must con
sider an adolescent’s cognitive, social and emotional 
development when considering his or her candidacy. 
Severe comorbid conditions associated with obesity in 
adolescents (type 2 diabetes, obstructive sleep apnoea, 
benign intracranial hypertension, non‐alcoholic stea
tohepatitis and arterial hypertension) are resolved or 
significantly improved with surgery. In addition, ado
lescent patients can anticipate a 25–35% decrease in 
BMI. Behavioural strategies for healthy eating are 
introduced preoperatively, and reinforced at every 
postoperative visit. The concept of surgery as a tool is 
reiterated throughout the process. Institutions provid
ing bariatric surgery to adolescents should only pro
vide these services if a multidisciplinary team 
dedicated to providing both preoperative and postop
erative care to this unique population is in place to 
ensure safety and excellent delivery of clinical care. 
As adolescent bariatric surgeries increase in number, 
continued research is necessary. Long‐term outcome 
data are needed to base future treatment decisions for 
adolescents worldwide.

6.6.6 Websites

Weight‐control Information Network: http://www.
niddk.nih.gov/health/nutrit/win.htm

Cincinnati Children’s Hospital: http://www.cchmc.
org/weight

American Society for Metabolic and Bariatric 
Surgery: http://www.asmbs.org

6.6.7 Summary box

References

1. Randolph JG, Weintraub WH, Rigg A. Jejunoileal bypass for 
morbid obesity in adolescents. Journal of Pediatric Surgery 
1974; 9: 341–345.

2. Organ CH, Kessler E, Lane M. Long‐term results of jejunoileal 
bypass in the young. American Surgeon 1984; 50: 589–593.

3. Inge TH, Xanthakos SA, Zeller MH. Bariatric surgery for 
pediatric extreme obesity: now or later? International Journal 
of Obesity 2007; 31: 1–14.

4. Rivas H, Martinez JL, Delgado S, Vidal J, Lacy AM. Current 
attitudes to the laparoscopic bariatric operations among 
European surgeons. Obesity Surgery 2004; 14: 1247–1251.

5. Zwintshcer NP, Azarow KS, Horton JD, Newton CR, Martin 
MJ. The increasing incidence of adolescent bariatric surgery. 
Journal of Pediatric Surgery 2013; 48: 2401–2407.

6. Aikenhead A, Lobstein T, Knai, C. Review of current guidelines 
on adolescent bariatric surgery. Clinical Obesity 2011; 1: 3–11.

7. Mechanick JI, Youdim A, Jones DB, et  al. Clinical practice 
guidelines for the perioperative nutritional, metabolic, and 
nonsurgical support of the bariatric surgery patient  –  2013 
update. Obesity 2013; 21: S1–S27.

8. ACOG Committee Opinion Number 315. Obesity in pregnancy. 
Obstetrics & Gynecology 2005; 106(September): 671–675.

9. Wadden TA, Sarwera DB. Behavioral assessment of candi
dates for bariatric surgery: a patient‐oriented approach. 
Surgery for Obesity and Related Diseases 2006; 2: 171–179.

10. US Department of Agriculture, National Agricultural Library. 
Dietary guidance. DRI tables.

11. Wansink B. Mindless Eating. New York: Bantam books, 2010.
12. Benotti PN, Still CD, Wood GC, et al. Preoperative weight loss 

before bariatric surgery. Archives of Surgery 2009; 144(12): 
1150–1155.

13. O’Brien PE, Sawyer SM, Laurie C, et al. Laparoscopic adjust
able gastric banding in severely obese adolescents: a rand
omized trial. JAMA 2010; 303: 519–526.

14. Clinical Issues Committee of the American Society for 
Metabolic and Bariatric Surgery. Updated position statement 
on sleeve gastrectomy as a bariatric procedure. Surgery for 
Obesity and Related Diseases 2010; 6: 1–5.

Key points

• Positive outcomes have been achieved through 
bariatric surgery in adolescents with severe obe
sity, including improvements in type 2 diabetes, 
obstructive sleep apnoea, benign intracranial 
hypertension, non‐alcoholic steatohepatitis and 
arterial hypertension.

• Factors unique to adolescents must be addressed 
before surgery is offered as an option – especial
ly those related to cognitive, social and emotional 
development.

• An adolescent patient can anticipate a 25–35% 
decrease in BMI  –  adequately supported using 
behavioural strategies for healthy eating.

• Institutions providing bariatric surgery to adoles
cents should only provide these services if they 
have available a multidisciplinary team dedicated 
to providing both preoperative and postoperative 
care to this unique population.

• Long‐term outcome data are needed to base future 
treatment decisions for adolescents worldwide.



6.6 Surgical management of weight loss in childhood obesity  327

15. Inge TH. Jenkins TM. Zeller M. Dolan L. Daniels SR. Garcia 
VF. Brandt ML. Bean J. Gamm K. Xanthakos SA. Baseline 
BMI is a strong predictor of nadir BMI after adolescent gastric 
bypass. Journal of Pediatrics 2010; 156: 103–108.

16. Jeffreys RM, Hrovat K, Woo JG. Schmidt M, Inge TI, 
Xanthakos SA. Dietary assessment of adolescents undergoing 
laparoscopic Roux‐en‐Y gastric bypass surgery: macro and 
micronutrient, fiber and supplement intake. Surgery for 
Obesity and Related Diseases 2012; 8(3, May): 331–336.

17. Fullmer M, Abrams S, Hrovat K, Mooney L, Scheimann A, 
Hillman J, Suskind D. Nutritional strategy for the adolescent 

patient undergoing bariatric surgery: report of a working 
group of the Nutrition Committee for the North American 
Society of Pediatric Gastroenterology, Hepatology and 
Nutrition and the National Association of Children’s Hospital 
and Related Institutions. Journal of Pediatric Gastroenterology 
and Nutrition 2012; 54: 125–135.

18. Aills L, Blankenship J, Buffington C, Furtado M, Parrott J. 
ASMBS allied health nutritional guidelines for the surgical 
weight loss patient. Surgery for Obesity and Related Diseases 
2008; 4: S73–S108.



SECTION 7

Public health and the prevention 
of obesity



Advanced Nutrition and Dietetics in Obesity, First Edition. Edited by Catherine Hankey. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.

Combating the rising level of obesity is probably the 
biggest health challenge of the twenty‐first century 
in economically developed countries. However, 
the  responsibility to make the appropriate healthy 
changes does not lie not solely with the individual, 
but across all levels of society. Hence, over the last 
10–20 years, governments across the world have 
become increasingly aware of the importance of 
formulating effective policies that allow national 
campaigns to be put in place, in order to address the 
obesity problem.

The benefits of policy at the government level are 
wide ranging. A policy gives consensus on an issue, 
ensures consistency of information, provides a frame-
work for action and promotes multi‐agency and 
multi‐disciplinary working. Further, it is a statement 
of intent; it outlines a programme of actions to achieve 
specific aims and objectives. In other words, it sets 
the guiding principles for the development of national 
campaigns that aim to address the issue of concern.

This chapter outlines and describes the key 
national campaigns in the UK and elsewhere that 
focus on reducing the prevalence of obesity.

7.1.1 National campaigns 
in the United Kingdom

National campaigns in England

In 2004, the UK government published the health 
improvement white paper titled ‘Choosing Health’ [1]. 
This paper aimed to support the general public by 

making it easier for them to become healthier. It 
addressed many target groups, including children, 
adults, the health service, the workplace and local 
communities. However, the focus was on health in 
general, with healthy weight as just one of the 
desired outcomes. In 2008, the Foresight Report on 
tackling obesity [2] highlighted the scale of the 
problem, and included projected obesity statistics 
for 2030 (Figure 7.1.1). These figures emphasised 
the urgent need for a response to the increasing 
 levels of obesity from the society as a whole to ena-
ble individuals to make sustainable changes to their 
diet and activity levels. As a result, in 2008, the 
 government published its response in a document 
titled ‘Healthy Weight, Healthy Lives: A Cross‐
Government Strategy for England’ [3]. This docu-
ment focussed on five key areas. These were:

 • To improve the healthiness of the diet by reducing 
high‐energy‐dense foods, to reduce foods high in 
salt and to increase fruit and vegetable intake

 • To encourage habitual physical activity on a daily 
basis

 • To prevent childhood obesity
 • To make advice and support available for those 
with weight problems

 • To give incentives for healthier lifestyles

The success of this campaign has been documented, 
and include better access to high‐quality fruit and 
vegetables in low‐income areas, schoolchildren 
being entitled to 5 hours of physical activity, 
improvements to school meals, improvements to the 
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built environment with better facilities for activity 
and more opportunities for families to walk or cycle. 
It may be that these initiatives have been effective 
because they have specifically focussed on the tar-
get groups in most need for change (i.e. low‐income 
groups and children), rather than assuming a blan-
ket‐style approach across the whole population. 
However, the key to the success of the Healthy 
Weight, Healthy Lives strategy is that it encourages 
not only individuals and families, but also commu-
nities as a whole to embrace the opportunities to 
make their lives healthier, and thus minimise the 
risk of weight gain.

Social marketing has been employed in the 
Change4Life campaign [4]. The aim of social 

marketing is to integrate marketing concepts with 
other approaches – such as research and best prac-
tice – to influence behaviours that benefit individu-
als and communities for the greater social good. 
Social marketing is different from commercial mar-
keting, where businesses and industries market their 
products for financial gain. The aim of social mar-
keting is not necessarily financial, but rather to con-
tribute to the achievement of ‘social good’.

The ‘Change4Life’ national campaign was rolled 
out in 2009. It specifically addresses the rising obe-
sity rates by encouraging families with children 
aged 5–11 years (and at risk of becoming over-
weight or obese) to get healthier by becoming more 
active and eating more healthily (Box 7.1.1). Its aim 
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Figure 7.1.1 Life course stages where behavioural interventions are possible. Foresight Report Figure 4.1; p. 68 [2].
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is to get the whole of society involved in the preven-
tion of weight gain, and therefore it also aims to 
engage with local authorities, community groups, 
the health service, places of work, schools, charities 
and local businesses. Recently, the campaign has 
expanded its target group to include families with 
younger children (aged 1–4 years) and also middle‐
aged adults (aged 45–65 years). The campaign has 
been advertised in TV commercials, posters, leaflets 
and pamphlets. There is also a dedicated website 
with online advertising, all with a distinctive logo, 
aimed at reaching a large target group and to get the 
information across to the target population. The 
campaign for families focuses on ‘key challenges’ 
ranging from consuming five‐a‐day fruit and vege-
tables, choosing healthier snacks, reducing sugar 
and fat intake, and becoming more active. The adult 
campaign is similar but includes challenges such as 
increasing the fibre in the diet and reducing the 
energy content of alcoholic drinks (Box 7.1.2). The 
emphasis is on making small changes, or making 
‘swaps’, rather than promoting large, more substan-
tial changes, which may not be perceived as achiev-
able or sustainable in the long term.

At the outset, Change4Life was funded by the 
Department for Health, but funding was sought in 
2011 from the food industry and charitable organi-
sations. The aim of this new approach was for it to 
be less a government campaign, more a social 
movement and more backed by business, rather than 
by the government. This scheme involved compa-
nies providing up to £250 million in vouchers to 
families in return for swapping an unhealthy habit 
for a healthy one. Companies such as Unilever, 

Uncle Ben’s, Quorn, Cravendale, Asda and Mars 
Confectionery signed up to provide vouchers for 
their ‘healthier’ foods, with many of them display-
ing Change4Life’s ‘Be Food Smart’ sub‐brand, with 
advice on healthy meal options.

Targets were set for the first year, and an evalua-
tion of the campaign was published after 1 year [5]. 
The results were promising, and expectations had 
been exceeded in some areas. It is of vital impor-
tance for evaluations to be carried out, as national 
campaigns are expensive  –  not only in economic 
terms, but also in terms of human resources, cam-
paign materials and time. The Change4Life cam-
paign was allocated a budget of £75 million over a 
period of 3 years. In the first year, the campaign 
reached 99% of the target group – 87% of the moth-
ers with children aged 5–11 years were aware of the 
campaign and had seen the adverts, most of whom 
recognised the distinctive logo. The programme’s 
targets were to generate 1.5 million responses from 
at‐risk families, with 200,000 of those respondents 
converting into a customer relationship management 
(CRM) programme to support behaviour change. 
These targets were developed with help from their 
communications partners and the Central Office for 
Information, enabling them to forecast response and 

Box 7.1.1 Change4Life: advice for families

1. Summer zone – ideas for summer activities
2. Up and about – how to get more active
3. 60 active min
4. Snack check
5. Five‐a‐day
6. Me‐size meals
7. Cut back on fat
8. Sugar swap

Box 7.1.2 Change4Life: advice for adults 
(‘Swap it – Don’t stop it’)

1. Activity swaps
a. Travel swap – cycle or walk instead of driv-

ing or taking the bus
b. Sitting down swap – get up and about rather 

than sitting
c. Hobby swap – choose an active rather than 

sedentary hobby (e.g. dancing, gardening)
d. TV swap: partake in some of the sports you 

watch on TV (e.g. pitch and putt, football in 
the park)

e. Swim/dance more
2. Portion swaps
3. Snack swap
4. Swap five‐a‐day
5. Fibre swap
6. Drink swap
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conversion rates based on media spend and mix. 
More than double the predicted number of families 
signed up for Change4Life (over 400,000), with 
more than the forecast numbers still engaged with 
the campaign. In the second year, it was reported 
that more families continued to join Change4Life, 
but the main marketing focus had shifted to support-
ing existing partners, rather than on recruitment [6]. 
Initial evidence suggests increased swapping to 
lower‐fat dairy products and lower‐sugar drinks, 
and reductions in sugary cereal consumption in the 
short term. However, there has been some sugges-
tion that the interest may not be sustainable over 
the longer term. Ongoing evaluations are underway 
to determine the short‐ and long‐term success of this 
campaign.

National campaigns in Scotland

In 2008, the Scottish government published ‘Healthy 
Eating, Active Living: an action plan to improve 
diet, increase physical activity and tackle obesity 
(2008–2011)’ [7]. The Scottish government allo-
cated a total of £56 million to help achieve their 
objectives to reduce levels of obesity by enabling 
individuals to choose healthier diets and take part in 
more physical activities. This document focussed on 
several key areas, including:

 • Targeting the disadvantaged, with the aim of re-
ducing health inequalities

 • Preschool children
 • Pregnant women and women of child‐bearing 
age

Part of the budget was allocated to supporting suc-
cessful campaigns that were already up and running. 
For example, increased funding was provided for 
‘Paths for All’ (www.pathsforall.org.uk) in order to 
induce greater participation in activities to increase 
energy expenditure. This is an example of partner-
ship working, and many organisations have linked 
up to promote walking for health with the develop-
ment of multi‐use path networks in Scotland. Their 
overall aim is to reduce the number of physically 
inactive people by encouraging more people to walk 
more often. This campaign is already a success, 

with over 20,000 individuals taking part in weekly 
organised walks. Other national campaigns that 
have benefited from increased support include 
‘Healthy Start’. This was a food voucher scheme for 
low‐income pregnant women and mothers with 
infants. It also aims to increase the availability of 
advice on healthy eating, during and after preg-
nancy, with additional funds allocated to improving 
breast feeding rates, particularly in low socioeco-
nomic groups. The ‘Play@home’ campaign focuses 
on the early years, from birth to 5 years of age, and 
promotes safe physical activity for toddlers and 
their families. Two school‐based campaigns have 
also benefited  –  ‘Active Schools’ and Hungry for 
Success’ – which together ensure that school chil-
dren engage with appropriate levels of physical 
activity and are provided with healthy school meals. 
In addition to campaigns that help prevent increases 
in obesity, the Scottish government supports the 
‘Counterweight Programme’ – an initiative to man-
age and treat overweight and obese patients in pri-
mary care. This extra funding has allowed 
Counterweight to increase its geographical spread 
across Scotland, with particular focus on areas of 
deprivation.

In addition to these campaigns, the Scottish gov-
ernment launched the ‘Take Life On’ campaign in 
2008, which aimed to improve the health and well‐
being of all adults in Scotland [8]. Similar to the 
Change4Life campaign in England, Take Life On 
employs social marketing to engage with their target 
group. The aim is to make individuals feel able and 
empowered to make changes to their lifestyles that 
are sustainable in the long term, with subsequent 
long‐term health benefits. A dedicated website and a 
series of advertisements on billboards, TV and radio 
have been employed to promote the campaign. The 
key messages include:

 • Making healthy changes to the diet – encouraging 
five‐a‐day fruit and vegetables; consumption of 
more wholegrains and fish; less sugar, fat and salt

 • To drink more water
 • To drink less alcohol
 • To increase levels of physical activity
 • To encourage these changes across the family 
unit
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National campaigns in Wales

In 2006, the Welsh government published a plan to 
deal with the rising obesity levels in a policy docu-
ment titled ‘Food and Fitness – Promoting Healthy 
Eating and Physical Activity for Children and Young 
People in Wales’ [9]. This document focuses very 
much on the prevention of obesity in children and 
young adults, and includes action plans to improve 
school food provisions and to implement the MEND 
(Mind, Exercise, Nutrition … Do it!) programme, 
which specifically targets families with 7–13‐year‐
old children [10]. MEND provides healthy lifestyle 
programmes in the community, focussing on weight 
management for families with children. The aim is 
to provide activity and nutrition programmes with 
information to empower both adults and children to 
become healthier and achieve healthy weights. This 
programme involves a participatory‐based series of 
activity sessions and nutrition workshops, primarily 
for families with young children.

National campaigns 
in Northern Ireland

The government strategy to stop the increase in 
obesity in Northern Ireland is detailed in the 2005 
policy document titled ‘Fit Futures’ [11]. The strat-
egy here is to consider all ages in the plan to 
encourage healthy eating and increased physical 
activity, with the action plan developed in consulta-
tion with their target group. In 2011, Safefood, an 
organisation in Northern Ireland that aims to pro-
mote food safety, launched a campaign titled ‘Stop 
the Spread’ in an attempt to address the obesity epi-
demic in Northern Ireland. The focus of this 
national campaign is to encourage individuals to 
recognise overweight and obesity as being detri-
mental to health and not a normal state of affairs. 
Safefood’s 2‐year campaign involved social media 
networks, including TV and radio advertising, and 
a website where users can sign up to weight loss 
challenges and access information on how to lose 
weight  –  ‘weigh2live’ [12]. The website also has 
information on how to measure waist circumfer-
ence, and hence enables individuals to assess the 

individual health risks related to their central obe-
sity. Pharmacies and chemists have fully endorsed 
this initiative, and provide measuring tapes free of 
charge across the region.

7.1.2 National campaigns 
worldwide

To detail all campaigns that address the obesity 
problem worldwide is outside the scope of this 
chapter. However, some countries are more 
advanced than others in their public health cam-
paigns, and these will be discussed briefly.

Epode International Network (EIN) claims to be 
the world’s largest obesity prevention network – a 
claim that is justified as it has programmes in 
Europe (France, Belgium, Greece, the Netherlands, 
Portugal, Romania, Slovakia, Bulgaria, Italy, 
Spain,  Hungary and the UK), North and South 
America, Israel, Australia, New Zealand, Taiwan 
and Singapore [13]. EIN supports community‐based 
programmes to help prevent and reduce the preva-
lence of obesity and related diseases. By sharing 
best practice, putting science into practice, develop-
ment of new strategies, generating more interest 
from the private sector and sharing information, the 
goal of EIN is to prevent childhood obesity and 
associated diseases through large‐scale community 
programmes. The Netherlands, for example, has 
based their ‘JOGG’ initiative on the Epode method-
ology, focussing on achieving a healthy weight for 
all young people in the country [14]. JOGG involves 
a series of community‐based initiatives that aim to 
encourage all people to make healthy food and exer-
cise an easy and attractive choice. By taking a local 
approach and including shopkeepers, parents, health 
professionals, schools and local authorities, in addi-
tion to the target group – children and adolescents, 
the aim is to ensure that young people stay at a 
healthy weight. Measures such as including com-
munity involvement and commitment, and adapting 
projects and initiatives to suit the needs of each 
community, are key to their success.

Further afield, Australia’s National Obesity 
Campaign has focused on making individuals aware 
of their body weight status by asking all Australian 
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adults (aged 25–50 years) to measure their waist 
 circumference. In order to assess their own health 
risks, Australians are encouraged to compare their 
own waist circumference with the recommended 
and upper limits for health. Titled ‘Measure Up’ 
[15], this campaign supports individuals at risk of 
obesity‐related health complications by encourag-
ing them to engage with a 12‐week programme to 
‘kick start healthy habits’. Australia has also signed 
up to the ‘MEND’ programme in several of its 
states – New South Wales, Victoria, Queensland and 
Tasmania. The progress of Australia and New 
Zealand in obesity prevention over the last 20 years 
has come under the spotlight recently. Despite 
investments in policy development and anti‐obesity 
programmes, Swinburn and Wood [16] blame 
the power of the food industry in limiting the imple-
mentation of many of the policy initiatives. 
However, some positives were highlighted, particu-
larly in Australia, where they had implemented 
long‐running ‘whole of community’ projects to 
reduce childhood obesity. These interventions took 
a community capacity building approach, and, over 
a 3‐year period, saw improvements in unhealthy 
weight gain in children and adolescents. Swinburn 
and Wood firmly advocate this capacity building 
approach within each community, where local com-
munity centres, churches, schools and sports centres 
build capacity to enable them to engage better with 
families in promoting healthy lifestyles.

The USA, arguably the leader in the obesity sta-
tistics, launched an aggressive anti‐obesity national 
campaign in 2011, optimistically entitled ‘Campaign 
to End Obesity’ [17]. At a national level, it aims to 
enable more Americans to become more active and 
to eat a healthier diet. This campaign is a joint effort, 
bringing together leaders from industry, academia 
and public health to drive forward initiatives to 
address the rising in levels of obesity. Some of the 
challenges of in this campaign included getting 
Americans to identify obesity as a disease; encour-
aging more widespread use of BMI as an indicator 
of obesity (with particular emphasis on children); 
and making healthy food affordable and available to 
disadvantaged groups. With these measures, the 
campaign aimed to make it easier for Americans to 
be active – by making the environment a safer place; 
by encouraging employers to promote health and 

well‐being in the work place; and by supporting 
ongoing obesity research.

7.1.3 Facilitating healthy 
change

By definition, national campaigns aim to engage with 
the nation’s population. Many campaigns currently 
employ social marketing via websites, radio and TV 
to reach their target audience. However, the target 
audience should be made aware that they are, in fact, 
the target audience! Failing this, the health messages 
will fall on deaf ears. One evaluation of a mass media 
campaign run by the BBC, titled ‘Fighting Fat, 
Fighting Fit’, demonstrated that, although record 
numbers of individuals signed up to participate in the 
campaign, those who signed up were more likely to 
be educated women, and that there was less participa-
tion from men, individuals under the age of 25 years 
and those from lower socioeconomic groups [18]. 
The authors stated that this demographic was in line 
with BBC viewers, and not entirely unexpected. 
However, these findings illustrate the point that reach-
ing the target group is a challenge for any campaign.

Even if there is wide awareness of a campaign, 
change in behaviour cannot be assumed. There are 
many factors involved in predicting behaviour 
change, such as whether individuals perceive there 
to be a risk or threat to their health if they do not 
make changes, and whether they believe that the 
recommended changes will reduce that threat. 
However, one of the most significant factors in pre-
dicting behaviour change is self‐efficacy –  that is, 
whether individuals believe themselves to be capa-
ble of making the change [19].

Predicting behaviour change is a challenging 
topic in itself, but there are two models that are most 
relevant to predicting dietary change. The Health 
Belief Model suggests that behaviour is based on 
the expected outcomes of the behaviour – whether 
an individual believes that he or she will benefit 
from the behaviour, and how much value the indi-
vidual places on that benefit [20]. Focussing more 
specifically on behaviour change is the ‘Stages of 
Change’ framework [21]. This describes the dis-
crete stages that an individual goes through in 
the process of making a change. These stages are: 
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(1) ‘pre‐contemplation’, when the individual has not 
even started thinking about change – he or she may 
not even be aware of the need for change; (2) ‘con-
templation’, when the individual is starting to think 
about making a change and has recognised that a 
change is needed, but has not done anything about it 
yet; (3) ‘preparation’, when the individual is taking 
small steps towards making a change in the near 
future; (4) ‘action’, when the individual is modify-
ing his or her behaviour and has made the change to 
be more healthy; (5) ‘maintenance’, when these 
actions are being maintained, but effort is still 
required to prevent the final stage of change, which 
is (6) ‘relapse’, when the individual reverts back to 
his or her previous, less healthy behaviours. 
Understanding the motivation for behaviour change 
is a challenge. We cannot assume that the target 
population is a homogenous group, as not all indi-
viduals share the same motivations or beliefs, or at 
least not all at the same time. There is evidence to 
show that those most likely to respond to dietary 
change initiatives are older, well‐educated women. 
Hence, it is recognised that there is a need for 
 campaigns to address the gap between the healthy, 
motivated section of the population, and the less 
educated, more socially deprived section of the pop-
ulation. If the dietary changes recommended in pub-
lic health campaigns were made less challenging, 
and require less effort, this could facilitate change 
for those in the ‘contemplation’ stage of change.

It may be that the simpler, smaller changes rec-
ommended in these campaigns will be the most 
achievable and successful, such as increasing the 
number of steps walked per day, or the simple 
‘swaps’ detailed in the Change4Life campaign [4]. 
Campaigns that force individuals to recognise their 
health risks (by measuring their waist circumfer-
ences, for example) is also a way forward in gaining 
the attention of those who are currently overweight, 
but not yet obese, and perhaps not aware of their 
increased health risk.

However, campaigns that will be the most suc-
cessful will be those which create environments that 
make it easy for individuals to make changes. In 
order to do this, there has to be collaboration among 
all sectors in the community, and the nation as a 
whole – for example, enabling easy access to local 
leisure facilities and play areas, to encourage 

physical activity; and ensuring that local shops and 
retail outlets make healthy foods available at rea-
sonable costs. National campaigns that aim to do 
this are the way forward, as relying on the individ-
ual alone to be responsible for turning the obesity 
epidemic around is a risky strategy.

7.1.4 Summary box
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Increasing physical activity to prevent 
childhood obesity

Chapter 7.2

The exponential increase in childhood obesity that 
started in the 1990s has now slowed but not receded. 
Much of the change in society – such as transport 
behaviour, the virtual world and technology, greater 
perceptions of danger and the penchant for a con-
venient lifestyle  –  has emerged among adults and 
children alike. These changes have reached the roots 
of families, and the resultant behaviours in diet and 
physical activity have resulted in a markedly differ-
ent child phenotype than existed even 30 years ago. 
The obesogenic environment has promoted this 
change, and the childhood obesity phenotype has 
become commonplace across all sectors of society. 
Health professionals are concerned that this increase 
has left an indelible mark on society’s perception of 
healthy weight, and that a return to the child pheno-
type of the 1980s is unlikely. This chapter considers 
evidence from systematic reviews where the rela-
tionships between physical activity, sedentary 
behaviour and overweight in children are discussed.

7.2.1 Definitions in exercise 
and health science

Before embarking on an analysis of these reviews, it 
is important to define the terms used in this area of 
study. ‘Physical activity’ is defined as any movement 
using the skeletal muscles that results in energy 
expenditure, such as walking to school, playing in the 

park, taking the stairs as opposed to the lift and so on. 
‘Exercise’, on the other hand, is a subcategory of 
physical activity that is planned, structured, purpose-
ful and repetitive – for example, playing sport, attend-
ing dance class, swimming or jogging. ‘Sedentary 
behaviour’ is defined as ‘any waking activity charac-
terized by an energy expenditure ≤ 1.5 metabolic 
equivalents and a sitting or reclining posture’ [1].

Physical activity and sedentary behaviour are fur-
ther categorised by intensity using metabolic equiv-
alents (METs  –  the ratio of exercise to resting 
energy expenditure: EEE/REE), which are different 
in children as compared to adults [2]. For example, 
in children, moderate‐ and vigorous‐intensity activi-
ties have been allocated MET values of 4.2 and 7.0, 
respectively, compared to 3 and 6 METs in adults, 
respectively. This confirms the long‐held view that 
children are not simply mini‐adults, and that growth 
and development add a layer of complexity to the 
science of childhood obesity [3]. Preventing, treat-
ing or managing unhealthy weight gain is also com-
plicated by developmental pathways that are 
biopsychosocial and genetic. These factors require 
serious consideration when assessing the scientific 
literature on the prevention, management and treat-
ment of unhealthy weight in children and youth. 
This chapter considers physical activity and seden-
tary time and their influence on the prevention of 
obesity, and also in its treatment, with a focus on 
children.

Swansea University, Swansea, UK
Gareth Stratton
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7.2.2 International guidance 
on physical activity 
and sedentary behaviour 
in young people

As the volume and quality of literature related to 
health, physical activity and sedentary behaviour 
increases, dose–response recommendations have 
been updated. Most recently, the authors of these 
reports have gained greater confidence in making 
recommendations for preschoolers (under 5 years) 
and for children and adolescents (5–18 years). These 
recommendations include guidance on levels of 
sedentary behaviour, moderate to vigorous physical 
activity and musculoskeletal health (Table  7.2.1). 

Details, however, vary between guidance documents. 
For example, the Australian guidance is split into 
three age groups (0–4, 5–12 and 13–17 years) and 
lists specific recommendations for sedentary time.

Physical activity recommendations 
for the overweight and obese

Physical activity guidelines are produced by teams 
consisting of academic, professional and public 
health experts who review the best‐quality evidence 
on the relationships and effects of physical activity 
and sedentary time on the nation’s health. Evidence 
statements supported by scientific research are 
drawn up and then used to create recommendations 

Under 5 years 5–18 years

General Physical activity should be encouraged from 
birth, particularly through floor‐based play 
and water‐based activities in safe 
environments.

–

Physical 
activity

Children of preschool age who are capable of 
walking unaided should be physically active 
for at least 180 min (3 hours) daily, spread 
throughout the day.

All children and young people should engage 
in moderate–vigorous‐intensity physical 
activity for at least 60 min and up to several 
hours every day.
Vigorously intense activities, including those 
that strengthen muscle and bone, should be 
undertaken on at least 3 days in a week.

Sedentary 
time

All children under age 5 years should 
minimise the amount of time spent being 
sedentary (being restrained or sitting) for 
extended periods (except time spent 
sleeping).

All children and young people should 
minimise the amount of time spent being 
sedentary (sitting) for extended periods.

Australian 
guidance

 • Children younger than 2 years of age 
should not spend any time watching TV or 
using other electronic media (DVDs or 
video games).

 • For children aged 2–5 years, sitting and 
watching TV and the use of other electronic 
media (DVDs or video games) should be 
limited to less than 1 hour per day.

 • Infants, toddlers and preschoolers (all 
children from birth to 5 years of age) 
should not be sedentary, restrained or kept 
inactive for more than 1 hour at a time, with 
the exception of sleeping.

To reduce health risks, children aged 5–17 
years should minimise the time spent being 
sedentary every day. To achieve this:
 • Limit the use of electronic media for 
entertainment (e.g. TV, seated video games 
and computer use) to no more than 2 hours 
a day – lower levels are associated with 
reduced health risks.

 • Break long periods of sitting as often as 
possible.

Table 7.2.1 International examples of children and young people’s physical activity and sedentary 
behaviour guidance
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that are understandable to professionals and the 
public in general. The physical activity guidelines 
outlined in Table 7.2.1 are inclusive for all groups, 
regardless of ability/disability, weight status or 
age.  The UK, US and Canadian guidance concur 
that the current literature does not yet allow for 
specific guidance to be made for overweight and 
obese young people. However, the World Health 
Organization suggests the following: inactive chil-
dren and youth should progressively increase activ-
ity to eventually achieve 60 min [4]; inactive young 
people should start with smaller amounts of physi-
cal activity and gradually increase the duration, fre-
quency and intensity over time; and, for children 
who are currently inactive, engaging in amounts 
below the recommended levels will bring more 
benefits than doing none at all.

Management of the childhood obesity epidemic 
would benefit from specific dose–response recom-
mendations for physical activity and sedentary 
behaviour. For example, self‐report of physical 
activity usually results in the majority of children 
who engage in 60 min of moderate to vigorous 
physical activity being classified as ‘sufficiently 
active’; yet, childhood obesity remains perplexingly 

high. Reasons are attributed to (1) the overestima-
tion of physical activity in self‐reports as compared 
to objective measures [5]; (2) excess of energy 
intake over expenditure; (3) the activity levels 
remaining too low for a certain segment of children, 
given the contemporary lifestyles.

7.2.3 Epidemiology 
of overweight, physical activity, 
sedentary behaviour 
and cardiorespiratory fitness

Twenty‐first‐century lifestyles have resulted in 
 children and young people having insufficient levels 
of physical activity and exercise [6], decreased 
endurance fitness [7–9] and increased sedentary 
time [10]. Figure  7.2.1 illustrates the changing 
nature of fitness and overweight in over 15,000 
children in the 9–10 years age group from 
Liverpool (UK).

Recent data on physical activity among children 
in the UK was collected by self‐reports during the 
Health Survey for England in 2012 [11]. Only 10% 
of boys and girls aged 2–4 years met the current 
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Figure 7.2.1 Changes in fitness and overweight standardised z‐scores in 9–10‐year‐old children. 
Changes in BMI and fitness z‐scores of 15,000 children in Liverpool (UK) between 1998 and 2004. The z‐scores 
allow comparison of different measures using the same scale.
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guidelines of at least 3 hours of physical activity per 
day for children under 5 years of age. Worryingly, 
just 21% of boys and 16% of girls aged 5–15 years 
were sufficiently active. Furthermore, the propor-
tion of children who were sufficiently active 
decreased from 24% to 14% among 5–7‐year‐olds, 
and from 23% to 8% in 13–15‐year‐olds. The objec-
tively measured physical activity levels in 7000 
children aged 7 years recruited to the Millennium 
Cohort Study [12] found that the participants accu-
mulated 27 min/day of moderate activity and 11 
min/day of vigorous activity, and were sedentary for 
5 hours/day; and that only 15% of all children were 
sufficiently active. Further, activity varied by ethnic 
group, with children of Indian and Bangladeshi ori-
gin being the least active and black children the 
most active. Interestingly a recent study in the UK 
found no significant variations in the proportions of 
children meeting current recommendations by BMI 
category – either among boys or girls, or among the 
5–10, 11–15 and 5–15‐year age groups [13].

The environment

For the purposes of this chapter, the physical and 
social environments will be considered in relation 
to  childhood obesity. The social environment has 
an  influence on children’s physical activity and 
 sedentary behaviours. In particular, peer influence, 
clustering of individuals into groups and family all 
combine to influence these behaviours. Salvy et al. 
[14] proposed four key factors that explain the 
effects of peers on physical activity among youth:

(1) Youth are more physically active in the pres-
ence of friends and peers than in the presence of 
family members or when alone.

(2) Peers and friends increase motivation to be 
active in overweight youth.

(3) Peer weight status does not have a moderating 
effect on physical activity.

(4) Experiencing negative peer interaction, such as 
bullying or social exclusion, decreases physical 
activity.

While Salvy and colleagues [14] offer a persuasive 
argument to support peer social context effects on 
physical inactivity, Lawman and Wilson concluded 

that a systems approach – including parenting and 
physical environmental factors, particularly parental 
monitoring and neighbourhood context such as 
social cohesion  –  was important in the promotion 
of weight management in children and youth [15]. 
Further, another review reported that parental 
involvement and parenting strategies that used 
reward and positive reinforcement were effective 
in  the treatment or the prevention of obesity [16]. 
For physical activity, behaviour‐specific variables – 
such as activity of siblings, parental education, 
 parent activity levels and logistical and emotional 
support – were associated [17]. On the other hand, 
‘permissive parenting’ was related to increases in 
sedentary time and soft drink intake, and to reduc-
tions in breakfast consumption.

The home environment combines social and 
physical factors related to obesity. A review of 
232  studies  –  in which 983,840 children partici-
pated  –  found that watching TV for more than 
2  hours/day was associated with higher levels of 
 adiposity, decreased fitness, lower scores for self‐
esteem and prosocial behaviour and decreased aca-
demic achievement [18]. Another review reported 
low‐to‐moderate‐quality evidence relating increased 
television viewing to higher levels of adiposity in 
pre‐schoolers [19].

In a review of the Home Physical Environment 
‘HomeSpace’, media equipment in the home was 
positively associated with children’s sedentary 
behaviour. However, in half the studies, physical 
activity equipment at home was not associated with 
physical activity, and was inversely associated with 
sedentary behaviours [20]. The role of parents in the 
social environment also influenced physical activity 
and sedentary time. TV‐limiting devices decreased 
TV viewing, while the effect of active video games 
(that require physical activity for participation) on 
physical activity was inconclusive. In summary, the 
home environment is an influential setting for chil-
dren’s sedentary behaviour and physical activity. 
While changing or controlling the home physical 
environment shows promise for reducing screen‐
based sedentary behaviour, further interventions are 
needed to understand the broader impact of these 
changes. Future studies should prioritise investigat-
ing the influence of the home physical environment, 
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and its interaction with the social environment, 
on objectively measured sedentary time and home 
context‐specific behaviours, and ideally include 
technologies that allow objective measurement of 
physical activity and sedentary time.

Using data from the Sports for Liverpool’s Next 
Generation (SportsLinx) project, the results from 
an analysis of the relationships between socioeco-
nomic status, weight status and sex with children’s 
participation in sedentary behaviours and sport 
were reported. More boys than girls watched TV, 
played video games and participated in sport, 
and  more children of lower socioeconomic status 
spent time in sedentary behaviours than in sport 
participation. Overweight girls were more likely 
than normal‐weight girls to use the Internet, 
although weight status was not consistently associ-
ated with sedentary behaviours. Proportionately 
more boys than girls watched TV, played video 
games and participated in sport, which suggests 
that boys find time for sedentary behaviours and 
physical activity [21]. From a preventive perspec-
tive, inequalities in the prevalence of sedentary 
behaviours and sport participation should be 
addressed for all children, regardless of socioeco-
nomic status, weight status or sex.

In summary, the social environment –  including 
the behaviours of parents, siblings and peers  – 
 influences physical activity and sedentary time. 
Importantly, these behaviours change with age and 
stage of development; thus, longitudinal studies are 
required to develop greater insight into this area. 
Furthermore, aspects of the home environment 
demonstrate relationships with overweight, physical 
activity and sedentary behaviour. The trends sug-
gest that modifiable behaviours  –  such as passive 
parenting, use of electronic equipment and low 
sport engagement  –  are more prevalent in over-
weight children. In addition, the social environment 
may also be a precursor for gender differences in 
physical activity and sedentary behaviour.

Correlates of physical activity and sedentary 
behaviour have been used to inform prevention pro-
grammes for children. The problem to date is that 
few programmes have reported robust changes in 
weight status, and their effectiveness in promoting 
healthy weight is limited at best [22].

7.2.4 Interventions to increase 
physical activity and reduce 
sedentary time

Interventions to increase physical activity and 
reduce sedentary time can be implemented at the 
political, organisational, inter‐individual or intra‐
individual level. No intervention claims to address 
all these levels at the same time. Most interventions 
are at the organisational, inter‐individual or intra‐
individual level. For example, an organisation such 
as Play Wales may lobby for a policy on play. At the 
organisational level, Play Wales may use research 
evidence to promote active play as a school‐level 
intervention by changing the playground environ-
ment [23]. Further, active play interventions can be 
delivered at an inter‐individual level, where parents 
act as promoters of active play – for example, in pre-
school children [24]. For older children, an intra‐
individual intervention may use active video games 
to increase physical activity at home [25].

There have been a wide variety of interventions 
that have aimed to increase physical activity, reduce 
sedentary time and decrease overweight. These 
include school, recess (play), childcare, family, 
community, educational, behavioural, active trans-
port, parents, telemedicine and resistance exercise. 
Moreover, interventions using diet‐only and diet 
plus exercise resulted in greater improvement in 
weight loss and metabolic profile [26]. Thus, inter-
ventions at all levels should focus on a combination 
of increased physical activity, reduced sedentary 
time and regulated diet.

Policies

Studies on the effects of school policy on obesity 
are in their infancy, and further research designs 
and  approaches are required to verify results. 
However, in a review of the effects of policies 
related to school diet and physical activity on obe-
sity, Williams found that, if the policies were imple-
mented in isolation, then they would be insufficient 
to prevent or treat childhood overweight or obesity 
[27]. Policies that were effective were both devel-
oped and implemented as part of a multifaceted 
intervention programme.
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Organisational

Mehtälä et  al. systematically reviewed physical 
activity promotion in 2–6‐year‐old children in 
childcare settings [28]. Increases in physical activity 
levels or reductions in sedentary time were found 
in  14 studies, although the changes were modest. 
The data remain too limited to allow firm conclu-
sions to be drawn on the effectiveness of the compo-
nents that mediate physical activity interventions, 
although physical‐activity‐specific in‐service teacher 
training seems a potential strategy. The findings 
of  this review indicate that children’s physical 
 activity remained low and did not approach the 
180  min/day criterion. A large, systematic review 
on  school‐based interventions included 32 studies 
involving over 55,000 participants [29]. Studies 
involving  primary schools – unlike those involving 
high schools – reported significantly increased phys-
ical activity. Similar to Mehtälä et  al.’s review on 
preschool studies, the interventions with the largest 
effects were comprehensive programmes that tar-
geted nutrition and physical activity together [28]. 
Moreover, successful studies regularly monitored 
behaviour, modified the environment, included par-
ents, used theoretical approaches to behaviour 
change and were at least 1 year in duration. Using 
the Cochrane methodology, Dobbins et  al. [30] 
reported that children and adolescents exposed to an 
intervention spent (1) more time in moderate to vig-
orous physical activity (5–45 min more); (2) less 
time watching TV (5–60 min less per day); and (3) 
improved their aerobic fitness (from 1.6 to 3.7 ml/kg 
per min).

Stratton et al. have reported that physical activity 
during recess/playtime is low, and that overweight 
children were the least active during this time [31]. 
There have been a number of interventions that have 
investigated the effects of changing school recess/
playtime on physical activity, particularly as children 
participate in school breaks for up to 600 times per 
year [31]. In a review of such interventions, Ickes 
et al. reported that 95% of studies demonstrated posi-
tive outcomes [32]. Further, most of these interven-
tions were low cost, and included added equipment/
materials, markings, zones, teacher involvement, 
active video games, activity of the week and activity 
cards (Figures 7.2.2 and 7.2.3).

The after‐school period is a prime time for physi-
cal activity promotion. Many busy families utilise 
school programmes. Branscum and Sharma 
reviewed the effects of 20 interventions that included 
physical activity, diet or both [33]. These resulted in 
modest changes in behaviours and behavioural ante-
cedents, but did not reduce indicators of obesity.

School‐based interventions are generally reported 
to be the most effective in changing sedentary 
behaviour, physical activity and diet, although the 
long‐term maintenance of these effects is question-
able [34].

Individual

Sedentary time, inter‐individual interventions: In a 
review of 10 systematic reviews of sedentary behav-
iour interventions, Biddle et al. reported a small but 
significant reduction in sedentary time effects, 
greater in children younger than 6 years [35]. 
Effective strategies included the involvement of 
family, behavioural interventions and electronic 
TV‐monitoring devices. Meta‐analyses of interven-
tions aiming to reduce sedentary time reported a 
significant decrease in BMI of 0.81 kg/m2 [18]. In 
an additional meta‐analysis, van Grieken et al. cal-
culated that a post‐intervention reduction of 17.95 
min/day in sedentary time resulted in a reduction in 
BMI of 0.25 kg/m2[36]. No differences were found 
between single and multiple health behaviour inter-
ventions. Research into sedentary time is relatively 
new, and more analysis is required on interventions 
that target different types of sedentary behaviours or 
use specific behaviour change techniques in a vari-
ety of settings.

Parents, intra‐individual interventions: General 
parenting skills and those specific to lifestyle behav-
iour seem to be effective in weight control interven-
tions. In a review of 24 studies investigating the 
intensity of parental involvement in childhood obe-
sity, medium‐ and high‐intensity parental involve-
ment were identified most frequently as being related 
to weight loss in intervention studies. However, in 
prevention studies, low‐intensity parental involve-
ment was identified most frequently. In summary the 
review concluded that the intensity of parental 
involvement and behaviour change techniques were 
key for effective long‐term interventions for weight 
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Figure 7.2.2 The Zonepark playground template.
The Zonepark template illustrating red (high activity/sports), blue (individual activity) and yellow (chill‐out) zones.
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control in childhood [37]. Niemeier and colleagues 
further reviewed 42 interventions that included 
parental involvement in nutrition education, physical 
activity education, physical activity sessions, behav-
iour education, behaviour therapy or a combination 
of these [38]. Significant differences existed among 
the levels of parent participation. In addition, inter-
vention duration positively predicted intervention 
effectiveness, and the combination of parent partici-
pation and intervention duration significantly pre-
dicted intervention effectiveness. In summary, 
intra‐individual interventions developed using 
behaviour change approaches that actively include 
parents are effective at reducing weight in children 
and youth. Furthermore, interventions of greater 
duration that involve parents are more successful.

Behaviour change interventions

In Martin et al.’s review, six behaviour change tech-
niques were found to be effective components of 
weight management programmes and interventions 
[39]: (1) provision of information to individuals on 
the consequences of their behaviour, (2) environ-
mental restructuring, (3) prompt practice, (4) 
prompt identification as role model/position advo-
cate, (5) stress management/emotional control train-
ing and (6) general communication skills training. 
On the other hand, in weight management trials, 
providing information on the consequences of 
behaviour in general was a feature of non‐effective 
interventions. In prevention trials, general informa-
tion on the consequences of behaviour, such as 
rewarding successful behaviour and facilitating 
social comparison, was non‐effective. A combina-
tion of effective behaviour change techniques iden-
tified in the prevention and management of 
childhood obesity should be a topic for further 
research [39]. Importantly, a staged approach to 
weight management for children with severe obesity 
has been recommended [40]. Rapid weight loss 
should not be pursued, because of sequential impli-
cations for healthy growth and pubertal develop-
ment and the risk of inducing eating disorders.

There is also a developing literature about the 
health economics of inactivity and obesity in chil-
dren. A report highlighted that physical inactivity in 
11–25‐year‐olds will cost the UK economy £53 bil-
lion over their lifetimes, with the lowest‐income 

households most likely to have the least active chil-
dren. Indeed, figures suggest, that for every 11–15‐
year‐old who becomes active, there is a potential 
cost‐saving of £19,000 over his or her lifetime. On 
the other hand, the economic burden of childhood 
obesity is largely unknown [41]. Preventive and 
management interventions with acceptable health 
economics do exist, although locating the most cost‐
effective timing of preventive interventions during 
infancy and adolescence is a challenge. Data report-
ing their effects over longer periods are as yet una-
vailable. Physical activity programmes used to 
prevent obesity generate a range of cost‐effective-
ness ratios  –  in particular, the cost of the time 
required to exercise. However, there is a dearth of 
robust research in this area, and more competent 
simulation models are required to compare the cost‐
effectiveness of programmes used to prevent weight 
gain/obesity in youth [42].

7.2.5 Summary box

Key points

• Most children and adolescents are insufficiently 
active and spend too much time in sedentary 
behaviours.

• Insufficient levels of physical activity and chang-
es in dietary behaviour have contributed to an 
upward trend in unhealthy weight in children.

• There are no specific physical activity recom-
mendations for obese children, although experts 
suggest that children should build up to becom-
ing sufficiently active.

• The social and physical environment, including 
the influence of technology using a virtual 
world, combine to impact on healthy weight 
development.

• Weight changes are affected by growth and de-
velopment factors independent of food intake 
and exercise, particularly during adolescence.

• There is growing evidence that interventions are 
effective and cost‐effective.

• The dose–response of physical activity and sed-
entary behaviour on healthy weight during the 
growing years is not fully understood.

• The long‐term effects of behaviour change and 
obesity prevention and intervention programmes 
on healthy weight are largely unknown.
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Designing public health initiatives 
for the prevention of obesity

Chapter 7.3

Prevention and management of obesity is a priority, 
at both the strategic and policy levels, and in terms of 
practical delivery [1]. Due to the multifactorial 
nature of the causes of weight gain [2], designing 
and developing successful interventions present a 
challenge for public health practitioners. ‘One size’ 
does not fit all! Just as there are many elements in the 
development of the obesity system, there will be 
many potential routes towards one or more solu-
tions. Only a long‐term, broad and diversified 
approach will stem the rising prevalence of obesity. 
Intervention in just one area may lead to compensa-
tory changes elsewhere, with unintended conse-
quences, due to the complex interdependencies of 
the system. It is vital, therefore, to obtain accurate 
and comprehensive evidence of what works in which 
populations. This chapter will cover key elements 
that should be considered when designing obesity‐
related initiatives. These points should be considered 
by both researchers and obesity service commission-
ers. These design elements are the theory base, 
behavioural techniques, population characteristics, 
the scale/level of the intervention, outcome assess-
ment, evaluation and the political/policy arena.

7.3.1 Theory and practice base 
for obesity‐related public 
health initiatives

The design of a successful intervention requires a 
suitable and tested theory base, whether that is for 

interventions at the individual, local or national 
scale. This should be combined with the best avail-
able practical evidence of which intervention ele-
ments work. At the national level, the Foresight 
report [2] created a system map for obesity with 
seven key themes: physiology, individual activity, 
physical environment, food consumption, food 
 production, individual psychology and social psy-
chology. Each of these themes is interlinked, and 
may suggest areas that are ripe for intervention. 
Systematic reviews of interventions can identify key 
practical components for successful intervention 
design. A systematic review of controlled studies of 
childhood obesity prevention interventions found a 
broad range of promising intervention components 
[3]. These included targeting the school curriculum, 
increased physical activity sessions, improvements 
in school food and school environment, and support 
for teachers and parents. Interventions are not 
always explicitly described in publications, making 
it a challenge to base new initiatives on interventions 
that have been shown to work in other contexts [4].

There are many psychological theories that have 
been developed to support aspects of individual 
behaviour change through explaining concepts of 
behaviour initiation and maintenance. For example, 
the transtheoretical model of change (TTM) [5,6] 
highlights how different factors may be important in 
attempts to initially lose weight and then maintain 
the weight loss. Decisions regarding the initiation of 
a new behaviour depend on perceived future bene-
fits, whereas maintaining a behaviour depends on 
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current satisfaction with the behaviour [7]. Other 
useful models in psychology include the health 
belief model (HBM), protection motivation theory 
(PMT), social cognitive theory (SCT) and the 
 theory of planned behaviour (TPB) [8]. Interventions 
that are grounded in a theory base tend to be more 
successful than those not based on theory [9]. 
Development of interventions using multidiscipli-
nary teams will facilitate appropriate translation of 
the background theory into practice.

Behavioural change techniques

Influences on behaviour can be classified according 
to genetics, individual thoughts, physical environ-
ment, social interaction, group interaction and the 
macrosocial environment [10]. Some actions are 
deliberate or consciously planned, whereas others 
are more automatic. The latter have been the focus 
of recent ‘nudges’, such as putting fruits at eye level 
in the refrigerator. The design of public health ini-
tiatives should consider the degree to which the 

intervention will have an impact on the individual, 
either consciously or unconsciously. A taxonomy of 
different types of interventions has been developed 
by the Science and Technology Committee, a select 
committee of the House of Lords in the UK 
Parliament [10]. This has been adapted for public 
health behaviour change interventions related to 
obesity (Table  7.3.1). Non‐regulatory approaches 
to  intervention relating to obesity are currently 
being emphasised politically, since there is less 
direct imposition on individuals and reduced burden 
on business. Social marketing principles are being 
used in the Change4Life programme in the UK. 
Commercial marketing techniques are used to 
 promote behaviour change  –  for example, through 
product placement  –  and may be a useful tool in 
addition to regulation, education and the provision of 
real and appropriate choice. However, it is not clear 
whether this type of ‘nudging’ will work in practice, 
and a thorough evaluation of these techniques is 
required [11]. In addition, these approaches present 
some ethical considerations. The acceptability of an 

Based on Table 1 reference [10]

Table 7.3.1 Taxonomy of different types of public health behaviour change interventions

Intervention category Examples of policy interventions

Regulation Eliminate choice Prohibiting goods or services (e.g. banning trans fats)
Restrict choice Restricting options available to individuals (e.g. only fruits 

during break at schools)
Fiscal measures Disincentives Fiscal policies to make behaviour costlier (e.g. taxation of 

high‐fat foods)
Incentives Fiscal policies to make behaviour financially beneficial 

(e.g. tax breaks on fruit and vegetables)
Non‐fiscal Incentives and 

disincentives
Policies that reward or penalise behaviour (e.g. free bicycles 
for travel to work)

Persuasion Persuading individuals using arguments (e.g. counselling 
services or marketing campaigns)

Choice architecture 
including ‘nudges’

Provision of 
information

Providing information (e.g. using leaflets, websites, front‐of‐
pack nutrition labelling, energy information on food menus)

Changes to physical 
environment

Altering environments (e.g. removing confectionery from 
checkout aisles, and restricting advertising of foods high in 
fat, salt and sugar)

Changes to default 
situation

Changing default options (e.g. providing salad as a default 
side dish)

Use of social norms 
and salience

Providing information about what others are doing (e.g. 
information about own energy intake as compared to similar 
others)
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intervention may depend on how intrusive it is in an 
individual’s life. Moreover, ‘nudges’ that enable and 
encourage choice by affecting non‐deliberative pro-
cesses also involve ethical issues, since people are 
not obviously aware that their behaviour is being 
changed.

7.3.2 Population

Consideration of the population who will be the 
focus of the initiative is important, owing to the dif-
ferent influences on the causation of obesity and the 
different needs relating to treatment. Specific popu-
lation characteristics that may have an influence on 
the delivery and success of an intervention include 
age, gender, ethnicity, other associated morbidity, 
income/deprivation level and area of residence.

There are a number of points in the life course 
that may provide specific opportunities to influence 
behaviour. For example, preschool‐age children 
may develop rebound adiposity [12], and interven-
tions targeting parents of young children may help 
to reduce this effect. Women are more likely to 
take part in group‐based weight management pro-
grammes than men [13]. The ability of common 
genetic variants to discriminate between obese and 
non‐obese is too weak for clinical utility. Lifestyle 
factors were found to be more important [14]. The 
obesogenic environment may vary at a local level. 
Childhood obesity in an affluent ward was strongly 
associated with perceived neighbourhood safety 
and fruit and vegetable consumption. In a deprived 
ward, obesity was associated with expenditure on 
food, school meal purchase and multiple TV owner-
ship. In all wards, perceived access to supermarkets 
and leisure facilities was associated with childhood 
obesity. This suggests that different interventions 
may be more appropriate in different areas [15].

A UK government policy paper titled Healthy 
Lives, Healthy People: A Call to Action on Obesity 
in England [16] has identified the empowerment of 
individuals to be a key component of the approach 
to reduce obesity levels. Elements of interventions 
to achieve this could include provision of guidance 
and information; encouragement (e.g. through 
Change4Life); and tailored support on weight man-
agement. At the individual level, interventions 

should include self‐monitoring and at least one 
other self‐regulatory technique, such as goal‐setting 
or feedback. Motivational interviewing is a tech-
nique that has been used with success [17]. A 
 systematic review of potential mediators of 
energy‐balance‐related behaviour found limited 
high‐quality research. However, self‐efficacy and 
intention may be useful mediators of physical activ-
ity; there was also some indication that attitude, 
knowledge and habit strength were mediators of 
dietary behaviour intentions [18].

7.3.3 Intervention level

Initiatives to tackle obesity can be delivered at either 
the individual level or the population level. Public 
health initiatives are likely to incorporate both ele-
ments for a comprehensive strategy.

At the individual level, there is a range of existing 
commercial or primary‐care‐led weight reduction 
programmes. Results of a randomised controlled 
trial of six different weight management pro-
grammes found that commercially available 
approaches were more cost‐effective and cheaper 
than primary‐care‐based services led by specialist 
staff [13]. Less is known about the successful design 
of population‐based approaches. In a political cli-
mate where non‐regulatory interventions are 
favoured, there is a role for national and local gov-
ernments to encourage stakeholders to play a bigger 
part in developing healthier options. The call for vol-
untary initiatives on the part of the food and drink 
industry to reduce the national energy intake by 
5 billion kcal/day has been criticised as being inad-
equate [19]. Others, however, point to the increase 
in reformulation of foods to be lower in energy, and 
that these businesses reach those groups of the pop-
ulation who may be particularly difficult to reach 
with conventional health messages [20]. Other 
nations, such as Denmark, have taken the bold stand 
of taxing foods that are high in fat. However, this 
tax was removed less than a year later (November 
2012), owing to criticism that food prices had been 
inflated and jobs put at risk. Furthermore, the UK 
has agreed to introduce a sugar tax from 2018 that 
will comprise a taxable levy calculated according 
to the sugar content of soft drinks.
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7.3.4 Evaluation

Before embarking upon a full‐scale delivery or trial 
of an intervention, a feasibility study is vital. This 
explores, among other things, the acceptability, 
response, compliance and potential effect size of the 
intervention [21]. Public health initiatives related to 
obesity are, by their nature, complex interventions, 
and these require specific considerations in terms of 
evaluation. Following a systematic development of 
the intervention using the best available evidence 
and appropriate theory, this should be tested with 
pilot studies and, finally, with a full evaluation. 
There are many study designs that could be appro-
priate, but randomisation should always be consid-
ered, since it is the most robust method of preventing 
selection bias [21]. Unfortunately, evaluation of 
obesity interventions is often given second place to 
‘doing something’, and many programmes have 
been commissioned without any adequate evidence 
of their likely success. Change4Life is an example. 
Evaluation after the first year focussed on project 
reach and brand awareness, rather than on providing 
evidence of behavioural change. However, recent 
evaluations suggest increased swapping to lower‐fat 
dairy products and lower‐sugar drinks and reduc-
tions in sugary cereal consumption in the short term. 
Longer‐term evaluations on the impact on body 
weight and obesity are required.

7.3.5 Outcomes

The outcomes expected from an obesity‐related 
intervention needs to be considered at the start of 
the programme. Different outcomes will be required 
for obesity prevention as compared to treatment. 
Studies evaluating complex interventions must state 
a primary outcome. There is usually a single pri-
mary outcome – it may be BMI, change in BMI or 
change in body weight. Only one of these should be 
chosen as the primary outcome, and the study 
should be powered to detect this change. The suc-
cess or otherwise of the intervention will be meas-
ured against this primary outcome. Secondary 
outcomes can also be explored, such as change in 
diet or physical activity. However, these secondary 
outcomes should not be taken as measures of 

 success of the intervention if the primary outcome 
(e.g. weight change) was not effective. Process 
measures are also important to help explain findings 
related to the primary outcome [21] – for example, 
if a school‐based intervention did not increase chil-
dren’s fruit and vegetable intake, this would be the 
result of poor implementation of the intervention 
by  school staff [22]. This reflects the need for a 
 thorough  process evaluation to understand the 
impact of interventions, and to find what aspects 
are/are not effective.

Conclusions from systematic reviews of interven-
tions to prevent weight gain have suggested that 
effectiveness might be more precisely demonstrated 
if study designs were improved – with more objec-
tive measures of physical activity and diet; more 
process‐based outcomes; and longer follow‐up peri-
ods [3,4,23]. Future intervention studies should 
report long‐term post‐intervention measures. 
Retention of knowledge, diet or physical activity 
patterns with long‐term follow‐up is unknown [23].

7.3.6 Political/policy arena

The design of public health initiatives must also 
consider the political context of the day. Otherwise, 
however brilliant the initiative, it will not be widely 
disseminated if it is out of line with the current polit-
ical agenda. Initiatives should take account of the 
wider policy arena, such as policies relating to cli-
mate change or health inequalities, through engage-
ment with key stakeholders [2].

7.3.7 Conclusion

Public health initiatives to tackle obesity must be 
many and varied to challenge the complex systems 
driving the upward trend. A number of key factors 
have been discussed that need to be considered 
when designing obesity‐related initiatives. A good 
starting point is to learn from existing research that 
has been summarised in systematic reviews. These 
can point to the appropriate theory base and practi-
cal elements for success. Complex interventions 
will require input from a range of disciplines, 
including epidemiology, psychology, public health, 
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environmental planning and others. Intervention 
design should include understanding how the inter-
vention will result in behaviour change through 
 conscious or unconscious actions. Tailoring of the 
initiative to the population is required, and may 
depend on a range of social, environmental and 
lifestyle factors. Fundamental to all initiatives will 
be an appropriate evidence base to demonstrate 
effectiveness. This can only be achieved through 
robust development, feasibility testing and trials. 
Evaluation including process measures will help 
understand what does or does not work. This should 
be built into any initiative to avoid wasting resources 
on ineffective programmes.

7.3.8 Summary box
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