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 Preface      

 Overweight and obesity are diseases of modern society  –  indeed, 
the associated morbidities could be considered the doctor ’ s 
dilemma for the 21st century. Since the fi rst edition of  Clinical 
Obesity  in 1998, the prevalence of overweight and obese young 
people has continued to rise dramatically worldwide; the recent 
Foresight report in England predicts that approximately 70% of 
girls and 55% of boys will be overweight or obese by 2050 unless 
effective action is taken. 

  Clinical Obesity  was conceived to address the need for a text-
book that emphasized obesity as a disease entity by reviewing the 
more clinical and practical aspects of the condition as well as its 
scientifi c basis. The third edition follows the original objectives 
and expands them to include the impact on children and young 
people and the societal and environmental infl uences that are 
 “ fueling ”  the epidemic. There is also a greater focus on the pre-
vention agenda. The book is aimed at a wide readership that 
includes clinicians, postgraduate and undergraduate medical stu-
dents, and students of disciplines allied to medicine. This edition 
should also prove valuable to social scientists who are interested 
in factors, other than scientifi c, that are contributing to over-
weight and obesity across the globe. 

 The fi rst two sections of the book include chapters on epide-
miology, social consequences, biologic and genetic mechanisms 

and energy balance. The following section describes the disease 
consequences of obesity that unfortunately may be overlooked by 
many busy clinicians. The chapters on the management of over-
weight and obesity include the latest approaches to treatment 
and, importantly, maintenance of weight loss. The potential for 
pharmacotherapy is examined and the success of bariatric surgery 
for selected obese patients detailed. The fi nal section fl ags the 
importance of modern society both in contributing to and in 
preventing obesity  –  the chapters highlight the importance of 
health and social policies that focus primarily on factors contrib-
uting to our sedentary existence and unhealthy eating. 

 We are indebted to Mike Stock who was the inspiration for the 
fi rst edition. We suspect that Mike, if he had lived, would have 
been intrigued by the many advances in our scientifi c knowledge 
but shocked by the spiraling frequency of health and social prob-
lems as a consequence of obesity. We dedicate the third edition 
of  Clinical Obesity  to his memory. 

   P. G. Kopelman, I. D. Caterson  &  W. H. Dietz 
  London, Sydney and Atlanta  
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1  Epidemiology: Defi nition and Classifi cation 
of Obesity  

  Tommy L.S.   Visscher, 1 – 4      Marieke B.   Snijder 2,3    and   Jacob C.   Seidell 1 – 4   
   1    Research Centre for Overweight Prevention, VU University/Windesheim Applied University, Zwolle, The Netherlands  
   2    Institute for Health Sciences, VU University, Amsterdam, The Netherlands  
   3    EMGO - Institute, VU Medical Centre, Amsterdam, The Netherlands  
   4    Taskforce Prevention and Public Health, European Association for the Study of Obesity, London, UK       

Clinical Obesity in Adults and Children, 3rd edition. Edited by Peter G. 

Kopelman, Ian D. Caterson and William H. Dietz. 

© 2010 Blackwell Publishing, ISBN: 978-1-4051-8226-3.

   Introduction 

 The defi nition of obesity is a critical element in a book on the 
clinical aspects of obesity. Some may say that obesity is the equiv-
alent of having  “ an excess of body fat. ”  Others will argue that it 
is not the total fat mass that affects obesity and related health 
risks, but more an  “ excess of fat at certain locations. ”  Clinicians 
benefi t from clear defi nitions in protocols and clinical guidelines 
when identifying subjects who are candidates for treatment. 
Policy makers and researchers benefi t from clear defi nitions when 
comparing subgroups between cities, countries or regions and 
when comparing obesity rates over time. 

 It is now clear that obesity has an important impact on the 
public (Fig.  1.1 )  [1,2] . Obesity - related healthcare costs are esti-
mated at 1 – 10% of total healthcare costs, depending on obesity 
rates  [3 – 6] . Obesity may have an even larger impact on indirect 
healthcare costs  [7] . Sick leave - related productivity loss attribut-
able to obesity has been estimated at around 10% in a Swedish 
study, when the obesity prevalence was less than 10%  [8] . Further, 
obesity has a large societal impact. Obese subjects more often 
have social and physical disabilities and have therefore, on 
average, a lower quality of life  [9] . Although obese subjects have 
a reduced life expectancy, they also have an increased number of 
unhealthy life - years  [10] .   

  Percentage of  b ody  f at  v ersus  l ocation of  e xcess  f at 
 Since the pioneering work of Jean Vague in the 1940s it has slowly 
become accepted that different body morphology or types of 
fat distribution are independently related to the health risks 

associated with obesity  [11] . Starting with Vague ’ s brachiofemo-
ral adipomuscular ratio as an index of fat distribution (which was 
based on ratios of skinfolds and circumferences of the arms and 
thighs), more recent indices were designed specifi cally to predict 
intra - abdominal fat. The most popular among all measures is the 
waist/hip circumference ratio (WHR). However, the simplest of 
these measures is the waist circumference, which appears to 
predict intra - abdominal fat at least as accurately as the waist/hip 
ratio  [12]  and to predict levels of cardiovascular risk factors and 
disease as well as Body Mass Index (BMI) and waist/hip ratio 
 [13] . It has also been suggested that waist circumference could 
replace classifi cations based on BMI and the waist/hip circumfer-
ence ratio  [14] . More complex measures, such as the sagittal 
abdominal diameter, the ratio of waist/thigh circumference, the 
ratio of waist/height or the conicity index, may perform even 
better than waist circumference for one or more of these pur-
poses. However, the differences among these measures are small 
and the use of ratios may complicate the interpretation of associa-
tions with disease and their consequences for public health 
measures.  

  Outline of this  c hapter 
 This chapter describes the literature regarding obesity measure-
ments and clinical defi nitions of obesity. Specifi cally, the chapter 
describes: 
   •      how to measure storage of body fat. This part will describe 
whether and how to measure the total fat mass or fat distribution  
   •      how to defi ne excess body fat. Cut - off points for different meas-
ures will be presented  
   •      measured versus reported obesity status. It will be elucidated 
whether obesity measures should be measured by clinicians and 
researchers, and whether self - reported obesity measures can be 
used without correction factors  
   •      obesity in clinical practice. This section will address the meas-
urement of obesity status as an indicator of behavior and disease, 
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and disability and mortality risk. Subgroups will be specifi ed that 
require increased attention to assess obesity status.      

  How to  m easure  s torage of  b ody  f at 

 Numerous techniques are available for the measurement of 
 “ stored body fat ”  (Table  1.1 ). Sophisticated, precise measure-
ments are often time - consuming and expensive and require 
trained personnel, and are therefore unlikely to be adopted at a 
large scale in clinical or monitoring settings. Examples of reliable 
techniques to obtain accurate measures of total body fat are 
underwater weighing (densitometry), dual - energy X - ray absorp-
tiometry (DXA), and dilution techniques. Imaging techniques 
such as computed tomography (CT), and magnetic resonance 
imaging (MRI) are less useful to measure total body fat storage, 
but CT and MRI are highly accurate in defi ning local fat storage, 
and thus fat distribution. Bio - impedance analysis techniques are 
becoming widely available commercially, but they are of moder-
ate use in estimating total body fat and cannot be used to estimate 
fat distribution.   

  Anthropometric  m easures 
 Although percentage body fat is best measured by underwater 
weighing or DXA, more feasible techniques are needed in 
clinical and monitoring settings. Anthropometric measures are 
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 Figure 1.1     The public health impact of obesity. 
 (Figure derived from Visscher and Seidell  [1] .)  

 Table 1.1     Ability of different body fat measurements to estimate body fat and 
body fat distribution 

   Methods     Ability to 
measure total 
body fat  

   Ability to 
measure fat 
distribution  

   Applicability in 
large population 
studies  

  CT    Moderate    Very high    Low  
  MRI    High    Very high    Low  
  DXA    Very high    High    Moderate  
  Densitometry    Very high    Very low    Low  
  Dilution techniques    High    Very low    Moderate  
  BIA    Moderate    Very low    High  

   CT, computed tomography; MRI, magnetic resonance imaging; DXA, dual - energy 
X - ray absorptiometry; BIA, bio - electrical impedance analysis.    Table adapted from 
Snijder et al.  [89] . 

performed relatively easy and quickly, and are cheap and reliable, 
especially with trained personnel. One could argue whether the 
ideal anthropometric measure refl ects total body mass or body 
fat distribution perfectly, but above all, the ideal anthropometric 
measurement should distinguish those at high risk of disability, 
morbidity or mortality. 

 The BMI is the measure most often used in children and adults. 
Numerically, waist/hip ratio is second, although it is now clear 
that interpreting waist circumference and hip circumference 
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separately is more informative. Other measures include the sagit-
tal abdominal diameter (waist depth) and the measurement of 
skinfold thickness.  

  Body  M ass  I ndex 
 The BMI is calculated as body weight (kg) divided by the square 
of body height (m). Body weight and height are measured with 
the participant standing without shoes and heavy outer garments. 
For the height measurement, participants are asked to push heels 
softly to the wall or the back of the stadiometer. Because some 
authors subtract 1 or 1.5   kg for light clothing, the basis for the 
measurement and calculation should be explicit. In practice, 
inclusion of patients for treatment programs may differ. 

 Because differences in weight between individuals are only 
partly due to variations in body fat, many people object to the 
use of weight or indices based on height and weight (such as the 
BMI) to discriminate between overweight and normal - weight 
people. There are always examples which illustrate its limitations, 
such as identical BMIs in a young male body builder and a mid-
dle - aged obese woman. However, despite these obvious extremes, 
BMI correlates well with the percentage of body fat in large popu-
lations. Deurenberg established that one can quite accurately 
estimate the body fat percentage in adults with the following 
equation:

   Body fat percent BMI age gender= ( )+ ( )− ( )−1 2 0 23 10 8 5 4. . . .
  

 About 80% of the variation in body fat between Dutch individu-
als could be explained by this formula  [15] . The standard error 
of estimate was about 4%. In this equation the value for gender 
is 1 for men and 0 for women. It follows from this equation 
that for a given height and weight, the body fat percentage is 
about 10% higher in women compared to men. In addition, 
people get fatter when they get older even when their body 
weights are stable because of the loss of lean body mass with age. 
The good correlation between BMI and fat percentage implies 
that in populations, BMI can be used to classify people in terms 
of excess body fat. In practice, people or populations are usually 
not classifi ed on the basis of the body fat percentage but on the 
basis of their BMI. 

 Body Mass Index is probably linearly related to increased mor-
tality in men and women. In many studies a U -  or J - shaped 
association between BMI and mortality was observed  [16]  but 
some recent large studies have suggested that much of the 
increased mortality at low BMI is due to smoking and smoking -
 related disease as well as other clinical disorders causing weight 
loss  [17 – 20] . It is clear that the U - shaped curve disappears after 
exclusion of women who were ill, had unstable weights or died 
early. The absolute mortality rates in women who were nonsmok-
ers and had stable weights were much lower than the mortality 
rates in the total group. Allison et al explained the U - shaped BMI 
relation by the increased mortality associated with increased fat 
mass and the decreased mortality associated with increased lean 
mass  [21] . 

 Most epidemiologic studies of anthropometric measures as 
risk predictors relate values of BMI to the risk of early mortality. 
In adults, BMI predicts increased mortality, morbidity and dis-
ability, but the relationships between BMI and morbidity and 
disability are stronger than the relationship between BMI and 
mortality  [1] .  

  Skinfolds 
 In 1951, Bro ž ek and Keys used skinfold thickness to estimate 
body fatness  [22] . Although the skinfold measures the thickness 
of skin and subcutaneous fat, skinfold thickness also correlates 
with storage of visceral fat. The subscapular, triceps, biceps, and 
suprailiac skinfolds are used in the Durnin and Wormersley 
formula  [23]  and Siri ’ s equation to calculate percentage body fat 
 [24] . Calculators based on skinfolds for percentage body fat are 
found on the internet ( www.bblex.de/en/calc/dw4folds.php ). As 
suggested by Peterson, these calculations often underestimate the 
storage of body fat  [25] . Although measurement of skinfolds may 
be useful in clinical studies and evaluation research, skinfold 
measures are not used in clinical guidelines and protocols to 
identify subjects with excess body fat. 

 Arguments against the use of skinfold measures in clinical or 
evaluation studies include the lack of reliability, and potential 
harm or inconvenience for participants. The use of skinfold 
measures in large population studies has shown that measuring 
skinfold thickness is feasible. A large subscapular skinfold pre-
dicted coronary heart disease in men independently of BMI and 
other cardiovascular risk factors  [26] . The association between 
skinfolds and indicators of metabolic risk has been confi rmed, 
but correlations of waist circumference with risk factors were 
either similar or stronger compared with those of the subscapular 
skinfold  [27,28] . More research on the use of skinfold measures 
in clinical practice is warranted.  

  Waist  c ircumference 
 Different scientifi c studies have measured the waist circumfer-
ence at different sites. The original suggestions of cut - off points 
of 88   cm and 102   cm for women and men, respectively, were 
based on measurements of the waist circumference measured 
midway between the lower rib margin and the iliac crest with 
participants in standing position, without heavy outer garments 
and with emptied pockets, breathing out gently  [14] . Without 
scientifi c rationale, other studies measured waist circumference 
as the minimal waist or at the umbilicus. An expert panel 
concluded that the location of the measurement does not affect 
the relationship between waist circumference and morbidity 
and mortality  [29] . However, it is obvious that more at - risk indi-
viduals will be included for treatment when measurement is 
based on  “ maximum circumference ”  than when based on meas-
urement at  “ umbilicus level ”  or  “ midway between iliac crest and 
lower rib. ”  

 Because defi nitions of large waist circumference promoted by 
the WHO  [30]  and NIH  [31]  are based on waist circumference 
measured midway between iliac crest and lower rib, this 
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measurement seems the best option until scientifi c evidence 
proves otherwise. For research purposes it may well be valid and 
useful to use different sites. Enabling comparisons with other 
studies is a valid reason to choose one option. At the very 
least, authors should describe their measurement carefully and 
explain whether different measures could have lead to different 
conclusions. 

 The association of waist circumference with visceral fat storage 
is comparable to the abdominal sagittal diameter, which preceded 
the waist circumference as indicator of intra - abdominal fat 
storage. The sagittal abdominal diameter has a good correlation 
with insulin resistance, hypertension, type 2 diabetes mellitus, 
and dyslipidemia, and predicts increased mortality rates. This 
association appears stronger in relatively young adults  [32] . A 
study of Dutch elderly showed no advantage of the sagittal 
abdominal diameter compared with other anthropometric 
measures as a correlate of components of the metabolic 
syndrome  [33] . 

 Han and Lean have explored the value of waist circumference. 
This measure is easy to perform, requires a tape measure only, 
and does not need to be calculated like the BMI  [34] . Further-
more, Han et al showed that the relation between waist circum-
ference and height was  “ not signifi cant enough ”  to take into 
account body height when estimating fat storage  [35] . An impor-
tant advantage of waist circumference compared to BMI is that 
physical activity usually leads to reduction in waist circumfer-
ence, whereas BMI may not decrease after physical activity, due 
to increased muscle mass. Interventions that do not affect BMI 
may prove effective when waist circumference is measured. 
Secular trends in waist circumference also appear stronger than 
the increase in BMI. High levels of waist circumference are associ-
ated with declines in quality of life and increased type 2 diabetes 
mellitus  [9,36,37] . In longitudinal studies, waist circumference 
levels were clearly related to mortality  [38,39] .  

  Hip  c ircumference 
 Hip circumference is most often recorded as the maximum cir-
cumference over the buttocks and has a strong association with 
leg fat mass, as well as leg lean mass. Lissner et al were among 
the fi rst who showed that a small hip circumference predicted 
increased mortality, regardless of whether the waist circumfer-
ence was taken into account  [40] . This association has been rep-
licated by more recent research  [37] . A fair hypothesis is that if 
one has increased fat storage, the risk is lower if fat is stored in 
the hips and buttocks rather than the abdomen.  

  Waist/ h ip  r atio 
 Waist/hip ratio is calculated as the ratio of waist to hip circumfer-
ence. The different options for waist circumference (see above) 
will obviously lead to different values of the calculated waist/hip 
ratio. 

 Waist/hip ratio has been a popular marker for fat distribution 
in the last century. Some authors still present waist/hip ratio, 
because it may indeed be more strongly related to mortality than 

waist circumference. Ratios, however, are hard to interpret  [41] . 
For example, a high waist circumference may be a consequence 
of a large waist circumference or a small hip circumference.  

  New,  p romising  m easures 
 The BOD - POD and three - dimensional imaging techniques are 
expensive but highly feasible measures for large groups. They are 
reliable and provide innovative information. 

 The BOD - POD measures body composition through a sophis-
ticated air displacement plethysmography technique  [42] . The 
BOD - POD exists of two closed chambers. The participant is 
located in one chamber that is connected to a second chamber by 
a diaphragm. This diaphragm oscillates to create exactly the same 
volume perturbations in the two chambers. Software calculates the 
body ’ s volume and density after weight has been measured  [42] . 

 Three - dimensional photography is now widely used in the 
fashion industry to study circumferences. Participants stand still 
for a few seconds and cameras take images from various posi-
tions. Software calculates circumferences of all sites requested by 
the researcher from these images and provides body volume esti-
mates based on various circumferences.. The combination of 
body volume, body mass and lung volume enables the calculation 
of body density and thus percentage body fat. These calculations 
need to be agreed upon between researchers and companies 
delivering the software because these techniques are relatively 
new in obesity research.   

  How to  d efi ne  “  e xcess ”   b ody  f at 

 In adult men with an average weight the percentage body fat is 
in the order of 15 – 20%. In women this percentage is higher 
(about 25 – 30%). Based on percentage body fat, excess fat has 
been defi ned as exceeding 25% in men and 35% in women, 
although these defi nitions are not consensus based  [42 – 45] . 

 As stated before, accurate estimates of percentage body fat or 
amount of fat at certain locations are not feasible and can therefore 
not be used in clinical settings. Anthropometric measures provide 
valid alternatives for the defi nition of  “ excess fat ”  or  “ excess of fat 
at certain locations. ” . Because BMI and waist circumference are 
widely used and appear in guidelines for the prevention and treat-
ment of obesity, this chapter is limited to the presentation of cut -
 off points for BMI and waist circumference. Furthermore, cut - off 
points for BMI and waist circumference have been validated in 
studies comparing subjects with levels below and above cut - off 
points with regard to disease, disability and mortality risk. 

 Cut - off points for measures other than BMI and waist circum-
ference have not been studied with regard to health and mortality 
risk in prospective studies. Waist/hip ratio is the only exception, 
although cut - off points for waist/hip ratios are not consensus 
based. As stated before, waist/hip ratio itself is of limited use, 
due to diffi culties in the interpretation of ratios  [41]  and the 
independent associations of waist and hip circumference with 
disease and mortality risk  [37,40] . 
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  Cut -  o ffs for  BMI  
 Until recently, anthropometry - based defi nitions of excess fat 
were most often based on BMI. Moderate overweight has long 
been classifi ed as BMI between 25 and 29.9   kg/m 2  and obesity as 
BMI  ≥    30   kg/m 2   [30] . These cut - points apply to both men and 
women and to all adult age groups, and are based on the associa-
tions between BMI and mortality risk. Mortality risk is generally 
lowest in individuals with a BMI between 18.5 and 25   kg/m 2   [46] . 
Obesity based on BMI is related to diabetes mellitus and coronary 
heart disease in men and women. In addition, increasing degrees 
of overweight are associated with an increased incidence of oste -
 oarthritis of knees and hips, gallbladder disease, sleep apnea and 
certain types of cancer (breast and endometrial cancer in women, 
colon cancer in men). In Tables  1.2  and  1.3  the relative impact 
of overweight (BMI  ≥    25   kg/m 2 ) and obesity (BMI  ≥    30   kg/m 2 ) is 
calculated for coronary heart disease  [20,47,48]  and diabetes mel-
litus  [49,50] . In these studies performed in Finland, the United 
States and The Netherlands it can be shown that BMI in the range 
of 25 – 30   kg/m 2  is responsible for the major part of the impact of 
overweight on coronary heart disease mortality. If no one in these 
populations had a BMI greater than 25   kg/m 2 , 15 – 30% of all 
deaths of coronary heart disease could theoretically have been 
prevented. It is diffi cult to see the impact of the increased preva-
lence of obesity on coronary heart disease (CHD) mortality 

 Table 1.2     Relative impact of overweight and obesity on coronary heart disease 
mortality in some recent large prospective studies in men and women 

   Authors     Jousilahti 
et al. 
 [47]   

        Willett 
et al. 
 [48]   *    

        Seidell 
et al. 
 [20]   

  Sex    Men    Women    Women    Men    Women  
   n     7740    8373    115,818    23,306    25,540  

  Follow - up (yrs)    15    15    14    12    12  
  Age at baseline 

(yrs)  
  30 – 59    30 – 59    30 – 55    30 – 54    30 – 54  

  % subjects with    58    58    28    40    30  
  BMI  ≥    25   kg/m 2                       

  Relative risk 
BMI  ≥    25  

  1.3    1.5    2.2    1.7    2.3  

  vs  <    25   kg/m 2                       
  PAR (BMI 

 ≥    25   kg/m 2 )  
  15%    22%    25%    20%    28%  

  % subjects with    11    20    11    4    6  
  BMI  ≥    30   kg/m 2                       

  Relative risk 
BMI  ≥    30  

  1.4    1.3    2.6    2.5    2.3  

  vs  <    30   kg/m 2                       
  PAR (BMI 

 ≥    30   kg/m 2 )  
  4%    6%    15%    6%    8%  

    * Fatal and nonfatal coronary heart disease combined.  
  PAR, population attributable risk.     

because CHD mortality rates have been steadily decreasing in 
most rich countries since the 1970s due to improved diagnosis 
and treatment of CHD and its risk factors.   

 The impact of obesity on diabetes mellitus is much greater than 
for coronary heart disease (see Table  1.3 ). If these fi gures are 
correct then about 64% of male and 77% of female cases of type 
2 diabetes mellitus could theoretically have been prevented if no 
person in these cohorts had a BMI over 25   kg/m 2 . It is clear that 
the epidemic of obesity is closely followed by an epidemic of type 
2 diabetes mellitus  [51] . 

 Recent literature has suggested that BMI 25 – 29.9   kg/m 2  was not 
associated with increased mortality risk  [52] . However, there 
were methodologic explanations for not fi nding those relations, 
including inappropriate control for smoking and reverse causa-
tion  [53,54] . More importantly, regardless of the mortality effects, 
BMI levels of  ≥ 25 and  ≥ 30   kg/m 2  are even more strongly related 
to morbidity and disability risks (Fig.  1.2 ). Thus, BMI 25 – 29.9   kg/
m 2  does imply increased risk for individuals and public health 
and even exceeds costs of BMI  ≥ 30   kg/m 2 , at least in The Nether-
lands, due to high prevalence rates of BMI between 25 and 
29.9   kg/m 2   [55] . When morbidity, disability and mortality are 
combined in analyses, both subjects with BMI 25 – 29.9   kg/m 2  and 
subjects with BMI  ≥ 30   kg/m 2  have more unhealthy life - years than 
subjects with BMI 18.5 – 24.9   kg/m 2   [10] .    

  Cut -  o ffs for  w aist  c ircumference 
 Lean et al defi ned action levels for waist circumference, based on 
a sample of 904 men and 1014 women participating in the Scot-
tish MONICA sample. Waist circumference levels of 80   cm in 
women and 94   cm in men (action level 1) were associated with 
BMI of 25   kg/m 2 . Waist circumference levels of 88   cm in women 
and 102   cm in men were in concordance with BMI  ≥    30   kg/m 2  
 [14] . These cut - off points are known as  “ action level 2 ”  and 
identify subjects at increased risk for morbidity, disability, 
and mortality. No suggestions for other action levels are known, 
and although debated  [56] , waist circumference levels of 102   cm 

 Table 1.3     Relative impact of overweight and obesity on diabetes mellitus in 
some recent large prospective studies in men and women 

   Authors     Colditz et al.  [50]      Chan et al.  [49]   
  Sex    Women    Men  
   n     114,281    51,529  

  Follow - up (yrs)    14    5  
  Age at baseline (yrs)    30 – 55    40 – 75  
  % subjects with BMI  ≥    25   kg/m 2     35    50  
  Relative risk BMI  ≥    25vs  <    25   kg/m 2     10.3    4.6  
  PAR (BMI  ≥    25   kg/m 2 )    77%    64%  
  % subjects with BMI  ≥    30   kg/m 2     8    7  
  Relative risk BMI  ≥    30vs  <    30   kg/m 2     10.6    8.3  
  PAR (BMI  ≥    30   kg/m 2 )    44    33  

   PAR, population attributable risk.     
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for men and 88   cm for women have now reached the current 
WHO reports  [30]  and NIH guidelines  [31]  as indicators of 
increased health and mortality risk. 

 Waist circumference provides additional information on 
health and mortality risk independent of BMI. The NIH uses a 
combination of BMI and waist circumference to indicate indi-
viduals ’  health risk (Table  1.4 )  [31] . Note that large waist circum-
ference is depicted as  > 102 and  > 88   cm for men and women, 
respectively, whereas Lean defi ned action level 2 as  ≥ 102 and 
 ≥ 88   cm, respectively  [14] . Surgeons tend to use the terminology 
of super - obesity and super - super obesity for BMI levels of  ≥ 50 
and  ≥ 60   kg/m 2 , respectively.   

 Although the distribution of WHR categories is continuous, 
only dichotomous classifi cations have been proposed. No con-
sensus has been reached regarding alternative cut - off points  [56] . 
There are no commonly accepted cut - off points for high or low 
hip circumference or skinfolds. 

 The literature describes different categories of subjects with a 
different body composition or different body morphology, in 
which different levels of fat storage have a different link to risk of 
morbidity or premature risk. Conclusions that these relationships 
differ are often based on epidemiologic studies of subjects in 
whom BMI and not body fat has been measured. It could thus be 
questioned whether cut - off points that are presented here can be 
used in all individuals.   

  Measured  v ersus  s elf -  r eported  o besity  s tatus 

 When identifying subjects who are candidates for treatment or 
prevention, measured rather than self - reported body weight 
should be used. When selection is based on self - reports a substan-
tial proportion of subjects will be missed for appropriate treat-
ment. Obese adults tend to under - report their body weight. This 
is understandable if patients do not routinely weigh themselves 
because body weight increases by 300 – 500 grams per year  [57] . 

 Four reviews have compared measured and reported body 
weight and height among adults  [58 – 61] , of which the review by 
Gorber et al.  [60]  was the most recent and most comprehensive. 
All concluded that there is a tendency to over - report body height 
and under - report body weight. 

 Large - scale studies that utilize BMI levels are often based on 
self - reported body weight and height. This could lead to under-
estimates of obesity prevalence rates, because adults also tend to 
under - report their body weight, especially the obese, and subjects 
tend to over - report body height. The signifi cance of under -
 reporting has been questioned, and some authors argue that 
mean levels of BMI may be estimated relatively well by use of 
self - reported data. 

 Measured body weight and height are generally most valuable 
when monitoring body weight and obesity prevalence rates, 
but there are alternatives. Measuring body weight and height 
consumes more time and money than self - reported height and 

(RR increases to 18.1 for BMI ≥ 31 kg/m2)
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 Figure 1.2     The relation of BMI to morbidity and 
mortality.  (Figure derived from Visscher and Seidell  [1] . 
Data based on the Nurses ’  Health Study  [19,90 – 92] .)  

 Table 1.4     Classifi cation of overweight and obesity by cut - points of the BMI 
and the waist circumference, and related health risks (type 2 diabetes mellitus 
and cardiovascular diseases)   [31]   

        BMI     Normal waist 
circumference  

   Large waist 
circumference ( > 102   cm 
men,  > 88   cm women)  

  Underweight     < 18.5     –       
  Normal weight  *      18.5 – 24.9     –       
  Overweight    25 – 29.9    Increased    High  
  Obesity I    30 – 34.9    High    Very high  
  Obesity II    35 – 39.9    Very high    Very high  
  Extreme obesity     ≥ 40    Extremely high    Extremely high  

    * Increased waist circumference can also be a marker for increased risk even in 
persons of normal weight.   
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weight. Reporting body weight and height is less time consuming. 
Therefore, people are more likely to participate. 

  Size of  u nder -  r eporting 
 Gorber et al.  [60]  identifi ed 28 studies that provided mean dif-
ferences between both measured and reported body height. Mean 
difference between self - reported and measured body height 
varied between  − 1.3   cm (underestimation) to 5.0   cm (overestima-
tion) among men and between  –  1.7   cm to 5.0   cm among women. 
One study on both men and women exceeded the 5.0   cm differ-
ence. Hill and Roberts found a mean difference of 7.5   cm between 
measured and reported body height  [62] . 

 A total of 14 studies were found by Gorber et al. that presented 
difference in mean body weight when based on measured and 
reported body weight, and 24 studies provided these data for 
either men or women. Body weight was overestimated in all but 
two studies on both men and women; one was a sample of 
anorectics. All but three studies of women showed body weight 
was underestimated (range: 0.1 – 6.5   kg). The largest mean under-
estimation occurred in a study of women with BMIs between 35 
and 40   kg/m 2 . One study of women did not fi nd a difference, and 
one of the two studies showing an overestimation was a study 
of women with BMI  <    20   kg/m 2 . Twenty - four of 27 studies of 
men showed that body weight was underestimated (range: 
0.1 – 3.2   kg). 

 Underestimation of BMI was calculated from those studies that 
included both reported and measured weight and height. In 
studies that combined men and women, underestimates ranged 
from 0.2 to 2.3   kg/m 2 . Fourteen of 16 studies of men showed 
underestimates of BMI, ranging from  − 0.3 to  − 1.1   kg/m 2 . Fifteen 
of 16 studies of women showed underestimates of BMI ranging 
from  − 0.1 to  − 2.4   kg/m 2. . The largest underestimates occurred 
among women with BMI  >    40   kg/m 2 . One study of the general 
Scottish population aged 25 – 64 years showed an overestimation 

by 0.2   kg/m 2  with standard deviations of 1.4 and 1.3   kg/m 2  in men 
and women, respectively  [63] . In the Spanish general population 
aged 15 years and over, BMI was overestimated by 0.5 and 0.9   kg/
m 2  among men and women, respectively  [64] . 

 Under - reports of mean body weight and BMI may be regarded 
as relatively small, and about 97% of men and 95% of women 
report a body weight within 10% of their measured body weight. 
About 80% of men and 77% of women reported a body weight 
within 5% of their measured body weight  [61] . Mean body height 
was 0.5   cm and 0.6   cm higher, and mean BMI was 0.4   kg/m 2  and 
0.6   kg/m 2  lower among men and women respectively, when based 
on self - reported data  [61] . Prevalence rates of overweight and 
obesity, however, were signifi cantly lower when based on reported 
rather than measured body weight and height (Fig.  1.3 )  [61] . The 
prevalence of obesity was 3.0% and 3.3% lower among men and 
women, respectively, when based on self - reported data. As a per-
centage of the measured prevalence, obesity was underestimated 
by 26.1% among men and by 30.0% among women, when based 
on reported data.   

 The variance in difference between measured and reported 
obesity prevalence rates varies between studies, from 0.0% to 
49.6% as a percentage of the true obesity prevalence rate (Fig.  1.4 ) 
 [62 – 71] . In one study, where underestimation of obesity was 
nearly absent, the questionnaire to report body weight was sent 
out 2 weeks before the clinic appointment date  [63] . There was 
no relationship between the reported obesity prevalence rate and 
the size of underestimation.   

 A few studies have presented linear regression equations to 
estimate  “ true ”  obesity prevalence rates from reported body 
weight and height  [63,68,72 – 75] . Some of these estimates 
appeared valid within the sample from which the linear regression 
equation was formulated  [63,68,73] . One study (NHANES II) 
developed linear regression equations from half of the sample to 
test the validity of the equations in the other half of the sample, 
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and concluded that self - reported BMI is diffi cult or impossible to 
correct by the use of such equations  [23] . Furthermore, when 
different correction equations are applied to a single database, a 
large variety of estimations for percentage of obesity is found  [61] . 

 Frequent weighing, at least once per month, reportedly leads 
to more accurate reporting of body weight  [69] . Although self -
 reported body weight and height may not be valid alternatives for 
measuring body weight and height, it seems advisable to ask 
subjects to weigh themselves before they report their body weight 
and height in an interview or questionnaire. Spencer et al. 
hypothesized that an alternative may be to measure a few subjects 
per quantile of the BMI distribution  [68] . 

 Reporting body weight and body height is not a valid alterna-
tive for measuring body weight and height when estimating the 
obesity prevalence in a population or an individual ’ s obesity 
status. Adjusting prevalence rates that are based on reported body 
weight and height does not lead to valid estimates. In addition, 
formulas used to calculate prevalence rates from reported data do 
not lead to valid estimates. Measuring body weight and height is 
costly and time consuming, but valuable efforts for monitoring 
and evaluating prevention and treatment studies do require direct 
measurements of body weight and height. As the most important 
determinant of under - reporting body weight is true body weight, 
we propose that monitoring efforts should include measured 
values of body weight and height once in every 3 – 5 years.   

  Obesity in  c linical  p ractice 

 Clinicians have two good reasons for discussing overweight or 
obesity with their patients. First, as described, obesity is not only 
a major risk factor but also a precursor for chronic diseases, dis-
abilities, and premature mortality. Recent guidelines for the treat-
ment of obesity suggest that body weight be measured and 
discussed only when co - morbidities are present. Second, obesity 
is the result of an overconsumption of energy, reduced activity or 
excess inactivity. Overweight alone is not the only reason for 
discussing nutrition and physical activity patterns, but body 

weight status provides an opportunity to discuss determinants of 
obesity. 

  Determinants of  o besity 
 Diminished physical activity, high - calorie diets and inadequate 
adjustments of energy intakes to the diminished energy require-
ments are likely to be major determinants of weight changes. 
Prentice and Jebb  [76]  have proposed that, on a population 
level, limited physical activity may be more important than 
energy or fat consumption in explaining the time - trends of 
obesity in the UK. Their analyses were based on aspects of physi-
cal activity (such as number of hours spent watching television) 
and household consumption survey data. Although such data 
may be suggestive, they may also be biased. For example, under -
 reporting of fat consumption increases with the degree of over-
weight  [77] . Changes in smoking behavior may also contribute 
to changes in body weight on a population level. Data from the 
United States showed that although smoking cessation could 
explain some of the increase in the prevalence of overweight, 
smoking cessation alone could not account for the major portion 
of the increase  [78] . Other studies have also shown that the 
increase in obesity prevalence may be independent of smoking 
status  [79,80] . 

 Very little is known about the factors that may explain the large 
differences between populations in the distributions of BMI. 
Obviously, overweight in individuals in any population is the 
result of a long - term positive energy balance. The conclusion that 
overweight is attributable to physical inactivity or ingestion of 
large quantities of food is an oversimplifi cation. Several epide-
miologic studies have shown that the following factors are associ-
ated with overweight in the population. 

  Demographic  f actors 
     •      Age:     obesity increases with age at least up until age 50 – 60 years 
in men and women. Figure  1.5    shows the relation between age 
and prevalence of obesity in The Netherlands  [81] .  
   •      Gender:     the prevalence of obesity is generally higher in women 
compared to men especially when older than 50 years of age.  
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   •      Ethnicity:     large variations between ethnic groups are often not 
explained by socio - economic status measured by level of educa-
tion and or income.     

  Sociocultural  f actors 
     •      Educational level and income:     in many industrialized countries 
there is a higher prevalence in those with lower education and/or 
income. Figure  1.6    illustrates the inverse association between the 
level of education and the prevalence of obesity in adults in The 
Netherlands.  
   •      Marital status:     obesity usually increases after marriage.     

  Biologic  f actors 
 It has been claimed that BMI increases with increasing number 
of children but recent evidence suggests that this contribution is, 
on average, likely to be small, less than 1   kg per pregnancy. Many 
study designs confound the changes in weight with aging with 
changes in weight with parity  [82] . 

 Obesity rates are increased in certain categories which deserve 
increased attention, as well as the absolute risks of morbidity, 
disability and mortality. Important subcategories that need 
further attention are men/women, elderly populations, children, 
and disabled persons.  

  Men/ w omen 
 Usually, the same cut - off points are applied to men and women 
and to different age groups. This is done because the relationships 
between BMI and mortality are similar (i.e. the relative mortality 
associated with obesity is similar in men and women). In most 
age groups the absolute mortality among women is much lower. 
The same relative risk and lower absolute risk associated with 
overweight and obesity among women compared to men implies 
that women tolerate body fat better than men. Excess body fat in 
women is usually distributed as subcutaneous fat and mainly 
peripherally (thighs, buttocks, breasts) whereas in men there is a 
relative excess of body fat stored as visceral and subcutaneous 
abdominal fat.  

  Elderly 
 Body Mass Index levels are associated with increased mortality 
risk in the elderly, although relative risks decline with aging 
 [10,83]  and the optimal BMI with lowest mortality risk seems to 
increase with age  [84] . The reasons why older people seem to 
tolerate excess body fat better than younger people are manifold 
and range from selective survival to decreased lipolysis of adipose 
tissue in older people. 

 Although BMI is still the most often used estimate of total body 
fat storage in older adults, there are limitations to its use as a 
single estimate for body fat. Body composition is changing in the 
elderly, muscle mass is decreasing, fat mass is increasing and 
becoming more centralized to the abdominal region. Health 
behaviors in the elderly differ from younger populations; under-
nutrition is more common and physical activity levels decline. 
Some have suggested the use of height measured at a younger age 
to calculate BMI in older adults, but this does not solve the 
problem of changing body composition and sarcopenia  –  losing 
muscle mass. 

 Waist circumference at age 55 has shown a fair association with 
risk factors for cardiovascular diseases and type 2 diabetes mel-
litus in both men and women. In never - smoking men, a large 
waist circumference identifi ed more men with an increased risk 
of mortality than did high BMI. Changes in waist and hip cir-
cumference were better anthropometric predictors of changes in 
body fat storage over a 10 - year period compared with changes in 
skinfold thickness  [85] . High BMI in persons aged 70 – 79 years, 
however, had a stronger association with total body fat than did 
waist circumference.  

  Disabled  p ersons 
 Disabled persons have an increased risk of developing obesity 
 [86] . Some categories of physical disabilities prevent patients 
standing for measurement of body weight, waist and hip circum-
ference or skinfold thickness. It is still unclear whether and which 
correction factors can be used for body height measures that are 
taken in standing and sitting or lying position. Suggestions have 
been made, however, to use knee height as proxy for body height 
in children and adults  [87] . It should be noted that these studies 
have been performed in nondisabled persons and thus may not 
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be necessarily valid for specifi c disability categories. Upper arm 
length, tibial length, and knee height have been suggested as 
proxies for body height in children with disorders such as cerebral 
palsy  [88] .    

  Conclusion 

 All European ministers of public health have now committed 
themselves to appropriate monitoring of overweight and obesity 
levels in children and adults. These efforts will lead to a further 
understanding of the increase in obesity and of measurement 
issues of obesity. Validation studies based on large - scale studies 
using innovative measures such as BOD - POD and three - 
dimensional imaging will lead to a further understanding of the 
value of defi nitions for the identifi cation of individuals with 
 “ excess body fat ”  or at  “ increased risk. ”  Research is especially 
needed in the elderly. 

 Clinicians can play an important role in the identifi cation of 
individuals with overweight or obesity. Although their role will 
be further specifi ed in the near future, measuring obesity status 
is already part of standard procedures when co - morbidities are 
presented or when patients have questions regarding their weight, 
nutrition or physical activities.  
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   Introduction 

 The dramatic rise in overweight and obesity over the past several 
years in both the adult and pediatric populations has sparked 
immense interest in the measurement of body composition. 
Although the immediate consequences of obesity have been more 
extensively studied in adults, longitudinal studies indicate that 
childhood obesity is associated with obesity in adulthood which 
in turn is associated with increased risk of cardiovascular disease, 
type 2 diabetes and other metabolic complications  [1] . These 
observations underline the importance of advancing our knowl-
edge of the connection between excess weight gain and risk of 
obesity - related metabolic disorders. The purpose of this chapter 
is to provide an update on recent advances in body composition 
measurement techniques and to describe how these measures 
relate to the more commonly used anthropometric measures in 
clinical use.  

  Field  m ethods:  b io -  e lectric  i mpedance and 
 d ensitometry 

 Several fi eld methods, including bio - electric impedance and 
hydrodensitometry, are employed to measure body composition. 
Common to these methods in fi eld settings is the use of a two -
 compartment model which is best explained using the formula 
developed by Heymsfi eld and associates  [2] :

   

C P where C  is the unknown component, P  is the
measu

1 A 1 A= ( )f ,
rreable property and  is the mathematical function that

li
f

nnks C  to PA1 .
  

 For example, body density (a measureable property) can be used 
to estimate total body fat (unknown component) using a regres-
sion equation (mathematical function). The ability of the equa-
tion to estimate body fat accurately is determined by: a  “ criterion ”  
or  “ reference ”  method such as whole - body magnetic resonance 
imaging (MRI) being used to measure the component of interest; 
the component of interest being measured in a well - characterized 
group of participants such as premenopausal overweight women; 
and the development of a prediction equation by regression anal-
ysis. Problems occur (e.g. underestimation of body fat) when, 
for example, an equation developed in young adults is utilized 
to predict body fat in the elderly or a poor reference method is 
used to validate the fi eld method (e.g. the given equation). Thus, 
it is critical to understand that the ability of the equation to 
provide accurate estimations is heavily dependent on the above 
criteria being rigorously followed and the equation being applied 
appropriately. 

  Bio -  e lectric  i mpedance  a nalysis 
 Bio - electric impedance analysis (BIA) is a fi eld method used to 
estimate body fat and/or lean mass. BIA is quick and noninvasive, 
making it a popular device. Detailed reviews have been published 
previously  [3,4]  and only a brief review will be provided here. BIA 
applies the principle that fat is a poor conductor of an applied 
current and fat - free tissues are good conductors. Thus, measures 
of electrical conductivity are proportional to total body water and 
fat - free mass and are converted to estimates of body fat and fat -
 free mass using population - specifi c equations. Conductivity is 
also affected by numerous other factors, such as hydration or 
temperature; therefore preassessment guidelines must be fol-
lowed with rigor. Comparisons of BIA to other methods have 
reported inconsistent results. BIA may underestimate or overes-
timate body fat mass in individuals of all ages  [5 – 7] .  

  Hydrodensitometry and  a ir  d isplacement 
 p lethysmography 
 The procedures for hydrodensitometry (HD) and air displace-
ment plethysmography (ADP) estimate body composition from 
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body density  [8]  or volume  [9] . Population - specifi c formulas 
have been derived to calculate percentage body fat using these 
two methods. The validity and accuracy of any equation depend 
on whether assumptions are appropriate for the individual being 
measured. HD has traditionally been considered the  “ gold stand-
ard ”  measurement of body composition and has often been uti-
lized as the criterion method to validate new body composition 
assessment tools. In recent years ADP has become a popular 
alternative, due to its ease of administration. Despite the wide-
spread use and acceptable precision and accuracy of these tech-
niques in most groups, numerous limitations are associated with 
methods of densitometry  [8] . Excellent reviews have previously 
been conducted  [8] . Measurements obtained from HD and ADP 
generally provide information regarding percentage body fat in 
the population studies but rarely describe how this relates to 
health outcomes.   

  Dual -  e nergy  X  -  r ay  a bsorptiometry ( DXA ) 

 Dual - energy X - ray absorptiometry is used to measure total and 
regional body composition, including the estimation of lean soft 
tissue mass, fat - free mass, fat mass and bone mineral content 
 [10] . DXA is associated with low radiation exposure, is relatively 
quick and requires little effort from the participant, making it 
ideal for use in youth  [11] . Body composition is assessed by 
measuring the attenuation of X - rays emitted using pencil -  or - fan -
 beam technology at two energy levels as it traverses the body  [10] . 
Measures of fat and fat - free mass may be affected by scanner type 
(pencil or fan), software used (algorithms), sagittal diameter, 
hydration status, tissue thickness and subject size but measure-
ments are highly repeatable. Measurements of fat - free mass, 
appendicular fat mass and total abdominal fat correlate highly 
with measures of computed tomography (CT) and MRI. However, 
DXA can only assess body composition two - dimensionally. Thus, 
it is unable to differentiate subcutaneous fat from visceral fat  [12] . 
Also, DXA may overestimate percentage body fat in subjects with 
higher percentage body fat and underestimate body fat percent-
age in subjects with lower percentage body fat  [13] .  

  Imaging  t echniques for  a ssessing  b ody 
 c omposition 

 The most accurate measurements currently available for  in vivo  
quantifi cation of body composition at the tissue level are imaging 
methods such as MRI and CT. These noninvasive tools are able 
to measure skeletal muscle, adipose tissue and internal tissues, 
and organs  in vivo  in both adults and youth. These tools are ideal 
in youth, since there are no age - related assumptions  [14] . 
Thus, although these devices are associated with high cost and 
time - consuming analyses, they are used extensively in body com-
position research. In addition, they provide accurate tools for 

which anthropometric measures can be validated as proxy meas-
urements for internal adipose depots. These measures can then 
be applied in clinical settings. 

  Computed  t omography 
 Computed tomography uses X - rays that are attenuated as 
they pass through tissues to construct images of the body. The 
X - ray attenuation, determined primarily by physical density, is 
expressed as a linear attenuation coeffi cient relative to air and 
water ( − 1000 and 0, respectively) known as CT numbers or, more 
commonly, Hounsfi eld units (HU). Cross - sectional CT images 
are composed of picture elements, or pixels, each of which has a 
CT number or HU on a gray scale to refl ect the composition of 
the tissue. The lower the density of the tissue, the lower the HU 
values for the pixels that construct the tissue  [15] .  

  Magnetic  r esonance  i maging 
 Magnetic resonance imaging is based on the interaction between 
hydrogen nuclei (protons) and the magnetic fi elds generated by 
the MRI system ’ s instrumentation to construct cross - sectional 
images  [15] . Since MRI does not use harmful ionizing radiation 
such as CT, it is generally the method of choice for assessing 
whole - body tissue composition. Although MRI data acquisition 
is more time consuming, advances in MRI instrumentation now 
allow for a series of whole - body images to be acquired in less than 
30 minutes  [16] .  

  Image  a nalysis:  q uantifying  t issue  a rea,  t issue  v olume 
and  m ass 
 The approach used for quantifying body components, such as 
adipose tissue, skeletal muscle, bone, visceral organs, and brain, 
using CT and MRI images is similar. One of two techniques can 
be utilized to determine tissue area (cm 2 ): 
  1     The perimeter of the tissue of interest can be traced using a 
light pen or a trackball - or mouse - controlled pointer  [17]  and 
then the area within the perimeter can be calculated by multiply-
ing the number of pixels in the highlighted region by their known 
area.  
  2     Image segmentation algorithms can be used that highlight all 
pixels within a selected range of intensities believed to be repre-
sentative of a specifi c tissue  [18] .    
 The latter approach is more problematic in MRI than CT for the 
following three reasons: the distribution of pixel intensity (gray 
scale) values for different tissues overlap more for MRI than for 
CT images; noise from respiratory motion blurs the borders 
between tissues in the abdomen to a greater extent in MRI than 
in CT; and inhomogeneity in the magnetic fi eld can produce 
 “ shading ”  at the peripheries of MRI images  [19] . 

 When multiple CT or MRI images are obtained, tissue volumes 
can be calculated by integrating the cross - sectional area data from 
consecutive slices. Since data acquisition and analysis of contigu-
ous images are time consuming and expensive, axial images are 
usually collected with gaps ranging from 20 to 40   mm between 
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the top of one image and the bottom of the next image. Volumes 
can then be calculated using geometric models based on the tissue 
areas in the images and the distance between adjacent images 
 [15] . Currently three models are being used: a  “ parallel trape-
zium ”  model  [20] ; a  “ truncated cone ”  model  [16] ; and the  “ two -
 column ”  model  [21] . Tissue densities for adipose tissue, skeletal 
muscle, and organs are quite constant from person to person. 
Therefore CT and MRI volume measures for these tissues can be 
converted to mass units by multiplying the volume by the 
assumed density values for that tissue. Density values for the 
brain and visceral organs vary from organ to organ but reference 
values are available  [22] .  

  Measurement of  v isceral  a dipose  t issue 
 The only  in vivo  methods available to quantify visceral fat are MRI 
and CT. The ability to measure visceral adipose tissue using these 
noninvasive methods is representative of major advancements 
in understanding the relationship between fat distribution and 
health risk. Visceral fat is known to be strongly associated with 
the metabolic syndrome and cardiovascular disease risk,  [23,24]  
and is an independent predictor of morbidity  [25,26]  and mortal-
ity  [27]  in adults. Similar to adults, visceral fat in children (espe-
cially obese children  [1] ) is positively associated with a host of 
metabolic complications such as impaired insulin sensitivity and 
increased total and low - density lipoprotein cholesterol  [28 – 30] . 
Currently, there is debate as to the optimal location for visceral 
fat measurement. It has been suggested that the gold standard 
measurement protocol is contiguous images from T10 – T11 to 
L5 – S1, but due to time and radiation exposure (with CT), single 
MRI or CT images at L4 – L5 are typically utilized. Visceral fat 
measures taken using a single image at any anatomic level within 
the abdomen are highly correlated with multiple image protocols 
despite substantial differences in the absolute amount of fat 
 [31,32] . Traditionally visceral fat was measured at L4 – L5 but 
recently, Kuk and colleagues  [31]  reported that the L1 – L2 level 
may be the landmark that predicts total visceral fat mass and the 
metabolic syndrome the strongest in Caucasian men. It is unclear 
whether this is also true in women, men of other ethnicities or 
youth. 

 Growth and gender are known to infl uence the quantity of 
visceral adipose tissue present in youth  [14] . Beginning at a base-
line of 8 years of age, the general increase in visceral adipose tissue 
occurs at a more rapid rate than abdominal subcutaneous adipose 
tissue and is approximately 5.2   cm 2 /year over a 5 - year period 
 [33] . Adolescent boys preferentially deposit fat in the intra -
 abdominal region whereas adolescent girls deposit more total fat, 
and a higher percentage of this fat is found in the subcutaneous 
region of the abdomen  [34] .  

  Measurement of  a bdominal  s ubcutaneous  f at 
 As with visceral adipose tissue, there is presently no consensus on 
the ideal measurement protocol for abdominal subcutaneous fat. 
Abdominal subcutaneous fat is usually measured on the single 
image being used to acquire visceral fat in adults and youth. 

Substantial differences exist in the absolute amount of abdominal 
subcutaneous fat measured in different locations across the 
abdomen. However, the relationship between abdominal subcu-
taneous fat and the metabolic syndrome seems to be similar 
across all measurement sites in adults  [31]  but this is unknown 
in youth. It has been suggested that there are metabolic differ-
ences in subcutaneous adipocytes located throughout the 
abdomen. The deep abdominal subcutaneous adipose tissue is 
thought to function as a metabolically active tissue whereas the 
superfi cial abdominal subcutaneous adipose tissue functions pri-
marily as a storage depot or thermoinsulatory layer. Conse-
quently, health may be affected differently by a greater amount 
of fat in one area as opposed to the other. Unfortunately, the 
anatomic boundaries that separate the regions of abdominal 
adipose tissue are presently unclear (see Fig.  2.1  for examples) 
and the results describing the relationship between the different 
fat depots and health risk are controversial in adults  [15] .   

 In youth, the role of subcutaneous adipose tissue in metabolic 
dysfunction is inconsistent in the literature and is affected by 
ethnicity, gender and weight status. In African - American chil-
dren, increased subcutaneous abdominal adipose tissue is associ-
ated with increased indicators of metabolic disturbances  [35,36]  
but in Caucasian obese adolescent girls there is no relationship 
between subcutaneous adipose tissue and markers of the meta-
bolic syndrome  [28] . Goran and Gower  [1]  report that in lean, 
but not obese, children and adolescents, subcutaneous adipose 
tissue predicts lower insulin sensitivity. Further research is war-
ranted in this area.  

  Measurement of  t high  s ubcutaneous  a dipose  t issue 
 Measurements of thigh subcutaneous adipose tissue can be 
obtained using the seven images distal to the femoral head from 

“Anterior” Subcutaneous AT

“Posterior” Subcutaneous AT

 Figure 2.1     Subdivision of abdominal subcutaneous adipose tissue (AT) into 
anterior and posterior depots. 
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an MRI scan  [37] . Using MRI to distinguish between fat depots 
in the abdomen, a negative relationship between visceral fat and 
thigh circumference, and a positive relationship between abdom-
inal subcutaneous fat and thigh circumference in both middle -
 aged men and women has been detected  [37]  (Fig.  2.2 ). Regardless 
of measurement technique used for the acquisition of thigh size 
(CT or anthropometry), increased total thigh adipose tissue area 
(reported in cm 2 ) and increased thigh circumference (reported in 
cm) are associated with more favorable glucose and lipid levels 
in men and lipid levels in women independent of all other fat 
depots and ethnicity  [38] . Further, in adults aged 50 – 75 years, 
Snijder et al.  [39]  found that a larger thigh circumference in 
women is associated with a lower risk of diabetes. These data 

 Figure 2.2     The relationship between high thigh subcutaneous fat and subcutaneous abdominal fat ( left ) and low thigh subcutaneous fat and high visceral abdominal fat 
( right ) as measured by MRI is demonstrated in two individuals classifi ed as high risk by waist circumference. 
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 Figure 2.3     Associations between hip 
circumference and abdominal subcutaneous tissue 
(SAT) and visceral adipose tissue (AT) before ( solid 
lines ) and after ( dotted lines ) control for waist 
circumference in men ( gray lines ) and women ( black 
lines ).  (Reproduced from reference  [37]  with 
permission from the American Society for Nutrition.)  

demonstrate that the use of thigh circumference alone provides 
useful information regarding metabolic health. In addition, Kuk 
and associates  [37]  recently reported that for a given waist cir-
cumference, male and female individuals with increased hip or 
thigh circumference have greater amounts of subcutaneous 
adipose tissue and decreased visceral adipose tissue within the 
abdomen (Fig.  2.3 ). Both the hip and the thigh circumference can 
provide additional health - related information to either the waist 
circumference alone without regard for the lower body or the 
lower body circumference alone without regard for the waist 
circumference. This also demonstrates the utility of imaging tech-
niques in enhancing our ability to interpret simple anthropomet-
ric measurements.   
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 This phenotype has not yet been explored extensively in chil-
dren and adolescents but Freedman and colleagues  [40]  report 
that its prognostic value is limited and does not show the same 
negative correlations with intra - abdominal fat as in adults  [34] .  

  Measurement of  s keletal  m uscle  q uantity 
 Magnetic resonance imaging and CT are presently the only meas-
ures available for  in vivo  quantifi cation of body composition at 
the tissue level and therefore are the tools of choice to measure 
skeletal muscle mass. Measurement of skeletal muscle mass is 
important for assessing change in muscle with training programs 
or in older adults for assessing skeletal muscle loss. Generally, a 
single image located mid - thigh is used as a proxy measure of 
whole - body skeletal muscle in adults  [41]  and youth  [42] . This 
measure of mid - thigh muscle mass correlates strongly (Pearson 
correlation, r   =   0.97) with results from cadaver sections    [43] . 
When volume measures are acquired using multiple images, the 
error associated with MRI is  < 1%; however, this process is both 
time consuming and costly. Abdominal muscle mass measured 
by MRI at L4 – L5 has been reported to be a signifi cant predictor 
of whole - body muscle mass in middle - aged men and women as 
well but does not correlate as strongly to whole - body skeletal 
muscle mass as the measurement at the thigh  [41] . Since this is a 
common measurement location for abdominal adipose tissue, 
this location may have great potential in clinical practice because 
it would decrease cost by decreasing time associated with meas-
urement and analysis.  

  Measurement of  s keletal  m uscle  t issue  q uality 
 Fat deposition within the muscle is of interest due to the inverse 
relationship between intramyocellular lipid (IMCL) and insulin 
sensitivity in sedentary or untrained adults and youth, thus sup-
porting a role for IMCL in the pathogenesis of skeletal muscle 
insulin resistance and type 2 diabetes  [44,45] . However, in endur-
ance - trained individuals, high IMCL levels are associated with 
high insulin sensitivity compared with healthy sedentary subjects. 
This paradox requires further investigation, but imaging methods 
provide opportunities with which to gain considerable informa-
tion regarding fat metabolism within the muscle. Previously, 
muscle biopsies were the method of choice used to determine 
accumulation of fat within the muscle but due to limitations 
using this protocol, the use of noninvasive measures such as CT, 
MRI and magnetic resonance spectroscopy (MRS) has become 
common for examining the relationship between IMCL and 
obesity - related metabolic disorders. 

 Magnetic resonance spectroscopy is based on principles similar 
to those of MRI and can usually be performed with the same MR 
machine. In contrast to MRI, MRS investigates the chemical com-
position of the tissue at a lower spatial resolution than MRI  [46] , 
and uses the differing proton resonance signals from the fatty acyl 
groups within the muscle to quantify skeletal muscle fat  [47] . The 
two lipid pools present in skeletal muscle  –  extramyocellular lipid 
(EMCL), located outside the muscle cell and defi ned as compact 
portions of adipose tissue in subcutaneous or interstitial layers, 

and IMCL, located within the muscle cell and stored in close 
contact with mitochondria in spheroid droplets  –  present differ-
ent geometrical arrangements which result in different MR char-
acteristics. Thus, proton MRS ( 1 H - MRS) is able to partition the 
lipid signal into IMCL and EMCL components in the skeletal 
muscle  [46,48] . 

 Recently, CT has been applied to measure tissue composition. 
The lower the average skeletal muscle HU value or the greater the 
number of low - density skeletal muscle pixels, the higher the skel-
etal muscle lipid content. Muscle attenuation values determined 
by CT refl ect both IMCL and EMCL content and therefore cannot 
be directly compared to IMCL values obtained by skeletal muscle 
biopsy or  1 H - MRS  [15] . 

 MRI may also be used to measure the quality of skeletal muscle 
by applying  “ chemical shift ”  techniques such as the Dixon 
method  [49] . This method separates the water and fat signals 
from the region of interest in order to create the potential to 
determine water and fat contents of skeletal muscle. Similar to 
CT, MRI cannot be used to partition the IMCL and EMCL into 
separate compartments. 

 Although quantifi cation of IMCL is usually obtained from a 
single muscle, it is not homogeneous between different muscles in 
one individual or identical muscles in different individuals  [48] . 
For example, in a trained swimmer, IMCL levels are high in m. 
rectus femoris whereas in a trained orienteer, IMCL levels are high 
in m. tibialis anterior. In trained and untrained individuals, there 
are greater amounts of IMCL in the soleus muscle as compared to 
the tibialis anterior muscle  [50] , tibialis posterior and gastrocne-
mius. This difference in IMCL between muscle groups occurs due 
to the fi ber orientation  [48]  and primary fi ber type of each muscle 
group. For example, the soleus is composed primarily of type 1 or 
slow - twitch fi bers whereas the tibialis anterior is primarily com-
posed of type 2 or fast - twitch fi bers  [50] . It has also been reported 
that numerous other factors such as age, training, oxygenation, diet 
or pennation angle (the angle formed by the individual muscle 
fi bers with the line of action of the muscle) may infl uence IMCL 
in the muscle  [44] . Despite providing important information 
regarding metabolic health, this technique has limited utility in 
clinical practice due to the high cost and diffi cult assessment.  

  Measurement of  l iver  t issue 
 Hepatic steatosis or  “ fatty liver ”  is associated with the pathogen-
esis of liver disease, diabetes mellitus and features of the meta-
bolic syndrome such as insulin resistance and hypertriglyceridemia 
 [51] . Currently hepatic steatosis has been proposed as a core 
feature of the metabolic syndrome in adults and possibly in chil-
dren and adolescents  [52] . Liver biopsy is considered the  “ gold 
standard ”  measurement of liver fat, but it can be painful  [51]  and 
has a notable risk of mortality  [53] . Thus, the use of noninvasive 
devices to measure liver fat and further explore obesity - related 
health complications of fatty liver is important. 

 Computed tomography has been utilized to determine liver 
density in a manner similar to that of skeletal muscle tissue 
density. As with skeletal muscle, lower mean liver HU values are 
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associated with lower densities and therefore greater fat content. 
However, an overlap exists between normal and abnormal liver 
HU values  [54]  indicating that, using an absolute liver density, 
CT may not be sensitive enough to predict an abnormal liver. In 
individuals with normal livers, there is a constant relationship 
between liver and spleen attenuation. Therefore, the ratio of 
mean liver to spleen attenuation values is used as an index of liver 
fat  [54] . Because the attenuation values within the liver and 
spleen are fairly homogeneous throughout, it has recently been 
suggested that the whole liver and spleen surface areas be used to 
derive attenuation values. This method reduces the interobserver 
coeffi cient of variation from 5.1% to 2.9%  [55] . Davidson et al. 
 [55]  proposed that a single axial image at the T12 – L1 interverte-
bral space may be the optimal landmark for the assessment of 
both liver and spleen attenuation. Both organs were identifi ed 
approximately 90% of the time at this location in the men and 
women studied. In addition, it is recommended that the index of 
liver and spleen attenuation be derived from a mean score of the 
entire image to avoid potential bias introduced by variable place-
ment of a region of interest  [55] . 

 Magnetic resonance imaging can also be used to estimate liver 
fat. A liver fat index can be created by examining the signal inten-
sity in a region of interest within the right lobe of the liver and 
comparing this to the signal intensity of a same - sized region of 
interest within the adjacent subcutaneous adipose tissue  [56] . To 
quantify hepatic fat content in children and adolescents, the fast 
MRI technique, using the modifi ed Dixon method, can be com-
pleted during a single 15 - second breath hold  [57] . The method 
is described in detail elsewhere  [49,52] . Fast MRI has been vali-
dated in lean and obese individuals against hepatic fat measured 
by  1 H - NMR (r   =   0.93, p    <    0.001) and liver biopsy  [58] . 

 The quantifi cation of liver fat by  1 H - MRS is easy because unlike 
skeletal muscle, there is no EMCL in the liver. Liver spectra will 
only have one peak to refl ect the IMCL component (methylyene 
signal) which is measured at 0 – 3.0   ppm, and another peak from 
the water signal between 3.0 and 7.8   ppm. The percentage of liver 
fat is derived from the ratio of the area under the curve for fat 
and compared with the area under the curve for water  [51,59,60] . 
The values obtained using  1 H - MRS correlate well with liver 
biopsy results and this is considered to be the optimal noninva-
sive method to assess fatty liver  [51] . This technique has recently 
allowed for the assessment of fatty liver in the general population 
(inclusive of both adults and youth)  [51,61] . 

 The correlation between body composition and liver fat is con-
troversial. In women, hepatic fat is not related to body mass index 
(BMI), percentage body fat, fat mass, waist - to - hip ratio (WHR), 
intra -  or subcutaneous abdominal fat  [62] . Some researchers 
 [63,64]  reported that both visceral and subcutaneous fat depots 
and anthropometric indices are strong correlates of liver fat. 
Others  [65]  reported no differences in body fat between obese 
individuals with or without increased hepatic triglyceride content. 

 In adolescents, a hepatic fat fraction of  > 5.5% has been defi ned 
as the cut - off to denote steatosis  [52] . Recently it has been shown 
using  1 H - MRS that in obese adolescents with normal glucose 

tolerance, hepatic steatosis is associated with a less healthy lipo-
protein profi le and an increase in indicators of the metabolic 
syndrome  [52,58,66] . Obese adolescents with hepatic steatosis 
also have increased visceral fat and higher IMCL and are more 
insulin resistant than obese adolescents without hepatic steatosis 
 [52,58,67] . Interestingly, fatty liver has not been found to cor-
relate with BMI in obese adolescents  [68] . 

 Although the literature regarding the use of imaging tech-
niques in children and adolescents is just emerging, there is 
potential to expand our understanding of the relationship 
between fatty liver and obesity - related metabolic disorders in this 
population. However, these techniques currently have limited 
clinical utility and are more prominent in the research setting.  

  Other  e ctopic  f at  d epots 
 Imaging methods are widely used to examine small ectopic fat 
depots, such as those surrounding or within the heart and blood 
vessels. These methods have replaced the need for autopsy and 
animal studies, making data acquisition much easier and rela-
tionships simpler to explore  [69,70] . The most persuasive evi-
dence proving that lipid overaccumulation occurs in human 
organs has been obtained noninvasively using MRS  [71]  as well 
as MRI and CT. Localized MRS is a precise and reproducible tool 
for  in vivo  quantifi cation of ectopic fat in humans. This method 
is able to distinguish between depots of triglyceride in adipose 
tissue cells (fat surrounded by fat) and triglyceride droplets stored 
in the cytosol of parenchymal cells (fat surrounded by cytosol) 
 [72] . Quantifi cation of lipid surrounding the heart is diffi cult 
because the heart is always in motion  [73] . The MRS technique 
has been validated in  ex vivo  and  in vivo  rodent studies  [74,75] .  

  Epicardial,  m yocardial and  p ericardial  f at 
 Epicardial fat lies on the surface of the heart, especially around 
the epicardial coronary vessels, and can extend into the heart and 
be interspersed with myocardial muscle fi bres  [76] . Pericardial 
fat is located on the external surface of the parietal pericardium 
and differs from epicardial fat in location and blood supply. The 
strength of the relationship between epicardial, myocardial or 
pericardial fat and various measurements of body composition is 
controversial  [69]  but in general, these ectopic fat depots are 
associated with excess body weight  [73,77,78] . Based on autopsy 
studies, epicardial fat is not correlated to subcutaneous abdomi-
nal fat  [77] ;  in vivo  studies report correlations with visceral fat of 
varying strength  [69,79] . Visceral fat is reported to be an inde-
pendent predictor of myocardial fat  [80]  and strongly correlated 
to pericardial fat  [81] . Furthermore, epicardial, pericardial and 
myocardial fat are correlated with components of the metabolic 
syndrome such as elevated waist circumference (WC), increased 
fasting insulin  [82,83] , type 2 diabetes mellitus  [80] , elevated 
triglycerides and hypertension  [78] . Evidence suggests that excess 
epicardial and pericardial fat may contribute to the pathogenesis 
of coronary artery disease  [69,77,78]  and that myocardial fat 
contributes to impaired ventricular function  [71] . Figure  2.4  
illustrates a heart with and without increased epicardial fat.     
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  Utility of  a nthropometric  m easurement  t ools  a s 
 a ssessed by  i maging  t echniques 

 Due to the high cost, technical expertise required to analyze data, 
and diffi culty in using imaging tools in fi eld situations, anthro-
pometric measurements such as WC or BMI are commonly used 
to estimate body fatness and assess body fat distribution. Cur-
rently, imaging techniques are the most accurate methods avail-
able to examine body composition; thus they have been used to 
assess the ability of various anthropometric measurements to 
estimate body fatness. 

 Body mass index is the anthropometric measurement most 
widely used to assess total body fatness and is highly correlated 
with total fat mass as assessed by MRI in both men and women 
(r   =   0.78 – 0.92 and r   =   0.92 – 0.93, respectively)  [84 – 87]  and in 
children as measured by DXA (r   =   0.50 – 0.83) [88] . Although 
skinfold thickness measurements provide a better estimate of 
body fat than BMI  [89] , they are more time consuming and 
require greater expertise for accurate data acquisition than BMI. 
In addition, skinfold measurements are diffi cult to attain and 
reproduce in the more overweight individuals [88] . WC is also 
signifi cantly associated with total fat mass in both genders  [86,87]  
but is more commonly utilized to assess body fat distribution as 
opposed to total body fatness. 

 Due to the strong association between abdominal obesity and 
health risk, there is strong interest in obtaining accurate measures 
of fat depots, primarily visceral fat, in this region. Despres and 
colleagues  [87]  reported that in a sample of men with a large 
variation in body fatness, all anthropometric measurements of 
body fatness (BMI and skinfold thickness) and body fat distribu-
tion (WC and WHR) were highly correlated with abdominal 
measurements obtained from CT. However, when examining 
only the obese participants (defi ned as having BMI  ≥ 28), WC and 
WHR were the only anthropometric measurements signifi cantly 
associated with CT measurements. This suggests that some degree 
of caution should be exercised when interpreting correlations 
between fi eld and laboratory methods of body fat assessment. 
Regardless of body composition, WC is the best anthropometric 
indicator of visceral fat in both adults (r   =   0.46 – 0.82 in men and 
r   =   0.60 – 0.96 in women)  [84 – 87,90]  and youth (r   =   0.80 – 0.84) 

 [91 – 93] . Signifi cant correlations have also been found between 
both BMI and WHR and visceral fat  [84,92,94] . It is important 
to note that WC is also a good indicator of subcutaneous adipose 
tissue in all populations  [84 – 87,91 – 93]  and it is unable to 
differentiate between the subcutaneous and visceral adipose 
tissue  [89] . BMI is more strongly associated with subcutaneous 
adipose tissue than WC in both males and females of all ages 
 [84,91,92] .  

  Conclusion 

 Advances in body composition measurement have improved our 
understanding of the complex relationship between total adipose 
tissue or specifi c adipose tissue depots and obesity - related health 
complications. More research has been conducted in adults than 
youth, but consequent to the rising obesity prevalence in children 
and adolescents, measurement techniques are being adjusted for 
use in younger populations and knowledge is advancing rapidly. 
Simple and inexpensive anthropometric measures, such as WC 
or BMI, can be employed within a clinical setting to identify 
individuals at increased health risk. Sophisticated methods such 
as MRI or CT will continue to be employed in research settings 
to help ensure that we continue to advance our understanding 
of the relationship between body composition, morbidity and 
mortality.  
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   Introduction 

    “ My mother told me that I won ’ t fi nd a boyfriend/husband being fat. 

She said that no one could fi t their arms around me, that I was the 

biggest person she ’ s ever seen, and swears I get bigger each time she 

looks at me. ”  

  “ My mother used to sing the  ‘ too fat polka ’  (lyrics: I don ’ t want her, 

you can have her, she ’ s too fat for me  … ) to me as a way of encour-

aging me to lose weight. All this did was make me want to eat more. ”  

  “ I remember one incident when I was in the sixth grade and my 

teacher was looking at my latest handwriting assignment and she 

announced to the whole class that my handwriting was just like me 

 –   ‘ fat and squatty ’   …  The pain and humiliation aimed at you as an 

innocent child never leaves you! ”    

 The consequences of obesity reach far beyond detriments to physical 
health. Research has documented evidence of weight - based stigma, 
discrimination, and negative outcomes for obese individuals in areas 
of education, employment, socio - economic status, healthcare, 
interpersonal relationships, and psychologic health. With obesity 
now a national public health priority, it is fundamental to under-
stand and prevent these social disadvantages to improve the health 
and well - being of overweight and obese adults, children, and adoles-
cents. This chapter provides a review of the literature describing the 
social consequences of obesity, and highlights strategies to reduce 
weight stigma including avenues for future research in this area.  

  Evidence of  s tigma and  b ias  a gainst  o bese 
 i ndividuals 

 Over the past several decades, increasing research evidence 
has demonstrated that obese individuals face systematic and 

widespread stigma in the form of negative stereotyping, discrimi-
nation, and unequal treatment. Studies have documented com-
monly held perceptions that obese people possess negative 
attributes ranging from laziness and lack of self - control to fl aws 
in competence, attractiveness, and even moral character. Research 
evidence further indicates that this stigmatization results in nega-
tive social consequences for both obese adults and children  [1,2] . 

 Documentation of weight stigma began several decades ago  [3]  
and has had a resurgence in recent years. In 2001, Puhl and 
Brownell reviewed the literature documenting discriminatory 
attitudes and behaviors against obese individuals, concluding that 
there was suffi cient evidence of clear and consistent weight -
 related stigmatization within domains of employment, educa-
tion, and healthcare  [4] . Since then, evidence has continued to 
accumulate to support these conclusions, and has documented 
additional contexts where weight bias occurs, including socio -
 economic status, interpersonal relationships, and psychologic 
health. 

 The high prevalence of obesity might suggest that weight toler-
ance should in turn increase, but evidence from several large -
 scale studies in recent years indicates that weight bias remains 
pervasive and widespread. Using an online sample of 4283 adults 
from the general population, Schwartz and colleagues found 
signifi cant anti - fat bias among participants across all weight 
categories (underweight, normal weight, overweight, obese, and 
extremely obese)  [5] . In addition, 46% of participants indicated 
that they would rather give up at least 1 year of life than be 
obese, one - third reported that they would rather be divorced than 
be obese, and one - fourth of respondents reported that they 
would rather be unable to have children than be obese. Thinner 
respondents were even more likely to endorse these trade - offs 
than heavier respondents  [5] . Puhl and Brownell surveyed 2671 
overweight and obese adults who reported multiple instances 
of weight stigmatization across a variety of settings. Moreover, 
stigmatizing experiences increased in frequency as weight 
increased  [1] . A 2005 study analyzed data from a nationally rep-
resentative sample of 3000 men and women and found that obese 
individuals perceived themselves as targets of multiple forms of 

Clinical Obesity in Adults and Children, 3rd edition. Edited by Peter G. 

Kopelman, Ian D. Caterson and William H. Dietz. 

© 2010 Blackwell Publishing, ISBN: 978-1-4051-8226-3.



Part 1 Obesity

26

discrimination, and that weight discrimination negatively affected 
their psychologic well - being  [6] . Puhl et al. ( n    =   2290) demon-
strated that the incidence of weight discrimination in American 
society is relatively close to reported rates of racial discrimination, 
particularly among women  [7] . Similar research indicates that 
prevalence of weight - based discrimination has increased in the 
last decade  [8] . 

 A smaller qualitative study ( n    =   13) demonstrated that obese 
individuals reported frequent experiences of weight - based stig-
matization and discrimination from family members, peers, 
healthcare providers, and strangers  [9] . The authors concluded 
that the pattern of denigration was so pervasive that it constituted 
civilized oppression. Hebl and Mannix, using an experimental 
design ( n    =   196), found obesity stigma to be so profound that a 
person who was perceived to be associated with an obese indi-
vidual or even in close physical proximity to an obese individual 
was judged more negatively than someone who was seen with a 
thin person  [10] . 

 Some studies suggest that the stigma of obesity is worse for 
women than men, especially in areas of education, employment, 
and interpersonal relationships  [7,11 – 14] . However, Hebl and 
Turchin found that men are also stigmatized for being overweight 
and demonstrated that while black men are more accepting of 
larger body sizes in women than white men, black men are also 
stigmatized themselves for being overweight, although to a lesser 
degree than white men  [15] . While other research demonstrates 
that the social stigma of obesity may be more prominent among 
whites than among African - Americans  [16] , some studies yield 
contrary results  [7,17,18] . In order to better understand the social 
consequences of obesity for African - Americans, Latinos, and 
other racial/ethnic groups, future obesity research should target 
more diverse samples. 

 Regardless of race, gender or age, weight stigma remains an 
acceptable form of discrimination in our society. Derogatory 
weight - related stereotypes abound in popular culture and negative 
portrayals of overweight characters are abundant in television 
programs and movies  [19] . One study examined 56 different tele-
vision series and found that heavier characters were under - 
represented compared to the actual population  [20] . They also 
found heavier characters more likely to be in minor roles, less likely 
to be in romantic relationships, and more likely to be seen eating 
and to be the objects of humor. The conventional nature of “fat 
jokes” and weight - related stereotyping in the media contributes to 
the social acceptability of weight stigma. Overweight people are 
one of the few remaining groups that can be openly ridiculed 
without public backlash. Unfortunately, this disrespect is a reality 
for increasing numbers of overweight people who are confronted 
with stereotypes and social denigration on a daily basis.  

  Why  d oes  w eight  s tigma  o ccur? 

 Weight stigma has roots in perceptions of personal responsibility 
for health, which can result in blaming individuals for their excess 

weight. This explanation comes from attribution theory, which is 
the primary theoretical model used to explain weight stigma. This 
research, conducted primarily by Crandall and colleagues, high-
lights perceptions of controllability when making judgments 
about social groups, and suggests that when we encounter a 
person with a stigmatized trait, we search for its cause and form 
our reactions to the person using this causal information 
 [21 – 24] . 

 Crandall and colleagues propose that negative attitudes towards 
obese people result from particular attributional tendencies of 
blame  [21,25] . Specifi cally, traditional conservative North Ameri-
can values of self - determination and individualism provide a 
foundation for weight stigma through beliefs that people get what 
they deserve, and that the fates of others are due to internal, 
controllable factors  [23] . 

 Consistent with this theory, research suggests that stigma is 
more likely to occur when individuals perceive obese people to 
be responsible for their weight because of controllable factors 
such as laziness, overeating or low self - discipline  [26 – 30] . Some 
studies also show that obese people are less likely to be denigrated 
when explanations are provided that their obesity is beyond per-
sonal control (e.g. due to a thyroid condition) compared to when 
controllable causes (like overeating) are perceived to be respon-
sible  [26,29,31,32] . 

 Despite the commonly held belief that obesity is a personally 
controllable condition and that body weight is easily modifi able, 
current scientifi c evidence shows that obesity is determined by an 
interplay of biologic, genetic, and environmental factors that are 
not readily controllable by the individual  [33 – 37] . In addition, 
efforts to lose weight through dieting and weight loss programs 
rarely result in lasting and signifi cant weight reduction  [38 – 40] . 
Maintaining existing assumptions about the personal causes of 
obesity may only lead to more stigmatization and could impede 
scientifi cally based efforts to prevent and treat obesity. Some 
experimental research has also demonstrated that providing indi-
viduals with information that emphasizes the  “ controllable ”  
aspects of obesity increases negative weight - based stereotypes 
 [41] .  

  Consequences of  o besity and  w eight  s tigma 

 Obesity is associated with stigma and negative outcomes 
across multiple aspects of life. Existing literature documents 
negative outcomes for obese individuals in areas of education, 
employment, socio - economic status, healthcare, interpersonal 
relationships, and psychologic health. This research is summa-
rized below. 

  Education 
 Several studies have documented disparities in educational 
attainment between obese and nonobese groups. Some research 
suggests that weight bias within educational institutions and 
among teachers may prevent obese individuals from achieving 
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the same educational goals of their normal - weight counterparts. 
A study conducted by Canning and Mayer in 1966 was the fi rst 
to document weight bias in education. The researchers examined 
high school records and college applications of 2506 high school 
students, and found that obese students were less likely to be 
accepted to college, despite having equivalent application rates 
and academic performance to nonobese peers  [42] . Moreover, 
only 31% of obese women were accepted compared to 41% of 
obese males. 

 In the 40 years since, several other studies have documented 
educational disparities for obese individuals. A 2006 study of 
more than 700,000 Swedish men found that those who were obese 
at age 18 had a lower chance of attaining higher education than 
their normal - weight peers, even after adjustments for intelligence 
and parental socio - economic position  [43] . The authors con-
cluded that discrimination in the educational system may explain 
these results. A 2007 study using data from the National Longi-
tudinal Study of Adolescent Health ( n    =   10,829) reported that 
obesity undermined the educational attainment of female stu-
dents. Obese girls had a 50% lower chance of attending college 
than nonobese girls. However, obese girls who attended schools 
where female obesity was more prevalent had a 50% greater 
chance of attending college than obese girls who attended schools 
in which they were the only obese girl  [12] . 

 There have also been cases of obese students who were dis-
missed from college because of their weight. One case that reached 
the US Supreme Court involved an obese nursing student who 
was dismissed from Salve Regina College 1 year before obtaining 
her nursing degree for failing to lose weight  [44] . Although the 
school did not object to the student ’ s obesity at her admission, 
she was later asked to sign a contract agreeing that she could 
remain in her program if she lost 2 pounds a week. A year later 
she was dismissed from the school for her inability to lose weight. 
After her dismissal, she transferred to another college, success-
fully completed her degree, and attained licensure as a registered 
nurse. Ms Russell then sued Salve Regina and after a 7 - year legal 
battle, was awarded monetary damages. 

 Studies suggest that educators ’  biased attitudes towards obese 
students may affect perceptions of performance among obese 
students or that unequal treatment may interfere with the ability 
of obese students to succeed. One self - report study of 115 junior 
and senior high school teachers and school health workers indi-
cated that these educators perceived obesity to be primarily under 
individual control, and 20% agreed that obese persons are untidy, 
19% perceived them to be more emotional, and 17% believed 
them less likely to succeed at work  [45] . In addition, 28% agreed 
that becoming obese is one of the worst things that could happen 
to a person. A study examining the beliefs about the causes of 
obesity of over 200 elementary school principals found that 59% 
attributed obesity to a lack of self - control, 57% to psychologic 
problems, and 47% to lack of parental concern  [46] . Other 
research has demonstrated negative attitudes towards obese 
youth among physical education teachers that resulted in stu-
dents ’  avoidance of physical education classes  [47 – 49] . 

 Surprisingly, parental biases may also affect educational out-
comes for obese students. Crandall surveyed over 3000 high 
school seniors about their weight, college aspirations, fi nancial 
support, grades, and parental political attitudes. Overweight stu-
dents were under - represented in those who attended college, with 
overweight females being least likely to receive fi nancial support 
from their families  [50] . 

 Although some research has pointed to an association between 
obesity and lower intelligence as an explanation for unfavorable 
educational outcomes  [51 – 53] , there is insuffi cient evidence to 
conclude that obese individuals are at an intellectual disadvantage 
compared to nonobese persons. Alternatively, research in this 
area suggests that the social stigma of obesity, its infl uence on the 
school climate for obese students, and the resulting psychosocial 
and academic consequences may account for these educational 
disparities. More research in this area is needed.  

  Employment 
 Studies fi nd inequalities in employment status, wages, position, 
and benefi ts eligibility for obese workers compared to nonobese 
workers, which may be explained by weight - related bias and dis-
crimination in the workplace. Research using data from a nation-
wide prospective cohort ( n    =   4290) to estimate the effect of 
obesity on future employment found that, after adjusting for 
sociodemographic characteristics, smoking status, exercise, and 
self - reported health, obesity was associated with reduced employ-
ment at follow - up for both men and women  [54] . A similar study 
in Canada ( n    =   73,531) also found obesity associated with lower 
workforce participation, independent of associated co - morbidity 
and sociodemographic factors  [55] . A British prospective cohort 
study of 8490 participants found that women who were obese in 
both childhood and adulthood were half as likely to have ever 
been gainfully employed or ever married compared with those 
who were never obese  [56] . 

 Obesity has been found to negatively affect wages. A study of 
over 2000 women and men (aged 18 years and older) reported 
that obesity lowered wage growth rates by almost 6% in 1982 –
 1985  [57] . More recent research ( n    =   12,686) indicates that the 
wage penalty faced by obese employees is persistent over the fi rst 
two decades of employees ’  careers, and ranges from 1.4% to 
4.5%, after controlling for socio - economic and familial variables 
 [13] . In a study using a cross - national dataset covering countries 
in the European Union, it was observed that a 10% increase in 
the average Body Mass Index (BMI) reduced the hourly wages of 
males by 1.86% and that of females by 3.27%. In southern Euro-
pean countries, where citizens are reportedly more concerned 
with weight gain, the effect is much larger  [58] . 

 Both obese men and women face wage - related obstacles, but 
are affected differently by wage penalties. An analysis from the 
National Longitudinal Survey Youth Cohort examined earnings 
in over 8000 men and women aged 18 – 25 years, which indicated 
that obese women earned 12% less than their nonobese female 
counterparts  [59] . This study parallels other investigations that 
show that the economic penalty of obesity is greater for females. 
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For example, longitudinal research examined data on 12,686 
workers (50% female) and found that the obesity wage penalty 
was greater for obese women (6.2%) than for obese men (2.6%) 
 [13] . The effect of ethnicity on wages for obese women has been 
documented in studies of labor market outcomes which reported 
that body weight lowered wages for white women, but not for 
Hispanic or black women  [18] . Among white women, a weight 
increase of two standard deviations (approximately 65 pounds) 
decreased their pay by 7%, which is equivalent to 3 years of work 
experience. 

 Employment consequences are also evident from research 
showing that fewer obese employees are hired in high - level posi-
tions. Data on earnings of 7000 males and females from the 
National Longitudinal Survey of Youth showed that obese females 
are more likely than thinner women to hold low - paying jobs  [60] . 
Obese men are similarly under - represented and paid less than 
nonobese men in managerial and professional occupations, and 
are over - represented in transportation occupations, suggesting 
that obese men engage in occupational sorting to counteract a 
wage penalty  [60] . 

 Obese employees may also be less likely to be eligible for 
employer - sponsored health insurance or may be asked to pay 
more than nonobese employees for the same benefi ts. A self -
 report study of 445 obese workers found that 26% of individuals 
who were 50% or more above ideal weight indicated they were 
denied benefi ts such as health insurance because of their weight, 
and 17% reported being fi red or pressured to resign because of 
their weight  [61] . More recent evidence of this phenomenon has 
surfaced in the news media  [62,63]  but additional research is 
needed to assess the proportion of obese employees who are 
affected by these policies, as well as the consequences for their 
employment and health outcomes. 

 Legal case fi ndings indicate that employment termination 
against obese persons due to weight does exist, and that it occurs 
in a variety of employment positions that are not necessarily 
compromised by body weight. Recent wrongful termination cases 
have been fi led by obese employees who were city laborers 
 [64,65] , state troopers  [66,67] , teachers  [68] , and offi ce managers 
 [69] , many of whom had been commended for good job per-
formance or maintained excellent employment records. Several 
of these cases also involved suspended work without pay or 
demotion until the obese employee lost weight. 

 The existence of legal cases does not prove that weight dis-
crimination is widespread, but does show that many perceive 
their obesity to be the reason for unfair treatment. Recent research 
using data from a nationally representative sample of over 2000 
adults found that overweight and obese men and women reported 
weight - related employment discrimination  [7,70] . In addition, 
overweight respondents were 12 times more likely than normal -
 weight respondents to report weight - related employment dis-
crimination, obese respondents were 37 times more likely, and 
severely obese respondents were 100 times more likely  [70] . Puhl 
and Brownell found that 54% of overweight or obese respondents 
( n    =   2671) reported being stigmatized because of their weight by 

co - workers or colleagues and 43% reported experiencing stigma 
from their employers or supervisors  [1] . In addition, very obese 
persons working in professional jobs are more likely than obese 
nonprofessionals to report job discrimination  [6] . 

 Experimental research provides further evidence of the exist-
ence of weight - related employment discrimination and demon-
strates that overweight applicants face biased hiring decisions. 
This research typically asks participants to evaluate a fi ctional 
applicant ’ s qualifi cations for a job, where the employee ’ s weight 
has been manipulated (through written vignettes, videos, photo-
graphs or computer morphing). Participants consistently evalu-
ate overweight applicants more negatively and rate them less 
likely to be hired than average - weight employees, despite having 
identical qualifi cations  [71 – 73] . This bias may be especially 
salient in jobs like sales positions, where obese people are per-
ceived to be inappropriate for face - to - face interactions  [74 – 77] . 
In a recent study, New Zealand researchers presented fi ctitious 
CVs with photographs of either overweight or normal - weight 
women to 56 human resource consultants and asked them to 
rank the job candidates based on suitability for a specifi ed posi-
tion. Normal - weight applicants were ranked signifi cantly higher 
than overweight applicants, despite the fact that the CVs were 
identical  [78] . 

 Survey research shows that negative stereotypes about obese 
employees are common. These stereotypes may lead to inaccurate 
perceptions about obese employees ’  performance, resulting in 
discrimination. Three decades ago, Larkin and Pines documented 
beliefs that obese workers are less neat, productive, ambitious, 
disciplined and determined compared to nonobese employees 
 [79] . More recent studies indicate this pattern has worsened and 
that people perceive overweight employees to be sloppy, lazy, less 
competent, poor role models, lacking in self - discipline, disagree-
able, unattractive, unsuccessful, and emotionally unstable com-
pared to average - weight employees or job applicants  [80 – 82] . 
Other work reveals perceptions that obese workers have low 
supervisory potential, and poor personal hygiene and profes-
sional appearance  [77] . Despite a lack of evidence showing any 
truth to these stereotypes, obese employees remain vulnerable to 
negative evaluations because of their weight. Interestingly, some 
research shows that obese job applicants who acknowledge their 
stigma in an interview are evaluated more negatively than those 
who do not mention their weight  [83] . 

 Clearly there is a compelling need for laws to protect obese 
individuals from discrimination in the workplace. In the United 
States, overweight individuals have depended on the Rehabilita-
tion Act of 1973 (RA) and the Americans with Disabilities Act of 
1990 (ADA). However, whether obesity qualifi es as a disability 
under the ADA has caused much debate. Overweight people who 
are not  “ morbidly obese ”  but who experience weight discrimina-
tion cannot fi le claims under the ADA because they are not con-
sidered disabled. These unresolved issues, along with public 
perceptions that blame obese people for their own negative expe-
riences, result in inconsistent court rulings and deter other over-
weight people from seeking legal recourse at all  [84] .  
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  Socio -  e conomic  s tatus 
 Numerous studies show that obesity is more prevalent among 
lower socio - economic groups  [85 – 87] . While the relationship 
between obesity and socio - economic status (SES) is bidirectional 
 [86] , it diffi cult to determine causality and highlight the complex-
ity of this relationship. Research suggests, however, that negative 
outcomes in domains such as education, employment, and 
income contribute to negative socio - economic consequences for 
obese individuals, especially for obese women. 

 A longitudinal study that examined obesity and SES among 
over 10,000 adolescents who were followed for 7 years established 
that women who had been overweight in adolescence completed 
less education, were less likely to be married, and had lower 
incomes and higher rates of poverty compared to those who had 
not been overweight. This relationship remained after controlling 
for socio - economic origins and academic test scores  [88] . This 
study also demonstrated that individuals with chronic health 
conditions did not have lower socio - economic attainment than 
nonoverweight participants, indicating that these outcomes 
were not due to health problems. Other prospective research 
( n    =   12,537) found that girls in the top 10% of BMI earned 7.4% 
less income 7 years later than girls who were not overweight  [89] . 
In a study of 15,061 respondents to the 1996 Health Survey for 
England, lower educational attainment and lower socio - eco-
nomic status were associated with a higher risk of obesity in both 
men and women  [87] . A 2004 study of adults at or near retire-
ment age ( n    =   8733) found overweight and obesity to be associ-
ated with lower net worth for women, but not for men  [90] . 
Other studies, however, have found no differences in SES out-
comes between obese individuals and nonobese individuals, par-
ticularly for men  [56,91] . 

 The mixed fi ndings of existing studies may in part refl ect 
different methods used to defi ne and measure socio - economic 
variables. Nevertheless, there is suffi cient evidence that obese 
individuals suffer from negative socio - economic consequences, 
especially in areas of education and employment. These socio -
 economic challenges may create signifi cant barriers for the health 
and well - being of obese individuals.  

  Healthcare 
 Because obesity is associated with numerous co - morbidities, it is 
critical for obese individuals to obtain necessary preventive care 
and medical treatment. Research fi nds evidence of negative atti-
tudes toward obese patients and questionable obesity manage-
ment practices among providers. Weight stigma in healthcare 
settings may interfere with the frequency and quality of care 
received by obese patients and contribute to the negative health 
consequences associated with obesity. 

 A number of studies demonstrate that physicians, dietitians, 
psychologists, nurses, and medical students hold negative atti-
tudes towards obese patients  [92 – 99] . Schwartz and colleagues 
assessed 389 health professionals attending a national obesity 
conference and found them to exhibit signifi cant implicit and 
explicit anti - fat bias, including associations that obese persons are 

lazy, stupid and worthless  [100] . Foster et al. examined attitudes 
toward obese patients among 620 primary care physicians and 
found that they viewed obesity as a largely behavioral problem 
and expressed negative stereotypes of obese individuals  [101] . 
Other self - report studies show that healthcare providers perceive 
obese patients to be unsuccessful, unpleasant, unintelligent, dis-
honest, lacking in self - control, overindulgent, weak - willed, and 
lazy  [93 – 95,102,103] . One study of RN graduate female nurses 
( n    =   107) reported that 24% of nurses agreed that caring for an 
obese patient repulsed them, and 12% reported that they pre-
ferred not to even touch an obese patient  [104] . Other work 
shows that people overestimate the likelihood that obese patients 
are noncompliant with their physician ’ s advice, despite the 
absence of data to suggest this relationship exists  [105] . 

 Additional research shows that healthcare providers may 
engage in questionable obesity management practices. Bertakis 
and Azari investigated the impact of obesity on primary care by 
analyzing videotapes of 506 fi rst - time patient visits with 105 phy-
sicians  [106] . Physicians in the study failed to document obesity 
in 63% of obese patients. Physicians also spent relatively less time 
providing health education to obese patients, while spending 
more time providing health education to patients who had better 
physical health and higher economic status. Another study exam-
ining attitudes and weight management practices among 752 
general practitioners found that physicians reported positive 
views about their roles in managing obesity, but underutilized 
practices that promoted lifestyle changes in patients, described 
weight management as professionally unrewarding, and reported 
their most common frustrations in treating obesity to be poor 
patient compliance and motivation  [107] . 

 Healthcare providers ’  attitudes and practices are often refl ected 
in the perceptions of their obese patients. In a survey of 2671 
overweight and obese women, Puhl and Brownell  [1]  found that 
69% of participants reported experiencing weight stigma from a 
doctor and 52% felt stigmatized by doctors multiple times. In 
addition, doctors were reported to be the second most frequent 
source of weight bias among over 20 potential sources provided 
to them. Other research has documented reports by obese indi-
viduals of stigmatizing experiences with healthcare providers  [9] , 
and expectations of confronting negative stereotypes in primary 
care  [108] . Additional work examining women ’ s perceptions of 
their physicians ’  weight management attitudes found that almost 
50% of participants ( n    =   259) reported that their physicians had 
not recommended any common weight loss methods, and nearly 
60% of participants reported that most doctors do not under-
stand how diffi cult it is to lose weight  [109] . 

 These experiences of stigma and questionable weight manage-
ment practices in healthcare may lead obese individuals to avoid 
or delay seeking preventive health services. A 2006 study found 
that obesity is a barrier to obtaining preventive healthcare services 
among women. Specifi cally, obese women ( n    =   498) reported that 
they delay cancer screenings, and their reasons for avoiding care 
included receiving disrespectful treatment, embarrassment about 
being weighed, negative attitudes of providers, unsolicited advice 
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to lose weight, and medical equipment that was too small to be 
functional  [110] . The percentage of women who reported these 
barriers increased with BMI. This parallels other research dem-
onstrating a positive association between BMI and delay or avoid-
ance of healthcare  [111] , and fi ndings that obese women are less 
likely to undergo routine breast, cervical and colorectal cancer 
screening  [111 – 115] . This is especially concerning because obesity 
increases their risk for developing these types of cancers. One 
self - report study of 310 hospital - employed women found that 
12% indicated that they delayed or cancelled physician appoint-
ments due to weight concerns, 55% of those with a BMI over 35 
delayed or cancelled visits because they knew they would be 
weighed, and in the 33% of women who had discussed weight 
with their physicians, discussions were described as negative 
 [116] . The most common reason cited for delaying appointments 
was embarrassment about weight. 

 It is important to determine how weight stigma among health 
professionals affects their care of obese patients, such as time 
spent with patients, quality of patient – provider interactions, 
optimism about improvement, and willingness to provide 
support  [117] . Hebl and Xu conducted an experimental study to 
examine how a patient ’ s body weight infl uences both the atti-
tudes that physicians hold as well as the treatments they prescribe 
 [118] . Findings showed that physicians ( n    =   122) indicated that 
they would spend less time with heavier patients and viewed them 
signifi cantly more negatively on 12 of 13 indices, including how 
self - disciplined they perceived the patient to be and the likelihood 
that the patient would comply with medical advice. Notably, 
only 42% of physicians chose to discuss weight loss with obese 
patients and only 31% would refer an obese patient to a nutrition 
counselor. 

 Considering the serious and costly co - morbidities associated 
with obesity, it is important to determine the extent to which 
weight bias affects the quality and frequency of care received by 
obese patients. Efforts to reduce weight stigma in healthcare set-
tings may ameliorate some of these health consequences and 
improve obese patients ’  functional well - being.  

  Interpersonal  r elationships 
 Obese individuals may experience negative consequences in their 
social lives and interpersonal relationships with peers, family, and 
romantic partners. Some research fi nds that obese individuals are 
often perceived as less desirable candidates for any of these roles, 
and are viewed as being unpopular and having few friends 
 [119,120] . These perceptions may be true in some cases, as studies 
have indicated that obese women are more dissatisfi ed with 
family relationships, partner relationships, and social activities 
than thinner women  [121]  and have fewer close friends than 
thinner women  [122] . Other studies have found obesity positively 
associated with loneliness  [123,124] , and that obese individuals 
believe their weight has interfered in their participation in social 
activities  [14,125] . 

 Obese individuals may confront heightened consequences in 
family relationships. For example, some work has documented 

signifi cantly lower levels of support for severely obese persons in 
their family relationships  [126] , and that family members are 
reported to be the most frequent sources of weight stigma by 
obese individuals  [1] . 

 Obese individuals also appear to experience some diffi culties 
in romantic partnerships. A 2005 study found that overweight 
women were less likely to be dating than their normal - weight 
peers. While heavier women found their relationships less satisfy-
ing, heavier men were more satisfi ed with their relationships 
 [127] . Harris et al. found that weight was negatively associated 
with likelihood and frequency of dating for Caucasian women, 
and that Caucasian men were more likely than African - American 
men to have refused to date a woman because of her weight  [128] . 
Sitton and Blanchard found that fewer men responded to a per-
sonal advertisement in which the woman was identifi ed as obese 
compared to an advertisement in which a woman disclosed 
having a history of drug problems  [129] . Regan found that sub-
jects rated obese women as less sexually attractive, skilled, warm, 
and responsive, and less likely to experience sexual desire than 
normal - weight women; this difference did not hold when the 
target stimulus was male  [130] . 

 Few studies have examined the effect of obesity on sexual rela-
tionships. One study asked college students to rank order six 
drawings of potential sexual partners, including an obese partner, 
a healthy partner, and partners with various disabilities  [131] . 
Both men and women ranked the obese person as the least desir-
able sexual partner; however, men ranked the obese partner as 
signifi cantly less preferable than women did. Both men and 
women ranked fi gures described as having a mental illness and a 
history of sexually transmitted diseases as more preferred than an 
obese partner  [131] . Another study found that obese individuals 
reported a high frequency of sexual diffi culties attributed to their 
weight, which was more pronounced for women than for men, 
and that higher BMIs were associated with greater impairments 
in sexual quality of life  [132] . 

 Despite these fi ndings, more work is needed in this area as 
some studies have reported no differences in degree of loneliness 
or romantic relationships between obese and nonobese persons 
 [122] . For example, a recent study investigated social skills, social 
support, and subjective well - being in a sample of 226 obese indi-
viduals from the general population and found no differences 
between obese and comparison groups  [133] . Similarly, a survey 
of 3000 adults found no signifi cant differences between obese and 
nonobese participants in reported quality of relationships with 
friends, co - workers and spouses  [126] . Other work has found no 
difference across weight groups in self - reported social support, 
size of social networks, socially based self - esteem  [134]  or popu-
larity with peers  [135,136] . 

 While negative stereotypes about the relationship skills and 
desirability of obese individuals are common, some research sup-
ports the contention that obese individuals do, indeed, experi-
ence negative outcomes in the interpersonal domain, while other 
research fi nds that they fare similarly to their normal - weight 
counterparts. The subgroup most impacted by the negative 



Chapter 3 Stigma and Social Consequences of Obesity

31

stereotypes appears to be Caucasian women. Additional research 
is needed to help clarify whether true differences exist between 
obese and nonobese individuals, and how gender infl uences these 
outcomes.  

  Psychologic  h ealth and  c oping 
 A large body of research exists on the psychologic health of obese 
people, yielding mixed fi ndings. It appears that the psychologic 
consequences of obesity may be mediated by several variables, 
such as gender, degree of obesity, and experiences of weight -
 related stigma. The main variables that have received attention in 
the literature are psychopathology, depression, risk for suicide, 
self - esteem, body esteem, quality of life, and coping strategies in 
response to stigma. This literature is briefl y summarized below. 

 Early studies indicated lower levels of depression and anxiety 
in some obese demographic groups, giving rise to the “jolly fat” 
stereotype  [137 – 143] . Other researchers have found no such rela-
tionship  [144 – 147] . In their review of this literature, Friedman 
and Brownell found little consistent evidence that obese individu-
als as a group suffer greater psychopathology than their thinner 
counterparts  [148] . Still others report small to moderate relation-
ships between weight and depression across a variety of obese 
samples, especially for women  [149 – 153] . A recent study of 
44,800 respondents from the 2001 Behavioral Risk Factor Surveil-
lance Survey demonstrated that young obese women were signifi -
cantly more likely than nonobese women to have a sustained 
depressive mood  [154] . 

 Specifi c subpopulations of obese people may be more vulner-
able to psychologic distress, most notably binge - eaters, obesity 
treatment - seeking populations, and certain social strata groups 
 [155 – 160] . Wadden and colleagues found that extremely obese 
individuals who seek bariatric surgery are more vulnerable to 
depression and psychosocial complications than nontreatment -
 seeking individuals, with approximately 25 – 30% reporting clini-
cally signifi cant levels of depression  [161] . The authors concluded 
that emotional stress associated with the physical complications 
and experiences of weight - related prejudice and discrimination 
can lead extremely obese individuals to seek medical attention. 

 One criticism of the early research in this area is the use of 
cross - sectional data. Roberts et al. reported fi ndings from a large 
prospective study of adults (n   =   1739) over the age of 50  [162] . 
Cross - sectionally, obese individuals were more likely to report 
poorer perceived mental health, less optimism, greater life dis-
satisfaction, and greater depression. Longitudinally, obesity pre-
dicted risk for subsequent depression, pessimism, and unhappiness 
5 years later, even when controlling for baseline mental health 
problems. Two recent prospective studies, however, yielded 
mixed results. Sachs - Ericsson et al. (n   =   2406) found that BMI 
moderately predicted depressive symptoms, and that this rela-
tionship was greater for African - Americans than for whites  [163] . 
In contrast, a large prospective study of over 15,000 men and 
women found that obesity was associated with reduced subse-
quent risk of hospital admission for psychoses, depression, and 
anxiety, even after adjusting for related variables  [164] . Faith 

et al. reviewed this literature and concluded that the relationship 
between obesity and depression will likely prove to be a complex 
pattern of mediated and moderated relationships  [165] . Two 
recent studies found the relationship between weight and psycho-
logic health to be mediated by weight and shape concerns and 
weight cycling  [166,167] . 

 Miller and Downey published a meta - analysis of the relation-
ship between weight and self - esteem  [168] . They found a moder-
ate relationship, which was stronger for women, individuals of 
higher SES, those of nonminority status, and those seeking treat-
ment. This relationship does not hold across all studies  [169] . As 
with obesity and depression, obesity and self - esteem appear more 
strongly related in certain subpopulations, such as binge - eaters 
and treatment - seeking populations  [170] . It also appears to be 
moderated by body esteem. Body esteem has been of interest both 
as a variable in its own right and, more recently, as a moderator 
and/or mediator of the relationship between weight and other 
psychologic variables such as depression and global self - esteem. 
The relationship between body dissatisfaction and overweight is 
well established  [169,171 – 173] . 

 Recent studies have investigated the role of weight stigma in 
mediating the relationship between psychologic functioning and 
obesity. A 2007 study of morbidly obese surgery - seeking adults 
found depressed mood to be most related to weight stigma, rather 
than other factors such as BMI, gender, binge - eating status, and 
physical disability  [174] . Similarly, a study of obese treatment -
 seeking adults found frequency of stigmatizing experiences to be 
associated with depression, general psychiatric symptoms, body 
image disturbance, and low self - esteem. Interestingly, partici-
pants ’  personal anti - fat attitudes moderated the relationship 
between stigma and body image  [175] . Other research has 
reported that a history of appearance - based teasing while growing 
up is associated with body dissatisfaction, depression, low self -
 esteem, and higher frequency of binge eating  [176 – 178] . Carr and 
Friedman  [6]  found that very obese persons who perceived they 
were discriminated against because of their weight reported lower 
levels of self - acceptance and self - esteem. Importantly, a 2007 
study found that after controlling for common obesity - related 
stressors (e.g. poor physical health, interpersonal discrimination, 
and problematic relationships with family members) the effects 
of obesity on psychologic functioning attenuated and even 
reversed so that obese persons actually enjoyed better psychologic 
functioning than their thinner peers  [179] . These fi ndings suggest 
that reducing the weight stigma will signifi cantly help to improve 
the psychologic health of obese individuals. 

 While the data on psychosocial outcomes in obesity are mixed, 
studies examining the relationship between weight stigma and 
psychologic impairments encourage increased attention toward 
efforts to reduce weight - related prejudice. One particularly sober-
ing fi nding from a large US population - based sample ( n    =   40,086) 
is that BMI is associated with suicidal ideation in women, and 
with both suicide attempts and suicidal ideation in men  [152] . 
More research is needed to establish causality and to pinpoint the 
particular aspects of obesity to target for intervention. 
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 There is a range of strategies that obese individuals use to 
cope with stigmatizing experiences  [180] . Some coping methods 
may improve well - being, while others may impair emotional 
and physical health. Certain coping responses, such as the 
adoption of unhealthy eating behaviors in reaction to stigma, 
may particularly exacerbate health consequences of obesity and 
interfere with attempts to lose weight. A study surveying over 
2000 overweight and obese adults found that 79% of adults 
reported coping with weight stigma by eating more food, and 
75% reported refusing to diet in response to weight stigma  [1] . 
Other coping responses reported included heading off negative 
comments, using positive self - talk, coping through prayer, and 
seeking social support from others. Puhl and colleagues also 
found that obese individuals ( n    =   1013) who internalize negative 
weight - related stereotypes were particularly vulnerable to the 
psychologic consequences of stigma, including more frequent 
binge eating and refusal to diet  [181] . The literature on coping 
strategies for weight bias remains scant, and more work is needed 
in this area to identify adaptive versus maladaptive responses 
to bias.   

  Special  c onsideration:  w eight  s tigma in  y outh 

 As childhood obesity rates continue to rise  [182] , an increasing 
number of young people are vulnerable to the social conse-
quences of obesity. Research shows that overweight and obese 
youth experience weight stigma from multiple sources, including 
peers, educators, and parents. In their 2007 review of research on 
weight stigma in children and adolescents, Puhl and Latner con-
clude that the scientifi c literature is clear in demonstrating that 
stigmatization directed at obese children is pervasive and often 
unrelenting, and that as a result of weight bias and discrimina-
tion, obese children suffer psychologic, social, and health - related 
consequences  [2] . 

 Numerous studies have documented children ’ s negative atti-
tudes toward obese individuals, which often result in weight -
 related victimization and teasing of overweight peers. In a classic 
1961 study, Richardson and colleagues found that 10 – 11 year olds 
reported that they would prefer to be friends with children who 
had disabilities (e.g. children in a wheelchair or with a facial 
disfi gurement) rather than an overweight child, whom they 
ranked last in their friendship preferences  [183] . A 2003 replica-
tion of this study suggests that weight stigma among children has 
worsened over the last 40 years  [184] . Brylinsky and Moore dem-
onstrated that children as young as age 3 described a  “ chubby ”  
target as mean, stupid, loud, ugly, lazy, sad, and lacking in friends 
 [185] . This fi nding is supported by research spanning several 
decades demonstrating that children associate negative stereo-
types with overweight individuals  [184,186 – 196] . As a result of 
these negative attitudes, a number of studies have found that 
overweight and obese children report being teased, bullied, ver-
bally abused, rejected, and isolated because of their weight 
 [197 – 203] . 

 Overweight and obese youth are not only stigmatized by their 
peers; teachers and parents also express negative weight - related 
attitudes. As mentioned above, research shows that teachers 
exhibit biased attitudes towards obesity  [45,95] , with the most 
recent work demonstrating negative attitudes towards obese stu-
dents by physical education (PE) teachers who also have higher 
expectations for  “ normal - weight ”  students than overweight stu-
dents  [48,49] . In addition, Bauer and colleagues found that 
middle school students reported receiving negative comments 
from teachers about their athletic abilities that in turn led them 
to avoid participating in PE classes  [47] . This fi nding is discour-
aging considering the importance of physical activity for promot-
ing the health of obese children. 

 Studies fi nd that parents can be additional sources of biased 
attitudes towards weight, which can be communicated to their 
children in both subtle and overt ways  [204,205] . Self - report 
studies further reveal that overweight and obese individuals 
report experiencing weight - based teasing from their parents 
 [1,200,206] . 

 For children, the impact of obesity and weight - related stigma 
can be severe, having negative psychologic, interpersonal, aca-
demic, and physical health consequences. Wardle and Cooke 
reviewed empiric evidence on the relationship between childhood 
obesity and psychologic well - being  [207] . They found that while 
clinical samples of obese youth typically report poorer psycho-
logic health than population - based samples, research in com-
munity samples suggests that few obese children are depressed or 
have low self - esteem. The exception to this fi nding is that some 
studies fi nd obese children to have moderate levels of body dis-
satisfaction  [208 – 211] . As with the literature on adults, Wardle 
and Cooke conclude that a number of mediators and moderators 
infl uence the relationship between obesity and well - being, includ-
ing weight - based teasing  [207] . 

 Several studies have documented evidence that weight - based 
teasing is associated with poorer psychologic outcomes among 
both male and female adolescents  [202,212,213] . In a sample of 
4746 adolescents, Eisenberg and colleagues  [206]  found that 
teasing about weight was consistently associated with body dis-
satisfaction, low self - esteem, high depressive symptoms and sui-
cidal ideation. Weight category was not related to these outcomes 
after controlling for teasing, suggesting that teasing itself, rather 
than weight, may be most relevant in predicting emotional well -
 being. Other research has found weight teasing to be associated to 
body dissatisfaction, regardless of weight category  [214,215] . One 
of the most alarming consequences of obesity and weight - related 
teasing is the increased risk for suicidal behaviors. Several large 
population - based studies have demonstrated that obese adoles-
cents are more likely to consider or attempt suicide than their 
nonobese peers  [216 – 218] , while obese adolescents who are teased 
because of their weight may be at an even higher risk  [200,206] . 

 Weight stigma is particularly harmful for overweight children 
when it interferes with the formation of social relationships and 
friendships. Overweight children in elementary school have been 
shown to be less liked and more often rejected than their 
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nonoverweight peers  [194] . Data from 90,118 adolescents in the 
National Longitudinal Study of Adolescent Health found that 
overweight adolescents were more likely to be socially isolated 
and were less likely to be chosen by their peers as friends  [209] . 
Another study of almost 10,000 adolescents found that obese boys 
and girls were less likely to spend time with friends than their 
thinner peers  [218] . There is also evidence that overweight youth 
report that their weight is the reason for their social isolation 
 [202,219] . 

 Obesity and weight stigma also appear to interfere with aca-
demic success and educational achievement. In 1994, the National 
Education Association ’ s report on size discrimination observed: 
 “ For fat students, the school experience is one of ongoing preju-
dice, unnoticed discrimination, and almost constant harassment. 
From nursery school through college, fat students experience 
ostracism, discouragement, and sometimes violence”  [220] . 
Additional research with adolescents supports these conclusions. 
A 2007 study using data from the National Longitudinal Study of 
Adolescent Health reported that obesity undermined the educa-
tional attainment of female students. Obese girls experienced 
higher levels of self - rejection, suicidal ideation, substance use and 
academic failures, and had a 50% lower chance of attending 
college, suggesting that the negative social climate for obese girls 
may have disrupted their academic attention and their future 
academic success  [12] . 

 Similar to the coping strategies obese adults may use in 
response to stigmatizing experiences, obese youth who experi-
ence weight stigma may engage in disordered eating behaviors in 
response to stigmatizing situations. Several studies have docu-
mented weight - related teasing to be associated with unhealthy 
behaviors in adolescents, such as binge eating, vomiting, bulimia, 
and the use of diet pills or laxatives  [198,214,215,221 – 223] . In a 
study assessing associations with weight - based teasing among 
4746 adolescents, Neumark - Sztainer and colleagues reported that 
overweight boys and girls who experienced frequent weight -
 related teasing were more likely to engage in unhealthy weight 
control behaviors and binge eating than overweight adolescents 
who were not teased about their weight  [200] . Even after control-
ling for socio - economic status and BMI, the relationship between 
teasing and disordered eating remained. Prospective research fol-
lowing these adolescents also found that weight - related teasing 
predicted binge eating and extreme weight control behaviors 5 
years later  [224,225] . 

 The evidence is clear that a growing proportion of overweight 
children face stigmatization in multiple aspects of their lives. Not 
only does this stigmatization affect their psychologic well - being, 
but it damages their social relationships, hinders their academic 
success, and triggers unhealthy behaviors that can harm their 
physical health, making their struggles with weight more diffi cult. 
Furthermore, there is no evidence to suggest that weight teasing 
directed at children is a positive motivator for weight loss. Thus, 
successful efforts to prevent and reduce childhood obesity should 
include programs to reduce weight stigma and help children to 
effectively cope with its deleterious effects.  

  Strategies for  w eight  s tigma  r eduction 

 Weight stigma reduction is clearly an important goal to improve 
both the social consequences related to obesity and the quality of 
health for obese children and adults. Although attribution 
research provides important insights about the origins of obesity 
stigma, only a handful of published studies have addressed attri-
butions of controllability and causality of obesity in direct 
attempts to improve attitudes. Some experimental research has 
improved attitudes towards obese people by providing informa-
tion to participants about biologic, genetic, and noncontrollable 
causes of obesity  [21,41] . However, other studies providing 
explanations for obesity outside one ’ s personal control did not 
lead to attitude change  [226,227] . Thus, more work is needed to 
determine the utility of attribution theory to reduce weight bias, 
and it is important to examine other stigma reduction methods. 

 A school - based intervention improved weight tolerance among 
elementary students through a curriculum designed to promote 
size acceptance, although children ’ s attitudes were not directly 
assessed, making it diffi cult to determine whether actual changes 
occurred  [228] . Negative attitudes were also reduced in a study 
of medical students following an intervention that used videos of 
obese people, role - play exercises, and written materials about the 
causes of obesity  [96] . One - year follow - up results indicated that 
students endorsed fewer negative stereotypes compared to their 
preintervention attitudes. An experimental study evaluated a 
web - based intervention to reduce weight stigma among educa-
tors  [229] . The online module, covering topics such as obesity, 
the consequences of obesity stigma, and sociocultural pressures 
on young people to be thin, successfully improved attitudes 
towards obesity and maintained these improvements at 6 - month 
follow - up. Interestingly, participants ’  attitudes improved more 
when there was an overweight female presenter for the online 
course compared to a thin female presenter. 

 Studies designed to evoke empathy towards obese people have 
also attempted to reduce stigma, but have produced discouraging 
fi ndings. This research instructed participants to read stories 
about weight discrimination or watch empathic videos of obese 
women, neither of which changed negative associations about 
obese people  [227,230] . Another study was unable to improve 
negative attitudes among medical students by increasing their 
direct interpersonal contact with obese patients  [102] . There is 
extensive research support for the effectiveness of increased inter-
personal contact on attitude change  [231] , but certain types of 
stigmas, like obesity, may resist these strategies. 

 A relatively new stigma reduction strategy targeting percep-
tions of social consensus about obesity has successfully decreased 
negative attitudes and increased positive attitudes towards obese 
people. The perceived social consensus model suggests that stere-
otypes and stigma are a function of their perceptions of others ’  
stereotypical or stigmatizing beliefs  [232] . Puhl et al. conducted 
three experimental studies in which students completed self -
 report measures of attitudes towards obese people prior to and 
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following manipulated feedback depicting the attitudes of other 
students  [41] . University students who received favorable con-
sensus feedback (suggesting that others held more favorable 
beliefs about obese people than they did) reported signifi cantly 
fewer negative attitudes and more positive attitudes toward obese 
persons compared to their reported attitudes prior to feedback. 
In addition, students shifted their reported beliefs about the 
causes of obesity following favorable consensus feedback to 
beliefs that obesity is due to factors outside, rather than within, 
personal control. This social consensus approach remained pre-
dictive of positive attitude change when it was compared to other 
methods of stigma reduction (such as providing causal informa-
tion about obesity). 

 Few published studies have attempted to reduce weight stigma 
among children and adolescents. Bell and Morgan attempted to 
reduce weight stigma among children in grades 3 – 6 by addressing 
perceptions of the controllability of body weight  [226] . Providing 
medical information to explain the causes of obesity improved 
attitudes among younger children, but not among older children, 
who displayed more negative behavioral intentions toward obese 
targets. A similar study presented information to students about 
the uncontrollability of body size, but was unable to improve 
negative weight - based stereotyping  [233] . Other research sug-
gests that the media may be a promising avenue for stigma reduc-
tion strategies in children  [2] . Considering the role of television 
in perpetuating children ’ s endorsement of obesity stereotypes 
 [234] , future research should examine the potential for the media 
to improve weight - related attitudes among youth through spe-
cifi c programming and more positive depictions of overweight 
characters. 

 Many questions remain about how to overcome negative atti-
tudes towards obese people. There is clearly a need for additional 
research to identify key factors that are necessary for effective 
stigma reduction interventions, and to determine whether there 
are particular approaches that may work better than others in 
certain circumstances. It will also be useful to test the social con-
sensus framework with more diverse samples and to compare its 
utility with attribution approaches of attitude modifi cation, in 
both adults and children.  

  Conclusion 

 Weight stigma negatively impacts multiple aspects of life includ-
ing education, employment, healthcare, and social relationships. 
These obstacles can signifi cantly impair overall quality of life for 
obese adults and children. While other forms of bias, such as 
racism and sexism, are prohibited by federal legislation, weight 
bias is rarely challenged, often ignored, and offers no legal 
recourse for obese individuals who experience weight 
discrimination. 

 In order to establish effective strategies to improve society ’ s 
negative attitudes, research efforts must focus on the develop-
ment, testing and implementation of stigma reduction 

interventions. The lack of research in this area and the mixed 
fi ndings of existing work indicate the need to integrate current 
theories of weight bias and to fi nd new conceptual approaches to 
guide efforts aimed at improving negative attitudes towards obese 
people. Attribution and social consensus perspectives provide 
promising avenues for research, but both require further testing 
to determine whether attitude change resulting from these 
methods reliably translates into less biased behavior toward obese 
individuals. 

 Educational programs aimed at increasing diversity and reduc-
ing bias must also be tested to offer parents and teachers ways of 
helping obese children cope with prejudice, and to ensure that 
there are equal opportunities for overweight and obese children 
to succeed. Within medical settings, clinicians and healthcare 
professionals have a responsibility to assist obese patients in man-
aging their stigma experiences, take steps to reduce weight bias 
in their practice, and improve the healthcare environment for 
obese patients. Given that obese individuals are at increased risk 
for a wide variety of medical problems, facilitating their participa-
tion in preventive services and treatment is paramount. This 
requires that healthcare is delivered with sensitivity and free of 
bias. 

 The damaging social consequences of obesity for both adults 
and children are signifi cant, and the impact of bias and discrimi-
nation on public health could be considerable. Major shifts 
in societal attitudes are needed to combat weight bias. The 
national obesity research agenda must do its part to address this 
important social issue. Clinicians, obesity researchers, and health-
care professionals have a responsibility to improve the well - being 
of obese adults and children, which requires us to address not 
only physical but also emotional, social, and psychologic indices 
of health.  
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4  Obesity and Culture  

  Pippa   Craig  
  Indigenous Health Unit, School of Public Health and Community Medicine, University of New South Wales, 
Sydney, Australia       

     Obesity has become one of the most discussed topics of our time 
 [1] , particularly in recent years. Obesity has also become highly 
newsworthy with a roughly fi vefold increase in media attention 
since 1992  [2] . The majority of the 750 articles on obesity pub-
lished in the  New York Times  alone between 1990 and 2001 have 
appeared since 1998  [3] , and reported US news items on obesity 
grew from 62 articles in 1980 to 6500 in 2004  [4] . 

 This observation is also confi rmed by both medical and socio-
logic databases, although the approaches of these two sources 
differ. Medical texts focus on prevalence, perceptions, preferences 
and the consequences, complications and management of obesity. 
Initially focused on the increasing size of bodies in Westernized 
societies, more recently the export of obesity to the rapidly devel-
oping world has become a concern. The sociologic literature, on 
the other hand, concentrates primarily on the signifi cance of 
body size across and within societies and the consequences of the 
export of Western cultural norms. There has also been a growing 
interest in the  “ social body ”  and the  “ medicalization ”  of obesity. 
These different foci refl ect the philosophic divide between the 
body and mind, and between biologic and social science that has 
infl uenced Western thought for several centuries.  

  Defi nition of  c ulture 

 Culture is largely a way of perceiving, feeling, and believing, and 
consists of a body of learned behaviors which shape ways of 
thinking and doing from generation to generation  [5] . Culture 
infl uences both human interactions and expectations. It interacts 
with biology, and biologic functioning is modifi ed by cultural 
norms, whether these manifest as products (such as clothing and 
body ornamentation) or processes (ways of doing or reacting). 

 Although many aspects of culture are explicit, many are 
implicit. Each culture is composed of many overlapping 

subcultures that may be defi ned on the basis of region, economic 
status, occupation or subgroup membership  [6] . 

 Obesity and culture inter - relate in a nonrandom way  [7]  and 
it is this relationship that will be explored in this chapter. An 
evolutionary perspective on obesity and culture will outline how 
the cultural environment has shaped the body over time. Various 
aspects of the surroundings in which humans fi nd themselves 
infl uence levels of obesity, and at any point in time obesity preva-
lence differs between and within social and ethnic groups to an 
extent that cannot be fully explained by genetic variation. Obesity 
is largely concentrated in affl uent and stratifi ed societies  [7]  and 
those undergoing cultural change towards a more Westernized 
lifestyle commonly demonstrate rapid increases in obesity. The 
ways in which those in Western societies respond to large bodies 
is consistent with Western philosophic thought, and thus the 
cultural context infl uences ways of thinking and feeling about 
obesity and being obese.  

  Culture and  o besity  o ver  t ime 

  Evolution of  h uman  c ulture and  o besity 
 Both food and economy played pivotal roles in the etiology of 
obesity  [7] . The current environment, dominated by abundant 
variety of readily available food contrasts starkly with one where 
a society focused attention on acquiring food for survival. The 
transition from using only what was required from the environ-
ment to survive to the present - day prodigious choice has fash-
ioned human body size and shape and human culture. 

 Anthropologists have used an evolutionary perspective to show 
how both genetic and cultural predispositions have contributed 
to the etiology of obesity  [8] . Those with a genetic propensity for 
obesity were selected because they were more likely to survive. 
Those with the fatter bodies then became the culturally preferred 
symbol of social prestige and good health  [8] . 

 Food was acquired by means of hunting and gathering for most 
of human history. Cultural evidence from archeologic remains 
and ethnographic studies of the social organization and cultural 
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traditions of the few remaining hunter - gatherers suggest they 
lived in small semi - nomadic groups, enjoyed high - quality diets, 
and distributed food equitably within the group  [9] . Hunters and 
gatherers ate a diet based on uncultivated plants and wild game 
and lived highly active lifestyles. There are neither reported cases 
of obesity in remaining hunter - gatherer groups  [7]  nor evidence 
of obesity from archeology, but as traditional societies adopt a 
Western lifestyle, whether by migration or acculturation, levels of 
obesity increase dramatically  [10] . 

 Domestication of plants and animals and development of food 
preservation techniques occurred with the introduction of agri-
culture approximately 12,000 years ago  [11] . Although it is gener-
ally believed that hunter - gatherers were frequently hungry while 
the agriculturalist enjoyed a stable food supply supplemented 
with stored reserves for times of need, ethnographic and archeo-
logic evidence suggests the contrary  [12] . Hunter - gatherers were 
comparatively healthy and only needed to forage for food every 
few days whereas ancient agriculturalists and modern peasant 
villagers lived relatively shorter lives, had higher rates of infant 
mortality, shorter stature, more infections and higher levels of 
tooth decay  [8,12] . With settlement, food acquisition became less 
effi cient, cereal monoculture reduced food variety, and crop fail-
ures in bad seasons led to general food shortages and consequent 
dietary defi ciencies  [8,11] . Although it seems surprising that set-
tlement ever took place in these circumstances the impetus for  
change was cultural; only settlement allowed development of 
more culturally complex societies  [12] . 

 Following the Industrial Revolution, a rapid increase in cul-
tural complexity occurred, allowing the emergence of social 
stratifi cation. Stratifi ed societies enabled the ruling elites to over-
come the succession of  “ feasts and famines ”  and ensured access 
to food at all times. Although today obesity is not just a disease 
of civilization, it commonly occurs in socially stratifi ed societies 
that have suffi cient affl uence and surplus food  [7] . 

 It has been proposed that our hunter - gatherer ancestors con-
sumed the diet for which they were originally adapted (high 
protein, lower fat, limited carbohydrate, with no cereal grains, 
dairy products or refi ned foods), and that present chronic disease 
patterns can be explained by a  “ discordance ”  between human 
genes and modern lifestyle  [10,11] . Chronic diseases resulted 
from an interaction of genetically controlled metabolism and 
biocultural infl uences; lifestyle and culture have moved ahead in 
leaps and bounds from a hunter - gatherer nomadic tradition to a 
modern way of life, outpacing genetic adaptation  [10] . 

 Explorations of the acculturation of food patterns among both 
Native American and Canadian Arctic populations identifi ed sig-
nifi cantly higher intakes of carbohydrate, fat and sucrose in the 
form of least - cost, low nutrition - density manufactured foods. 
The tendency to add manufactured foods to traditional staples, 
rather than displacing staples, triggered the massive increase in 
obesity  [13,14] . 

 Different modernization patterns occurred in other groups 
undergoing rapid rural - to - urban transitions. Obesity was more 
prevalent among children and adolescents in urban areas in China 

but evidenced primarily in rural areas in Russia  [15] . In China, 
higher - income urban populations consumed more fat, sweet foods 
and animal protein, and reduced carbohydrate and fi ber  [16] . In all 
cases the decreased physical activity accompanying modernization 
contributed to increased obesity rates. The way in which these 
changes have infl uenced cultural perceptions and preferences of 
body size will be discussed in more depth later in this chapter. 

 Humans have undergone cultural modifi cations over thou-
sands of years to adapt to the environment in which they found 
themselves, resulting in vastly different eating and activity pat-
terns and social structures. This adjustment to the environment 
was culturally driven as human groups explored and found 
unique ways to survive. Present - day widespread acculturation to 
a Western lifestyle is the antithesis to this adaptation. Instead, an 
infi nite variety of lifestyles uniquely suited to myriad particular 
situations have converged towards norms that may not be well 
suited to the human body.  

  Evolution of  f at  s torage and  f at  d istribution 
 The  “ thrifty genotype ”  hypothesis proposed 40 years ago in rela-
tion to type 2 diabetes was modifi ed by its author to include genes 
for obesity and hypertension, characterized by their familial 
nature and slow onset and referred to as  “ civilization syndromes ”  
 [17] . Obesity results from incremental changes over a long period 
of time, and the complex interplay of genetic and environmental 
factors. Because there is no evidence for a strong ethnic predis-
position for obesity among native populations pursuing a tradi-
tional lifestyle, increased prevalence must predominantly refl ect 
lifestyle changes or  “ cultural engineering ”   [17] . 

 Accumulation of lower body fat is a human female character-
istic that developed because of a need to carry an infant while 
foraging to meet the energy demands of lactation  [11] . Lower 
body fat is positively related to fertility  [18]  and a characteristic 
sign of female beauty in the majority of human societies  [8] . 

 All animals favor storage of the more metabolically active but 
more pathologic upper body fat in optimal conditions  [11] . 
Famines occurred regularly throughout most of human history 
and storage of excess energy for lean times was essential for sur-
vival. Overconsumption in times of plenty became the social 
norm, with bigness the conspicuous marker of prosperity in soci-
eties based on social hierarchy  [9,19] . 

 This brief anthropologic and evolutionary perspective on 
obesity shows how cultural and societal development can explain 
the increase in obesity over time  [8] . Obesity is the consequence 
of cultural changes occurring more rapidly than genetic adapta-
tion  [10] . Plumpness in women, particularly as lower body fat, 
evolved to ensure survival of the human race and thus became a 
rational cultural preference supporting a biologic norm. Eco-
nomic factors were also of etiologic importance with the increas-
ing prevalence of obesity accompanying growing cultural 
complexity and social stratifi cation. As affl uence and abundance 
became widespread, so did obesity. Within this environment, a 
uniquely human creation, culture, has been crucial in shaping 
human bodies.   
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  Culture,  o besity and  p lace 

 It has been estimated that approximately one - half of the contri-
bution to fatness and fat distribution is genetic, but it is the 
environment that determines whether obesity is realized 
 [11,20 – 22] . 

 Although environment suggests physical circumstances, it also 
embraces the social and cultural context in which people live. 
Numerous social and cultural factors impinge on a whole society 
and in differing ways on subgroups within that society. Some of 
these factors may be explicit and measurable, but many are 
implicit and diffi cult to quantify. If a perceived normative way of 
acting and/or reacting is reinforced, it will be strengthened and 
may gradually become characteristic of the group. Many studies 
described such norms and beliefs in relation to obesity between 
and within societies, and there have been many attempts to 
explain them. One particular area of interest has been how social 
gradients and Westernization shape obesity prevalence, beliefs, 
practices and preferences. 

  Differences between  s ocieties 
  Desirable  b ody  s ize in  d eveloped and  d eveloping  s ocieties 
 Populations, conceived of as cultural groups, differ in their 
concept of desirable body size. Obesity may be considered a 
disease and is socially stigmatized in Western cultures  [23] , but 
elsewhere large body size signifi es health and beauty  [8,24] . These 
differences relate to the core value system of the particular society, 
with body sizes and shapes sending powerful cultural messages 
 [25] . 

 The discourse on body size and culture has largely been the 
province of anthropologists and sociologists. Despite evidence for 
an impact of socio - economic variables and disease states on body 
size and shape, body dimensions may also be manipulated to 
some extent by means of bodily adornments or deliberate action 
in response to perceived cultural values, ideals or myths  [25] . 

 Large body size is still, on the whole, preferred in developing 
countries  [12] . The Human Relation Area Files, founded at Yale 
University in 1949, is a central dataset of information on 127 
cultures studied by ethnographers and historians, now web based 
 [26] . Less than half of those represented in the database include 
data on characteristics of ideal body type  [8,27] . Of these, none 
preferred extreme obesity, 81% preferred plumpness or moderate 
fat levels in women, and only 19% preferred thinness  [8,27] . For 
those societies with specifi c details, peripheral fatness was pre-
ferred, in particular large hips and legs  [8] .  

  Preference for  b igness 
 Bigness can mean taller, more muscular or fatter, and physical 
bigness can symbolize abundance, acceptance, power, success or 
fecundity  [12] . 

 Tallness has long been a symbol of power and dominance 
 [24,28] .  “ Big men ”  are cultural institutions in New Guinea and 

West Africa  [8] . The majority of US presidents were taller than 
the average American male at the time they were in offi ce  [28] . 
Australia has had its share of statuesque prime ministers (such as 
Malcolm Fraser, and Gough Whitlam who measured 193   cm). 
Despite Napoleon ’ s traditional portrayal as a short man, at 
163   cm he was unusually tall for a Corsican and of average height 
for northern France  [28] . Polynesian chiefs were  “ almost without 
exception ”  taller and heavier than their subjects, due to  “ different 
treatment in infancy, (and) superior and regular diet ”   [29] . 

 The few societies registered in the Human Relation Area Files 
with information on preferred size and shape of men predomi-
nantly preferred a muscular physique and moderate to tall stature 
 [8] . There has been a trend towards a more muscular cultural 
ideal in Western societies over the past 25 years  [30 – 32] . 

 Plumpness is admired in a woman in the context of food scar-
city, refl ecting well on her male provider  [8,28] , and signifying 
the increased likelihood of fertility and reproductive success  [18] . 

 Large, even fat, bodies have traditionally been considered a 
positive attribute in the Pacifi c  [19] , although attitudes are under-
going some change with Western infl uence  [33] . Co - operation in 
the production and distribution of food in Polynesian society was 
a rational response to an environment constantly under the threat 
of hurricanes and famines  [34] . People ate irregularly and con-
sumed large feasts organized by chiefs to gain prestige and rein-
force communal attachment  [35] . Now ritual feasting occurs with 
more regularity and accompanies Sunday church services in pre-
dominantly Christian societies. 

 Nancy Pollock has described traditional Nauruan fattening 
practices. A young woman of rank was provided with large quan-
tities food and made to rest when experiencing her fi rst menses 
and during pregnancy. A wide network of relatives was expected 
to assist in providing food in exchange for reciprocal support. 
These patterns of reciprocity, and the cultural reverence for 
plumpness as a symbol of well - being and social pride, served to 
maintain the society. Ritual fattening was also practiced among 
Tahitians and Cook Island Maori  [19,36] . 

 Examples of preference for fatness in men are rare but do exist. 
Sumo wrestling in Japan has a 2000 - year - old history. With a Body 
Mass Index (BMI) of around 45   kg/m 2 , top - league  sekitori  provide 
a striking contrast to the slight physique of the average Japanese 
male  [37] . 

 The Massa of West Africa participate in the practice of  guru , 
with the purpose of making men plump or obese.  Guru  can take 
the form of collective fattening where groups of men live with the 
cattle herd, drink large quantities of milk and are preferentially 
fed by the villagers, or takes place as individual fattening sessions. 
The esteemed male body shape is one with a protruding stomach 
and full fi gure, with smooth shiny skin  [38] . Energy balance 
studies of nine lean young Massa men found that they gained a 
mean of 17   kg, 64 – 75% as fat, in 2 months  [39] .  

  Preference for  s mallness 
 Most non - Western peoples value large body size, particularly at 
certain life stages. Slenderness is nonetheless admired by a 
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number of Southeast Asian, South Asian and North African soci-
eties where austerity, self - denial and control of appetite form part 
of the moral tradition for women  [24] , possibly as a cultural 
response to chronic food shortages. The Gurage of Ethiopia were 
expected to eat in moderation to preserve supplies although 
gorging at festivals was accepted and expected. Constant overeat-
ing was considered a measure of bad upbringing  [24] . 

 Western cultures prefer slimness but not necessarily small 
stature in women, requiring a lengthening and narrowing of the 
female body. While lengthening is consistent with secular trends, 
narrowing is more problematic. Weight concerns and dieting 
behaviors in young Canadian university students were infl uenced 
more by the deviation of their skeletal structure (frame size meas-
ured with bone calipers) from the ideal than by their degree of 
adiposity (measured with skinfolds)  [40] .  

  Cultural  p redictors of  i deal  f emale  b ody  s hape 
 Anderson and colleagues  [27]  conducted a detailed analysis of the 
62 cultures for which information on female preferred body 
shape was available in the Human Relations Area Files, testing a 
number of existing hypotheses which were developed to explain 
differing cross - cultural ideals of female body size and shape. Atti-
tudes towards fatness related to the reliability of the food supply, 
climate, the relative social dominance of women, the value placed 
on women ’ s work, and likely consequences of the expression of 
female adolescent sexuality. Cultural groups preferring plump 
women were located in colder climates, were male dominated, 
experiencing food insecurity, had low adolescent stress and 
expected women ’ s role to be predominantly in reproduction and 
homemaking  [27] .   

  Differences  w ithin  s ocieties 
  Social  f actors and  o besity 
 The Midtown Manhattan Study fi rst raised the profi le of social 
factors and obesity  [41] . This study found that the prevalence of 
obesity fell as socio - economic status (SES) rose and with increas-
ing length of time a migrant family had been in the US, particu-
larly among women. Upwardly mobile females were less obese 
than those who moved in the opposite direction. Trends, although 
similar for men, were less marked  [41] . These trends were con-
fi rmed by a longitudinal study of British women  [42] . 

 Using social networks of over 12,000 people from the Fram-
ingham Heart Study, Christakis and Fowler illustrated how social 
connections can explain individual weight gain in relation to the 
weight gain in others. This obesity infl uence reached a distance 
of three degrees of social separation. Geographic separation did 
not have the same effect, suggesting that local environmental 
factors were less explanatory than social factors  [43] . The effect 
occurred irrespective of educational level  [44] . 

 Major reviews of socio - economic status and obesity in 1989 
and 2007 confi rmed the strong inverse relationship between 
obesity and socio - economic status in women from developed 
societies but found the opposite in developing countries  [45,46] , 
in particular when education was used as an indicator of social 

class  [42] . The relationship was the same for men as for women 
in least developed countries, with the indicators of income and 
occupation both positively associated with obesity  [46] . The 
direct relationship between obesity and socio - economic status in 
developing societies was attributed to lower dietary intake and 
higher energy output among those of low status. The association 
between socio - economic status and obesity in men in developed 
societies was inconsistent or nonsignifi cant  [45,46] . 

 The unique relationship of socio - economic status and obesity 
among women in developed societies has been attributed to 
greater pressure to comply with the cultural norms of thinness 
and more opportunities to exercise, eat well and invest in appear-
ance by higher status women  [42,45 – 47] . A positive relationship 
between socio - economic position and height may also contribute 
to lower BMI. Those in the highest social class were taller, and 
the upwardly mobile were taller than those in the class they had 
left  [48,49] . US research suggests that ethnicity may explain some 
of the inconsistencies in men. Although a reverse association 
between socio - economic status and obesity was found in Cauca-
sian men, the relationship was positive in African and Mexican 
Americans  [50] .  

  Obesity and  p overty 
 Social and cultural factors play a signifi cant role in the relation-
ship between obesity and poverty, particularly among women. 
Although extreme poverty is associated with undernutrition, the 
pattern of obesity common in developed countries is gradually 
spreading to those countries experiencing demographic and epi-
demiologic transition, such as Latin America and the Caribbean, 
particularly in urban areas  [51,52] . A signifi cant trend for higher 
rates of obesity with increasing deprivation among children has 
been reported in southern England  [53] . In the US, the preva-
lence of overweight was higher among families with incomes 
below, compared with those above the poverty threshold, 
although this relationship was mediated by ethnicity  [54] . 

 During transition, obesity prevalence increases among lower 
socio - economic segments of the population as GNP increases. 
This occurs earlier among women than among men, and is still 
kept somewhat in check by overall food shortages, the greater 
ability of those with higher SES to acquire food, and cultural 
preferences for large body sizes  [55] . Urbanization resulted in 
reduced physical activity and increased consumption of an 
energy - dense diet as food became more available and inappro-
priate aspects of the Western lifestyle were adopted  [51,52,56] . 
Women were home based and engaged in limited physical activity 
whereas men are more likely to work outside the home and par-
ticipate in sporting activities  [57] . Purchasing energy - dense fatty 
meats and processed carbohydrates that  “ fi ll ”  but may not 
 “ nourish ”  in preference to less energy dense foods, was a cost -
 effective way of providing food energy on a limited budget  [57 –
 59] . Among the poorest in Argentina, processed, mass - produced, 
energy - dense foods with high fat and sugar content and  “ Western ”  
appeal were targeted towards those with low purchasing power 
 [57] . The poor faced a confl ict between their capacity to provide 
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and the ideal cultural images with which they were constantly 
bombarded, as these were beyond their means  [60] . 

 The poor woman needs a strong body to work, to nurture 
others or just to survive  [57,61,62] . It was not acceptable for 
overweight disadvantaged African women from Cape Town, 
familiar with food insecurity, to voluntarily regulate intake when 
food was available. For these women, weight gain refl ected 
marital harmony and well - being, and plump children indicated 
that they had suffi cient food to eat  [63] . Mothers of overweight 
low - income preschool children from Cincinnati, Ohio, described 
their children as  “ solid ”  or  “ big boned, ”  attributing their size 
to familial predisposition  [64] . Having a child with a good appe-
tite was their highest priority; only when obesity resulted in 
inactivity or low self - esteem did it warrant attention. On the 
other hand, women of high SES voluntarily restrict their food 
intake; the body of the upper - income woman is valued for its 
slimness, and higher income allows access to resources for obesity 
prevention  [47,61] . 

 Childhood obesity may vary signifi cantly across countries with 
different levels of socio - economic development. In Russia, low -  
and high - income adolescents (as opposed to those in the middle -
 income range), particularly in rural areas were at increased risk 
of obesity; in China, high - income, urban children and adoles-
cents were more at risk  [15] . Not only does this suggest the 
importance of considering socio - economic factors, but also that 
different ethnic groups may respond differently to interventions 
targeting obesity  [50] .  

  Ethnic  d ifferences 
 Numerous studies have shown that perceptions and preferences 
of body size differ between ethnic groups. These studies con-
fi rmed slim cultural preference, widespread body size dissatisfac-
tion, and likelihood for body size overestimation among 
Caucasians compared with African - Americans, Caribbeans, His-
panics, First Nation Canadians, South Asians, Ugandan Africans 
and Polynesians  [33,65 – 73] . In the few instances where no ethnic 
differences were found, comparisons were made between groups 
within the same country and perceptions and preferences may 
have been infl uenced by the cultural values of the adopted home 
 [74,75] . Oriental Asian females were reported to prefer smaller 
body sizes  [71,76] , while males preferred larger sizes than did 
Caucasians  [76] . 

 Views and expectations of children ’ s body sizes refl ected those 
of adults. African - American children were reported to have dif-
ferent attitudes about weight, body size and attractiveness and 
to accept larger body proportions than Caucasian - Americans 
 [74,77] . Young migrants readily adopted a preoccupation with 
dieting and other weight - related concerns. Despite being lighter, 
British South Asian girls reported similar dieting levels to British 
Caucasian girls  [78] .  

  The  p rocess of Westernization 
 Hispanic immigrants ’  length of stay in the US was associated with 
increasing levels of obesity, even after statistical adjustment for 

socio - economic and demographic characteristics, smoking and 
health status, differential access to health services and psychologic 
well - being  [79] . However, Mexican women migrants weighed less 
and men weighed more as they advanced up the social strata, 
refl ecting their adopted culture. This resulted in a complete 
reversal of the body size norms in Mexico (where women weighed 
more than men). The changed association of SES with weight 
could not be explained by biologic and genetic means, but only 
by social and cultural changes  [80] . 

 A number of large studies indicated some infl uence of 
cultural norms and environment on body size. Differences 
between African - American and Caucasian - American women, 
men and children from the US National Health Examination 
and National Health and Nutrition surveys (NHANES) suggested 
that there may be cultural set points and norms of acceptable 
body size determined by ethnicity, gender, age and SES  [54,81] . 
An exploration of the association between neighborhood 
context and BMI confi rmed that the strength and patterns varied 
with ethnicity, particularly for females. These differences may 
relate to opportunities for exercising and access to  “ healthy ”  
foods, but also to reinforced social norms of body size resulting 
from the concentration of people from the same ethnic group 
within a neighborhood  [82] . Hodge and Zimmet  [83]  attributed 
their observations, that ethnicity and poverty were independent 
predictors of obesity in women in the USA and Australia, 
to different attitudes towards obesity. Both ethnicity and SES 
were shown to predict obesity in Caucasian and African - 
Americans  [84] . 

 Although Polynesians prefer larger body sizes than Caucasians 
 [33,68,85] , these preferences change with increasing Westerniza-
tion  [33] . The invasiveness of Western social and cultural infl u-
ences on body size has been confi rmed by comparing similar 
subjects in different settings. Western Samoan women living in 
New Zealand  [85] , South Asians from Kenya and India living in 
Britain  [65]  and more acculturated First Nation  [69]  and Inuit 
Canadians  [86]  preferred smaller female body sizes than did those 
remaining at home. 

 An examination of Samoan populations at differing stages of 
Westernization showed sex - specifi c interactions between moder-
nity and obesity. Traditionally, men and women had clearly 
defi ned roles with men being more physically active. Men were 
the fi rst to become wage earners, often engaging in relatively 
labor - intensive work which provided some compensation for 
their changed diet. With increasing Western infl uence, they 
moved into occupations with reduced energy expenditure and 
gained weight. The activity level of women was reduced as they 
took up lower activity employment. As a consequence of the 
traditional division of labor, women were likely to develop obesity 
earlier in the modernization process than men  [87] . 

 Thus, accepted cultural norms can shape both the perceptions 
and preferences of body size and ultimately actual body size 
within cultural groups and subgroups. There is also convincing 
evidence that Westernization changes these cultural norms 
towards the norm of slimness, particularly in women.   
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  Culture and  o besity in Western  s ocieties 
  The  c hanging  c ultural  c ontext and  e mergence of 
the  s lim  i deal 
 Signifi cant changes occurred in the perception of the ideal woman 
in Western culture and in cultural reactions to body fatness 
during the 20th century. Slimness became a virtue in the 1920s 
and received increasing emphasis from the 1950s onwards. A 
frequently cited study by Garner and colleagues provided evi-
dence of the acceptance of gradually diminishing female dimen-
sions between 1959 and 1978, documented by Miss America 
pageant winners and  Playboy  centerfolds  [88] . Follow - up studies 
confi rmed the continued trend over subsequent years  [89 – 92] . 
The changes in preferred body size and shape for Western women 
between 1959 and 2001 are summarized in Table  4.1 .   

 As the socially approved Western feminine fi gure became more 
and more cylindrical, female peripheral fatness, the naturally 

occurring component of female bodies favored in the majority of 
traditional societies, became increasingly disparaged. Women are 
expected to remain sexual (but not too sexual), to reproduce and 
nurture (but not overnurture themselves), and to succeed in a 
masculine world  [93] . The ideal became increasingly distant from 
the average, resulting in wide dissatisfaction among Western 
women  [94] . It is considered  “ normal ”  for women to be vigilant 
about their weight, with chronic dietary restraint an accepted way 
of life  [93,95] . Dieting is widespread among adolescents, and girls 
learn from an early age that they will be judged by their appear-
ance. The widely quoted aphorism  “ A woman can never be too 
rich or too thin, ”  attributed to Wallis Simpson, typifi es Western 
culture  [95] . The female body is socially constructed as an object, 
and slimness has become so internalized as to appear natural 
 [93] . Fat people are seen as morally bad and held responsible for 
their condition  [96] . Women themselves perpetuate the system 

 Table 4.1     Changes in preferred body size and shape for Western women 1959 – 2001 

  Year     Playboy centerfolds     Miss America pageant contestants     Fashion models  

        1959 – 78  1       1979 – 88  2       1953 – 2001  3       1959 – 78  1       1979 – 88  2       1967 – 87  4       1997  5    

  Number    240    120    577     –      –     256    300  
  Weight change    No change    No change    No change    Decreased 

 r   =    − 0.83 
 (p    <    0.001)  

  Decreased 
 r   =    − 0.77 
 (p    <    0.01)  

   –      –   

  Height    Mean   =   1.66   m     –      –      –      –      –     Mean   =   1.77   m  
  Height change    Increased 

 r   =   0.22 
 (p    <    0. 01)  

   –     Increased 
 r   =   0.36 
 (p    <    0.001)  

   –      –     Increased 
 F   =   17.02 
 (p    <    0.001)  

   –   

  Wgt/hgt 
change  

  Decreased 
 r   =    − 0.22 
 (p    <    0.001)  

   –      –      –      –      –      –   

  BMI change     –      –     Decreased 
 r   =    − 0.46 
 (p    <    0.001)  

   –     Decreased 
 r   =    − 0.46 
 (p    <    0.001)  

   –      –   

  Waist change    Increased 
 r   =   0.41 
 (p    <    0.001)  

   –     Increased 
 r   =   0.27 
 (p    <    0.001)  

   –      –     Increased 
 F   =   3.36 
 (p    <    0.002)  

   –   

  Hips change    Decreased 
 r   =    − 0.12 
 (p    <    0.05)  

   –     Decreased 
 r   =    − 0.29 
 (p    <    0.001)  

   –     Decreased 
 r   =    − 0.87 
 (p   =   0.01)  

  No change     –   

  Population 
mean  

  Mean weight 
gain   =   0.14   kg/year  

   –      –     Subjects differed 
from pop mean 

 r   =   6.20 
 (p    <    0.001)  

   –      –     Mean hgt   =   1.66   m 
 Mean BMI   =   21.9   kg/m  2    

  Compared with 
population 
mean  

   –     69% subjects had 
weight  > 15% 
below pop. wgt/
hgt  

   –     87.6% of pop. 
mean (pre 1970); 
 84.6% of mean 
(post 1970)  

  60% subjects had 
weight  > 15% 
below pop. wgt/
hgt  

   –      –   

   Sources:  1 Garner et al 1980  [88] ;      2 Wiseman et al. 1992  [90] ;      3 Voracek and Fisher 2002  [92] ;      4 Morris et al. 1989  [89] ;      5 Tovee et al. 1997  [91] .  
  r, correlation between measured anthropometric values with time; F, change in measured anthropometric values over time.   
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by condemning their overweight peers  [95,97] . Characteristics of 
this moral paradigm of obesity are summarized in the fi rst 
column of Table  4.3 . 

 The Western media have had a signifi cant role in promoting 
images of women ’ s bodies as  “ objects, ”  with consequent increas-
ing anxiety among women unable to attain a virtually impossible 
ideal. Historically, media images of men have presented the 
 “ body as process, ”  valuing the ability of the male body to perform. 
Striving towards this cultural standard has generally had a posi-
tive effect on self - attitude of men  [98] . More recently, there has 
been a trend towards media portrayal of male bodies for their 
physical attractiveness ( “ body as object ” )  [99,100] . Furthermore, 

the ideal male body being marketed to men in men ’ s magazines 
is more muscular than male images presented in women ’ s maga-
zines  [31] . Studies of  Playgirl  centerfolds  [30] , the portrayal of 
men in  Men ’ s Health ,  Men ’ s Fitness  and  Muscle  &  Fitness   [31] , 
and the disproportionate leanness and muscularity of current 
action fi gures compared with their counterparts produced 25 
years ago  [32]  all showed that men ’ s bodies were becoming more 
muscular (Table  4.2 ). In the past, boys have been less concerned 
with body image than girls, but increasing levels of dissatisfaction 
are now being reported  [77,101 – 103] , with increasing danger of 
at - risk behaviors  [99] .    

 Table 4.2     Changes in preferred body size and shape for Western men 1964 – 2005 

  Year    Playgirl centerfolds     Action toys  a       Magazine images  

        1973 – 97  1       1973 – 94  2,b       1964 – 2004  3,c       1973/80 – 2004  3       2006  4,d       1975 – 2005  5,e    

  Number    115     –      –      –      –      –   
  Height     –     1.78   m    1.78   m    1.78   m     –      –   
  Chest change     –     Little change    Unchanged 

 44.4 to 43.2   cm  
  Increased 
 t(4)   =   5.15 
 p   =   0.007  

   –      –   

  Biceps change     –     Increased    Increased 
 12.2 to 16.4   cm  

  Increased 
 t(4)   =   3.49 
 p   =   0.025  

   –      –   

  Waist change     –     Unchanged    Decreased 
 31.7 to 29.2   cm  

  Unchanged 
 t(4)   =   1.66 
 p   =   0.173  

   –      –   

  BMI change    Increased 
 r   =   0.29 
 (p    <    0.01)  

   –      –      –      –      –   

  Body fat change    Decreased 
 r   =    − 0.34 
 (p    <    0.01)  

   –      –      –      –     Decreased 
 (p    <    0.05)  

  Muscularity change    Increased 
 r   =   0.38 
 (p    <    0.01)  

   –      –      –     Increased as male 
audience 
increased 

 (p    <    0.001)  

  Increased 
 (p    <    0.05)  

  Fat - free mass index (FFMI)    8/115 had FFMI  > 25     –      –      –      –      –   
  Population mean    Mean FFMI   =   20     –     Australian soccer players: 

 Waist   =   29.6   cm 
 Chest   =   36.3   cm 
 Biceps   =   11.8   cm 
 Hgt   =   170.2   cm  

   –      –      –   

   Sources:  1 Leit et al. 2001  [30] ;      2 Pope et al. 1999  [153]   ;      3 Baghurst et al. 2006  [32] ;      4 Frederick et al. 2005  [31] ;      5 Farquhar and Wasylkiw 2007  [99] .  
  Footnotes: 
 a Action toys adjusted up to the height of a 1.78   cm human male.  
   b Selection of action toys include GI Joe, Star Wars and Star Trek characters, Superman, Spiderman, and Batman.  
   c Comparing original GI Joe to current GI Joe.  
   d Images arranged in order of increasing male audience ( Cosmopolitan ,  Men ’ s Health ,  Men ’ s Fitness , and  Muscle  &  Fitness ).  
   e Images in  Sports Illustrated.   
  r, correlation between measured anthropometric values with time; t, t - test between original and current measurements.   
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  The  s ocial/ b iologic  b ody  d ivide 
 Medicine and the biologic sciences understand the physical body 
independently from the social body (the mind and emotions), 
which belongs to the social sciences. Bryan Turner attributed this 
division and the dichotomies of nature – culture or body – mind to 
the philosophy of Descartes  [104] . It was not until the second half 
of the 20th century that social scientists began to consider social 
aspects of the body, recognizing that the perceived opposition 
between nature and culture was a product of Western thought 
and rejecting the conception of the body as a purely natural 
phenomenon. Instead, society exerts regulation or control over 
the body, and the way the body is presented by an individual. 
This can signify belonging to, or alternatively rejection by, a par-
ticular society or cultural group. When considered as a social 
entity, the body is not seen as stable, universal and comparable 
regardless of its setting, but as culturally contextualized  [105,106] .  

  Control and  s urveillance of the  b ody 
 In his exploration of dieting, Turner  [104]  draws a parallel 
between the strong morality of religious constraint and the 
medical dietary regimen; both focus on disciplining the body. 
Abstemiousness is consistent with the biologic basis of the civi-
lized society, as is the metaphor of the body as a machine that can 
be controlled and repaired  [107] . Modern medical dieting prob-
ably began in the 17th century with Cheyne, a Scottish doctor 
who attributed all major illnesses to eating habits. Excessively 
obese himself, he succeeded in trimming his own size and then 
proposed a system of dietary management for the London elite 
as a remedy for the diseases of civilization  [104] . 

 The French philosopher Foucault has profoundly infl uenced 
anthropologic representations of the body, particularly the 
concept of surveillance over that which is institutionalized within 
a culture  [105] . This concept of surveillance and control is an 
important one in Western societies and has been applied to the 
preoccupation of American females with dieting and slimness 
 [106,108] . Although efforts to control body size taken out of 
context appear to be both an ideology and paradox, they can be 
understood as part of Western culture characterized by a con-
tinuous cycling of control and release (Puritanism and hedon-
ism). The body becomes both the object of punishment and the 
site of pleasure, the Protestant ethic espousing hard work and 
control (self - control, dietary restraint, regular exercise) and in 
turn permitting reward or indulgence (such as sweet or fatty 
foods). The individual is called upon to balance these oppositions 
to maintain a culturally acceptable weight, creating yet another 
dichotomy between the forces of good (slimness) and evil 
(fatness)  [108] .  

  The  s upportive  c ultural  c ontext for the  s lim  i deal 
 The pursuit of slimness by dietary restraint tempered by indul-
gence is a culturally acceptable way of thinking and behaving in 
Western societies. It is sustained because it is consistent with and 
reinforced by norms, values and interests within the wider cul-
tural context. Although it is claimed that Western culture today 

places undue emphasis on the esthetics of the human body  [109] , 
every culture has a concept of what is beautiful. What is unprec-
edented is the persistent diminution of the ideal female body, 
concurrent with relentless expansion of the actual body. 

 Crandall and colleagues applied a prejudice model to current 
attitudes about obesity across samples from six countries. They 
showed that anti - fat prejudice occurred towards those who pos-
sessed the negative attribute (fatness) for which they were held 
responsible. These two attributes worked together to produce 
a particularly virulent form of prejudice in individualistic coun-
tries (such as the USA, Australia and Poland), whereas in col-
lectivist countries (represented by India, Turkey and Venezuela) 
fat individuals were considered less responsible for their condi-
tion  [110] . 

 These norms and values are reinforced by many vested inter-
ests in the  “ business of thinness. ”  The corporate dieting industry, 
the fi tness industry, manufacturers of diet products, women ’ s 
fashion and cosmetics, women ’ s beauty magazines and cosmetic 
surgeons all benefi t fi nancially from perpetuation of a slim ideol-
ogy  [95] . The majority of those purchasing weight loss products 
and attending weight loss centers are women, further reinforcing 
their concern with weight. Preference for thinness in women has 
also been related to the value placed on youth and the greater 
participation of women in the workforce, which coincided with 
lower acceptance of the more rounded maternal image preferred 
in the past. 

 Present understanding of and approaches towards obesity 
and eating disorders are socially constructed and refl ect the 
shared values, beliefs and practices of Western culture. Concep-
tualizing slimness as control over one ’ s body and the converse, 
obesity, as lack of control, fi ts well with modern Western percep-
tions of control and release  [108]  and religio - moral management 
of the body  [111] . These shared meanings of obesity are that it is 
a serious health problem and costly in both economic and per-
sonal terms; self - induced and amenable to change by personal 
sacrifi ce.  

  Cultural  i nfl uences on  m edical  d efi nitions of  o besity 
 The downward trend in recommended weight for women in the 
USA demonstrated the infl uence of the culturally defi ned desire 
for thinness on the medical defi nition of obesity. Recommended 
female weight declined steadily through various revisions of rec-
ommended weight/height tables between 1943 and 1980. At the 
same time evidence was mounting for larger body size as a health 
risk for young and middle - aged adults, particularly men, but not 
necessarily women  [112] . More recently, the downward trend has 
applied to male recommended body size. 

 Defi ning the limits of obesity remains controversial. Studies 
have repeatedly illustrated that many perceive  “ normal ”  weight 
as the socially desirable ideal, well below medically recommended 
normal weight. Achieving this  “ normal ”  level is unlikely and may 
be unnecessary, given the health benefi ts of moderate weight 
reduction in the obese  [96] . The reduction of the cut - off point 
for  “ ideal ”  healthy weight ranges from 27 to 25   kg/m 2  in 1994 
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 [113]  increased the number of overweight and obese people in 
the USA by 29 million  [114] , and dramatically raised the profi le 
of obesity as a cause for concern. Application of an international 
uniform standard for healthy weight ranges to the global diversity 
of body types has been questioned from both the slight and the 
more robust extremes of the body size spectrum  [115,116] .  

  The  m edicalization of  o besity 
  “ Medicalization ”  is the process of reclassifying  “ badness ”  to 
 “ sickness ”  that thrives in a cultural context where religious faith 
has declined, and faith in science and preferences for individual 
and technologic solutions has increased  [117] . The medicaliza-
tion of obesity during the 20th century has been investigated by 
a number of social scientists. Despite much evidence that obesity 
is a major health problem, there has been some selective use or 
misrepresentation of scientifi c data supporting the risks of obesity 
at the expense of data portraying less clear evidence of risk  [118 –
 121] . Underutilized data show the negative consequences of 
dieting, the failure of restrictive dieting to produce long - term 
weight loss, the psychologic toll of weight regain, and the poten-
tial health risks of weight fl uctuation. The economic costs of 
obesity have been well publicized, but seldom the cost of the 
pursuit of thinness. The importance of changing other risk 
factors, and the role of genetics and biology in determining body 
weight, are not part of the core beliefs surrounding cultural 
knowledge about obesity. The confounding effect of fi tness and 
impact of social factors on health has been downplayed. The 
stigma of being obese is fi rmly placed among the cultural values 
in Western societies and multifarious perceptions of obesity do 
not fi t well with these values  [118,120,121] . There is evidence for 
perceived and actual size discrimination and pressure to conform 
resulting in disordered eating patterns and low self - esteem, par-
ticularly among adolescents  [121 – 123] . 

 Although obesity has been claimed as unhealthy for centuries, 
the medicalization of obesity really began in the 1950s. It occurred 
slowly at fi rst as the concept changed within the medical frame-
work, growing dramatically during the 1960s and 1970s  [96] . 
Obesity became classifi ed as a disease in the  International Clas-
sifi cation of Diseases  in 1990  [96] . Chang and Christakis docu-
mented these developments through their analysis of entries in 
 Cecil ’ s Textbook of Medicine  between 1927 and 2000  [124] . During 
this time, obesity was transformed from a moral deviance and 
the responsibility of the fat individual to a disease with reduced 
individual responsibility, thus providing a rationale for therapeu-
tic intervention (see Table  4.3 , column 2, for characteristics of 
the medical paradigm of obesity). As a consequence, the impor-
tance of structural conditions (sociocultural, environmental and 
material context) was diminished and individual factors (lifestyle, 
personal behavior) became the focus of explanation, diagnosis 
and intervention. Even the mass public health campaigns pro-
moting healthy lifestyles in the 1970s and 1980s directed action 
towards changes in individual behavior, minimizing the signifi -
cance of the broader sociocultural and environmental constraints 
 [124,125] . The so - called self - help weight loss organizations were 

established by nonmedical groups but many applied a medical 
model that legitimized the need for external assistance to achieve 
weight loss  [96] .   

 Within the wider society, the moral overtones surrounding 
obesity remain, with obese people still considered largely respon-
sible for their own condition. Even the health care community 
is not immune; health professionals specializing in obesity 
surveyed at an international conference exhibited a signifi cant 
pro - thin, anti - fat implicit bias  [126] . Technologic or psychobe-
havioral interventions by medical or health professionals engaged 
only a small proportion of the obese population in the developed 
world  [96]  and even fewer in societies undergoing rapid 
transition. 

 In the last decade, a different theoretical has paradigm emerged 
which acknowledges the importance of the environment in pro-
moting and perpetuating obesity  [127 – 129] . Certain food pro-
ducers have always enjoyed subsidies or protection from 
governments, an action directly affecting the availability of foods 
for purchase. Human bodies of increasing size in Western socie-
ties can be considered as products of an environment of  “ fatten-
ing food systems ”  which consist of increasingly available and 
affordable energy - dense food in easily acquired forms  [130,131] .  

  The  c ultural and  s ocial  c ontext for  m edicalized  o besity 
 The medicalization of obesity involved the conceptual transfer of 
perceived control and supervision of solutions to the biomedical 
model. This change neither necessarily nor solely depended on 
actions of medical personnel, but was facilitated by compatibility 
with other cultural norms and activities within the wider society 
 [124,132] . 

 The ideology of systems of surveillance and control focused on 
the body  [132] . Subordination of desire to reason, religious moral 
authority transferred to secular institutions such as the medical 
profession, and wide - scale dieting were all concordant with the 
capitalist ideology so central to 20th - century Western societies 
 [124] . At the same time, there was a growing tendency towards 
measuring and categorizing, whether by insurance companies, 
physical anthropologists, anthropometrists, elite sporting bodies 
or scientifi c researchers. 

 Powerful groups benefi t from obesity as a medical problem, 
the most obvious being the healthcare, pharmaceutical and fi tness 
industries. More broadly, medicalization increased dependence 
on other industries producing various consumer goods compat-
ible with this form of social control and associated with individu-
alized treatment of obesity. Medicalized obesity thus forms a part 
of the wider system of disciplinary techniques, or the  “ technolo-
gies of power, ”  that regulated and normalized the population 
 [132] . 

 Within the wider Western cultural context, there are a multi-
tude of subcultures whose perception of their own risks associ-
ated with obesity is bound up with their cultural beliefs, moral 
values and life circumstances  [132] . At one end of the socio -
 economic continuum the perceived risk of obesity may be relative 
to the standard of a slim trim body and addressed by joining a 
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fi tness club, attending a health farm or hiring a personal trainer. 
In contrast, the primary concern of poor mothers from Ohio and 
Cape Town may be a child with a good appetite and their own 
ability to provide a regular supply of food and an occasional treat 
 [64] , while those in Argentina select energy - dense foods as a cost -
 effective way of fi lling their family ’ s stomachs  [57] . 

 Thus the pursuit of the thin ideal woman and the change in 
the meaning of obesity from a moral to a medical issue has been 
consistent with a number of Western cultural norms and values, 
supported by many powerful interests. At the same time, there is 
evidence that more males than females in the USA and Australia 
have body sizes above the medically accepted normal weight 
range, and many women who diet are within the medically 
acceptable weight range  [97,133] .    

  Obesity  a s a  s ocial and  c ultural  i ssue 

 The medicalized approach, with its associated reduction in 
individual moral responsibility and increased dependence on 
individualized therapeutic action  [124] , cannot address the 

burgeoning epidemic of obesity alone. Furthermore, the social 
science discourses on the body presented here have demonstrated 
how the Western context strives to maintain a culturally defi ned 
ideal body and systems for its monitoring, measurement and 
control. But change is possible, and some changes have occurred. 
These newer paradigms include resistance to the restrictive nature 
of ideal body size, a shift towards a self - care model of body main-
tenance, and an orientation to the social and environmental 
causes of obesity, and the concept of the  “ obesity epidemic ” . 

  Resistance to the  n ormalizing  p rocess 
 Crandall and colleagues recommend two changes to address anti -
 fat prejudice: a change in the cultural norm to a larger, or at least 
more liberal, ideal body size; and a reduction in attributing per-
sonal responsibility for body size  [110] . While there have been 
attempts to liberalize the cultural norm, this chapter has argued 
that individual blame remains a particularly robust value in 
Western societies. 

 The size acceptance movement developed in reaction to intol-
erance of fat people, dissatisfaction with the cultural emphasis 
on thinness and widespread promotion of dieting as a solution 

 Table 4.3     The four paradigms of obesity 

   Paradigm characteristics     Moral     Medical     Sociopolitical     Globopolitical  

  Paradigm reach    Wide    Medium    Small and select    Global  
  Perception of body fat    Bad, sinful, ugly    Promotes illness    A fact    Present in epidemic proportions  
  Perception of fat person    Weak 

 Lacks willpower  
  Have an illness beyond their 

control  
  Member of society    Disdain 

 Discrimination  
  Relationship with society    Burden on society    Society a source of harm (e.g. 

excess calories)  
  Confrontational    Affl iction of the century  

  Responsibility for fat condition    Personal blame    An illness 
 Neutral but not value free  

  None    Maladaption 
 All are at risk  

  Language    Fat, corpulent, plump    Obese, adipose, overweight    Large, ample, of size    Fat, socially/sexually unattractive (female) 
 Slob,  “ fat bastard ”  (male)  

  Eating    Gluttony, gorging    Acoria, polyphagia, hyperorexia    A pleasurable social activity    Vigilance required 
 All are at risk  

  Activity    Sloth, laziness    Lethargy, listlessness    Neutral    Sedentary  
  Reaction to fat person    Stigmatization 

Discrimination 
 Distain  

  Stigma of sickness and disability 
 Dependent on medical expertise  

  Accept large people as 
normal  

  Mortality risk 
 Drain on health budget  

  Legitimizing experts    Religious or traditional    Scientifi c or clinical    Selected scientists and 
social scientists  

  Medical and other clinical obesity 
specialists  

  Organizations/industries 
supporting paradigm  

  Fashion, cosmetic 
 Weight loss 
 Sport, activity  

  Healthcare 
 Pharmaceutical 
 Weight loss 
 Sport, activity  

  Selected magazines, books 
 Specialized fashions  

  Medical and other clinical obesity 
specialists 

 Pharmaceutical 
 Weight loss 
 Fashion, cosmetic 
 Media  

  Solution focus    Fat person ’ s willpower 
and determination  

  Treatment with medical 
supervision  

  Change society ’ s attitudes 
 Fat liberation  

  Preventive focus, especially for children 
 Realistic expectations  

  Sources: Sobal 1995, 1999  [96,134] ; Chang and Christakis 2002  [124] ; Kersh and Morone 2002  [146] ; Campos et al. 2006  [4] ; Orbach 2006  [154] ; Boero 2007  [3] . 
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to the problem of obesity, and aimed to promote size diversity 
and tolerance in a size - neutral society  [134] . The US National 
Association to Advance Fat Acceptance (NAAFA), which com-
menced in 1969, is the original and largest size acceptance organi-
zation. Similar groups exist in Canada, Britain, Australia, Israel, 
Iceland and Sweden  [97,134] . NAAFA sees obesity as a political 
problem rather than a moral or medical one, and emphasizes the 
possible psychologic harms of dieting over medical claims of the 
health risk  [96]  (see the third column in Table  4.3  for this para-
digm). Rather than considering themselves victims, members 
accept their size and learn to respond to the pressure to conform 
to the slim ideal  [97] . Despite the Big Man ’ s Special Interest 
Group, membership of NAAFA is small, mostly female, and 
largely from upper socio - economic groups. Another group, the 
Health at Every Size movement, includes membership from the 
health promotion fi eld who are focusing on becoming fi t and 
healthy rather than on weight  [97] . 

 Some changes are occurring in the fashion industry. The UK 
established a Model Health Inquiry  [135]  and Spain banned 
models whose BMI fell below 18 from Madrid ’ s 2006 Fashion 
Week. Other countries, however, have proved less eager to follow 
these examples  [136] . The size of mannequins, at  “ six inches 
(15   cm) taller and six sizes smaller than the average American 
woman, ”  continues to perpetuate unrealistic ideals  [137] . 

 The increased use of the internet, with pro - anorexia websites 
and direct advertising to consumers, serves both as a resistance 
to medicalization and a means of perpetuating the norm of slim-
ness as a desirable goal  [117] . The 2006 winner of the UK ’ s  “ Make 
Me a Supermodel ”  (at size 12, 177   cm and 70   kg), was criticized 
for being too fat  [138] .  

  Body  m aintenance,  h ealth and  fi  tness 
 Health promotion and fi tness focusing on body maintenance has 
become increasingly important in Western culture  [107] . Simul-
taneous changes have taken place in the relationship between 
modern medicine and the public, a growing scepticism about the 
limits of medicinal capabilities, and a movement towards self -
 care  [132] . Although the obsession with  “ keeping to a diet ”  has 
diminished, the change is a conceptual one and involves a transfer 
from an externally defi ned and imposed diet regimen to self -
 regulation and self - monitoring of healthy eating  [139] . The 
health promotion and fi tness movement still adheres to the 
 “ control and release ”  metaphor and the imperatives of produc-
tion and consumption; disciplinary power has moved from insti-
tutionalized surveillance to  “ technologies of self  ”   [140] . Obese 
people are still held responsible for their body status, but the 
fi tness, health food, weight loss and beauty industries are there to 
assist them in their endeavors to achieve culturally acceptable 
bodies.  

  A  r enewed  s ocial and  e nvironmental  o rientation 
on  o besity 
 At the same time there has been growing attention to the role 
played by the environment. A wide variety of readily available, 

energy - enhanced foods exploit the human predilection for sweet 
and fatty fl avors. Nutrient - dense low - energy foods remain com-
paratively expensive, and consumption of relatively cheap fast 
foods is increasing. Human food consumption behavior has been 
shown to respond to environmental stimuli, such as occasion to 
eat and portion size, rather than adjusting to maintain a constant 
weight  [141] . More labor - saving devices, fewer manual jobs, 
increasing use of motor vehicles, poor town planning, the per-
ceived danger surrounding outside activity, and appealing tech-
nologic entertainment have all encouraged sedentary behavior 
 [7,129] . 

 The sheer weight provided by the increasing proportion and 
number of obese people in Western societies has tipped the scales 
towards greater consideration of the structural aspects of obesity 
 [124,127,128] . Obesity results from the accumulation of small 
incremental weight gains and is a normal response to an abnor-
mal environment  [7,17,127,128] . This new perspective goes 
beyond interpreting obesity simply as the moral concern of the 
individual failing to measure up to the cultural ideal, or a medical 
condition corrected by individual lifestyle change, but envisages 
environmental causes which suggest a reorientation to address 
obesity  [124] . 

   Sociocultural  i mplications of the  o besity  e pidemic 
 Morbid obesity continues to increase, as does the collective 
weight of those in Western countries and progressively, those in 
countries undergoing transition. In response, the social sciences 
are paying growing attention to the  “ obesity crisis ”   [2 – 4] . 

 This increased attention has both coincided with and suggested 
a new paradigm for addressing obesity. At the same time, the 
increasing concern has raised more fundamental questions about 
how best to respond to the  “ obesity epidemic. ”  These sociologic 
explorations of how the obesity epidemic is being presented may 
offer some useful insights. (The obesity epidemic paradigm is 
summarized in column 4 of Table  4.3 .) 

 The explosion in attention paid to obesity, both by the media 
and via the internet, has assisted in transmitting medical and 
scientifi c knowledge, and helped to promote the concept of an 
obesity epidemic  [3,121] . Despite dependence on the biomedical 
narrative, some have argued that the increase in attention does 
not necessarily refl ect an increase of substantive evidence and the 
strength of the relationships between health, body size and weight 
may be less clear - cut than suggested  [4,121] . In addition, the 
media have often presented the obesity epidemic in an oversim-
plifi ed way  [120] , with a relatively simple message that counsels 
weight loss by consuming less (in the context of abundance) and 
exercising more (in the context of increased use of labor - saving 
and technologic devices and entertainment). 

 These presentations are not value free and add to the discrimi-
natory perception of the place of the obese in the society. A 
continued focus on weight fuels concerns about the body 
 [100,121]  and media representations contribute to the perception 
of who is and who is not acceptable  [102,121,123] . Anti - fat 
feeling is primarily driven by  “ social fi tness ”  rather than health 
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and fi tness  [120]  and, if anything, has increased person anxiety. 
Although weight loss maintenance has improved in the medium 
term  [142] , reported success rates after 5 or more years continue 
to be in the order of 15 – 20%  [143,144] , and repeated weight loss 
attempts may engender unhealthy relationships with food  [145] . 

 The element of  “ moral panic ”  engendered by the obesity epi-
demic is associated more with the concept of beauty than with 
health  [131] ; it remains socially acceptable to show prejudice 
towards obese people  [130] . The reality television program  The 
Biggest Loser  features obese contestants in a weight loss competi-
tion and is the embodiment of the stigmatization of obesity in 
Western societies. The series began in the USA in 2004 and is now 
screened in nine other countries.  

  A new  a pproach 
 Nevertheless there is growing recognition that addressing the 
obesity epidemic requires some political response in addition to 
changes in food consumption and activity levels. Kersh and 
Morone identifi ed a number of triggers that traditionally occur 
when personal health issues become of suffi cient concern to 
warrant political action, assess whether society is yet suffi ciently 
ready for political mobilization against obesity. These triggers 
included social disapproval, medicalization of the condition, the 
presence of self - help organizations, demonization of both those 
with the condition and of an industry  “ peddling poison ”  to the 
human race, and the development of a groundswell of public 
opinion demanding action, with involvement by advocacy groups 
formulating the issues and outlining policy solutions  [146] . Con-
siderable evidence is available for the fi rst four of these condi-
tions, all of which have been discussed in this chapter. There is 
also a good deal of evidence of targeted attacks on fast food 
exemplifi ed by popular literature such as Eric Schlosser ’ s  Fast 
Food Nation   [147] ; and the concepts of a  “ toxic food environ-
ment ”   [125]  promulgated by a demon industry from which the 
public requires protection  [121] . However the multinational food 
industry remains a signifi cant stakeholder with powerful lobby-
ists well integrated into the current political system, and a diffi cult 
target unless some evidence emerges of deliberate deception of 
the public about the health effects of their products  [2] . 

 Thus the debate as to whether the obesity epidemic requires a 
political or a personal solution remains somewhat equivocal. 
Despite an increased interpretation of obesity in terms of the 
social environment, ingrained cultural norms of individual 
responsibility are diffi cult to eradicate and cultural and individual 
explanations and solutions are still repeatedly applied  [2,3] . 

 The media ’ s portrayal of obesity has been summarized as 
 “ problematic bodies, problematic individuals and problematic 
populations, ”  in which obesity is presented as a problem of 
culture, gender, race and ethnicity  [3] . Western culture has fash-
ioned an inactive way of life in the presence of plenty and created 
a situation in which people are able to become fat, particularly 
children. The relationship between nature and culture has become 
confused. Women and those who are the victims of inequality 
have then been portrayed, to some extent, as responsible. Despite 

women ’ s perceived connection to nature, their cultural responsi-
bility for the socialization of children suggests an implicit role in 
spreading obesity. The association has been applied particularly 
to working mothers who have failed to monitor eating habits and 
television viewing, and relied too much on convenience foods  [3] . 
Members of ethnic groups with a higher prevalence of obesity are 
exemplars of maladaption to the wider culture. 

 Viewing obesity as a threat to all of us is a newer concept 
that has not yet been readily acknowledged. For obesity as a risk 
for all to become accepted, demonization of the obese will need 
to be curtailed because it will apply not to  “ them ”  but to  “ us. ”  
The current focus on childhood obesity, in which children can 
be seem as victims in an environment created by adults, may 
help to shift the focus away from individual blame and even 
modify the strict cultural norms  [2] . However, the impending 
sense of doom implied by the obesity  “ crisis ”  will have to be 
handled with care to avoid a sense of chaos implied by  “ moral 
panic ”   [3,4] . 

 These three approaches to the obesity epidemic (the personal, 
the environment and the universal threat) run counter to the 
growing evidence of the major role of health inequality in the 
current proliferation of obesity  [148] . Those most likely to 
become obese are those who are most likely to lack the resources 
to become thin.   

  Conclusion 

 From the social and cultural perspective, there are a number of 
ways forward that are both practical and policy driven. 

 Firstly, acceptance of a wider body diversity in place of  “ the 
current negative social, cultural and medical attitudes about 
fatness ”   [121] . Although the possibility of  “ fat and beautiful ”  or 
 “ fat and healthy ”  is unlikely to receive wide currency, avoiding 
negative stereotypes in preference to a more rational approach to 
body size and shape as  “ normal ”  may reduce body anxieties and 
diminish pressure towards eating disorders. An exploration of 
some of the existing positive aspects of slight plumpness could 
begin to redress the current imbalance in information available 
on obesity  [149] . 

 The second is to avoid  “ pathologizing ”  most of the adult popu-
lation and refocus on metabolic health, fi tness and well - being 
rather than weight loss as a method of achieving health. Once a 
problem is as prevalent in Western cultures as obesity, it is no 
longer simply a medical problem but a social one. Strategies to 
address so prevalent an issue, particularly among those with least 
control over their circumstances, must consider the social deter-
minants of health and be mindful of the cultural context in which 
it occurs. 

 Thirdly, and linked with the previous concern, is to consider 
social inequalities. Individualistic interventions are less available 
to the socially and economically marginalized  [120] . Social ine-
quality probably the most critical and the most intransigent issue 
to be addressed. 
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 It will be important to avoid falling back on old remedies, such 
as relying on individual lifestyle solutions to fi ght the  “ war on 
obesity ”   [3] . Health Canada ’ s Vitality and ParticipACTION pro-
grams, stressing health rather than weight loss and  “ social accept-
ance of a wider range of healthy weights and body sizes, ”  is a more 
positive approach  [150] . 

 Considering the body within its social and environmental 
context will help to focus on the structural aspects of obesity, and 
there is some evidence that this is beginning to take place  [2] . A 
deeper understanding of how the cultural and social context con-
tributes to and supports the  “ obesogenic ”  or  “ toxic ”  environment 
can assist in devising more successful strategies to address obesity 
as a social issue. The Western cultural environment is one of 
excess, with an abundance of highly processed foods in ever 
increasing portion sizes. Strategies that tackle some ingrained 
norms in modern Western culture may benefi t from observing 
and listening to other cultural groups who have a greater respect 
for and more sophisticated relationship with food  [24] . 

 Rising obesity levels are occurring at the same time as other 
psychopathologies such as increasing alcohol abuse, drug misuse, 
eating disorders, self - harm and suicide  [151] . This is not a new 
concept in the social sciences; over 40 years ago Mary Douglas 
proposed that individual bodies may refl ect the anxieties of the 
social body. Thus fatness  “ may function as a site for social refl ec-
tion, or social diagnosis, an index of our relation to consumption 
in advanced consumer capitalism ”   [152] . The obese society as a 
whole may signify that the present - day Western capitalist culture 
itself is in need of remedy. 

 Western society, grounded in the separation of body and mind 
 [105,111] , has focused on changing the obese body, reducing the 
mind to second - class status. Renewed interest by the social sci-
ences in a broader concept of the body may result in a greater 
understanding of the place of the body in Western culture, 
provide insight into the ways in which the cultural context infl u-
ences thinking and feeling about obesity, and suggest some con-
structive ways to approach the obesity epidemic.  
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   Gender  d ifferences in  o besity  d evelopment 

 Data from most countries all over the world suggest that obesity 
prevalence is increasing among men, women, children, adoles-
cents and adults, and poor and rich  [1,2] . As a consequence, 
obesity has become a greater threat to public health than more 
traditional health concerns, such as infection or undernutrition 
 [1,2] . Worldwide, more than 1.6 billion are estimated to be over-
weight, of which at least 300 million are obese  [2] . However, even 
if general obesity is spreading fast throughout the world, a large 
heterogeneity exists between and within countries, and patterns 
of development seem different for men and women, for young 
and for old, for rich and poor, and for urban and rural groups of 
individuals. For instance, differences in prevalence are extreme 
worldwide, and among Pacifi c Islander women, almost 80% are 
severely obese in middle age compared to less than 1% among 
rural Chinese men. However, variations are seen even within 
more heterogeneous areas such as Europe, where prevalences are 
lower in northern compared to southern or eastern regions  [2] . 

 In general, there are more obese women than men, but gender 
differences may become smaller with time, because the incidence 
of obesity seems greater for men than women  [1] . If the current 
developmental trends for obesity among men and women con-
tinue, some of the observed gender differences in occurrence may 
in fact disappear  [3] . Indeed, in many countries, during the 1980s 
and 1990s the increase in severe obesity was generally greater for 
men than for women and hence men may, in the near future, 
present similar obesity prevalences as women, if these trends 
continue  [2] . Certainly, European gender differences in obesity 
prevalence have already diminished. More recent data, collected 

around 2000, show that several European countries now display 
a similar prevalence in the two genders  [2] . 

 It is interesting to note, however, that the development of 
severe obesity in the two genders is also heterogeneous among 
countries. For instance, trend data from Denmark  [4]  show that 
over the 30 years between 1964 and 1994, the prevalence of 
obesity increased for all men and older women, and to different 
degrees for different age groups. In contrast, prevalence was 
decreasing for middle - aged women and was stable for younger 
women. The same pattern of development was seen for middle -
 aged Finnish, Norwegian and Swedish women  [5 – 7]  but not 
middle - aged Nordic men or middle - aged women elsewhere. The 
study proposed that the identifi cation of those determinants 
responsible for the differing trends in obesity for men and women 
would be of great value for understanding causes behind the 
current obesity epidemic  [4] . However, this study suggested that 
changes in the lifestyle factors generally assumed to be associated 
with increasing trends for obesity could not explain the observed 
heterogeneous trends. For instance, even if all four countries had 
decreasing trends for obesity among the middle - aged women, 
changes over time in dietary intakes, smoking habits or physical 
activity varied more between the four Nordic countries than 
between men and women or between the Nordic countries and 
other Western societies, and could not explain the gender differ-
ences  [4] . It was concluded that only the increase in the propor-
tion of women entering the labor force had changed in comparable 
ways in the four Nordic countries. Hence, it was proposed that 
the declining trends among middle - aged women were explained 
by the rise in the socio - economic status women experienced 
during the period. This rise in social class for women, prompted 
by their entry to the labor force, was generally larger in the Nordic 
countries than elsewhere during this period (Box  5.1 ). The decline 
in the trends for obesity among middle - aged women seems to 
have ceased after 1990, and since then obesity seems to be on the 
increase among middle - aged Nordic women. In Nordic coun-
tries, as well as elsewhere, prevalence data for obesity have never 
been greater.    
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  Gender  d ifferences in  f at  d istribution 

 Fat localized peripherally and subcutaneously on hips and thighs 
is labeled gynoid, or female - type fat patterning, whereas central-
ized fat on the trunk, particularly viscerally, is labeled android, or 
male - type fat patterning. This distribution is largely determined 
by hormones and therefore the differences in the typical fat pat-
terns tend to fade with age, particularly when women enter men-
opause and develop a more android pattern (Table  5.1 ).   

 Circumference measurements of hips, waists and thighs, and 
ratios of these, are often used to determine fat distribution. Most 
data will show only marginal overlap in the ranges of the waist or 
the waist - to - hip ratios between men and women, whereas hip cir-
cumferences generally are more similar for men and women  [8] . 

  Gender  d ifferences in  r isk  a ssociated with 
 f at  d istribution 
 Both total fat mass in general and the specifi c fat mass localiza-
tions are related to excess morbidity and mortality. For fat distri-
bution, early studies by Larsson et al.  [9]  showed that the different 
fat distribution patterns among middle - aged men and women 
largely seemed to explain observed differences in mortality 
between the two genders. The study compared 12 - year mortality 
risk to fat distribution in men and women, and found an almost 
sixfold difference in the crude odds ratio, favoring the women. 
The difference was eliminated when the associations were 
adjusted for differences between men and women in fat distribu-
tion. Adjustment for overall obesity, smoking, blood pressure or 
cholesterol only reduced the odds ratio slightly. These data clearly 
suggested that at similar fat distributions, mortality risk was alike 
for men and women. 

 More recent research has suggested that the apparent health 
disadvantage related to android - type fat distribution may relate 
to harmful effects of substances produced by the visceral fat, 
a tissue that has been found to be particularly lipolytic and pro-
ductive of proatherosclerotic and infl ammatory peptides. 
However, recent studies also suggest health advantages associated 
with gynoid - type fat distribution that may relate to the produc-
tion of protective substances produced primarily in peripheral 
fat, such as adiponectins that possess anti - infl ammatory and 
antiatherosclerotic properties  [10] . In addition, the size of the 
peripheral lean tissue, particularly on the lower body and extrem-
ities, may provide protection by regulating insulin sensitivity 
 [11] . Therefore, the recent discovery that gynoid fat distribution, 
e.g. the more female type of fat distribution with wide hips and 
narrow waists, seems to offer health protection and to be inde-
pendently related to longevity for  both  men and women. This 
fi nding is surprising, and warrants further studies to elucidate 
whether the fat, lean or  both  may carry the health benefi t  [12,13]  
(Fig.  5.1 ).     

 Table 5.1     Median values and 10th and 90th percentile of waist and hip circumference, as well as waist - to - hip ratio by age among 1527 Danish men and 1467 Danish women 

        Men     Women  

   35 years     45 years     55 years     65 years     35 years     45 years     55 years     65 years  

  Waist circumference (cm)    87.5    90.0    93.0 a     94.0    73.5    76.0    79.0  a      80.5  
     10th percentile    78.0    80.0    82.0    82.1    66.5    67.5    67.2    68.0  
     90th percentile    100.5    103.5    108.0    107.0    86.3    92.1    95.0    96.0  
  Hip circumference (cm)    97.0    98.0  a,b      99.0  a,b      98.0  b      94.0    97.0    98.8  a      99.0  
     10th percentile    90.0    92.0    91.5    92.0    87.0    89.5    90.2    89.5  
     90th percentile    105.5    106.0    107.6    108.0    105.8    109.6    111.0    112.5  
  W/H ratio    0.90    0.92    0.95  a      0.95    0.79  a      0.79  a      0.79    0.81  
     10th percentile    0.84    0.86    0.88    0.88    0.73    0.73    0.73    0.74  
     90th percentile    0.98    1.00    1.02    1.02    0.86    0.88    0.89    0.90  

    a No difference between values of one age group and the following.  
   b No difference between men and women of the same age group.   
 Adapted from Heitmann  [8]   . 

Box 5.1  Socio - economic conditions: female labor 
force as a percentage of total labor force 1960 – 1990 

  Denmark    31    →    45%  

  Finland    39    →    47%  

  Norway    23    →    41%  

  Sweden    30    →    47%  

  Austria    40    →    40%  

  Germany    37    →    37%  

  Italy    25    →    32%  

  Netherlands    22    →    31%  

  United Kingdom    32    →    39%  

  Portugal    18    →    37%  

  Spain    20    →    24%  

  Greece    33    →    27%  

  Adapted from Niemi  [67] .     
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  Gender  d ifferences in  r isk  a ssociated with 
 g eneral  o besity 

 Obesity is closely linked to development of diabetes, and most 
health authorities agree that the current obesity epidemic has 
initiated a diabetes epidemic that is expected to culminate in 
10 – 15 years  [14] . Furthermore, type 2 diabetes mellitus, which 
was hitherto found only among adults, now is occurring among 
children and adolescents  [15] . The close association between dia-
betes and cardiovascular disease is creating a great fear that trends 
in heart disease, for which most Western countries have observed 
a decline since the 1960s, may reverse if the obesity epidemic and 
the consequent diabetes epidemic cannot be arrested quickly. 

 However, the relationships between obesity and diabetes and 
between diabetes and heart disease are different for men and 
women. This fact is not well recognized, but is supported by large 
and well - conducted studies showing that obesity seems to be a 
greater health disadvantage to women than to men. Data from 
studies of the relation between Body Mass Index (BMI) and the 
incidence of type 2 diabetes document, for instance, that for the 
same degree of overweight and obesity, the risk of developing 
diabetes is much higher for women than for men  [16,17]  (Fig. 
 5.2 ). Furthermore, for a BMI of around 30   kg/m 2 , a woman with 
no previous history of diabetes had an 8 - year risk of developing 
diabetes that was 28 - fold greater than that of a women with a BMI 
 < 22   kg/m 2   [16] . The excess risk among obese men was sevenfold 
only  [17]  and hence, the diabetes risk for obese women was four-
fold higher than that of a man with similar BMI.   

 In addition, this gender difference in risk seems to carry over 
in the relation to developing heart disease  [18] . In fact, a recent 
meta - analysis, which included 37 studies and a total of almost 
500,000 patients with type 2 diabetes, found that not only was the 
rate of fatal coronary heart disease associated with diabetes higher 
in patients with diabetes than in those without (5.4   v 1.6%), the 
overall summary relative risk for fatal coronary heart disease 
in patients with diabetes compared with no diabetes was 

signifi cantly greater among women (relative risk (RR) 3.5, 95% 
confi dence interval (CI) 2.70 – 4.53) than it was among men (RR 
2.06, 95% CI 1.81 – 2.34). Even after the exclusion of eight studies 
that had adjusted only for age, the difference in risk between the 
sexes was substantially reduced but still highly signifi cant, sug-
gesting that the excess risk of coronary death associated with 
diabetes is substantially (50%) higher in women than in men. 
This difference may be a consequence of the diabetic disease 
inducing a more adverse cardiovascular risk profi le in women 
than in men, combined with possible disparities in treatment that 
may favor men  [18] .  

  Differences in  a ttitudes  t owards  m ale and 
 f emale  o besity 

  The  m edical  p rofession 
 Despite the fact that cardiovascular disease kills a higher percent-
age of women (56%) than men (43%)  [19] , a reduced likelihood 
that women receive similar standard treatment for their heart 
disease is well documented. Women with cardiovascular disease 
are both underdiagnosed and undertreated by a medical profes-
sion  [20]  that may perceive that cardiovascular disease is a male 
disease. Women are also under - represented in clinical trials of 
treatment effects for acute myocardial infarct or other coronary 
diseases. Additionally, mortality following acute myocardial inf-
arction (MI) is higher among women, even after adjusting for age 
 [21] . Swedish studies show that women with acute MI waited on 
average 1 hour longer than men from onset of pain to reach the 
hospital  [20] , in part because acute MI among women had lower 
ambulance priority than acute MI among men  [20] . In addition, 
women also waited 20 minutes longer between arrival and treat-
ment  [21] . 

 Likewise, studies show that the medical profession takes female 
obesity less seriously than male obesity, and that obese women 
have less chance of being referred to treatment for obesity than a 
man with the same degree of obesity  [22 – 24] . Paradoxically, a 
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normal - weight woman is more likely to be erroneously encour-
aged by her general practitioner to lose weight despite no medical 
indication than a normal - weight man  [22 – 24]  (Fig.  5.3 ). Other 
studies show that complaints from obese female patients are 
taken less seriously by health professionals than complaints from 
normal - weight women whereas this pattern is not documented 
for men. For instance, one study documented that doctors spend 
less time with their obese patients ’  problems  [25] , and that obese 
women were less likely to be screened for cervical and breast 
cancer than normal - weight women  [26] .    

  Relatives,  e ducators and  e mployers 
 Discrimination by the medical profession is not the only type of 
discrimination that occurs more frequently among obese women 
than obese men. The international literature contains abundant 
reports on stigmatization of obese girls and women  [27,28] . 
Societal pressures against obesity are strong and many studies 
document that overweight is considered self - infl icted, a sign of 
weakness and lack of character. Several reports suggest that 
quality of life is grossly reduced among obese people  [27] . The 
obese are discriminated against by peers, relatives, educators and 
employers, and obese women are affected more than obese men. 
For example, obese women marry less often than obese men, are 
less likely to obtain education than obese men, and more likely 
to live under poverty levels or in households with a low income, 
independent of differences in their baseline socio - economic 
status  [27] . However, even with equal education, overweight 
women are discriminated against. In this regard, a Finnish study 
showed that overweight, well - educated women seem to have 
lower incomes and poorer jobs than normal - weight women of 
similar high education  [28,29]  whereas among men, job oppor-
tunities and income were only related to education. 

 Many studies document that obese children are stigmatized, 
and that the negative attitudes towards obesity start at a very early 
age. Peers view their obese mates as different and undesirable, 

and the obese suffer much teasing, bullying and social exclusion 
 [30 – 33] . Already at the age of 3 years, children hold negative 
attitudes towards their obese peers, and these attitudes develop 
and amplify as the children grow older  [34] . Consistent with an 
earlier study conducted among 3 – 5 year old children, overweight 
children ranked lowest in the social hierarchy and were excluded 
from peer interaction. The other children preferred children with 
scars or various physical handicaps to the overweight children 
 [35] . Other studies show that overweight children more often are 
called names, threatened, or made fun of than normal - weight 
children, but studies also document that girls seem to suffer the 
most  [31,32,36,37] . 

 Biased attitudes toward obese girls and women have also been 
noted from family members and teachers  [38] . For instance, 
some studies document that obese girls are more often excluded 
from education than obese boys, because they are provided with 
fewer grants and scholarships for their future studies. Overweight 
girls, but not overweight boys, are under - represented at prestig-
ious universities  [39,40] .   

  Gender  d ifferences in  d epressive  s ymptoms 
 a ssociated with  o besity 

 Overweight women also display a stronger association between 
stigmatization and lower psychologic well - being than overweight 
men. Obese women suffer from lower self - esteem than obese men 
 [41 – 44] , and one study reported that mental well - being was 
worse among obese than among chronically ill or injured persons 
 [45] . The prevalence of depressive mood seems to vary with 
degree of obesity for women at all ages, but not for men, with 
more depression among obese than normal - weight women. In 
men, depressive mood and obesity seemed unrelated  [46] . Con-
sistent with this observation, overweight girls and women have a 
higher rate of suicidal thoughts compared to overweight boys and 
men  [41,42,44] . It is possible that women are more infl uenced 
psychologically by stigmatization because women may base their 
self - esteem more on appearance than men  [47,48] . The female 
body is partly valued based on attraction, whereas the male body 
may be viewed more in terms of effective performance in external 
environments  [47] . 

 Stigmatization of the obese in itself may contribute to a higher 
prevalence of obesity, because of the association between stigma-
tization and a negative body image, body dissatisfaction and low 
self - esteem, which may cause more overeating and an inactive 
lifestyle  [48,49] . Likewise, studies have shown that bullying may 
lead to an inactive lifestyle  [50]  and/or to the development of 
eating disorders  [51] . In accordance, a high self - esteem may 
prevent weight gain among adolescents  [52] . Surprisingly, despite 
the rising prevalence of obesity, stigmatization has not apparently 
decreased. This observation suggests that obesity has not yet 
become a social norm  [48] . 

 Understanding that overweight occurs as a consequence of a 
complicated interaction between our genes and our lifestyle, and 
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is infl uenced by social, psychosocial and cultural factors, rather 
than just a simple consequence of too much food and too little 
exercise, may help to prevent further stigmatization of the obese, 
irrespective of gender.  

  Female  d iseases and  o besity 

 Obesity has consequences for several female diseases. Female 
cancers in the endometrium, the uterus, the ovary, the cervix and 
the breast, at least after menopause, are all related to obesity  [1] . 
The relative risk of menstrual cycle irregularity and ovulatory 
failure is higher among obese than normal - weight women, and 
the Nurses ’  Health Study has shown that the risk of ovulatory 
infertility was about doubled among obese women with a BMI 
above 32   kg/m 2  compared to women with a normal BMI below 
25   kg/m 2   [53] . Pregnancy rates in obese women with assisted 
reproduction treatment are half those in normal - weight women 
 [54] . Polycystic ovary syndrome (PCOS), which is the most 
common endocrine disorder in women of reproductive age, is a 
condition characterized by hyperandrogenic chronic anovula-
tion. Polycystic ovary syndrome affects around 6.5% of all 
women, but 30 – 75% of the obese  [55] . Abdominal obesity occurs 
in 50 – 60% of women with PCOS  [56] . Polycystic ovary syndrome 
causes problems with fertility and menstruation and the obese 
often suffer reduced fertility. Furthermore, if the obese woman 
conceives, she has a fourfold greater risk of miscarriage than 
normal - weight women  [57] , a 40 – 100% greater risk of stillbirth 
 [58] , and a higher risk of a planned or acute cesarean delivery. 
Cesarean deliveries are more complicated in obese women due to 
an increased risk of excessive blood loss, thrombosis and postop-
erative infection.  [59] . Pregnancy complications, such as gesta-
tional hypertension, pre - eclampsia or gestational diabetes, are 
also common. The risk of gestational diabetes is doubled among 
overweight women, and is six times greater among obese women 
 [60] . The subsequent risk of type 2 diabetes after gestational 
diabetes is doubled but, depending on ethnic origin, may be as 
high as 60% over 5 – 16 years. Finally, polycystic ovary syndrome 
independently increases metabolic and cardiovascular risk 
factors, and is a signifi cant risk factor for later heart disease  [61] .  

  Intergenerational  e ffects of  o besity 

 The increase in the number of obese women has impacts on the 
coming generations. Maternal obesity predicts a fourfold 
increased risk of obesity in the offspring  [62,63] . Overall, increased 
birth weight is a risk factor for child and adult obesity  [64] , and 
obese mothers tend to experience gestational diabetes more than 
normal - weight mothers. This reduced insulin sensitivity among 
obese mothers increases the availability of glucose to the fetus, 
and thereby potentially affects fetal growth  [65] . Gestational dia-
betes also predisposes to macrosomia, congenital abnormalities, 
and prenatal mortality and morbidity in the offspring, as well as 

an increased risk of impaired glucose tolerance. For instance, one 
study found a 10 times higher risk of impared glucose tolerance 
among 10 – 16 year old children of mothers with gestational dia-
betes, compared to same aged children of mothers without dia-
betes  [66] . Similarly, maternal diet during pregnancy, and 
possibly during lactation, can infl uence the later risk of obesity 
and chronic diseases, because the fetal period is a critical period 
for disturbance in programming. New data gathered over long 
periods of time among Pima Indians furthermore suggest that the 
risk of developing gestational diabetes also depends on the preg-
nant woman ’ s own mother ’ s birth weight. It appears that nutri-
tional programming during fetal life in one generation can 
infl uence disease risk in the following generation  [67] . Hence, the 
generally increasing BMI among young women during the past 
30 – 40 years may be a concern not only for the woman herself but 
also for her children and grandchildren.  

  Conclusion 

 Women not only display a higher obesity prevalence, but also 
seem to suffer more somatic and psychosocial health conse-
quences than do obese men. The obesity epidemic is a major 
threat to individual and public health that may be a particular 
burden to girls and women.  
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   Introduction 

 Obesity is often considered to result from the failure of homeo-
static mechanisms that regulate body weight to cope with an 
environment that encourages overeating and sedentarity. In 
addressing the issue of the  “ biology of obesity, ”  it is therefore 
pertinent to raise the question of whether body weight is indeed 
a regulated variable. Because large variations in body fat can be 
observed both between and within individuals, it could be argued 
that body weight is a poorly regulated variable. By contrast, the 
fact that in many individuals, body weight remains relatively 
constant over years and decades, in spite of large day - to - day vari-
ations in the amount of food consumed, might instead suggest 
that body weight is precisely regulated in these individuals. But 
constancy of body weight  per se  is not evidence for regulation. A 
critical feature of any regulated system is that disturbance of the 
regulated variable results in compensatory responses that tend to 
attenuate the disturbance and to restore the system to its  “ set ”  or 
 “ preferred ”  value. The direct application of this approach to 
testing whether body weight is regulated in human beings is dif-
fi cult because of ethical and practical reasons, but observations 
on adults recovering from food shortages during postwar famine 
or from experimental starvation indicates that a return to normal 
body weight is eventually achieved. Conversely, excess weight 
gained during experimental overeating or during pregnancy is 
subsequently lost, and most individuals return to their initial 
body weight. There is therefore little doubt that regulation of 
body weight occurs, albeit with varying degrees of precision. 

 How such long - term weight regulation is achieved in humans 
is the focus of this chapter. To address this question, it is fi rst 
important to underscore the basic concepts and principles about 
the fl ux of energy transformations through which body weight is 
regulated.  

  Basic  c oncepts and  p rinciples in  h uman 
 e nergetics 

  Energy  b alance and  l aws of  t hermodynamics 
 Life exists in a fl ux of energy transformations which are governed 
by the laws of thermodynamics. According to the  fi rst law , energy 
cannot be created or destroyed but can only be transformed from 
one form into another. Biologic systems, like machines, depend 
on the transformation of some form of energy in order to perform 
work. The chemical energy obtained from foods (plant or animal 
in origin) is used to perform a variety of work, such as in the 
synthesis of new macromolecules ( chemical work ), in muscular 
contraction ( mechanical work ) or in the maintenance of ionic 
gradients across membranes ( electrical work ). The intermediate 
steps in this fl ux of energy transformations between food and heat 
production are illustrated in Figure  6.1 , and are embodied in the 
following energy balance equation:

   Energy intake Energy expenditure  Energy stores= + Δ
   

where energy intake refers to the metabolizable energy intake, i.e. 
the energy available to perform work after taking into account 
losses in feces and urine (see Fig.  6.1 ) and  Δ  Energy stores repre-
sents any change in the body ’ s store of energy. 

 Thus, if the total energy contained in the body (as fat, protein 
and glycogen) of a given individual is not altered (i.e.  Δ  Energy 
stores   =   0), then energy expenditure must be equal to energy 
intake, in keeping with the fi rst law of thermodynamics. In this 
case, the individual is said to be in a  state of energy balance . If the 
intake and expenditure of energy are not equal, then a change in 
body energy content will occur, with  negative energy balance  
resulting in the degradation of the body ’ s energy stores (glycogen, 
fat and protein) or  positive energy balance  resulting in an increase 
in body energy stores, primarily as fat. The fi rst law of thermo-
dynamics, however, overlooks the possible inter - relationships 
between energy intake and energy expenditure. It does not illus-
trate that voluntary energy intake may rise with intense physical 
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activity (competition athletes eat more than sedentary clerks), 
that energy expenditure may increase in response to increased 
food intake, nor that both energy intake and energy expenditure 
can be infl uenced by changes in body energy stores. It is merely 
concerned with initial and fi nal states. 

 The  second law  of thermodynamics, by contrast, makes a subtle 
distinction between the potential energy of food, useful work and 
heat. It states that when food is utilized in the body, whether for 
muscular contraction, synthesis of new tissues or maintenance of 
electrolyte equilibrium across membranes, these processes must 
be accompanied inevitably by a loss of heat. In thermodynamic 
terms, some energy is degraded, and such heat energy which is 
no longer available for work is termed  “ entropy. ”  In other words, 
the conversion of available food energy is not a perfectly effi cient 
process: about 75% of the chemical energy contained in foods 
may be ultimately dissipated as heat because of the ineffi ciency 
of intermediary metabolism in transforming food energy into a 
form (e.g. adenosine triphosphate, ATP) which can be used for 
work, whether it be the internal work required to maintain struc-
ture and function or external physical work (i.e. work performed 
on the environment). Thus, all the energy used by the body at 
rest is ultimately lost as heat, and physical (external) work will 
also be eventually degraded as heat. These theoretical considera-
tions constitute the framework of a biologic system in which 
changes in energy intake and expenditure can oppose changes in 
energy balance and body weight.  

  Pattern of  f ood  i ntake and  e nergy  e xpenditure 
 Humans eat food in a discontinuous mode, and the amount of 
food eaten can range from zero to up to 21   MJ/day in highly active 
individuals or during acute episodes of hyperphagia. This con-
trasts with energy expenditure which is continuous irrespective 
of the conditions encountered. This irregularity of food behavior 
occurs within - day and between - days, the latter explaining the 2 – 3 
times greater coeffi cient of variation for energy intake (15 – 20%) 
than for energy expenditure (5 – 8%). This also explains the 

diffi culties with which food intake is assessed in order to obtain 
a representative picture of  “ habitual ”  food (energy) intake. In 
addition, the wide variety of feeding behavior makes it tremen-
dously diffi cult to track adequately both of these factors and this 
jeopardizes the interpretation of data on food intake. Since many 
factors can lead to underestimation or overestimation of energy 
intake, and hence lead to a bias in energy balance, it is therefore 
not surprising that energy requirements are based preferentially 
on estimates of energy expenditure rather than on energy intake.  

  Components of  e nergy  e xpenditure 
 It is customary to consider human energy expenditure as being 
made up of three components: the energy spent for basal metabo-
lism (or basal metabolic rate), the energy spent on physical activ-
ity, and the increase in resting energy expenditure in response to 
a variety of stimuli (including food, cold, stress and drugs). These 
three components are depicted in Figure  6.1  and are described 
below. 

  Basal  m etabolic  r ate ( BMR ) 
 This is the largest component of energy expenditure for most 
individuals. Typically in developed countries, BMR accounts for 
60 – 75% of daily energy expenditure. It is measured under stand-
ardized conditions, i.e. in an awake subject lying in the supine 
position, in a state of physical and mental rest in a confortable 
warm environment, and in the morning in the postabsorptive 
state, usually 10 – 12 hours after the last meal. These conditions are 
referred to as  “ basal ”  as they should refl ect the energy needed for 
the work of vital functions (maintaining electrolyte equilibrium 
across cell membranes, cell and protein turnover, respiratory and 
cardiovascular functions, etc.). BMR is greater than the metabolic 
rate during sleep by 5 – 20%, this difference between BMR and 
sleeping metabolic rate being explained by the effect of arousal. 

 By far the most important determinant of BMR is body size, 
and in particular the fat - free mass of the body which is infl uenced 
by weight, height, age and gender. On average, men have greater 

Energy lost in feces

Energy lost in urine

Basal metabolic rate

Energy expenditure
(heat production)

Physical activity Thermogenesis

Body

energy

stores

Fat (77%)

Energy
absorbed

Food

Energy intake

Energy
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Glucose, fatty acids,

amino acids … Glycogen (<1%)
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 Figure 6.1     Principles of energy balance, within a 
schematic framework that depicts the transformation 
of energy from food to heat through the body. Note 
that on diets typically consumed in developed 
countries, the total energy losses in feces and urine 
are small (about 5%), so that the metabolizable 
energy available from these diets is about 95%. 
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fat - free mass and BMR than women even for the same age, weight 
and height, and older people have lower fat - free mass and BMR 
than young adults. Most, but not all, of the differences in BMR 
between these groups disappear when BMR is expressed as a 
function of fat - free - mass. This is not surprising since fat - free 
mass contains tissues and organs which have high metabolic 
activities such as liver, kidneys, heart, and to a lesser extent the 
resting muscles (Fig.  6.2 ). In contrast, the contribution of adipose 
mass to BMR is small. In a non - obese subject, adipose tissue 
contributes to 3 – 5% of the total resting energy expenditure, 
although it represents 20 – 30% of total body weight. The majority 
of the heat production (about 60%) comes from the active organs 
(liver, kidney, heart and brain), although they account for only 5 
to 6% of total body weight. The resting heat production of skel-
etal muscle per unit mass is 15 – 40 times lower than that of meta-
bolically organs, but because of its large size (more than half of 
the total fat - free mass) it makes a signifi cant contribution ( ∼ 20%) 
to BMR.    

  Energy  e xpenditure  d ue to  p hysical  a ctivity 
 The energy spent on physical activity depends on the type and 
intensity of the physical activity and on the time spent in different 
activities. Physical activity is often considered to be synonymous 
with  “ muscular work ”  which has a strict defi nition in physics, i.e. 
force x distance, during which external work is performed on 
the environment. During muscular work (muscle contraction), 
the muscle produces 3 – 4 times more heat than mechanical 
energy. There is a wide variation in the energy cost of any activity 
both within and between individuals. The latter variation is 
due to differences in body size and in the speed and dexterity 
with which an activity is performed. In order to adjust for differ-
ences in body size, the energy costs of physical activities are 
expressed as multiples of BMR  [1] .   These generally range from 1 
to 5 for most activities, but can reach values between 10 and 14 

during intense exercise. In terms of daily energy expenditure, 
physical activity can represent up to 70% of daily energy expen-
diture in an individual involved in heavy manual work or 
competition athletics. For most individuals in industrialized 
societies, however, the contribution of physical activity to daily 
energy expenditure is much lower  − 10 – 25% of daily energy 
expenditure.  

  Energy  e xpenditure in  r esponse to  v arious 
 t hermogenic  s timuli 
 This component of energy expenditure  –  often referred to as 
 “ thermogenesis ”   –  is best described by the various forms in which 
it can exist. These have been described by Miller  [2]  as follows. 
   •      Isometric thermogenesis:     this is due to increased muscle tension; 
no physical work is done in the physical sense. The differences in 
energy expenditure in a person who is lying, sitting or standing 
are due mainly to changes in muscle tone.  
   •      Dynamic thermogenesis:     the term  “ negative work ”  is used to 
describe heat production of stretched muscle, with heat being 
again produced without any work (being performed on the 
environment). For example, when someone goes down a ladder, 
heat production increases but there is no work inn the physical 
sense of work. Contracting muscles produce heat because of 
their ineffi ciency, but tensed and stretched muscles are simply 
thermogenic.  
   •      Psychological thermogenesis:     the psychologic state may affect 
energy expenditure, as anxiety, anticipation and stress stimulate 
adrenaline (or epinephrine) secretion, leading to increased heat 
production. A twofold difference can be found in the energy cost 
of sitting at ease and sitting playing chess, a difference that cannot 
entirely be attributed to muscular movement. The best evidence 
comes from a study on pilots whose energy expenditure increased 
when they were under air traffi c control, with the rise being 
inversely related to their level of experience  [3] .  

Weight of tissue
(% body weight)

Tissue metabolic rate
(% BMR)

100

80

60

40

20

0

100

80

60

40

20

0
<6%

58%

<5%

21%

Miscellaneous
(Skin, bone, gut)

Adipose
tissue

Skeletal
muscle

Organs
(brain, liver,

heart, kidneys)

40%

33%

22%

16%

 Figure 6.2     Contribution of organ/tissues to BMR) of a 
nonobese man. Note that the organs contribute  < 6% of 
body weight but that their contribution to BMR is 
disproportionately high ( > 50% BMR).  (Adapted from Elia 
 [67] .)  
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   •      Cold - induced thermogenesis:     humans rarely need to increase 
heat production for the purpose of thermal regulation because 
they are able to seek an equitable environment or wear suitable 
clothing, i.e. their bodies are generally kept at thermoneutrality. 
At low temperatures, their resting metabolic rate (and hence 
heat production) increases. For example, normal - weight women 
maintained in identical clothing in a calorimeter room adjusted 
their 24 - hour heat production by about 7% when the tempera-
ture in the calorimeter room was lowered from 28 to 22    ° C  [4] . 
It is customary to distinguish between two forms of cold - induced 
thermogenesis  –  shivering and nonshivering. Shivering is rhyth-
mic muscle contraction, while nonshivering thermogenesis is 
increased heat production not associated with muscle contrac-
tion, and is due to increased activity of the sympathetic nervous 
system (particularly in brown adipose tissue (BAT) in small 
mammals). Nonshivering thermogenesis is inversely correlated 
with body size, age and ambient temperature and has been dem-
onstrated to exist in adult human beings chronically exposed to 
extreme temperatures  [5] . Recent evidence, albeit circumstantial, 
suggests that BAT may also contribute to nonshivering thermo-
genesis in adult humans.  
   •      Diet - induced thermogenesis:     heat production increases follow-
ing the consumption of a meal, and this thermic effect of food is 
classically termed  “ specifi c dynamic action. ”  Heat production 
also increases on a high plane of nutrition, the so - called  “ luxus-
consumption. ”  These two forms of thermogenesis related to food 
have been regrouped under the term  “ diet - induced thermogen-
esis ”  or DIT and are often divided into an  obligatory  component 
(related to the energy costs of absorption and metabolic process-
ing of nutrients or the energy cost of tissue synthesis during 
overfeeding) and a  facultative  component which in part results 
from the sensory aspects of foods and in part from stimulation 
of the sympathetic nervous system.  
   •      Drug - induced thermogenesis:     the consumption of caffeine, nic-
otine and alcohol may form an integral part of daily life for many 
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individuals, and all three  “ drugs of everyday life ”  stimulate ther-
mogenesis. A cup of coffee (containing 60 – 80   mg caffeine) can 
increase BMR by 5 – 10% over an hour or two. Oral intake of 
100   mg caffeine every 2 hours during the day and smoking a 
packet of 20 cigarettes increase daily energy expenditure by 5% 
and 15%, respectively. Furthermore, the thermogenic effects of 
nicotine are potentiated by caffeine. The cessation of elevated 
thermogenesis induced by nicotine or nicotine and caffeine is an 
important factor that contributes to the average weight gain of 
7   kg after cessation of smoking.     

  Spontaneous  p hysical  a ctivity and  n onexercise  a ctivity 
 t hermogenesis 
 Another way to look at the components of energy expenditure is 
shown in Figure  6.3  where energy expenditure is divided into 
resting and nonresting expenditure, but also into voluntary and 
involuntary energy expenditure. Resting energy expenditure 
comprises all measurements of energy expenditure made at rest 
 –  BMR and the thermic effect of food  –  and which are beyond 
voluntary control. Nonresting energy expenditure is divided into 
voluntary and involuntary physical activities. Voluntary physical 
activity comprises volitional activities such as exercise and sports 
as well as occupational activities (going to work and performing 
work duties) and leisure activities (e.g. gardening). Involuntary 
physical activity comprises spontaneous and subconscious fi dget-
ing and posture maintenance, and is referred to as spontaneous 
physical activity (SPA). SPA is an important component of  “ non-
exercise activity thermogenesis ”  or NEAT  –  the latter being 
defi ned as the energy expended for all physical activities other 
than volitional exercise and sports activities. NEAT is therefore 
not limited solely to SPA but also includes energy expended for 
 “ voluntary ”  occupational and leisure - time activities  [6,7] . The 
potential importance of variations in SPA and NEAT in body 
weight regulation is discussed below.     

 Figure 6.3     Components of energy expenditure 
contributing to voluntary and involuntary control of 
energy expenditure (see text for details). SPA, 
spontaneous physical activity; NEAT, nonexercise 
activity thermogenesis. 
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  Timescale of  e nergy  b alance 
 As mentioned in the introduction, there is little doubt that regu-
lation of body weight occurs in human beings (albeit with varying 
degrees of precision), although the time - scale over which it 
occurs is not clear. In this context, it is important to emphasize 
the cardinal features of human energy balance and weight 
regulation. 
   •      Human beings do not balance energy intake and energy expend-
iture on a day - to - day basis nor is positive energy balance one day 
spontaneously compensated by negative energy balance the next 
day. Near equality of intake and expenditure most often appears 
over 1 – 2 weeks. Longer measurements are diffi cult to conduct and 
impractical because of cumulative errors, but there is no doubt 
that over months and years, total energy intake and expenditure 
must be very close in any individual whose body weight and body 
composition have remained relatively constant.  
   •      This matching of long - term energy intake and energy expendi-
ture must be extremely precise since a theoretical error of only 
1% between input and output of energy, if persistent, will lead to 
a gain or loss of about 10   kg per decade. But this does not occur 
for many individuals, whose weights remain relatively constant 
within a few kg over several decades.  
   •      Even in adults who apparently maintain a stable body weight 
over months, years and decades, there is in reality no  “ absolute ”  
constancy of body weight. Instead, when examined over years and 
decades, body weight tends to fl uctuate or oscillate around a 
constant mean value.    
 Understanding how these short - term deviations in body weight 
are corrected through changes in energy intake, in energy expend-
iture, or in both, still remains a challenging issue for human 
research today. In such a dynamic state within which weight 
homeostasis occurs, it is likely that long - term constancy of body 
weight is achieved through a highly complex network of autoreg-
ulatory control systems and subsystems through which changes 
in food intake, body composition and energy expenditure are 
interlinked.   

  Control of  f ood  i ntake 

  Hunger and  s atiety 
 Research into the control of energy intake in humans is very dif-
fi cult, primarily because habitual intake is not easy to measure 
and because the intake of foods is altered by the experiments 
themselves. Because of these diffi culties, much of the work carried 
out in humans has been concerned with short - term hunger and 
appetite studies or with short - term satiety and satiation  [8,9] . 

 It is important to differentiate between these terms. Hunger 
may be defi ned as a  “ demand for calories ”  (e.g. after starvation), 
while appetite refers to  “ a demand for a particular food. ”  In labo-
ratory animals allowed  ad libitum  access to standard laboratory 
chow, energy intake is controlled mainly by the sensations of 
hunger and satiety. If (like human beings) the laboratory rat has 
access to a variety of palatable foods rather than to a monotonous 

diet, it may be stimulated to eat something delicious by appetite 
rather than by hunger. The physiologic mechanisms which 
control energy intake in the rat certainly exist in humans. If 
a person is deprived of food, they become hungry, and if they 
have eaten a lot, they become satiated.  Satiation  refers to proc-
esses involved in the termination of a meal, and is studied 
by providing individuals with test meals and measuring the 
amount consumed when the food is freely available.  Satiety  refers 
to the ongoing inhibition of further intake of a food after eating 
has ended. However, lifestyle factors ensure that appetite is a 
powerful but poorly controlled stimulus to eat even when an 
individual is not hungry because feeding patterns are infl uenced 
strongly by psychologic, economic and social factors. Even 
though subjects may feel satiated by one particular food, they will 
continue to eat when a new food is presented  –  a phenomenon 
that is referred to as  “ sensory - specifi c satiety. ”  Conversely, when 
subjects are presented with a monotonous diet, their intakes are 
usually low. Among some communities living in developing 
countries, the major part of energy intake derives from one staple 
food, which together with low fat intakes constitutes a bland and 
monotonous diet, so that even when supplies are adequate, 
obesity is rarely seen. These observations suggest that when the 
psychosocial incentives to eat are removed, human beings (like 
the laboratory rat fed a chow diet) can control food intake quite 
precisely.  

  Hunger and  s atiety  c ontrol  c enters in the  b rain 
 Much of our understanding about centers in the brain that are 
involved with the control of food intake derives from studies 
conducted in laboratory animal models. As a result of numerous 
experiments involving ablation, electrical and chemical stimula-
tion of specifi c areas in the brain, it has been proposed that 
 “ centers ”  localized in the hypothalamus are involved in the 
control of feeding behavior. In particular, the ventromedial 
hypothalamic (VMH) region has been implicated in satiety, the 
lateral hypothalamic (LH) region in the initiation of feeding, and 
the paraventricular nucleus (PVN) of the rostral hypothalamus 
is thought to be important in initiating the cessation of the meal. 
These  “ centers ”  serve to analyze and integrate afferent signals that 
are neural (via the vagal nerve) or circulatory (via nutrients and 
hormones). Although these centers have received a great deal of 
attention, it is now apparent that this approach represents a 
rather simplistic view because many other hypothalamic and ext-
rahypothalamic areas also play a major role in the control of food 
intake  [10] . Nonetheless, the molecular and genetic studies which 
followed the discovery of leptin in 1994 have led to major 
advancements in elucidating the neurochemical basis for the 
activities of some of these centers  [11,12] . In particular, the iden-
tifi cation of the two subpopulations of neurons in the arcuate 
(ARC) – PVN pathway (NPY/AgRP neurons and POMC/CART 
neurons) and the identifi cation of melanin - concentrating 
hormone (MCH) and orexin in the LH neurons have provided 
neurochemical insight into the function of these sites (depicted 
in Fig.  6.4 ), as follows. 



Part 2 Biology of Obesity

72

   •      The NPY/AgRP neurons, which co - express NPY (neuropeptide 
Y) and AgRP (agouti - related peptide) are orexigenic, i.e. their 
activation stimulates food intake.  
   •      By contrast, the POMC/CART neurons are anorexigenic, 
i.e. their activation reduces food intake. POMC (pro - opiomelano-
cortin) is cleaved into melanocortins, including  α  - melanocyte 
stimulating hormone ( α  - MSH), which exerts anorexigenic action 
via melanocortin - 4 receptors (Mc4r) and, to a lesser extent, via 
Mc3r. Most arcuate nucleus POMC neurons also express cocaine 
and amphetamine - related transcript (CART).  
   •      All these neurons project to other regions of the hypothalamus 
where further signal processing occurs, and in particular in 
the LH area to populations of neurons expressing melanin - 
concentrating hormone (MCH) and orexins A and B, all 
peptides that are orexigenic.      
 There are also extensive reciprocal connections between the 
hypothalamus and the brainstem, and food intake is co - ordinated 
on the basis of information received by both regions. In the 
brainstem, the nucleus of the solitary tract (NST), area postrema, 
and dorsal motor nucleus of the vagus have all been implicated 
in the control of food intake and weight homeostasis  [10] . These 
pathways respond to afferent signals from other hypothalamic/
extrahypothalamic regions and from the periphery.  

  Hunger and  s atiety  s ignals from the  p eriphery 
 The sensations of hunger and satiety result from the central inte-
gration of numerous signals originating from a variety of periph-
eral tissues and organs, including the gastrointestinal tract, liver, 
pancreas, adipose tissue, and perhaps also skeletal muscle. The 
putative hunger and satiety signaling systems that have generated 
the most interests are outlined below. 

  Signals from the  g astrointestinal  t ract 
 The progression of food through the stomach and small intestine, 
which can be considered as a short - term nutrient reservoir, 

initiates a number of sequential peripheral satiety signals that are 
thought to be important in infl uencing meal - to - meal feeding 
responses  [13,14] . Signals from stretch -  and mechano - receptors 
that respond to gatric distension or from chemoreceptors that 
respond to the products of digestion (sugars, fatty acids, amino 
acids and peptides) are transmitted via vagal afferent nerves to the 
brainstem  [14] . These neural signals are centrally integrated with 
those transmitted by a number of hormones released from the 
gastrointestinal system. These gut hormones then stimulate affer-
ent (ascending) vagal pathways from the gut to the brainstem or 
act directly on neurons in the brain to mediate short - term feelings 
of hunger and satiety  [13] . Among endocrine signals from the gut 
that are believed to exert important infl uences on food intake are: 
   •       cholecystokinin  (CCK) (the fi rst gut hormone shown to infl u-
ence food intake), which is released from the small intestine into 
the circulation in response to luminal nutrients; it decreases meal 
size  
   •       peptides  that are released postprandially and reduce appetite in 
humans, including gastric inhibitory peptide (GIP), glucagon -
 like peptide - 1 (GLP - 1) and PYY, the peptide YY(3 - 36)  
   •      ghrelin, which is secreted by the stomach, and whose concen-
tration increases after food deprivation and decreases in response 
to the presence of nutrients in the stomach.    
 Ghrelin is the only known circulating factor to increase hunger. 
This  “ hunger hormone ”  is a powerful stimulator of feeding and 
can induce obesity when given chronically to rodents through its 
modulation of NPY, AgRP and melanocortin systems in the 
arcuate – PVN axis  [12] . Like ghrelin, GLP - 1 and PYY(3 - 36) can 
also directly stimulate anorexigenic pathways in the hypothala-
mus and brainstem. In contrast, CCK reduces food intake and 
inhibits gastric emptying through action on CCK1 receptors and 
afferent vagal information passing to the brainstem regions of the 
central nervous system (CNS). A physiologic role for CCK1 in 
the control of meal size is suggested by the hyperphagia and 
obesity seen in rats that have a natural deletion of the gene for 
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CCK1  [15] . Although there is some evidence that ghrelin, GLP - 1 
and PYY (3 - 36) can also signal to the brainstem through the vagal 
nerve, the physiologic relevance of such vagal signalling by gut 
hormone systems other than CCK is less certain.  

  Aminostatic or  p rotein -  s tatic  s ignals 
 A link between fl uctuations in serum amino acids and food intake 
was proposed nearly 50 years ago  [16]  and this topic has been 
reviewed more recently by Bray  [17] . Dietary protein induces 
satiety in the short term, and consumption of low - protein diets 
leads to increased appetite for protein - containing foods. Admin-
istration of amino acids such as phenylalanine and tryptophan 
(which are precursors of monoamine neurotransmitters) leads to 
reduced food intake, and the ratio of plasma tryptophan to other 
amino acids affects brain serotonin, which is known to have an 
inhibitory infl uence on food intake. These observations lead to 
an  aminostatic  theory which states that food intake is determined 
by the level of plasma amino acids, and that this could be related 
to the regulation of lean body mass, which is known to be rigor-
ously defended against experimental or dietary manipulation. A 
 “ protein - stat ”  mechanism for the regulation of lean body mass 
has been proposed by Millward  [18]  and draws support from the 
fact that food intake during growth is known to be dominated by 
the impetus for lean tissue deposition.  

  Glucostatic and  g lycogenostatic  s ignals 
 A glucostatic theory for the regulation of feeding behavior was 
also proposed some 50 years ago  [19] . It suggested that there were 
chemoreceptors in the hypothalamic satiety center which would 
be sensitive to the arteriovenous difference in glucose or to the 
availability and utilization of glucose. The arguments in favor of 
this hypothesis in humans include the small decreases of blood 
glucose observed prior to spontaneous meal consumption, the 
suppression of food intake induced by infusion of glucose, and 
the spontaneous decrease in total energy intake observed when 
dietary carbohydrate content is increased. These same arguments 
in support of the glucostatic theory of food intake also form the 

basis of the proposal of Flatt  [20]  that the control of food intake, 
via the prevention of hypoglycemia and maintainance of ade-
quate glycogen levels, primarily serves the maintenance of the 
carbohydrate balance.  

  Lipostatic and  a diposity  s ignals 
 A lipostatic theory of food intake control, fi rst proposed by 
Kennedy  [21] , postulates that substances released from the fat 
stores function as satiety signals. This theory is based on a set -
 point control system with body fat (rather than body weight) 
acting as the regulated variable and energy intake the controlled 
variable. Body fat is thus maintained at a set value, and any devia-
tion from this value is detected by the controller of the system 
(the hypothalamus) via a circulating metabolite (the error signal) 
which is related to the size of the fat stores. Having detected such 
a deviation, the controller elicits compensatory changes in energy 
intake and hence restores the system to its preset or preferred 
level. The lipostatic hypothesis is perhaps the one that provides 
the most plausible explanation for long - term regulation of the fat 
stores. Many experiments support this theory, leading to the sug-
gestion that humans who are predisposed to obesity may have a 
homeostatic mechanism in which the set - point for weight regula-
tion is set at a higher level than those who are more resistant to 
obesity. The nature of the various components, such as the set -
 point and feedback signal(s), involved in the lipostatic theory as 
yet remains unclear. 

 A major advance came in the mid 1990s following the cloning 
of the  ob  gene, whose protein product (leptin) is primarily pro-
duced by adipocytes, released into the circulation and acts on 
hypothalamic receptors to induce satiety by inhibiting the orexi-
genic NPY/AgRP neurons and stimulating the anorexigenic 
POMC/CART neurons  [11,12]  (see Fig.  6.4 ; Fig.  6.5 ). Brain - 
specifi c deletion of the leptin receptor, like in leptin - defi cient  ob/
ob  mice, leads to obesity  [22] . Conversely, the obesity phenotype 
of the  db/db  mice, which lack functional leptin receptors, is 
rescued by brain - specifi c re - expression of leptin receptors  [23] . 
Rare people with mutations causing complete leptin defi ciency, 
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as in the  ob/ob  mice, show marked hyperphagia and severe 
obesity, which can be reversed by administration of small doses 
of leptin. The rare people with mutations affecting the leptin 
receptor mechanism, like the  db/db  mice, also show hyperphagia 
and severe obesity but do not respond to the administration of 
leptin. In other rare cases of severe childhood - onset obesity, 
single gene defects have been identifi ed for genes which code for 
proteins that act downstream to leptin receptor in the hypotha-
lamic neural circuits (see Fig.  6.4 ), in particular for POMC and 
MC4R  [24] .   

 In the vast majority of humans tested, however, the blood 
concentration of leptin was found to be proportional to the 
adipose mass. Its elevation in the obese has led to the hypothesis 
that resistance to the action of leptin is a factor in obesity, possibly 
because of diminished access of circulating leptin to target areas 
of the brain and impairments in intracellular leptin signaling 
 [25] . However, because blood leptin concentration varies widely 
in individuals with the same degree of obesity, the possibility 
arises that subpopulations might have relative leptin defi ciency. 
Support for this notion can be derived from the fact that relatives 
of leptin - defi cient patients, who are heterozygous for leptin defi -
ciency, exhibit modest obesity and leptin levels below that 
expected for their increased fat mass  [26] . With more recent data 
in animals suggesting that leptin actions go beyond known 
hypothalamic targets to modulate the sensitivity of taste receptor 
cells in the oral cavity, vagal mechanoreceptors in the gut, olfac-
tory detection in the olfactory bulb, and visual perception of 
food, it thus appears that leptin can gate food - related sensory 
input signals even at early stages of processing  [27] . 

 There has also been considerable interest in the role of insulin 
as an adiposity signal (since it is secreted by the pancreas in pro-
portion to adiposity) in the control of food intake via the CNS. 
Insulin stimulates leptin release from adipose tissue and leads to 
postprandial increases in circulating leptin  [28] . Like leptin, 
insulin also circulates at levels proportional to body fat content 
and enters the CNS (in proportion to its plasma level) where it 
interacts with autonomic circuits which control meal size, includ-
ing, as indicated in Figure  6.5   , via inhibition of NPY/AgRP 
neurons and stimulation of POMC/CART neurons  [11] . Tar-
geted deletion of the insulin receptor in neurons leads to obesity 
in mice  [29] , albeit to a much lesser extent compared to the severe 
obesity resulting from deletion of leptin receptors  [22] .   

 It should be noted that although leptin/insulin levels and fat 
mass are correlated in the fed state, their rapid fall in starvation 
and rapid restoration on refeeding suggest that changes in circu-
lating leptin and insulin are independent of the dynamics of acute 
changes in body fat content. Their circulating levels may there-
fore be a function of changes in the fl ux of energy intake (coupled 
with fat mobilization/storage) rather than a  “ lipostatic ”  signal 
whose level is altered as a function of the degree of depletion and 
repletion of the fat stores. Within the context of food intake 
control based upon the defense of the fat stores, both the feedback 
signal(s) on food intake and the nature of the set - point (if it 
exists) remain elusive.  

  Hepatic  n utrient  m etabolism  s ignals 
 A role for hepatic metabolism in the control of food intake was 
advocated in the 1960s  [30]  and it now appears that a common 
pathway leading from nutrient metabolism to ATP production 
and cell membrane polarity changes may be involved in the sig-
naling mechanism  [31,32] . The notion that hepatic oxidation of 
fatty acids plays a role in the control of food intake is based upon 
studies in rat, mouse and humans showing that pharmacologic 
inhibition of fatty acid oxidation leads to an increase in food 
intake which, in the rat, has been shown to be attenuated by 
hepatic branch vagotomy  [33] . It would appear therefore that a 
feeding modulatory signal derived from fatty acid oxidation in 
abdominal tissues (like in the liver) is conveyed to the brain by 
vagal afferents. However, in contrast to the stimulatory effect of 
feeding produced by inhibition of fatty acid oxidation, the evi-
dence for a suppressive effect of feeding by stimulation of fatty 
acid oxidation is inconsistent and comparatively weak.  

  Exercise -  r elated  s ignals 
 More recently, a role for exercise in the control of food intake has 
been proposed on the basis of studies in rats indicating that signals 
generated by the exercising body can feed back on the brain to 
regulate central neuropeptide systems involved in the control of 
hunger and appetite  [34] . Unlike the changes in gene expression 
of NPY and POMC observed during caloric restriction of seden-
tary rats which brings them to levels of adiposity seen in exercising 
rats, the reduced adiposity associated with exercise fails to alter 
the expression of these peptides despite considerable lowering of 
plasma leptin levels. These data suggest that exercise provides 
some unknown signal/s to the brain that allow rats to over - ride 
the usually potent stimulation of orexigenic NPY and inhibition 
of anorexigenic POMC expression provided by the lowering of 
leptin levels during weight loss. As a result, they fail to compensate 
for reduced adiposity by increasing their caloric intake, and they 
defend their adiposity at a new lower set - point. In humans, the 
few who succeed in maintaining weight after slimming report 
high levels of physical activity, but whether such exercises may, in 
addition to their effects in raising energy expenditure, also have a 
direct role in limiting the hyperphagic drive that follows weight 
loss is unknown. Similarly, the peripheral exercise - related signals 
that feed back to brain centers that control food intake remain ill 
defi ned, although muscle - derived interleukin - 6 and lactate, as 
well as adipose - derived fatty acids, may be implicated  [34] .  

  Impact of  p eripheral  s ignals on  b rain  h igher  c enters 
 Although the classic signals from the periphery, such as leptin, 
insulin, gut hormones, and circulating nutrients themselves, act 
mainly on a few specifi c areas of the brain such as the hypotha-
lamus and brainstem, recent studies suggest that these metabolic 
signals have a much broader infl uence on brain function  [10,35] . 
The adiposity signals leptin and insulin can also act directly on 
mesolimbic dopamine neurons to modulate wanting of food and 
reward signals. The gut hormone PYY(3 - 36), which suppresses 
food intake in humans and rodents, also modulates activity in the 



Chapter 6 Energy Balance and Body Weight Homeostasis

75

ventral tegmental area and ventral striatum, and hence impinges 
upon the brain pleasure and reward circuits. Ghrelin also appears 
to facilitate foraging behavior and increases reward processing as 
part of its orexigenic actions. Furthermore, modern neuroimag-
ing studies support the importance of a balance in distinct areas 
of the prefrontal cortex in the control of food intake. As reviewed 
by Zheng and Berthoud  [35] , successful dieters who have higher 
levels of dietary restraint compared to nondieters show increased 
neural activity in the right dorsolateral prefrontal cortex in 
response to food consumption. In contrast, obese subjects show 
less activation of the left dorsolateral prefrontal cortex in response 
to food, while patients with the Prader – Willi syndrome, who 
show severe disturbances in appetite control resulting in hyper-
phagia and obesity, show increased activity in the ventromedial 
prefrontal cortex when viewing pictures of food after glucose 
consumption. Thus, it is clear that leptin and gut hormones do 
not only act on the  “ energy balance ”  control circuits in the 
hypothalamus and brainstem, but in addition impinge on corti-
colimbic systems involved in cognitive, reward, and executive 
brain functions important for ingestive and exercise behavior, 
particularly in our modern environment.   

  Integrated  m odels of  f ood  i ntake  c ontrol 
 The various hunger and satiety signals from the periphery can be 
integrated into models in which the control of food intake is 
considered in three phases, each with a distinct goal. 
  1.      Short - term  (hour to hour): blood glucose homeostasis by 
dampening episodes of hypoglycemia or hyperglycemia.  
  2.      Medium - term  (day - to - day): maintenance of adequate hepatic 
stores of glycogen which, consistent with Flatt ’ s glycogenostatic 
theory  [20] , would imply corrective responses to offset deviations 
from carbohydrate balance during the previous day.  
  3.      Long - term  (weeks, months or years): maintenance of the body ’ s 
fat and protein compartments, i.e. fat mass and fat - free mass. 
Periods of food deprivation that lead to substantial reductions in 
body weight are normally followed by increased food intake (hyper-
phagia). Indeed, the reanalysis of data on food intake and body 
composition in humans subjected to experimental semi - starvation 
and refeeding in the classic Minnesota Experiment  [36]  suggests 
that the duration and magnitude of such compensatory hyper-
phagia is determined by three independent factors: the magnitude 
of fat loss, the magnitude of fat - free mass loss, and the severity of 
energy deprivation  [37] . These fi ndings are consistent with the 
existence of powerful signals that relate food intake to body compo-
sition as well as to psychobiologic reactions to the state of food 
deprivation. Conversely, in human overfeeding trials, subjects often 
report great diffi culty in maintaining high levels of food intake over 
long periods of time, and they spontaneously lose weight over sub-
sequent weeks and months, apparently by eating less.    

  The  n utrient  b alance  m odel 
 According to the model proposed by Flatt  [20] , the long - term 
stability of body weight and body composition requires not only 
that energy expenditure is equal to energy intake, but also that 

the composition of the fuel mix which is oxidized relates to that 
which is ingested. Since the protein and carbohydrate stores in 
the body are limited, they tend to be modulated by an autoregula-
tory process, allowing an increase in their own oxidation in 
response to an increase in exogenous supply. In contrast, the 
stores of fat are not well regulated by fat oxidation since an 
increase in dietary fat does not promote its own oxidation. Hence 
(unlike carbohydrate and protein) fat balance is not precisely 
regulated. The failure to adjust fat oxidation in response to excess 
intake will contribute to depletion of glycogen stores by increas-
ing carbohydrate oxidation, with consequent negative feedback 
on total energy intake. In other words, the size of carbohydrate 
stores exerts negative feedback on total energy intake, so that 
high - fat diets (containing little carbohydrate) will promote excess 
energy intake to reach an appropriate level of carbohydrate 
intake. This energy imbalance would persist until the fat stores 
build up suffi ciently to provide a greater supply for fat oxidation. 
When the higher fat oxidation matches the higher intake, the 
individual would then be both in fat balance and in energy 
balance, but at a higher percentage of body fat. Indeed, many 
obese individuals have a signifi cantly lower respiratory quotient 
(RQ) than lean people  [38]  and hence a greater proportion of 
their elevated energy expenditure is met by fat oxidation. The 
interpretation of this concept of nutrient balance is that the 
control of food intake can be viewed as both glycogenic (short -
 term) and lipostatic (long - term) and tends to integrate control 
of food intake via glycogenostatic and lipostatic signaling. Fur-
thermore, it also explains the role of alcohol in substrate metabo-
lism; alcohol disrupts nutrient balance by sparing fat from 
oxidation. It may also lead to overconsumption of energy since 
alcohol is generally consumed in addition to normal food intake. 

 This nutrient balance theory, which centers upon the need to 
maintain specifi c carbohydrate (glycogen) stores as a determinant 
of appetite, has been challenged by Stubbs  [39] . In people fed a very 
low - carbohydrate (high - fat) diet to deplete the glycogen stores, 
appetite did not increase, and fat oxidation increased to meet 
energy needs. Furthermore, in human studies in which fat content 
was altered from 24% to 47% but the energy density of the diet 
maintained constant, there was no evidence of high - fat induced 
hyperphagia relative to high - carbohydrate feeding, indicating that 
the hyperphagia often associated with high - fat diets may not be 
due to the fat  per se , but to the higher energy density (and hence 
lower volume and weight) that fat contributes to the diet. As Frayn 
 [40]  has argued, it is too simplistic to argue that protein, carbohy-
drate and fat balance can be considered independently, and that 
the complex relationships between fat and other constituents of 
foods in the control of appetite cannot be ignored.    

  Autoregulatory  a djustments in  e nergy 
 e xpenditure 

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

  Beyond  a daptation  t hrough  m ass  a ction 
 There is in fact a built - in stabilizing mechanism in the overall 
homeostatic system for body weight. Any imbalance between 
energy intake and energy requirements will result in a change in 
body weight which, in turn, will alter the maintenance energy 
requirements in a direction tending to counter the original imbal-
ance. This change would hence be stabilizing. The system thus 
exhibits  dynamic equilibrium . For example, an increase in body 
weight will be predicted to increase metabolic rate (on the basis of 
the extra energy cost for synthesis and subsequent maintenance of 
extra lean and fat tissues), which will tend to produce a negative 
energy balance and hence a subsequent decline in body weight 
towards its set or preferred value. Similarly, a reduction in body 
weight would result in a reduction in metabolic rate due to the loss 
in lean and fat tissues, which will tend to produce a positive balance 
and hence a subsequent return towards the set or preferred weight. 

 But in reality, the homeostatic system is much more complex 
than this simple effect of  mass action  since the effi ciency of metab-
olism (or metabolic effi ciency) may also alter in response to the 
alterations in body weight. Indeed, subjects forced to maintain 
body weight at a level 10% above their initial body weight showed 
an increase in daily energy expenditure even after adjusting for 
changes in body weight and body composition  [41] . Conversely, 
in subjects maintaining weight at a level 10% below the initial 
body weight, daily energy expenditure was also lower after adjust-
ing for losses in weight and lean tissues. These compensatory 
changes in energy expenditure ( ∼ 15% above or below predicted 
values) refl ect changes in metabolic effi ciency that oppose the 
maintenance of a body weight that is above or below the set or 
preferred body weight.  

  Interindividual  v ariability in  m etabolic  a daptation 
 These experiments of forced changes in body weight have also 
revealed that there is a large interindividual variability in the 
ability to readjust energy expenditure. Some individuals show 
little or no evidence for altered metabolic effi ciency, while others 
reveal a marked capacity to decrease or increase energy expendi-
ture through alterations in metabolic effi ciency. 

 Indeed, the most striking feature of virtually all experiments of 
human overfeeding (lasting from a few weeks to a few months) 
is the wide range of individual variability in the amount of weight 
gain per unit of excess energy consumed. Some of these differ-
ences in the effi ciency of weight gain could be attributed to inter-
individual variability in the gain of lean tissue relative to fat tissue 
(i.e. variability in the composition of weight gain), but most is in 
the ability to convert excess calories to heat, i.e. in the large inter-
individual capacity for DIT. 

 A detailed reanalysis of data from some 150 human beings 
participating in the various overeating experiments conducted 

between 1965 and 1999 suggested that at least 40% of these 
overfed subjects must have exhibited an increase in DIT, albeit to 
varying degrees  [42] . Genes do play an important role in variabil-
ity in metabolism and underlie such susceptibility to weight gain 
and obesity and this has been established from overfeeding exper-
iments in identical twins  [43] . Conversely, a role for genotype in 
human variability in both the composition of weight loss (i.e. 
ratio of lean to fat tissue) as well as in the enhanced metabolic 
effi ciency (i.e. adaptive reduction in thermogenesis) during 
weight loss has been suggested from studies in which identical 
twins underwent slimming therapy on a very low - calorie diet 
 [44] . Taken together, it is evident that in addition to the control 
of food intake, changes in the composition of weight changes (via 
partitioning between lean and fat tisues) and in metabolic effi -
ciency (via adaptive thermogenesis) all play an important role in 
the regulation of body weight and body composition, and that 
the magnitude of these adaptive changes is strongly infl uenced by 
the genetic make - up of the individual.  

  Adaptive  t hermogenesis at  r est and  d uring  m ovements 
 The quantitative assessment of adaptive thermogenesis in the 
regulation of body weight and body composition is hampered by 
diffi culties in pinpointing which component(s) of energy expend-
iture could be contributing in a major way to the changes in meta-
bolic effi ciency. As depicted in Figure  6.3 , energy expenditure in 
the resting state is measured as BMR or as thermic effect of foods. 
Changes in the thermic effect of food (as % of calories ingested) 
or resting energy expenditure (after adjusting for changes in fat -
 free mass and fat mass) can be quantifi ed, and refl ect changes in 
metabolic effi ciency and hence in adaptive thermogenesis. Such 
decreases in mass - adjusted BMR in response to weight loss and 
increases in mass - adjusted BMR in response to weight gain have 
often been demonstrated in humans and other mammals, and 
hence refl ect the operation of adaptive changes in thermogenesis 
in the compartment of resting energy expenditure  [45] . 

 By contrast, any changes in heat production from what is gen-
erally clustered under nonresting energy expenditure  –  the most 
variable component of energy expenditure  –  are more diffi cult to 
quantify. The effi ciency of muscular contraction during exercise 
is low ( ∼ 25%) but that of SPA, including fi dgeting, muscle tone 
and posture maintenance, and other low - level physical activities 
of everyday life, is even lower since these essentially involuntary 
activities comprise a larger proportion of isometric work which 
is simply thermogenic. Since actual work done on the environ-
ment during SPA is very small compared to the total energy spent 
on such activities, the energy cost associated with SPA has been 
referred to as movement - associated thermogenesis or SPA - 
associated thermogenesis. It has also been argued that since SPA 
is essentially subconscious and hence beyond voluntary control, 
a change in the  level  or  amount  of SPA in a direction that defends 
body weight also constitutes autoregulatory changes in energy 
expenditure. In this context, an increase in the amount of SPA in 
response to overfeeding, or a decrease during starvation, also 
constitutes adaptive changes in thermogenesis. 
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  Spontaneous  p hysical  a ctivity 
 To date, the most direct evidence that changes in SPA contribute 
to autoregulatory changes in energy expenditure in humans 
derives from data obtained from the eight men and women who 
participated in the Biosphere 2 experiment, a self - contained eco-
logic  “ miniworld ”  and prototype planetary habitat built in 
Arizona  [46] . As a result of unexpected shortage of food, their 
losses in body weight (8 – 25%) over a 2 - year period were found 
to be accompanied by a major reduction in SPA (assessed by a 
radar system in a calorimeter chamber). Such a reduction in SPA, 
like their reduced daily energy expenditure, persisted several 
months after the onset of weight recovery and was associated with 
a disproportionate recovery of fat mass. Whether interindividual 
variability in the  amount  of SPA during overfeeding contributes 
to variability in resistance or susceptibility to obesity has also 
been the focus of a few human studies of energy expenditure. The 
importance of SPA - associated thermogenesis in human weight 
regulation was in fact underscored by the fi ndings that even 
under conditions where subjects were confi ned to a metabolic 
chamber, the 24 - hour energy expenditure attributed to SPA was 
found to vary between 100 and 700   kJ/day, and to be a predictor 
of subsequent weight gain  [47] . 

 In fact, a main conclusion of early overfeeding experiments 
conducted in the late 1960s was that most of the extra heat dis-
sipation in some of the individuals resisting obesity by increased 
DIT could not be accounted for by an increase in resting meta-
bolic rate but could be due to an increased energy expenditure 
associated with simple (low - level) activities of everyday life  [48] . 
This notion has recently gained much support from the fi ndings 
that more than 60% of the increase in total daily energy expendi-
ture in response to an 8 - week overfeeding period could be 
attributed to SPA, and that interindividual variability in energy 
expenditure associated with SPA  –  an important component of 
NEAT  –  was the most signifi cant predictor of the resistance or 
susceptibility to obesity  [6] . A role of SPA in obesity was more 
recently highlighted by the observation that NEAT differs between 
obese and lean individuals. Using microsensors that subjects wore 
under their clothes and allowed body postures and movements 
to be accurately measured every half - second for 10 days, Levine 
et al.  [7]  have shown that obese participants were seated for 2 
hours longer per day than lean participants. Moreover, this dif-
ference in posture allocation (corresponding to about 350   kcal 
per day) is not altered after weight gain in lean individuals 
or weight loss in obese individuals, indicating that increased sed-
entariness is not secondary to the increased body mass in the 
obese subjects, and that SPA and NEAT might be biologically 
determined. 

 The preponderance of evidence indicates that SPA and NEAT 
are major factors in the ability of individuals to prevent or reverse 
weight gain. Furthermore, in addition to the suppression of ther-
mogenesis in the compartment of resting energy expenditure 
 [49] , reduced SPA and NEAT may play a role in the conservation 
of energy in response to caloric restriction, and hence are coun-
teractive to the effi cacy of slimming regimens  [50] .  

  Effi ciency of  m uscle  w ork 
 There is, however, no consistent evidence to suggest that change 
in SPA is always the major component in adaptive changes in 
nonresting energy expenditure. Indeed, in the experiments of 
forced changes in weight whereby subjects maintained body 
weight at 10% above or below their habitual body weight  [41] , 
the autoregulatory increases or decreases in nonresting energy 
expenditure could not be explained by the amount of time spent 
in physical activity. Instead, changes in muscle work effi ciency 
could account for one - third of the change in daily energy 
expended in physical activity. These fi ndings are consistent with 
other reports of an increase in skeletal muscle work effi ciency (i.e. 
decreased thermogenesis) after experimentally induced weight 
reduction or in chronically undernourished subjects (see Dulloo 
et al.  [45]  for review).  

  Interactions  b etween  r esting and  n onresting 
 e nergy  e xpenditure 
 It must be emphasized that the separation of adaptive thermo-
genesis between resting and nonresting is artifi cial, given the pos-
sibilities of their interactions across the various energy expenditure 
compartments. For example, energy expenditure during sleep, 
which is generally nested under  “ resting ”  energy expenditure, 
also comprises a  “ nonresting ”  component due to spontaneous 
movement (or SPA) occurring during sleep, the frequency of 
which seems to be highly variable between individuals. Further-
more, nonresting energy expenditure or NEAT could also include 
heat production resulting from the impact of physical activity 
(exercise or SPA) on postabsorptive metabolic rate or postpran-
dial thermogenesis. There is in fact some evidence that relatively 
low - intensity exercise can lead to potentiation of the thermic 
effect of food and that the effect of physical activity on energy 
expenditure can persist well after the period of the physical activ-
ity (postexercise or post - SPA stimulation of thermogenesis). 
Reduction in postexercise stimulation of metabolic rate has also 
been put forward as a mechanism for energy conservation in 
individuals who are considered to be chronically energy defi cient 
since childhood. Thus, any changes in metabolic effi ciency in 
resting or nonresting state that would tend to attenuate energy 
imbalance or to restore body weight and body composition 
towards its set or preferred value would constitute adaptive 
changes in thermogenesis.   

  Mechanisms of  t hermogenesis 
 Ever since studies on the mechanisms of DIT started in the 1960s, 
the focus of attention on the neurohormonal control of thermo-
genesis has been on the pivotal role played by the sympathetic 
nervous system (SNS) which, via its neurotransmitter norepine-
phrine (NE), acts upon  α  -  and  β  - adrenoceptors to infl uence heat 
production. Although many hormones are also known to exert 
important control over thermogenesis (notably thyroid hor-
mones, insulin, glucagon, adrenocorticotropic hormone (ACTH), 
glucocorticoids, leptin and ghrelin), they are thought to play 
a more permissive or facilitatory role in SNS - mediated 
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thermogenesis, either by altering peripheral adrenergic respon-
siveness to the thermogenic effects of NE or by acting as periph-
eral signals for central control of SNS activity to peripheral tissues 
(Fig.  6.6 ). Indeed, as depicted in Figure  6.5  the interaction of 
several of the peripheral signals (e.g. insulin, ghrelin, leptin) that 
control feeding behavior and satiety in animals, via inhibition of 
orexigenic NPY/AgRP neurons and stimulation of anorexigenic 
POMC/CART neurons in the hypothalamus, also result in altered 
SNS activity and thermogenesis  [12,51] . 

  Peripheral  e ffectors of  t hermogenesis 
 Of particular interest for SNS - mediated thermogenesis is the 
potential control by NE over biochemical mechanisms, the acti-
vation of which leads either to an increased use of ATP (e.g. ion 
pumping and substrate cycling) or to a high rate of mitochondrial 
oxidation with poor coupling of ATP synthesis. The net result of 
either is an increase in heat production. It was not until the dem-
onstration that SNS activity in a variety of tissues is increased 
during overfeeding and decreased during starvation (a state of 
energy conservation) that the SNS was considered as a potentially 
pivotal efferent system linking diet and thermogenesis  [52] . In 
fact, recent studies in mice lacking genes coding for all  β  -
 adrenoceptors ( β  1 AR,  β  2 AR and  β  3 AR) show the pivotal role of 
the SNS in the mediation of DIT  [53] . In contrast to wild - type 
mice which resist obesity by activating DIT during overfeeding, 
mice lacking  β ARs (or  β  - less mice) are incapable of increasing 
thermogenesis and develop massive obesity despite similar food 
intake to wild - type controls. Furthermore, the  β  - less mice are 
intolerant to cold exposure, emphasizing the overlapping role of 
SNS via  β AR signaling in the control of heat production in 
response to both diet and cold. 

 It was indeed proposed some 30 years ago  [54]  that these two 
forms of thermogenesis have a common origin in brown adipose 
tissue (BAT). The thermogenic activity of BAT, which is abundant 
in small animals and human infants, is under SNS control and is 
primarily mediated in brown adipocytes by a mitochondrial 
protein (UCP1) which allows protons to leak back across the inner 
mitochondrial membrane  [55] . The resulting dissipation of the 
proton electrochemical gradient (a phenomenon referred to as 
 “ proton leak ” ) allows substrate oxidation to occur without con-
comitant capture of some of the useful energy via the synthesis of 
ATP. The net effect during activation of UCP1 (by cold or diet) 
is that substrate oxidation is effectively uncoupled from phospho-
rylation with a resultant increase in heat production. 

 Although in humans, several lines of evidence are consistent 
with an important role for the SNS in the regulation of thermo-
genesis  [52,56] , demonstrating the importance of BAT as a site 
of adaptive thermogenesis in the adult human proved to be 
elusive. However, recent morphologic and scanning studies have 
raised the possibility that BAT in humans may not be as rare as 
once believed  [57] . Indeed, the use of fl uorodeoxyglucose posi-
tron emission tomography (FDG - PET) scans has visualized areas 
of uptake that correspond to BAT, with main depots occurring 
primarily in the supraclavicular and neck regions, with some 
additional locations in the axillary and paravertebral regions of 
normal individuals. It is now clear that these BAT - like depots 
express UCP1  –  the unique identifying characteristic of BAT. The 
demonstration that the activity of these BAT - like depots (as 
assessed by uptake of FDG) is stimulated by acute exposure to 
mild cold and inhibited by  β  - adrenoceptor blockade is indicative 
of a tissue that is under direct sympathetic neural control. These 
fi ndings have regenerated interest in pharmacologic activation of 
BAT in anti - obesity therapy. 

 Nonetheless, doubts about the physiologic importance and/or 
recruitability of BAT or  β  3  - adrenoceptors in adult human beings 
have shifted more attention to the skeletal muscle, which by its 
sheer size (30 – 40% of body weight) and important contribution 
to daily metabolic rate ( > 20% even in  “ sedentary ”  humans) has 
long been advocated as the major site for adaptive thermogenesis 
in large mammals. A report in the mid - 1990s  [58] , that the phe-
nomenon of mitochondrial  “ proton leak ”  is not unique to BAT 
(as originally thought) but also exists in other tissues and could 
contribute as much as 50% of the skeletal muscle heat production 
at rest, prompted the search for uncoupling protein(s) in this 
tissue. Several new members of the  “ uncoupling ”  protein family 
which have a high sequence homology to BAT - UCP1 have been 
found in skeletal muscle and named UCP2 and UCP3. There are 
still considerable doubts about whether these UCP1 homologs 
have physiologically relevant uncoupling properties in the context 
of adaptive thermogenesis and weight homeostasis  [45] .  

  Leptin and  o ther  a dipokines  a s  t hermogenic  h ormones 
 The discovery of leptin provided the fi rst adipokine signal impli-
cated in the link between diet, white adipose tissue and SNS -
 mediated thermogenesis. In humans, this thermogenic role of 
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 Figure 6.6     Sympathetic nervous system (SNS) activity in various organs/tissues 
in response to food. The thick arrows imply marked increases in SNS activity, as 
assessed by techniques for measuring 24 - hour NE turnover rates, in rat heart, 
pancreas, liver, kidney, BAT, white adipose tissue (WAT) and skeletal muscle; the 
symbols  “ 0 ”  and  “ ? ”  indicate no signifi cant, or unknown, changes, respectively. 
Through the release of its neurotransmitter norepinephrine (NE) which acts on 
some or all of various adrenoceptors ( α ,  β 1,  β 2 and  β 3) present in these 
tissues/organs, the activated SNS might then co - ordinate cardiovascular and 
metabolic events that converge towards increased production of heat, i.e. 
diet - induced thermogenesis (DIT).  (Adapted from Dulloo  [68] ).  
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leptin has been demonstrated to occur primarily in the nonrest-
ing component of energy expenditure involving diminished skel-
etal muscle work effi ciency  [59]  and possibly also increased 
spontaneous physical activity  [60] , associated with alterations in 
SNS activity and thyroid hormones. In rodents, most attention 
has been directed at the thermogenic action of leptin through 
sympathetic control of UCP1 in BAT, but skeletal muscle is also 
likely to be an important site for leptin - induced thermogenesis. 
Indeed, studies in mice and rats indicate that leptin therapy 
promotes SPA or movement - induced thermogenesis, possibly 
through a specifi c subset of hypothalamic neurons and neuro-
petides. Also it seems to work through the modulation of mes-
olimbic dopamine neurons important for the regulation of 
reward signals, motivated behaviors that infl uence appetite, and 
locomotor activity  [61,62] . In addition to the central effects of 
leptin in controlling SNS - mediated BAT thermogenesis as well as 
SPA and NEAT, there is also evidence that leptin has peripheral 
thermogenic effects in skeletal muscle by exerting direct actions 
on skeletal muscle, possibly through the stimulation of  “ futile ”  
substrate cycling between  de novo  lipogenesis and lipid oxidation. 
This is a thermogenic effector that requires both PI3K and AMPK 
signaling  [63] . 

 Besides leptin, several other adipokines are currently under 
investigation for any potential role in thermogenesis. Interleukin 
6 (IL - 6), a multifunctional cytokine that is produced and released 
by a wide variety of cell types, including adipocytes, has generated 
interest following the demonstration that mice lacking IL - 6 
developed obesity in the absence of hyperphagia, apparently 
through diminished sympathetic control of thermogenesis, and 
that the secretion of IL - 6 from adipose tissue is enhanced by 
adrenergic activation, and hence may represent an auxiliary 
mechanism through which the SNS might infl uence thermogen-
esis. Another prime candidate adipokine in the control of ther-
mogenesis is adiponectin which, like leptin, can act directly on 
skeletal muscle to stimulate both glucose and lipid oxidation, and 
hence potentially could activate substrate cycling between  de novo  
lipogenesis and lipid oxidation  [63] . Furthermore, recent studies 
indicate that adiponectin can exert direct peripheral control on 
mitochondrial biogenesis in skeletal muscle  [64] , and that it can 
act in the brain to decrease body weight apparently without 
affecting appetite  [65] . This central action of adiponectin on 
energy expenditure is accompanied by an increase in BAT ther-
mogenesis, and involves hypothalamic corticotropin - releasing 
hormone (CRH) and the melanocortin pathway. 

 Despite these advancements in the identifi cation of  “ hormone -
 like ”  factors secreted by adipose tissue with potential implications 
for both central and peripheral control of thermogenesis, there is 
still no adipokine that has been shown to display the character-
istics of a lipostatic signal. There is still no  adipose - specifi c  signal 
whose blood concentrations will alter in proportion to  dynamic  
changes in the adipose tissue fat stores, and which would trigger 
compensatory changes in thermogenesis (or food intake) in a 
direction that would restore deviation of the fat store to its preset 
or preferred value.   

  Models for  b ody  c omposition  r egulation  v ia  a daptive 
 t hermogenesis 
 Despite major gaps in our understanding of the various compo-
nents of the regulatory loop controlling adaptive thermogenesis, 
the available evidence, based on studies in rodents and in humans 
 [45] , strongly suggests the existence of two distinct control 
systems underlying adaptive thermogenesis. 

 One control system is a direct function of energy imbalance 
and responds rapidly to attenuate the impact of changes in food 
intake on changes in body weight through alterations in the activ-
ity of the SNS. It is suppressed during starvation and increased 
during overfeeding. The other control system has a much slower 
time - constant since it operates as a feedback loop between the 
size of the fat stores and thermogenesis (i.e. a lipostatic or adi-
pose - specifi c control of thermogenesis). Whereas its suppression 
during weight (and fat) losses is to reduce the overall rate of fuel 
utilization during starvation, its sustained suppression until body 
fat is recovered during refeeding serves to accelerate the replen-
ishment of the fat stores. Conversely, during periods of excess fat 
gain, its activation will serve to oppose the maintenance of the 
excess fat and hence to restore body fat to its set or preferred level. 

 These autoregulatory control systems operating through 
adjustments in heat production or thermogenesis play a crucial 
role in attenuating and correcting deviations of body weight from 
its set or preferred value. The extent to which these adjustments 
through adaptive thermogenesis are brought about is dependent 
upon the environment (e.g. diet composition), and is highly vari-
able from one individual to another, largely because of variations 
in genetic make - up. In societies where food is plentiful all year 
round and physical activity demands are low, the resultant subtle 
variations among individuals in adaptive thermogenesis can, in 
dynamic systems and over the long term, be important in deter-
mining long - term constancy of body weight in some, and in 
provoking the drift towards obesity in others  [45] .   

  Integrating  i ntake and  e xpenditure 

 The modern Western lifestyle has led to drastic changes in what 
food is eaten and in the amount of physical activity done, leading 
to an environment where the precise matching between energy 
intake and energy expenditure is diffi cult. Yet, there are many 
individulas living in the same  “ obesogenic ”  environment who 
manage to resist obesity. How they achieve energy balance   is likely 
to be determined by highly complex neuroendocrine systems and 
subsystems, some of which could be integrated as in the simple 
model presented in Figure  6.7 . However, it needs to be pointed 
out that despite the advances of the past decade in our under-
standing of molecular pathways and control systems underlying 
the regulation of body weight and body composition, the expla-
nation for an accurate regulation of long - tem body weight in the 
face of poor short - term control still remains a challenging issue 
for human research. When attempting to explain the actual 
responses in energy balance and weight regulation in real life, it 
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is important to recognize that several factors may be operating 
simultaneously on both sides of the energy balance equation. In 
order to achieve long - term constancy of body weight, compensa-
tory adjustments occur in both energy intake and energy expend-
iture, so that unraveling the importance of one or other is diffi cult, 
if not impossible.   

 Models of body weight regulation have primarily focused on 
physiologically induced  autoregulatory  adjustments in energy 
intake and in energy expenditure, i.e those beyond voluntary 
control. However, the range of variation in body weight is large 
enough to be detected consciously and there is certainly some 
degree of cognitive control. As pointed out by Garrow  [66] , a 
change of several kilograms in body weight can hardly be ignored 
since clothes which formerly fi t will no longer do so, and there 
will be changes in appearance, exercise tolerance, and general 
well - being. When such chronic energy imbalance occurs during 
adolescence or adult life, it is also corrected by more or less con-
sious effort when the individual decides, for effi cient survival, 
cultural or health reasons, that the change in body weight is no 
longer acceptable. In response, they control or attempt to control 
food intake or energy expenditure via changes in physical activity. 
In many individuals, such cognitive (conscious) controls over 
food intake and energy expenditure can be as important as non-
conscious physiologic controls in achieving energy balance and 
weight homeostasis.  
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   Introduction 

 Obesity is determined by an interaction between genetic, envi-
ronmental and behavioral factors acting through the physiologic 
mediators of energy intake and energy expenditure. Body weight 
is the archetypal polygenic trait, a quantitative phenotype that 
usually fails to display a mendelian pattern of inheritance because 
it is infl uenced by many different regions of the genome. The 
concept that environmental factors operate on an underlying 
pool of genes that contribute to obesity susceptibility has impor-
tant implications for our approach to the prevention and treat-
ment of obesity. If some environmental variables manifest 
themselves only on certain genotypes, efforts to prevent obesity 
at a public health level can be focused on recognition and coun-
seling of susceptible individuals. In addition, appreciating the 
importance of genetic variation as an underlying cause helps to 
dispel the notion that obesity represents an individual defect in 
behavior with no biologic basis, and provides a starting point for 
efforts to identify the genes involved. 

 Much of the recent excitement about understanding and treat-
ing obesity is based on the identifi cation of genes responsible for 
existing murine obesity syndromes, and the subsequent realiza-
tion that several of these genes uncover fundamental physiologic 
pathways that were unappreciated previously. As the endocrino-
logic, metabolic and behavioral features of monogenic rodent 
obesities have been well characterized, these provide considerable 
insight into the biology that underlies each mutation. In the last 
10 years seven single gene defects causing severe human obesity 
have been identifi ed. Studies of patients with mutations in these 
molecules have shed light on the physiologic role of these mole-
cules in the regulation of body weight in humans.  

  Historical  p erspective 

 Obesity, defi ned as an excess of body fat, is frequently considered 
to be a  “ modern ”  disease  –  a refl ection of the excesses of Western 
urbanized society. However, artefacts dating from the Palaeolithic 
Stone Age clearly represent subjects with an excess of body fat and 
descriptions of obese individuals have emerged in manuscripts 
and medical texts from many of the ancient civilizations, from 
Mesopotamia to Arabia, China to India. This historical evidence 
suggests that, independent of diet and geographical region, 
throughout history some individuals have harbored the propen-
sity to store excess energy as fat.  

  Gene –  e nvironment  i nteractions 

 The increase in the prevalence of obesity in the last 30 years sug-
gests the importance of changing environmental factors, in par-
ticular the increasing availability of energy - dense, high - fat foods 
and a reduction in physical activity. Further evidence for the 
critical role of environmental factors in the development of 
obesity comes from migrant studies and the  “ westernization ”  of 
diet and lifestyles in developing countries. A marked change in 
Body Mass Index (BMI) is frequently witnessed in migrant 
studies, where subjects with a common genetic heritage live 
under new and different environmental circumstances. Pima 
Indians, for example, living in the United States are on average 
25   kg heavier than Pima Indians living in Mexico  [1] . A similar 
trend is seen for Africans living in the United States and Asians 
living in the United Kingdom. Moreover, within some ethnic 
groups the prevalence of obesity has increased very dramatically 
not only amongst migrants but also amongst the indigenous 
population. In fact, the prevalence of obesity is currently more 
than 60% in Nauruan men and women in Micronesia and 
amongst Polynesians in Western Samoa. This observation sug-
gests that subjects from these ethnic groups are more susceptible 
to developing obesity and that environmental factors have varying 
effects depending upon genetic background.  
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  Evidence for the  h eritability of  f at  m ass 

 There is considerable evidence to suggest that, like height, weight 
is a heritable trait. Genetic epidemiologic studies in different 
populations can attribute the underlying phenotypic variance of 
a trait to genetic and/or environmental sources. Longitudinal 
data from one of the largest family studies, the Quebec Family 
Study of over 400 families, suggest a signifi cant cross - trait familial 
resemblance for parent – offspring (0.20 – 0.25) and sibling rela-
tionships (0.25 – 0.35)  [2] . However, in traditional nuclear fami-
lies, family members generally share both genes and environment 
to some degree, so it is diffi cult to assess the contribution of each 
component. 

  Adoption  s tudies 
 Complete adoption studies are useful in separating the common 
environmental effects since adoptive parents and their adoptive 
offspring share only environmental sources of variance, whilst the 
adoptees and their biologic parents share only genetic sources of 
variance. One of the largest series, based on over 5000 subjects from 
the Danish adoption register which contains complete and detailed 
information on the biologic parents, showed a strong relationship 
between the BMI of adoptees and biologic parents across the whole 
range of body fatness but none when compared with the adoptive 
parents  [3] . The Danish group has also shown a close correlation 
between BMI of adoptees and their biologic full siblings who were 
reared separately by the biologic parents of the adoptees, and a 
similar, but weaker relationship with half - siblings  [4] .  

  Twin  s tudies 
 Traditionally the most favored model for separation of the genetic 
component of variance is based on studies of twins, as monozy-
gotic co - twins share 100 percent of their genes and dizygotes 50% 
on average. Heritability estimates the proportion of the total vari-
ance attributable to genetic variation under a polygenic model by 
comparing the similarity of a trait within monozygotic twins with 
the similarity within dizygotic twins. Heritability is a function of 
both the number of genes infl uencing a phenotype and the pro-
portion of phenotypic variation accounted for by each of these 
genes. The advantage of studies of the heritability of BMI is that 
age - dependent infl uences of genes or environmental factors are 
the same for both twins. Genetic contribution to the BMI has 
been estimated to be 64 – 84%  [5] . 

 The most powerful genetic epidemiologic design is the study 
of monozygotic twins reared apart, which has all the advantages 
of a twin study but does not rely on the equal environmental 
exposure assumption. Correlation of monozygotic twins reared 
apart is virtually a direct estimate of the heritability, although 
monozygotic twins do share the intrauterine environment, which 
may contribute to lasting differences in body mass in later life. 
Estimates vary from 40% to 70%, depending on age at separation 
of twins and the length of follow - up. Longitudinal data from 
Virginia looking at adult twins and their offspring have reported 

a heritability of 69%  [6] . Studies of Swedish twins have suggested 
a heritability of 0.70 for men and 0.66 for women  [7] , whilst a 
heritability of 0.61 was observed in a cohort of UK twins  [8] . In 
a meta - analysis of results derived from Finnish, Japanese and 
American archival twins, Allison observed similar correlations 
 [9] . In addition, Price and Gottesman have shown that these cor-
relations did not differ signifi cantly between twins reared apart 
and twins reared together, and between twins reared apart in 
relatively more similar (i.e. with relatives) versus less similar envi-
ronments  [8] . 

 Familial resemblance in nutrient intake has been reported in 
parents and their children  [10]  although the extent to which this 
is genetically determined is unclear. Twin data suggest that there 
are notable genetic infl uences on the overall intake of nutrients, 
size and frequency of meals and intake of particular foods. Bou-
chard and Tremblay have shown that about 40% of the variance 
in resting metabolic rate, thermic effect of food and energy cost 
of low to moderate intensity exercise may be explained by inher-
ited characteristics  [11] . In addition, signifi cant familial resem-
blance for level of habitual physical activity has been reported in 
a large cohort of healthy female twins  [12] .   

  Pleiotropic  o besity  s yndromes 

 It is well established that obesity runs in families, although the 
vast majority of cases do not segregate with a clear mendelian 
pattern of inheritance. There are about 30 mendelian disorders 
with obesity as a clinical feature but often associated with mental 
retardation, dysmorphic features and organ - specifi c develop-
mental abnormalities (i.e. pleiotropic syndromes). A number of 
families with these rare pleiotropic obesity syndromes have been 
studied by linkage analysis and the known chromosomal loci for 
obesity syndromes are summarized in Table  7.1 . For a compre-
hensive list of syndromes in which obesity is a recognized part 
of the phenotype, see Online Mendelian Inheritance in Man 
(OMIM),  www.ncbi.nlm.nih.gov/omim/    

  Prader – Willi  s yndrome 
 The Prader – Willi syndrome is the most common syndromal 
cause of human obesity with an estimated prevalence of about 1 
in 25,000. It is an autosomal dominant disorder and is caused by 
deletion or disruption of a paternally imprinted gene or genes on 
the proximal long arm of chromosome 15. The Prader – Willi 
syndrome (PWS) is characterized by diminished fetal activity, 
obesity, hypotonia, mental retardation, short stature, hypogona-
dotropic hypogonadism, and small hands and feet  [13] . The diag-
nostic criteria arrived at by a consensus group were based on a 
point system: one point each was allowed for each of fi ve major 
criteria, such as feeding problems in infancy and failure to thrive, 
and half a point each for seven minor criteria, such as hypopig-
mentation. A minimum of 8.5 points was considered necessary 
for the clinical diagnosis of PWS  [14] . There is mild prenatal 
growth retardation with a mean birth weight of about 6 lbs 
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(2.8   kg) at term, hyporefl exia and poor feeding in neonatal life 
due to diminished swallowing and sucking refl exes; infants often 
require assisted feeding for about 3 – 4 months. Feeding diffi culties 
generally improve by the age of 6 months. From 12 – 18 months 
onward, uncontrollable hyperphagia results in severe obesity 
invariably associated with abdominal striae. Diabetes mellitus is 
not a diagnostic criterion for PWS but is often found in older 
PWS patients. 

 Whilst hyperphagia is a dominant feature in PWS subjects, the 
eating behavior in PWS might be due to decreased satiation as well 
as increased hunger. One suggested mediator of the obesity phe-
notype in PWS patients is the novel enteric hormone ghrelin, 
which is implicated in the regulation of mealtime hunger in rodents 
and humans and is also a potent stimulator of growth hormone 
secretion. Fasting plasma ghrelin levels are 4.5 - fold higher in PWS 
subjects than equally obese controls and thus may be implicated 
in the pathogenesis of hyperphagia in these patients  [15] . 

 Children with PWS display diminished growth, reduced 
muscle mass (lean body mass) and increased fat mass, body com-
position abnormalities resembling those seen in growth hormone 
(GH) defi ciency. Diminished GH responses to various provoca-
tive agents, low insulin - like growth factor - I levels, and the 

presence of additional evidence of hypothalamic dysfunction 
support the presence of true GH defi ciency (GHD) in many 
children with PWS. GH treatment in these children decreases 
body fat and increases linear growth, muscle mass, fat oxidation 
and energy expenditure. 

 Prader - Willi syndrome is caused by defi ciency of one or more 
paternally expressed imprinted transcripts within chromosome 
15q11 - q13, a region that includes  SNURF - SNRPN  and multiple 
small nucleolar RNAs (snoRNAs). The molecular pathophysiol-
ogy of PWS remains unclear although several candidate genes in 
this region have been studied and their expression shown to be 
absent in postmortem brains of PWS patients  [16] . Balanced 
translocations that leave the  SNURF - SNRPN  promoter and 
coding regions intact  [17]  suggest that disruption of  SNURF -
 SNRPN  is less important, whereas a recently reported microdele-
tion of the HBII - 85 snoRNAs in a child with PWS provides strong 
evidence that defi ciency of HBII - 85 snoRNAs plays a major role 
in the key characteristics of the PWS phenotype  [18] . However, 
some atypical features in the latter patient suggest that other 
genes in this region may also be important. 

  Diagnosis 
 Loss of the paternal chromosomal segment 15q11.2 - q12 (usually 
 de novo ) is principally responsible for PWS. There are two mecha-
nisms by which such a loss can occur: either through deletion of 
the paternal  “ critical ”  segment (75%) or through loss of the entire 
paternal chromosome 15 with presence of two maternal homologs 
(uniparental maternal disomy) in approximately 22% of patients. 
The opposite, i.e. maternal deletion or paternal uniparental 
disomy, causes another characteristic phenotype, the Angelman 
syndrome. In rare instances, imprinting errors due to a sporadic 
or inherited microdeletion in the imprinting center (3% of 
patients) or a paternal imprinted translocation ( < 1%) are observed. 

 Deletions account for 70 – 80% of cases, many of which can be 
visualized by standard prometaphase banding examination. A 
minority consist of unbalanced translocations which are easily 
detected by routine chromosome examination. The remainder of 
cases are the result of maternal uniparental disomy where cytoge-
netic examinations yield normal results. However, there are dis-
tinct differences in DNA methylation at the D15S9 locus on 
15q11 - q13 according to the parent of origin, so DNA methylation 
can be used as a reliable postnatal diagnostic tool in PWS patients 
with a normal karyotype.  

  Treatment 
 Traditionally, the mainstay of management has centered on early 
institution of a low - calorie diet with regular exercise, rigorous 
supervision, restriction of food and money, and appropriate psy-
chologic and behavioral counseling of the patient and family, often 
in the context of group homes for PWS adolescents and adults. 

 In PWS children, therapy with GH signifi cantly improves the 
rate of growth and fi nal height. Long - term studies show that the 
fi nal height is in the average range for age and GH is now licensed 
for use in PWS.   

 Table 7.1     Human pleiotropic obesity syndromes 

   Syndrome     Additional clinical 
features  

   Locus     Reference    

   Autosomal dominant   
  Ulnar – mammary 

syndrome  
  Ulnar defects, delayed 

puberty, hypoplastic 
nipples  

  12q24.1    Bamshad 
et al. 
(1995)  [56]   

   Autosomal recessive   
  Alstom syndrome    Retinal dystrophy, 

neurosensory 
deafness, diabetes  

  2p13    Collin et al. 
(2002)  [57]   

  Cohe syndrome    Prominent central 
incisors, 
ophthalmopathy, 
microcephaly  

  8q22    Tahvanainen 
et al. 
(1994)  [58]   

   X - linked   
  Borjeson – Forssman –

 Lehmann syndrome  
  Mental retardation, 

hypogonadism, 
large ears  

  Xq26    Turner et al. 
(1989)  [59]   

  Mehmo syndrome    Mental retardation, 
epilepsy, 
hypogonadism, 
microcephaly  

  Xp22.13    Steinmuller 
et al. 
(1998)  [60]   

  Simpson – Golabi –
 Behmel, type 2  

  Craniofacial defects, 
skeletal and visceral 
abnormalities  

  Xp22    Brzustovic 
et al. 
(1999)  [61]   

  Wilson – Turner syndrome    Mental retardation, 
tapering fi ngers, 
gynecomastia  

  Xp21.1    Wilson et al. 
(1991)  [62]   
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  Albright  h ereditary  o steodystrophy 
 Gs is the ubiquitously expressed heterotrimeric G protein that 
couples receptors to the effector enzyme adenylyl cyclase and is 
required for receptor - stimulated intracellular cAMP generation. 
Inactivating and activating mutations in the gene encoding Gs  α  
(GNAS1) are known to be the basis for two well - described contrast-
ing clinical disorders, Albright hereditary osteodystrophy (AHO) 
and McCune – Albright syndrome (MAS). AHO is an autosomal 
dominant disorder due to germline mutations in GNAS1 that 
decrease expression or function of Gs  α  protein. Heterozygous loss -
 of - function mutations lead to AHO, a disease characterized by short 
stature, obesity, skeletal defects, and impaired olfaction. Maternal 
transmission of GNAS1 mutations leads to AHO plus resistance to 
several hormones (e.g. parathyroid hormone) that activate Gs in 
their target tissues (pseudohypoparathyroidism type IA), while 
paternal transmission leads only to the AHO phenotype (pseudop-
seudohypoparathyroidism). Studies in both mice and humans 
demonstrate that GNAS1 is imprinted in a tissue - specifi c manner, 
being expressed primarily from the maternal allele in some tissues 
and biallelically in most other tissues; thus multihormone resistance 
occurs only when Gs  α  mutations are inherited maternally  [19] .  

  Fragile  X   s yndrome 
 Fragile X syndrome is characterized by moderate to severe mental 
retardation, macro - orchidism, large ears, prominent jaw, and 
high - pitched jocular speech associated with mutations in the 
FMR1 gene  [20] . Expression is variable, with mental retardation 
being the most common feature. A PWS - like subphenotype of 
the fragile X syndrome has been described. The features were 
extreme obesity with a full, round face, small, broad hands and 
feet, and regional skin hyperpigmentation. Behavioral character-
istics such as hyperkinesis, autistic - like behavior, and apparent 
speech and language defi cits may help point toward the diagnosis 
of the fragile X. It has been suggested that a reasonable estimate 
of frequency is 0.5 per 1000 males.  

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

 Bardet – Biedl syndrome is a genetically heterogeneous disorder. 
Although BBS was originally thought to be a recessive disorder, 
Katsanis and colleagues demonstrated that clinical manifestation 
of some forms of BBS requires recessive mutations in one of the 
six loci plus an additional mutation in a second locus  [21] . 

 Recent studies strongly indicate that most of the genes impli-
cated in BBS are involved in the structure and/or function of the 

basal body, a modifi ed centriole which is essential for the function 
of nonmotile cilia, subcellular organelles whose importance for 
intercellular communication is becoming increasingly evident 
 [22] . Some BBS proteins are involved in noncanonical Wnt and 
sonic hedgehog signaling within the cilium, suggesting that BBS 
proteins may contribute to disease pathogenesis through multiple 
molecular mechanisms.  

   BDNF  and  T  rk  B   d efi ciency 
 A single patient has been reported with a  de novo  missense muta-
tion in the neurotropin receptor TrkB associated with severe 
hyperphagia and obesity, delayed speech and language develop-
ment, impaired short - term memory and loss of nociception  [23] . 
A  de novo  chromosomal inversion on the short arm of chromo-
some 11 which disrupts the expression of brain - derived neuro-
tropic factor (BDNF), which signals through TrkB, also gives a 
comparable obesity and neurobehavioral phenotype  [24] . The 
neurotropins are involved in the development and maintenance 
of neurons and in mediating synaptic plasticity in the brain and 
peripheral nervous system.   

  Molecular  m echanisms  i nvolved in  e nergy 
 h omeostasis 

 The fi rst description of hypothalamic injury associated with 
obesity was published by Mohr in 1840  [25]  but remained unsup-
ported until two landmark papers by Babinski in 1900  [26]  and 
by Frohlich in 1901  [27]  describing tumous in the region of the 
hypothalamus that were associated with obesity, gonadal atrophy, 
decreased vision and short stature. In 1940, Hetherington and 
Ranson published their fi rst report demonstrating that electro-
lytic lesions in rodents involving, but not restricted to, the ven-
tromedial region of the hypothalamus (VMH) were associated 
with hyperphagia (increased food intake), hyperinsulinemia and 
obesity  [28] . However, the precise nature of these hypothalamic 
pathways and the nature of their inputs and outputs were only 
clarifi ed with the identifi cation and characterization of single 
gene defects in rodent models of obesity. 

  Rodent  m odels of  o besity 
 Since the early 1900s, a number of obese inbred strains of mice, 
both dominant (yellow,  Ay/a ) and recessive ( ob/ob, db/db, fa/fa, 
tb/tb ), had been studied. In the 1990s, the genes responsible for 
these syndromes were identifi ed mostly by positional cloning 
techniques and these observations have given substantial insights 
into the physiologic disturbances that can lead to obesity, the 
metabolic and endocrine abnormalities associated with the obese 
phenotype, and the more detailed anatomic and neurochemical 
pathways that regulate energy intake and energy expenditure 
 [29] . These studies provide the basic framework upon which the 
understanding of the more complex mechanisms in humans can 
be built.  
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  Leptin –  m elanocortin  p athway 
 The initial observations in this fi eld were made as a result of 
positional cloning strategies in two strains of severely obese mice 
( ob/ob  and  db/db ). Severely obese  ob/ob  mice were found to 
harbor mutations in the  ob  gene resulting in a complete lack of 
its protein product, leptin  [30] . Administration of recombinant 
leptin reduced the food intake and body weight of leptin - defi cient 
 ob/ob  mice and corrected all their neuroendocrine and metabolic 
abnormalities. The signaling form of the leptin receptor is deleted 
in  db/db  mice, which are consequently unresponsive to endog-
enous or exogenous leptin. The identifi cation of these two pro-
teins established the fi rst components of a nutritional feedback 
loop from adipose tissue to the brain. However, it is considered 
that the physiologic role of leptin in humans and rodents might 
be to act as a signal for starvation because as fat mass increases, 
further rises in leptin have a limited ability to suppress food 
intake and prevent obesity  [31] . 

 Considerable attention has focused on deciphering the hypoth-
alamic pathways that co - ordinate the behavioral and metabolic 
effects downstream of leptin. The fi rst - order neuronal targets of 
leptin action in the brain are anorectic (reducing food intake) 
pro - opiomelanocortin (POMC) and orexigenic (increasing food 
intake) neuropeptide - Y/agouti - related protein (NPY/AgRP) 
neurons in the hypothalamic arcuate nucleus, where the signaling 
isoform of the leptin receptor is highly expressed  [32] . Forty 
percent of POMC neurons in the arcuate nucleus express the 
mRNA for the long form of the leptin receptor and POMC 
expression is regulated positively by leptin. POMC is sequentially 
cleaved by prohormone convertases to yield peptides including 
 α  - melanocyte - stimulating hormone (MSH) that have been 
shown to play a role in feeding behavior. There is clear evidence 
in rodents that  α  - MSH acts as a suppressor of feeding behavior, 
probably through the melanocortin 4 receptor (MC4R). In fact, 
targeted disruption of MC4R in rodents leads to increased food 
intake, obesity, severe early hyperinsulinemia and increased 
linear growth; heterozygotes have an intermediate phenotype 
compared to homozygotes and wild - type mice  [33] .   

  Human  m onogenic  o besity  s yndromes 

  Congenital  l eptin  d efi ciency 
 In 1997, we reported two severely obese cousins from a highly 
consanguineous family of Pakistani origin  [34] . Both children 
had undetectable levels of serum leptin and were found to be 
homozygous for a frameshift mutation in the  ob  gene ( Δ G133), 
which resulted in a truncated protein that was not secreted. We 
have since identifi ed three further affected individuals from two 
other families who are also homozygous for the same mutation 
in the leptin gene  [35] . All the families are of Pakistani origin but 
not known to be related over fi ve generations. A large Turkish 
family who carry a homozygous missense mutation have also 
been described  [36] . All subjects in these families are character-
ized by severe early - onset obesity and intense hyperphagia 

 [35,37,38]  with food - seeking behavior and an inability to dis-
criminate between appetizing and bland foods  [39] . Hyperin-
sulinemia and an advanced bone age are also common features. 
Some of the Turkish subjects are adults with hypogonadotropic 
hypogonadism  [36] . Although normal pubertal development did 
not occur, there was some evidence of a delayed but spontaneous 
pubertal development in one person  [38] . 

 We demonstrated that children with leptin defi ciency had pro-
found abnormalities of T cell number and function  [35] , consist-
ent with high rates of childhood infection and a high reported 
rate of childhood mortality from infection in obese Turkish sub-
jects. Most of these phenotypes closely parallel those seen in 
murine leptin defi ciency. However, there are some phenotypes 
where the parallels between human and mouse are not as clear -
 cut. Thus, while  ob/ob  mice are stunted, it appears that growth 
retardation is not a feature of human leptin defi ciency  [35] , 
although abnormalities of dynamic growth hormone secretion 
have been reported in one human subject  [38] .  ob/ob  mice have 
marked activation of the hypothalamic pituitary adrenal axis with 
very elevated corticosterone levels. In humans, abnormalities of 
cortisol secretion, if present at all, are much more subtle  [37] . 
The contribution of reduced energy expenditure to the obesity of 
the  ob/ob  mouse is reasonably well established  [40] . In leptin -
 defi cient humans we found no detectable changes in resting or 
free - living energy expenditure  [35] , although it was not possible 
to examine how such systems adapted to stressors such as cold. 
Ozata et al reported abnormalities of sympathetic nerve function 
in leptin - defi cient humans consistent with defects in the efferent 
sympathetic limb of thermogenesis  [38] . 

  Response to  l eptin  t herapy 
 In 2002 we reported the dramatic and benefi cial effects of daily 
subcutaneous injections of leptin in reducing body weight and fat 
mass in three congenitally leptin - defi cient children  [35] . We have 
also commenced therapy in the other two children and seen 
comparably benefi cial results. All children showed a response to 
initial leptin doses designed to produce plasma leptin levels at 
only 10% of those predicted by height and weight (i.e. approxi-
mately 0.01   mg/kg of lean body mass). The most dramatic 
example of leptin ’ s effects was with a 3 - year - old boy, severely 
disabled by gross obesity (wt 42   kg), who now weighs 32   kg (75th 
centile for weight) after 48 months of leptin therapy (Fig.  7.1 ) 
 [35] .   

 The major effect of leptin was on appetite, with normalization 
of hyperphagia. Leptin therapy reduced energy intake during an 
18   MJ  adlibitum  test meal by up to 84% (Fig.  7.2 a). We were 
unable to demonstrate a major effect of leptin on basal metabolic 
rate or free - living energy expenditure (Fig.  7.2 b) but, as weight 
loss by other means is associated with a decrease in basal meta-
bolic rate (BMR)  [41] , the fact that energy expenditure did not 
fall in our leptin - defi cient subjects is notable.   

 The administration of leptin permitted progression of appro-
priately timed pubertal development in the single child of appro-
priate age and did not cause the early onset of puberty in the 
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(a) (b)

 Figure 7.1     Clinical response to leptin therapy in congenital leptin defi ciency. 

younger children (Fig.  7.3 )  [35] . Free thyroxine and thyroid -
 stimulating hormone (TSH) levels, although in the normal range 
before treatment, had consistently increased at the earliest post -
 treatment time point and subsequently stabilized at this elevated 
level  [35] . These fi ndings are consistent with evidence from 
animal models that leptin infl uences thyrotropin - releasing 
hormone (TRH) release from the hypothalamus  [42]  and from 
studies illustrating the effect of leptin defi ciency on TSH pulsatil-
ity in humans  [43] .   

 Throughout the trial of leptin administration, weight loss con-
tinued in all subjects, albeit with refractory periods which were 
overcome by increases in leptin dose. The families in the UK 
harbor a mutation which leads to a prematurely truncated form 
of leptin and thus wild - type leptin is a novel antigen to them. 
Thus, all subjects developed anti - leptin antibodies after  ∼ 6 weeks 
of leptin therapy, which interfered with interpretation of serum 
leptin levels and in some cases were capable of neutralizing leptin 
in a bio - assay. These antibodies are the likely cause of refractory 
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periods occurring during therapy. The fl uctuating nature of the 
antibodies probably refl ects the complicating factor that leptin 
defi ciency is itself an immunodefi cient state and administration 
of leptin leads to a change from the secretion of predominantly 
Th2 to Th1 cytokines, which may directly infl uence antibody 
production. Thus far, we have been able to regain control of 
weight loss by increasing the dose of leptin.   

  Partial  l eptin  d efi ciency 
 The major question with respect to the potential therapeutic use 
of leptin in more common forms of obesity relates to the shape 
of the leptin dose – response curve. We have clearly shown that at 
the lower end of plasma leptin levels, raising leptin levels from 
undetectable to detectable has profound effects on appetite and 
weight. Supraphysiologic doses (0.1 – 0.3   mg/kg body weight) of 
leptin have been administered to obese subjects for 28 weeks  [44] . 
On average, subjects lost signifi cant weight, but the extent of 
weight loss and the variability between subjects has led many to 
conclude that the leptin resistance of common obesity cannot 
be usefully overcome by leptin supplementation, at least when 
administered peripherally. However, on scientifi c rather than 

pragmatic grounds, it is of interest that there was a signifi cant 
effect on weight, suggesting that plasma leptin can continue to 
have a dose – response effect on energy homeostasis across a wide 
plasma concentration range. To test this hypothesis, we studied 
the heterozygous relatives of our leptin - defi cient subjects. Serum 
leptin levels in the heterozygous subjects were found to be sig-
nifi cantly lower than expected for % body fat and they had a 
higher prevalence of obesity than seen in a control population of 
similar age, sex and ethnicity  [45] . Additionally, % body fat was 
higher than predicted from their height and weight in the hetero-
zygous subjects compared to control subjects of the same ethnic-
ity. These fi ndings closely parallel those in heterozygous  ob -   and 
 db/ -   mice  [46] . These data provide further support for the pos-
sibility that leptin can produce a graded response in terms of body 
composition across a broad range of plasma concentrations. 
Recently, leptin has been used in combination with other drugs 
with some success in common forms of obesity.  

  Leptin  r eceptor  d efi ciency 
 Up to 3% of patients with severe obesity have been found to 
harbor mutations in the leptin receptor gene that are associated 
with a loss of function  in vitro   [47] . Whilst heterozygosity for LEP 
or LEPR mutations is associated with an increase in body weight, 
severe obesity requires the loss of two alleles due to homozygous 
or compound heterozygous mutations. Serum leptin levels are 
not disproportionately elevated in LEPR defi ciency, although 
particular mutations located near the transmembrane domain 
can result in a truncated extracellular domain that may act as a 
false binding protein and result in abnormally elevated leptin 
levels  [48,49] . The clinical phenotype of congenital leptin recep-
tor defi ciency is similar to that of leptin defi ciency with hyper-
phagia, severe early - onset obesity, hypogonadism and frequent 
infections.  

   POMC   d efi ciency 
 Several unrelated obese children with homozygous or compound 
heterozygous mutations in POMC have been reported  [50] . These 
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children were hyperphagic, developing early - onset obesity as a 
result of impaired melanocortin signaling in the hypothalamus. 
They presented in neonatal life with adrenal crisis due to isolated 
adrenocorticotropic hormone (ACTH) defi ciency (POMC is a 
precursor of ACTH in the pituitary) and had pale skin and red 
hair due to the lack of MSH function at melanocortin 1 receptors 
in the skin, although hypopigmentation may be less obvious in 
children from different ethnic backgrounds. A number of groups 
have identifi ed a heterozygous missense mutation (Arg236Gly) in 
POMC that disrupts the dibasic amino acid processing site 
between  β  - MSH and  β  - endorphin  [51] . This mutation results in 
an aberrant  β  - MSH/ β  - endorphin fusion peptide which binds to 
MC4R with an affi nity identical to that of  α  -  and  β  - MSH but has 
a markedly reduced ability to activate the receptor. Thus this 
cleavage site mutation in POMC may confer susceptibility to 
obesity through a novel molecular mechanism  [51] .  

  Prohormone  c onvertase 1  d efi ciency 
 Further evidence for the role of the melanocortin system in the 
regulation of body weight in humans comes from the description 
of three patients with severe childhood obesity, abnormal glucose 
homeostasis, very low plasma insulin but elevated levels of proin-
sulin, hypogonadotropic hypogonadism and hypocortisolemia 
associated with elevated levels of POMC. These subjects were 
found to be compound heterozygote/homozygous for mutations 
in prohormone convertase 1, which cleaves prohormones at pairs 
of basic amino acids, leaving C - terminal basic residues which are 
then excised by carboxypeptidase E (CPE)  [52] . Although failure 
to cleave POMC is a likely mechanism for the obesity in these 
patients, prohormone convertase 1 (PC1) cleaves   a number of 
other neuropeptides in the hypothalamus, such as glucagon - like 
peptide 1, which may infl uence feeding behavior. Intriguingly, 
the second patient suffered from severe small intestinal absorp-
tive dysfunction as well as the characteristic severe early - onset 
obesity, impaired prohormone processing and hypocortisolemia. 
We hypothesized that the small intestinal dysfunction seen in this 
patient, and to a lesser extent in the fi rst patient we described, 
may be the result of a failure of maturation of propeptides within 
the enteroendocrine cells and nerves that express PC1 throughout 
the gut. The fi nding of elevated levels of progastrin and proglu-
cagon provided  in vivo  evidence that, indeed, prohormone 
processing in enteroendocrine cells was abnormal  [53] .  

   MC 4 R   d efi ciency 
 Mutations in MC4R have been reported in up  ∼ 6% of patients 
with severe early - onset obesity and are found at a frequency of 
approximately 1 in 1000 in the general UK population, making 
this one of the most common human monogenic diseases. While 
we found a 100% penetrance of early - onset obesity in hetero-
zygous probands, others have described obligate carriers who 
were not obese. Given the large number of potential infl uences on 
body weight, it is perhaps not surprising that both genetic and 
environmental modifi ers will have important effects in some ped-
igrees. Taking account of all these observations, co - dominance, 

with modulation of expressivity and penetrance of the phenotype, 
is the most appropriate descriptor for the mode of inheritance. 

 Detailed phenotypic studies of patients with MC4R mutations 
reveal that this syndrome is characterized by an increase in lean 
body mass and bone mineral density, increased linear growth 
throughout childhood, hyperphagia and severe hyperinsulinemia 
 [54] . These features are similar to those seen in MC4R knockout 
mice, suggesting the preservation of the relevant melanocortin 
pathways between rodents and humans. Of particular note is the 
fi nding that the severity of receptor dysfunction seen in  in vitro  
assays can predict the amount of food ingested at a test meal by 
the subject harboring that particular mutation  [54] . An elevated 
respiratory quotient (ratio of carbohydrate to fat oxidation) in 
MC4R defi ciency is consistent with an impaired ability to mobi-
lize fat seen in MC4R knockout mice. Linear growth of these 
subjects is striking, with affected children having a height stand-
ard deviation score (SDS) of +2 compared to population stand-
ards and adults have an increased fi nal height when compared to 
equally obese adults with a normal MC4R genotype. MC4R - 
defi cient subjects also have higher levels of fasting insulin than 
age -  and BMI SDS - matched children. 

 We have studied in detail the signaling properties of many of 
these mutant receptors and this information should help to 
advance the understanding of structure/function relationships 
and potentially provide  in vitro  support for the use of MC4R 
agonists in this group of patients  [55] . Importantly, we have 
been unable to demonstrate evidence for dominant negativity 
associated with these mutants, which suggests that MC4R 
mutations are more likely to result in a phenotype through 
haploinsuffi ciency.   

  Energy  e xpenditure  g enes 

 Although several lines of evidence suggest that obesity in humans 
may be in part determined by reduced energy expenditure, 
molecular insights into the pathways for energy expenditure have 
lagged behind those related to altered appetite. In most well -
 identifi ed syndromes of obesity, such as those involving defects 
in leptin and the melanocortin pathway, obesity results from both 
increased feeding and decreased energy expenditure in rodents, 
suggesting that the leptin and melanocortin pathways are 
upstream of effector mechanisms that regulate both appetite and 
energy expenditure and thus disruption of these pathways is likely 
to have subtle effects on energy expenditure in humans too.  

  Future  p erspectives 

 Although monogenic syndromes are rare, an improved under-
standing of the precise nature of the inherited component of severe 
obesity has undoubted medical benefi ts. For individuals at highest 
risk of the complications of severe obesity, such fi ndings provide a 
starting point for providing more rational mechanism - based 
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therapies, as has successfully been achieved for congenital leptin 
defi ciency. Thus in patients with severe obesity, a history of hyper-
phagia, age of onset and family history should be sought. As con-
genital leptin defi ciency is a treatable condition, it is plausible that 
all children with features of a recessive disorder should have a 
serum leptin measurement. Additional features such as hypogo-
nadism, severe hyperinsulinemia, postprandial hypoglycemia and 
developmental delay should be sought as genetic counseling of 
families with monogenic disorders is important. 

 For common polygenic obesity, a number of recent advances are 
likely to make signifi cant contributions to the search for obesity 
genes, including the completion of a draft of the human genome 
sequence and the discovery and cataloguing of single nucleotide 
polymorphisms (SNPs), the most prevalent source of sequence 
variation throughout the human genome. These efforts promise to 
enhance our ability to identify risk - conferring genes for complex 
traits such as obesity. In this way it is hoped that genetics will con-
tinue to make a signifi cant contribution to understanding the 
pathophysiology of obesity, the identifi cation of potential drug 
targets and the development of more rational mechanism - based 
interventions at both the individual and population levels.  
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8  Fetal and Infant Origins of Obesity  

  Matthew W.   Gillman  
  Department of Population Medicine, Harvard Medical School, Boston, MA, USA       

   Introduction 

 The worldwide obesity epidemic has existed for several decades 
in upper -  and middle - income countries, and is emerging along 
with the epidemiologic transition in most developing countries. 
The epidemic includes all ages, even very young children. Among 
infants, as well as older children, the prevalence of obesity has 
increased substantially over the past 2 – 3 decades (Figs  8.1, 8.2 ) 
 [1 – 3] .   

 Excess weight in children can cause type 2 diabetes mellitus 
 [4 – 6] , hypertension and dyslipidemia  [7,8] , sleep apnea  [9] , early 
maturation  [10]  and psychosocial stress, and is associated with 
increased risk of asthma, the only childhood chronic disease that 
rivals obesity in prevalence, morbidity, and cost  [11 – 14] . Obesity 
in children, especially older children, also predicts adult obesity 
and its morbid consequences  [15,16] . Once present, obesity is 
hard to treat, not only because of entrenched behaviors but also 
because physiologica mechanisms tend to resist weight loss 
 [17,18] . 

 For these reasons it is highly desirable to begin prevention 
efforts as early as possible, even before birth. This chapter there-
fore focuses on factors in the prenatal period and in infancy that 
determine obesity and its consequences later in life.  

  Measurement of  o besity in  y oung  c hildren 

 Because many studies of pre -  and perinatal origins of obesity 
employ outcomes assessed during childhood, it is important to 
consider relevant measures of adiposity. From the age of 2 years 

onwards, Body Mass Index (BMI, kg/m 2 ) is the standard measure 
of adiposity for clinical and public health purposes. BMI has the 
advantage of being relatively easily measured, as long as one 
obtains accurate measures of height, and the US Centers for 
Disease Control and Prevention (CDC) and the International 
Obesity Taskforce (IOTF) have widely disseminated growth 
charts using BMI  [19,20] . 

 In the US, the recommended ranges for overweight and obesity 
are age -  and sex - specifi c 85th – 95th percentile and  > 95th percentile, 
respectively  [21] . The reference population for these percentile 
calculations is based on nationally representative surveys primarily 
from the 1970s, when the population was much thinner as a whole. 
Many other countries use growth curves of the IOTF  [20]  which 
defi ne overweight and obesity by age -  and sex - specifi c cutpoints 
that predict the adult cutpoints of 25 and 30   kg/m 2 , respectively. In 
adolescence, the CDC curves tend to overestimate these adult 
ranges, so the IOTF standards have advantages at that stage. But 
for young children, the CDC growth curves are adequate. 

 For children 0 – 2 years of age, the defi nitions of overweight and 
obesity are based on the CDC ’ s weight - for - length standards 
rather than BMI. Like the standards for older children, the defi ni-
tions are based on the 85th and 95th percentile cutpoints. But the 
defi nitions are less certain because fewer nationally representative 
data exist to create the reference population. For infants and 
young children, some researchers and clinicians are now using 
the newer WHO charts based on breast - fed infants  [22 – 25] . 

 It is also important to note that errors in length measurement 
in clinical practice are common and lead to false inferences. In a 
validation study of 160 children aged 0 – 23 months in a primary 
care practice, Rifas - Shiman et al  [26]  showed that clinical length 
measures overestimate research - standard measures by a reliably 
predictable amount, an average of over 1   cm across this age range 
(Fig.  8.3 ).   

 This overestimation of length results in weight - for - length 
measures that markedly underestimate obesity prevalence. Thus 
clinicians currently underdetect overweight among their very 
young patients, and should therefore adopt and use accurate 
measurement equipment and technique. Researchers using 
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 Figure 8.1     Age - specifi c predicted prevalence of 
overweight from 1980 through 2001 among 
120,680 children 0 – 71.9 months seen at 366,109 
well - child care visits at a Massachusetts HMO, 
according to age group.  (Reproduced with 
permission from Kim et al.  [1] .)  

 Even if one measures length or height accurately, both BMI and 
weight - for - length have the inherent limitation of not measuring 
body composition directly. While BMI  > 95th percentile appears 
to be a valid measure of excess adiposity, the lower the percentile, 
the lower the correlation between BMI and fatness  [29] . 

 In a research setting, direct measures of body composition 
are feasible starting at birth. These include dual - energy X - ray 
absorptiometry (DXA)  [30 – 32]  and the PEAPOD, which uses air 
displacement plethysmography  [33,34] . Both DXA and PEAPOD 
measure total body fat. DXA can also estimate regional fat as well 
as lean body mass and bone density and content, but emits a small 
amount of radiation. Skinfold thicknesses are a much cheaper 
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 Figure 8.2     The rising prevalence of obesity (BMI  > 95th percentile for age and 
sex) among children 6 – 19 years old, from US national data.  (Adapted from 
Ogden et al.  [2]  and Hedley et al.  [3] .)  
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 Figure 8.3     Relationship between clinical and research measurements of length 
among 160 children age 0 – 23 months of age. Research measurement   =   clinical 
measurement    ×    0.953   +   1.88   cm.  (Reproduced with permission from Rifas -
 Shiman et al.  [132] .)  

clinical databases to estimate length, and thus weight - for - length 
or BMI, must be aware of this limitation and may consider using 
a regression equation (as given in Fig.  8.3 ) to correct length 
measurements. 

 The situation in 2 – 3 year olds is even more confusing. Depend-
ing on how well the child can stand, clinicians may measure 
recumbent length or standing height. Even with research - stand-
ard measurement, standing height is about 0.5 – 0.75   cm lower 
than recumbent length  [27,28] . Thus researchers need to know 
which type of measure applies to an individual, and use the 
appropriate growth chart. In the US, the CDC provides charts for 
weight - for - length for 0 – 36 month olds, and BMI (which assumes 
standing height) for 24 months or older. 
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alternative, but require strict attention to technique and thus 
highly skilled operators. Bio - impedance techniques may not be 
reliable in very young children because of divergence from assump-
tions that underlie the equations to determine fat mass  [35,36] . 

 Whether to use weight/length/height measures or a more direct 
measure of adiposity in any research study rests not only on 
feasibility but also purpose. Many current studies of early origins 
of obesity are limited to simple anthropometric indices, and they 
contribute substantially to the literature. As reviewed in the 
remainder of the chapter, however, many questions remain about 
observed associations of pre -  and perinatal factors with later adi-
posity or obesity, and for these, direct measures of body composi-
tion or, indeed, the physiologic/metabolic concomitants of excess 
adiposity are desirable.  

  Conceptual  f ramework of  e arly  o rigins 
of  o besity 

 Two recent paradigms offer useful conceptual frameworks. One 
is termed the life course approach to chronic disease  [37] . Factors 
may act in the preconceptional phase through the prenatal period, 
into infancy, childhood and beyond, to determine risk of chronic 
disease. Orthogonal to the time axis, infl uencing factors can range 
from the social/built/natural environment (macro) through 
behavior, physiology, and genetics (micro). Factors interact with 
each other over the life course, with different determinants being 
more or less important at different life stages. 

 Under this paradigm, some factors may be more deterministic 
than others.  “ Programming ”  refers to insults at critical or sensi-
tive periods of development that have lifelong, sometimes irre-
versible consequences. An example from a rat model is that a 
low - protein maternal diet consumed  only  during the embryonic 
period can cause lifelong hypertension in the offspring  [38] . The 
mechanism underlying this fi nding appears to involve reduced 
activity of the placental enzyme that normally protects the fetus 
from excess exposure to glucocorticoids, which are stress hor-
mones. Other factors may contribute to chronic disease through 
accumulation of risk. For example, chronic exposure to elevated 
lipid levels is associated with preatherosclerotic coronary lesions 
among adolescents  [39] . 

 A second, related paradigm is called developmental origins 
of health and disease (DOHaD). Based on similar principles, 
DOHaD focuses primarily on the prenatal period and infancy as 
determinants of long - term health  [40] . Both of these frameworks 
call attention to the period of developmental plasticity in deter-
mining lifelong trajectories of health. This plastic period is differ-
ent for different organs and systems, but is generally complete by 
birth or the fi rst years of life  [40] . Factors that occur later in life, 
e.g. childhood or adult risk factors, modify the trajectories started 
during early life. 

 One epidemiologic pattern consistently observed across 
ages and geography supports this theory: the highest risk of 
cardiometabolic outcomes occurs among individuals with the 

combination of lower birth weight and higher Body Mass Index 
later in life, mediated through accelerated weight gain during 
childhood  [41 – 47] . This particular pattern has been termed the 
 “ thrifty phenotype ”   [48] . Animal models of energy deprivation 
during pregnancy followed by energy excess in the offspring 
clearly demonstrate that such patterns are the result of changes 
in the fetal environment: that is, they are not due to variation in 
the fetal genome  [49 – 51] .  

  Observational  d esigns to  s tudy  d evelopmental 
 o rigins of  h ealth and  d isease 

 Animal experiments provide compelling data that early develop-
mental perturbations shape lifelong health  [52] . Long - term 
effects on body composition, hypertension, and cardiometabolic 
outcomes are relatively easy to induce by interventions ranging 
from the nutritional  –  typically protein or energy restriction  –  to 
administration of hormones such as glucocorticoids, mechanical 
disruption such as uterine artery ligation, and by inducing anemia 
or hypoxia  [40] . While these experiments are proof of principle, 
translation to the human condition is not straightforward. 
Obtaining physiologic data from the maternal - placental - fetal 
unit is most often indirect. Also, the majority of animal interven-
tions are not feasible or too extreme for humans. Thus one needs 
to make judicious inferences from well - designed epidemiologic 
studies. 

 The fi rst generation of epidemiologic studies were historical, 
and took advantage of recorded or recalled data on birth size. 
Professor David Barker from Southampton and his colleagues, by 
taking advantage of perinatal information meticulously recorded 
by health visitors in Hertfordshire, were among the fi rst to dem-
onstrate that birth weight is associated with cardiovascular disease 
and its risk factors many decades later  [53] . Birth weight, however, 
is not an etiologic factor itself and so cannot lead to an under-
standing of mechanism or public health implication. For example, 
both lower and higher birth weight are associated with later adi-
posity - related outcomes, probably representing different under-
lying pathways  [54] . DOHaD researchers now recognize that 
birth weight, as well as its components fetal growth and length of 
gestation, are proxy measures for many determinants of lifelong 
health, and it is essential to identify and quantify these determi-
nants themselves  [55] . Thus other types of studies, with data on 
potentially etiologic pre -  and postnatal factors, are required. 

 A second type of study takes advantage of cohort studies of 
pregnant women and their children that were begun decades ago. 
In the US, examples are the National Collaborative Perinatal 
Project (NCPP) and Child Health and Development Study, both 
cohort studies with prenatal recruitment in the 1950s and 1960s 
and initial follow - up until school age. Several investigators have 
now recontacted and followed up subcohorts in adulthood, and 
publications on obesity and other health outcomes are beginning 
to appear  [56 – 61] . The UK ’ s Boyd Orr study is another example 
 [62] . This type of study has the advantages of research - quality 
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data collection during pregnancy and early childhood, but it can 
lack some key data elements in which researchers are now inter-
ested. For example, the NCPP collected no maternal dietary data, 
and blood samples were stored at  − 20C, not the current standard 
of  − 80C or lower. 

 A third type of epidemiologic study is creating new prospective 
cohorts of pregnant women and their children. These prebirth 
cohort studies have the advantage of collecting more current 
information, especially the opportunity to collect and store 
biosamples. But one has to be patient; a long period of time needs 
to elapse before hard clinical outcomes occur. Fortunately, 
obesity and its cardiometabolic sequelae have a relatively large 
number of accepted surrogate outcomes in childhood. In the US, 
the National Children ’ s Study offers an example of such a design 
on a large scale  [63] .  

  Identifying  m odifi able  d evelopmental 
 d eterminants 

  Prenatal  d eterminants:  m aternal  s moking  d uring 
 p regnancy,  g estational  w eight  g ain,  g estational 
 d iabetes 
 Because severe protein or energy restriction in pregnant animal 
species causes adverse offspring outcomes reproducibly, maternal 
 “ undernutrition ”  is a useful construct for experimental physiolo-
gists. In the human, a more helpful concept is  “ fetal nutrition, ”  
which is the entire supply line of nutrients, oxygen, hormones, 
etc., to the growing embryo and fetus. Thus one considers not 
only maternal diet, but also other maternal behaviors. Moreover, 
both more proximal infl uences such as uteroplacental blood fl ow 
and placental and fetal metabolism, and distal infl uences such as 
maternal preconceptional health and even the mother ’ s own 
intrauterine and early life experiences, may be important. 

 Using this conceptual basis, investigators have begun to iden-
tify modifi able prenatal determinants of offspring obesity and its 
consequences. Maternal smoking during pregnancy is one 
example. While maternal smoking causes reduced fetal growth, 
more than a dozen studies now confi rm that it is associated with 
offspring obesity. In a recent meta - analysis of 14 studies, Oken et 
al.  [64]  estimated that maternal smoking during pregnancy con-
ferred increased odds of 50% (adjusted odds ratio 1.50, 95% 
confi dence interval (CI) 1.36 – 1.65) for offspring obesity across 
an age range of 3 – 33 years (Fig.  8.4 ). Adjustment for factors 
related to social and economic position did not markedly affect 
estimates, but residual confounding is still possible. Animal 
studies of this phenomenon are few; one in rats indicates that 
nicotine administration in the puerperal period leads to higher 
weight through early adulthood  [65] .   

 If this relationship is causal, the public health implications 
could be considerable in developing countries in which maternal 
smoking is rising with the obesity epidemic. The small fetus, 
obese child phenotype of maternal smoking is not only charac-
teristic of the epidemiologic transition from acute to chronic 
disease  [66]  but as noted above ( “ thrifty phenotype ” ), it also 
confers the highest risk for cardiometabolic health outcomes 
 [41 – 46] . 

 Another example is gestational weight gain. As summarized in 
a recent report from the US National Academy of Sciences  [67] , 
more mothers are entering pregnancy overweight or obese than 
in the past, and excessive weight gain during pregnancy is also 
probably more frequent than in previous decades. In Project 
Viva, a modern US - based prebirth cohort study, Oken et al.  [68]  
showed that excessive gestational weight gain, as defi ned by the 
1990 Institute of Medicine guidelines  [69] , was associated with 
higher BMI and risk of obesity in the offspring at the age of 3 
years (Fig.  8.5 ). This pattern is also evident in analyses of partici-
pants in the NCPP, an older US study  [70] . Remarkably little is 
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 Figure 8.4     Results of meta - analysis of maternal 
smoking during pregnancy and child overweight. 
The pooled adjusted odds ratio was 1.50 (95% CI 
1.36 – 1.65).  (Reproduced with permission from Oken 
et al.  [64] .)  
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known about either the mechanisms of these effects 
or about modifi able determinants of gestational weight gain. 
Because women gained less in earlier eras, however, hope exists 
that new behavior change interventions can moderate excessive 
weight gain. In the current era of epidemic obesity, more evidence 
is urgently needed on identifying optimal weight gain during 
pregnancy for both maternal and child health as well as on strate-
gies to induce pregnant women to gain within recommended 
ranges.   

 Higher maternal BMI at the start of pregnancy is a strong risk 
factor for many adverse outcomes, including offspring obesity 
 [71] , but it is not part of this chapter because it is not modifi able 
once pregnancy begins. Nevertheless, ensuring optimal BMI at 
the start of pregnancy is one of the most important goals for 
intergenerational prevention of obesity. 

 One major disorder that is strongly related to maternal pre-
pregnancy obesity is gestational diabetes (GDM). GDM is associ-
ated with higher fetal growth, and thus birth weight, and many 
studies now show that birth weight is directly related to later BMI 
 [72 – 74] . Thus it makes sense to consider GDM as a potential 
determinant of offspring obesity. Animal studies of induced 
GDM suggest that this relationship holds, as do epidemiologic 
studies in areas of high GDM prevalence, including the methodo-
logically strong within - family (sib - pair) approach  [75,76] . 

 However, some other studies, in more general population 
samples, are equivocal  [72,77] . One reason may be that these 
studies likely include both untreated and successfully treated 
cases of GDM. In one study, offspring of untreated GDM had 
higher weights at school age than offspring of treated GDM 
(Table  8.1 )  [78] , suggesting that the natural history of GDM is to 
cause offspring obesity. It is important to understand this associa-
tion. Given that obesity and diabetes are rising around the world 
 [79] , the intergenerational vicious cycle of obesity leading to 
GDM leading to offspring obesity could contribute to the ampli-
fi cation of the obesity epidemic.   

 Many challenges also remain in studying causes and conse-
quences of GDM. While physical activity both before and during 
pregnancy appears to reduce the risk of impaired glucose tolerance 
and GDM  [80 – 82] , only dietary factors before, but not during, 
pregnancy seem to play a preventive role  [83,85] . In addition, 
studies of body composition and cardiometabolic outcomes in 
childhood and adulthood, not just BMI, are important to under-
stand more fully the intergenerational consequences of GDM. 

 Maternal dietary intakes during pregnancy represent another 
potential cause of offspring obesity. Perhaps surprisingly, the lit-
erature reveals no consistent fi ndings. Part of the issue is meth-
odologic, as the combination of accurate dietary data collected 
during pregnancy and offspring follow - up long enough to detect 
salient outcomes is scarce. Current research focuses on the role 
of micronutrients (e.g. vitamin D), macronutrient quantity and 
quality (e.g. glycemic load), and dietary patterns. Novel work in 
a mouse model indicates that maternal diet around the time of 
conception that is replete with methyl donors such as folate, 
vitamin B12, betaine and choline can lower the risk of offspring 
obesity and diabetes through epigenetic mechanisms  [86] . Analo-
gous studies in humans are yet to surface because of diffi culties 
surrounding tissue and species specifi city in epigenetic research 
as well as the need for longitudinal studies with accurate pericon-
ceptional diet, biomarker, and outcome data.  

  Postnatal  d eterminants:  i nfant  w eight  g ain, 
 f eeding,  s leep 
 In the fi rst year of life, at least three factors play a role in deter-
mining later obesity. One is infant growth. It is critical to distin-
guish linear growth from weight gain. Because weight gain 
accompanies linear growth, weight gain in excess of linear growth 
is more interesting than weight gain alone. As noted above, 
obtaining accurate length measures is crucial. Most studies to 
date do not have accurate lengths, and therefore resort to examin-
ing weight gain alone. Future studies would benefi t from having 
longitudinal measures of body composition in addition to accu-
rate weights and lengths. 
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 Figure 8.5     Adjusted mean child BMI z - score (95% CI) at age 3 years, 
according to the maternal gestational weight gain category recommended by the 
Institute of Medicine  [69] . Data from Project Viva.  (Reproduced with permission 
from Oken et al.  [133] .)  

 Table 8.1     Association of varying levels of glucose tolerance in pregnancy with 
offspring overweight at age 5 – 7 years 

   Pregnancy result     Weight - for - age at age 5 – 7 years, 
Odds ratio (95% CI)  

    > 85th percentile      > 95th percentile  

  Normal screening glycemic test    1.0 (ref)    1.0 (ref)  
  Normal follow - up oral glucose 

tolerance test  
  0.98 (0.81 – 1.17)    0.97 (0.77 – 1.24)  

  Impaired glucose tolerance    1.37 (1.01 – 1.84)    1.30 (0.89 – 1.90)  
  Gestational diabetes, not treated    1.89 (1.30 – 2.76)    1.82 (1.15 – 2.88)  
  Gestational diabetes, treated    1.29 (0.85 – 1.97)    1.38 (0.84 – 2.27)  

  Data from 9439 members of Kaiser Permanente in Hawaii, Oregon, and 
Washington. Adapted from Hillier et al.  [78] . 
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 Meta - analyses now show that accelerated weight gain during 
the fi rst weeks or months of life is associated with higher BMI or 
obesity later in life  [87,88] . For example, Baird et al.  [87]  reviewed 
10 studies that assessed the relationship of infant growth with 
subsequent obesity. Compared with other infants, among infants 
with more rapid growth the odds ratios (OR) and relative risks 
of later obesity ranged from 1.17 to 5.70. Associations were con-
sistent for obesity at different ages and for people born over a 
period from 1927 to 1994. 

 One study of formula - fed infants in the US suggests that weight 
gain even in the fi rst week of life predicts obesity at age 20 – 32 
years old  [89] . After adjustment for confounding factors, each 
100 g increase in weight gain during the fi rst week of life was 
associated with a 28% increased odds of adult overweight (OR 
1.28, 95% CI 1.08 – 1.52). Follow - up of UK - born infants, either 
premature or small for gestational age, who had experienced 
higher rates of weight gain in early infancy from being allocated 
higher - energy infant formula, showed higher BMI, blood pres-
sure, insulin and leptin levels in later childhood or adolescence 
 [90,91] . In one of the few studies employing accurate length 
measures, Belfort et al.  [92]  showed that gain in weight - for - length 
from birth to 6 months was associated with higher systolic blood 
pressure among 3 - year - old participants in Project Viva. 

 Despite the seeming consistency of these studies, one must also 
be aware of counter examples. Among Finnish men, those who 
eventually developed coronary heart disease, compared with the 
cohort as a whole, appeared to have experienced declining height, 
weight, and BMI during the fi rst year of life before increasing 
dramatically after the age of 2 years  [47] . Indian men and women 
who developed impaired glucose tolerance or type 2 diabetes in 
young adulthood appeared to follow the same pattern  [46] . In 
the Finnish cohort, gain in BMI in the fi rst 2 years of life was 
associated with adult lean mass but not fat mass  [93] . In contrast, 
BMI gain from 2 to 7 years was associated with higher fat as well 
as lean mass. These discrepancies in the role of infant weight gain 
may be due to differing measurements or participant experiences 
across time or geography, but the true explanations are as yet 
unclear. Disentangling them is critical for public health and clini-
cal medicine. In addition, the apparent cardiometabolic harms of 
rapid infant weight gain need to be balanced against its potential 
benefi t for neurocognitive outcomes, especially in babies born 
preterm and in the developing world, where some studies ques-
tion the link between weight gain in infancy and later fatness 
 [94 – 96] . 

 One determinant of infant weight gain is infant feeding. Having 
been breast fed at all, or for a longer duration, may lower risk for 
subsequent obesity. In a meta - analysis of duration of breast 
feeding, Harder et al.  [97]  estimated a 4% decreased odds for each 
additional month of breast feeding. Two meta - analyses of breast 
versus bottle feeding showed 13 – 22% reductions in odds of later 
obesity  [98,99] . The two largest US studies with racial/ethnic 
information, however, showed that effects were limited to whites 
 [100,101] . One potential explanation is different breast - feeding 
traditions in different cultural groups (e.g. complementary bottle 

feeding along with nursing), but evidence is lacking. Also, one 
additional meta - analysis that employed individual - level data, 
rather than combining published group results, did not show a 
protective effect of having been breast fed on mean BMI as a 
continuous variable  [102] . One explanation for the null fi ndings 
could be different outcomes. The studies with dichotomous out-
comes appear to show an effect, while the ones with mean BMI 
do not. Effects at the extreme of the BMI distribution could be 
larger than those at the mean. An alternative explanation could 
be better adjustment for social and economic confounding factors 
in the individual - level meta - analysis. Six - year follow - up of chil-
dren in a large randomized trial of breast - feeding promotion in 
the Republic of Belarus showed no intervention effect on anthro-
pometric outcomes, supporting this inference  [103] . One should 
note, however, that all children in the Belarussian trial were breast 
fed. Also, in the Growing Up Today Study, Gillman et al.  [104]  
found similar odds ratios for a within - family and an overall 
cohort analysis of breast - feeding duration, suggesting that resid-
ual socio - economic confounding did not play a major role. In 
addition, some recent studies have taken into account a range of 
potentially confounding variables, and still confi rm an associa-
tion  [105] . The best evidence indicates that having been breast 
fed does not increase the risk of obesity, and may reduce it to a 
moderate degree. 

 A third factor during infancy is sleep duration, an issue of great 
importance to many new parents. Lack of sleep among adults is 
associated with excess weight gain and development of obesity 
 [106] . Although the data are still few, the same relationship 
appears to exist in early childhood. For example, in the Project 
Viva cohort, Taveras et al.  [107]  showed that infant sleep of less 
than 12 hours per day was associated with an OR of 2.20 (95% 
CI 1.16 – 4.19) for overweight at age 3 years. Sleep quality, and 
possibly duration, appear modifi able in infancy  [108 – 110] .  

  Combination of  p re -  and  p ostnatal  f actors 
 The life course approach to chronic disease  [37]  proposes that 
combinations of factors at different life stages infl uence health 
trajectories. Using data from Project Viva, Gillman et al.  [111]  
examined predicted probabilities of obesity at age 3 years accord-
ing to covariate - adjusted levels of four potentially modifi able risk 
factors in pregnancy and infancy. These factors were maternal 
smoking during pregnancy, gestational weight gain, breast - feed-
ing duration, and infant sleep. Given optimal levels of all four 
factors, the predicted probability of obesity was 6%, whereas the 
predicted probability associated with adverse levels of all four was 
29% (Fig.  8.6 ). This wide range of predicted probabilities suggests 
that interventions to modify these factors during pregnancy and 
infancy could have a substantial impact on reducing childhood 
obesity rates  .     

 Applying newer analytical methods may help in disentangling 
complex pathways. Analyses involving growth in particular are 
challenging because, for example, weight gain in one period of 
life typically entrains weight gain in the next. Isolating one or 
more critical periods of weight gain is diffi cult  [112] , as is 
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combining growth with other parameters in one analysis. De 
Stavola  [113]  suggests use of structural equation modeling, a 
promising but unproven technique for these issues. In addition, 
for growth analyses, newer studies with serial prenatal ultrasound 
measurements will allow more direct measures of prenatal growth 
parameters than merely measuring anthropometry at birth.   

  Clinical and  p ublic  h ealth  i mplications; 
 f uture  r esearch 

 While much more work is needed on identifying and quantifying 
pre -  and perinatal determinants of obesity and its consequences, 
some implications are already clear. The fi rst is that intervening 
to change birth weight is likely to be ineffective, if not harmful. 
Birth weight is a proxy for many determinants, not an etiologic 
factor itself. Efforts should focus on the etiologic factors them-
selves, each of which may or may not affect birth weight. We 
review many of these factors in this chapter. 

 While having decreased in recent decades in the developed 
world, rates of maternal smoking during pregnancy are probably 
rising in developing countries, owing to marketing practices by 
tobacco companies  [114 – 118] . The combination of policy, envi-
ronmental, and individual behavior change strategies that have 
been successful in Western societies to reduce rates of smoking 
may be more diffi cult to plan and implement in the developing 
parts of the world  [119 – 122] . Nevertheless, preventing smoking 

among girls and women of reproductive age is a health priority 
worldwide, only one reason for which is to potentially prevent 
offspring obesity. 

 Prevention of gestational diabetes is also a priority. GDM 
causes many perinatal complications as well as offspring obesity 
 [72,77] . The most important prevention measure is the least 
attainable at present: to ensure that women enter pregnancy at a 
normal BMI. However, promotion of light to moderate physical 
activity during pregnancy appears to be a promising strategy  [80] . 

 It is not known whether treatment of GDM will reduce risk of 
offspring obesity. Following up children whose mothers partici-
pated in successful short - term trials of GDM treatment  [123]  
represents a robust study design to answer this question as well 
as to solidify the causal link between GDM and offspring obesity. 

 Modifying gestational weight gain appears to be an attractive 
public health goal at this time. But some caution is warranted, as 
too little weight gain is associated with reduced fetal growth and 
neonatal morbidity  [69] . The Institute of Medicine and other 
authoritative groups need more data on the balance of short -  and 
long - term risks and benefi ts of various amounts of gestational 
weight gain in general, and according to groups defi ned by pre-
pregnancy BMI. In addition, the best strategies to modify gesta-
tional weight gain are unknown, as its determinants are yet to be 
clarifi ed. Fortunately, pregnancy appears to be one period of a 
woman ’ s life during which behavior change may be readily 
achievable  [124] . 

 Breast - feeding initiation and maintenance benefi t many health 
outcomes in children, including atopy and gastrointestinal illness 
 [125] . While confounding is still an issue, the best evidence to 
date suggests that having been breast fed may also lower the risk 
of later obesity. Therefore it is reasonable for clinicians and public 
health offi cials to include obesity prevention as one of the benefi ts 
in programs to increase breast - feeding rates. Breast - feeding 
behavior is surely modifi able, as both initiation and maintenance 
rates have increased in the US substantially in the past 30 – 40 
years  [126] . 

 Not enough is known yet about infant weight gain or sleep 
duration to include them in clinical or public health programs to 
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 Figure 8.6     Predicted probability of obesity (BMI 
 >  95 th  percentile) at 3 years of age for 16 
combinations of four modifi able risk factors during 
pregnancy and infancy. Bars show 95% confi dence 
limits. Also shown is prevalence for each depicted 
combination of factors among 1110 mother – child 
pairs participating in Project Viva. Probabilities are 
adjusted for maternal education and BMI, household 
income, and child race/ethnicity. 

 Table 8.2     Defi nitions of risk factors in Figure  8.6  

   Smoking in pregnancy     Yes     No  

  Gestational weight gain  *       “ Excessive ”      “ Adequate or inadequate ”   
  Breast - feeding duration     < 12   m     ≥ 12   m  
  Daily sleep in infancy     < 12   h/d     ≥ 12   h/d  

    * Gestational weight gain categories per 1990 recommendations of Institute of 
Medicine  [69] .  Adapted from Gillman et al.  [111] .    
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prevent childhood obesity. Over and above the effects of infant 
feeding, determinants of infant weight gain that are related to 
later obesity are obscure. Therefore it is not known whether (or 
how) moderating infant weight gain will lower obesity rates later 
in childhood or adulthood. Further, at least among premature 
infants, weight gain that is too low is associated with adverse 
neuropsychologic outcomes  [96,127] . Therefore, more informa-
tion is needed about optimal levels of infant weight gain, as 
well as its modifi ability, before anyone should make clinical 
recommendations. 

 Similarly, recommendations about sleep duration for obesity 
prevention are premature. More data are required about the 
underlying association, its mechanisms and potential determi-
nants. In the meantime, however, clinicians and parents may wish 
to employ evidence - based sleep hygiene techniques to improve 
sleep quality and perhaps increase sleep duration  [128 – 130] . 

 Future research should take advantage of longitudinal study 
designs to explore new pre -  and perinatal determinants and path-
ways leading to offspring adiposity and its consequences. For 
example, analogous to animal models, Gillman et al.  [131]  
reported that maternal second - trimester levels of corticotropin -
 releasing hormone, a proxy for fetal glucocorticoid exposure, 
were associated with lower BMI but higher ratio of sub-
scapular:triceps skinfold ratio, a measure of central adiposity, 
among 3 - year - old children. This result raises the possibility that 
maternal stress, irrespective of any lifestyle behavior choice, may 
program offspring metabolic dysfunction. 

 In addition, more refi ned measurement techniques and new 
analytic methods, as discussed in this chapter, will provide more 
insight into underlying pathways. Through these approaches, 
researchers are becoming more and more likely to fi nd modifi able 
etiologic factors that lend themselves to judicious clinical and 
public health interventions. Ultimately, the hope is that interven-
tions during pregnancy and early childhood that are developmen-
tally appropriate, and that employ strategies to change both 
environmental and behavioral factors, will contribute substan-
tially to preventing obesity and its consequences throughout the 
life course.  
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   Introduction 

 White adipose tissue (WAT), or white fat, is at the epicenter of 
obesity; indeed, its expansion is the defi ning characteristic of the 
obese state. However, for many years the tissue was viewed as 
something of a Cinderella in energy regulation and obesity 
research, the main focus being on the biological mechanisms 
associated with appetite and the adaptive components of energy 
expenditure. This is despite the fact that in the obese, white fat is 
the major component of body composition, amounting to up to 
half or more of total tissue mass. Even in those individuals who 
are lean (Body Mass Index (BMI)  < 25), adipose tissue accounts 
for up to 25% of body weight. The tissue is in effect the main 
variable in body composition, the amount varying by an order of 
magnitude between lipodystrophy at one end of the spectrum 
and obesity at the other. WAT is, of course, the main site of fuel 
storage in mammals, energy being deposited in the form of tria-
cylglycerols which are mobilized during periods of fasting or 
starvation. Triacylglycerols allow fuel to be stored at a high energy 
density, since the energy content of lipid is twice that of carbo-
hydrate and lipids can be deposited with minimal associated 
water. 

 Over the past 15 years there has been a radical change in per-
spective on the physiological role of WAT and the disease links 
between the tissue and obesity. WAT is now recognized as a 
major endocrine and secretory organ which plays an active role 
in physiological and metabolic regulation  [1 – 5] . White fat is actu-
ally one part of what Cinti has termed the  “ adipose organ, ”  the 
other being brown adipose tissue  [6] . Not only do these tissues 
appear different histologically, but they have fundamentally dif-
ferent physiological roles. The main focus of this chapter is on 

white adipocytes and white fat, but fi rst the key features of brown 
adipocytes will be briefl y considered.  

  Brown  a dipose  t issue and  b rown  a dipocytes 

 Brown adipose tissue (BAT), originally described as the  “ hiber-
nating gland, ”  is found only in mammals. Physiologically, the 
primary function of brown fat is to produce heat without shiver-
ing, by the process of nonshivering thermogenesis  [7,8] . Tradi-
tionally, this has been associated with thermal physiology and the 
need to generate heat for the maintenance of body temperature. 
Thus BAT is prominent in small mammals (such as rodents) 
adapted to the cold, in hibernating species (such as ground squir-
rels) and in the neonate of a number of species (particularly 
ruminants)  [8] . There are several distinct brown fat depots in 
rodents, the most accessible of which is the interscapular depot 
which is located between the shoulder blades. 

 Ruminants such as sheep, goats and deer have large quantities 
of BAT at birth, especially around the kidneys; indeed, brown fat 
may be the only form of adipose tissue present in the newborn 
of these animals  [9,10] . However, there is a rapid loss of brown 
adipocytes and a transition to white fat over the fi rst days and 
weeks of postnatal life. BAT is also present in humans, but this 
has been generally considered to be the case only during the early 
months, or fi rst year or two, of postnatal life. This is despite 
evidence indicating that immunoreactive uncoupling protein 
(uncoupling protein - 1) is present in adults and is stimulated in 
patients with pheochromocytoma  [11 – 14] . A recent set of studies 
employing fl uorodeoxyglucose positron emission tomography 
has, however, provided further evidence that BAT is in practice 
widely present in adult humans  [15] . 

 Classically, brown fat has been differentiated from WAT at the 
histological level primarily through the arrangement of the lipid 
droplets within the adipocytes. In brown adipocytes there are 
multiple lipid droplets, which serve to maximize the surface area 
available for rapid lipolysis; this contrasts with white adipocytes 
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in which there is normally a single lipid droplet (unilocular struc-
ture)  [6,8] . The total amount of triacylglycerol stored in brown 
adipocytes is generally rather lower than in white adipocytes  –  
approximately 20 – 40% of cell weight compared with up to 85% 
in the case of white fat cells. The second key histological feature 
differentiating brown and white adipocytes is the number and 
structure of the mitochondria. In the case of brown adipocytes, 
there are many more mitochondria than in white adipocytes and 
in thermogenically active tissue they have a much denser cristae 
structure. 

 Brown fat is extensively innervated by the sympathetic nervous 
system and the tissue is highly vascularized  [8] . These factors 
further distinguish it from WAT in which the sympathetic inner-
vation and the degree of vascularization are more modest. Heat, 
the principal  “ product ”  of brown adipocytes, is generated by a 
cascade which begins with the release of noradrenaline from the 
sympathetic nerve endings. The noradrenaline then binds to  β  -
 adrenoceptors on the plasma membrane which in the case of 
rodents is predominantly of the  β  3 subtype  [8,16] . In humans, 
however, the  β  1 and  β  2 subtypes are more important  [17,18] . 
 β  - adrenoceptor activation leads to the stimulation of both lipoly-
sis and the direct heat - generating mechanism within the mito-
chondria  [16] . Heat is generated in brown fat mitochondria 
through a regulated uncoupling of the proton conductance 
pathway across the inner mitochondrial membrane so that ade-
nosine triphosphate (ATP) synthesis is bypassed  [7,8] . This 
occurs through the localization within BAT mitochondria of a 
specifi c uncoupling protein (uncoupling protein - 1), the original 
member of the uncoupling protein gene family  [7,8,19] . 

 Uncoupling protein - 1 (UCP1) is a 32,000 M r  moiety which in 
effect acts as a proton pore across the inner mitochondrial mem-
brane. The presence of UCP1 is the critical diagnostic feature of 
brown fat, providing a molecular marker for distinguishing the 
major forms of adipose tissue. Two other members of the uncou-
pling protein gene family, UCP2 and UCP3, are also expressed in 
brown fat mitochondria and this argues against these proteins 
functioning as immediate uncouplers given the presence of 
UCP1. The physiological role of UCP2 and UCP3 remains uncer-
tain, but the possibilities center on a fatty acid transporter func-
tion and protection against reactive oxygen species (ROS)  [19,20] . 
UCP2 is expressed in a number of cell types and tissues, including 
white adipocytes, while UCP3 is particularly expressed in skeletal 
muscle  [21,22] . Exposure to a cold environment leads to an acute 
stimulation of thermogenesis in brown fat through the activation 
of the mitochondrial proton conductance  [8] . Long - term expo-
sure to the cold results in an increase in thermogenic capacity of 
BAT, involving a stimulation of mitochondriogenesis and an 
increase in the concentration of UCP1 in the mitochondrial inner 
membrane. 

 Brown fat fi rst became linked to obesity in the late 1970s when 
reduced thermogenic activity of the tissue was demonstrated in 
genetically obese ( ob/ob ) mice  [23] . Shortly after this, activation 
of heat production in the tissue was reported in rats exhibiting 
diet - induced thermogenesis following voluntary overfeeding 

through the provision of a  “ cafeteria ”  diet  [24,25] . This led to the 
proposition that BAT is an important component of adaptive 
energy expenditure in mammals, playing a role in the regulation 
of energy balance  [26] . The studies on  ob/ob  mice and cafeteria -
 fed rats was subsequently followed by investigations on other 
rodent models of obesity, both genetic and experimentally 
induced, and in specifi c physiological conditions where energy 
balance is altered, such as fasting and lactation  [8,26 – 28] . Although 
the evidence in support of the view that BAT is a signifi cant com-
ponent of the regulation of energy balance is strong in rodents, it 
has remained at best speculative in the case of humans.  

  White  a dipose  t issue:  g eneral  c haracteristics 

 In addition to the histological differences described above, WAT 
is functionally quite distinct from brown fat. It is not involved in 
thermogenesis  per se , but has in practice a multiplicity of func-
tions. The classic role is that of fuel storage, as indicated in the 
Introduction, while additional roles include thermal and mechan-
ical insulation. Thermal insulation is most clearly exhibited in the 
case of marine mammals, such as seals and whales, the blubber 
of which helps minimize heat loss. WAT exists in multiple depots 
in the body, with both subcutaneous and internal locations. In 
addition, groups of adipocytes may infi ltrate other organs such 
as skeletal muscle. 

 Mature adipocytes can be very large cells, reaching up to 
150    μ m or even 200    μ m in diameter in obese individuals  [29] . 
Histologically, the large, central, unilocular lipid droplet (see Fig. 
 9.1 ) is surrounded by a thin rim of cytoplasm which includes the 
nucleus and a modest number of mitochondria. The large size of 
the mature fat cell has resulted in a misplaced assumption that 
adipocytes are by far the most prevalent cell within adipose tissue. 
However, depending upon depot, age and physiological state, the 
proportion of cells within WAT that are mature adipocytes varies 
from between 25% to 60%. Thus, in most cases around half of 
the total cell content is made up of nonadipocytes; these cells, 
which constitute what is termed the stromal vascular fraction, 
include fi broblastic preadipocytes, endothelial cells, mast cells 
and in many circumstances macrophages  [30] . Recent work has 
highlighted the importance of macrophages in modulating adi-
pocyte function in obesity  [31,32] , but it is likely that there is 
cross - talk between several of the cell types within WAT.   

 Although WAT has a more limited sympathetic innervation 
than brown fat, sympathetic nerves are present and in contrast to 
what was considered to be the case, they appear to be in close 
contact with the plasma membrane of adipocytes as well as with 
the blood vessels  [6] . The vasculature is also less extensive than 
in brown fat, although the tissue is generally regarded as being 
well vascularized. Certainly, the oxygen tension within the tissue 
in lean animals is similar to that of other well - oxygenated tissues 
 [33,34] . 

 It is clear that the various adipose tissue depots are not func-
tionally identical. Indeed, there is considerable functional 
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heterogeneity, with visceral fat in humans in particular being 
strongly linked to the diseases associated with obesity  [35,36] . 
Several factors have been proposed as underlying this depot spe-
cifi city, and with visceral adipose tissue the proximity to the 
portal outfl ow has been widely considered to be signifi cant. 

  Triacylglycerol  s torage and  r elease 
 The general mechanisms by which lipid is stored and released are 
well documented and only the key elements are described here. 
Nevertheless, there have been some important recent develop-
ments relating to lipid mobilization. Adipose tissue can in prin-
ciple derive its stored fatty acids through three main routes. They 
may be obtained from circulating lipoproteins, being released 
through the action of lipoprotein lipase, or be derived directly 
from the circulation following release from the liver. Fatty acids 
obtained by both these routes are then re - esterifi ed within the cell 
for storage as triacylglycerols. The third route for the production 
of fatty acids is by  de novo  synthesis from glucose (and possibly 
other substrates) and this process of lipogenesis occurs predomi-
nantly on a low - fat/high - carbohydrate diet. Consumption of a 
high - fat diet is generally associated with low rates of lipogenesis, 
as occurs during the consumption of a normal  “ Western diet ” , 
containing as it does some 35 – 40% of calories as lipid. 

 Fatty acids are released in adipose tissue via the action of the 
classic and extensively characterized enzyme, hormone - sensitive 
lipase, and through the recently discovered adipocyte triglyceride 

lipase (ATGL)  [37] . Together, these two enzymes account for 
almost all triacylglycerol breakdown in adipose tissue  [38] . 
Further insight into the lipolytic system has also emerged from 
the recognition of the important regulatory role of the perilipin 
family of lipid - coating proteins, the most prominent of which is 
perilipin itself  [39,40] . Perilipin is localized on the surface of lipid 
droplets, which are now viewed as dynamic organelles, and facili-
tates maximal lipolysis when lipid mobilization is required  [39 –
 41] . However, perilipin also acts to limit lipolysis in nutritional 
excess when there is net triacylglycerol deposition. 

 A number of hormonal and other external signals have been 
identifi ed, largely from studies of cells  in vitro , which may stimu-
late lipolysis in white adipocytes  [42] . However, it seems probable 
that the sympathetic nervous system is the major physiological 
regulator  [42,43] . In fasting and cold exposure, for example, 
noradrenaline turnover studies have demonstrated marked acti-
vation of the sympathetic innervation of white fat  [44,45] , 
although there are some depot - specifi c responses  [46] . In the case 
of fasting, the changes are highly selective to WAT, there being a 
decrease in noradrenaline turnover in tissues such as BAT and 
the heart  [45,47] .   

  Secretory  f unction of  w hite  a dipocytes 

 Adipose tissue has always been recognized as a major secretory 
organ by virtue of the release of large quantities of fatty acids from 
adipocytes. Fatty acid release is, of course, most obvious during 
fasting and other periods of negative energy balance, or when 
there is a need for increased energy fl ux such as during the 
response to cold environments. Other lipid moieties are also 
released as part of the  secretome  of fat cells (Fig.  9.2 ). Some of 

 Figure 9.1     Histological view (light microscopy) of mouse white adipose tissue 
showing mature adipocytes and illustrating the apparent simplicity of the tissue. 
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 Figure 9.2     The secretome of white adipocytes. The major secretory products 
are illustrated, both those that are lipids and the major adipokines. The total 
number of recognized adipokines numbers is in excess of 60. CETP, cholesteryl 
ester transfer protein; Angptl4, angiopoietin - like protein 4 (also known as 
fasting - induced adipose factor); IGF, insulin - like growth factor; IL, interleukin; 
LPL, lipoprotein lipase; MCP - 1, monocyte chemoattractant protein - 1; MIF, 
macrophage migration inhibitory factor; NGF, nerve growth factor; PAI - 1, 
plasminogen activator inhibitor - 1; RBP4, retinol binding protein - 4; TGF -  β , 
transforming growth factor -  β ; VEGF, vascular endothelial growth factor; ZAG, 
zinc -  α 2 - glycoprotein. 
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these, such as cholesterol and prostaglandins (e.g. PGD 2 , PGE 2 ), 
are synthesized  de novo  within the adipocyte  [4] . A substantial 
amount of retinol is stored within adipocytes, but this is taken up 
from the circulation and subsequently released rather than being 
synthesized  de novo  in the cells. Thus adipose tissue acts as a 
retinol store and may also store other lipidic moieties, including 
environmental pollutants such as organochlorine pesticides 
 [48,49] .   

 WAT is also the site of production of key steroid hormones, 
converting inactive circulating 11 - keto steroids into active gluco-
corticoids through the presence in adipocytes of the enzyme 11 β  -
 hydroxysteroid dehydrogenase type 1  [50] . The activity of the 
enzyme in adipose tissue is increased in obesity and plays an 
important role in the raised local production of active glucocor-
ticoids such that there is glucocorticoid excess  [50] . This excess 
has been linked to the development of the metabolic syndrome. 

 A radical shift in our understanding of the secretory role of 
white fat and the physiological function of adipose tissue occurred 
in 1994 with the identifi cation of leptin, a key protein hormone 
 [51] . Leptin, which is the product of the  ob  gene, was identifi ed 
during the search for the mutant gene which results in the obesity 
of the  ob/ob  mouse  –  possibly the most widely used animal model 
in obesity research. The discovery of leptin resulted in white fat 
being recognized as a major endocrine organ. Indeed, the size of 
the fat depots is such that the tissue is much the largest endocrine 
organ in obese humans. One of the  a priori  consequences of this 
is that even small perturbations in the metabolic activity of WAT 
would be expected to have a considerable impact at the whole -
 body level. 

 Prior to the discovery of leptin, a small number of other 
protein factors had been shown to be released from fat cells, but 
the broader signifi cance of this in terms of the secretory function 
of WAT went largely unappreciated. The enzyme lipoprotein 
lipase was, of course, known to be released by adipocytes in order 
to facilitate the breakdown of triacylglycerols in circulating lipo-
proteins. The complement - related factor, adipsin, was discovered 
in the latter part of the 1980s  [52,53] . However, once it was found 
not to be the anticipated signaling factor from adipocytes to the 
brain in the regulation of energy balance (contrary to the initial 
expectation), interest in this protein waned. In the early 1990s, 
the pleiotrophic proinfl ammatory cytokine TNF -  α  was shown to 
be synthesized and released by adipocytes, the amount increasing 
markedly with cell size  [54] . TNF -  α  production by adipocytes 
was linked to the development of insulin resistance in adipocytes, 
but the concept that fat cells might synthesize and secrete a key 
cytokine was initially met with some scepticism.  

  Adipokines  –   s ecreted  p roteins from  a dipocytes 

 In the decade and a half following the discovery of leptin, a wide 
and diverse range of other protein factors secreted by white adi-
pocytes have been identifi ed  [1 – 5] . These secreted proteins were 
initially given the collective name of  “ adipocytokines ”  but this 
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 Figure 9.3     Physiological and metabolic processes with which white adipocytes 
are involved through the secretion of adipokines. Major processes are illustrated, 
with those that have received most interest shown in bold.  (Adapted from 
Trayhurn and Wood  [4] .)  

has been largely replaced by the expression  “ adipokine. ”  This 
refl ects the fact that the term  “ adipocytokine ”  carries the infer-
ence that the proteins secreted from adipocytes are cytokines. 
While this is certainly true for some, it is not so for the majority. 
The recognition that adipocytes secrete a multiplicity of protein 
factors and signals indicates that adipose tissue communicates 
extensively with other organs and tissues; the classic view of WAT 
as effectively only a lipid storage organ has been replaced by a 
much more dynamic view. 

 In excess of 60 different adipokines have now been identifi ed, 
together constituting the  adipokinome   [4] . It is important to 
emphasize that adipokines are protein molecules secreted specifi -
cally from adipocytes, rather than from the other cells within 
adipose tissue. It would, for example, be inappropriate to describe 
a cytokine secreted from a macrophage as an  “ adipokine ”  when 
that macrophage was passing through adipose tissue but as a 
 “ normal ”  cytokine once the immune cell had exited the tissue. 
The adipokines are varied in molecular size and protein structure 
and are also very diverse in terms of physiological function (see 
Fig.  9.2 ; Fig.  9.3 ). They include factors involved in appetite and 
energy balance (primarily leptin), angiogenesis (e.g. vascular 
endothelial growth factor), lipid metabolism (e.g. apolipoprotein 
E), blood pressure regulation (angiotensinogen), vascular hemos-
tasis (e.g. plasminogen activator inhibitor - 1), insulin sensitivity 
(e.g. adiponectin, interleukin - 6) and infl ammation and immu-
nity (e.g. interleukin - 1 β , tumor necrosis factor -  α )  [1 – 5] . Recent 
additions to the list of adipokines include chemerin  [55 – 57] , 
which has been implicated in adipogenesis and the potentiation 
of insulin - stimulated glucose uptake in adipocytes  [58] .   

 It is in practice diffi cult to think of a cell type that is currently 
known to be as rich in the nature of the proteins that it secretes 
as the adipocyte. Nevertheless, several other cells secrete multiple 
protein factors, including chondrocytes  [59] . The adipokine 
concept has recently been mirrored by the emerging family of 
proteins secreted from myocytes  –  the  myokines   [60,61] . This 
followed the discovery that substantial quantities of IL - 6 are 
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synthesized and released from skeletal muscle following exercise 
 [62] . 

 The various adipokines can act in an autocrine, paracrine or 
endocrine manner, or a combination thereof. It is increasingly 
evident from the range of adipokines that there is cross - talk 
between the various cell types within adipose tissue as well as 
extensive communication between WAT and other organs, espe-
cially skeletal muscle and the brain, through the secretion of 
adipokines. Although, as emphasized above, adipokines have 
been linked to a range of physiological processes, most emphasis 
has been placed on two particular areas  –  energy balance and 
insulin sensitivity (see Fig.  9.3 ). 

  Energy  b alance 
 The lipostatic theory introduced by Kennedy in the 1950s  [63]  
suggested that there was a factor released from adipocytes to the 
brain signaling the size of the fat stores, which led to the modula-
tion of appetite and energy balance. Until the discovery of leptin, 
there was no clear candidate molecule which fulfi lled the criteria 
for such a signal. Leptin is a powerful anorectic factor, food intake 
being substantially reduced by administration of the recombinant 
protein to  ob/ob  mice which lack the functional hormone  [64 –
 66] . Leptin also greatly decreases food intake, with an accompa-
nying reduction in body weight, in humans with mutations in the 
 OB  (leptin) gene  [67] . Studies on rodents have identifi ed a 
number of central hypothalamic neuroendocrine systems with 
which leptin interacts, including orexigenic neurons expressing 
neuropeptide Y (NPY) and agouti - related peptide (AgRP), 
and anorexigenic neurons including those expressing pro - 
opiomelanocortin (POMC) and cocaine -  and amphetamine -
 regulated transcript (CART)  [66,68,69] . In essence, leptin induces 
an inhibition of orexigenic pathways and an upregulation of ano-
rexigenic systems, such that there is a powerful integrated signal 
to reduce intake. 

 The effect of exogenous leptin on normal mice, or as a poten-
tial antiobesity agent in obese humans, is very limited and this 
may refl ect either a state of  “ resistance ”  in the case of the obese, 
or the possibility that only a limited amount of the hormone is 
required for the maximal effect on intake to be realized. This does 
not, of course, necessarily mean that higher levels of leptin are 
without effect on the other, multiple, processes with which the 
hormone is involved. 

 One of the earliest observations with leptin was that the expres-
sion and circulating levels, in both rodents and humans, are 
elevated in obesity, there being a direct correlation between body 
fat and the plasma concentration of the hormone  [70 – 72] . 
Although white adipocytes are the most important site of produc-
tion of leptin, as indicated by the relationship between body fat 
content and the circulating level, the hormone is also synthesized 
in a number of other cell types and tissues, including the stomach, 
placenta, and osteoblasts  [73 – 76] . While leptin was originally 
considered as a satiety factor, it rapidly became evident that it is 
a pleiotrophic hormone and this is, of course, consistent with the 
multiple sites of synthesis and the wide distribution of its 

receptors  [76] . In terms of energy balance, leptin also appears to 
affect energy expenditure, as well as food intake  [65,76,77] . 

 Other adipokines have also been linked with a central role in 
the regulation of energy balance, particularly interleukin - 6 (IL - 6) 
and adiponectin  [66] . In the case of IL - 6, weight loss as well as 
insulin resistance in adipocytes is induced by this cytokine and 
the IL - 6 receptor is expressed in neurons of hypothalamic nuclei 
that regulate body composition  [78] , implying a role in the 
central modulation of energy homeostasis. Indeed, chronic 
intracerebroventricular volume administration of IL - 6 reduces 
body fat through an upregulation of energy expenditure, while 
IL - 6 knockout mice have been shown to develop late - onset 
obesity  [79,80] . However, the extent to which these effects are 
dependent on IL - 6 emanating from adipocytes (or from WAT as 
a whole) is currently diffi cult to assess, given the multiplicity of 
sites of production of this cytokine. There is a similar argument 
in relation to any putative role for IL - 1 β  and TNF -  α . Chronic 
administration of apelin has also now been reported to lead to a 
reduction of adiposity and an increase in UCP1 expression and 
protein content in BAT, suggesting that this adipokine may 
stimulate energy expenditure associated with thermogenesis 
 [81] . 

 Adiponectin is perhaps the most interesting of the other adi-
pokines that have been implicated in the control of energy 
balance. Like leptin, it is synthesized predominantly in adipocytes 
and both adipokines are considered to be only expressed after the 
induction of adipocyte differentiation, being markers of differen-
tiation. Adiponectin is a highly expressed transcript in adipocytes 
and was identifi ed as an adipokine by several groups more than 
a decade ago  [82 – 84] . As a consequence, it has multiple names, 
but adiponectin is much the most commonly used descriptor, 
with the term Acrp30 also occasionally being employed. In 
marked contrast to leptin, and to most other adipokines, the 
circulating levels of adiponectin fall in obesity  [85,86] . Several key 
functions have been described for this hormone, including in 
insulin sensitivity, vascular function and infl ammation  [87 – 90] . 

 Adiponectin also appears to be a direct signal in appetite and 
energy balance control, a view that is supported by several recent 
studies  [91,92] . For example, peripheral administration of the 
hormone has been reported to reduce body weight through 
increased energy expenditure, without effects on feeding 
 [89,90,93] . On the other hand, sustained peripheral expression of 
adiponectin through a viral vector inhibits food intake and 
reduces body weight in diet - induced obese rats  [91] . The adi-
ponectin receptors, AdipoR1 and AdipoR2, are expressed in the 
brain  [94]  and recent knockout studies have shown that they have 
opposing effects on energy balance  [95] . AdipoR1 knockout mice 
have increased body fat and decreased energy expenditure, while 
AdipoR2 knockout animals are lean, and are resistant to obesity 
when fed a high - fat diet and exhibit higher levels of energy 
expenditure. Importantly, adiponectin appears to cross the 
blood – brain barrier and stimulates hypothalamic corticotropin -
 releasing hormone synthesis  [92] , providing at least one target 
neuroendocrine system.  
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  Insulin  s ensitivity 
 The association between obesity and the metabolic syndrome and 
type 2 diabetes has led to much emphasis on adipose tissue in 
relation to insulin sensitivity. It is important to note that too little 
adipose tissue (as with too much) leads to insulin resistance and 
other metabolic derangements, as is evident in lipodystrophy or 
lipoatrophy. There are also circumstances such as cachexia where 
a major loss of adipose tissue may occur with profound metabolic 
disruptions  [96] . While fatty acids have been implicated in the 
reduction of insulin sensitivity in the obese, most focus in recent 
years has been on the role of various adipokines. As already 
implied, several adipokines have been specifi cally linked to insulin 
sensitivity. These include leptin and adiponectin, and the admin-
istration of either of these adipokines to lipodystrophic animals 
leads to a partial restoration of normal glycemia and the combi-
nation of the two will largely restore normal glycemia  [90,97,98] . 
Initially on its discovery, resistin was thought to be a key factor 
in the development of insulin resistance in obesity, at least in 
experimental animals  [99] , but this view has not been sustained, 
particularly in humans. 

 Several other adipokines are considered to be candidates in the 
modulation of insulin sensitivity and its loss in obesity. The factor 
visfatin was reported to be more strongly expressed in visceral fat 
than elsewhere and to act as an insulin mimetic, binding to the 
insulin receptor  [100] ; however, as with resistin, the picture has 
become less clear. Apelin may also have a role in the modulation 
of insulin sensitivity  [101] , but this may be indirect through an 
apelin - induced increase in circulating adiponectin  [81] . Perhaps 
the most interesting recent candidate is retinol binding protein - 4 
(RBP4), a factor that has been directly linked to insulin resistance 
and which is secreted by the liver as well as by adipocytes  [102] . 
Circulating RBP4 levels are increased in obesity and type 2 dia-
betes, and administration of the protein to normal animals, either 
by injection of the recombinant protein or by transgenic overex-
pression, is reported to induce insulin resistance, while deletion, 
or reduction in the plasma level, improves insulin sensitivity and 
glucose tolerance  [102] . Interestingly, RBP4 is more highly 
expressed in visceral than in subcutaneous adipose tissue, and in 
obese as compared to lean individuals. From these observations, 
it has been suggested that visceral fat may be a major source of 
RBP4 in insulin - resistant states and that the serum levels are a 
marker of intra - abdominal fat mass  [103] . 

 A group of adipokines that are also linked to the loss of insulin 
sensitivity in obesity are the infl ammation - related factors TNF -  α , 
IL - 6 and monocyte chemoattractant protein - 1 (MCP - 1), refl ect-
ing the infl ammatory response in WAT. These adipokines are 
considered in the next section.   

  Infl ammation in  a dipose  t issue 

 One of the key developments in obesity research in recent years 
is the recognition that the disorder is characterized by a state of 
chronic, low - grade infl ammation  [104 – 106] . This is based on an 
increase in the circulating level of several infl ammatory markers, 
including C - reactive protein (CRP), IL - 6, MCP - 1 haptoglobin, 
serum amyloid A and plasminogen activator inhibitor - 1 (PAI - 1). 
WAT appears central to this infl ammatory response, the raised 
circulating levels refl ecting in several cases release or spillover 
from adipose tissue itself. The infl ammatory response in adipose 
tissue is now considered to be pivotal in the development of 
obesity - associated diseases  [5,104,105] . Thus type 2 diabetes mel-
litus, cardiovascular disease, and the other components of the 
metabolic syndrome may relate to either specifi c or general 
changes in the production of some adipokines. Certain cancers, 
such as breast and colon, have also been linked to infl ammation 
in adipose tissue. In the case of breast cancer, the close proximity 
between adipose tissue and the mammary ducts means that local 
infl ammatory changes in the tissue may impact very strongly on 
the ductal tissue  [107] . 

 A substantial number of adipokines are involved in immunity 
and infl ammation, and this encompasses classic cytokines, chem-
okines, acute - phase proteins and other infl ammation - related 
factors such as those involved in angiogenesis  [1 – 5,34] . The list 
of cytokines and chemokines produced by adipocytes is now 
extensive and includes IL - 1 β , IL - 6, IL - 8. IL - 10 and IL - 18, as well 
as MCP - 1, macrophage migration inhibitory factor (MIF), trans-
forming growth factor -  β  and TNF -  α  (Fig.  9.4 ). Major acute -
 phase proteins released by adipocytes are PAI - 1, haptoglobin and 
serum amyloid A, while other key infl ammation - related adipok-
ines include nerve growth factor (NGF) and adiponectin.   

 Not only does WAT, and adipocytes in particular, secrete a 
wide range of infl ammation - related proteins but the production 
and release of these factors increase markedly as fat mass expands 

TNFα
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IL-6
IL-8
IL-10
TGFβ
MCP-1
MIF
Osteopontin
Chemerin

PAI-1
Haptoglobin
Serum amyloid A
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Leptin
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 Figure 9.4     Major infl ammatory and infl ammation -
 related adipokines secreted from white adipocytes. 
TNF -  α , which has a key role in infl ammation, is 
highlighted, as is adiponectin with its anti - infl ammatory 
action. IL, interleukin; MCP - 1, monocyte 
chemoattractant protein - 1; MIF, macrophage migration 
inhibitory factor; NGF, nerve growth factor; PAI - 1, 
plasminogen activator inhibitor - 1; TGF -  β , transforming 
growth factor -  β ; VEGF, vascular endothelial growth 
factor. 
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in obesity, thereby creating an infl ammatory state within the 
tissue  [4,105,106] . An important exception is adiponectin, with 
its anti - infl ammatory action, whose expression and secretion fall 
in obesity, as noted earlier  [85] . The proinfl ammatory cytokine 
TNF -  α  may play a central role in the infl ammatory response in 
obesity since not only does its own production increase, but it 
has a wide regulatory effect on the synthesis and release of other 
adipokines, stimulating IL - 6, MCP - 1 and NGF production, while 
inhibiting adiponectin expression  [108,109] . TNF -  α  appears to 
play a pervasive role in adipocyte function since it also, for 
example, stimulates apoptosis and lipolysis  [110,111] . 

 A recent major fi nding is the discovery that in obesity, macro-
phages infi ltrate adipose tissue and this appears to be an impor-
tant part of the infl ammatory response  [31,32] . Macrophages 
secrete, of course, a wide range of cytokine and chemokines such 
as TNF -  α  and IL - 6 and these would be expected to stimulate 
the adipocytes, amplifying their infl ammatory state. Adipocyte -
 derived factors may in turn feed back to the macrophages as part 
of an infl ammatory cascade within WAT. In addition to macro-
phages and the adipocytes themselves, preadipocytes may be an 
important source of secreted factors and a signifi cant component 
of the infl ammatory response within WAT in obesity. Indeed, 
preadipocytes have been suggested to be highly infl ammatory and 
to signal directly to the adipocyte, leading to the induction of 
insulin resistance  [112] . From this perspective, preadipocytes are 
important regulators of the adipocyte. Certainly, the response by 
preadipocytes to challenge with lipopolysaccharide is greater than 
that of adipocytes  [112]  and the secretion of some cytokines, such 
as IL - 6, is much greater than in mature fat cells. 

 These interactions highlight the extent and importance of cel-
lular cross - talk within adipose tissue. While this concept evolved 
with the recognition that macrophages infi ltrate WAT in obesity 
and are involved in the infl ammatory response, communication 
between different cell types is much wider than this. In addition 
to adipocytes, macrophages and preadipocytes, it is likely to 
involve other cells, such as those of the vascular endothelium as 
well. Conversations also occur between adipocytes and other 
tissues, the most obvious case being the CNS through leptin. 
However, cross - talk between adipocytes and organs such as skel-
etal muscle and the adrenal cortex  [113 – 116]  also occurs through 
the action of adipokines such as adiponectin, with myocyte -
 derived IL - 6 being a factor in the stimulation of lipolysis in adi-
pocytes  [62] . 

 While at least three different cell types within WAT are able to 
mount an infl ammatory response, the extent to which each con-
tributes quantitatively to the overall production of infl ammatory 
mediators by the tissue is unclear. From  in vitro  studies it is sug-
gested that mature adipocytes are less important than the non-
adipocyte fraction in the production and release of most cytokines 
and chemokines  [117,118] . However, quantitative comparisons 
between cell types is fraught with diffi culty since the preparation 
and incubation of different cell fractions may alter their relative 
rate of adipokine production. Importantly, although large adi-
pocytes show the highest rates of production of infl ammatory 

adipokines  [29] , because of their fragility they are likely to be 
under - represented in most WAT fractionations.  

  Hypoxia: a  k ey  i nfl uence on  a dipocytes 

 While there has been a considerable, and growing, focus on the 
mechanistic basis of the link between infl ammation - related adi-
pokines and the development of the diseases associated with 
obesity, there has been only limited interest in the factors that 
cause adipocytes to mount an infl ammatory response as WAT 
mass expands. Three general propositions have been advanced 
 –  that it is a response to endoplasmic reticulum stress  [119,120] , 
to oxidative stress  [121]  or to hypoxia  [4,34] . There is evidence 
in support of each of the proposals; however, in practice they may 
well be linked since underlying hypoxia can lead both to endo-
plasmic reticulum stress and to the generation of reactive oxygen 
species  [122,123] . 

 In 2004 we put forward the view that infl ammation in WAT is 
the consequence of hypoxia in regions of the tissue distant from 
the vasculature as adipocyte size and mass expand in obesity  [4] . 
The  “ goal ”  of the infl ammatory response is presumed to be to 
increase the blood fl ow to adipose tissue and to stimulate angio-
genesis. It was further proposed that the response to hypoxia was 
transmitted through the recruitment of the hypoxia inducible 
transcription factor, HIF - 1, the so - called master regulator of 
oxygen deprivation  [124] , via stabilization of the HIF - 1 α  subunit 
 [4] . There is now growing evidence from studies on experimental 
animals that adipose tissue is indeed hypoxic in obesity. Low O 2  
tension has been demonstrated in the tissue in three different 
obese models, namely  ob/ob  and KKAy mice and mice with diet -
 induced obesity  [33,125,126] . Recruitment of HIF - 1 α  is evident 
in WAT of obese animals, together with increased expression 
of a number of genes that are hypoxia sensitive through HIF - 1, 
such as the GLUT1 facilitative glucose transporter (a commonly 
employed marker of hypoxia) and the key angiogenic signal vas-
cular endothelial growth factor (VEGF)  [33,125,126] . 

 Importantly, in addition to VEGF, the expression of several 
other hypoxia - sensitive genes encoding proteins linked to infl am-
mation is increased in WAT of the obese models, including leptin, 
IL - 6, matrix metalloproteinase 2, MIF and PAI - 1  [33,125] . There 
have also been several studies on the response to hypoxia of 
adipocyte systems in cell culture, both murine and human 
 [33,125,127 – 129] . These have directly demonstrated that the 
expression of a number of infl ammation - related adipokine genes 
is hypoxia sensitive in fat cells, and in addition to those investi-
gated in the  ex vivo  studies such as leptin, IL - 6, PAI - 1 and VEGF, 
they include angiopoietin - like protein 4 which is a highly hypoxia -
 inducible gene. The cell culture studies have further shown that 
the increases in gene expression are accompanied by parallel 
changes in the secretion of the encoded adipokine into the 
medium  [128,129] . Of particular signifi cance is that both the 
expression and release of adiponectin are inhibited by low O 2  
tension  [128,129] . 
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 These observations are consistent with the concept that hypoxia 
underlies the infl ammatory response in adipose tissue in obesity 
and the well - documented changes in leptin and adiponectin pro-
duction in the obese state may be essentially a direct consequence 
of the hypoxic environment for adipocytes. One gene that is 
particularly hypoxia sensitive in human adipocytes is metal-
lothionein - 3, the expression of which is dramatically and rapidly 
increased in response to low O 2 , and this may refl ect a protective 
response to stress  [130] . Hypoxia has other effects on adipocytes, 
including the inhibition of differentiation from preadipocytes, 
and the stimulation of glucose uptake  [131] . With regard to 
glucose transport, the expression of the genes encoding the 
GLUT1, GLUT3 and GLUT5 facilitative glucose transporters are 
each stimulated by hypoxia in human adipocytes, and both 
GLUT1 protein level and the uptake of 2 - deoxy - D - glucose are 
markedly increased  [131] . 

 Overall, it is likely that hypoxia has a pervasive infl uence on 
adipocyte function in obesity, as well as on the metabolism of 
the other cell types within adipose tissue. Hypoxia as a probable 
key infl uence on adipocytes is only now beginning to be 
recognized.  

  Conclusion 

 Adipocytes, the major cells within adipose tissue, are now 
regarded as major endocrine and secretory cells, with white fat 
being by far the largest endocrine organ in the obese. Not only 
do adipocytes act as key fuel storage cells through the deposition 
and release of fatty acids, but they also synthesize and secrete a 
wide range of protein signals and factors. These adipokines are 
involved in a multiplicity of physiological and metabolic func-
tions, leading to extensive communication with other tissues and 
organs, including the hypothalamus and skeletal muscle. 

 There is also cross - talk between adipocytes and the other cell 
types within WAT, involving both adipokines and fatty acids. This 
is especially signifi cant in relation to the infl ammatory state that 
develops in WAT as adipose tissue mass expands in obesity. 
Infl ammation is a characteristic of obese adipose tissue, with the 
production and release of a series of infl ammation - related adi-
pokines. The infl ammatory response in adipose tissue is viewed 
as central to the development of obesity - associated diseases and 
may be a consequence of hypoxia as tissue mass expands and large 
fat cells become distant from the vasculature. Low O 2  tension may 
be a feature of the environment to which adipocytes are exposed 
in obesity and a key driver of the metabolic and physiological 
functions of fat cells. Finally, adipocytes are undoubtedly critical 
to many aspects of obesity and to overall homeostasis.  
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10  Metabolic Fuels and Obesity  

  Simon W.   Coppack  
  East London Obesity Service, Barts and The London School of Medicine and Dentistry, London, UK       

   Introduction 

 Metabolism and fuel selection vary between different tissues and 
between different physiologic conditions. This is true of both 
obese and lean subjects. However, when one compares like - with -
 like conditions, obesity is associated with multiple changes in 
metabolism. Some of these changes appear to be adaptive and 
others maladaptive. 

 Because energy metabolism undergoes marked changes to 
adapt to everyday life, it is necessary to consider separately the 
different physiologic conditions that determine energy balance. 
Thereafter we will consider the ways in which obese patients 
respond to situations of energy imbalance and mention some 
metabolic theories for the propensity to obesity. Finally we will 
summarize the concept of metabolic infl exibility as it applies in 
obesity and some of its consequences. 

 There are good reviews of the metabolism (and its regulation) 
of whole - body, skeletal muscle  [1,2]  and adipose tissue  [3 – 5] . 
The theme of this chapter will be the main fl uxes of energy -
 bearing fuels in these tissues, and their contributions to whole -
 body energy fl uxes. Because the emphasis will be on fuels and 
energy metabolism, little will be said about amino acid and 
protein metabolism. 

 We will discuss the normal metabolic contributions of these 
tissues in the whole body, in lean and obese subjects, and how 
the changes of obesity lead in turn to many of the adverse meta-
bolic characteristics associated with obesity. 

 An important conceptual issue is the difference between  “ abso-
lute ”  and  “ relative ”  changes in metabolism. By virtue of simply 
being larger people, obese subjects have absolute increases in 
many parameters. But a different impression arises when one 

makes allowance for the different body sizes. An example might 
be glucose disposal.  “ Whole - body glucose uptake per minute ”  is 
typically greater in obese than smaller leaner people, but if one 
considers either  “ glucose uptake rate per kilogram of body 
weight ”  or  “ fractional clearance rate of plasma glucose ”  then the 
obese usually show reduced glucose disposal. This issue is further 
discussed below.  

  Physiologic  c onditions  e ncountered in  w eight -
  s table  p atients 

  General  c onsiderations 
 During the  “ typical ”  day, free - living subjects will go through 
times during which their metabolic physiology might be charac-
terized as (1) fasting (also called postabsorptive), (2) postprandial 
and (3) exercise. Figure  10.1  shows the transition between postab-
sorptive and postprandial states as normal weight and obese 
subject spend 24 hours in a metabolic study unit. Unfortunately, 
the subjects in Figure  10.1  were relatively inactive throughout the 
study period. As can be seen, the transitions between these states 
may occur within minutes (e.g. after eating, starting exercise) or 
may be more gradual (e.g. returning to a postabsorptive state 
after eating) and hence a signifi cant portion of the 24 hours is 
spent in transition. However, for convenience, we will primarily 
discuss the ends of the spectrum. Unless otherwise stated, exercise 
in this chapter means endurance, aerobic exercise at 50 – 60% 
VO 2max . Although other forms of exercise (e.g. anaerobic sprint-
ing) can have entirely different metabolic characteristics, most 
subjects spend little or none of their usual lifestyle in these 
conditions.   

 Fuller information about body composition is given in Chapter 
 2   . However, it is obvious that an expanded adipose tissue mass 
will potentially increase the release of nonesterifi ed fatty acids 
(NEFA) from the whole - body adipose organ or that the expanded 
muscle mass of athletes can increase uptake of glucose into 
muscle. Technically, of course, subjects may be  “ obese ”  according 
to World Health Organization criteria by virtue of an expanded 
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muscle mass. In this chapter, we will use the term  “ obesity ”  to 
mean adiposity, i.e. an expanded adipose tissue mass and 
increased body fat content ( “ percent body fat ” ). 

 Both skeletal muscle and white adipose tissue are distributed 
in discrete sites throughout the body. These sites are not homo-
geneous in their histology or metabolic characteristics. Different 
muscles (e.g. soleus compared to gastrocnemius) have different 
oxidative capacity, histology and stores of glycogen and triglyc-
eride, although in humans (as opposed to rodents) all skeletal 
muscles are of mixed fi ber type  [6] . Clearly, during exercise, there 
are muscle - specifi c differences in metabolism, as different muscles 
are recruited to different extents, and this implies that there is 
local regulation of skeletal muscle metabolism, but even at rest 
there may be signifi cant differences. In the case of adipose tissue, 
the differences between depots in their metabolic characteristics 
may be quite marked and may be relevant to their role in whole -
 body energy metabolism  [7] . Some site - specifi c properties will be 
discussed later in this chapter, but it is important to note the large 

body of evidence that links the accumulation of abdominal, and 
especially intra - abdominal, adipose tissue with adverse metabolic 
changes in obesity  [8 – 13] . Unfortunately, because the intra -
 abdominal fat depots are not accessible for direct study, our 
knowledge of them comes almost entirely from  in vitro  studies 
on the metabolic properties of samples removed at operation. 
Most of the metabolic properties of adipose tissue discussed 
below are therefore based on studies of subcutaneous adipose 
tissue, which is accessible for study  in vivo   [14,15] . 

 When discussing obesity, one needs to be aware of the  “ denom-
inator question ”  whereby a metabolic fl ux can be increased, 
 “ normal ”  or decreased depending upon the units in which it is 
expressed  [16] . An example of this point is lipolysis in obesity 
which produces an elevation of the plasma NEFA concentration 
 [17] . This has been attributed to the increased adipose tissue mass 
 [18] . Obese subjects have increased basal rates of lipolysis when 
the whole - body rate of appearance (R a ) is expressed in absolute 
amounts (i.e. mmoles of NEFA per minute) or per lean body 
mass units (i.e. mmoles of NEFA per minute per kg LBM) but 
have a reduced basal NEFA R a  when expressed per kg of body fat 
(i.e. mmoles of NEFA per minute per kg fat mass) [16,19] . Equiv-
alent  “ denominator issues ”  can arise for carbohydrate fuels. 

 The metabolic changes of obesity in weight - stable subjects are 
summarized in Table  10.1 .    

  Fasting/postabsorptive  c onditions 
 People awake in a fasted or postabsorptive metabolic state. Most 
meals will be completely absorbed and their nutrients dealt with 
metabolically within 2 – 6 hours (depending on size and composi-
tion of the meal). As a consequence, normal healthy subjects 
eating typical diets spend up to 8 – 12 hours per day in a post-
absorptive state (see Fig.  10.1 ). 

  Whole -  b ody  p ostabsorptive  m etabolism 
 Over a 24 - hour period during a day of net energy balance, the 
respiratory quotient (RQ) of the whole body will be the same as 
that of the food absorbed  [20] . This will closely resemble the food 
eaten although metabolic effects of gut bacteria (and indeed, the 
consequences of incomplete food digestion) may affect this. 

 In fasting conditions, whole - body RQ drops towards 0.70, sug-
gesting that lipid is the predominant fuel. The RQ after an over-
night fast would be typically 0.80, but as the subjects continued 
to fast this would drop progressively to reach 0.72 by 48 hours. 

 Postprandially, obese subjects will tend to have a higher resting 
energy expenditure (REE) and will tend to have a lower RQ than 
lean subjects  [21] . The higher REE is a consequence of the greater 
lean body mass which is present in obesity (as well as the expanded 
adipose tissue mass). The lower RQ presumably refl ects the 
higher fat content of the diet (to the extent that one can be sure 
the subjects were weight stable). If the subjects were not weight 
stable, the expanded triglyceride stores in adipose and other 
tissues in obesity could explain this observation. The association 
between obesity and high - fat diets  [22]  can make it diffi cult to 
distinguish the effects of the two.  
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 Figure 10.1     Systemic insulin, glucose and NEFA concentrations in healthy lean 
and obese subjects studied whilst in clinical research center for 24 hours.  (Data 
from Chen et al.  [176] .)  



Chapter 10 Metabolic Fuels and Obesity

117

  Muscle (resting)  p ostabsorptive  m etabolism 
 Skeletal muscle makes up 40% of body weight in  “ reference man ”  
and 30% in  “ reference woman ”   [23] . In trained athletes, skeletal 
muscle may contribute up to 65% of body mass  [24] . Even at rest, 
skeletal muscle metabolism plays a major role in whole - body 
energy fl uxes because of muscle mass  [25] . 

 Skeletal muscle is the body ’ s major reservoir of carbohydrate, 
in the form of glycogen. Typically liver glycogen content in the 
fed state is around 100   g, whereas whole - body skeletal muscle 
contains about 400   g, and may contain much more during high -
 carbohydrate feeding  [26] . It is therefore evident that skeletal 
muscle plays a major role in the regulation of the metabolic dis-
posal of carbohydrate in the body. 

 In the 1950s, Baltzan et al.  [27]  showed that the main oxidative 
fuel of skeletal muscle after an overnight fast at rest must be lipid; 
the RQ measured across the forearm is around 0.76. Plasma glucose 
disposal by skeletal muscle in that state is therefore small. The rate 
of anaerobic glycolysis of glucosyl units from both plasma glucose 
and muscle glycogen also appears to be small: net release of lactate 
from resting skeletal muscle after an overnight fast is inconsistent, 
and close to zero  [28] . Figure  10.2  indicates the sources of circulat-
ing fuel taken up by forearm skeletal muscle in this state.   

 Because of its large mass, skeletal muscle is one of the most 
important organs in the removal from the bloodstream of NEFA 
both at rest and during exercise. It is also an important site for 
the removal of plasma triacylglycerol (TG). Both NEFA and 
plasma TG are quantitatively important contributors to the 
energy uptake of resting postaborptive muscle. 

 The size of the intramuscular TG store does not fl uctuate 
greatly during normal daily life, except during exercise. Although 
it may turn over, it is not therefore a net contributor to muscle 
fatty acid oxidation at rest. In muscle (and adipose tissue), lipo-
protein lipase (LPL) is the key enzyme regulating plasma TG 
extraction and hence uptake of its fatty acid content. Active LPL 
is bound to the capillary endothelium. This enzyme is more active 
in oxidative than glycolytic muscles, and it is activated by train-
ing. Selective venous catheterization clearly demonstrates that TG 
extraction does occur  [29,30] . 

 Extraction of plasma NEFA by muscle has also been studied, 
usually by a combination of tracer infusion and selective venous 
catheterization  [31,32] . At rest, in the overnight fasted state, 
NEFA extraction from plasma appears to provide most of the 
fatty acids required for oxidation. Whether these fatty acids pass 
through an intramyocellular TG pool before oxidation is not 
clear: older evidence for such a pathway  [33]  has been challenged 
 [34] . 

 On a high - fat diet, plasma TG - derived fatty acid oxidation is 
increased, suggesting that although plasma NEFA remain the 
main source of fat oxidation, diet composition may affect the 
contribution of both sources to some extent  [35] . The rate of fatty 
acid extraction from the plasma by skeletal muscle appears to be 
affected by their delivery in plasma, i.e. by the product of muscle 

 Table 10.1     Overview of metabolic fuels in weight - stable obese 

        Absolute      “ Corrected ”  for 
increased body mass  

  Resting metabolic rate    Increased    Normal per kg lean 
body mass  

  Energy expenditure 
related to activity  

  Normal    Usually low per kg lean 
body mass  

  Respiratory quotient (RQ)    Depends on diet      
      Tends to be increased      
  Fasting glucose 

concentration  
  Increased      

  Hepatic glucose output    Increased      
  Total body glucose 

uptake (R d )  
  Normal or increased    Usually low per kg lean 

body mass  
  NEFA concentration    Slightly increased 

postaborptively 
 Does not suppress 

postprandially  

    

  Total NEFA production 
(R a )  

  Increased    Increased per kg lean 
body mass, reduced 
per kg adipose mass  

  Triglyceride concentration    Slightly increased 
postabsorptively 

 More markedly 
increased 
postprandially  

    

  VLDL triglyceride 
secretion rate  

  Increased    Increased per kg lean 
body mass  

  VO 2max     Reduced    Reduced  

   For abbreviations, please see text.   
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 Figure 10.2     Fluxes of metabolic fuels and gases in and out of forearm muscle 
of lean subjects in fasting, resting state (values are nmole/100   g tissue/min). For 
some metabolic fuels the equivalent ATP value of the fuel is indicated.  (Data 
from Coppack et al.  [90] .)  
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blood fl ow and the plasma NEFA concentration  [36] . Addition-
ally, evidence from  in vitro  and whole - animal studies supports 
the existence of transmembrane transport of NEFA, which is 
likely to co - exist with passive diffusional uptake. There is also 
concerted action between the membrane and cytoplasmic fatty 
acid binding proteins (FABP) that allow for effi cient regulation 
of NEFA transport and metabolism  [37] . 

 The rate of uptake of fatty acids by skeletal muscle is linked to 
their oxidation, as the muscle TG pool is of relatively constant 
size. The oxidation of fatty acids has been proposed to be linked 
to that of glucosyl units by mechanisms described by Randle and 
colleagues  [38] . This concept postulates that products of fatty 
acid oxidation (acetyl - CoA, cytosolic citrate) exert inhibitory 
feedback control over the rate of glucose uptake and oxidation 
via inhibition of phosphofructokinase (a key regulatory enzyme 
in glycolysis) and pyruvate dehydrogenase. This link has received 
most attention with respect to insulin resistance and type 2 dia-
betes mellitus, although there is also evidence for it operating in 
normal daily life  [39] . Although there is consistent evidence that 
increased NEFA concentrations are associated with insulin resist-
ance, there are also studies that argue for mechanisms additional 
to those proposed by Randle and colleagues  [38] . In this respect, 
an early NEFA - induced decline in glucose - 6 - phosphate concen-
tration has been reported, suggesting that NEFA primarily inhibit 
glucose transport/phosphorylation  [40,41] . 

 The concept of competition between carbohydrate and lipid 
fuels is reinforced by indications that the intracellular availability 
of glucose (rather than NEFA alone) may determine the nature 
of substrate oxidation in human subjects by controlling fatty acid 
transport into the mitochondria  [42,43] . This may occur via the 
inhibitory effect of malonyl - CoA (formed under conditions of 
high glucose and insulin) on carnitine palmitoyl transferase - 1 
(CPT1), a key regulatory enzyme in fatty acid oxidation  [44] . 

 Skeletal muscle plays an important role in amino acid metabo-
lism. Intracellular concentrations of some amino acids are 
several - fold greater than those in plasma, and again, by virtue of 
its mass, skeletal muscle constitutes the largest reservoir of free 
amino acids in the body  [45] . Skeletal muscle also contains the 
largest amount of protein of any single tissue in the body, and 
although its rate of protein turnover is slower than that of some 
smaller organs, the absolute rate of turnover is greater than from 
any other tissue/organ  [46] . 

 Within muscle, one of the most obvious changes that occur in 
obesity is the accumulation of excess triglyceride. Some of this 
triglyceride is within adipocytes in the muscles. These intramus-
cular adipocytes  [47]  may release NEFA and adipokines (see 
Chapter  9   ) that infl uence muscle metabolism in a  “ portal ”  or 
 “ paracrine ”  manner. However, other triglyceride accumulates 
within the myocytes themselves. This intramyocellular triglycer-
ide appears to cause insulin resistance  [48] , high lipid oxidation 
in the muscles and  “ metabolic infl exibility ”  (discussed below). 
For many years there has been uncertainty about the importance 
of the intramyocellular triglyceride as elevated quantities are also 
seen in trained athletes whose muscle shows none of these 

characteristics. Recently it has been suggested that obesity - related 
intramyocellular triglyceride is histologically in larger droplets 
which may have different phospholipid content, different 
enzymes associated with the droplets and an increased propensity 
to induce local production of metabolically active cytokines such 
as TNF -  α   [49] . These features are not seen with intramyocellular 
triglyceride in athletes.  

  Adipose  t issue  p ostabsorptive  m etabolism 
 As the body ’ s main energy store, the contribution of white 
adipose tissue to whole - body energy fl uxes is of obvious impor-
tance. White adipose tissue contributes about 20% of body weight 
in a  “ reference ”  (nonobese) man and 30% in a  “ reference woman ”  
 [23] . In trained athletes, the proportion of adipose tissue is 
smaller than in nonathletes (typically 9 – 12%) of body weight in 
men and women  [50]  but it still plays a key role in the supply of 
energy (NEFA) to exercising muscle. In obesity, the amount of 
adipose tissue may, of course, increase enormously. Although this 
excessive adipose tissue may not be as metabolically active (per 
kg) as in lean subjects, by virtue of its expanded mass it exerts 
powerful infl uences on some whole - body energy fl uxes. An 
athlete may have a total adipose tissue mass of  < 10   kg, whilst his 
morbidly obese age -  and height - matched colleague is likely to be 
carrying  > 60   kg. 

 Despite its mass, adipose tissue plays only a small (5 – 10%) role 
in postabsorptive whole - body glucose disposal  [51 – 53] . The role 
of glucose and other fuel fl uxes is shown in Figure  10.3 .   

 Adipose tissue is mainly concerned with lipid fuel metabolism. 
The rate of release of NEFA from adipose tissue is the major 
determinant of the systemic plasma NEFA concentration and 
thus of the delivery of NEFA to other tissues  [54,55] . As shown 
in Figures  10.1  and  10.4 , this is a highly regulated process, switch-
ing in a short time from its high postabsorptive rate in the normal 
daily pattern to almost zero in lean subjects. These rapid changes 
in NEFA release refl ect regulation of the key enzyme in the 
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 Figure 10.3     Fluxes of metabolic fuels and gases in and out of adipose tissue 
of lean subjects in fasting, resting state (values are nmole/100   g tissue/min). For 
some metabolic fuels the equivalent ATP value of the fuel is indicated.  (Data 
from Coppack et al.  [90] .)  
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hydrolysis of adipocyte TG, the intracellular enzyme hormone -
 sensitive lipase (HSL). Regulation of HSL is co - ordinated 
(inversely) with regulation of fatty acid esterifi cation: when HSL 
is suppressed by insulin, fatty acid esterifi cation is stimulated and 
fatty acids are effectively trapped in adipocytes.   

 In normal daily life, most of the regulation of NEFA delivery 
from adipose tissue  [56]  is determined by the inhibitory effect of 
insulin on HSL (reviewed by Coppack et al.  [16] ). HSL is stimu-
lated by agents that raise the cellular cyclic AMP concentration, 
particularly  β  - adrenergic agents, and in the longer term by a 
number of hormones, including growth hormone and cortisol, 
which may either affect enzyme expression or modify the sensi-
tivity to catecholamines (e.g. by regulation of adrenoceptor 
expression). In normal subjects fasted overnight, local introduc-
tion of propranolol into subcutaneous adipose tissue has no effect 
on lipolysis, suggesting that adrenergic stimulation of lipolysis is 
not operative in this state  [57] . Instead the lipolytic  “ tone ”  against 
which insulin acts may be set by the normal early morning rise 
in cortisol  [58]  and perhaps by overnight growth hormone pulses 
 [59,60] . 

 Despite the primacy of HSL in lipolysis, adipose tissue lipolysis 
is maintained in HSL - defi cient animals, although sensitivity to 
catecholamine stimulation is reduced  [61,62] . This is due to the 
presence of at least one other TG lipase expressed in adipose 
tissue, although this other lipase (known as adipose triglyceride 
lipase, PNPLA2) is usually much less active than HSL  [63] . It has 
also been appreciated that the acute regulation of lipolysis is 
achieved only in part through reversible phosphorylation of HSL 
and consequent changes in its enzyme activity. 

 Perilipin is a protein that coats the fat droplet in white adi-
pocytes  [64] . Perilipin, like HSL, is phosphorylated in response 
to elevation of cellular cyclic AMP. Phosphorylation of perilipin 
causes it to move away from the fat droplet, whereas HSL trans-
locates from a cytoplasmic location onto the surface of the lipid 
droplet  [65] . 

 Adipose tissue plays an important part in the regulation of 
fasting plasma TG concentrations, in two ways. The rate of NEFA 
delivery plays a critical role in determining the rate of hepatic TG 
secretion in very low - density lipoprotein (VLDL) particles  [66] . 
In addition, adipose tissue is a major site of extraction of plasma 
TG, with LPL the rate - limiting enzyme. Adipose tissue LPL is 
least active in the postprandial state, but even then there is sig-
nifi cant removal of plasma TG. In fact, systemic plasma TG con-
centrations correlate inversely with adipose tissue TG clearance 
 [67] , suggesting a role for adipose tissue in  “ setting ”  the fasting 
plasma TG concentration. TG clearance in skeletal muscle does 
not relate in such a way to the plasma TG concentration  [30] . 

 The importance of white adipose tissue to whole - body amino 
acid metabolism is not entirely clear, although for some amino acids 
it may approach that of skeletal muscle, especially in obesity  [68] . 

 Adipose tissue also exerts major effects on energy metabolism 
through the secretion of a range of peptides and other factors 
(sometimes collectively termed adipokines or adipocytokines), 
some of which may act in a local paracrine manner, but some of 
which undoubtedly act as hormones signaling to the brain, skel-
etal muscle and other tissues. The best understood is the adi-
pocyte - derived hormone leptin. Leptin defi ciency in humans is 
characterized by widespread metabolic and physiologic distur-
bances, many of which are normalized on treatment with recom-
binant leptin  [69] . Another adipocyte - derived peptide that seems 
important is adiponectin (also known as adipoQ or Acrp30). 
Adiponectin secretion decreases with increasing adipose tissue 
mass, contrary to the pattern with leptin and other adipokines 
 [70] . Adiponectin has clear insulin - sensitizing effects in tissues 
other than adipose  [71,72] . Although these aspects of adipose 
tissue function are not the subject of this chapter, they may well 
complement the better established functions of adipose tissue in 
energy metabolism. Secretory functions of adipose tissue have 
been extensively reviewed elsewhere  [4,73,74] . This is further 
discussed in Chapter  9   .  
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 Figure 10.4     Major metabolic fl uxes in skeletal muscle 
(glucose uptake, m) and white adipose tissue (NEFA 
release, l) in the overnight fasted state, and their 
responses to ingestion of a mixed meal. Changes of 
several - fold are observed within 60 – 90   min of meal 
ingestion. Fluxes were estimated by selective venous 
catheterization with measurement of arteriovenous 
differences and blood fl ow.  (Data taken from the studies 
reported in Coppack et al.  [90,109]  with the addition of 
further subjects by Frayn.)  
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  Postabsorptive  m etabolism in  o ther  t issues 
 The metabolism of brown adipose tissue (as seen in rodents) is 
different in many respects from that of white adipose tissue and, 
as its contribution to whole - body energy fl uxes in adult humans 
is probably small, it will not be covered in this chapter. Nonethe-
less, measurement of regional heat production suggests that even 
in the absence of classic brown adipose tissue with the same his-
tologic features as seen in rodents, there may be human fat depots 
that do have specialized thermogenetic actions. This regional heat 
production is inducible by cold exposure, but it is unclear how 
much of a role it plays in clinical obesity. It is arguable whether 
human adipose tissue depots should be considered as different 
shades of beige rather than strictly brown or white. 

 Additionally, the study of brown adipose tissue led to the elu-
cidation of a potentially very important aspect of energy metabo-
lism. Brown adipose tissue is specialized for the production of 
heat. This is achieved by the expression of a protein, uncoupling 
protein 1 (UCP - 1) or thermogenin, in the inner mitochondrial 
membrane. UCP1 is a member of the mitochondrial proton 
transporter family. The proton gradient generated by the electron 
transport chain across the inner mitochondrial membrane is nor-
mally used for the synthesis of ATP. The effect of UCP1 is to 
instead discharge this gradient. Metabolic energy is therefore 
released as heat. Brown adipose tissue generates most of its heat 
by oxidation of fatty acids. A family of UCPs  [75]  have been 
discovered, related to UCP1. UCP2 is ubiquitously expressed, 
whereas UCP3 is expressed mainly in skeletal muscle. It remains 
uncertain whether these UCPs (2 and 3 especially) are involved 
in uncoupling of oxidative phosphorylation in tissues other than 
brown adipose tissue, although this has also been much debated 
 [76 – 78] . UCP3, in particular, could potentially play an important 
role in energy metabolism because of its expression in skeletal 
muscle. 

 Postabsorptive liver metabolism in obesity shows some impor-
tant changes. Of note, hepatic glucose output is increased  [79] . 
The circulating concentrations of gluconenogenic precursors 
(glycerol, lactate, amino acids) are themselves increased in 
obesity. The other major change has already been mentioned: 
increased delivery of NEFA to the liver seems to produce both a 
fatty liver (discussed in greater detail in Chapter  16   ) and an 
increased hepatic production of VLDL. There are multiple steps 
regulating the number and size of VLDL particles, but the  “ mass 
action ”  of excess intrahepatocellular triglyceride coupled with 
increased NEFA infl ux into the liver from the circulation seems 
to be an irresistible drive to increase VLDL - TG  [66,80,81] .   

  Postprandial  c onditions 
 The postprandial period starts promptly with ingestion of a sig-
nifi cant meal (and of course, due to the  “ cephalic phase, ”  some 
changes may precede it). Its duration varies with the size of the 
meal, with the composition of the meal and with interactions 
between the contents of the meal. Isocaloric meals of hamburger 
versus baked potato with beans, or brown rice versus fruit juice 
show different postprandial characteristics. As the postprandial 

period ends, the subject gradually changes back towards a 
postaborptive metabolic state, the carbohydrate changes usually 
preceding the lipid changes. 

 It is not the intention of this chapter to discuss the differences 
in diets of obese and lean people, beyond suggesting that obese 
people may have genetic  [82] , or non - genetic reasons for eating 
a different diet (see Chapter  7 ).   

 The metabolic changes of the fasting/postprandial transition 
appear to be orchestrated almost entirely via insulin (see Fig. 
 10.1 ). 

  Whole -  b ody  p ostprandial  m etabolism 
 On a typical Western diet in which fat provides around 40% of 
energy, humans eat 200 – 300   g of carbohydrate and 70 – 100   g of 
fat (mainly TG) per day (approximate fi gures, for illustration 
only). If these are split between three main meals, a  “ typical ”  meal 
might contain around 80   g of carbohydrate and 30   g of fat. 

 The free glucose content of the body in the postabsorptive state 
is around 12   g. (The plasma glucose concentration is 5   mmol/Lor 
about 0.9   g/L, and the extracellular fl uid volume is about 20% of 
body weight or 13   L.) Therefore, at one meal we eat enough 
glucose to raise the plasma glucose concentration around eight-
fold. Likewise, if one compared the R a  of glucose in the fasting 
state, which depends upon hepatic glucose output  [83] , to the R a  
of glucose after a meal, the R a  glucose would increase more than 
10 - fold after most meals. In normal people, however, the rise in 
plasma glucose concentration is no more than 60% of basal. 
These fi gures attest to homeostatic mechanisms that minimize 
the excursions of plasma glucose concentration. These mecha-
nisms include rapid suppression of endogenous hepatic glucose 
production, together with increased glucose disposal into cells. 

 The many changes that occur after a typical meal have proven 
diffi cult to study in a reproducible manner and hence techniques 
have developed for studying isolated components of the post-
prandial state. Foremost amongst these is the  “ glucose clamp ”  
approach suggested by Sherwin. This has provided a great deal of 
consistent information on skeletal muscle substrate utilization 
 [84] . In this technique, glucose is infused intravenously, usually 
against a background of insulin infusion at a constant rate, to 
raise the plasma insulin concentration to some predetermined 
level (hyperinsulinemic clamp). The rate of glucose infusion is 
varied as necessary to keep the plasma glucose concentration, 
measured regularly at the bedside, constant within narrow limits: 
hence the plasma glucose concentration is  “ clamped. ”  Under 
these conditions the rate of glucose disappearance from the 
plasma must equal the rate of glucose entry, which is known (as 
it is being infused). Any contribution from hepatic glucose release 
is usually small under these conditions, although it may be esti-
mated by infusion of a labeled glucose tracer. The technique 
therefore provides a means for assessing whole - body glucose uti-
lization at controlled plasma insulin concentrations, and thus 
gives a measure of whole - body insulin sensitivity: it is usually 
regarded as providing the  “ gold standard ”  assessment of this 
parameter  [85,86] . 
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 Postprandially, indirect calorimetry shows an increase in REE 
with an increase in the whole - body RQ to above 0.9 (usually above 
0.95). Similar changes are seen during a hyperinsulinemic glucose 
clamp. Whole - body rates of carbohydrate oxidation and lipid oxi-
dation can be measured. It is usually found that under hyperin-
sulinemic conditions (post meal or hyperinsulinemic clamp) 
glucose oxidation increases and accounts for around 20 – 30% of 
the total glucose disposal rate  [87,88, 89] . The remainder refl ects 
 “ nonoxidative glucose disposal, ”  sometimes called glucose storage, 
although anaerobic glycolysis is also included in this portion. 

 Postprandial lipid fl uxes are also different from fasting values. 
Extracellular TG is confi ned to the plasma volume (in a normal 
individual, around 3   L at 1   mmol/L or 0.85   g/L, i.e. 2.5 – 3   g of extra-
cellular TG). We eat enough TG in a typical meal to raise our 
plasma TG concentration at least 10 - fold. This does not happen; 
a typical postprandial excursion in plasma TG concentration is 
more like 50 – 60% of the fasting concentration  [90,91] . This must 
also imply the existence of co - ordinated mechanisms for regulat-
ing the delivery of endogenous TG to the circulation, and stimu-
lating TG clearance. These have been much less studied than those 
responsible for glucose homeostasis, particularly the regulation of 
hepatic TG secretion in the postprandial period (because of the 
methodologic diffi culties of such experiments), but it is clear that 
peripheral tissues are responsible for most of the increased TG 
clearance in the postprandial period. Obesity and high - fat meals 
each cause relative hypertriglyceridemia  [92,93] .  

  Muscle  p ostprandial  m etabolism 
 After eating, skeletal muscle metabolism switches within a few 
minutes from the low carbohydrate uptake of fasting to a post-
prandial state of rapid glucose uptake, such that skeletal muscle 
is undoubtedly the major extrahepatic tissue involved in this co -
 ordinated regulation of glucose metabolism. The contribution of 
white adipose tissue is very small in comparison. 

 To study muscle behavior, the glucose clamp technique may 
be combined with selective catheterization of the venous drainage 
of a skeletal muscle bed (e.g. forearm or leg) (see Fig.  10.2 ). 
Making assumptions about the uniformity of the muscle mass, 
such studies suggest that the contribution of skeletal muscle in 
whole - body glucose disposal during hyperinsulinemia is a major 
one (70 – 85%)  [87,94] . A corollary is that skeletal muscle is the 
tissue which predominantly  “ sets ”  the insulin sensitivity of 
glucose metabolism for the whole body  [95] . 

 In the postprandial state, the increased plasma glucose and 
insulin concentrations lead to increased glucose uptake by 
muscle, mainly via the insulin - regulatable glucose transporter 
GLUT4, and to increased glucose disposal within the muscle cell 
by co - ordinated regulation of the pathways of glycogen deposi-
tion, glycolysis and pyruvate oxidation. The glucose taken up 
from the plasma by muscle is either oxidized or stored as glycogen 
or released as lactate. Measurements made by selective venous 
catheterization suggest that around 25%  [93,96,97]  to 45%  [28]  
of an oral glucose load (whether given as a pure glucose load or 
as part of a mixed meal) is disposed of by resting skeletal muscle 

during the 4 – 6 hour postprandial period. Direct measurements 
of muscle glycogen deposition by  13 C - NMR spectroscopy show 
muscle glycogen content increasing by around 25%; net glycogen 
deposition in muscle during the 7   h following a mixed meal 
accounted for around 20% of that ingested  [98] . 

 Postprandially, fatty acid utilization by skeletal muscle 
decreases rapidly as glucose uptake and oxidation become the 
more important processes. It seems that muscle fatty acid utiliza-
tion is actually regulated by the release of NEFA from adipose 
tissue, which is rapidly inhibited by insulin after a meal (see Figs 
 10.1 , 10.4 ). Also, rat studies indicate that insulin may regulate 
fatty acid uptake and esterifi cation in the myocyte  [99,100] , sug-
gesting there may also be direct control of muscle fatty acid 
uptake in the postprandial state. However, the physiologic signifi -
cance of these latter fi ndings remains uncertain in humans. 

 Among tissues that clear circulating triglyceride, skeletal 
muscle and adipose tissue play major roles postprandially  [101] . 
The role of skeletal muscle appears to be very variable from 
person to person, and greatest in the highly endurance - trained 
individual, in whom TG clearance is very rapid  [102] . It may be 
much less in the habitually sedentary person. The extraction of 
plasma TG fatty acids by muscle has been little explored. Although 
it may not occur at a high rate per unit mass of skeletal muscle, 
the bulk of skeletal muscle means that its contribution to whole -
 body plasma TG clearance may be substantial. The expression of 
skeletal muscle LPL is increased considerably by training  [103]  
and training is also associated with a marked improvement in fat 
tolerance (i.e. the increase in plasma TG concentration following 
a fat load, also called  “ postprandial lipemia ” )  [102,104,105] . It 
has been suggested that plasma TG fatty acids extracted by skel-
etal muscle serve mainly to replenish the intramuscular TG pool 
 [106] . However, on the basis of a studies in rats, a model has been 
proposed in which fatty acids from TG mix locally at the capil-
laries with plasma NEFA, where they would lead to an increase 
in local NEFA concentration and hence NEFA uptake. This sug-
gests that muscle does not distinguish between TG - derived NEFA 
and plasma NEFA  [107] . 

 Skeletal muscle LPL is suppressed by insulin  [108] , in contrast 
with adipose tissue, in which LPL is activated by insulin. This sug-
gests that adipose tissue plays a more important role than skeletal 
muscle in clearance of plasma TG in the postprandial state. This 
may not be true for all subjects, because the suppression of skeletal 
muscle LPL by insulin is not very marked, and the bulk of skeletal 
muscle, especially in an athlete in whom muscle LPL is particu-
larly active, may give it an equally or even more important role.  

  Adipose  t issue  p ostprandial  m etabolism 
 The uptake of glucose by white adipocytes has been extensively 
studied  in vitro . Unfortunately, it seems clear that adipose tissue 
contributes relatively little (5 – 10%) to fasting whole - body glucose 
utilization, and in the postprandial period its contribution to 
glucose metabolism is dwarfed by that of skeletal muscle  [109] . 
Adipocytes have a small store of glycogen, the concentration of 
which varies with feeding and fasting  [110] , but again, this cannot 
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be a major contributor to whole - body carbohydrate economy. 
The role of glucose in adipocyte metabolism is twofold. First, 
glucose metabolism (mainly complete oxidation) seems to be a 
major route of ATP generation in white adipocytes  [111] . Second, 
in the postprandial period, glycolysis provides glycerol - 3 - phos-
phate, which is needed for esterifi cation of the fatty acids deliv-
ered to adipocytes from LPL in the capillaries. It might therefore 
be expected that adipose tissue glucose uptake would increase at 
this time, but the proportion of glucose metabolism diverted to 
glycerol - 3 - phosphate production, even after a high - fat meal, is 
only around 20%  [112] . 

 In sedentary people (in contrast to athletes), the role of adipose 
tissue appears to be larger than that of skeletal muscle in clearing 
circulating triglyceride - rich lipoproteins (compare Fig.  10.2  and 
Fig.  10.3 ). Partly this is the effect of varying body composition 
and partly due to insulin activating adipose tissue LPL. Adipose 
tissue also plays a key role in overall lipid homeostasis since a 
major and dramatic effect of meal ingestion is to suppress intra -
 adipocyte TG hydrolysis and thus the release of NEFA from 
adipose tissue The rate of supply of NEFA to the liver is a major 
determinant of hepatic TG secretion, and reduction in adipose 
tissue NEFA release is an important component of the suppres-
sion of hepatic TG secretion by insulin  in vivo   [66,80,81] . These 
considerations have led to the description of adipose tissue as a 
 “ buffer ”  for the daily infl ux of dietary fatty acids into the circula-
tion  [113] . As dietary fat enters the circulation, adipose tissue TG 
clearance is increased by insulin, and the release of NEFA is sup-
pressed. By these means, postprandial excursions of  “ fatty acids ”  
(TG and NEFA) are minimized, just as the liver and skeletal 
muscle  “ buffer ”  the daily infl ux of glucose. 

 As mentioned above, adipose tissue LPL is activated by insulin, 
and possibly by other hormones, including those released from 
the gut in response to feeding  [114]  (Fig.  10.5 ). Adipose tissue 
extraction of chylomicron - TG is avid, averaging around 30% of 
the arterial concentration in a single passage through the tissue 
 [30]  although this varies considerably from person to person. The 
quantitative role of adipose tissue in removal of plasma TG in the 
postprandial period has been estimated by a number of means. 
Marin et al. fed a meal containing 120   g of fat labeled with 14C -
 oleic acid  [115] . After 24 hours, biopsies showed 60   g of this had 
been deposited in adipose tissue (in a group who had eaten a 
carbohydrate - rich breakfast), and the fi gure increased slowly over 
the next month. Romanski et al. performed similar studies and 
found that 24% (in men) to 35% (in women) of an oral fat load 
had been deposited in subcutaneous adipose tissue after 24 hours 
 [116] . Arteriovenous difference studies suggest that in lean sub-
jects about 35% of the fat load in a mixed meal is stored in 
adipose tissue over the subsequent 6 hours  [89] . The magnitude 
of postprandial lipemia is inversely related to the LPL activity 
measured in plasma following injection of heparin, which releases 
LPL from its endothelial binding sites  [117]  although this does 
not distinguish between LPL released from different tissues. 
Defective activation of adipose tissue LPL is associated with 
increased postprandial lipemia  [118] .   

 The fatty acids released by LPL can have different fates in dif-
ferent tissues. In skeletal muscle it appears that the fatty acids 
released by the action of LPL on plasma TG are quantitatively 
extracted by the muscle: no net  “ overspill ”  of fatty acids is seen 
during the postprandial period, for instance, when skeletal muscle 
LPL is active against chylomicron - TG  [119] . The fate of these 
fatty acids is either esterifi cation to replenish the intramuscular 
TG pool (ultimately a source for fatty acid oxidation) or direct 
oxidation. In adipose tissue, plasma TG extraction by LPL pro-
vides the source of fatty acids for deposition as intracellular TG, 
the ultimate energy store of the body. Teleologically, this process 
should be highly regulated, as the body ’ s fat store is closely related 
to whole - body energy balance. It is not therefore surprising to 
fi nd an additional level of control in adipose tissue. LPL - derived 
fatty acids in adipose tissue are not all taken up by adipocytes for 
esterifi cation and storage. A proportion of these appear always to 
be released into the venous plasma in the form of NEFA  [112,119] . 
So far as is known at present, this role of LPL in delivery of NEFA 
into the plasma is specifi c to white adipose tissue. However, regu-
lation of the fate of LPL - derived fatty acids is a key process in the 
regulation of fat storage. In the fasted state there would seem little 
teleologic value in storage of plasma TG - derived fatty acids, when 
the adipocyte itself is liberating fatty acids at a high rate into the 
plasma. Accordingly, in that state there is almost complete release 
of LPL - derived fatty acids as NEFA into the plasma  [112] . Adipose 
tissue LPL in the fasted state acts as a generator of plasma NEFA 
additional to the intracellular HSL. In the postprandial period, 
however, this changes markedly with much greater  “ capture ”  of 
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 Figure 10.5     Insulin resistance of the activation of white adipose tissue 
lipoprotein lipase (LPL) in obesity. Dose – response curves were constructed by 
infusing insulin at different rates on different occasions for 6   h, and activation of 
adipose tissue LPL was measured as the difference in LPL activity in biopsies 
taken before and after insulin infusion.  (Reproduced from Eckel  [127]  with 
permission.)  
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LPL - derived fatty acids for esterifi cation within the adipocytes 
(although never complete in the relatively normal meals studied) 
 [112,119,120] . 

 Regulation of fat storage in white adipose tissue therefore pri-
marily involves regulation of LPL, but the fi ne - tuning is provided 
by regulation of the pathway of fatty acid uptake and esterifi ca-
tion in adipocytes. The regulation of this pathway is becoming 
clearer. First, it depends upon simultaneous suppression of HSL 
activity, generating a concentration gradient so that fatty acids 
fl ow into rather than out from adipocytes. It is stimulated by 
insulin  [112]  and by the acylation - stimulating protein (ASP). 
ASP is a potent stimulator of fatty acid esterifi cation in adipocytes 
 [121]  and is produced locally within adipose tissue by the interac-
tion of three components of the alternative complement pathway 
(D or adipsin, B and C3). These adipsin components are secreted 
from adipocytes, and their interaction is stimulated by the pres-
ence of chylomicrons  [122,123] . Regulation of the fate of LPL -
 derived fatty acids in adipose tissue is of interest, not least because 
of the potentially adverse consequences of disturbed regulation 
of this pathway  [124] . 

 Adipose tissue metabolism is profoundly altered by obesity  per 
se , and potentially by a previous history of obesity, but these pos-
sible infl uences are diffi cult to separate. Nevertheless, there are 
some very plausible mechanisms whereby particular characteris-
tics of adipose tissue might predispose to obesity. It was previ-
ously considered that the number of fat cells is determined in 
infancy and invariant thereafter, suggesting that an overweight 
child may become an overweight adult because the capacity is 
there, whereas a lean child could not so easily become obese in 
adulthood. Attractive as this idea is, there is no evidence for it 
 [125] ; in fact, even octogenarians have adipocyte precursors that 
can differentiate into mature adipocytes  [126] . 

 Much attention has centered upon adipose tissue LPL as a 
cause for obesity. The idea that overexpression of LPL might 
provide a stimulus to fat storage has found some favor, not least 
because many studies show adipose tissue LPL activity to be 
increased in established obesity  [127,128] . However, it is diffi cult 
to distinguish cause and effect. Because of the complex regulation 
of fat storage discussed above, it seems unlikely that overactivity 
of LPL in itself could cause excessive storage. Adipose tissue can 
regulate the amount of fat it stores independently of LPL capacity. 
For instance, in human LPL defi ciency, adipocytes are normally 
fat fi lled  [129]  and in mice with adipose tissue - specifi c defi ciency 
of LPL, adipose tissue lipid stores are maintained by upregulation 
of  de novo  lipogenesis  [130] . The possibility that disturbed regula-
tion of other components of the fat storage system  [131]  e.g. of 
the enzymes of fatty acid esterifi cation or of ASP, could lead to 
excessive fat deposition has not been explored extensively, 
although it is known that ASP concentrations are increased in 
obese subjects  [132] .  

  Postprandial  m etabolism in  o ther  t issues 
 Perhaps the most important postprandial abnormality seen in the 
liver is the failure to suppress hepatic glucose output in obese, 

insulin resistant subjects  [79,133] . There may be well be a similar 
failure to suppress release of VLDL particles, but this has not been 
so thoroughly studied.   

  Exercise 
  Whole -  b ody  m etabolism  d uring  e xercise 
 During exercise, the metabolic fl ux in skeletal muscle may 
increase enormously and skeletal muscle metabolism dominates 
whole - body energy fl uxes. During exercise, glucose metabolism 
changes dramatically. 

 During light exercise (25%, VO 2max ) there is little mobilization 
of muscle glycogen, but glucose uptake, oxidation and conversion 
to lactate are stimulated. In this condition whole - body glucose 
turnover increases initially by about 50% and it seems likely that 
all this increase is directed to skeletal muscle  [134] . 

 During heavier exercise (e.g. 65%VO 2max ) muscle glycogen 
breakdown is stimulated and glucosyl residues from this source 
are a major fuel for anaerobic and oxidative metabolism. Plasma 
glucose utilization is also increased and lactate may thus be recy-
cled via hepatic gluconeogenesis. Whole - body glucose turnover 
increases to more than three times its resting value after 2 hours 
of exercise at this intensity, and again this is largely taken up by 
skeletal muscle  [134] . Whole - body glucose oxidation measured 
by indirect calorimetry may increase by about 12 - fold  [134]  and 
most of this must be accounted for by skeletal muscle; at 85% 
VO 2max  glucose oxidation increases about 30 - fold. Metabolic and 
physiologic adjustments bringing about this increased carbohy-
drate oxidation include increased cardiac output and muscle 
vasodilation, vastly increasing glucose delivery to working muscle 
and the co - ordinated regulation, via changes in intracellular Ca 2+  
and Pi concentrations, of contraction and of glycogenolysis and 
glycolysis  [20,135] . During moderate or heavy exercise skeletal 
muscle is therefore by far the dominant tissue in glucose disposal 
in the body.  

  Muscle  m etabolism  d uring  e xercise 
 During exercise, the O 2  consumption of skeletal muscle increases 
enormously; values of 350   mL of O 2 /min per kilogram wet weight 
have been recorded  [136]  and under those conditions muscle 
oxygen uptake dominates that of the body. 

 Skeletal muscle is a major site of ATP turnover in the body, 
especially during exercise (Fig.  10.6 ). During a marathon run, the 
mass of ATP turned over in skeletal muscle alone is approxi-
mately equal to body mass  [20] . Clearly, skeletal muscle has very 
effi cient pathways for regeneration of ATP.   

 The main sources of free energy for ATP synthesis in skeletal 
muscle are anaerobic glycolysis and the complete oxidation of 
both carbohydrate and fatty acids. Amino acid oxidation also 
plays an important role, especially oxidation of the branched 
chain amino acids valine, leucine and isoleucine: in humans, 
these are largely completely oxidized within skeletal muscle. 
These substrates arise from the circulation (plasma glucose, 
NEFA, TG fatty acids and amino acids), from the intramuscular 
stores of glycogen and TG and from muscle protein. Typical 
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 Figure 10.6     Major routes of ATP generation in skeletal muscle. Each arrow 
may represent more than one step in a pathway. Glucose uptake is mainly by 
the insulin - regulatable transporter GLUT4 in the fed state but GLUT1 may play 
an important role in the fasting state. The contribution of amino acids to 
oxidative metabolism is not shown for simplicity.  “ Contraction ”  refers to 
stimulation of muscle contraction, which is co - ordinated with metabolism via a 
number of intracellular mediators including intracellular Ca 2+ . FAT(P) represents a 
possible fatty acid transporter; G - 6 - P, glucose - 6 - phosphate; LPL, lipoprotein 
lipase; TG, triacylglycerol; TCA cycle, tricarboxylic acid (Krebs) cycle.  (Reproduced 
from Frayn  [20] with permission.)  

muscle contents of glycogen and of TG show considerable vari-
ability among muscles, nutritional states and individuals, but 
some representative fi gures are collated in Table  10.2 .   

 The relative use of carbohydrate or lipid fuels is a function of 
the intensity and duration of exercise. The shorter the duration, 
the more intense the exercise and the less fi t the subject, the 
greater the dependence on carbohydrate fuels, as rapid and 
greater usage of lipid fuel is a hallmark of the trained athlete. 

 The relative contributions of extramuscular and intramuscular 
sources of fuel have been the subject of much research, although 
there are many methodologic diffi culties in such studies. Muscle 
biopsy techniques have clearly shown the utilization of muscle 
glycogen during exercise, and a reasonably consistent picture 
of glycogen depletion during exercise and repletion after 
refeeding has been built up  [137] . Muscle glycogen deposition 
in the resting state after a meal has been confi rmed by the 
technique of  l3 C - nuclear magnetic resonance (NMR) spectros-
copy  [98] . 

 Several biopsy studies have tried to clarify the contribution of 
intramuscular TG during exercise to the muscles energy needs. 
The results are not consistent, due in part to the fact that skeletal 
muscle TG concentrations are extremely variable even from site 
to site within a single muscle  [138] . These studies mostly show 
the expected decline in muscle TG concentration during exercise 
 [139,140]  although one study using sequential biopsy suggested 
that muscle TG utilization was most pronounced during the pos-
texercise period  [141] . This postexercise decline has not been 
substantiated in other studies  [140] . 

 The contribution of plasma NEFA to oxidative metabolism can 
be estimated by the infusion of a labeled  13 C - NEFA tracer to 
measure  13 CO 2  production in expired air, whereas whole - body fat 
oxidation is measured by indirect calorimetry, and the difference 
is assumed to refl ect oxidation of intramuscular TG fatty acids 
(after correcting for the incomplete recovery of the  13 C - label in 
expired air,  “ acetate recovery factor ”   [142] ). However, this tech-
nique does not distinguish intramuscular TG fatty acids from 
those arising from plasma TG. Measurement of intramuscular 
TG (assumed to be intramyocellular lipid, IMCL) by magnetic 
resonance spectroscopy  [143]  has been used in muscle before and 
after exercise. Such measurements show the expected duration -
 dependent decline in IMCL with endurance exercise, although no 
change with high - intensity exercise  [144] . This body of data sug-
gests that intramuscular TG is, indeed, a signifi cant source of fatty 
acids for oxidation during exercise  [145] . 

 Muscles clearly also increase their uptake from the circulation 
of glucose and lipid fuels during exercise. For glucose, exercise 
can increase uptake over 10 - fold. The major point of regulation 
of increased glucose uptake is not entirely clear, but muscle 
vasodilation with increased glucose delivery may be an important 
factor. Furthermore, the amount of GLUT4 protein is a primary 
factor in determining the maximal rate of glucose transport into 
skeletal muscle. Under normal resting conditions, most of the 
GLUT4 molecules reside in membrane vesicles inside the muscle 
cells. In response to insulin or muscle contraction, GLUT4 trans-
locates to the cell membrane, where it inserts to stimulate glucose 
transport. Plasma insulin concentrations do not change during 
light exercise. 

 However, rapid changes in GLUT4 mRNA and protein may 
occur in response to exercise. Increased GLUT4 expression may 
be mediated by the enzyme AMP - activated kinase, which is acti-
vated during exercise and has been demonstrated to increase 
GLUT 4 transcription  [146 – 148] . 
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        Units     Low -
 carbohydrate 
diet  

   Mixed diet     High -
 carbohydrate 
diet  

   Reference  

  Glycogen    g/kg wet weight    10    20    30 – 40    Bergstr ö m et al  [179]   
      kJ/kg wet weight    170    340    510 – 680      
  Typical 

whole - body 
store  *    

  MJ    4.25    8.5    15      

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

   –     Collated  *  *    

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

   –       

  Typical 
whole - body 
store  *    

  MJ     –     11     –       

    * Assumes 25   kg of muscle.  
   *  * Collated from a number of sources: range from Phillips et al.  [180] .   

 Table 10.2     Typical glycogen and triacylglycerol 
(TG) contents of human skeletal muscle 

 During exercise, muscle NEFA utilization increases dramati-
cally. Plasma NEFAs are the major fuel for exercise at low inten-
sity (25% VO 2max )  [134] . At greater intensities of exercise they are 
also important, but other fuel sources are more important for the 
fi rst 2 hours or so. After that, these other sources (e.g. muscle 
glycogen) are depleted, and the ultra - endurance athlete utilizes 
almost entirely plasma NEFA as a fuel. Considering the size of 
the adipose tissue TG store, and greater ATP production per mole 
of oxygen from lipid compared to carbohydrate oxidation, this 
seems advantageous. For moderate - intensity exercise, trained 
subjects show rapid and extensive increases in lipid oxidation and 
the failure to make such changes is a hallmark of untrained (and 
obese) individuals. 

 It is generally considered that plasma TG fatty acids make 
only a small contribution to oxidative fuel metabolism during 

exercise. This seems to be true for exercise carried out in the 
fasting state, in which plasma TG is mainly present as very 
VLDL - TG. However, it is possible that the situation is different 
after a meal containing fat  [2,149] . Chylomicron - TG is a better 
substrate for muscle LPL than is VLDL - TG  [30]  and there is some 
evidence for marked TG clearance from postprandial plasma by 
exercising muscle  [149,150] . In addition, if the marked improve-
ment of fat tolerance evident in highly trained subjects does 
indeed refl ect improved TG clearance by skeletal muscle then this 
again suggests more than a modest contribution to muscle fatty 
acid delivery.  

  Adipose  t issue  d uring  e xercise 
 During exercise, there is a marked increase in NEFA delivery from 
adipose tissue  [151,152]  (Figure  10.7 ) and this is undoubtedly 
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 Figure 10.7     Major routes of fat deposition and 
mobilization in white adipose tissue. GLUT4, 
insulin - regulated glucose transporter; HSL, 
hormone - sensitive lipase; LPL, lipoprotein lipase; TG, 
triacylglycerol.  (Reproduced from Frayn  [20] with 
permission.)  
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mediated primarily by  β  - adrenergic stimulation  [57] . In sus-
tained high - intensity exercise, it may be reinforced by a slight fall 
in the plasma insulin concentration, and by secretion of both 
cortisol and growth hormone  [153] . Despite these changes, the 
rate of NEFA delivery does not increase in proportion to the 
intensity of exercise  [134] . It seems that adipose tissue perfusion 
during intense exercise may be inadequate to carry away all the 
fatty acids released in lipolysis  [154] . Evidence for this comes 
from the sudden release of NEFA that is observed when exercise 
stops  [134,153] ; presumably a sudden relief of relative vasocon-
striction allows  “ fl ushing out ”  of NEFA that have been trapped 
within the tissue.    

  Other 
 Exercise typically sees a reduced metabolic activity in visceral 
tissue as the available fuels and oxygen are funneled towards 
exercising muscle, for example NEFA uptake by the splanchnic 
bed being reduced by exercise  [152] . Hepatic glucose output can 
increase by around 2 – 3 - fold during exercise  [83] .    

  Impact of  d iets and  e nergy  i mbalance 

  Effect of  d ietary  m anipulation on  m etabolic  f uels 
 Under conditions of energy balance, whole - body RQ over 24 
hours will mirror the ingested diet  [148,155] . This metabolic 
 “ law ”  will mean that low - fat diets will inevitably reduce fat oxida-
tion and low - carbohydrate diets will do the opposite. 

 It has long been recognized that obese people have an increased 
basal metabolic rate  [156]  (see Chapters  6  and  12   ). This seems to 
be a function of their greater lean body mass  [157]  and the basal 
metabolic rate of weight - stable people seems to change in propor-
tion to their lean body mass [LBM]. Despite concerted searching 
there have been no changes identifi ed in basal metabolic rate 
(corrected for LBM) in weight - stable obese patients (in the 
absence of recognized endocrine disease such as hypothyroidism). 
This clearly leaves open the possibilities that: 
  1.     obesity is caused by increased energy intake  
  2.     obesity is caused by decreased activity - associated energy 
expenditure (or other forms of energy expenditure such as ther-
moregulatory energy expenditure)  
  3.     obesity is caused by excess weight gain during positive energy 
balance ( “ I will put on a stone in a couple of days if I am not 
careful ” )  
  4.     obesity is caused by reduced weight loss during negative 
energy balance ( “ I ’ ve tried every diet and can ’ t lose an ounce ” )  
  5.     combinations of 1 – 4.    
 Possibilities 1 and 2 are discussed elsewhere (Chapters  6  and  12   ). 
I will briefl y touch on possibilities 3 and 4. 

 Subjects who are weight - stable after losing weight usually are 
intermediate between those who have always been lean and those 
who have remained obese  [158 – 161] . There are usually diffi cul-
ties in being sure whether the  “ postobese ”  obese are similar to the 
 “ never obese ”  in terms of physical activity and body composition. 

Overall studies of postobese subjects suggest that most of the 
abnormalities characteristic of obesity are mostly reversible by 
weight loss.  

  Weight -  g aining  s tates 
 In everyday life, most subjects are in approximate energy balance 
over the average week or month. However, there are few data 
as to how many days have signifi cant positive energy balances 
(energy in exceeding energy out by  > 5%) and how many the 
converse. It is apparent that there is a general tendency for subjects 
to get heavier, less muscular and more adipose as they age over 
the decades of adult life (as discussed in Chapters  2  and  6   ). 
However, this is a gradual process and has not been studied in 
depth, although most believe that the change in body composition 
is a consequence of the gradual reduction in physical activity with 
aging. 

 In terms of the etiology of obesity, it seems easier to demon-
strate differences between obesity - prone and obesity - resistant 
subjects during conditions of energy excess (or defi ciency) com-
pared to situations of energy balance. Thus subjects with personal 
or family history of obesity gain weight more rapidly than lean 
subjects. 

 Deliberate overfeeding studies show that deliberate overeating 
produces weight gain, the rate of gain varying between individu-
als  [162,163] . In at least some people, excess calories from 
overeating can be diverted away from conversion to fat by 
increased energy expenditure  [164] . Neumann in 1902 and 
Gulick in 1920 termed such disappative mechanisms  “ luxurkon-
sumption. ”  However, there has been a prolonged and unresolved 
debate about the size of the effect and mechanisms that might be 
involved  [163] . In some studies (reviewed by Tappy  [162]  and 
Joosen and Westerterp  [165] ) obesity - prone subjects (who have 
been selected either because they were currently or previously 
obese, or because they have a strong family history of obesity) 
gain weight more rapidly when overfed experimentally. The puta-
tive mechanisms for this include reduced nonexercise activity 
thermogenesis (NEAT)  [166]  and there may also be reduced diet -
 induced and cold - induced thermogenesis  [162,165] . However, 
these studies are time - consuming and diffi cult to reproduce. No 
clear - cut changes in intermediary metabolism have been estab-
lished to explain the changes in speed of weight gain with over-
feeding whereas changes in food preference and NEAT have been 
demonstrated more convincingly.  

  Weight -  l osing  s tates 
 Weight - losing states have traditionally been studied by under-
feeding studies. There are solid data that negative energy balance 
induces weight maintaining counter - regulatory mechanisms. 
Reductions in basal metabolic rate are seen in both short - term 
 [164,167]  and longer - term studies  [168] . Detailed studies of 
metabolic changes during short - term studies have been reported. 
They show both whole - body changes (e.g. whole - body energy 
expenditure decreased by 10% with 3 days of severe ( − 66%) 
underfeeding) and changes at the level of individual tissues 
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 [169,170] . Perhaps the most famous underfeeding studies are the 
Minnesota Starvation Experiment  [171]  and Biosphere 2  [172]  
which demonstrate multiple behavioral, hormonal and metabolic 
changes in response to prolonged calorie restriction. 

 Differences in effectiveness of these  “ weight - maintaining ”  
mechanisms might underlie some propensity to obesity. However, 
there is debate as to whether weight - maintaining mechanisms are 
triggered by  “ slow and steady ”  diets as currently recommended 
for overweight subjects or whether they only become apparent 
when body weight goes below a healthy norm. Of course, 
differences in either the threshold or the effi ciency of weight -
 maintaining mechanisms could be crucial for successful obesity 
management. Garrow, reviewing his own clinical studies of con-
trolled weight loss usually of obese inpatients under supervision, 
reported no evidence of  “ weight defence ”  which slowed the 
weight loss from the expected rate within a 3 - week period. 

 Conversely, there are multiple possible mechanisms for differ-
ences in weight defence that could predispose to obesity  [21] . For 
example, HSL has been suggested as having a role in susceptibility 
to obesity. Net fat deposition refl ects the balance between two 
processes: fat mobilization and fat storage. If HSL activity is 
reduced, then there will be an increase in net fat deposition. This 
possibility was examined by measurement of HSL activity in 
adipose tissue biopsies in nonobese fi rst - degree relatives of obese 
subjects  [173] ; it was found that maximal HSL activity was 
reduced by about 50% in the relatives, compared with control 
subjects with no immediate family history of obesity. In the more 
physiologic setting of responses  in vivo  to a mixed meal or to 
insulin infusion, there is evidence that in postobese women (for-
merly obese women who have reduced their weight to the normal 
range, and who are considered to be a model of the genetically 
 “ at risk ” ) the ability of insulin to suppress plasma NEFA concen-
trations is enhanced  [92,160] . Thus, the tendency towards net fat 
storage would again be enhanced. 

 Overall, partly because they are more diffi cult to undertake, 
over -  and underfeeding studies have not clarifi ed the changes 
seen in obesity to the same extent as has been achieved in weight -
 stable patients. The importance of differences between individu-
als in  “ weight maintenance ”  mechanisms as a cause for the 
development of obesity has not been established.   

  Metabolic  i nfl exibility 

 As indicated above, there are multiple changes in metabolic 
behavior including fuel selection in obesity. However, the 
 “ denominator problem ”  makes it diffi cult to be sure whether 
these changes are adaptive or not, as discussed by Frayn 
 [113,174] . Eckel has questioned whether the insulin resistance 
may be actually adaptive  [175] . One aspect that seems unequivo-
cally maladaptive is the metabolic infl exibility typical of obese 
patients (and also seen in insulin - resistant and glucose - intoler-
ant subjects). 

 Table 10.3     Some examples of metabolic infl exibility seen in obesity  . 

   Physiologic 
stimulus  

   Tissue     Normal 
response  

   Change in 
obesity  

   Consequence  

  Food/glucose    Pancreas    Good 1 st  phase, 
insulin response  

  Blunted and 
delayed  

  May lead to 
other delays  

  Food/
glucose/
insulin 
clamp  

  Muscle    Increase in glucose 
uptake, local 
RQ, switch to 
glucose 
oxidation  &  
increase in 
glycogen 
storage  

  Blunted    Glucose 
intolerance  

  Food/glucose    Adipose 
tissue  

  Increase in local 
blood fl ow  

  Blunted    Uncertain  

  Food/glucose    Adipose 
tissue  

  Suppression of 
NEFA, release 
(HSL action)  

  Blunted and 
delayed  

  Excess lipid fuel 
availability in 
postprandial 
state  –  may 
drive 
dyslipidemia  

  Prolongation 
of fasting  

  Adipose 
tissue  

  Reduced leptin 
secretion and 
increase in 
lipolysis  

  Blunted      

  Exercise    Whole 
body  

  Increase in VO 2max     Blunted    Reduced exercise 
capacity  

  Exercise    Muscle    Glucose uptake 
from circulation, 
switch to fatty 
acid oxidation  

  Blunted and 
delayed  

  Reduced exercise 
capacity  

 This key concept, introduced by Kelley  [95,96] , points out that 
in most aspects, obese subjects show slow, and often incomplete, 
responses to metabolic changes. Some examples are given in 
Table  10.3  and Figures  10.8  and  10.9 .     

 Although it has been suggested that the interpretation of meta-
bolic infl exibility needs to be  “ corrected ”  for defects in glycemic 
regulation, this does not detract from the central proposal that 
metabolic infl exibility has many features. Many of these features 
are clearly maladaptive and none appear adaptive. Some genes 
have been identifi ed that may induce metabolic infl exibility but 
the most obvious causes in the general population are obesity and 
low physical fi tness. The mechanisms causing metabolic infl exi-
bility are currently being studied. 

 An important feature of metabolic infl exibility is that weight 
loss reverses (at least partially) all the elements that have been 
tested (see Fig.  10.10 ).    
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 Figure 10.9     Concentrations of NEFA in arterial and venous effl uent from 
adipose tissue, before and after a mixed meal given at time zero, in (a) lean and 
(b) obese subjects. Values are means ( ± SEM).  (Data from Coppack et al.  [80] .)  
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 Figure 10.10     Illustration of the metabolic response in the leg (largely 
indicative of skeletal muscle response) to elevation of insulin levels at euglycemia 
in lean (�), obese ( � ), and obese maintained at plateau after substantial 
(approximately 15kg) weight loss ( � ). Values are means with their standard 
errors represented by vertical bars. The results show the complete metabolic 
infl exibility of the obese individual compared with lean healthy individuals, which 
is only very partially restored by weight loss.  (Redrawn, with permission from the 
American Physiological Society, from Kelley 1999 et al.  [178] .)  
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 Figure 10.8     Insulin resistance of skeletal muscle glucose uptake in obesity. 
Glucose uptake was measured across the leg by femoral venous catheterization 
and measurement of blood fl ow, and insulin was infused at increasing rates to 
construct the dose – response curves. Plasma glucose concentrations were 
 “ clamped ”  at 5   mmol/L. There is a clear shift to the right of the dose – response 
curve of glucose uptake against serum insulin concentration in the obese group. 
 (Reproduced from Laakso et al.  [177]  with permission.)  
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11  Eating Behavior  

  John   E. Blundell, 1      Graham   Finlayson 1    and   Jason C.G.   Halford 2   
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   How  e ating  b ehavior and  a ppetite  c ontrol 
 c ontribute to an  u nderstanding of  o besity   

 It is often asserted that obesity arises because of an imbalance in 
the management of the energy budget. In simple terms, a positive 
energy balance leads to a storage of energy (mainly as fat). The 
energy balance equation is often represented as a set of kitchen 
scales with energy intake on one side and energy expenditure on 
the other. The model suggests a simple mechanical operation in 
the effects on energy storage of changes in the provision and 
utilization of energy. This model is certainly false since the instru-
ment that manages fl ows of body energy is not a simple mechani-
cal device but a physiologically regulated system. Therefore, 
changes in either the intake or expenditure of energy do not have 
a simple additive or subtractive effect on the body ’ s energy stores 
but are subject to physiologically regulated processes. This has 
many implications, one of the most important being that the 
system tolerates an energy surplus (positive energy balance) 
much more readily than it accepts an energy defi cit. The system 
operates asymmetrically  [1]  although both surpluses and defi cits 
are subject to physiologic adjustment  [2] . 

 Since eating behavior is obviously involved in the energy intake 
side of the equation, this asymmetry has implications for under-
standing how eating behavior, in the form of overconsumption, 
contributes to weight gain and how eating behavior can be 
adjusted to bring about weight loss (and weight maintenance). In 
understanding how eating behavior contributes to weight gain, 
one principal factor is that the overconsumption is largely 
 “ passive ”   [3]  although there are defi nite mechanisms that are 
involved in this passive overconsumption. We can speak of 
drivers of overconsumption even though the process is conceived 

to be passive, i.e. it happens without any deliberate attempt to 
overeat. In contrast, the achievement of an energy defi cit through 
eating behavior will require a defi nite and positive intervention 
through a cognitively mediated process or through some coercive 
adjustment of the environment. Therefore, understanding eating 
behavior, and the processes responsible for its expression, can 
throw light on how eating (rather easily) contributes to weight 
gain, and how it can be adjusted (with considerable diffi culty) to 
bring about weight loss and the prevention of weight regain. 

 The processes infl uencing eating behavior that allow overcon-
sumption, and that create impediments for a reduction in energy 
intake, overlap. These processes involve the so - called energy 
homeostasis system and the hedonic system. Overconsumption 
is now widely regarded as arising from the strength and abun-
dance of environmental stimuli (mainly foods) that cause a 
potent hedonic response which, in turn, overcomes the capacity 
of the homeostatic processes to inhibit food seeking and inges-
tion. The treatment of obesity through attempts to restrict eating 
behavior are resisted by a number of factors including: the will-
ingness of people to relinquish a source of enjoyment in their lives 
(the hedonic response to eating), by diffi culties in reversing the 
long - term rewarding effects of food on established eating habits, 
and by the opposing physiologic response to weight loss (decrease 
in leptin and increase in ghrelin, for example) (see also Rosen-
baum et al.  [4] ). At the present time the treatment of obesity has 
not revealed a strategy capable of dealing with these forces on a 
scale required to curb the epidemic of obesity. 

 An examination of eating behavior can indicate possibilities for 
a deeper understanding of energy intake and how it can be con-
trolled. Considering the human eating response, it is clear that we 
are not dealing with a uniform or homogeneous entity. There 
appears to be no unique pattern of eating, or form of energy 
intake, that will exclusively and inevitably lead to an excess of 
intake over expenditure. Nevertheless, some characteristics of the 
expression of appetite do render individuals vulnerable to over-
consumption of food  –  these can be regarded as  risk factors . 
Moreover, it is clear that, when considering the impact of the 
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obesogenic environment on weight gain, there is enormous vari-
ability  –  some people are susceptible whilst others are resistant. 
Therefore we should not expect forms of eating behavior that 
create vulnerability to overconsumption to occur in all people. 
Any attempt to describe universal factors that link eating behavior 
with weight gain is likely to end in failure. Therefore the ideologic 
framework within which scientists conduct research on eating 
behavior is important in coming up with insights and solutions.  

  Conceptualization of the  s ystem  c ontrolling 
 f ood  i ntake  b ehavior 

 It is now accepted that the control of appetite is based on a 
network of interactions forming part of a psychobiologic system. 
The system can be conceptualized on three levels (Fig.  11.1 ). 

These are the levels of psychologic events (hunger perception, 
cravings, hedonic sensations) and behavioral operations (meals, 
snacks, energy and macronutrient intakes); the level of peripheral 
physiology and metabolic events; and the level of neurotransmit-
ter and metabolic interactions in the brain  [5] . Appetite refl ects 
the synchronous operation of events and processes in the three 
levels. When appetite is disrupted, as in certain eating disorders, 
these three levels become desynchronized. Neural events trigger 
and guide behavior, but each act of behavior involves a response 
in the peripheral physiologic system; in turn, these physiologic 
events are translated into brain neurochemical activity. This brain 
activity represents the strength of motivation to eat and the will-
ingness to refrain from feeding.   

 The lower part of the psychobiologic system (see Fig.  11.1 ) 
illustrates the appetite cascade which prompts us to consider the 
events which stimulate eating and which motivate organisms to 
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 Figure 11.1     A version of the satiety cascade, showing the expression of appetite as the relationship between three levels of operations: the behavioral pattern, 
peripheral physiology and metabolism, and brain activity. PVN, paraventricular nucleus; NST, nucleus of the solitary tract; CCK, cholecystokinin; FFA, free fatty acids; T, 
tryptophan; LNAA, large neutral amino acids  (see Blundell 1991  [5]  for detailed diagram) . 
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seek food. It also includes those behavioral actions which actually 
form the structure of eating, and those processes which follow the 
termination of eating and which are referred to as postingestive 
or postprandial events. 

 Even before food touches the mouth, physiologic signals are 
generated by the sight and smell of food. These events constitute 
the cephalic phase of appetite. Cephalic - phase responses are gen-
erated in many parts of the gastrointestinal tract; their function 
is to anticipate the ingestion of food. During and immediately 
after eating, afferent information provides the major control over 
appetite. It has been noted that  “ afferent information from 
ingested food acting in the mouth provides primarily positive 
feedback for eating; that from the stomach and small intestine is 
primarily negative feedback ”   [6] . 

 It is useful here to distinguish between signals involved in 
appetite control. Traditionally, a distinction has been drawn 
between short - term and long - term regulation of appetite, but the 
connotation of episodic and tonic is more functionally appropri-
ate  [7] . Episodic signals are mainly inhibitory (but can be excita-
tory) and are usually generated by episodes of eating. These 
signals oscillate in accordance with the pattern of eating, and 
most are intimately associated with the signaling of satiety. Tonic 
signals arise from tissue stores  –  including adipose tissue  –  and 
exert a tonic pressure on the expression of appetite. These two 
sets of signals  –  one set responding sharply to changes in behavior 
and the other providing a slow modulation  –  are integrated 
within complex brain networks that control the overall expres-
sion of appetite. 

  Episodic  s ignals and the  s atiety  c ascade 
 Important episodic signals are those physiologic events which are 
triggered as responses to the ingestion of food. These form the 
inhibitory processes which fi rst of all stop eating and then prevent 
its reoccurrence and so are termed satiety signals. The types of 
signals involved in terminating a meal (satiation) and preventing 
further consumption (postmeal satiety) can be represented by the 
satiety cascade. The cascade demonstrates how  satiation , the 
complex of processes which brings eating to a halt (cause meal 
termination), and  satiety , those events which arise from food 
consumption which serve to suppress hunger (the urge to eat) 
and inhibit further eating, co - ordinate our eating behavior by 
controlling the size and frequency of eating episodes  [8] . 

 As the satiety cascade shows, the brain receives initial informa-
tion about the amount of food ingested and its nutrient content 
through sensory input (sight, then taste and smell). Sensory as 
well as psychologic factors, along with past experience of con-
sumption, are critical in initiating, sustaining and terminating 
intake as well as affecting food choice. However, from the fi rst 
swallow, food enters the gastrointestinal (GI) tract. The GI tract 
is equipped with specialized chemo -  and mechanoreceptors that 
monitor physiologic activity and pass information to the brain, 
mainly via the vagus nerve  [9] . This afferent information consti-
tutes one class of  “ satiety signals ”  and forms part of the preab-
sorptive control of appetite. It is usual to identify a postabsorptive 

phase that arises when nutrients have undergone digestion and 
have crossed the intestinal wall to enter the circulation. These 
products, which accurately refl ect the food consumed, may be 
metabolized in the peripheral tissues or organs or may enter the 
brain directly via the circulation. In either case, these products 
constitute a further class of metabolic satiety signals. Addition-
ally, products of digestion and agents responsible for their metab-
olism may reach the brain and bind to specifi c chemoreceptors, 
infl uence neurotransmitter synthesis or alter some aspect of neu-
ronal metabolism. In each case the brain is informed about some 
aspects of the metabolic state resulting from food consumption. 

 There is any number of components to the cascade which 
could be elaborated on. However, our focus is the key physiologic 
episodic and tonic signals critical to human appetite expression. 
As the cascade demonstrates, chemicals released by gastric stimuli 
or by food processing in the GI tract are critical to the develop-
ment of within - meal satiation  [10] . Many of these chemicals are 
peptide neurotransmitters, and many peripherally administered 
peptides produce changes in food consumption  [11]  and these 
will be described below. 

  Cholecystokinin ( CCK ) 
 Much recent research has confi rmed the status of CCK as a 
hormone released in the proximal small intestine mediating meal 
termination (satiation) and possibly early - phase satiety. CCK will 
reduce meal size and also suppress hunger before the meal; these 
effects do not depend on the nausea that sometimes accompanies 
an IV infusion  [12] . Food consumption (mainly protein and fat) 
stimulates the release of CCK (from duodenal mucosal cells) 
which in turn activates CCK - A type receptors in the pyloric 
region of the stomach. Fat in the form of free fatty acids (FFA) 
of carbon chain lengths C12 and above produce pronounced 
CCK releases  [13,14] . This signal is transmitted via afferent fi bers 
of the vagus nerve to the nucleus tractus solitarius (NTS) in the 
brainstem. From here the signal is relayed to the hypothalamic 
region where integration with other signals occurs. 

 Animal data suggest that endogenous CCK release mediates the 
preabsorptive satiating effect of intestinal fat infusions, and may 
in turn be critical in regulating the intake of fat  [15] . As in rats, 
intestinal infusions of fat produce a reduction in food intake and 
promote satiety in humans  [16] . In humans the satiety effect of 
fat infused directly into the duodenum can be blocked by the 
CCK - A receptor antagonist loxiglumide. Fat infusions signifi -
cantly decrease both food intake and hunger in both male and 
female volunteers, effects that are reversed by the CCK - A antago-
nist  [17] . High - fat breakfasts have been shown to produce both 
greater feelings of satiety (signifi ed by reduced levels of hunger, 
desire to eat and prospective consumption) and elevated endog-
enous plasma CCK levels. Collectively, these studies support the 
theory that CCK plasma levels are a potent fat (or fatty acid) -
 stimulated endogenous satiety factor, whose effects on food 
intake and feeding behavior are mediated by CCK - A receptors. 
The CCK - A receptor antagonist loxiglumide blocks the effect of 
CCK - 8 on appetite in humans  [18] , demonstrating that 
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the appetite - suppressing effect of CCK - 8 infusions, like that of 
duodenal fat, is mediated by CCK - A receptors. However, it 
should be noted that fat hydrolysis is essential for endogenous 
CCK release and for any subsequent effects on appetite  [19,20] . 

 It has also been shown that synthetic CCK - A type agonists 
suppress food intake in humans. This type of drug has been 
developed because of its potential as an anti - obesity agent, and it 
has been necessary to design the chemical structure in order to 
prolong the duration of action. In one example, the drug was 
administered by a nasal spray; when taken by mouth the drug was 
too rapidly metabolized in the stomach. This drug, ARL1718, 
caused a signifi cant reduction in meal size and had a longer dura-
tion of action than observed after infusions of CCK itself  [21] . A 
number of other CCK analogs/CCK - 1 receptor agonists treat-
ments have been developed, including most recently GW181771 
(GlaxoSmithKline) and SR146131 (Sanofi  - Aventis). However, 
development of at least one of these drugs was recently halted in 
clinical trials. Nonetheless, studies with such drugs, together with 
those on the peptide hormone itself, do suggest that CCK has the 
properties of a true satiation signal which contributes, under 
normal circumstances, to the termination of a meal. The action 
of CCK certainly acts in concert with other meal - related events, 
such as gastric distension, for example.  

  Glucagon -  l ike  p eptide ( GLP ) - 1 
 Glucagon - like peptide (GLP) - 1 is an incretin hormone, released 
from the distal small intestine into the bloodstream in response 
to intestinal nutrients such as carbohydrate, fats, proteins and 
fi ber, an effect associated with a decrease in appetite  [13,22 – 26] . 
Rodent studies indicate that GLP - 1 administration into the CNS 
reduces food intake and GLP - 1 receptors are found in the brain-
stem, particularly in the NTS and the area postrema and key 
hypothalamic nuclei  [27] . There are data suggesting that periph-
eral GLP - 1 can also cross the blood – brain barrier and could act 
directly in other areas of the brain  [28] . Thus, endogenous GLP - 1 
appears to be a key component of appetite regulation involving 
vagal afferent mechanisms, direct action on receptors in the 
brainstem and possibly in higher areas. However, the role of these 
central receptors in the action of peripherally administered 
GLP - 1 remains to be determined. 

 Early studies demonstrated that in healthy men of normal 
weight, infusions of synthetic human GLP - 1  [7 – 36]  during the 
consumption of a fi xed breakfast test meal enhanced ratings of 
fullness and satiety when compared to the placebo infusion  [29] . 
During a later  ad libitum  lunch, food intake was also signifi cantly 
reduced by the earlier GLP - 1 infusion. Intravenous GLP - 1 also 
dose dependently reduces spontaneous food intake and adjusts 
appetite in lean male volunteers. This marked reduction in food 
intake and enhancement in satiety is also observed in overweight/
obese male patients with type 2 diabetes. In obese men, intrave-
nous GLP - 1 potently reduces food intake either during or post 
infusion  [30]  and, at lower subanorectic doses, slows gastric emp-
tying. Reductions in intake and slowed gastric emptying are 
accompanied by decreased feelings of hunger, desire to eat and 

prospective consumption, and a prolonged period of postmeal 
satiety. These data demonstrate that exogenous GLP - 1 reduces 
food intake and enhances in satiety in humans, both lean and 
obese, a conclusion substantiated by a meta - analysis of the data 
from a number of GLP - 1 infusion studies  [31] . Subcutaneous 
injections of GLP - 1 also induce weight loss in the obese  [32] . 
Unfortunately, GLP - 1 is normally rapidly inactivated by the 
enzyme dipeptidyl peptidase IV (DPP IV). Exendin - 4, a naturally 
occurring GLP - 1 agonist, is resistant to DPP IV and has been 
shown to reduce food intake in lean healthy humans  [33] . 
Exenatide (Byetta; Amylin Pharmaceuticals, Eli Lilly) is a syn-
thetic version of exendin - 4 licensed for the treatment of type 2 
diabetes and has been shown to produce moderate but sustained 
weight loss  [34,35] . Other GLP - 1 agonists under development 
include liraglutide from Novo Nordisk.  

  Peptide  YY  3 - 36  
 Peptide YY 3 - 36  (PYY 3 - 36 ) is one of the two main endogenous forms 
of PYY. It is produced from the cleavage of PYY 1 - 36  (the other major 
form of PYY) by DPP IV. PYY is a 36 amino acid  “ hindgut ”  peptide 
released from endocrine cells in the distal small intestine and large 
intestine. This hormone is similar in structure to the orexigenic 
neuropeptide NPY (70% amino acid sequence identity), and in the 
past, peptide YY (PYY) has been regarded, like NPY, as a potent 
stimulator of food intake. However, a series of studies in rats, mice 
and one human study (all included in one paper)  [36]  demon-
strated that peripheral PYY 3 - 36  administration reduces food intake 
and inhibits weight gain in rodents. These effects on intake and 
body weight are not observed in transgenic animals lacking NPY 
Y2 receptors (the NPY Y2 receptor knockout), thereby implicating 
these receptors in mediating the anorectic effects of PYY. PYY 
release in the distal intestine is triggered by a variety of nutrients, 
including fats (particularly FFA), some forms of fi ber and bile acids 
 [14,37 – 39] . In humans, endogenous PYY is released predomi-
nantly  after  rather than during a meal  [36,40]  and causes a decrease 
in gastric emptying (the so - called  “ ileal brake ” ). Thus, it is more 
associated with postmeal satiety. PYY (including PYY 3 - 36 ) can cross 
the blood – brain barrier via a nonsaturatable mechanism. Moreo-
ver, some of the effects of peripheral PYY 3 - 36  on food intake are 
either  “ independent of  ”  or  “ dependent on ”  vagal afferents running 
from the periphery to the brain  [41,42] . 

 With regard to the effect of PYY on human appetite, Batterham 
et al.  [36]  demonstrated that in healthy humans a 90 - minute 
PYY 3 - 36  infusion reduced hunger. Two hours after this infusion, 
at a buffet meal, food intake was also signifi cantly reduced. In 
addition, in a further report, PYY infusions were made in both 
lean and obese subjects causing a 30% reduction in the size of a 
lunch offered after the infusion, and also decreasing the 24 - hour 
energy intake by 23% in lean and by 16% in the obese subjects 
 [40] . The feeling of hunger was also suppressed for over 3 hours 
following the PYY infusion, as well as plasma levels of ghrelin (see 
later). Moreover, the natural plasma levels of PYY were lower in 
the obese than in the lean subjects, and were inversely correlated 
with the Body Mass Index. The lower levels of PYY in the obese 
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could mean a weaker satiety signaling through this hormone and 
therefore a greater possibility of overconsumption. All these 
fi ndings are consistent, and together they make a coherent story 
concerning the role of PYY in appetite control and obesity. 

 The effects of PYY 3 - 36  on human food intake have been 
described in three other studies to date. However, as the authors 
noted, these effects required doses greater than the normal physi-
ologic range of endogenous PYY and marked nausea was observed 
in one experiment  [43 – 45] . Nonetheless, a PYY 3 - 36  nasal spray 
from Nastech Pharmaceuticals, AC162352 a synthetic version of 
human PYY 3 - 36  from Amylin Pharmaceuticals, and CJC - 1681 
from Conjuchem, and an Y2 agonist (TM30338 7TM Pharma) 
are currently in clinical development.  

  Amylin 
 Much recent research has also focused on amylin, a pancreatic 
rather than a GI hormone, which also has a potent effect on both 
food intake and body weight  [46] . Amylin, a 37 amino acid 
peptide hormone, is co - secreted with insulin from pancreatic  β  -
 cells in response to blood glucose and other nutrient stimuli. 
Peripheral administration of amylin reduces food intake in mice 
and rats, and meal size in rats. Chronic or peripheral administra-
tion of amylin over a period of 5 – 10 days produces signifi cant 
reductions in cumulative food intake, body weight and body mass 
of rats  [47] . Amylin administration blocks the hyperphagic effects 
of NPY    [48] . With regard to mechanism, the effect of amylin on 
gastric emptying may contribute to its effect on short - term appe-
tite. However, vagotomy abolishes amylin ’ s effect on gastric emp-
tying but not its effect on food intake. The primary anorexic 
effects of amylin appear to be mediated by amylin receptors in 
the area postrema of the brainstem  [49] . Here are located neurons 
which are co - responsive to both circulating glucose and amylin. 
Amylin can also cross the blood – brain barrier and is transported 
into brain regions such as the hypothalamus. Amylin receptors 
are located in the nucleus accumbens. Some authors have sug-
gested that amylin entering the CNS may act like insulin and 
leptin as a signal of adiposity. This seems plausible as circulating 
levels of these hormones correlate with body weight  [50] . Thus, 
amylin appears to be a component part of the appetite regulation 
system  [51] . 

 The effects of amylin on human food intake, food choice or 
appetite expression have yet to be fully assessed. However, pram-
lintide (a human amylin analog), given to replace defi cits in 
endogenous amylin in diabetics, has been shown to reduce body 
weight in diabetic insulin - treated obese  [52 – 54]  and nondiabetic 
obese  [55]  subjects. In lean healthy volunteers pramlintide 
induces reductions in meal intake and duration, and reduces 
premeal appetite  [56] . Similar effects of pramlintide on intake 
and eating behavior are reported in obese subjects (with and 
without type 2 diabetes)  [57,58] .  

  Satiety  c ascade  p eptides 
 In the overall control of the eating pattern, the sequential release 
and then deactivation of the peptides, described above, can 

account for the evolving biologic profi le of infl uence over the 
sense of hunger and the feeling of fullness  [59] . The actions of 
these hormones therefore contribute to the termination of an 
eating episode (thereby controlling meal size) and subsequently 
infl uence the strength and duration of the suppression of eating 
after a meal. Individual variability in the release and maintenance 
of the levels of hormones (or the sensitivity of receptors) may 
determine whether some individuals are prone to snacking 
between meals or to other forms of opportunistic eating. The 
overall strength or weakness of the action of these peptides will 
help to determine whether individuals are resistant or susceptible 
to weight gain.   

  Tonic  s ignals of  a ppetite  c ontrol 
  Role of  l eptin 
 One of the classic theories of appetite control has involved the 
notion of a so - called long - term regulation involving a signal 
which informs the brain about the state of adipose tissue stores. 
This idea has given rise to the notion of a lipostatic or ponder-
static mechanism  [60] . Indeed, this is a specifi c example of a more 
general class of peripheral appetite (satiety) signals believed to 
circulate in the blood refl ecting the state of depletion or repletion 
of energy reserves which directly modulate brain mechanisms. 
Such substances may include satietin, adipsin, tumor necrosis 
factor (TNF or cachectin  –  so named because it is believed to be 
responsible for cancer - induced anorexia), adiponectin and resis-
tin together with other substances belonging to the family of 
neural active agents called cytokines. 

 In 1994 a landmark scientifi c event occurred with the discovery 
and identifi cation of a mouse gene responsible for obesity. A 
mutation of this gene in the  ob/ob  mouse produces a phenotype 
characterized by the behavioral trait of hyperphagia and the mor-
phologic trait of obesity. The gene controls the expression of a 
protein (the  ob  protein) by adipose tissue and this protein can be 
measured in the peripheral circulation. The identifi cation and 
synthesis of the protein made it possible to evaluate the effects of 
experimental administration of the protein either peripherally or 
centrally  [61] . Because the  ob  protein caused a reduction in food 
intake (as well as a possible increase in metabolic energy expendi-
ture), it has been termed  “ leptin. ”  There is some evidence that 
leptin interacts with NPY, one of the brain ’ s most potent neuro-
chemicals involved in appetite, and with the melanocortin system. 
Together, these and other neuromodulators are involved in a 
peripheral – central circuit which links an adipose tissue signal 
with central appetite mechanisms and metabolic activity (Fig. 
 11.2 ).   

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

 At the present time the precise relationship between the leptin 
and weight regulation has not been determined. However, it is 
known that in animals and humans who are obese, the measured 
amount of leptin in the plasma is greater than in lean 
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counterparts. Indeed, there is always a very good correlation 
between the plasma levels of leptin and the degree of bodily 
fatness  [62] . Therefore although leptin is perfectly positioned to 
serve as a signal from adipose tissue to the brain, high levels of 
the protein obviously do not prevent obesity or weight gain. Since 
the specifi c receptors for the protein ( ob  receptors) have been 
identifi ed in the brain (together with the gene responsible for 
their expression) a defect in body weight regulation could reside 
at the level of the receptor itself. It is now known that a number 
of other molecules are linked in a chain to transmit the action of 
leptin in the brain. These molecules are also involved in the 
control of food intake, and in some cases a mutation in the gene 
controlling these molecules is known and is associated with the 
loss of appetite control and obesity. For example, the melanocor-
tin concentrating hormone receptor 4 (MC4R) mutation leads to 
an excessive appetite and massive obesity in children, just like 
leptin defi ciency (see below). 

 The prospects for leptin - based obesity treatments seem limited 
as most obese individuals are leptin insensitive rather than leptin 
defi cient. Nonetheless, for individuals with leptin defi ciency 
studies have shown that leptin treatment produces dramatic 

weight loss, an effect associated with marked decreases in hunger 
 [63 – 65] . The administration of exogenous leptin to humans with 
either an insuffi ciency or a specifi c defi cit of endogenous leptin 
appears to strengthen within - meal satiation and postmeal satiety 
 [65,66] . Under the right physiologic conditions, the effects of 
leptin on human appetite could be still exploited to treat obesity. 
Leptin insensitivity (characterized by high levels of circulating 
leptin) appears reversible with weight loss  [67 – 69] . In such cir-
cumstances, part way through or after weight loss, exogenous 
leptin could be employed to suppress appetite, in the same way 
as in leptin - defi cient individuals. However, this has yet to be 
robustly demonstrated.  

  Ghrelin and  h unger  d rive 
 Ghrelin is found in both the gut and the brain, the gut being the 
major source of plasma ghrelin. The highest concentrations of 
ghrelin are found in the stomach, and then in the small intestine. 
Endogenous ghrelin levels appear responsive to nutritional status; 
for instance, human plasma ghrelin immunoreactivity increases 
during fasting and decreases after food intake. It is also found in 
hypothalamic nuclei critical to energy regulation  [70] . Unlike the 
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other peripheral peptides described earlier, ghrelin stimulates 
rather than inhibits feeding behavior. Both peripheral and central 
infusions of ghrelin have been shown to stimulate food intake in 
rats and mice  [71] . Decreased endogenous ghrelin levels are 
observed in genetically obese rats and mice, and in dietary -
 induced obese rats exposed to a high - fat diet  [72] . The peripheral 
effects of ghrelin may be vagally mediated but a direct effect of 
circulating ghrelin on the CNS cannot be ruled out given that 
receptors are found for it on the arcuate nucleus outside the 
blood – brain barrier and that it can cross the blood – brain barrier 
also  [73] . 

 In lean humans, endogenous plasma ghrelin levels rise 
markedly before a meal  [74]  and are suppressed by food 
intake. However, initial studies suggested the obese appear to 
possess lower levels of endogenous ghrelin which are less 
responsive to food intake  [75] . Dietary carbohydrate appears to 
suppress ghrelin in particular, but other nutrients such as fat 
(possibly FFAs) and fi ber also have similar effects  [39,76 – 81] . In 
lean healthy volunteers, ghrelin infusions or injections increase 
food intake, premeal hunger, palatability and prospective con-
sumption, and increase gastric emptying, demonstrating a 
marked but short - term effect on human appetite  [82 – 84] . Simi-
larly, a ghrelin agonist, the growth hormone (GH) secretagog 
GH - related peptide (GHRP) - 2, stimulates food intake in the 
obese  [85] . 

 It has been proposed that ghrelin, linked to the initiation of 
eating, acts as a compensatory hormone. This means that in obese 
people and in animals experimentally made fat, ghrelin levels 
would be reduced in an apparent attempt to restore a normal 
body weight status. Therefore ghrelin exhibits the characteristics 
of both an episodic and tonic signal in appetite control. From 
meal to meal the oscillations in the ghrelin profi le act to initiate 
and to suppress hunger; over longer periods of time, some factor 
associated with fat mass applies a general modulation over the 
profi le of ghrelin and therefore, in principle, over the experienced 
intensity of hunger. This means that when weight is lost, for 
example following a period of food restriction and weight loss, 
ghrelin levels would rise and therefore promote the feeling of 
hunger. This is likely to be one of the signals that make the loss 
of body weight so diffi cult to maintain and so ghrelin blockade 
may prove a useful anti - obesity treatment.    

  The  d rive to  e at 

 For years the focus of investigations of appetite control has cen-
tered upon the termination of eating. This is because the termina-
tion of an eating episode  –  being the endpoint of a behavioral act 
 –  was perceived to be an unambiguous event around which 
empiric studies could be organized. Consequently, satiety came 
to be the concept which formed the basis for accounts of 
appetite. 

 However, some 50 years ago there was an equal emphasis on 
the excitatory or drive features of appetite. This was embodied in 

Morgan ’ s  “ central motive state ”  and in Stellar ’ s location of this 
within the hypothalamus  [86] . One major issue was to explain 
what gave animals (and humans) the energy and direction which 
motivated the seeking of food. These questions are just as relevant 
today but the lack of research has prevented much innovative 
thinking. In the light of knowledge about the physiology of energy 
homeostasis, and the utilization of different fuel sources in the 
body, it is possible to make some proposals. One source of the 
drive for food arises from the energy used to maintain physiologic 
integrity and behavioral adaptation. Consequently, there is a 
drive for food generated by energy expenditure. Over 60% of total 
energy expenditure is contributed by the resting metabolic rate 
(RMR). Consequently RMR provides a basis for drive and this 
resonates with the older concept of  “ needs translated into drives. ”  
In addition, through adaptation, it can be envisaged that other 
components of energy expenditure would contribute to the drive 
for food. The actual signals that help to transmit this energy need 
into behavior could be refl ected in oxidative pathways of fuel 
utilization  [87] , abrupt changes in the availability of glucose in 
the blood  [61]  and eventually brain neurotransmitters such as 
NPY, which appears to be linked to metabolic processes. Leptin 
is also likely to play a role via this system. 

 In turn this drive to seek food, arising from a need generated 
by metabolic processing, is given direction through specifi c 
sensory systems associated with smell, but more particularly with 
taste. It is logical to propose that eating behavior will be directed 
to foods having obvious energy value. Of particular relevance to 
the current situation are the characteristics of sweetness and fat-
tiness of foods. In general most humans possess a strong liking 
for the sweet taste of foods and for the fatty texture. Both of these 
commodities indicate foods which have benefi cial (energy - yield-
ing) properties. 

 Accordingly, appetite can be considered as a balance between 
excitatory and inhibitory processes. The excitatory processes arise 
from bodily energy needs and constitute a drive for food (which 
in humans is refl ected in the subjective experience of hunger). 
The most obvious inhibitory processes arise from postingestive 
physiologic processing of the consumed food and these are 
refl ected in the subjective sensation of fullness and a suppression 
of the feeling of hunger. However, the sensitivity of both the 
excitatory and inhibitory processes can be modulated by signals 
arising from the body ’ s energy stores. 

 It should be noted that the drive system probably functions in 
order to ensure that energy intake at least matches energy 
expenditure. This has implications for the maintenance of obesity 
since total energy expenditure is proportional to body mass. This 
means that the drive for food may be strong in obese individuals 
in order to ensure that a greater volume of energy is ingested to 
match the raised level of expenditure. At the same time, whilst 
there is a process to prevent energy intake falling below expendi-
ture, there does not seem to be a strong process to prevent intake 
rising above expenditure. Consequently, any intrinsic physiologic 
disturbance which leads to a rise in excitatory (drive) processes 
or a slight weakening of inhibitory (satiety) signals would allow 
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consumption to drift upwards without generating a compensa-
tory response. For some reason, a positive energy balance does 
not generate an error signal that demands correction. Conse-
quently, the balance between the excitatory and inhibitory proc-
esses has implications for body weight regulation and the 
induction of obesity.  

  Homeostatic and  h edonic  p rocesses of  a ppetite 
 c ontrol 

 A key issue in the study of appetite control is the relationship 
between  “ hedonic ”  (cognitive/emotional processes relating to 
reward) and  “ homeostatic ”  (metabolically regulated) drives 
arising from biologic needs (e.g. see Yeomans et al.  [88] ). Histori-
cally, hedonic processes have been viewed as a function of nutri-
tional or caloric defi ciency. In a state of depletion, the hedonic 
response (experienced as palatability or pleasure) to energy - pro-
viding foods is enhanced and when replete, the hedonic effect of 
these foods is reduced  [89] . This view is compatible with the link 
between energy density and palatability  [90] . However, the idea 
of reward as a consequence of the fulfi llment of nutritional need 
is not suffi cient to explain nonhomeostatic food intake (noncom-
pensated patterns of overconsumption) and it is perhaps more 
useful to try and distinguish the neural substrates of homeostatic 
and hedonic systems and to assign them separate identities  [91] . 

  Separating  h omeostatic and  h edonic  s ystems 
 As discussed above, the homeostatic substrate comprises a 
network of neuropeptides and biogenic aminergic neurotrans-
mitters which link peripheral and central components. This 
system has been well characterized  [92]  and involves insulin, 
leptin, NPY, AgRP, MSH, CART, GLP - 1, orexins, ghrelins, PYY, 
and other peptides along with serotonin pathways and other 
aminergic systems. A biologic substrate mediating the reward 
processes of consumption is also being characterized and osten-
sibly involves glutamate, benzodiazepines, endocannabinoids, 
opioids and dopamine  [93,94] . 

 The implication of distinct neural substrates for homeostatic 
and hedonic systems is that processes of reward can operate free 
from biologic need, and the extent to which this occurs can be 
investigated. For example, pharmacologic evidence suggests that 
these circuits are somewhat separate. In obese subjects, adminis-
tration of the serotonin drug D - fenfl uramine suppressed the sen-
sation of hunger but had no effect on the appreciation of the 
pleasantness of food  [95] . Conversely, an opioid antagonist 
reduced the rated pleasantness of palatable foods but had no 
effect on hunger  [96] . This double - dissociation concept indicates 
that hedonic processes are associated with a specifi c biologic sub-
strate that can be pharmacologically dissected from the substrate 
mediating hunger  [97] . This is supported by evidence from 
animal studies. In one study  [98] , saline (control), NPY or an 
opioid agonist (DAMGO) was injected into the paraventricular 
nucleus of rats. The rats could freely consume from standard 

chow and 10% sucrose solution. After injection of NPY, food 
intake was increased relative to saline, and the rats were found to 
consume approximately half their calories from the chow and 
half from the sucrose solution. Injection of DAMGO also stimu-
lated intake, but in this condition 85% of calories came from the 
sucrose. Therefore, NPY and opioids may represent a demarca-
tion between energy - driven versus reward - driven feeding.  

  Interaction of  h omeostatic and  h edonic  s ystems 
 Advances in our understanding of the molecular and neural 
mechanisms behind appetite regulation are revealing how the 
reward system can interact with homeostatic mechanisms. Infor-
mation about nutritional need is relayed to the brain via tonic and 
episodic signals that are registered in the caudal brainstem and 
hypothalamic centers (including the arcuate nucleus, mediobasal, 
paraventricular and lateral hypopthalamus) that comprise the 
homeostatic neural network. During homeostatic feeding, con-
sumption of food leads to the downregulation of hunger signals 
and the upregulation of various satiety peptides by the hypotha-
lamus, causing consumption to cease. However, when consump-
tion is driven by hedonic processes, for example in response to 
highly palatable food, a different scenario is apparent. Erlanson -
 Albertsson  [99]  describes how with ingestion of high palatability 
food, taste sensing is different from that with low palatability food; 
sensory properties are registered before food is swallowed and 
these qualities therefore act as triggers through action on sensory 
receptors. These triggers are transmitted to the reward circuit, 
leading to the release or upregulation of reward mediators like 
dopamine, endocannabinoids, and endogenous opioids. The 
reward circuit has connections with appetite - controlling neurons 
in the hypothalamus that can increase the expression of hunger 
peptides such as NPY and orexins, while blunting the signaling of 
satiety peptides like insulin, leptin and cholecystokinin. Therefore 
when food is highly palatable, the drive to eat is maintained, with 
any subsequent overconsumption now mediated by hedonic 
stimulation rather than biologic need (see Fig.  11.3 ).   

 Hence although homeostatic and hedonic systems can be given 
separate identities  [91] , they are also to an extent inseparable, 
with neural cross - talk permitting functional interactions which 
may infl uence the organization of eating behavior. From this 
standpoint, the interaction of homeostatic and nonhomeostatic 
pathways in the neuroregulatory control of feeding may be more 
important than the two systems studied in isolation. 

 In a series of recent reviews, Berthoud  [100 – 103]  demonstrates 
how projections from the hypothalamus to the nucleus accumbens 
and other structures in the hedonic neural network modulate the 
motivation to feed via metabolic signals. Furthermore, direct and 
indirect projections from various corticolimbic systems to the 
hypothalamus may explain the ability of cognitive, emotional and 
hedonic processes  –  activated by relevant environmental cues and 
incentives  –  to over - ride the homeostatic regulatory circuits and 
drive up energy intake. For example, manipulation of the nucleus 
accumbens by GABA agonism was found to activate orexin and 
NPY neurons in the hypothalamus and deactivate POMC/CART 
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neurons  [104] . Others have reported that high levels of endocan-
nabinoids in the hypothalamus interfere with leptin signaling 
 [105]  while activation of CB1 receptors can prevent the hypotha-
lamic melanocortin system from altering food intake  [106] . 
Therefore, the hypothalamus may be a crucial point of conver-
gence for hedonic and homeostatic interactions that determine 
eating behavior  [107] . Metabolic signals may also act directly to 
modulate hedonic processing of food stimuli. For example, 
leptin, ghrelin and PYY can all act directly on neurons in the 
mesolimbic dopamine system, suggesting their infl uence on 
energy intake can depend in part on the modulation of the incen-
tive value of foods  [108 – 110] .  

  Neuroimaging of  h omeostatic and  h edonic  i nteraction 
in  h umans 
 Advances in technology for imaging human brain activity provide 
the opportunity for researchers to experimentally investigate 
interactions between homeostatic and hedonic processes with 
increasing spatiotemporal acuity. In particular, improvements in 
functional magnetic resonance imaging (fMRI) have led to the 
localization of brain areas involved in the processing of rewarding 
stimuli. These  “ reward circuits ”  include the midbrain (ventral 
tegmental area), ventral striatum (nucleus accumbens and ventral 
pallidum), amygdala, hippocampus, orbitofrontal cortex (OFC), 
cingular and insular cortex  [111 – 112] . 

 Farooqi et al.  [113]  used fMRI to measure neural activation in 
response to visual food stimuli in two adolescent patients with 

congenital leptin defi ciency. They found that subjective ratings of 
liking for the food stimuli correlated with activation in the 
nucleus accumbens in fed and fasted states, compared to a cor-
relation in the fasted state only in the nonleptin - defi cient con-
trols. After treatment with leptin, the relationship between 
accumbens activation and liking for the foods in the experimental 
group was similar to control. These fi ndings support previous 
evidence from the animal literature to suggest that leptin acts on 
homeostatic and hedonic circuits in the brain to dampen reward 
in addition to its role in enhancing satiety. 

 There is also evidence from fMRI to indicate a dual - process 
action for the gut peptide ghrelin. Malik et al.  [114]  administered 
ghrelin or saline intravenously between two 15 - minute exposures 
to a series of food and nonfood images. Compared to control, 
ghrelin was associated with an increase in neural activity in the 
anterior insular, striatum, OFC and amygdala. Furthermore, acti-
vation in the OFC and amygdala, thought specifi cally to code the 
hedonic value of associated stimuli, was positively correlated with 
subjective ratings of hunger. Therefore, a known homeostatic 
metabolic signal may also promote eating via modulation of 
hedonic processes. The authors point out that ghrelin ’ s action on 
hedonic circuits in the brain may be indirect via hypothalamic 
projections to the ventral tegmental area and amygdala, or 
directly through ghrelin receptors in these areas. 

 Another imaging study  [115]  measured responses to food 
stimuli of neutral or high hedonic value in lean subjects after 2 
days of overfeeding by 30% or 0% (energy balance) relative to 
energy expenditure. In a state of energy balance, differences in 
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 Figure 11.3     Model to explain overconsumption 
with high palatability food  (see also Erlanson -
 Albertsson 2005  [99] ) . Exposure to highly palatable 
food causes an imbalance between hedonic and 
homeostatic processes. Sensory properties act as 
triggers causing the upregulation of reward 
mediators implicated in  “ liking ”  and  “ wanting. ”  
These triggers may also modulate homeostatic 
processes directly  (e.g. Cornier et al 2007  [115] ) . 
The hedonic system connects with appetite -
 controlling neurons in the hypothalamus to over - ride 
homeostatic signaling in favor of continued eating. 
Defective or hyperactive metabolic signaling may 
also act directly to upregulate hedonic processes 
 (e.g. Farooqi et al. 2007  [113] ; Malik et al. 2008 
 [114] ) .  Refer to Figs  11.1  and  11.2  for satiety 
mediators.  
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neural activation were observed between foods of high hedonic 
value compared to neutral value foods including the visual cor-
tices, premotor cortex, hippocampus and hypothalamus. On 
comparison with the energy balance state, overfeeding was associ-
ated with a reduction in activity in the hypothalamus and visual 
cortex. By demonstrating hypothalamic activity with manipula-
tion of energy balance and the hedonic value of visual stimuli, the 
authors show that hedonic processes can infl uence homeostatic 
regulation but furthermore that energy balance status can modu-
late this interaction.  

  Liking  v ersus  w anting  f ood 
 Food intake from the fi rst anticipatory moments through to 
postingestive evaluation is regarded as a rewarding and satisfying 
experience.  “ Liking ”  and  “ wanting ”  are emerging constructs in a 
conceptual approach to food hedonics where separable processes 
of affect and motivation can be viewed as major infl uences on 
food intake. Liking and wanting achieve importance in light of 
the recognition of the contrast between homeostatic and hedonic 
processes that control eating  [116] . 

 The liking and wanting constructs stem from research explor-
ing the neural basis of palatability and addictive behavior  [117] . 
With principal focus on distinct dopamine and opioid function 
in the brain, the research suggests that processes of liking and 
wanting can be separately manipulated to produce patterns of 
behavior that are either exclusively affective or motivational (goal 
driven) in conjunction with a food stimulus. The proposal that 
food reward may comprise separable liking and wanting compo-
nents has since attracted a great deal of attention and controversy 
among scientists concerned with human food intake and obesity. 
Many people would assume that liking and wanting are identical 
phenomena, both of which signify a positive attraction to food. 
The logical view is that liking and wanting co - vary in a natural 
two - way sequence. In behavioral terms, we assume that a change 
in liking will lead to proportional adjustments in wanting and, 
likewise, differences in wanting will predict changes in liking. 
Therefore, some researchers suggest that a clear behavioral dis-
tinction might not be possible. However, there are strong grounds 
for recognizing that liking and wanting can be clearly dissociated 
and have distinct identities. This means that they have much 
greater resolving potential for understanding the role of hedonics 
on eating and therefore on overconsumption. 

 Thus, the issue of liking versus wanting is concerned with the 
functional signifi cance of these two distinguishable processes, 
operating within the hedonic domain, for overconsumption and 
weight regulation in humans. Liking and wanting are thought to 
refl ect  “ core ”  processes that can operate without conscious 
awareness. This means that they have implicit components. 
However, their explicit counterparts express themselves subjec-
tively in the form of hedonic feelings from the ingestion of a 
specifi c food (i.e. explicit liking) and thoughts relating to the 
intent or desire to consume a specifi c food (i.e. explicit wanting). 
Under normal circumstances, explicit liking ( “ I like this ” ) is 
closely associated with explicit wanting ( “ I want this ” ). However, 

there is evidence to suggest that wanting can be  “ irrational ” , i.e. 
when implicit wanting for a food is greater than explicit wanting, 
and not proportional to experienced or expected liking  [118] . 

 Liking and wanting appear to have separate and disproportion-
ate roles in promoting overconsumption. In terms of liking, some 
individuals at risk of weight gain may experience an exaggerated 
hedonic response to palatable foods, so that foods are enjoyed 
more and therefore eaten in greater amounts for longer periods 
of time  [119,120] . Conversely, susceptible individuals may have 
a diminished ability to experience pleasure from food and there-
fore consumption of palatable food is driven up to satisfy an 
optimum level of stimulation  [121] . Processes of wanting may 
also bring about vulnerability to weight gain through dispropor-
tionate reactivity towards cues signaling the availability of food 
 [122,123] . Moreover, a reduced ability to resist the motivation to 
eat when satiated may promote nonhomeostatic overconsump-
tion  [124] . A widely held notion is that wanting rather than liking 
may be the crucial process in maintaining an obese state. For 
example, research on chronic drug abusers indicates that repeated 
drug - taking behavior and strong motivation to obtain a  “ fi x ”  can 
occur in the absence of any pleasant sensations during ingestion 
 [125] . Moreover, food liking is often a rather stable characteristic 
within an individual and appears relatively uninfl uenced by 
increasing weight status  [126] . The implication is that liking may 
be important in establishing the motivational properties of food, 
but once these are retained it is the upregulation of implicit 
wanting in an obesogenic environment  –  insensitivity to homoe-
ostatic signals but susceptibility to external cues  –  that promotes 
overconsumption by infl uencing what and possibly how much is 
eaten from moment to moment. 

 As liking and wanting are theoretical constructs with separate 
identities, achieving an operational defi nition for experimental 
research is very important but could be diffi cult. Measures are 
required that not only refl ect the existence of each process but 
permit dissociations to be detected by preventing the confound-
ing of one process with the other. In research on rats and mice, 
liking is commonly operationalized by observing positive and 
negative behavioral reactions to the taste of food. These reactions 
are thought to be universal affective expressions because some of 
them can also be observed in primates and human infants  [127] . 
They can be dissociated from the desire to eat and they often 
correspond to human subjective ratings of palatability  [117] . 
However, in older children and adults, facial reactions to tastes 
are much less reliable, making them unsuitable as objective meas-
ures. In contrast to liking, wanting concerns the anticipatory or 
instrumental phase of reward - seeking behavior. Therefore, meas-
ures that refl ect active engagement with the environment in 
pursuit of a known food can be said to contain at least an element 
of wanting. Importantly, wanting is not adequately captured by 
appetitive drive or the nonspecifi c desire for food in general. 
Wanting is thought to be the consequence of an active process of 
assigning value to perceptual events wherein sensory and cogni-
tive inputs are transformed into desirable, attractive entities 
 [128] . Therefore, wanting is likely to be modulated by sensory 
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and/or cognitive infl uences which set it apart from other appeti-
tive processes (e.g. needing). Wanting implies a direction, not just 
a force. 

 It should be noted that under normal circumstances, liking and 
wanting are assumed to co - vary, and in humans, few studies have 
been conducted to demonstrate that these processes can be dif-
ferentiated. A convincing argument for the existence of two sepa-
rate processes is that they can be infl uenced by distinct neural 
pathways in the brain. 

 Indeed, studies using fMRI are likely to offer new insights to 
the liking/wanting distinction. For example, Gottfried et al  [129]  
induced selective sensory devaluation of peanut and vanilla food 
odors by consumption of peanut butter sandwiches or vanilla ice 
cream to satiety. They found that presentation of the devalued 
odor was associated with reduced activation in the amygdala and 
OFC compared to the nondevalued odor. However, they also 
observed increased activity in the striatum, insula and cingular 
cortices in response to both odors when nondevalued compared 
to when they were devalued. These fi ndings support behavioral 
data from our own laboratory where postingestive ratings of 
explicit liking were reduced for visual food stimuli regardless of 
their sensory properties, whereas an implicit measure of motiva-
tion using the same food stimuli revealed an increase in wanting 
for food items that contrasted with the food consumed  [130] . 
These studies suggest there may be a neurologic explanation for 
why an uneaten food can increase in salience after consumption 
of food that is dissimilar in its sensory properties.   

  Phenotypes for  a ppetite  c ontrol 

 There exist many mechanisms through which an individual could 
gain weight and become obese. This diversity is refl ected at the 

level of analysis of genetics, central and peripheral physiology, 
and the behavioral and psychologic profi le. It is also clear that a 
great number of environmental features can exploit intrinsic risk 
factors (Table  11.1 ) to induce susceptibility. In recent years, 
dietary features, such as high energy - dense foods, high - fat, high -
 carbohydrate, high - GI, high intake of sweet beverages, high -
 sucrose, high - fructose corn syrup and highly palatable foods, plus 
various combinations of these, have been proposed as causal 
agents provoking susceptibility to weight gain. Consequently, in 
studying susceptibility, the unfettered operation of a plethora of 
dietary variables could easily occlude the disclosure of key factors.   

 Therefore, in order to reduce the complexity of this nutritional 
environment and to allow nonnutrient - related features of suscep-
tibility to be more easily identifi ed, we have worked with indi-
viduals defi ned according to their habitual consumption of a 
particular type of diet. Such individuals have been called pheno-
types. In principle, a number of behavioral phenotypes could be 
defi ned based on taste preferences, patterns of eating or motiva-
tional responses  [131] . Because of the importance of dietary fat 
to energy balance and body weight regulation  [132] , researchers 
have paid attention to the habitual consumption of high - fat or 
low - fat foods. These have now been well defi ned and can be 
termed phenotypes  [133] . The phenotype is defi ned by a particu-
lar pattern of behavior characterized by the selection of high - fat 
or low - fat food items. 

  High -  and  l ow -  f at  p henotypes:  d ifferent  r outes to 
 w eight  g ain 
 High -  (HF) and low - fat (LF) phenotypes are classifi ed according 
to the type of diet habitually consumed, measured by a food 
frequency questionnaire (FFQ) and diary record, and with under -
 reporters excluded. The records indicate that these groups habit-
ually consume different types of foods and display different 
patterns of eating  [134] . In principle, phenotypes can be identi-
fi ed independently of age or sex. However, in the fi rst series of 
studies, the characteristics of young adult males have been exam-
ined. When subjected to energy and macronutrient challenges in 
order to evaluate the responses of the appetite control system, 
clear differences between the groups were demonstrated. Initially, 
HF displayed higher initial hunger levels, with a much sharper 
decline in hunger in response to meals or nutrient loads  [135] . 
After eating, hunger recovered more rapidly in HF compared 
with LF. In addition, the size of a test meal consumed was closely 
related to the suppression of hunger in HF; in contrast, the appe-
tite response system in LF appeared to be somewhat insensitive 
and damped. 

 This relationship between habitual fat intake and hunger is 
reminiscent of a previous fi nding. French et al  [136]  found that 
during 2 weeks of high - fat overfeeding to normal - weight subjects, 
which caused a signifi cant gain in weight, subjects displayed a 
progressive increase in hunger and a decrease in fullness before a 
test meal. Taken together, these fi ndings may indicate that eating 
a high - fat diet may facilitate feelings of hunger. A further feature 
of these behavior studies was that HF and LF differed in the 

 Table 11.1     Postulated interactions between behavioral risk factors and the 
obesogenic environment which generate a tendency for overconsumption 

   Biologic vulnerability 
(behavioral risk 
factor)  

   Environmental 
infl uence  

   Potential for 
overconsumption  

  Preference for fatty 
foods  

  Abundance of high fat 
(high energy - dense)  

   ↑  Fat intake  

  Weak satiation (end of 
meal signals)  

  Large portion size     ↑  Meal size  

  Hedonic responsiveness    Availability of highly 
palatable foods with 
specifi c sensory -
 nutrient combinations  

   ↑  Amount eaten  

  Weak postingestive 
satiety  

  Easy accessibility to foods 
and presence of 
potent priming stimuli  

   ↑  Frequency  
   ↑  Frequency of eating  
   ↑  Tendency to 

re - initiate eating  
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control over meal size when offered an unlimited range of either 
high - fat or high - carbohydrate foods. HF consumed a similar 
weight of food on both diets, and therefore took in a much higher 
amount of energy with the high - fat (high - energy dense) foods. In 
contrast, LF consumed a much smaller amount of the high - fat 
foods, and consequently took in a similar amount of energy on 
both diets. These fi ndings suggest that signaling systems for meal 
termination (satiation) and postmeal inhibition of appetite 
(satiety) operate with differing strengths in HF and LF. This 
fi nding may not be surprising in view of the fact that the GI tract 
has become adapted to dealing with quite different dietary com-
ponents, and this factor will have exerted a priming effect on 
specifi c satiety signals. 

 The existence of distinctive profi les of appetite control in HF 
and LF indicates different patterns of physiologic responses to 
food ingestion. The possibility of other physiologic differences 
was investigated using indirect calorimetry to measure basal 
metabolic rate (BMR), respiratory quotient (RQ) and dietary -
 induced thermogenic responses to specifi c fat and carbohydrate 
loads  [137] . The results indicated that HF have a lower RQ than 
LF; this fi nding confi rmed that fat oxidation was higher in HF, 
as would be expected due to the habitual high intake of fat -
 containing foods. However, an unexpected fi nding was the sig-
nifi cantly higher BMR in HF than LF, together with different 
profi les of  “ thermogenic ”  responses to the high - fat and high -
 carbohydrate loads. A further important fi nding was that HF had 
higher plasma leptin levels than LF  [138]  despite having similar 
levels of body fat. However, the notion of individuals with differ-
ent BMRs is consistent with the concept of  “ energy - sparing ”  and 
 “ energy - profl igate ”  individuals which has been used to describe 
two distinct groups of women  [139] . Interestingly, these two 
types of individuals are associated with different habitual intakes: 
the marginally nourished and the very well nourished. For years 
some researchers in the fi eld of obesity research have maintained 
the idea that individuals exist who are capable of consuming 
prodigious amounts of food yet remaining lean. It is possible, 
therefore, that the HF and LF may constitute a useful investigative 
approach for examining the relationship between energy intake 
and energy utilization  [140] .  

  Resistant and  s usceptible  p henotypes 
 In parallel with the characterization of individuals displaying dif-
ferent routes to weight gain with distinctive habitual diets  –  
dietary phenotypes  [140]   –  we can identify people who show 
differing degrees of responsiveness to an obesogenic diet. These 
groups of individuals can be termed susceptible or resistant phe-
notypes  [119] . The principle is demonstrated in Figure  11.4  
which shows the predicted Body Mass Index (BMI) response of 
a large number of people exposed to a restricted or obesogenic 
dietary environment  [141] . People with diverse allelic profi les 
vary in their responsiveness to dietary conditions. When the 
dietary environment is restrictive, as in parts of sub - Saharan 
Africa, the genetic potential makes little difference. However, in 
an obesogenic environment that encourages overconsumption, 

the genetic variability is more fully expressed and differences 
between susceptible (prone) and resistant individuals can be seen 
 [142] . It should be noted that this situation mirrors that seen in 
outbred laboratory rats which, when subjected to high - fat diets, 
show marked differences in body weight response; some become 
obese whilst others remain lean  [143] . Consequently the differ-
ences between lean and obese humans should not necessarily be 
attributed to varying attitudes towards weight and shape, or to 
the cognitive control of dieting. The differences may involve 
more fundamental psychobiologic processes.   

 In investigating susceptibility at the human level, we have iden-
tifi ed changes in both homeostatic and hedonic processes of 
appetite control, as well as in the expression of physical activity. 
Careful examination of appetite responsiveness under controlled 
laboratory and free - living conditions has shown that susceptibil-
ity to weight gain on a high - fat diet is marked by a weak satiety 
response to dietary fat, a strong preference for high - fat food (par-
ticularly in the postprandial period), a moderate tendency to 
show  “ passive overconsumption ”  and a high score on the TFEQ 
factor Disinhibition  –  as well as low levels of leisure - time physical 
activity. Consequently, susceptibility is characterized by a cluster 
of variables including weak control over meal size and postmeal 
hunger and a strong attraction to highly palatable, high - fat foods. 
A qualitative analysis of the cognitions of susceptible phenotypes 
has revealed a strong emotional relationship with foods that is 
not displayed by the resistant phenotype. Coupled with a low 
level of physical activity energy expenditure, the susceptible phe-
notype displays an acquisitive and conservative psychobiologic 
profi le, over which any deliberate control is diffi cult to achieve. 
The phenomenologic aspects of the susceptible individual suggest 
a  “ thrifty ”  pattern, and this type can therefore be regarded as the 
phenotypic expression of a thrifty genotype  [144,145] . The term 
 “ thrifty phenotype ”  would be appropriate here, but this term has 
already been used with a slightly different connotation  [146] .   
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 Figure 11.4     Potential effects of genetic background (obesity disposition) in 
individuals defi ned as resistant or prone, in a restrictive or obesogenic 
environment.  (After Ravussin and Kozak 2004  [141] .)  
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  Postscript:  i ndividual  v ariability  –  a  k ey  f eature 
of  e ating  b ehavior 

 The description of susceptible and resistant phenotypes (together 
with much other research not mentioned here) has drawn atten-
tion to the wide diversity in the pattern of the human eating 
response in the face of an obesogenic culture. Perhaps this should 
not be surprising given the great variability in the nutritional 
patterns that have been adopted by the human species in quite 
extreme ranges of climate and habitat. What are the implications 
of this diversity? One methodologic issue concerns the use of the 
statistical mean  –  or other measures of central tendency  –  to 
describe responses to interventions or treatments. Very often, the 
 mean  outcome fails to adequately reveal the true effect of the 
intervention or treatment (the weight loss response to enforced 
exercise is a good example). A truer refl ection of the operation of 
the challenge is described by the diversity of responses which 
encourages a deeper examination of the internal processes 
responsible. In common language this means that one unique 
explanation cannot account for all outcomes. 

 This issue draws attention, once again, to the nomothetic and 
idiographic approaches to scientifi c explanation  [147] . What 
should be the balance between seeking a common unifying prin-
ciple and a regard for individual differences (quantitative and 
qualitative)? In the light of this question it may be an appropriate 
time for a shift in ideology in order to focus attention on indi-
vidual variability, rather than on the mean value of any set of 
responses. The value of such a combined approach has recently 
been proposed  [148] . Although the mean response is the statisti-
cal parameter associated with the elucidation of scientifi c princi-
ples, cause – effect relationships and other features normally seen 
as the objectives of scientifi c enquiry, the great diversity of the 
human eating response suggests that we are dealing with a phe-
nomenon for which the  “ average ”  is often inappropriate. The 
identifi cation of phenotypes  –  their behavioral expression and 
their underlying physiology and genetics  –  constitutes a partial 
step towards a recognition of the variability inherent in human 
eating.  
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     The various chemical processes that underlie the functions of the 
body require the continuous provision of energy. In most cases, 
this energy is supplied by high - energy bonds within adenosine 
triphosphate (ATP). ATP availability is maintained by the utiliza-
tion of the major fuels, glucose and fatty acids. Although in the 
short term some fuel utilization and ATP production can occur 
anaerobically (e.g. by the production of lactate from glucose), the 
capacity and duration of such provision are limited, and for all 
practical purposes only the oxidation of the fuels to carbon 
dioxide (CO 2 ) and water is of importance. Thus, the overall proc-
esses involved in the body ’ s energy metabolism can be summa-
rized by, fi rst, the oxidation of fuels producing CO 2 , water and 
ATP (with approximately 60% of the food energy being released 
as heat during the production of ATP) and second, the utilization 
of the ATP in the chemical processes of the body. Thus, the 
energy contained within the fuels (originally the food consumed) 
is fi rst converted to ATP or lost as heat, and subsequently utilized 
in various metabolic processes (Fig.  12.1 ). This overall process is 
referred to as energy expenditure (EE), and represents the utiliza-
tion of food energy to maintain the functions of the body. The 
close relationship between EE and the metabolic processes of the 
body explains why the term  “ metabolic rate ”  is used synony-
mously with EE.    

  History of the  m easurement of  e nergy 
 e xpenditure 

 Our understanding of EE and its measurement originated during 
the late 1800s and early 1900s when prominent scientists devel-
oped the concepts we now use when measuring EE and substrate 
metabolism. The mysteries of life lead to the proposition of 

obscure theories and doctrines that governed the medical sciences 
in the Middle Ages. The belief that a  “ vital force ”  or  “ vital heat ”  
was responsible for the functioning of most living organisms 
characterized the theory of vitalism before the 1500s. During the 
next two centuries, the  “ phlogiston theory ”  supported the exist-
ence of a mysterious colorless, weightless  “ substance ”  (phlogis-
ton) contained in all fl ammable materials and released when 
these were burned (e.g. dephlogistation)  [1] . 

 Pioneering work by two British scientists, Joseph Black and 
Joseph Priestley, lead to the discovery of CO 2  and oxygen (O 2 ), 
respectively  [1] . However, it was Lavoisier ’ s early experiments on 
O 2  combustion, and respiration and heat production in guinea 
pigs that replaced the  “ phlogiston theory ”  and formed the basis 
of the concept of EE  [1,2] . 

 Following the work of Lavoisier, Carl von Voit, a German 
physiologist, was among the fi rst to develop an apparatus to 
measure CO 2  production in humans and animals. However, it 
was Max Rubner, a student of Voit, who improved Voit ’ s appa-
ratus and established the concepts of metabolic rate, and  “ specifi c 
dynamic action ”  (thermic effect of food)  [3] . Table  12.1  lists 
some of the prominent physiologists contributing to the develop-
ment of our understanding of energy metabolism.   

 Although new terminology has been introduced, the early con-
cepts still remain. An example of this is the specifi c dynamic 
action of protein, now called thermic effect of food (TEF). Simi-
larly, because of the diffi culty in achieving the conditions required 
to measure basal metabolic rate (BMR), it is actually resting met-
abolic rate (RMR) that is commonly measured. 

 Some concepts have been surrounded by controversy. 
Neumann in 1902  [4]  coined the term  “ Luxuskonsumption ”  to 
describe the capacity of some individuals to maintain a constant 
body weight at different levels of energy intake (EI). Others have 
been unable to confi rm these fi ndings  [4] . A new term to describe 
this mechanism has been coined, adaptive thermogenesis, and its 
clinical signifi cance is still debated. 

 Measuring RMR proved useful in the diagnosis of thyroid dis-
orders characterized by altered energy metabolism. Early during 
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 Table 12.1     Prominent contributors to  EE  developments and research 

        Dates     Contributions/ area of work/ key 
experiments  

  Joseph Black    1728 – 1799    Discovered CO 2   
  Joseph 

Priestley  
  1733 – 1804    Discovered O 2   

  Antoine 
Lavoisier  

  1743 – 1794    Used a calorimeter to show respiration associated 
with heat production in guinea pigs 

 Identifi ed increased thermogenesis associated 
with food intake (later described as SDA 
(specifi c dynamic action), DIT, TEF)  

  Carl von 
Voit  

  1831 – 1908    Built a metabolic chamber to collect water and 
CO 2  in humans, probably the fi rst open - circuit 
chamber  

  Nathan 
Zuntz  

  1847 – 1920    Developed an open - circuit calorimeter to measure 
VO 2  and VCO 2   –  the fi rst portable respirometer  

  Wilbur O. 
Atwater  

  1844 – 1907    Developed a respiration chamber for use in 
humans (the Atwater – Rosa calorimeter) 

 Investigated EB in resting, active, fed and/or 
fasted humans 

 Modifi ed his respiration chamber to allow 
measurements of O 2   

  Max Rubner    1854 – 1908    Succeeded in measuring carbon and energy 
balance in a dog using his respiration chamber 

 Attributed with developing the concept of basal 
metabolism 

 Showed that different animal species produced 
the same amount of heat per unit of body 
surface area 

 Described the specifi c dynamic action of food 
(SDA, now denoted TEF)  

  Graham 
Lusk  

  1866 – 1932    Showed that SDA (TEF) was not exclusive to 
proteins  

  Francis G. 
Benedict  

  1870 – 1957    Studied RMR in children and adults 
 Report on metabolic standards 
 Developed the most quoted equation to estimate 

BMR 
 Developed a helmet for IC measurements, an 

early version of a ventilated hood  
  Max Kleiber    1893 – 1976    Found an exponential relationship between RMR 

and body mass in mammals leading to what 
we know as the Kleiber ’ s law: 
RMR   =   constant    ×    (body weight) 0.75  

 Provided the basis for the conclusion that total 
effi ciency of energy utilization is independent 
of body size  

 There are two basic approaches towards IC, closed - circuit and 
open - circuit systems. In the closed - circuit system, the subject 
breathes from an O 2  reservoir and changes in the volume are used 
to calculate VO 2 . In the open circuit, the more common of the two 
systems, the subject breathes ambient (room) air of a constant 
composition, and expires into a gas - sampling system. Studies com-
paring these approaches show that closed - circuit systems produce 
higher RMR values (5 – 10%) than open - circuit systems  [8] . 

Food + O2
CO2 + H2O + ATP + Heat

Muscle contraction
Membrane potentials
Biosynthesis and repair

Heat

 Figure 12.1     Summary of energy exchanges in the body. 

the 19th century, the measurement of RMR became a routine test 
in most hospitals  [1] . However, with advances in the develop-
ment of techniques to measure thyroid hormones, measuring 
RMR was replaced by tests directed to hormone release. 

 During the early 1980s, indirect calorimetry (IC) became a fun-
damental tool in assessing the nutritional status of hospitalized 
patients  [5] . During the same period, a renewed interest in measur-
ing EE arose. Measuring EE was of interest to see whether low EE, 
in the context of low self - reported EI, might be a cause of obesity.  

  Methods of  m easuring  e nergy  e xpenditure 

 Calorimetric and noncalorimetric (direct and indirect) methods 
are available to assess EE under laboratory and free - living condi-
tions. We will focus on those that for one or another reason have 
a wider use. Table  12.2  provides a list of methods used to assess 
EE in human subjects.   

  Calorimetric  m ethods 

  Direct  c alorimetry ( DC ) 
 Because the measurement of EE implies measuring heat loss and 
heat production, DC remains the gold standard method. Heat 
loss can be measured accurately (0.1%), although this accuracy 
varies according to the routes of heat loss (e.g. evaporative heat 
2 – 3%). However, the high cost of building and maintaining a 
calorimetric chamber impedes its widespread use. Indeed, only a 
few direct calorimetric chambers are available in the world. The 
technical aspects of DC and the different systems available are 
described in detail elsewhere  [6,7] .  

  Indirect  c alorimetry ( IC ) 
 Indirect calorimetry is more widely used to assess EE, which is 
estimated from the rates of respiratory gas exchange, i.e. O 2  con-
sumption (VO 2 ) and CO 2  production (VCO 2 ). IC has the advan-
tage of allowing an assessment of which fuel (i.e. carbohydrate or 
fat) is being used as a substrate for energy metabolism. 
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 A disadvantage of IC is the need for a respiratory valve and a 
noseclip or facemask in exercising subjects or a ventilated hood 
in resting subjects, which limits the length of the measurement 
to only a few hours. A respiration chamber, usually the size of a 
small room (9 – 30   m 3 ), can be used for longer - term (e.g. 24 hours 
or longer) resting and exercising measurements. Some calorim-
eters have been designed to allow simultaneous IC and DC meas-
urements, reporting an agreement of 1% between methods  [9] . 
The lower complexity and expense of a respiratory chamber com-
pared with DC has encouraged the use of this methodology. 

 Availability of a number of IC commercial devices using a 
ventilated hood has made the measurement of EE a common 
test in the fi eld, clinical setting and laboratory. Early portable 
devices such as the Kofranyi – Michaelis respirometer  [7]  or the 
Oxylog offered the opportunity to measure the energy costs of 
physical activity (PAEE). A number of new and smaller compu-
terized devices such as the K4b2 (Kosmed), Oxycon mobile 
(Jaeger) or VO 2000  (MedGraphics) are now popular in sports 
science.  

  Respiratory  q uotient ( RQ ) 
 Box  12.1  illustrates the major differences in VO 2  and energy 
release for the different macronutrients, showing the more than 

 Table 12.2     Methods of measuring energy expenditure 

   Method     Accuracy     Advantages     Disadvantages     Complexity 
of use  

   Cost ( £ )  

  Direct calorimetry    ++++    Very accurate 
 Suitable for 24 - hour or longer periods  

  Not widely available 
 High maintenance costs  

  +++++     £  £  £  £   

  Respiratory chamber    ++++    Very accurate 
 Suitable for 24 - hour or longer periods  

  Not widely available    ++++     £  £  £  £   

  Ventilated hood systems    +++    Widely available in laboratory and clinical settings    Unsuitable for longer periods than a few hours    +++     £  £  £   
  Douglas bag    +++    Can be used for outdoor measurements during PA    Interference with locomotive activity 

 Limited sampling duration  
  +++     £  £   

  Portable calorimeters    +++    Availability of new smaller devices 
 Useful for outdoor measurement of PAEE  

  Validation outside the sports science area is 
needed  

  +++     £  £   

  PA monitors    ++    Used in large - scale studies 
 Provides specifi c information on PA  

  Studies validating PA monitors against DLW are 
required  

  ++     £   

  PA diaries    +    Most accessible method 
 Used in a wide number of settings  

  Inaccurate 
 Subject to bias/misreporting  

  +     £   

  HR monitors    +(+)    Satisfactory results in estimating EE at a group level    High variability at the individual level and in 
small groups  

  ++     £   

  DLW    ++++    Nonradioactive tracer 
 Long - term estimation of TEE  

  Expensive (isotope and analytic equipment)    +++++     £  £  £   

  Labeled bicarbonate    ++++    Less expensive than DLW and provides EE 
estimations over shorter periods (e.g.12 – 24   h)  

  Subject to carbon fi xation with variable recovery 
of labeled bicarbonate 

 Invasive: IV infusion of labeled carbonate  

  ++++     £  £  £   

   ++++ very high; +++ high; ++ moderate; +low.  
   £  £  £  £  very high cost;  £  £  £  high cost;  £  £  moderate cost;  £  low cost.   

Box 12.1  Summary of oxidation of the 
macronutrients.   Adapted from  [15]    

   Glucose   
  1   g glucose   +   0.747 LO 2    =   0.747 LCO 2    +   0.6g H 2 O   +   15.15   kJ  
  RQ   =   1.0  
  Energy content   =   15   kJ/g  
  Energy release   =   20.83   kJ/LO 2   

   Triglyceride   
  1   g fat   +   2.023 LO 2    =   1.436 LCO 2    +   1.07g H 2 O   +   39.63   kJ  
  RQ   =   0.71  
  Energy content   =   39.63   kJ/g  
  Energy release   =   19.59   kJ/LO 2   

   Protein   
  1   g protein   +   1.031 LO 2    =   0.859 LCO 2    +   0.403g H 2 0   +   (urea, 
ammonia and creatinine)   +   19.72   kJ  
  RQ   =   0.833  
  Energy content   =   19.72   kJ/g  
  Energy release   =   19.13   kJ/LO 2   
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twofold difference in energy released per gram of nutrient during 
the oxidation of fat compared with carbohydrate or protein, and 
that for a given EE a greater VO 2  is needed when using fat as a 
fuel compared to carbohydrate. The other major difference 
between the substrates is the CO 2 /O 2  ratio  –  the RQ. The RQ 
value provides an indication of the principal substrate(s) being 
utilized. The standard RQ values for the main macronutrients are 
given in Box  12.1 . These were obtained using conventional foods; 
however, RQ values may vary slightly for specifi c amino acids and 
fatty acids. The RQ value for alcohol, a common element of the 
diet contributing 5 – 10% of daily EI, is 0.67. The mean RQ for a 
standard Western diet is around 0.83 – 0.85. RQ values outside the 
physiologic range may be due to instrument or measurement 
error; however, a number of other factors may infl uence RQ  [10]  
(Table  12.3 ).     

 High RQs indicating a low fat oxidation have been identifi ed 
as a predictor of weight gain  [11] . A study using a respiratory 
chamber has shown that muscle sympathetic nerve activity, a 
measure of sympathetic nervous outfl ow, is negatively associated 
(r   =    − 0.41; p   =   0.01) with RQ measured over 24 hours; regression 
analysis showed that sympathetic nerve activity, together with age 
and energy balance (EB, e.g. 24 - hour EE minus EI) are independ-
ent determinants of 24 - hour RQ  [12] . In addition, there is evi-
dence suggesting a familial resemblance in 24 - hour RQ values 
independently of co - variates such as age, gender, and EB, recent 
preceding diet, and plasma variables such as free fatty acids (FFA) 
and insulin  [13,14] . 

 A more extensive account of the principles of IC in the meas-
urement of EE can be found elsewhere  [6,7,15,16] .  

  Doubly  l abeled  w ater ( DLW ) and the  b icarbonate -  u rea 
 m ethods 
 The traditional approaches of using direct or IC techniques to 
determine EE are able to detect minute - by - minute changes in EE 
but are of limited use in longer - term studies or for measuring 
free - living EE. This problem can be overcome by using the DLW 
method (using the nonradioactive isotopes deuterium and  18 O to 
assess mean daily EE (TEE) over a period of 10 – 14 days  [17] . The 
DLW method is based on the principle that the metabolic proc-
esses of the body involve the incorporation of water in a number 

of reactions. When such reactions occur the O 2  from the water 
can end up as CO 2  (and be lost from the body in expired air) 
whereas both the hydrogen and O 2  can end up in water and only 
be lost in sweat, urine and as respiratory water vapor. The rate of 
incorporation of water into these metabolic pathways is propor-
tional to the rate of whole - body energy metabolism, so a meas-
urement of the differential loss of O 2  and hydrogen labels from 
an initial,  “ doubly - labeled ”  loading dose provides an estimate of 
the body ’ s rate of VCO 2 , and thus VO 2 , over the period of meas-
urement  [16] . The disadvantages of the DLW method are the 
availability and cost of the isotope, and the duration of the meas-
urement. The method is unsuitable for detecting short - term dif-
ferences in EE and is also unable to determine what fuel mix is 
being used. The former problem can be overcome with the 
 “ bicarbonate - urea ”  method  [18] , which produces valid estimates 
of TEE over a period of 2 – 3 days, involving the measurement of 
14 - carbon appearance in urinary urea. This method is relatively 
inexpensive, but does involve administering a radioactive sub-
stance (admittedly in very small amounts).   

  Noncalorimetric  m ethods 
 Many researchers have attempted to use techniques such as heart 
rate monitoring (HR) and movement sensing to fi nd cheaper and 
more feasible ways of measuring EE. 

  24 -  h our  HR  
 There is a reasonably close relationship between HR and EE. 
Studies show a modest correlation between HR and VO 2  
(r   =   0.68), which improves (r   =   0.87) after adjusting for age and 
fi tness level; HR accounts for approximately 50% of the variabil-
ity of VO 2   [19] . A recent study using HR to estimate PAEE in 
well - trained subjects with a predictive model including HR, 
gender, weight, age, and VO 2max  showed a correlation coeffi cient 
of 0.91 between HR - predicted and IC - measured PAEE, explain-
ing 83% of the variation in measured EE  [20] . A predictive model 
without VO 2max  still showed a high correlation (r   =   0.86), explain-
ing around 70% of the variation in measured EE. 

 A number of HR devices (usually in the form of a transmitter 
chest - strap and a watch - receiver) are commercially available. HR 
is usually monitored for approximately 16 hours (i.e. waking 
hours) during at least 3 – 4 days including weekdays and weekends 
in which work - related PA may vary. One of the approaches to 
estimate EE via HR monitoring is called the FLEX - HR method 
 [21] . In this method, HR and VO 2  for each individual are simul-
taneously monitored while lying down, sitting, standing and 
doing exercise. The FLEX - HR is determined from the highest HR 
at rest and the lowest HR from light activity. RMR can be calcu-
lated from the VO 2  measured during resting or through a predic-
tive equation. EE for values under this FLEX - HR threshold will 
be calculated as RMR; EE for HR values above the FLEX - HR 
threshold will be derived minute by minute from the VO 2  regres-
sion line obtained during exercise. 

 At low levels of EE (i.e. changes in posture at rest), HR rises 
more steeply than EE. HR is, furthermore, affected by factors 

 Table 12.3     Range of  RQ  values and interpretation   

        RQ value     Related causes/factors  

  Physiologic range    0.70 to 1.0      
  Glucose oxidation    1.0    High - CHO low - fat energy - suffi cient diet  
  Fat oxidation    0.70    Underfeeding  

      Low - carbohydrate high - fat energy -
 restricted diet  

      Starvation  
      Diabetes  

  Lipogenesis     > 1.0    Overfeeding  
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other than PA such as emotional stress, high temperature and 
humidity, dehydration and illness in which changes in HR are 
unrelated to VO 2 . The HR method is suitable for groups but its 
performance at the individual level can show great variation from 
the reference methods.  

  Accelerometry 
 Accelerometry  [22]  provides information on the amount, inten-
sity, frequency and duration of most physical activities, an excep-
tion being swimming. Because triaxial monitors are designed to 
incorporate more planes of measurement (anteroposterior, 
mediolateral and vertical) than uniaxial (measuring acceleration 
in only one direction, usually vertical), these are probably more 
suitable to assess PA. A number of accelerometers have been 
developed, but only a few have been validated against EE calori-
metric methods. The triaxial accelerometer, Tracmor (Philips 
Research, Eindhoven, The Netherlands), showed a correlation 
coeffi cient of 0.6 – 0.8 between EE from DLW and the activity 
counts  [22] . 

 The combination of HR and accelerometry has been used to 
estimate EE. The principle is to use a motion sensor as a back - up 
measure to confi rm that elevations in HR are representative of 
response to PA. The preliminary studies showed the validity of 
this method in estimating EE  [23] . A couple of devices are now 
available: the ActiReg that combines two pairs of motion sensors 
combined with HR monitoring, and the Intelligent Device for 
Energy Expenditure and Activity (IDEEA) that uses multiple 
sensors to assess body posture and body movement; validation 
against DLW is still pending.  

  Predictive  e quations 
 Information on RMR in conjunction with a multiplier for PA is 
essential to estimate energy requirements at a population level. 
Over 200 different predictive equations have been reported in the 
literature. However, the Harris – Benedict  [24]  and Schofi eld  [25]  
equations remain the most commonly used when IC methodol-
ogy is not available to estimate RMR. These formulae differ in 
terms of the inclusion of weight, height, age and sex. 

 The Schofi eld equations which were derived from a larger data-
base, containing among other data those used by Harris and 
Benedict, were adopted by FAO/WHO/UNU in 1985. This data-
base includes studies involving European and American indi-
viduals with most other groups being poorly represented. 
Therefore it is no surprise that overestimation of RMR in differ-
ent populations has been reported  [26] . 

 Henry  [26]  has reported that Italian individuals, who had 
higher RMR than any of the other groups, comprise nearly 50% 
of the Schofi eld database. High RMRs among Italians might be 
related to the use of closed - circuit IC (see section on IC above), 
and to samples comprising young highly active subjects  [26] . 
Therefore, a new database,  “ the Oxford database, ”  excluding the 
Italian group and including RMR data from under - represented 
groups, has been used to derive new predictive equations (Table 
 12.4 ).      

  Components of  e nergy  e xpenditure 

 Whole - body EE can be separated into a number of components, 
with the major distinctions being between rest and activity (Fig. 
 12.2 ). The actual distribution of TEE between these two compo-
nents obviously depends on the level of PA.   

  Resting  EE  
  Fasting  m etabolic  r ate:  BMR  or  RMR ? 
 There is confusion and controversy about the usage of BMR and 
RMR. A simple search in PubMed for any of these terms gives 
very close results (BMR 6209, RMR 6370 items). The term  “ basal 
metabolism ”  was intended to differentiate between the energy 
expended under resting and active conditions. BMR is defi ned as 
 “ the daily rate of energy metabolism an individual needs in order 
to preserve the integrity of vital functions ”   [26] . Ideally, BMR 
should be measured under strictly standardized conditions. Sub-
jects must be at complete rest (before and during the measure-
ment, abstaining from signifi cant muscle activity), in the 
postabsorptive state (fasting of at least 8 – 12 hours), under no 
emotional distress, wakeful, well nourished (e.g. weight - stable), 
free of disease or infection, and tested in a thermoneutral envi-
ronment (22 – 26    ° C). However, in practice, it is very diffi cult to 
fulfi ll all these criteria; for example, measurements reported in 
the literature are often carried out at temperatures ranging from 
9 to 15    ° C. BMR should not be confused with the sleeping meta-
bolic rate which is approximately 10% lower than BMR. The 
fasting RMR, measured after an overnight fast and a period of at 
least 30 minutes supine rest, at a comfortable temperature, is a 
more appropriate assessment of someone ’ s baseline level of 
metabolism. BMR is of little value when considering energy 
metabolism in relation to obesity, and is an expression which 
should not be used. The fasting RMR is slightly higher than BMR 
(approx. 10%), the reason for this being that it includes the 
thermic effect of arousal. 

 In most adult individuals the major component of TEE is 
RMR (65 – 75%)  [27] . Mean day - to - day variability in the meas-
urement of RMR using a ventilated hood is approximately 4% 
(range, 2 – 10%). Haugen et al  [28]  reported that RMR measured 
in the afternoon, after 4 hours fasting and 12 hours post exercise, 
was signifi cantly greater (5%) than RMR measured in the 
morning (i.e. after 12 hours fasting and 12 hours post exercise). 
These results show a potential carry - over effect of the TEF and/
or PA, increased afternoon RMR. In another study  [29]  the vari-
ability between repeated RMR measurements (assessed three 
times at 2 - week intervals) was not explained by differences in 
prior nonexercise PA but by noncompliance with the protocol 
(e.g. fasting). 

 The main determinants of fasting RMR are body size and com-
position, in particular the size of the fat - free mass (FFM), the 
metabolically active tissue. Thus, the larger a person is, the greater 
their fasting RMR will be. Segal et al  [30]  showed in young men 
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   Author(s)     Formula  *       Population in which 
formula was developed  

   Males   
  Harris – Benedict    [66   +   (13.8    ×    W)   +   (5    ×    H)    −    (6.8    ×    A)    ×    4.18]    Normal weight  
     Age category (yrs) (18 – 29)    [(63    ×    W)   +   2896]    Normal weight, obese  
     (30 – 59)    [(48    ×    W)   +   3653]      
     (18 – 29)    [(63    ×    W)    −    (0.42    ×    H)   +   2953]      
     (30 – 59)    [(48    ×    W)    −    (0.11    ×    H)   +   3670]      

  Oxford equations          
     Age category (yrs) (0 – 3)    [(0.255    ×    W)    −    0.141]      
     (3 – 10)    [(0.0937    ×    W)   +   2.15]      
     (10 – 18)    [(0.0769    ×    W)   +   2.43]      
     (18 – 30)    [(0.0669    ×    W)   +   2.28]      
     (30 – 60)    [(0.0592    ×    W)   +   2.48]      
     (60+)    [(0.0563    ×    W)   +   2.15]      
     (60 – 70)    [(0.0543    ×    W)   +   2.37]      
     (70+)    [(0.0573    ×    W)   +   2.01]      

   Females   
  Harris – Benedict    [655   +   (9.5    ×    W)   +   (1.9    ×    H)    −    (4.7    ×    A)    ×    4.18]    Normal weight  
     Age category (yrs) (18 – 29)    [(62    ×    W)   +   2036]    Normal weight, obese  
     (30 – 59)    [(34    ×    W)   +   3538]      
     (18 – 29)    [(57    ×    W)   +   (11.84    ×    H)   +   411]      
     (30 – 59)    [(34    ×    W)   +   (0.06    ×    H)   +   3530]      

  Oxford equations          
     Age category (yrs) (0 – 3)    [(0.246    ×    W)    −    0.0965]      
     (3 – 10)    [(0.0842    ×    W)   +   2.12]      
     (10 – 18)    [(0.0465    ×    W)   +   3.18]      
     (18 – 30)    [(0.0546    ×    W)   +   2.33]      
     (30 – 60)    [(0.0407    ×    W)   +   2.90]      
     (60+)    [(0.0424    ×    W)   +   2.38]      
     (60 – 70)    [(0.0429    ×    W)   +   2.39]      
     (70+)    [(0.0417    ×    W)   +   2.41]      

    * W, weight in kilograms; H, height in centimeters; A, age in years.  
  Harris – Benedict equations estimate RMR in kJ/24   h; Oxford equations in MJ/24   h.   

 Table 12.4     Prediction formulas for  RMR  

(thus removing infl uences of age and gender) that when differ-
ences in FFM were taken into account by analysis of co - variance, 
there was no residual effect of fat mass, even though their subjects 
had a wide range of fat masses. Others  [31]  have reported that 
FFM accounts for up to 73% of the variation in 24 - hour RMR 
while fat mass accounts for only 2%. Whilst size of FFM is the 
major determinant of fasting RMR, other variables also contribute 
to explain such variation. For example, it is known that RMR 
decreases with age at a rate of approximately 1 – 2% per decade in 
weight - stable subjects. Together, FFM, fat mass, age and sex 
account for approximately 80% of between - individuals variation 
in fasting RMR  [32] . 

 Some variation in the metabolic activity of the FFM does occur, 
as a consequence of differences in the composition of the FFM 
 [33] . Small organs such as brain, heart, liver, and kidneys, contrib-
uting to approximately 5% of body weight, account for up to 70% 

of RMR in adults. On the other hand, skeletal muscle comprises 
up to 50% of body weight but accounts for only 20 – 30% RMR. 

 Variations in RMR appear to be lower within families than 
between them, which indicates that RMR is to some extent genet-
ically determined. In a study assessing familial dependence of 
RMR in American Indians  [34] , FFM, age and sex accounted for 
83% of RMR variance; however, an additional 11% was accounted 
for by family membership. 

 Adrenoceptors have attracted substantial attention as possible 
genetic factors contributing to EE regulation. It was reported that 
a missense mutation in codon 64 of the gene for the  β 3 -
 adrenoceptor with a replacement of tryptophan by arginine 
(Trp64Arg) may be implicated in obesity  [35,36] . However, this 
was not confi rmed by others  [37] . Studies on the association 
between the Trp64Arg polymorphism and RMR also showed 
contradictory results  [35,36,38] . 
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 Uncoupling proteins (UCPs) have also been investigated 
as factors controlling heat generation at the mitochondrial 
level which might affect EB, but the results were inconclusive 
 [39] . Overall, in light of the emerging importance of gene 
polymorphisms in EE regulation, further investigations are 
required. 

  Other  f actors  a ffecting  RMR  
 Factors such as cold, stress, drugs, and hormonal changes can 
affect RMR. Growth in children involves numerous complex 
chemical processes which have a substantial energy cost. Protein 
synthesis and turnover alone account for approximately 25% of 
fasting RMR in healthy adults. The increased protein deposition 
during growth has an additional energy cost contributing to the 
elevated EE seen during growth spurts in children. 

 In many animal species (e.g. rats), chronic exposure to cold is 
associated with an increase in EE. During the early stages of cold 
exposure, EE increases due to shivering, but this is soon replaced 
by nonshivering mechanisms (nonshivering thermogenesis). 
Exposure of human beings to cold will produce an increase in EE 
due to shivering. Vigorous shivering can raise EE at least fourfold 
above baseline resting values. There is some controversy over the 
effects of cold exposure on nonshivering EE in humans. There is 
some evidence of increased thyroid hormone function and sleep-
ing EE in nonobese women exposed to mild cold  [40] , which may 
represent a stimulation of nonshivering thermogenesis. In addi-
tion, 10 days of continued exposure to mild/moderate cold was 
associated with a 10 – 15% increase in fasting RMR  [41] . This 
effect was small compared to the effect seen in cold - adapted 
rodents, and was only observed in those subjects demonstrating 

adaptation to cold by a lowering of the core temperature thresh-
old needed to elicit a shivering response. 

 It is known that thyroid hormone administration for several 
days increases RMR. Hyperthyroid patients have a higher RMR 
due to increased blood T 3  level and may attain 180% of the stand-
ard value  [42] . There is no general agreement about the mecha-
nism of thyroid hormone effect, but increases in the Na, K - ATPase 
activity in various tissues and in the protein turnover rate are 
likely contributors. 

 RMR varies over the menstrual cycle, probably due to changes 
in sex hormones. It may on average be 8% higher during the 
luteal phase of the menstrual cycle  [43] , while use of oral contra-
ceptives may increase RMR by 5%  [44] .   

  Food  i ngestion:  TEF  
 The consumption of food is associated with an increase in EE and 
VO 2 . This was fi rst observed over 200 years ago by Lavoisier, and 
since then has been described by a number of terms. Max Rubner 
called it specifi c dynamic action of protein. However, more 
appropriate terms for this process are the thermic effect of food 
(TEF) and diet - induced thermogenesis (DIT). Thermogenesis 
literally means heat production, and so can be equated with EE. 
However, it is generally used to represent conditions in which EE 
is stimulated above baseline. The term TEF defi nes the increase 
in EE after a single meal, while DIT describes the long - term (24 -
 hour or longer) effect of dietary intake. 

 Diet - induced thermogenesis can be reduced during periods of 
underfeeding or when consuming a high - fat diet, and increased 
during overfeeding, especially with a high - carbohydrate intake. 
TEF for carbohydrates is approximately 5 – 10% of the energy 
ingested while for fat and protein it represents 3 – 5% and 20 –
 30%, respectively  [1,3] . Total TEF is approximately 7 – 9% of 
energy consumed after mixed meals of 400 – 1200   kcal in nonobese 
and obese subjects. The peak in TEF occurs between 60 and 180 
minutes in most individuals, but it is delayed in obese and older 
people  [45] . 

 Potential infl uencing factors in TEF include the following. 

  Meal  s ize 
 A major problem when trying to draw conclusions about possible 
differences in TEF after different - sized meals is the duration of 
the responses. Large meals (in excess of 4   MJ) can stimulate EE 
for several hours, making it very diffi cult to determine the total 
response. Reed and Hill  [45]  measured TEF for 6 hours after 
consumption of moderate - to - large meals with different composi-
tion and reported that at 3 hours 57% of TEF had been expended, 
at 4 hours 77%, and at 5 hours 91%. Calorimetric chamber 
studies measuring 24 - hour EE show that at 5 hours after a meal, 
EE has not completely returned to baseline values  [46] . 

 There is some evidence that small meals produce smaller 
overall TEF than large meals, but in many cases the conclusions 
may not be reliable because of inappropriate study designs. For 
example, Tai et al  [47]  compared TEF over a 5 - hour period to a 
single 3.1   MJ meal or to six 0.52   MJ meals eaten at 30 - minute 

Voluntary physical activity 

Posture and spontaneous
physical activity

Thermic effect of food

Fasting RMR 

(This component comprises the energy
spent in basal energy metabolism plus
the thermic effect of arousal) 

 Figure 12.2     Components of TEE  –  the distribution represents a sedentary 
individual. Broken lines indicate that voluntary activity can be variable; a large 
amount of voluntary activity will increase TEE and reduce the proportional 
contribution of the other components. 
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intervals. Overall, TEF over the 5 hours was less with the six 
meals, but this is likely to be in part due to the intermittent nature 
of the measurements, and the failure to measure the total response 
to the multiple small meals. Similarly, Vaz et al.  [48]  found a 
smaller TEF over 2 hours to three 1.05   MJ meals consumed in the 
fi rst 60 minutes, compared to a single 3.15   MJ meal at the start 
of the 2 hours. However, neither response was maximal by 2 
hours and measurements of EE were only made for 10 – 12 minutes 
in every 30. Thus, it would be unsafe to conclude that for the 
same total EI, a series of small meals is associated with a smaller 
TEF than a single large meal.  

  Meal  f requency 
 We recently found that an irregular meal frequency led to a lower 
postprandial EE over 1 – 3 hours after a test meal, compared with 
a regular meal frequency in lean  [49]  and obese women  [50] . 
Whilst a comprehensive feeding study is required to investigate 
the mechanism of this effect, it may have some practical signifi -
cance as Western populations are increasingly moving away from 
regular meals, perhaps because of the wider availability of ready -
 prepared meals at home and greater opportunity to eat more 
meals outside the home. 

 It appears that meal type affects TEF, with solid food producing 
a greater response than homogenized liquids with the same nutri-
ent content  [51] . This has been attributed to the solid food being 
more palatable, producing a hedonistic response that increases 
the activation of the sympathetic nervous system (SNS). However, 
whilst we have confi rmed this effect of solid food (compared with 
a liquid test meal), we did not fi nd an accompanying enhance-
ment of the plasma noradrenaline response (an index of the SNS) 
to the test meal  [52] . 

 An oral component of TEF has also been suggested. Some 
studies report lower TEF (40%) over 6 hours after tube feeding 
than after oral ingestion of isoenergetic meals by normal - weight 
subjects  [53] , an effect not observed in obese subjects. It is sug-
gested that this may be a mechanism of adaptive thermogenesis.  

  Meal  c omposition 
 It is widely believed that TEF is greater when consuming a high -
 carbohydrate meal than after an isoenergetic high - fat meal. This 
is partly based on the demonstrations that administration of 
glucose (either orally or intravenously) stimulates EE by the 
equivalent of 7 – 10% of the amount of glucose stored  [54]  but 
triglyceride infusion only produces an EE increase equivalent to 
2% of the fat stored  [55] . However, these effects are not always 
apparent when food is ingested, as Kinabo and Durnin  [56]  
found no difference in TEF over 5 hours when meals with 70% 
carbohydrate or 65% fat were compared. 

 The types of carbohydrate and fat ingested may also have sig-
nifi cant effects on TEF. Oral ingestion of fructose produces a 
greater TEF than the same amount of glucose  [57] ; it is less clear 
whether similar effects occur with nutrient mixtures (test meals). 
Meals containing saturated fat appear to produce a lower TEF 
than meals containing medium - chain triglyceride  [58] . It has 

been shown that substitution of 6   g visible fat by fi sh oil for a 
3 - week period was accompanied by an increase in fasting EE and 
fat oxidation  [59] . Further work is needed to establish the effect 
of diet composition on EE.  

  Other  n utritional  f actors 
 Recently much attention has been focused on the fl avanol content 
of foods and their possible infl uence on EE. Tea consumption 
can promote fat oxidation and increase 24 - hour EE  [60,61] . 
These promoting effects are related not only to caffeine content 
but also to other constituents such as polyphenols, which have a 
synergistic effect on thermogenesis. Polyphenols may increase the 
turnover of noradrenaline, explaining the synergistic impact of 
these components on EE.  

  Insulin  r esistance 
 Several studies have now reported  [62]  a decreased thermic 
response to glucose ingestion in insulin - resistant and diabetic 
obese subjects compared with young noninsulin - resistant sub-
jects. This is associated with a reduced rate of glucose uptake.   

   DIT :  e ffects on  TEE  
 With normal diets, eaten in suffi cient quantities to satisfy energy 
requirements, the overall stimulation of EE is equal to 8 – 10% of 
EI  [63] . Thus, an individual with a fasting RMR of 4   kJ/min, 
remaining supine and fasting for 24 hours, would use 5.76   MJ of 
energy. In order to maintain EB, the individual would require an 
equivalent to 110% of this (6.34   MJ) because of the amount of 
energy expended in DIT. Thus, it should be obvious that a low 
total EI will be associated with a lower DIT, and thus smaller TEE. 
This contributes to the reduction in EE seen with negative EB. 
However, the adaptation to excess EI is controversial. It was 
reported that an excessive total EI can lead to increased DIT and 
TEE  [64] , especially if consisting of excessive carbohydrate. This 
implies that the weight gain is lower than expected according to 
the raised EI. On the other hand, other investigations failed to 
confi rm this phenomenon  [65,66] . It was suggested that there is 
a threshold in cumulative overfeeding which could trigger the 
facultative thermogenesis to maintain EB. However, this is 
unlikely to occur with the modest degrees of overeating which are 
likely to contribute to the development of obesity.   

  Physical  a ctivity ( PA ) 
   PA   l evel 
 The majority of the population is now so sedentary that PA only 
accounts for approximately 30% of TEE. This has undoubtedly 
contributed to the increased prevalence of obesity in recent years, 
and low levels of PA are also an independent risk factor for car-
diovascular disease. Thus, increased levels of PA are important 
for promoting health, and as part of the lifestyle strategy needed 
to reduce the risk of obesity. This section will focus on the latter, 
considering the levels of EE associated with different types of PA, 
and also assessing the potential effects of regular PA on RMR and 
weight control. 
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 At the simplest level, activity - related EE can be defi ned as any 
situation which raises EE above resting levels. Thus, maintaining 
an upright posture requires a higher EE (20 – 50%) than when 
seated. Any type of activity which is weight bearing (e.g. walking, 
running, climbing) requires an EE which is proportional to body 
weight and speed of movement. By contrast, activities such as 
swimming, rowing and to some extent cycling are less affected by 
body weight. Table  12.5  shows approximate EE for standard 
activities, although the actual value for any individual is depend-
ent on his/her body weight and how the exercise is performed. 
One of the effects of learning and performing an activity regularly 
is that it may improve the effectiveness (or effi ciency) of move-
ments, so that a slightly lower EE is needed for the same activity. 
However, this effect is fairly modest and is unlikely to alter the 
EE by more than a few percent.    

  Types of  PA  
 The simplest distinction which can be made is to separate the 
types of activity into those involving aerobic metabolic pathways 
and those requiring anaerobic mechanisms of energy release. The 
latter are of short duration, high - intensity types of activity such 
as sprinting (e.g. running for a bus) or running up the stairs. 
These types of activity have very high rates of EE (over 100   kJ/
min) but can only be sustained for a few seconds. In addition, 
because the immediate energy release is anaerobic (usually with 
production of lactate) it takes several minutes to recover from the 
metabolic disturbances produced. Anaerobic PA is of little value 
in weight loss, although it may be of value in developing and 
maintaining muscle mass. 

 Aerobic PA is of much greater importance for TEE and the 
prevention and treatment of obesity. When describing an indi-
vidual ’ s capacity for aerobic activity, the term maximal VO 2  
(VO 2max ) is widely used. This is usually expressed as mL O 2 /kg 
body weight (or FFM)/min, and describes the maximum rate an 
individual can sustain for at least 1 minute. Sedentary individuals 
have low VO 2max  with values ranging from 30 to 40   mL/kg/min; 
highly active subjects can exceed 60   mL/kg/min. When one con-
siders that a nonobese individual would have a fasting RMR of 
approximately 75   J/kg/min (equivalent to 3.8   mL O 2 /kg/min), if 

their VO 2max  was 35   mL/kg/min, they would be exhausted when 
increasing EE by less than tenfold above resting. 

 PA at a large proportion of VO 2max  (above 70%) cannot be 
maintained for long periods of time, except in physically highly 
trained subjects. However, provided someone becomes accus-
tomed to being active, lower intensities of effort (40 – 60% VO 2max ) 
can be sustained for up to several hours. Under these conditions, 
PA can make a substantial contribution to TEE, especially if the 
person ’ s VO 2max  is reasonably high. 

 The term nonexercise activity thermogenesis (NEAT) has been 
introduced to defi ne the EE of all physical activities other than 
volitional sporting - like exercise, i.e. occupation - related (working, 
going to school) and leisure - related activities (dancing, playing 
the guitar, walking while shopping)  [67] . There is now evidence 
suggesting that orexin, one of the body ’ s neurochemical signals 
for vigilance and wakefulness, is associated with NEAT. Orexin -
 defi cient animals suffer from sleep disorders and are obese, while 
orexin injected into the hypothalamus in rats increases NEAT in 
a dose - dependent fashion  [68] . In addition, low orexin levels in 
cerebrospinal fl uid are associated with abdominal fat in obese 
subjects  [69] .  

  Fuel  u tilization  d uring  a ctivity 
 High - intensity activity requires a continuous supply of carbohy-
drate to the exercising muscles; lower - intensity exercise (e.g. 
below 50% VO 2max ) can be sustained through the oxidation of fat 
 [70] . Thus, if increased PA is to be used as part of a lifestyle 
strategy to prevent or treat obesity, it is usually of benefi t to use 
lower - intensity activities which maximize the rates of fat oxida-
tion. It has been suggested that obese individuals may have an 
altered fi ber type profi le within their skeletal muscles, such that 
they have a reduced capacity for oxidizing fat  [71] , but this is a 
controversial topic which has not been confi rmed by subsequent 
studies. It is clear that increasing the level of habitual PA (train-
ing) can improve fat utilization at a given exercise intensity, but 
as most obese individuals are physically inactive, obesity will 
reduce the level of fat utilization during activity.  

  Effects of  PA  on  RMR  
 There has been substantial debate as to whether the level of PA, 
or training, can affect RMR. It is well established that prolonged, 
high - intensity exercise can elevate RMR for several hours but it 
is less clear whether regular exercise training, or increased habit-
ual PA, has a similar effect. Cross - sectional studies  [72]  show no 
relationship between VO 2max  and RMR (per kg FFM); interest-
ingly the subjects with the lowest VO 2max  had the highest body fat 
content. In an intervention study the same authors  [73]  found 
no effect of 12 - week increased PA, which increased VO 2max  by 
10%, on RMR of young men. However, the trained subjects in 
this study showed small reductions in body fat, indicative of a 
slight negative EB over the study period. Normally, negative EB 
is associated with a reduction in RMR, but the exercise - trained 
subjects did not show such a reduction. By contrast, Poehlman 
et al.  [74]  found a weak but signifi cant relationship between RMR 

 Table 12.5     Energy costs of physical activities 

   Activity     kJ/min  

  Sleeping    4.5  
  Sitting    5.0  
  Standing    6.0  
  Brisk walking (6.4   km/h)    30.0  
  Running (8   km/h)    43.0  
  Cycling (l6   km/h)    30.0  
  Swimming (25   rn/min)    28.0  

   Values are estimations for a nonobese 70   kg individual.   
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and VO 2max  in nonobese young women (r   =   0.54), even when 
controlling for body composition (r   =   0.38).  

   PA ,  EB  and  b ody  w eight 
 One argument against the use of increased PA as a means of regu-
lating EB is that it will stimulate EI. However, many studies 
show that when subjects change from a sedentary lifestyle to 
moderate PA levels, there is no increase in EI. The study by 
Broeder et al.  [73]  provides an example of this, where 1 hour of 
exercise, 4 days/week for 12 weeks was not accompanied by any 
increase in voluntary FI. Obviously, very high PA levels need to 
be accompanied by an appropriate EI, with a high - carbohydrate 
diet being of particular importance when high - intensity exercise 
is performed. 

 Increasing PA as an adjunct to dietary modifi cation for weight 
loss in obesity would result in greater negative EB and body fat 
loss. However, of greater importance is that the combination of 
diet and exercise produces a greater loss of body fat (but not 
FFM) than diet alone  [75] . Furthermore, Racette et al.  [76]  
showed that increasing PA level improved the ability of obese 
subjects to comply with a dietary restriction program. 

 In addition, PA is widely recommended to prevent and treat 
obesity - related complications such as type 2 diabetes and coro-
nary heart disease (CHD). 

 Increasing PA favorably infl uences several markers of vascular 
risk such as high - density lipoprotein (HDL) cholesterol, serum 
triglyceride concentration and both low - density lipoprotein 
(LDL) and HDL particle sizes. PA, furthermore, increases insulin 
sensitivity and reduces the risk of type 2 diabetes. These benefi cial 
effects are modest and variable; however, they are important in 
reducing the morbidity and mortality from CHD on a population 
level, and specifi cally important in patients with atherogenic 
dyslipidemia.    

  Mechanisms and  s ites of  t hermogenesis and the 
 s ympathetic  n ervous  s ystem 

 There are numerous thermogenic mechanisms, including sub-
strate cycling, mitochondrial uncoupling in brown adipose tissue 
and increased sodium pump activity, the details of which are 
beyond the scope of this chapter. However, it is worthwhile con-
sidering which tissues and organs may be important sites of ther-
mogenesis (i.e. increased resting EE) in adult humans, and what 
role the SNS may have in regulating their metabolic activity. 

  Thermogenic  s timuli 
 It has been known for over 70 years that the catecholamines 
noradrenaline and adrenaline can stimulate RMR in humans 
 [77] . The plasma adrenaline threshold for stimulating EE is 
just above normal resting concentrations  [78] , with mild stimuli 
such as postural change and mental arithmetic being capable of 
raising the concentrations above this threshold. Maximal stimu-
lation of EE (25 – 30% above resting) occurs when adrenaline 

concentrations rise to 5 – 10 - fold above basal. It was originally 
thought that catecholamine - induced thermogenesis was due to a 
stimulation of lipolysis in adipose tissue and increased fat oxida-
tion  [79]  but it is now clear that at steady state there is a general-
ized stimulation of metabolism with increased fat and carbohydrate 
oxidation and little change in RQ. In association with this, it is 
clear that many tissues of the body are involved in the ther-
mogenic response to catecholamines, with skeletal muscle and the 
viscera being particularly important  [80] . 

 It is possible that some of the nutrient - induced thermogenesis 
discussed earlier is due to a stimulatory effect of catecholamines, 
as in some circumstances the  β  - adrenoceptor antagonist pro-
pranolol can reduce the thermogenic response to glucose  [81]  
and food  [82] . However, it is of interest that not all nutrients 
produce thermogenic responses in the same tissues or organs. 
Intravenous infusion of amino acids increases whole - body EE by 
19%, with half of the effect occurring in the splanchnic tissues 
 [83] . By contrast, the stimulation of EE due to oral ingestion of 
fructose or glucose has no effect on the splanchnic tissues  [84] .  

  The  SNS  
 Since the demonstration by Landsberg and Young  [85]  of reduc-
tion in SNS activity during fasting in rats, there has been great 
interest in the possibility that altered sympathoadrenal control of 
metabolism and thermogenesis may contribute to the develop-
ment of obesity. Furthermore, sympathomimetics which stimu-
late EE are viewed as of potential therapeutic value for obese 
individuals. However, review of the literature on the assessment 
of sympathoadrenal activity in the obese yields confl icting infor-
mation, with similar numbers of studies showing reduced, 
unchanged or increased SNS activity in obese compared to lean 
subjects  [86] . Interestingly, this review provided clearer evidence 
of reduced adrenal medullary activity in the obese, and the impli-
cations of this for EE deserve further attention. An extension to 
this review  [87]  revealed an altered relationship between an index 
of SNS activity (muscle sympathetic nerve activity) and resting 
EE in Pima Indians, indicating that the development of obesity 
in this group may be associated with a defective SNS infl uence on 
metabolism. 

 Whilst there is some evidence of a link between SNS activation 
and TEF, especially in younger but not older subjects  [88] , the 
administration of a  β  - adrenoceptor antagonist does not always 
reduce TEF  [89] . However, we have observed an effect of diet 
composition on fasting plasma noradrenaline concentrations (an 
index of SNS activity) and the responses to meal ingestion, such 
that high - sucrose diets and test meals produce larger responses 
than high starch or high fat  [90] . In addition, the high - sucrose 
diet was associated with greater 24 - hour EE than the other two 
diets. Thus, further studies are needed to examine the infl uence 
of diet composition on any SNS effect on EE. 

 Some caution is needed when considering the possible use 
of sympathomimetics to stimulate EE in the obese, because 
undesirable cardiovascular effects may occur. It is clear that 
catecholamine stimulation of EE in humans is mediated by 
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 β  - adrenoceptors, with some debate as to the dominant receptor 
subtype ( β  2  or  β  3 ). However, the concern is that any generalized 
activation of the SNS or release of adrenaline from the adrenal 
medulla has the potential of producing stimulation of the heart 
( β  1  - adrenoceptors) or of increasing blood pressure due to  α  -
 adrenoceptor effects causing arterial vasoconstriction. Thus, any 
pharmacologic approach needs to be selective for effects on EE, 
in order that undesirable side - effects are avoided.   

  Obesity and  e nergy  e xpenditure 

 Obesity can only develop as a consequence of a prolonged period 
of positive EB; therefore a reduction in EE can theoretically con-
tribute to weight gain. For many years there was a widely held 
view that very low RMRs may be a cause of obesity. However, it 
is now clear that such low RMRs only occur in severe hypothy-
roidism, and that this is a negligible cause of obesity. The advent 
of the DLW method has shown that the obese do not have 
reduced TEE compared to nonobese subjects. In fact, because the 
obese are larger, with a greater FFM than the nonobese, they 
usually have a greater TEE  [91] . This higher TEE is usually 
accompanied, in weight - stable obese subjects, by a fasting RMR 
per kg/FFM similar to nonobese subjects. 

 Table  12.6  compares the body composition of a nonobese 70   kg 
individual and a 100   kg obese person. The difference in total body 
fat (26.6   kg) is equivalent to 1037   MJ of stored energy. If the 
nonobese person ’ s TEE was 10   MJ/day, with a positive EB of 
+10% of this (1   MJ/day), it would take at least 3 years to increase 
body weight and fat content to those of the 100   kg person. In 
reality, most cases of obesity probably develop over a longer 
period of time with a smaller daily positive EB. Prospective 
studies in the Pima Indians (a group with high prevalence of 
obesity) have shown that in adults a low 24 - hour EE is associated 
with a high weight gain over the next 2 years  [90] . Similar obser-
vations have been made in infants  [93]  and children  [94] ; 
however, on average the low 24 - hour EE only explains 40% of 
the weight gain. Subsequent observations on the Pima Indians 

showed that in males (but not females), weight gain was associ-
ated with a lower EE associated with spontaneous PA  [95] .   

 Thus, a low 24 - hour EE, due at least in part to low PA, is a risk 
factor for weight gain and the development of obesity. The 
weight - stable obese do not have a low EE, if anything it is ele-
vated, but PA makes a smaller contribution to TEE than in the 
nonobese. Whilst there is evidence of reduced TEF responses to 
meals in the obese, this is probably secondary to their insulin 
resistance and possibly the insulating effect of the adipose tissue 
 [96] . Weight reduction to nonobese values is almost always asso-
ciated with a normalization of these reduced TEF responses 
 [97,98] .  
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   Overview of  l ipid and  l ipoprotein  m etabolism 

 Cholesterol and triglycerides are hydrophobic compounds which 
are transported in the blood by lipoproteins. On the basis of their 
density and composition, four major subclasses of lipoproteins 
have been identifi ed: chylomicrons, very low - density lipoproteins 
(VLDL), low - density lipoproteins (LDL) and high density lipo-
proteins (HDL) (Fig.  13.1 ).   

 Chylomicrons are the largest, most buoyant lipoproteins and 
contain mostly triglycerides. The protein constituents of these 
particles are apolipoprotein (Apo) E and C (II and III) as well as 
intestine - synthesized Apo B48, which are responsible for lipopro-
tein catabolism and structural integrity. Chylomicrons are synthe-
sized in the intestine shortly after a meal and represent the form 
by which most of the dietary fatty acids are transported in the 
plasma in the form of triglycerides. Endothelial lipoprotein lipase 
(LPL) is responsible for the hydrolysis of triglycerides contained 
within chylomicrons  [1] . The resulting chylomicron remnants are 
taken up by remnant receptors in the liver including the LDL 
receptor and LDL receptor - related protein (LRP) through an Apo 
E - dependent process  [2] . VLDLs are synthesized by the liver and 
contain Apo B - 100, E and C. VLDL synthesis rates rely mainly on 
the availability of neutral lipids from either  de novo  lipogenesis, 
hepatocyte cytoplasmic triglyceride stores, fatty acids derived 
from lipoproteins taken up by the liver (mainly chylomicron 
remnants) or plasma free fatty acids (FFA). The relative contribu-
tion of each of these sources varies according to the nutritional, 
hormonal and metabolic status of the patient  [3] . In the fasting 

state, most triglycerides are contained within VLDL particles. 
Intermediate - density lipoproteins (IDLs) and   LDLs are the cata-
bolic products of VLDLs, resulting from the hydrolysis of the 
triglyceride content of VLDL particles by both LPL and hepatic 
lipase  [1] . LDL particles are the main carriers of cholesterol in the 
blood. Apo B - 100 synthesized in the liver is their main protein 
constituent, and only one molecule of Apo B is found per LDL 
particle. IDL and LDL are taken up by the liver through binding 
of Apo B and E to the LDL receptor. The formation of HDL par-
ticles results from the hydrolysis of VLDL to LDL, a process during 
which excess surface components aggregate to form nascent HDL 
particles (see Fig.  13.1 ). The major apolipoproteins of HDL parti-
cles are Apo A - I and Apo A - II. According to the concept of reverse 
cholesterol transport  [4] , HDL particles promote the net move-
ment of cholesterol from extrahepatic tissues back to the liver  [5] .  

  Dyslipidemic  s tates and the  r isk of  c oronary 
 h eart  d isease 

 Coronary heart disease (CHD) is recognized as a major cause of 
mortality and morbidity in affl uent societies. In this regard, sci-
entifi c evidence supporting the notion that high plasma choles-
terol and LDL - cholesterol concentrations are associated with an 
increased risk of CHD is unequivocal [6 – 8] . Epidemiologic studies 
have established that each 1% increase in LDL - cholesterol leads 
to a 1 – 2% increase in coronary artery disease mortality rate  [9] . 
Accordingly, interventions aimed at plasma LDL - cholesterol 
reduction have been shown to decrease coronary artery disease 
events signifi cantly  [10 – 15] . However, measuring LDL - choles-
terol levels, along with traditional CHD risk factors such as ciga-
rette smoking, hypertension, diabetes and family history of 
cardiovascular disease (CVD), only allows the identifi cation of 
approximately 50% of the population that will eventually develop 
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the disease  [16] . For instance, a study from Genest and colleagues 
 [17]  has shown that there is considerable overlap in plasma cho-
lesterol concentrations among subjects with and without CHD, 
as almost 50% of patients with the disease had rather  “ normal ”  
plasma cholesterol levels  [17] . Accordingly, Sniderman and Sil-
berberg  [18]  have suggested that although mean plasma choles-
terol levels may be higher in patients with CHD compared to 
healthy subjects, the overlap of cholesterol values in these two 
groups of individuals is such that the ability of cholesterol alone 
to discriminate subjects at risk for CHD is relatively weak  [18,19] . 

 With respect to cholesterol lowering, although the reduction 
in coronary heart disease event rate has been clearly established 
in clinical trials, a signifi cant number of treated patients still 
develop a fi rst or a recurrent event  [7,10,14] . Consequently, 
beyond traditional risk factors and LDL - cholesterol levels, a col-
lection of nontraditional risk factors has emerged including pro-
thrombotic factors and proinfl ammatory markers, as well as 
measures refl ecting lipoprotein heterogeneity such as apolipo-
protein B levels, triglyceride concentrations, and small, dense 
LDL particles. This was well illustrated in the large myocardial 
infarction case versus control INTERHEART study, which 
reported that almost 90% of all cases could be explained by the 
following modifi able factors: the Apo B/Apo A1 ratio, smoking, 

hypertension, diabetes, abdominal obesity, psychosocial factors, 
consumption of fruits, vegetables and alcohol, and regular physi-
cal activity  [20] . These results clearly emphasize that a lower 
number of myocardial infarction cases remained unexplained 
once new and important risk factors are considered. 

 Apolipoprotein concentrations could refl ect the concentra-
tions of lipoproteins which protect against or promote premature 
atherosclerosis, and thereby provide clinically relevant informa-
tion. As mentioned, the ratio of Apo B over Apo A - I has been 
shown to be a strong predictor of CHD risk in several studies 
 [19 – 23] . Patients with elevated LDL - Apo B, but with LDL - cho-
lesterol values within the normal range, are generally character-
ized by an elevated number of small, dense LDL particles, which 
have been shown in several studies to be associated with an 
increased risk of cardiovascular disease  [24] . The presence of 
these atherogenic LDL particles most likely arises from an 
increased fl ow of triglycerides from triglyceride - rich lipoproteins 
to LDLs through the action of the cholesteryl ester transfer 
protein (CETP). Such transfer, which contributes to deplete LDL 
particles in cholesterol ester and increase their triglyceride 
content, is amplifi ed in hypertriglyceridemic states  [24] . LDL 
heterogeneity refl ecting differences in LDL particle composition 
and density is now recognized as an important factor which 
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 Figure 13.1     Overview of lipoprotein 
metabolism and lipid transport. Dietary fatty 
acids are incorporated in the form of triglycerides 
into chylomicrons in the intestine. Endothelial 
lipoprotein lipase (LPL) is responsible for the 
hydrolysis of triglycerides contained in 
chylomicrons. The resulting chylomicron remnants 
are taken up by the remnant receptors in the 
liver. VLDL particles containing Apo B - 100 are 
synthesized by the liver. These particles are 
submitted to the catabolic activity of endothelial 
LPL in the circulation, leading to the formation of 
VLDL remnants, IDL and LDL particles, which are 
progressively depleted in triglycerides and 
enriched in cholesterol. VLDL remnants are taken 
up by the remnant receptors in the liver, whereas 
IDL and LDL bind to the Apo B/E receptor (LDL 
receptor). HDL particles are generated by 
aggregation of excess surface components 
resulting from the hydrolysis of Apo B - containing 
particles by LPL. The cholesterol ester content of 
HDL is also increased during this process (HDL 2  
subfraction). 
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contributes to the link between dyslipidemic states and the risk 
of coronary heart disease. 

 Epidemiologic studies have also clearly established that a low 
plasma HDL - cholesterol concentration is a very potent and inde-
pendent risk factor for coronary heart disease  [25,26] . The levels 
of Apo A - I, the main protein component of HDL, are also 
reduced in patients with coronary heart disease  [27] . Despite the 
fact that HDL - cholesterol has long been recognized as an inde-
pendent risk factor, HDL particles are also heterogeneous in size 
and composition  [5,28] . As for LDL, the presence of hypertrig-
lyceridemia also appears to be a major factor modulating HDL 
metabolism  [5] . There is a well - established negative relationship 
between plasma HDL - cholesterol level and triglyceride concen-
trations  [29 – 32]  and patients characterized by high plasma trig-
lyceride levels frequently have low HDL - cholesterol as well as 
small HDL particles. Among mechanisms explaining this associa-
tion, small HDL particles, which are the product of intravascular 
lipolysis of triglyceride - enriched HDL, could be cleared more 
rapidly, are less stable or are more prone to shed Apo A - I than 
large HDL particles  [5] . Thus, although the contribution of 
plasma triglyceride level itself as a risk factor for CHD remains 
equivocal (several studies have shown that high plasma triglycer-
ide levels were no longer a risk factor for CHD after statistical 
adjustment for HDL - C concentration  [33] ) triglyceride enrich-
ment of HDL particles plays a signifi cant role in modulating HDL 
metabolism. 

 The clinical importance of HDL particle composition and size 
remains to be established. Nevertheless, knowledge about lipid 
and lipoprotein metabolism has considerably evolved in recent 
years and future studies are likely to further refi ne cardiovascular 
disease risk prediction through the measurement of additional 
lipid lipoprotein - related variables. Clinicians now need to go 
beyond simple plasma cholesterol level measurements in CHD 
risk assessment.  

  Obesity and  d yslipidemia:  i mportance of 
 v isceral  a dipose  t issue 

 Obesity is commonly associated with chronic diseases such as 
hypertension, type 2 diabetes and cardiovascular disease  [34 – 38] . 
Excess body fatness has also been frequently associated with dysli-
pidemic states and with alterations in other cardiovascular disease 
risk factors  [38 – 41] . Some prospective studies have found that 
obesity was a signifi cant predictor of cardiovascular disease -
 related mortality, although this association appears to be of lower 
magnitude than the relationships of cardiovascular disease mor-
tality to well - known risk factors such as smoking, hypertension 
and dyslipidemia  [38,42 – 44] . This section describes how the mor-
phologic heterogeneity of obesity, more specifi cally regional body 
fat distribution, accounts for the most important part of the asso-
ciation between obesity and the related metabolic complications. 

 In 1947, Jean Vague  [45]  was the fi rst to describe the sex -
 related difference in body fat distribution and to foresee its 

correlation with the complications of obesity. He defi ned the 
accumulation of upper body fat mostly found in men as  android  
obesity, this type of obesity being more frequently associated with 
diabetes, hypertension and cardiovascular disease. He also 
referred to  gynoid  obesity to describe a condition where body fat 
was preferentially accumulated in the gluteal - femoral region. He 
suggested that this pattern of fat distribution, mostly found in 
women, was not associated with the expected complications of 
obesity  [45,46]  (Fig.  13.2 ). Several prospective studies which have 
used the ratio of waist and hip circumferences (the widely used 
waist - to - hip ratio, WHR) have now confi rmed that the android 
type of obesity, now referred to as abdominal obesity, is more 
closely associated with a cluster of metabolic complications such 
as dyslipidemias, hyperinsulinemia and a higher risk of diabetes 
and cardiovascular diseases, rather than an excess of total body 
fatness  per se   [47 – 53] .   

  Age and  s ex  d ifferences in  v isceral  a dipose  t issue 
 a ccumulation 
 As mentioned above, the most widely used measurement of body 
fat distribution has been the WHR. The rationale for using this 
index is that the higher the accumulation of abdominal fat, the 
higher the ratio of waist - to - hip circumferences. However, this 
measurement does not distinguish the amount of adipose tissue 
located in the abdominal cavity (the intra - abdominal or visceral 
adipose tissue) from the subcutaneous abdominal adipose tissue. 
With the development of imaging techniques such as computed 
tomography (CT) and magnetic resonance (MRI), it has become 
possible to accurately quantify the amount of fat located in the 

Gynoid obesity 

Gluteofemoral 
adipose tissue 
accumulation 
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adipose tissue 
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 Figure 13.2     Android and gynoid types of obesity as fi rst defi ned by Vague 
 [45] , with preferential accumulation of adipose tissue in the abdominal and 
gluteofemoral region, respectively. The android pattern of adipose tissue 
distribution is more closely associated with the metabolic complications of 
obesity. 
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various body compartments, including the abdominal cavity 
 [54 – 56] . On the basis of differences in the density of tissues, 
adipose tissue can be distinguished from bone and muscle, and 
the size of the visceral and subcutaneous adipose tissue compart-
ments can be reliably estimated by measuring areas of the cor-
responding tissues on a single scan at the abdominal level, usually 
at the L4 – L5 vertebrae  [54 – 57]  (Fig.  13.3 ).   

 Starting in the late 1980s, studies were published creating an 
increasingly large body of knowledge regarding correlates of 
abdominal - visceral obesity in various populations and physio-
logic conditions. These studies have indicated that age and sex 
are important correlates of visceral adipose tissue accumulation. 
Using computed tomography methodology, Lemieux and col-
leagues have noted that for any given body fat mass value, men 
have signifi cantly higher amounts of visceral adipose tissue com-
pared to premenopausal women  [58]  (Fig.  13.4 ). Whether such 
a sex difference in visceral adipose tissue accumulation could 
account for the well - known difference in cardiovascular risk 
factors between men and women has also been examined in a 
cross - sectional comparison of subgroups of men and women 
who were individually matched for the level of visceral adipose 
tissue. This procedure largely eliminated most of the differences 
in glucose tolerance and plasma lipoprotein levels, including con-
centrations of Apo B and triglycerides  [59] . In the latter study, 

(a) (b)

(c) (d)

 Figure 13.3     (a,b) Cross - sectional abdominal 
adipose tissue area measured by CT at the L4 – L5 
vertebrae level in a young man and a middle - aged 
man with comparable levels of total body fat in kg. 
(c,d) The visceral cavity was delineated with a graph 
pen and adipose tissue was highlighted with an 
attenuation range of  - 190 to  - 30 Hounsfi eld units. 
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 Figure 13.4     Relationship between visceral adipose tissue area and percentage 
body fat in men (open circles) and women (closed circles) (r   =   0.71, p    <    0.0001 
in men and r   =   0.76, p    <    0.0001 in women). At 30% body fat, regression 
equations predict a 142   cm 2  vs 61   cm 2  visceral fat accumulation in men and 
women respectively.  (Adapted from Lemieux et al.  [58] .)  
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plasma HDL - C concentrations remained higher in women than 
in men, even after controlling for sex differences in visceral adi-
posity  [59] . Accordingly, androgens and estrogens have been 
shown to modulate hepatic lipase activity levels directly, contrib-
uting to the well - known sex difference in HDL - cholesterol levels 
 [60] . Moreover, the association between the androgenicity 
marker sex hormone - binding globulin (SHBG) and HDL - choles-
terol levels or hepatic lipase activity was found to be independent 
of interindividual differences in visceral adipose tissue accumula-
tion  [61 – 63] .   

 Additional studies have been performed on visceral fat accu-
mulation and the sex difference in LDL particle size, as men 
usually have smaller LDL particles than women  [64] . When com-
paring subgroups of men and women with similarly elevated 
triglyceride concentrations ( > 2   mmol/L) and visceral adipose 
tissue areas ( > 100   cm 2 ), LDL particle size remained signifi cantly 
lower in men than in women. These results suggest that despite 
being strong predictors of LDL size  [65] , plasma triglyceride 
levels and visceral adipose tissue area could not entirely explain 
sex - related differences in LDL size  [64] . Genome - wide associa-
tion and heritability studies have now confi rmed a very strong 
genetic component to the small, dense LDL phenotype  [66,67]  
which could mask the contribution of visceral fat to sex differ-
ences in LDL size. In summary, visceral adipose tissue accumula-
tion, along with other hormonal and genetic factors, is a signifi cant 
contributor to sex - related differences in several metabolic 
parameters. 

 The prevalence of obesity increases with age  [68]  and total 
body fat mass as well as visceral adipose tissue accumulations are 
signifi cant positive correlates of age  [69 – 72] . The cardiovascular 
disease risk profi le also generally deteriorates with age, and the 
concomitant increase in visceral adipose tissue was one of the 
important factors associated with the development of a more 
atherogenic metabolic profi le  [73,74] . However, other age - related 
processes that are independent of the variation in total adiposity 
and visceral adipose tissue deposition also contribute to the alter-
ations in plasma lipid and lipoprotein concentrations as well as 
in insulin sensitivity  [73,74] . Nevertheless, a substantial propor-
tion of age and sex differences in the metabolic risk profi le predic-
tive of the risk of type 2 diabetes and cardiovascular disease could 
still be attributed to concomitant variations in visceral adipose 
tissue accumulation.  

  The  m etabolic  a lterations of  v isceral  o besity 
 Abdominal obesity is now recognized as a critical correlate of 
several metabolic complications found in obesity  [38,75 – 77] . As 
an example to show the relative importance of obesity and vis-
ceral adipose tissue accumulation as correlates of metabolic alter-
ations, we used a simple approach in which we compared two 
subgroups of obese men matched for total body fat mass but with 
either low or high levels of visceral adipose tissue measured by 
computed tomography  [77,78] . These two groups were then 
compared to lean controls identifi ed on the basis of a Body Mass 
Index (BMI) below 25   kg/m 2  (Fig.  13.5 ). As shown in panels A – E, 

only men with high levels of visceral adipose tissue displayed 
signifi cantly higher plasma triglyceride and apolipoprotein B 
levels, lower HDL - C concentrations as well as reduced HDL 2  - C/
HDL 3  - C and HDL - C/total cholesterol ratios compared to the two 
other subgroups. Plasma total and LDL - cholesterol levels are 
often within the normal range in subjects with visceral obesity, as 
shown in panels F and G. We also observed that obese men with 
high levels of visceral adipose tissue were also characterized by 
signifi cantly higher fasting plasma insulin concentrations and by 
higher insulinemic and glycemic responses to a standard oral 
glucose load, suggesting a link between visceral fat accumulation 
and insulin resistance (panels H – J)  [77,79] . Similar results were 
obtained when these analyses were conducted in women (not 
shown).   

 Additional evidence shows that visceral fat accumulation is a 
strong correlate of plasma glucose and insulin homeostasis altera-
tions found in obesity. For example, when comparing equally 
obese women who had either normal or altered insulin sensitiv-
ity, the major feature of insulin - resistant women was an increased 
visceral fat accumulation measured by computed tomography 
 [80] . Other studies have now emphasized the importance of vis-
ceral fat accumulation in the association between obesity and risk 
factors for type 2 diabetes. Specifi cally, in both men and women, 
visceral adipose tissue accumulation has been positively associ-
ated with fasting insulin and C - peptide levels, as well as with the 
insulin response to an oral glucose challenge  [77,79] . These asso-
ciations appeared to be independent from concomitant variations 
in total body fat mass  [76,78] . The negative correlation between 
CT - measured visceral fat accumulation and glucose disposal 
assessed with the hyperinsulinemic - euglycemic clamp technique 
is also a well - established phenomenon  [16,74,81 – 86] . In addi-
tion, prospective studies have shown that visceral obesity is asso-
ciated with an increased risk of developing type 2 diabetes  [87,88] . 
Thus, individuals with visceral obesity are frequently character-
ized by both hyperinsulinemia and insulin resistance. 

 Measures of the proinfl ammatory/prothrombotic component 
of the metabolic syndrome are also closely correlated with the 
presence of excess body fatness and abdominal obesity. The 
acute - phase reactant C - reactive protein (CRP) is a sensitive 
marker of infl ammation  [89] . Circulating levels of this protein 
are generally low in patients without acute illness but using high -
 sensitivity assays, it has been possible to investigate the relation-
ship between previously considered normal plasma CRP levels 
and cardiovascular disease  [90] . Several studies have now dem-
onstrated that elevated high - sensitivity CRP levels are independ-
ently associated with an increased risk for cardiovascular disease 
mortality and morbidity, as well as with acute coronary events in 
both men and women  [91 – 95] . Elevated CRP levels are also cor-
related with body weight and BMI as well as insulin resistance 
 [41,96 – 98] . In a sample of 159 men, Lemieux et al.  [99]  found 
that, among subjects with a high body fat mass, those with excess 
visceral adiposity had the highest CRP levels  [99] . 

 The nature of the relationship between CRP and adiposity 
has not been clearly established. However, other adipose 
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 Figure 13.5     Comparison of fasting plasma (a) triglyceride; (b) HDL - cholesterol; (c) HDL 2  - C/HDL 3  - C; (d) HDL/total cholesterol; (e) apolipoprotein B; (f) LDL cholesterol; 
(g) total cholesterol; (h) fasting insulin; (i) insulinemic; and (j) glycemic responses to a 75   g oral glucose load (areas under the curves) among a subgroup of lean men and 
two subgroups of obese men with the same amount of total fat but with either low or high levels of visceral adipose tissue (AT). 1, Signifi cantly different from lean 
controls; 2, signifi cantly different from obese men with low levels of visceral adipose tissue, p    <    0.05.  (Adapted from Pouliot et al.  [77] .)  

tissue - secreted proinfl ammatory cytokines such as interleukin - 6 
(IL - 6), IL - 1 β  or TNF -  α  may stimulate CRP production in obesity 
 [96,97,100] . Accordingly, plasma levels of CRP and IL - 6 are 
increased in obese subjects  [101,102]  and reduced by substantial 
weight loss  [102 – 104] . The hemostatic and fi brinolytic systems 

may also be affected in obese patients as these patients tend to 
have higher fi brinogen, factor VII, factor VIII, von Willebrand 
factor and plasminogen activator inhibitor levels compared to 
nonobese individuals. A close association has generally been 
observed between abdominal obesity and disturbances in 
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plasminogen activator inhibitor, fi brinogen, factor VIII and von 
Willebrand factor, while less consistent results have been found 
for factor VII  [105 – 107] . Finally, adiponectin, an adipose tissue 
cytokine with insulin - sensitizing anti - infl ammatory effects, has 
been shown to be decreased in visceral obese individuals 
 [108,109] .  

  Abdominal  o besity and  c ardiovascular  d isease  o utcome 
 Convincing evidence that abdominal obesity is associated with 
cardiovascular disease is now available. CT - measured visceral fat 
accumulation was a signifi cant and independent predictor of all -
 cause mortality in a small study by Kuk and colleagues  [110] . In 
addition, results from the Nurses ’  Health Study examining the 
8 - year incidence of coronary heart disease among more than 
44,000 women who were disease free at baseline revealed that 
within each tertile of BMI, a larger waist circumference was asso-
ciated with an increased disease risk  [111] . Similar conclusions 
were obtained in the INTERHEART case – control study, which 
included more than 27,000 individuals from several countries 
 [112] . In each BMI category, subjects with the highest WHR were 
those with the highest risk of myocardial infarction. 

 This independent association between abdominal or visceral 
obesity and cardiovascular disease or mortality is likely accounted 
for by the risk associated with the clustering metabolic abnor-
malities of visceral obesity. The Quebec Cardiovascular Study 
examined this issue in a prospective design. In 1985, the cardio-
vascular disease risk profi le of a random sample of 2443 middle -
 aged men living in the metropolitan area of Quebec City was 
evaluated  [113] . This evaluation included the measurement of 
fasting plasma lipid and lipoprotein levels. After exclusion of men 
who showed clinical signs of ischemic heart disease (IHD) (exer-
tion angina, coronary insuffi ciency, nonfatal myocardial infarc-
tion, and coronary death) and of men with triglyceride 
concentrations above 4.5   mmol/L, the incidence of IHD over 5 
years was studied in a sample of 2103 men initially free from IHD. 
Over the 5 - year follow - up, 114 men developed clinical signs of 
ischemic heart disease. 

 When comparing the risk profi les of these 114 men to the 1989 
men who remained healthy over the 5 - year follow - up, it was 
found that men who eventually developed IHD had an elevated 
systolic blood pressure and a much higher prevalence of diabetes 
 [114] . Signifi cant differences were also found in the plasma lipo-
protein and lipid profi le between men with IHD and men who 
remained healthy. Plasma total cholesterol and triglyceride levels 
were signifi cantly higher in men who developed IHD compared 
to those who remained event free. The mean Apo B concentration 
was also 12% higher in men who developed IHD. In concordance 
with previous prospective data, plasma HDL - C concentrations 
were lower and the cholesterol/HDL - C ratio was substantially 
higher (by 16%) in men who developed IHD compared to men 
who remained healthy over the 5 - year follow - up  [114] . An ele-
vated Apo B concentration was also found in 42% of men who 
developed IHD and appeared as the best predictor of disease in 
multiple regression analyses  [115] . Fasting insulin levels were 

measured in a nested case – control substudy of the same cohort 
excluding diabetic patients. Fasting plasma insulin concentration 
was found to be an independent predictor of IHD risk even after 
control for other risk variables, including plasma lipid and lipo-
protein concentrations  [116] . Stratifi ed analyses showed that the 
combination of both hyperinsulinemia and elevated Apo B levels 
was associated with more than a 10 - fold increase in IHD risk 
 [116] . 

 Small, dense LDL particles have been reported to be more 
prevalent in coronary heart disease patients than in healthy con-
trols  [117 – 125]  and there is evidence suggesting that these parti-
cles have atherogenic properties, which could be mediated by an 
increased fi ltration rate in the endothelial space of the artery wall 
 [126,127] , an increased susceptibility to oxidation  [128 – 130] , a 
reduced affi nity for the LDL receptor leading to longer residence 
time in circulation  [131]  and an increased capacity to bind to 
intimal proteoglycans  [132] . In the Quebec Cardiovascular Study, 
small LDL particles were, indeed, predictive of a signifi cant 
increase in the risk of ischemic heart disease over the 5 - year fol-
low - up  [133] . This association was later confi rmed within the 
large - scale, population - based, prospective design of this cohort 
 [134] . As the predominance of small, dense LDL particles is 
closely associated with the hypertriglyceridemic - low HDL - cho-
lesterol dyslipidemic state of visceral obesity  [65,135,136] , our 
results provide further support to the notion that small, dense 
LDL particles represent another component of the dyslipidemic 
profi le of visceral obesity which increases cardiovascular disease 
risk. 

 The contribution of the infl ammation marker CRP to the 
5 - year risk of developing ischemic heart disease was also exam-
ined within the Quebec Cardiovascular Study design  [137,138] . 
Results reported by Pirro et al.  [137]  indicated that CRP levels 
predicted the short - term risk for IHD ( < 2 years), but not the 
long - term risk. Moreover, the risk associated with high CRP 
levels was independent of other known risk factors only in 
younger men ( ≤ 55 years). These results suggest that disease pre-
diction by elevated CRP may be especially relevant for younger 
middle - aged men and in the case of events occurring early after 
the evaluation  [137] . 

 Thus, results from the Quebec Cardiovascular Study clearly 
show that nontraditional risk factors generally associated with 
abdominal obesity are also strong predictors of the disease 
outcome. Most interestingly, we found that the use of a particular 
combination of nontraditional risk factors, namely elevated 
insulin and apolipoprotein B levels and dense LDL particles, pre-
dicted a more than 20 - fold increase in ischemic heart disease risk 
compared to those not showing this atherogenic triad of meta-
bolic abnormalities  [139] . The strength of the relationship 
between nontraditional risk factors and ischemic heart disease 
risk was not signifi cantly affected by adjustment for traditional 
risk factors. Once again, these results emphasize the ability of 
typical features of the insulin - resistant/dyslipidemic state of vis-
ceral obesity to identify individuals at risk for cardiovascular 
disease  [139] .  
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  The  m etabolic  s yndrome and  g lobal  c ardiometabolic 
 r isk 
 In 1988, Reaven was the fi rst to suggest the term  “ insulin resist-
ance syndrome ”  (or syndrome X) to describe a cluster of meta-
bolic abnormalities including: hypoalphalipoproteinemia, 
hypertriglyceridemia, hyperinsulinemia and increased blood 
pressure  [140] . Several organizations have since provided guide-
lines to identify obese individuals characterized by such a pattern 
of risk factors  [8,141 – 144] . Among others, experts from the 
American National Cholesterol Education Program (Adult Treat-
ment Panel III) issued a new designation for the syndrome, called 
 “ metabolic syndrome, ”  which included abdominal obesity, ather-
ogenic dyslipidemia, raised blood pressure, insulin resistance 
with or without glucose intolerance, and a prothrombotic/proin-
fl ammatory state. To screen for the presence of the metabolic 
syndrome, the ATPIII panel recommended that the simultaneous 
occurrence of three or more of the following components: 
   •      abdominal obesity (as defi ned by a waist circumference greater 
than 102   cm in men and 88   cm in women)  
   •      elevated plasma triglyceride levels (greater than or equal to 
1.69   mmol/L)  
   •      low HDL - cholesterol (below 1.04   mmol/L in men and 
1.29   mmol/L in women)  
   •      high blood pressure (greater than or equal to 130/85   mmHg)  
   •      elevated fasting plasma glucose (greater than or equal to 
6.1   mmol/L) [8] .    
 Other components of the metabolic syndrome, such as insulin 
resistance, the proinfl ammatory state, and the prothrombotic 
state, were not included in the clinical variables to identify indi-
viduals affected by the metabolic syndrome as they cannot be 
used in routine clinical evaluation at the present time  [8] . Quite 
consistently, visceral adipose tissue accumulation was found to 
be a critical determinant of the metabolic syndrome identifi ed 
using the ATPIII panel criteria  [145,146] . The International Dia-
betes Federation (IDF) organized a consensus committee to 
revise the original World Health Organization guidelines  [143]  
in an attempt to align these recommendations to those of the ATP 
III panel  [147] . Recognizing that the most prevalent form of the 
metabolic syndrome was found in patients with elevated waist 
circumference, this measure was recommended as an obligatory 
criterion to identify individuals likely to have the syndrome. 
Thus, under the IDF guidelines, diagnosis of the metabolic syn-
drome requires the necessary presence of an elevated waist cir-
cumference combined with two of the four additional clinical 
criteria of NCEP - ATP III  [147] . 

 As an additional screening tool to identify patients with the 
metabolic syndrome, we have proposed that the simultaneous 
presence of an increased waist circumference and elevated trig-
lyceride levels could help effi ciently identify those characterized 
by the clustering metabolic abnormalities of abdominal obesity 
 [148] . The rationale for using these variables was that waist cir-
cumference, a reliable predictor of visceral adipose tissue accu-
mulation  [149] , and triglyceride levels would each predict specifi c 
components of the previously described atherogenic triad  [139] , 

namely elevated insulin and Apo B and the presence of dense LDL 
particles  [148] . In the initial studies using cutoffs of 90   cm and 
2.0   mmol/L for waist circumference and triglyceride levels respec-
tively, as many as 84% of the male subjects with elevated waist 
and triglyceride levels were characterized by the atherogenic triad 
of risk factors whereas less than 10% of the subjects with low waist 
and triglyceride levels had these risk factors  [148,150] . A large 
number of studies have now examined the association of hyper-
triglyceridemic waist with features of the metabolic syndrome, 
type 2 diabetes or cardiovascular disease, reinforcing the notion 
that this specifi c phenotype is a useful clinical tool in the identi-
fi cation of obese individuals at the highest risk of disease (reviewed 
in Lemieux et al  [151] ). 

 As discussed in the previous sections of this chapter, the pres-
ence of metabolic syndrome features is predictive of an increased 
relative cardiovascular disease risk. However, the absolute risk of 
cardiovascular disease is also strongly infl uenced by the presence 
or absence of traditional risk factors. At the present time, global 
risk assessment algorithms are still lacking to help quantify dia-
betes and cardiovascular disease risk resulting from the presence 
of both classic risk factors and abdominal obesity -  or insulin 
resistance - related metabolic markers  [152] . The term  “ cardi-
ometabolic risk ”   [152]  has been proposed and also used by the 
American Diabetes Association  [153]  and the American Heart 
Association  [154]  to describe the overall risk of developing type 
2 diabetes and cardiovascular disease  [152] . Cardiometabolic risk 
encompasses the global risk of cardiovascular disease and type 2 
diabetes associated with traditional risk factors while also taking 
into consideration the potential additional contribution of 
abdominal obesity and/or insulin resistance to global disease risk. 
Thus, to properly evaluate cardiovascular risk, physicians must 
fi rst consider traditional CVD risk factors. Whether the presence 
of clinical criteria for the metabolic syndrome increases the risk 
of CVD beyond that of traditional risk factors remains uncertain. 
Resolving this issue has now become crucial for the optimal 
assessment of global CVD risk  [152] .   

  Fat  d epot -  s pecifi c  c haracteristics and  t heir  l ink 
with  p redictors of  d isease  o utcome 

 The morphology and physiologic characteristics of adipose tissue 
differ from one fat depot to another. A very large number of 
studies have compared an extremely wide variety of parameters 
in visceral versus subcutaneous fat depots. Specifi c features of the 
visceral adipose tissue depots have been shown to be closely 
related or even lead to metabolic alterations. This section will 
provide an overview of how the biologic nature of visceral adipose 
tissue may explain the link between visceral obesity and the meta-
bolic disturbances generally associated with this condition. 

  Adipocyte  s ize 
 The mature adipocyte population of a given fat depot varies in 
cell size according to the volume of the triglyceride droplet 
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located in each cell. Sex, adiposity level, nutritional status and 
anatomic location have all been shown to modulate fat cell size 
 [155 – 159] . In both sexes, omental and subcutaneous adipocytes 
become larger with obesity, but adipocyte size reaches a plateau 
in massively obese subjects  [156,159] . In normal - weight to obese 
women, omental adipocytes are 20 – 30% smaller than subcutane-
ous adipocytes over most of the spectrum of adiposity values 
 [156,159] . Omental and subcutaneous adipocytes only reach a 
similar size at markedly elevated BMI values in women ( > 45   kg/
m 2 )  [156,159] . In men, omental and subcutaneous adipocytes 
have similar cell sizes through most of the adiposity range. In 
addition, maximal adipocyte size is lower in men (approximately 
120    μ m) than in women (approximately 140    μ m)  [155] . Studies 
assessing differences between small and large adipocytes from the 
same adipose tissue depot of a given individual showed that 
lipolysis, lipid synthesis and glucose uptake  [155,160,161] , as well 
as gene expression  [162] , were strongly infl uenced by adipocyte 
size. Thus, fat cell size is a critical determinant of adipocyte func-
tion  [155]  and sex - , depot -  and adiposity - related differences in 
this parameter likely play a critical role in the link between vis-
ceral obesity and metabolic alterations.  

  Adipocyte  m etabolism 
 The response of adipose cells to lipolytic agonists is different in 
the visceral and subcutaneous compartments  [156,159,163 – 165] , 
one of the main determinants of these regional differences being 
adipocyte size  [155,156,159] . Larger adipocytes in a given adipose 
tissue depot appear to have increased lipid synthesis, increased 
lipolysis and, therefore increased fatty acid fl ux across the cell 
membrane  [166] . Lower basal lipolysis is found in the omental 
compared to the subcutaneous depot in women, consistent with 
the difference in adipocyte size  [159,163,165] . Thus, in women 
and possibly in very lean men, visceral adipose tissue is not 
believed, at least in the basal condition, to be a major contributor 
to the pool of circulating free fatty acids  [167] . However, com-
pared to the subcutaneous adipose tissue depot, lipolysis in 
omental fat was found to be more responsive to  β  - adrenergic 
agonist stimulation  [159,163,165]  and less to insulin suppression 
 [168,169] . In men, lipolytic activity is higher than that observed 
in women, although no regional difference is observed in isopro-
terenol - stimulated lipolysis  [156,159] . In absolute terms, however, 
more free fatty acids are released into the portal circulation by 
visceral adipose tissues in men  [167] . Compared to women, this 
may increase the impact of omental adipose tissue on hepatic 
metabolism and subsequently contribute to the development of 
a diabetogenic and atherogenic metabolic profi le  [156] . 

 Triglyceride accumulation in adipose tissue depots relies 
mainly on the hydrolysis of triglyceride - rich lipoproteins by LPL 
and on triglyceride synthesis inside the adipocyte. The regional 
differences in the rate of these processes are also tightly associated 
with adipocyte size. Some studies including both sexes failed to 
fi nd differences in omental versus subcutaneous LPL activity 
 [170,171] . However, higher LPL activity in subcutaneous adipose 
tissue was observed in studies including mostly women 

 [159,169,172]  and the opposite was observed in studies that 
included mostly men  [156,172,173] . Thus, we propose that 
regional differences in LPL activity are sex specifi c and likely 
refl ect the propensity of each compartment to accumulate lipids 
in each sex. Concordant with these observations, triglyceride syn-
thesis in women is reduced in omental compared to subcutane-
ous adipose tissue  [163,174]  whereas no regional difference is 
observed in men  [163] . 

 The mechanisms underlying the relationship between adi-
pocyte function and the metabolic abnormalities of visceral 
obesity have been extensively studied. Hepatic VLDL synthesis is 
a central factor in the dyslipidemic state of abdominal obesity 
 [3,175] . In fact, the hypertriglyceridemic state of this condition 
is primarily due to VLDL overproduction, particularly large 
VLDL particles  [176,177] , while the concomitant low HDL - cho-
lesterol levels and predominance of small, dense LDL particles 
appear to be consequences of high triglyceride levels  [3,5,175] . 
Availability of fatty acids in the liver is recognized as the primary 
determinant of reduced Apo B degradation and VLDL overpro-
duction  [3] . Thus an increased fatty acid fl ux from visceral 
adipose tissue to the liver could potentially explain abdominal 
obesity - related hypertriglyceridemia  [178] . The high concentra-
tions of triglyceride - rich lipoproteins found in visceral obesity 
could then favor increased lipid transfer by the cholesterol ester 
transfer protein (CETP) between VLDL particles and LDL as well 
as HDL particles. HDL particles then become relatively depleted 
in cholesterol esters and enriched in triglycerides. Triglycerides 
can also be transferred to LDL by CETP and this phenomenon 
also reduces the cholesterol - to - triglyceride ratio in LDL particles. 
Since hepatic triglyceride lipase (HL) activity has been reported 
to be increased in visceral obesity  [179,180] , triglyceride - rich 
HDL and LDL particles are then submitted to hydrolysis by this 
enzyme, generating on the one hand small, dense LDL and HDL 
particles and, as a consequence, reduced HDL cholesterol levels, 
especially in the HDL 2  subfraction. 

 With respect to insulin resistance, excess FFA release from 
adipose tissue may be associated with reduced hepatic insulin 
extraction  [181,182] , which could partly contribute to the hyper-
insulinemic state of this condition  [39,178] . It may also be associ-
ated with increased hepatic gluconeogenesis, leading to elevated 
hepatic glucose production, which could contribute to the dete-
rioration of glucose tolerance  [180,183] . Current literature sug-
gests that excess systemic FFA release is involved in skeletal 
muscle insulin resistance through inhibition of insulin signaling 
and glucose transport, as well as inhibition of glycogen synthase, 
pyruvate dehydrogenase and hexokinase  [184 – 187] . Several 
papers have now emphasized that increased muscle lipid content 
is closely associated with insulin resistance  [83,188]  and this phe-
nomenon would result from a state of  “ metabolic infl exibility, ”  
that is, a reduced capacity to switch from fatty acid oxidation in 
the fasting state to glucose oxidation and glycogen synthesis in 
the postprandial state  [189] . 

 Insulin resistance and dyslipidemia can also be observed in rare 
genetic forms of lipodystrophies in humans or in a number of 
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murine models of fat storage defi ciency  [190] . These models 
paradoxically show that lack of adequate lipid storage, much 
like excess lipid storage, is associated with metabolic disturbances. 
For example, selective disruption of the key adipose tissue adipo-
genic transcription factor PPAR γ 2 in mice leads to phenotypes 
of insulin resistance, with or without lipodystrophy  [191,192] . 
Together with several other studies, such fi ndings led to the 
suggestion that metabolic alterations may arise from reduced 
adipose tissue expandability when facing caloric excess and  “ spill-
over ”  of lipids to other tissues such as the liver and muscle 
 [190,193 – 195] . According to this concept, adipose tissue stores, 
especially the peripheral subcutaneous compartments, are viewed 
as lipid - buffering tissues that help maintain the homeostasis of 
daily lipid fl uxes  [193] . Consistent with the postulated negative 
impact of excess lipid fl ux in ectopic sites, overexpression of 
LPL in the liver or skeletal muscle LPL causes insulin resistance 
specifi c to the tissue overexpressing LPL. These results suggest 
that added fatty acid burden in a given tissue is causative of 
insulin resistance  [196] . The lipid - storing function of adipose 
tissue and its expandability have since emerged as major deter-
minants of dyslipidemia and insulin resistance in obesity, and 
also as targets for therapeutic intervention  . Stimulation of fat 
cell hyperplasia with compounds such as PPAR γ  agonists thiazo-
lidinediones, generates small, insulin - sensitive adipocytes in sub-
cutaneous compartments and leads to improvements of the 
metabolic profi le, especially in prediabetic subjects  [197,198] . 

 To study the relative capacity of each abdominal fat compart-
ment to store excess lipids through fat cell hypertrophy and 
hyperplasia, we examined a sample of women in whom we per-
formed measures of abdominal adipose tissue areas by CT and 
also obtained omental and subcutaneous adipose tissue samples 
by surgery to characterize adipocyte size and adipogenic gene 
expression  [199] . We observed a marked difference in, on the one 

hand, the regressions of omental and subcutaneous adipocyte size 
to total body fat mass and on the other, the regressions of adipose 
tissue areas and total body fat mass (Fig.  13.6 ). The fact that the 
regression slopes of subcutaneous and omental fat cell size were 
parallel showed that obese women have proportionately larger 
adipocytes in both fat compartments compared to lean women. 
Conversely, the fact that the regression of subcutaneous adipose 
tissue area was much steeper than that of visceral adipose tissue 
area with total body fat mass suggests that subcutaneous fat is 
hyperplasic in obese women. Thus, in women, hyperplasia is 
predominant in the subcutaneous fat depot, whereas fat cell 
hypertrophy is observed both in the omental and subcutaneous 
compartments (see Fig.  13.6 )  [199] .   

 Considering that adipocyte number and anatomic localization 
are major determinants of metabolic consequences related to 
obesity  [166] , we suggest that a higher storage capacity of the 
subcutaneous compartment through fat cell hyperplasia such as 
that seen in women could theoretically decrease the reliance on 
the visceral and other ectopic lipid storage compartments, and 
thereby exert a protective metabolic role when facing energy 
excess.  

  Adipokines 
 Adipose tissue is known to produce a number of cytokines, or 
adipokines, and many other factors involved in the regulation of 
numerous biologic processes  [200] . Adipokines are secreted by 
adipocytes or preadipocytes but also, especially in obesity, by 
macrophages invading the tissue  [200] . Visceral and subcutane-
ous adipose tissues often do not uniformly contribute to the 
secretion of these factors  [201 – 204]  and the literature also sug-
gests that, much like adipocyte metabolism, adipocyte size has a 
critical infl uence on their secretory patterns  [205] . 
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 Figure 13.6     (a) Regressions of mean adipocyte size in omental and 
subcutaneous adipose tissue in relation to total body fat mass. (b) Regressions of 
adipose tissue areas of abdominal subcutaneous and visceral fat depots in 
relation to total fat body mass. Given the parallel regressions of subcutaneous 
and omental adipocyte size versus fat mass, the steeper regression of 

subcutaneous adipose tissue area with total body fat mass compared with 
visceral adipose tissue area suggests predominant adipocyte hyperplasia in 
subcutaneous fat in this sample of women. These analyses were performed in a 
sample of 40 women undergoing abdominal hysterectomies (age: 47    ±    5 years; 
BMI 27.9    ±    5.3   kg/m 2 ).  (Adapted from Drolet et al.  [199] .)  
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 Blood levels of adiponectin, a cytokine with insulin - sensitizing 
and anti - infl ammatory properties, are inversely related to adipos-
ity levels  [206] . The decrease in adiponectin concentration with 
obesity is believed to have negative consequences on whole - body 
glucose homeostasis  [206] . Visceral adipose tissue accumulation 
is an independent predictor of circulating adiponectin levels 
 [108,109] . Omental adipose tissue adiponectin secretion also 
seems to be a critical determinant of circulating adiponectin 
levels. Indeed, omental adipocyte adiponectin secretion is signifi -
cantly reduced in obesity, while subcutaneous adipocyte adi-
ponectin secretion is maintained in abdominally obese women 
 [201,207] . 

 Interleukin - 6, a proinfl ammatory cytokine, is positively associ-
ated with obesity and especially with visceral fat accumulation 
 [102,208] . IL - 6 is also tightly linked to CRP production and other 
markers of cardiovascular disease  [209] . Adipose tissue generates 
up to a third of total IL - 6 production, suggesting a signifi cant 
systemic impact  [209] . Moreover, local production and accumu-
lation of this cytokine modulate lipid homeostasis directly in 
adipose tissue  [205,209,210] . For example, elevated plasma IL - 6 
is associated with increased omental fat cell  β  - adrenergic lipolytic 
responsiveness  [211]  and  β  - adrenergic - dependent lipolysis is 
increased by high levels of IL - 6  [212] . Moreover, LPL activity is 
reduced by half in subcutaneous and omental adipose tissue 
depots exposed to chronic IL - 6 treatment  [212,213] . Although 
the metabolism of both adipose tissue depots is affected by IL - 6, 
the local impact of the cytokine may be more pronounced in 
visceral fat since this tissue releases 2 – 3 times more IL - 6 than 
subcutaneous fat  [210] . Thus, increased secretion of IL - 6 in 
obesity could alter lipid metabolism of visceral adipose tissue and 
possibly increase FFA release rates from this depot  [209] . 

 Tumor necrosis factor  α  (TNF -  α ) is a proinfl ammatory 
cytokine secreted by immune cells such as macrophages  [209] . 
Obesity is associated with increased circulating and adipose tissue 
TNF -  α   [203] . This increase has been mainly attributed to mac-
rophage infi ltration in adipose tissue and increased secretion by 
adipocytes  [205,214] . Chronically elevated TNF -  α  levels tend to 
reduce fat mass through lipolysis induction, impairment of insu-
lin - induced lipogenesis and reduced glucose uptake  [215,216] . 
TNF -  α  may also contribute to skeletal muscle insulin resistance 
through induction of nitric oxide production in that tissue  [217] . 
TNF -  α  is positively correlated with visceral fat accumulation 
 [218,219] . However, its role in adipose tissue distribution remains 
unclear. Studies measuring regional expression differences in 
TNF -  α  and its receptor failed to fi nd consistent results  [202,215]  
and the alteration of fat disposal by this cytokine seems to be 
greater in subcutaneous adipose tissue  [215] . Taken together with 
the fact that hypertrophic adipocytes may secrete high amounts 
of TNF -  α   [205] , it may be hypothesized that TNF -  α  could con-
tribute to reduce fat accumulation in subcutaneous adipose tissue 
and drive the lipid overfl ow to the visceral and ectopic fat 
compartments. 

 Mature adipocytes also secrete signifi cant amounts of plas-
minogen activator inhibitor - 1 (PAI - 1)  [220] . The release of this 

cytokine by omental adipose tissue is higher compared to that of 
subcutaneous adipose tissue and this regional difference is even 
more pronounced in obese individuals  [204,221,222] . Positive 
correlations have been observed between plasma PAI - 1 levels and 
measures of visceral obesity  [223] . Thus, part of the prothrom-
botic state of visceral obesity may be explained by impaired fi bri-
nolysis due to PAI - 1 secretion by intra - abdominal adipocytes 
 [220] . This may represent another mechanism linking visceral 
obesity to cardiovascular disease  [220] . 

 In summary, the physiologic and metabolic nature of visceral 
and subcutaneous adipose tissues provides interesting clues to 
decipher the complex association between visceral fat accumula-
tion and clustering metabolic abnormalities (Fig.  13.7 ). Visceral 
adipocyte lipolysis responds more to  β  - adrenergic agonists and 
less to its suppression by insulin. Even if visceral fat is not a major 
contributor to whole - body FFA production, its altered lipolytic 
responsiveness, amplifi ed by the release of FFA directly in the 
portal vein of abdominally obese individuals, may play a signifi -
cant role. As previously described, visceral adipocytes and other 
cells contained in the visceral fat depots have a distinct secretory 
pattern of pro -  and anti - infl ammatory adipokines compared to 
cells located in subcutaneous compartments. The greater proin-
fl ammatory and prothrombotic potential of visceral fat may alter 
local and systemic metabolism by affecting lipid synthesis, lipoly-
sis, insulin sensitivity and fi brinolysis. Moreover, in abdominally 
obese individuals, visceral fat has lower adiponectin secretion 
rates, which could also contribute to infl ammation and insulin 
resistance. The proinfl ammatory - prothrombotic adipokine 
profi le, together with altered lipolysis and subcutaneous adipo-
genesis, may contribute to the metabolic alterations observed in 
abdominally obese individuals, and subsequently increase the risk 
of type 2 diabetes and cardiovascular disease.     

  Therapeutic  i mplications 

 As reviewed in this chapter, visceral obesity is a feature of a dys-
functional adipose tissue phenotype referred to as ectopic fat 
disposition. Excess visceral and ectopic fat is associated with a 
cluster of metabolic abnormalities contributing to increase the 
risk of type 2 diabetes and ischemic heart disease. The proper 
identifi cation of patients with visceral obesity has important 
public health implications. The use of CT represents a precise and 
reliable procedure to identify viscerally obese patients. However, 
this expensive methodology is not readily available to most clini-
cians. Moreover, depending on how the procedure is performed, 
a signifi cant amount of radiation can be associated with this test 
 [224] . Several studies have used the WHR as a measurement of 
abdominal obesity and until recently, this variable had been con-
sidered as a relevant tool in the assessment of abdominal fat 
accumulation  [225] . We and others have suggested that the waist 
circumference by itself is a better correlate of visceral adipose 
tissue accumulation than the WHR or other anthropometric 
measures  [149,226,227] . As mentioned earlier, the combined use 
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 Figure 13.7     Complex metabolic interactions that presumably occur in the 
insulin - resistant, dyslipidemic, proinfl ammatory and prothrombotic state of 
visceral obesity. Increased food intake and a sedentary lifestyle lead to excess 
accumulation of fat in the visceral compartments as well as ectopic fat 
deposition. As a result, the liver is exposed to high concentrations of free fatty 
acids (FFA) generated by the highly lipolytic activity of the enlarged visceral 
adipose tissue mass and poor inhibition of lipolysis by insulin. This phenomenon 
stimulates VLDL synthesis and secretion as well as gluconeogenesis in the liver 
and inhibits hepatic extraction of insulin. The activity of lipoprotein lipase (LPL) is 

low, which leads to increased plasma concentrations of triglycerides (TG). The 
increased hepatic lipase (HL) activity contributes to the formation of small, dense 
LDL particles from TG - enriched LDL particles. It also leads to decreased HDL 
cholesterol concentrations, HDL 2  - C/HDL 3  - C and HDL size. Adipose tissue releases 
cytokines which may modulate adipose tissue metabolism via paracrine effects, 
exert direct effects on the vascular endothelium and atherogenic plaque, or 
interfere with insulin signaling in the muscle, thereby contributing to insulin 
resistance. Reduced insulin extraction and increased gluconeogenesis in the liver 
contribute to alterations in plasma glucose - insulin homeostasis. 

of waist circumference and fasting plasma triglyceride levels con-
tributes to a rapid and inexpensive identifi cation of individuals 
with excess visceral/ectopic fat  [151] . 

 As discussed, excess visceral adipose tissue accumulation plays 
a signifi cant role in the pathophysiology of a number of clustering 
abnormalities. Accordingly, weight loss therapy leading to a 
reduction in visceral adipose tissue mass has been suggested to be 
associated with improvements in several aspects of the metabolic 
risk profi le  [103,104,228 – 230] . A critical review of weight loss 

studies suggested that the visceral adipose tissue compartment 
may be preferentially mobilized in response to a negative energy 
balance  [231] . Thus, it appears that interventions producing a 
signifi cant mobilization of visceral adipose tissue may contribute 
to alleviate some of the abnormalities leading to type 2 diabetes 
and cardiovascular disease. 

 When considering weight reduction, however, the clinician is 
confronted with crucial questions: which mode of intervention 
should be chosen, how much weight loss will be required to 
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obtain signifi cant health benefi ts, and how the relapse most often 
observed in the postweight loss period should be addressed. Solu-
tions to these problems and questions remain very important. 
Lifestyle intervention studies revealed that counseling patients 
with the aim of reducing weight, total intake of fat and saturated 
fat, while increasing fi ber intake and physical activity, signifi -
cantly reduced the risk of developing type 2 diabetes  [232] . Most 
interestingly, changes in the diabetes incidence rates were largely 
dependent upon the participant ’ s compliance with clinical rec-
ommendations. This highly effective lifestyle intervention was 
found to be even more effective than metformin therapy alone 
 [233] . 

 These results clearly emphasize the fact that if high - risk patients 
with abdominal obesity and glucose intolerance are offered 
support by additional health professionals to reshape their nutri-
tional and physical activity habits, such behavioral modifi cations 
have a high potential for health improvements. Although the 
latter studies were not designed to evaluate the respective contri-
butions of exercise, caloric restriction and weight loss on health 
outcomes, the inclusion of an exercise prescription likely played 
a signifi cant role in the results achieved and in contributing to 
the long - term maintenance of a reduced body weight. In this 
regard, physical activity may represent an interesting adjunct to 
weight reduction interventions since it has been shown to have 
benefi cial effects on carbohydrate and lipid metabolism irrespec-
tive of the magnitude of weight loss achieved  [234] . Regarding 
the amount of weight loss required to obtain health - related ben-
efi ts, studies tend to suggest that body weight normalization is 
not necessary to achieve substantial metabolic benefi ts  [235] . The 
question of whether it is necessary to reach low levels of visceral 
adipose tissue to induce favorable metabolic changes was exam-
ined in a weight loss protocol in postmenopausal women  [229] . 
Interestingly, results did not support the notion of reaching a 
given threshold (below 110   cm 2  in that study) of visceral adipose 
tissue area in order to improve the risk profi le. Moreover, a mod-
erate visceral fat loss yielded similar metabolic improvement 
compared to more substantial losses in a study conducted in 
obese postmenopausal women  [229] . These results suggest that 
moderate weight loss, specifi cally in the abdominal region, may 
represent an effective strategy for risk management in abdominal 
obesity. Keeping realistic expectations and objectives regarding 
weight loss, focusing on maintenance of a reduced body weight 
and adding a signifi cant amount of exercise may help to reduce 
the risk of relapse.  

  Conclusion 

 Excess visceral adipose tissue accumulation appears to represent 
a central component of the clustering metabolic abnormalities 
leading to an increased risk of type 2 diabetes and cardiovascular 
disease. When present, this condition is associated, in both men 
and women, with insulin resistance, compensatory hyperin-
sulinemia, glucose intolerance, a dyslipidemic state including 

high plasma triglycerides, low HDL - C, an increased cholesterol/
HDL - C ratio, hyperapolipoprotein B and an increased propor-
tion of small, dense LDL particles as well as with a prothrombotic 
and proinfl ammatory profi le. This cluster of metabolic abnor-
malities clearly increases the risk of type 2 diabetes and cardio-
vascular disease. It is, therefore, clinically relevant to identify and 
treat these high - risk patients who are characterized by an excess 
of visceral and ectopic fat. On the basis of its high prevalence in 
affl uent societies, it is proposed that visceral obesity and the con-
comitant development of the metabolic syndrome will likely rep-
resent the most prevalent cause of type 2 diabetes and coronary 
heart disease in the coming years. Concerted efforts to prevent 
and treat this condition are needed.  
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   Insulin  r esistance 

 There is now little doubt that a signifi cant cause of insulin resist-
ance is excess fat. To understand obesity - induced insulin resist-
ance, it is necessary to have knowledge of how insulin signals. 
Briefl y, when insulin binds to its receptor, a conformational 
change in the receptor activates the intrinsic tyrosine kinase 
located in the  β  chain. The initial target of the tyrosine kinase is 
its companion  β  chain. Cross tyrosine phosphorylation of the  β  
chains more powerfully activates the tyrosine kinase which then 
activates its primary downstream target, one of a family of pro-
teins called insulin receptor substrates (IRS) 1 – 4. The most 
important IRS in peripheral tissues is IRS - 1 while in the liver and 
pancreatic  β  cell it is IRS - 2  [1] . Insulin phosphorylates multiple 
tyrosine residues on IRS proteins. Tyrosine - phosphorylated IRS 
proteins attract several downstream proteins that contain SH2 
domains in their structures, including PI - 3 kinase, and Grb2, 
which in turn mediate the metabolic and growth effects of insulin 
respectively. PI - 3 kinase phosphorylates P(4,5)P2 to P(3,4,5)P3 
which activates PDK and in turn it activates both Akt (PKB) and 
PKC  ζ . In muscle and adipose tissues, these mediate an increase 
in glucose transport by translocating the glucose transporter 
GLUT4 from an intracellular compartment to the cell surface. 
They also stimulate glycogen synthesis and have antilipolytic 
activity. The Grb2 pathway mediates the growth effects of insulin 
via activation of the MAP kinase pathway. 

 In the previous edition of this book some mechanisms of obes-
ity - induced insulin resistance were reviewed. In particular, the 
effects of free fatty acids (FFA) and obesity - induced changes in 
cytokine levels were highlighted. Briefl y, it was shown that free 
fatty acids cause peripheral insulin resistance by overproduction 

of long - chain acyl - CoA secondary to the oversupply of FFAs, 
which in turn activate protein kinase  θ   [2] , that serine - phospho-
rylates and thus impairs the action of IRS - 1. Long - chain acyl -
 CoA may also increase the production of ceramide  [3]  which 
inhibits Akt (PKB)  [4] . Finally, long - chain acyl - CoAs inhibit hex-
okinase, the enzyme involved in the fi rst step in glucose metabo-
lism  [5] . 

 Free fatty acids also cause hepatic insulin resistance by stimu-
lating gluconeogenesis  [6]  by several proposed mechanisms 
including upregulation of fructose 1,6 bisphosphatase  [7] , eleva-
tion of acetyl - CoA, citrate, NADH or ATP  [8,9]  and accumula-
tion of PKC  δ   [8] . Recently, transgenic mice overexpressing 
fructose 1,6 bisphosphatase in the liver were produced and 
showed that despite an increase in gluconeogenesis from glycerol, 
there was no measurable increase in endogenous glucose produc-
tion  [10] , suggesting that fat - induced increase in FBPase on its 
own is not suffi cient to explain enhanced EGP and that other 
fat - induced mechanisms must contribute. 

 In the previous edition of this book, the role of tumor necrosis 
factor (TNF) -  α , resistin, interleukin 6 (IL - 6), adiponectin and 
leptin in modulating insulin action was discussed. Since the pub-
lication of the last edition, the following has been discovered 
about these adipokines. 

      TNF  -  α  
 Diet - induced obesity is associated with an upregulation of protein 
tyrosine phosphatase 1B (PTP1B), a negative regulator of insulin 
signaling. Perhaps the most signifi cant advance in knowledge 
relative to TNF -  α  is the fi nding that this cytokine can upregulate 
PTP1B  [11] . This phosphatase dephosphorylates (and hence 
inhibits) the insulin receptor, leading to insulin resistance.  

  Resistin 
 In rodents, resistin is secreted mainly from adipocytes while in 
humans, monocytes and macrophages are the main source  [12] . 
Fat feeding increases resistin levels, resulting in hepatic insulin 
resistance  [13] . In mice, resistin defi ciency improves glucose 
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tolerance and insulin sensitivity by enhancing Akt phosphoryla-
tion in muscle and liver and decreasing suppressor of cytokine 
signalling - 3 (SOCS - 3)   levels  [14] . Infusion of resistin into the 
brain resulted in elevated endogenous glucose production associ-
ated with an increased hepatic expression of SOCS - 3, IL - 6 and 
TNF -  α   [15] .  

  Adiponectin 
 As mentioned in the last edition of this book, low levels of adi-
ponectin in obese subjects may contribute to the insulin resist-
ance seen in obesity. More recent work has shown that mice in 
which the adiponectin gene has been deleted demonstrate dif-
ferential insulin resistance in various tissues. Adiponectin knock-
out (KO) mice demonstrate hepatic but not peripheral insulin 
resistance  [16] . Interestingly, these mice are also unresponsive to 
the insulin - sensitizing effects of PPAR γ  agonists, suggesting that 
the glitazones partly enhance insulin sensitivity by upregulating 
adiponectin expression  [16] . This is inconsistent with evidence 
from human studies showing that the PPAR γ  agonists (glita-
zones) predominantly improve peripheral insulin action with 
only a minor benefi cial effect on hepatic insulin resistance  [17] . 
It is possible that there is a species difference in the actions of 
adiponectin.   

  Novel  o besity -  r elated  m echanisms for  i nsulin  r esistance 
  Retinol  b inding  p rotein 4 
 A surprising outcome of deletion of the insulin - responsive glucose 
transporter (GLUT4) in individual tissues was that mice with 
deletion specifi cally in adipocytes developed muscle insulin 
resistance  [18] . Investigating this surprising phenotype, Qin et al. 
identifi ed genes that were differentially expressed between 
GLUT4 - defi cient and normal adipocytes  [19] . A surprising 
fi nding was that GLUT4 - defi cient adipocytes overexpressed 
retinol binding protein 4 (RBP - 4) 2.3 - fold  [19] . Retinol binding 
protein was previously known only as a transporter of vitamin A. 
In a subsequent series of elegant experiments, it was shown that 
circulating levels of RBP - 4 are elevated in obese mouse models, 
including the melanocortin 4 receptor (MC4R) KO, leptin defi -
cient (ob/ob) and high fat fed mice  [19] . In addition, serum RBP - 4 
levels were elevated 1.9 - fold in obese human subjects. Modulation 
of RBP - 4 levels, by genetic manipulation, RBP - 4 infusion or infu-
sion of a compound that reduces RBP - 4 level, resulted in changes 
in insulin sensitivity, suggesting that elevated RBP - 4 can cause 
insulin resistance. Of interest is that the PPAR γ  agonist, the thia-
zolidenedione rosiglitazone which is known to improve insulin 
resistance, normalized RBP - 4 in the GLUT4 KO mice.  

  Mitochondrial  d ysfunction and  o xidative  s tress 
 Mitochondrial dysfunction as a cause of insulin resistance has 
been proposed for some time  [20 – 22] . In addition, it was shown 
that excess fat availability resulted in a decrease in the expression 
of transcriptional regulators such as PGC1 α  required for mito-
chondrial production and in the expression of genes coding for 
proteins in the electron transport chain  [23] . To further 

investigate possible mechanisms involved in the development of 
mitochondrial dysfunction, Bonnard et al.  [24]  fed mice a high -
 fat, high - sucrose diet for a prolonged period of time. This resulted 
in mitochondrial dysfunction. The diet - induced high - fat fed 
insulin - resistant mice had an increase in reactive oxygen species 
(ROS) production in skeletal muscle. Antioxidant treatment 
decreased muscle ROS production and restored mitochondrial 
integrity, suggesting that the high ROS induced by the diet was 
the cause of the mitochondrial dysfunction, which in turn led to 
insulin resistance. These studies were repeated  in vitro  and con-
fi rmed that glucose or lipid - induced reactive oxygen species pro-
duction caused mitochondrial dysfunction. 

 Thus, it appears that mitochondrial alterations in obese type 2 
diabetic subjects do not precede the onset of insulin resistance, 
but rather are the result of reactive oxygen species production in 
muscle as a result of fat overfeeding. The authors proposed that 
excess nutrient supply results in the uncoupling of mitochondrial 
oxidative phosphorylation, leading to overproduction of free 
oxygen radicals. These in turn are postulated to suppress expres-
sion of PGC1 α  and other regulators of mitochondrial biogenesis, 
thus reducing mitochondrial biogenesis. This reduces fatty acid 
oxidation, leading to the excess accumulation of intracellular fat 
and subsequent insulin resistance  [24] . 

 However, this view of the role of mitochondrial dysfunction as 
a cause of insulin resistance has recently been challenged. It has 
been proposed that rather than insulin resistance being linked to 
a reduction in fatty acid  β  oxidation, and the subsequent accu-
mulation of intracellular fat, the cause is mitochondrial overload 
and an increase in incomplete FFA oxidation coupled with 
reduced fat oxidation in the liver  [25] .  

  Blood  fl  ow  a bnormalities  l eading to  i nsulin  r esistance 
 It has been proposed that part of insulin ’ s action to stimulate 
glucose uptake in muscle tissues is to open what have been called 
nutrient capillaries  [26] . It follows that any abnormality in this 
effect of insulin could contribute to what is perceived as insulin 
resistance. Insulin appears to have antagonistic effects to both 
vasodilate (mediated by nitric oxide) and vasoconstrict (medi-
ated by endothelin - 1) resistance arterioles  [27] . It has been pro-
posed that localized excess fat deposited around arterioles may 
lead to impaired insulin - stimulated nitric oxide synthesis, result-
ing in unopposed constriction caused by endothelin - 1  [28] . It has 
been further suggested that this is a consequence of increased 
production of TNF -  α  from excess localized fat surrounding the 
vessel  [28] . Another, possibly related mechanism may be the 
reduced expression of eNOS as was demonstrated in resistance 
arterioles of obese Zucker rats  [29] .  

  Abnormal  f atty  a cid  r e -  e sterifi cation  a s the  c ause of  i nsulin 
 r esistance in  c entral  o besity 
 In a recent study it has been proposed that an abnormality in fatty 
acid re - esterifi cation in women with central obesity is a possible 
cause of insulin resistance in central obesity  [30] . The authors 
compared women with and without abdominal obesity. They 
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performed euglycemic clamps at an insulin infusion rate of 
40   mU/m 2 /min and assessed glucose disposal, endogenous glucose 
production and lipolysis. They found that centrally obese women 
demonstrated peripheral and hepatic insulin resistance. Using the 
ratio of the rate of appearance of glycerol (as a measure of lipoly-
sis) and the level of circulating free fatty acids (Ra gly /FFA), they 
were able to estimate the rate of re - esterifi cation of free fatty acids 
to triglyceride. Obese women had a marked reduction in the rate 
of FFA re - esterifi cation, and fatty acid re - esterifi cation was sig-
nifi cantly related to abdominal circumference and peripheral and 
hepatic insulin resistance independent of total body fat  [30] . The 
inability to re - esterify FFA results in higher FFA levels which then 
induce widespread insulin resistance.    

  Obesity and  g ut  h ormones 

 The center of weight control is the hypothalamus. There are 
several available reviews of its role  [31,32] . While the hypothala-
mus determines the desire to eat or the sensation of fullness, its 
net state is in turn determined by the balance of the actions of 
circulating signals. These signals, as might be expected, are 
derived from relevant tissues including fat tissue (leptin, adi-
ponectin, TNF -  α  and other cytokines) and the gut. Not surpris-
ingly, the gut and its extension, the pancreas, which receive and 
respond to ingested energy, are a rich source of signals to the 
hypothalamus. This section of the chapter will review current 
knowledge of the gut signals that can regulate food intake. 

 Several gut peptides have been described that infl uence food 
intake. These come from different areas of the gastrointestinal 
tract and can be subdivided several ways. If subdivided function-
ally, they are: 
   •      short - term satiety peptides (CCK)  
   •      long - term feeding signals (PYY, GLP - 1, PP, amylin, insulin, 
neuromedin B, oxyntomodulin)  
   •      feeding stimulator (ghrelin).    
 If subdivided anatomically, they are: 
   •      stomach (ghrelin)  
   •      duodenum (CCK, GIP)  
   •      pancreas (PP, amylin, insulin)  
   •      ileum (GLP - 1, oxyntomodulin, PYY)  
   •      colon (GLP - 1, oxyntomodulin, PYY).    
 Before discussing hormonal signals it is important to state that 
there is evidence that gastric distension  per se  can terminate a 
meal, although a large volume of food is required for this to occur 
 [33,34] . To achieve this function the stomach has well - character-
ized stretch receptors  [35,36] . 

  General  g ut  h ormones 
  Ghrelin 
 Ghrelin is a 28 amino acid protein that stimulates both food 
intake and growth hormone release  [37] . It has been shown to 
stimulate food intake in rodents  [38]  and man  [39] . It is pro-
duced in the stomach and the brain, although the major 

component of the circulating hormone is stomach derived. When 
ghrelin is administered peripherally it stimulates food intake and 
activates neurons in the arcuate nucleus of the hypothalamus that 
express neuropeptide Y (NPY)  [40,41] . The growth hormone 
secretagog receptor 1a (GHS - R1a) is expressed at a high level in 
the hypothalamus consistent with a role in ghrelin ’ s food intake -
 stimulating effects. 

 Unlike leptin, plasma ghrelin levels vary signifi cantly during 
the day, rising prior to meals and falling rapidly after meals  [42] . 
Of interest, ghrelin levels are higher following weight loss  [42] , 
a mechanism contributing to weight regain after weight loss. 
Ghrelin has been shown to stimulate insulin - induced glucose 
uptake in adipocytes  [43]  and insulin secretion  [44] . It is possible 
therefore that the rise in ghrelin that occurs following weight 
loss not only contributes to weight regain but may also contribute 
to the metabolic benefi ts on glucose tolerance seen with weight 
loss.  

  Cholecystokinin ( CCK ) 
 Cholecystokinin is produced predominantly by the I cells of the 
duodenal and jejunal mucosa. Other sites of production so far 
described include the brain and the nerves supplying the gut. The 
CCK parent hormone is cleaved by endoproteolytic enzymes into 
at least six peptides including CCK8, CCK22, CCK33 and CCK58. 
Of these, it appears that CCK58 is the major circulating form in 
both rats  [45]  and humans  [46] . CCK is secreted in response to 
the presence of food (in particular fat and protein) in the gut. It 
has a multitude of effects, including stimulation of pancreatic 
secretion, contraction of the gallbladder and, of relevance to this 
discussion, the induction of satiety. If injected just before a meal, 
CCK reduces the size of the meal  [47] ; however, the effect is 
short - lived. 

 There are two CCK receptors: CCK1R (CCK - A), mainly 
expressed in the gastrointestinal system, and CCK2R (CCK - B), 
which is predominantly found in the brain. The satiating effects 
of CCK are mediated by both central and peripheral actions of 
the hormone. CCK1R receptors are expressed in the vagus nerve, 
and subdiaphragmatic vagotomy reduces the satiating effect of 
peripherally administered CCK  [48] , showing the peripheral 
action of CCK. Injection of CCK directly into selected brain 
nuclei decreases food intake  [49] . Of interest is the fact that CCK 
also slows gastric emptying, thus contributing to the gastric dis-
tension that occurs after feeding. As mentioned above, there is 
evidence that distension  per se  inhibits food intake. CCK and 
gastric distension may have additive effects  [50] . 

 Because of its short duration of action, CCK may not be a good 
target for the treatment of obesity. When CCK is repeatedly 
administered peripherally to rats it reduces meal size but this does 
not lead to weight loss as the rats simply increase the number of 
meals  [51] , a testament to the highly complex regulatory mecha-
nism that controls body weight. Recently it has been demon-
strated that CCK release following a meal is reduced following 
weight loss  [52]  (Fig.  14.1 ), demonstrating that CCK takes part 
in the multifaceted adaptation to voluntary weight loss.    
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 Figure 14.1     Postprandial concentrations of  β  - hydroxybutyrate (a) and free fatty acids (FFA) and cholecystokinin (CCK) (b) are shown before and after weight loss (error 
bars indicate SEM; n   =   12). The bar graphs depict the cumulative postprandial responses (area under the curve) of the metabolites.  (Reproduced with permission from 
Chearskul et al.  [52] .) . 
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  Gastric  i nhibitory  p olypeptide ( GIP ) 
 Glucose - dependent insulinotropic polypeptide or gastric inhibi-
tory polypeptide (GIP) is a 42 amino acid hormone produced in 
the proximal small bowel in K cells. It is known as one of the two 
incretin hormones (with GLP - 1) and is a major inducer of post-
prandial insulin secretion  [53] . Like GLP - 1, it is degraded by 
dipeptidyl peptidase - IV (DPP - IV). GIP acts through a G - coupled 
receptor, generating cAMP as the intracellular signal. As expected, 
this receptor is expressed in pancreatic  β  cells but it is also 
expressed in adipocytes  [54]  and osteoblasts  [55] . It was the dele-
tion of the receptor in mice that uncovered the actions of GIP on 
fat and bone metabolism. GIP has the effect of encouraging nutri-
ent storage by stimulating glucose uptake and activation of lipo-
protein lipase in adipocytes  [56] . This is the reason why GIP 
receptor KO mice are resistant to the weight gain associated with 
a high - fat diet  [56] . Thus, it has been proposed that GIP can be 
seen as a direct link between overnutrition and obesity since the 
stimulation of GIP is nutrient dependent. GIP is not the only 
factor acting in this manner, since insulin is also stimulated by 
nutrients and encourages energy storage by activating glucose 
uptake and lipoprotein lipase. The effect of GIP on bone is to 
encourage bone formation after food intake  [57] .  

  Glucagon -  l ike  p eptide - 1 ( GLP  - 1) 
 The physiology of glucagon - like peptide - 1 has recently been thor-
oughly reviewed  [58] . There are many examples in biology of a 
single gene giving rise to multiple bio - active proteins and peptides. 
In endocrinology, pro - opiomelanocortin (POMC) is the typical 
example. Proglucagon is another, giving rise to GLP - 1, glucagon, 
GLP - 2, glicentin, and oxyntomodulin (Fig.  14.2 ). The same pro-
glucagon gene is expressed in the pancreatic  α  cells and in the 
intestine so the different hormones produced in these tissues are 

the result of differential processing of proglucagon mRNA  [59] . 
In the gut, processing results in the formation of glicentin (1 – 69) 
which includes oxyntomodulin (33 – 69) and GLP - 1 (72 – 108), 
intervening peptide 2 (111 – 123) and GLP - 2 (126 – 160). It was 
found that a truncated fragment of GLP - 1 (78 – 107) was a power-
ful stimulator of insulin secretion while the full - length hormone 
(72 – 108) was inactive  [60] . The majority of GLP - 1 secreted from 
the gut in humans is the amidated version  [61] . 

 There is some evidence that there is a very low level of basal 
GLP - 1 secretion but clearly most GLP - 1 is secreted in response 
to food arriving in the distal gut. In addition, the response is 
proportional to the size of the meal. Strangely, GLP - 1 secretion 
is quite rapid, possibly before the food has had a chance to arrive 
in the distal small bowel, which may be explained by several 
mechanisms including the existence of some L cells in more 
proximal areas of the small bowel and a direct effect of GIP to 
stimulate GLP - 1 secretion via the vagus nerve  [62] . 

 The receptor for GLP - 1 is G - coupled and is expressed in pan-
creatic islets, brain, heart, kidney, and gastrointestinal tract. 
GLP - 1 has multiple functions including: 
   •      stimulation of insulin secretion (but only in the presence of 
elevated glucose)  
   •      suppression of glucagon secretion  
   •      inhibition of gastrointestinal secretion and motility  
   •      inhibition of food intake  [63,64] .    
 Both GLP - 1  [65]  and its receptor  [66]  are expressed in the brain. 
The receptor is particularly expressed in key food - regulating 
centers such as the arcuate nucleus and other hypothalamic 
areas  [66] . Nutrients infused into the ileum stimulate GLP - 1 
release  [67]  and induce satiety  [68] , suggesting that peripherally 
produced GLP - 1 may have a physiologic role in modulating 
satiety. Indeed, infusion of GLP - 1 dose - dependently enhances 
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 Figure 14.2     Differential post - translational 
processing of the proglucagon gene in the gut. This 
gives rise to glucagon, GLP - 1 and oxyntomodulin. 
 (Reproduced with permission from Holst  [58] .)  
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satiety and reduces food intake  [69,70] . An analog of GLP - 1 
developed for the treatment of type 2 diabetes (Exendin 4) when 
administered daily resulted in mild but steady and progressive 
weight loss  [71] . The mechanism for GLP - 1 mediated weight loss 
is not clear. Is it acting via the vagus nerve or by a direct action 
on the brain? It could possibly be a combination of both.  

  Peptide  YY  ( PYY ) 
 Peptide YY is a 36 amino acid peptide secreted from the L cells 
into the distal gut. Its secretion is stimulated by food. Two forms 
of PYY are found in the circulation: PYY1 – 36 and PYY3 – 36  [72] . 
Dipeptidyl peptidase IV, the same enzyme that degrades GLP - 1, 
also cleaves off the fi rst two N terminal amino acids to form 
PYY3 – 36, the active form of the hormone. Thus while DPP - IV 
inactivates GLP - 1, it activates PYY. 

 Peptide YY, NPY and pancreatic polypeptide (PP) (see below) 
belong to the same family and share a high degree of homology 
(67% with NPY). PYY acts predominantly through the Y2 - R 
receptor and has been shown to inhibit food intake in both 
humans and rodents. Y2 receptors are found in the arcuate 
nucleus of the hypothalamus. In addition, they are also expressed 
in the vagal nodose ganglion. Infusion of PYY3 – 36 reduces NPY 
mRNA in the arcuate nucleus. Although it had been suggested 
that this action arose via activation of POMC neurons, a direct 
suppressive effect on NPY neurons is now considered more likely 
 [73] . Indeed, PYY3 – 36 appears to inhibit POMC neurons, leading 
to the suggestion that it temporarily reduces the role of arcuate 
nuclear cells, thus increasing the infl uence of other circuits  [73] . 

 Infusion of PYY3 – 36 into humans  [74]  and rodents  [75]  
results in a sustained reduction in appetite and food intake. 
PYY3 – 36 possibly acts two ways to mediate these effects. Direct 
injection of the hormone into the arcuate nucleus suppressed 
food intake and NPY neuronal fi ring  [75] , suggesting a direct 
effect of the hormone in the brain. However, rat studies suggest 
that there is a major role for the vagus nerve in PYY3 – 36 ’ s action. 
Abdominal vagotomy abolished the anorectic effect of peripher-
ally administered PYY3 – 36 and the activation of arcuate nucleus 
neurons  [76] . Y2 - R receptors are synthesized in the nodose gan-
glion and transported along vagal fi bers to the nerve endings. 
There is also evidence that this action of the vagus nerve is medi-
ated via the solitary tract  [76] . It is important to note that the 
weight loss effects of PYY3 – 36 administration into rodents has 
been questioned  [77] .  

  Oxyntomodulin 
 The term  “ oxyntomodulin ”  was fi rst applied in 1981 to a bio -
 active form of enteroglucagon that increased cAMP in the fundus 
of the rat stomach  [78] . It was shown to have some activity as an 
incretin hormone when it was demonstrated to stimulate insulin 
secretion from perfused rat pancreas  [79] . In addition, it inhibits 
pentagastrin - stimulated acid secretion  [80] . Indeed, most of the 
initial work was directed towards its action in the gut. However, 
in 2001 oxyntomodulin was shown to inhibit food intake in the 

rat when it was injected into the the brain of 24 - hour fasted 
animals  [81] . It also increases energy expenditure since the weight 
loss in oxyntomodulin - treated rats is greater than pair fed con-
trols  [82] . 

 This hormone is made in the L cells of the gut in the same cells 
that also make GLP - 1 and PYY. With them, it is secreted follow-
ing a meal. There is evidence that DPP - IV degrades the hormone 
 [83] . Oxyntomodulin has been shown to suppress appetite and 
reduce food intake in humans without inducing nausea  [84] . It 
is possible that it signals through the GLP - 1 receptor since it was 
unable to suppress food intake in GLP - 1R KO mice  [85] . 
However, there are some differential physiologic effects of these 
two related hormones, Compared to GLP - 1, oxyntomodulin 
causes less nausea and has a weaker incretin effect but a more 
potent effect on food intake and energy expenditure  [86] . More 
work is required to clarify this issue.      

  Bombesin -  l ike  p eptides ( g astrin -  r eleasing  p eptide ( GRP ), 
 n euromedin  B  ( NMB )) 
 Bombesin, originally discovered in amphibians, is a 14 amino 
acid peptide which suppresses feeding, induces hypothermia 
and hyperglycemia and induces grooming  [87,88] . While intra-
ventricular administration reduces food intake, it has been shown 
that the main effect of peripheral bombesin on food intake may 
be mediated neurally since neurally disconnecting the gut from 
the brain blocks its effect  [89] . However, bombesin is not 
expressed in mammals. Instead, mammals express two bombe-
sin - like compounds: gastrin - releasing peptide (GRP) (27 amino 
acids) and neuromedin B (NMB) (10 amino acids). GRP18 – 27 is 
known as neuromedin C. GRP was fi rst isolated in 1979 and 
shown to have potent gastrin - secreting effects  [90] . It is expressed 
widely in the gastrointestinal tract and brain. It was subsequently 
found to reduce meal size in rats although it was not as potent as 
bombesin itself  [91] . Two separate and distinct receptors have 
been identifi ed for GRP and neuromedin B although they share 
a high degree of homology. Interestingly, bombesin binds equally 
well to both receptors. The distribution of these receptors in the 
brain is also different, with the GRP receptor more highly 
expressed than the neuromedin B receptor in all areas of the 
hypothalamus  [92] . Both receptors are involved in inhibition of 
feeding  [93] . The order of potency for the suppression of feeding 
is bombesin    >    GRP    >    neuromedin B. The physiologic role of 
bombesin - like proteins in mammals remains unclear.   

  The  p ancreas 
 Embryologically the pancreas is an extension of the gut. The islets 
of Langerhans are the source of several peptides that can infl uence 
food intake in response to meals. These include pancreatic 
polypeptide, amylin and insulin. 

  Pancreatic  p olypeptide 
 As mentioned previously, pancreatic polypeptide (PP) is a 
member of a family of peptides that includes PYY and NPY. PP 
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has 36 amino acids and is made in specifi c cells found in the islets 
of Langerhans. It is secreted in a biphasic manner and in propor-
tion to the amount of food ingested and the level remains elevated 
for approximately 6 hours postprandially  [94] . CCK, hypoglyc-
emia and exercise also stimulate its secretion, the latter two medi-
ated by the sympathetic nervous system  [95] . Transgenic mice 
overexpressing PP in the pancreas developed a lean phenotype 
and demonstrated reduced gastric emptying  [96] . 

 It is interesting that while peripherally administered PP reduces 
food intake, when PP is administered directly into the brain it 
stimulates food intake  [97] . Centrally, PP acts by binding to the 
Y4 receptor found in hypothalamic orexin - expressing neurons. 
Deletion of the Y4 receptor in mice resulted in reduced food 
intake and a lean phenotype  [98] . Infusion of PP into humans 
reduced food intake by 25% over the next 24 hours  [99] . It is 
believed that PP acts on the area postrema, a region of the brain-
stem that is outside the blood – brain barrier and is close to both 
the nucleus of the solitary tract and the dorsal motor nucleus of 
the vagus nerve  [100,101] . Low levels of PP are found in obese 
children with the Prader – Willi syndrome  [102]  while they are 
elevated in patients with anorexia nervosa  [103] .  

  Amylin 
 Amylin, also known as islet amyloid polypeptide (IAPP), was 
isolated independently by two groups in 1987  [104,105] . It is a 
37 amino acid protein produced by the pancreatic  β  cells and 
co - secreted with insulin. Since it was found in amyloid - like fi brils 
around  β  cells, it was originally thought to contribute to the 
pathogenesis of type 2 diabetes. However, it was soon realized 
that amylin is part of a larger family of calcitonin gene - related 
peptides. Subsequent work clarifi ed the different roles of amylin. 
It is now known to suppress food intake, gastric emptying, glu-
cagon secretion and digestive enzyme secretion, leading to the 
suggestion that its overall role is to limit the entry of nutrients 
into the circulation  [106] . 

 The role of amylin in inhibiting food intake has been reviewed 
 [107] . Briefl y, it appears to have both short -  and long - term effects 
on reducing food intake by reducing meal size via its satiating 
effect  [108]  but also possibly by reducing the number of meals 
 [109] . A physiologic role for amylin ’ s satiating effect was ques-
tioned when it was realized that the minimal dose of exogenous 
amylin that led to a reduction in feeding produced twice the levels 
that are normally seen postprandially. However, the most power-
ful evidence that amylin has a physiologic role in food intake 
comes from studies showing that an antagonist of amylin increases 
food intake in rats  [110] . Amylin ’ s effect on reducing food intake 
is mediated via receptors located in the area postrema in the 
hindbrain  [110] . 

 Recently, it has been shown that amylin may restore leptin 
responsiveness in fat - fed rats, a model of diet - induced leptin 
insensitivity  [111] . Amylin improved leptin signaling (measured 
by assessing level of leptin - induced STAT3 phosphorylation) in 
the ventromedial nucleus of the hypothalamus (but not the 
arcuate nucleus) and in the area postrema. Interestingly, neither 

PYY3 – 36 nor a GLP - 1 analog induced an enhancement of leptin 
signaling  [111] .  

  Insulin 
 More has been written about insulin than about any other 
hormone. Most of the studies deal with its metabolic effects, 
which will not be covered here. When insulin is prescribed to 
patients with poorly controlled type 2 diabetes, it nearly always 
leads to weight gain. The exact mechanism for this is not known, 
but some proposed causes include a reduction in glycosuria, 
increased food intake in patients who see that their sugars are 
lower and the lipogenic effect of insulin on fat cells. In fact, like 
amylin, when administered into the brain, insulin suppresses 
feeding. 

 Insulin is known to enter the brain slowly and, like leptin, 
could possibly transmit a signal indicating the level of adiposity, 
since the amount of insulin secreted is generally proportional to 
the level of adiposity  [112] . Insulin receptors have been found in 
many areas of the brain, including the arcuate nucleus. Deletion 
of brain insulin receptors leads to an increased food intake and 
an obese phenotype  [113] . Woods et al  [112]  suggest that insulin 
levels correlate better with visceral fat (higher in men) while 
leptin levels correlate better with subcutaneous fat (higher in 
women). It is of interest therefore that insulin seems to act more 
powerfully in the male brain while leptin works better in the 
female brain  [114] .   

  Gut  h ormone  c hanges  a fter  w eight  l oss,  i ncluding 
 b ariatric  s urgery 
 There appear not to be differences in the levels or secretion pro-
fi les of the various gut hormones in obesity  [115,116] . However, 
it is well known that both insulin and leptin are elevated in pro-
portion to the amount of fat in the body and that ghrelin is lower 
in obese subjects. These differences in hormone levels are likely 
to be the result rather than the cause of obesity. Apart from ele-
vated ghrelin levels in Prader – Willi syndrome  [117,118] , no dif-
ferences in gut hormone levels, that could lead to obesity, have 
so far been reported in nonsyndromic obesity. 

 However, when a stably obese individual loses weight, the 
secretion of hormones is altered. When discussing this, the mode 
of weight loss may be important. Thus caloric restriction, gastric 
banding and bypass procedures need to be discussed separately. 
Weight loss achieved with caloric restriction is associated with 
changes in several circulating hormones that appear to be part of 
a co - ordinated response to defend body weight. Thus it has been 
shown that the levels of inhibitors of food intake fall, including 
leptin, CCK, insulin  [52]  and PYY  [115] , while two hormones 
known to increase food intake rise, including ghrelin  [42]  and 
adiponectin  [119] . There is evidence that these changes in hun-
ger - controlling hormones lead to a measurable increase in hunger 
and a desire to eat  [120] , possibly contributing to weight regain 
after weight loss. 

 The changes in hormones that occur with weight loss induced 
with adjustable gastric banding need further study, but appear to 
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be similar to caloric restriction (Table  14.1 ). In contrast, when 
gastric bypass surgery is undertaken, the anatomic change deliv-
ers partially digested food to the lower gut which appears to 
trigger a substantially different response, including a failure of 
ghrelin to rise  [121]  and an increase in PYY  [122] , GIP and GLP - 1 
 [123] , which contribute to a reduction in hunger and an increase 
in satiety following surgery, despite the occurrence of weight loss 
 [112] , no doubt contributing to the long - term success of this 
procedure (Fig.  14.3 ).        

  Potential  r ole of  g ut  h ormones in the  t reatment of 
 o besity 
 Patients who have surgery for the treatment of obesity do not 
require pharmacotherapy to maintain weight loss. However, if 
indeed the adaptive changes that occur in gut hormones and the 
fat - derived adipokines (leptin and adiponectin) are the main 
reason for the failure to maintain weight loss, it follows that after 
weight loss, replacement of one or more of these reduced satiety 
signals may assist with long - term weight maintenance. Thus 
inhibitors of ghrelin and agonists of oxyntomodulin, PP, amylin, 
PYY and GLP - 1 may have therapeutic potential. 

  Ghrelin  i nhibitors 
 Ghrelin could theoretically be used to treat several conditions 
associated with anorexia. Short - term studies in humans have 
reported increased food intake following ghrelin infusions in 
patients who were anorectic because of cancer  [125] , chronic 
obstructive pulmonary disease  [126]  and renal dialysis  [127] . So 
far there are no published human studies on ghrelin inhibition 
to reduce food intake. One study in rats has shown that the 
inhibitor [D - Lys] - GHRP - 6 reduced food intake in both obese 
(fa/fa) and lean (Fa/fa) rats  [128] .  

   GLP  - 1  a gonists 
 Glucagon - like peptide - 1 agonism has been a therapeutic target for 
the treatment of diabetes because of the multiple actions of GLP - 1 
that are benefi cial to the maintenance of normal glucose levels, such 
as stimulation of insulin release, inhibition of glucagon secretion, 
slowing of gastric emptying and reduction in food intake. However, 
this has proven to be a diffi cult problem because of the very short 
half - life of the native hormone. Eventually three ways of overcom-
ing the problem of half - life were arrived at. The fi rst was the fi nding 
of a stable analog from the saliva of a reptile from the deserts of 
North America, the Gila monster ( Heloderma suspectum ), called 
extendin 4 and now marketed as exenatide (Byetta). This hormone 
is administered by injection and has been shown to lower blood 
glucose and to modestly reduce body weight in patients with type 2 
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 Figure 14.3     Active GLP - 1 and total PYY in response to a liquid test meal. 
Active GLP - 1 (a) and total PYY (b) circulating concentrations over the course of 
the test in obese subjects before ( black circles , n   =   9) and 6 weeks after ( open 
circles , n   =   9) RYGBP and in obese subjects matched with the experimental 
group for the BMI attained 6 weeks after surgery ( open diamonds , n   =   6). Data 
are expressed as mean ( ±    SEM). (a) p    <    0.05 and (b) p    <    0.01 values are 
indicated for comparison relative to baseline (Bonferroni).  (Reproduced with 
permission from Morinigo et al.  [122] .)From Morinigo R, et al.  J Clin Endocrinol 
and Metab  91: 1735 – 40 2006 with permission) . 

 Table 14.1     Summary of changes in gut hormones associated with different 
ways of achieving weight loss 

   Hormone     Mode of weight loss  

   Caloric restriction     Gastric banding     Gastric bypass  

  Ghrelin    Increase  1      No change  3      No change  7    
  CCK    Decrease  2      NA    NA  
  Insulin    Decrease  2      No change  3      Decrease basal 

 Increase postprandial  5    
  PP    NA    No change  3      NA  
  PYY    Decrease  4      NA    Increase  6    
  GIP    No change  5      No change  3      Increase  5    
  GLP - 1    No change  5      No change  3      Increase  5    

   NA, no data available.  
   1 Cummings et al. 2002  [42] .      2 Chearskul et al. 2008  [52] .      3 Shak et al. 2008 
 [124] .      4 Pfl uger et al. 2007  [115] .      5 Laferrere et al. 2008  [123] .      6 Morinigo et al. 
2006  [122] .      7 Korner et al. 2005  [121] .   
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diabetes  [129] . Its main side - effect is mild nausea. The second 
approach has been to inhibit DPP - 4, the enzyme responsible for the 
degradation of GLP - 1 and GIP. These agents are marketed as sit-
agliptin and vildagliptin and have been shown to lower blood 
glucose  [130] . Interestingly, they do not lower body weight and 
while this may be due to a lower level of GLP - 1 activity than is 
achieved with exenatide, another possible reason may be that less 
PYY3 – 36 is made. As mentioned above, DPP - 4 is the enzyme that 
produces the active hormone PYY3 – 36 from PYY1 – 36. The third 
approach has been to attach a fatty acid molecule to the native 
GLP - 1  [131] . This compound has undergone clinical trials. 

 Oxyntomodulin, another product of the glucagon gene, degraded 
by DPP - 4, is thought to act via the GLP - 1 receptor. However, 
some of its actions are different to GLP - 1 and it appears to cause 
less nausea, possibly giving it therapeutic advantage as a weight 
loss therapy. Studies in humans have shown that preprandial 
subcutaneous injection of oxyntomodulin reduces body weight 
 [127]  and increases energy expenditure  [132] . More studies are 
required.  

  Amylin  a gonists 
 Pramlintide, an analog of human amylin, is administered by 
subcutaneous injection and is now clinically available. It has 
been shown that when added to insulin, it improves glucose 
control in patients with type 2 diabetes  [133] . Of particular 
interest is its potential to enhance the action of leptin  [111]  (Fig. 
 14.4 ). Since leptin is one of those hormones that falls dramati-
cally following weight loss and given that most obese subjects 
have leptin insensitivity, a combination of leptin and pramlin-
tide could be a promising post weight loss therapy to assist with 
weight maintenance.    

   PYY   a gonists 
 Intravenous administration of PYY3 – 36 was shown to inhibit 
food intake  [75]  and therefore hope rose that it could be effective 
as a weight loss agent. However, a more recent study in which 
PYY3 – 36 was administered intranasally showed that the higher 
dose (600    μ gm tid) was not tolerated due to nausea and vomiting 
while the lower dose (200    μ gm tid) was not effective when com-
pared to placebo  [134] .  

  Pancreatic  p olypeptide 
 Intravenous infusion of PP into humans has been reported to 
reduce appetite and to decrease energy intake up to 24 hours after 
the termination of the infusion  [99] . Longer term studies are 
required to determine if PP has therapeutic potential.    

  Conclusion 

 Gut hormones offer some hope for the development of new 
therapeutics for the treatment of obesity. The main obstacles 
are the issues of nausea, duration of action and the need for 
parenteral administration. The future may also lie in combina-
tions of hormones.  

  References 

1.     White   MF  ,   Kahn   CR  .  The insulin signaling system .  J Biol Chem  

 1994 ; 269 : 1  –  4   

2.     Griffi n   ME  ,   Marcucci   MJ  ,   Cline   GW  , et al.  Free fatty acid - induced 

insulin resistance is associated with activation of protein kinase C 

–4 0

0

–5

–10

–15

4 8 12 16 20
Time (week)

–4 0

0

–5

–10

–15

–20

4 8 12 16 20
Time (week)

(a) (b)Amylin
pretreatment

Pramlintide
pretreatment

Monotherapy or
combo treatment

Monotherapy or
combination treatment

Metreleptin

Vehicle

#

#

#

#

###

###

##

##
#

*
*

***

*

Leptin
Amylin
Amylin + Leptin

Pramlintide
Pramlintide + Metreleptin

C
h

an
g

e 
in

 b
o

d
y 

w
ei

g
h

t 
(%

 v
eh

ic
le

-c
o

rr
ec

te
d

)

C
h

an
g

e 
in

 b
o

d
y 

w
ei

g
h

t 
fr

o
m

 e
n

ro
llm

en
t 

(%
) Figure 14.4     Weight loss effect of combined amylin 

and leptin agonism in DIO rats and overweight/
obese humans. (a) Change in body weight for DIO 
rats pretreated for 14 days with amylin and then 
maintained on amylin ( open triangles ) or switched 
to either leptin monotherapy ( fi lled inverted 
triangles ) or amylin   +   leptin combination therapy 
( fi lled squares ) for an additional 28   d. (b) Change in 
body weight for 93 evaluable human subjects 
pretreated with pramlintide for 4 weeks and then 
treated with pramlintide ( open triangles ), 
metreleptin ( fi lled inverted triangles ) or 
pramlintide   +   metreleptin combination ( fi lled 
squares ). Mean    ±    SE (a) and LS mean    ±    SE (b):  * , 
p    <    0.05 vs vehicle controls; #, p    <    0.01; ##, 
p    <    0.01; ###, p    <    0.001 vs monotherapies. 
 (Reproduced with permission from Roth et al.  [111] .)  



Part 3 Obesity and Disease

196

theta and alterations in the insulin signaling cascade .  Diabetes  

 1999 ; 48 : 1270  –  4 .  

3.     Schmitz - Peiffer   C  ,   Craig   DL  ,   Biden   TJ  .  Ceramide generation is suf-

fi cient to account for the inhibition of the insulin - stimulated PKB 

pathway in C2C12 skeletal muscle cells pretreated with palmitate .  J 

Biol Chem   1999 ; 274 : 24202  –  10 .  

4.     Zhou   H  ,   Summers   SA  ,   Birnbaum   MJ  ,   Pittman   RN  .  Inhibition of 

Akt kinase by cell - permeable ceramide and its implications for 

ceramide - induced apoptosis .  J Biol Chem   1998 ; 273 : 16568  –  75 .  

5.     Thompson   AL  ,   Cooney   GJ  .  Acyl - CoA inhibition of hexokinase in 

rat and human skeletal muscle is a potential mechanism of lipid -

 induced insulin resistance .  Diabetes   2000 ; 49 : 1761  –  5 .  

6.     Andrikopoulos   S  ,   Proietto   J  .  The biochemical basis of increased 

hepatic glucose production in a mouse model of type 2 (non - 

insulin - dependent) diabetes mellitus .  Diabetologia   1995 ; 38 : 1389  –  96 .  

7.     Song   S  ,   Andrikopoulos   S  ,   Filippis   C  ,   Thorburn   AW  ,   Khan   D  ,   Proi-

etto   J  .  Mechanism of fat - induced hepatic gluconeogenesis: effect of 

metformin .  Am J Physiol Endocrinol Metab   2001 ; 281 : E275  –  82 .  

8.     Lam   TK  ,   Yoshii   H  ,   Haber   CA  , et al.  Free fatty acid - induced hepatic 

insulin resistance: a potential role for protein kinase C - delta .  Am J 

Physiol Endocrinol Metab   2002 ; 283 : E682  –  91 .  

9.     Lam   TK  ,   van de   Werve   G  ,   Giacca   A  .  Free fatty acids increase basal 

hepatic glucose production and induce hepatic insulin resistance at 

different sites .  Am J Physiol Endocrinol Metab   2003 ; 284 : E281  –  90 .  

10.     Lamont   BJ  ,   Visinoni   S  ,   Fam   BC  , et al.  Expression of human fruc-

tose - 1,6 - bisphosphatase in the liver of transgenic mice results in 

increased glycerol gluconeogenesis .  Endocrinology   2006 ; 147 :

 2764  –  72 .  

11.     Zabolotny   JM  ,   Kim   Y - B  ,   Welsh   LA  ,   Kershaw   EE  ,   Neel   BG  ,   Kahn   B  . 

 Protein tyrosine phosphatase 1B (PTP1B) expression is induced by 

infl ammation in vivo .  J Biol Chem   2008 ; 14 : 1  –  27 .  

12.     Patel   L  ,   Buckels   AC  ,   Kinghorn   IJ  , et al.  Resistin is expressed in 

human macrophages and directly regulated by PPAR gamma activa-

tors .  Biochem Biophys Res Commun   2003 ; 300 : 472  –  6   

13.     Muse   ED  ,   Obici   S  ,   Bhanot   S  , et al.  Role of resistin in diet - induced 

hepatic insulin resistance .  J Clin Invest   2004 ; 114 : 232  –  9 .  

14.     Qui   Y  ,   Nie   Z  ,   Lee   YS  , et al.  Loss of resistin improves glucose home-

ostasis in leptin defi ciency .  Diabetes   2006 ; 55 : 3083  –  90 .  

15.     Muse   ED  ,   Lam   TKT  ,   Scherer   PE  ,   Rossetti   L  .  Hypothalamic resistin 

induces hepatic insulin resistance .  J. Clin Invest   2007 ; 117 : 1670  –  8 .  

16.     Nawrocki   AR  ,   Rajala   MW  ,   Tomas   E  , et al.  Mice lacking adiponectin 

show decreased hepatic insulin sensitivity and reduced responsive-

ness to peroxisome proliferator - activated receptor gamma agonists . 

 J Biol Chem   2006 ; 281 : 2654  –  60 .  

17.     Inzucchi   SE  ,   Maggs   DG  ,   Spollett   GR  , et al.  Effi cacy and metabolic 

effects of metformin and troglitazone in type II diabetes mellitus .  N 

Engl J Med   1998 ; 338 : 867  –  72 .  

18.     Abel   ED  ,   Peroni   O  ,   Kim   JK  , et al.  Adipose - selective targeting of the 

GLUT4 gene impairs insulin action in muscle and liver .  Nature  

 2001 ; 409 : 729  –  33 .  

19.     Qin   Y  ,   Graham   TE  ,   Mody   N  , et al.  Serum retinol binding protein 4 

contributes to insulin resistance in obesity and type 2 diabetes . 

 Nature   2005 ; 436 : 356  –  62 .  

20.     Simoneau   JA  ,   Kelley   DE.    Altered glycolytic and oxidative capacities 

of skeletal muscle contribute to insulin resistance in NIDDM .  J Appl 

Physiol   1997 ; 83 : 166  –  71 .  

21.     Kelley   DE  ,   He   J  ,   Menshikova   EV  ,   Ritov   VB  .  Dysfunction of mito-

chondria in human skeletal muscle of type 2 diabetes .  Diabetes  

 2002 ; 51 : 2944  –  50 .  

22.     Lowell   BB  ,   Shulman   GI  .  Mitochondrial dysfunction and type 2 

diabetes .  Science   2005 ; 307 : 384  –  7 .  

23.     Sparks   LM  ,   Xie   H  ,   Koza   RA  , et al.  A high fat diet co - ordinately 

downregulates genes required for mitochondrial oxidative phos-

phorylation in skeletal muscle .  Diabetes   2005 ; 54 : 1926  –  33 .  

24.     Bonnard   C  ,   Durand   A  ,   Peyrol   S  , et al.  Mitochondrial dysfunction 

results from oxidative stress in the skeletal muscle of diet - induced 

insulin resistant mice .  J Clin Invest   2008 ; 118 : 789  –  800 .  

25.     Koves   TR  ,   Ussher   JR  ,   Noland   RC  , et al.  Mitochondrial overload and 

incomplete fatty acid oxidation contribute to skeletal muscle insulin 

resistance .  Cell Metab   2008 ; 7 : 45  –  56 .  

26.     Clark   MG  ,   Wallis   MG  ,   Barrett   EJ  , et al.  Blood fl ow and muscle 

metabolism: a focus on insulin action .  Am J Physiol Endocrinol 

Metab   2003 ; 284 : E241  –  E258 .  

27.     Cardillo   C  ,   Nambi   SS  ,   Kilcoyne   CM  , et al.  Insulin stimulates both 

endothelin and nitric oxide activity in the human forearm .  Circula-

tion   1999 ; 100 : 820  –  5 .  

28.     Yudkin   JS  ,   Eringa   E  ,   Stehouwer   CD.     “ Vasocrine ”  signalling from 

perivascular fat: a mechanism linking insulin resistance to vascular 

disease .  Lancet   2005 ; 365 : 1817  –  20 .  

29.     Eringa   EC  ,   Stehouwer   CDA  ,   Roos   MH  ,   Westerhof   N  ,   Sipkema   P  . 

 Selective resistance to vasoactive effects of insulin in muscle resist-

ance arteries of obese Zucker (fa/fa) rats .  Am J Physiol Endocrinol 

Metab   2007 ; 293 : E1134  –  E1139 .  

30.     Yeckel   CW  ,   Dziura   J  ,   DiPietro   L  .  Abdominal obesity in older 

women: potential role for disrupted fatty acid re - esterifi cation in 

insulin resistance .  J Clin Endocrinol Metab   2008 ; 93 ( 4 ): 1285  –  91 .  

31.     Shimizu   H  ,   Inoue   K  ,   Mori   M  .  The leptin - dependent and  - 

independent melanocortin signaling system: regulation of feeding 

and energy expenditure .  J Endocrinol   2007 ; 197 : 1  –  9 .  

32.     Cota   D  ,   Proulx   K  ,   Seeley   RJ  .  The role of CNS fuel sensing in energy 

and glucose regulation .  Gastroenterology   2007 ; 132 : 2158  –  68 .  

33.     Smith   GP  .  Satiation: From Gut to Brain .  New York :  Oxford Univer-

sity Press ,  1998 .  

34.     Powley   TL  ,   Phillips   RJ  .  Gastric satiation is volumetric, intestinal 

satiation is nutritive .  Physiol Behav   2004 ; 82 : 69  –  74 .  

35.     Berthoud   HR  ,   Powley   TL  .  Vagal afferent innervation of the rat 

fundic stomach: morphological characterization of the gastric 

tension receptor .  J Comp Neurol   1992 ; 319 : 261  –  76 .  

36.     Phillips   RJ  ,   Powley   TL  .  Tension and stretch receptors in gastroin-

testinal smooth muscles: re - evaluating vagal mechanoreceptor elec-

trophysiology .  Brain Res Rev   2000 ; 34 : 1  –  26 .  

37.     Wren   AM  ,   Small   CJ  ,   Ward   HL  , et al.  The novel hypothalamic 

peptide ghrelin stimulates food intake and growth hormone secre-

tion .  Endocrinology   2000 ; 141 : 4325  –  8 .  

38.     Tsch ö p   M  ,   Smiley   DL  ,   Heiman   ML  .  Ghrelin induces adiposity in 

rodents .  Nature   2000 ; 407 : 908  –  13 .  

39.     Wren   AM  ,   Seal   LJ  ,   Cohen   MA  , et al.  Ghrelin enhances appetite and 

increases food intake in humans .  J Clin Endocrinol Metab  

 2001 ; 86 : 5992  –  5 .  

40.     Wang   L  ,   Saint - Pierre   DH  ,   Tach é    Y  .  Peripheral ghrelin selectively 

increases Fos expression in neuropeptide Y - synthesizing neurons in 

mouse hypothalamic arcuate nucleus .  Neurosci Lett   2002 ; 325 : 47  –  51 .  

41.     Traebert   M  ,   Riediger   T  ,   Whitebread   S  ,   Scharrer   E  ,   Schmid   HA  . 

 Ghrelin acts on leptin - responsive neurones in the rat arcuate 

nucleus .  J Neuroendocrinol   2002 ; 14 : 580  –  6 .  

42.     Cummings   DE  ,   Weigle   DS  ,   Frayo   RS  , et al.  Plasma ghrelin levels 

after diet - induced weight loss or gastric bypass surgery .  N Engl J 

Med   2002 ; 346 : 1623  –  30 .  



Chapter 14 Obesity Insulin Resistance and Gut Hormones

197

43.     Patel   AD  ,   Stanley   SA  ,   Murphy   KG  , et al.  Ghrelin stimulates insulin -

 induced glucose uptake in adipocytes .  Regul Pept   2006 ; 134 : 17  –  22 .  

44.     Lee   HM  ,   Wang   G  ,   Englander   EW  ,   Kojima   M  ,   Greeley   GH   Jr  . 

 Ghrelin, a new gastrointestinal endocrine peptide that stimulates 

insulin secretion: enteric distribution, ontogeny, infl uence of endo-

crine, and dietary manipulations .  Endocrinology   2002 ; 143 : 185  –  90 .  

45.     Reeve   JR   Jr  ,   Green   GM  ,   Chew   P  ,   Eysselein   VE  ,   Keire   DA  .  CCK - 58 

is the only detectable endocrine form of cholecystokinin in rat .  Am 

J Physiol Gastrointest Liver Physiol   2003 ; 285 : G255  –  G265 .  

46.     Eysselein   VE  ,   Eberlein   GA  ,   Schaeffer   M  , et al.  Characterization of 

the major form of cholecystokinin in human intestine: CCK - 58 .  Am 

J Physiol Gastrointest Liver Physiol   1990 ; 258 : G253  –  G260 .  

47.     Gibbs   J  ,   Young   RC  ,   Smith   GP.    Cholecystokinin elicits satiety in rats 

with open gastric fi stulas .  Nature   193 ; 245 : 323  –  5 .  

48.     Smith   GP  ,   Jerome   C  ,   Cushin   BJ  ,   Eterno   R  ,   Simansky   KJ  .  Abdominal 

vagotomy blocks the satiety effect of cholecystokinin in the rat . 

 Science   1981 ; 213 : 1036  –  7 .  

49.     Blevins   JE  ,   Stanley   BG  ,   Reidelberger   RD  .  Brain regions where chole-

cystokinin suppresses feeding in rats .  Brain Res   2000 ; 860 : 1  –  10 .  

50.     Kissileff   HR  ,   Carretta   JC  ,   Geliebter   A  ,   Pi - Sunyer   FX  .  Cholecystokinin 

and stomach distension combine to reduce food intake in humans . 

 Am J Physiol Regul Integr Comp Physiol   2003 ; 285 : R992  –  R998 .  

51.     West   DB  ,   Fey   D  ,   Woods   SC  .  Cholecystokinin persistently sup-

presses meal size but not food intake in free feeding rats .  Am J 

Physiol   1984 ; 246 : R776  –  R787 .  

52.     Chearskul   S  ,   Delbridge   E  ,   Shulkes   A  ,   Proietto   J  ,   Kriketos   A.    Effect 

of weight loss and ketosis on postprandial cholecystokinin and free 

fatty acid concentrations .  Am J Clin Nutr   2008 ; 87 : 1238  –  46 .  

53.     Dupre   J  ,   Ross   SA  ,   Watson   D  ,   Brown   JC  .  Stimulation of insulin 

secretion by gastric inhibitory polypeptide in man .  J Clin Endocri-

nol Metab   1973 ; 37 : 826  –  8 .  

54.     Yip   RG  ,   Boylan   MO  ,   Kieffer   TJ  ,   Wolfe   MM  .  Functional GIP recep-

tors are present on adipocytes .  Endocrinology   1998 ; 139 : 4004  –  7 .  

55.     Bollag   RJ  ,   Zhong   Q  ,   Phillips   P  , et al.  Osteoblast - derived cells express 

functional glucose - dependent insulinotropic peptide receptors . 

 Endocrinology   2000 ; 141 : 1228  –  35 .  

56.     Miyawaki   K  ,   Yamada   Y  ,   Ban   N  , et al.  Inhibition of gastric inhibitory 

polypeptide signaling prevents obesity .  Nat Med   2002 ; 8 : 738  –  42 .  

57.     Tsukiyama   K  ,   Yamada   Y  ,   Yamada   C  , et al.  Gastric inhibitory 

polypeptide as an endogenous factor promoting new bone forma-

tion after food ingestion .  Mol Endocrinol   2006 ; 20 : 1644  –  51 .  

58.     Holst   JJ  .  The physiology of glucagon - like peptide 1 .  Physiol Rev  

 2007 ; 87 : 1409  –  39 .  

59.     Mojsov   S  ,   Heinrich   G  ,   Wilson   IB  ,   Ravazzola   M  ,   Orci   L  ,   Habener   JF  . 

 Preproglucagon gene expression in pancreas and intestine diversi-

fi es at the level of post - translational processing .  J Biol Chem  

 1986 ; 261 : 11880  –  9 .  

60.     Holst   JJ  ,   Orskov   C  ,   Nielsen   OV  ,   Schwartz   TW  .  Truncated glucagon -

 like peptide I, an insulin - releasing hormone from the distal gut . 

 FEBS Lett   1987 ; 211 : 169  –  74 .  

61.     Orskov   C  ,   Rabenh ø j   L  ,   Wettergren   A  ,   Kofod   H  ,   Holst   JJ  .  Tissue and 

plasma concentrations of amidated and glycine - extended glucagon -

 like peptide I in humans .  Diabetes   1994 ; 43 : 535  –  9 .  

62.     Rocca   AS  ,   Brubaker   PL  .  Role of the vagus nerve in mediating proxi-

mal nutrient - induced glucagon - like peptide - 1 secretion .  Endo-

crinology   1999 ; 140 : 1687  –  94 .  

63.     Tang - Christensen   M  ,   Larsen   PJ  ,   G ö ke   R  , et al.  Central administra-

tion of GLP - 1 - (7 – 36) amide inhibits food and water intake in rats . 

 Am J Physiol   1996 ; 271 : R848  –  56 .  

64.     Turton   MD  ,   O ’ Shea   D  ,   Gunn   I  , et al.  A role for glucagon - like 

peptide - 1 in the central regulation of feeding .  Nature   1996 ; 379 :

 69  –  72 .  

65.     Jin   SL  ,   Han   VK  ,   Simmons   JG  ,   Towle   AC  ,   Lauder   JM  ,   Lund   PK  . 

 Distribution of glucagonlike peptide I (GLP - I), glucagon, and gli-

centin in the rat brain: an immunocytochemical study .  J Comp 

Neurol   1988 ; 271 : 519  –  32 .  

66.     G ö ke   R  ,   Larsen   PJ  ,   Mikkelsen   JD  ,   Sheikh   SP  .  Distribution of GLP - 1 

binding sites in the rat brain: evidence that exendin - 4 is a ligand of 

brain GLP - 1 binding sites .  Eur J Neurosci   1995 ; 7 : 2294  –  300 .  

67.     Layer   P  ,   Holst   JJ  ,   Grandt   D  ,   Goebell   H  .  Ileal release of glucagon - like 

peptide - 1 (GLP - 1). Association with inhibition of gastric acid secre-

tion in humans .  Dig Dis Sci   1995 ; 40 : 1074  –  82 .  

68.     Read   N  ,   French   S  ,   Cunningham   K  .  The role of the gut in regulating 

food intake in man .  Nutr Rev   1994 ; 52 : 1  –  10 .  

69.     Flint   A  ,   Raben   A  ,   Astrup   A  ,   Holst   JJ  .  Glucagon - like peptide 1 pro-

motes satiety and suppresses energy intake in humans .  J Clin Invest  

 1998 ; 101 : 515  –  20 .  

70.     Verdich   C  ,   Flint   A  ,   Gutzwiller   JP  , et al.  A meta - analysis of the effect 

of glucagon - like peptide - 1 (7 – 36) amide on ad libitum energy 

intake in humans .  J Clin Endocrinol Metab   2001 ; 86 : 4382  –  9 .  

71.     Blonde   L  ,   Klein   EJ  ,   Han   J  , et al.  Interim analysis of the effects of 

exenatide treatment on A1C, weight and cardiovascular risk factors 

over 82 weeks in 314 overweight patients with type 2 diabetes . 

 Diabetes Obes Metab   2006 ; 8 : 436  –  47 .  

72.     Eberlein   GA  ,   Eysselein   VE  ,   Schaeffer   M  , et al.  A new molecular form 

of PYY: structural characterization of human PYY(3 – 36) and 

PYY(1 – 36) .  Peptides   1989 ; 10 : 797  –  803 .  

73.     Acuna - Goycolea   C  ,   van den   Pol   AN  .  Peptide YY(3 – 36) inhibits 

both anorexigenic proopiomelanocortin and orexigenic neuropep-

tide Y neurons: implications for hypothalamic regulation of energy 

homeostasis .  J Neurosci   2005 ; 25 : 10510  –  19 .  

74.     Batterham   RL  ,   Cohen   MA  ,   Ellis   SM  , et al.  Inhibition of food intake 

in obese subjects by peptide YY3 – 36 .  N Engl J Med   2003 ; 349 :

 941  –  8 .  

75.     Batterham   RL  ,   Cowley   MA  ,   Small   CJ  , et al.  Gut hormone PYY(3 –

 36) physiologically inhibits food intake .  Nature   2002 ; 418 : 650  –  4 .  

76.     Koda   S  ,   Date   Y  ,   Murakami   N  , et al.  The role of the vagal nerve in 

peripheral PYY3 – 36 - induced feeding reduction in rats .  Endocrinol-

ogy   2005 ; 146 : 2369  –  75 .  

77.     Tsch ö p   M  ,   Casta ñ eda   TR  ,   Joost   HG  , et al.  Physiology: does gut 

hormone PYY3 – 36 decrease food intake in rodents?   Nature  

 2004 ; 430 ( 6996 ): 1 .  

78.     Bataille   D  ,   Gespach   C  ,   Tatemoto   K  , et al.  Bioactive enteroglucagon 

(oxyntomodulin): present knowledge on its chemical structure and 

its biological activities .  Peptides   1981 ; 2 ( suppl 2 ): 41  –  4 .  

79.     Jarrousse   C  ,   Bataille   D  ,   Jeanrenaud   B  .  A pure enteroglucagon, oxyn-

tomodulin (glucagon 37), stimulates insulin release in perfused rat 

pancreas .  Endocrinology   1984 ; 115 : 102  –  5 .  

80.     Schjoldager   BT  ,   Baldissera   FG  ,   Mortensen   PE  ,   Holst   JJ  ,   Christiansen  

 J  .  Oxyntomodulin: a potential hormone from the distal gut. Phar-

macokinetics and effects on gastric acid and insulin secretion in 

man .  Eur J Clin Invest   1988 ; 18 : 499  –  503 .  

81.     Dakin   CL  ,   Gunn   I  ,   Small   CJ  , et al.  Oxyntomodulin inhibits food 

intake in the rat .  Endocrinology   2001 ; 142 : 4244  –  50 .  

82.     Dakin   CL  ,   Small   CJ  ,   Park   AJ  ,   Seth   A  ,   Ghatei   MA  ,   Bloom   SR  . 

 Repeated ICV administration of oxyntomodulin causes a greater 

reduction in body weight gain than in pair - fed rats .  Am J Physiol 

Endocrinol Metab   2002 ; 283 : E1173  –  7 .  



Part 3 Obesity and Disease

198

83.     Zhu   L  ,   Tamvakopoulos   C  ,   Xie   D  , et al.  The role of dipeptidyl pepti-

dase IV in the cleavage of glucagon family peptides: in vivo metabo-

lism of pituitary adenylate cyclase activating polypeptide - (1 – 38) .  J 

Biol Chem   2003 ; 278 : 22418  –  23 .  

84.     Cohen   MA  ,   Ellis   SM  ,   Le Roux   CW  , et al.  Oxyntomodulin suppresses 

appetite and reduces food intake in humans .  J Clin Endocrinol 

Metab   2003 ; 88 : 4696  –  701 .  

85.     Baggio   LL  ,   Huang   Q  ,   Brown   TJ  ,   Drucker   DJ  .  Oxyntomodulin and 

glucagon - like peptide - 1 differentially regulate murine food intake 

and energy expenditure .  Gastroenterology   2004 ; 127 : 546  –  58 .  

86.     Chaudhri   OB  ,   Wynne   K  ,   Bloom   SR  .  Can gut hormones control 

appetite and prevent obesity?   Diabetes Care   2008 ; 31 ( suppl 

2 ): S284  –  9 .  

87.     Kulkosky   PJ  ,   Gibbs   J  ,   Smith   GP  .  Feeding suppression and grooming 

repeatedly elicited by intraventricular bombesin .  Brain Res   1982 ; 242 :

 194  –  6 .  

88.     Flynn   FW  .  Bombesin - like peptides in the regulation of ingestive 

behavior .  Ann NY Acad Sci   1994 ; 739 : 120  –  34 .  

89.     Stuckey   JA  ,   Gibbs   J  ,   Smith   GP  .  Neural disconnection of gut from 

brain blocks bombesin - induced satiety .  Peptides   1985 ; 6 : 1249  –  52 .  

90.     McDonald   TJ  ,   J ö rnvall   H  ,   Nilsson   G  , et al.  Characterization of a 

gastrin releasing peptide from porcine non - antral gastric tissue . 

 BBRC   1979 ; 90 : 227  –  33 .  

91.     Stein   LJ  ,   Woods   SC  .  Gastrin releasing peptide reduces meal size in 

rats .  Peptides   1982 ; 3 : 833  –  5 .  

92.     Battey   J  ,   Wada   E  .  Two distinct receptor subtypes for mammalian 

bombesin - like peptides .  Trends Neurosci   1991 ; 14 : 524  –  8 .  

93.     Ladenheim   EE  ,   Wirth   KE  ,   Moran   TH  .  Receptor subtype mediation 

of feeding suppression by bombesin - like peptides .  Pharmacol 

Biochem Behav   1996 ; 54 : 705  –  11 .  

94.     Adrian   TE  ,   Bloom   SR  ,   Bryant   MG  ,   Polak   JM  ,   Heitz   PH  ,   Barnes   AJ  . 

 Distribution and release of human pancreatic polypeptide .  Gut  

 1976 ; 17 : 940  –  4 .  

95.     Havel   PJ  ,   Parry   SJ  ,   Curry   DL  ,   Stern   JS  ,   Akpan   JO  ,   Gingerich   RL  . 

 Autonomic nervous system mediation of the pancreatic polypeptide 

response to insulin - induced hypoglycemia in conscious rats .  Endo-

crinology   1992 ; 130 : 2225  –  9 .  

96.     Ueno   N  ,   Inui   A  ,   Iwamoto   M  , et al.  Decreased food intake and body 

weight in pancreatic polypeptide - overexpressing mice .  Gastroenter-

ology   1999 ; 117 : 1427  –  32 .  

97.     Clark   JT  ,   Kalra   PS  ,   Crowley   WR  ,   Kalra   SP  .  Neuropeptide Y and 

human pancreatic polypeptide stimulate feeding behavior in rats . 

 Endocrinology   1984 ; 115 : 427  –  9 .  

98.     Sainsbury   A  ,   Schwarzer   C  ,   Couzens   M  , et al.  Y4 receptor knockout 

rescues fertility in ob/ob mice .  Genes Dev   2002 ; 16 : 1077  –  88 .  

99.     Batterham   RL  ,   Le Roux   CW  ,   Cohen   MA  , et al.  Pancreatic polypep-

tide reduces appetite and food intake in humans .  J Clin Endocrinol 

Metab   2003 ; 88 : 3989  –  92 .  

100.     Whitcomb   DC  ,   Puccio   AM  ,   Vigna   SR  ,   Taylor   IL  ,   Hoffman   GE  . 

 Distribution of pancreatic polypeptide receptors in the rat brain . 

 Brain Res   1997 ; 760 : 137  –  49 .  

101.     Kojima   S  ,   Ueno   N  ,   Asakawa   A  , et al.  A role for pancreatic polypep-

tide in feeding and body weight regulation .  Peptides   2007 ; 28 :

 459  –  63 .  

102.     Zipf   WB  ,   O ’ Dorisio   TM  ,   Cataland   S  ,   Sotos   J  .  Blunted pancreatic 

polypeptide responses in children with obesity of Prader - Willi syn-

drome .  J Clin Endocrinol Metab   1981 ; 52 : 1264  –  6 .  

103.     Fujimoto   S  ,   Inui   A  ,   Kiyota   N  , et al.  Increased cholecystokinin and 

pancreatic polypeptide responses to a fat - rich meal in patients with 

restrictive but not bulimic anorexia nervosa .  Biol Psychiatr  

 1997 ; 41 : 1068  –  70 .  

104.     Cooper   GJ  ,   Willis   AC  ,   Clark   A  ,   Turner   RC  ,   Sim   RB  ,   Reid   KB  . 

 Purifi cation and characterization of a peptide from amyloid - rich 

pancreases of type 2 diabetic patients .  Proc Natl Acad Sci USA  

 1987 ; 84 : 8628  –  32 .  

105.     Westermark   P  ,   Wernstedt   C  ,   Wilander   E  ,   Hayden   DW  ,   O’Brien   TD  , 

  Johnson   KH  .  Amyloid fi brils in human insulinoma and islets of 

Langerhans of the diabetic cat are derived from a neuropeptide - like 

protein also present in normal islet cells .  Proc Natl Acad Sci USA  

 1987 ; 84 : 3881  –  5 .  

106.     Young   A  ,   Denaro   M  .  Roles of amylin in diabetes and in regulation 

of nutrient load .  Nutrition   1998 ; 14 : 524  –  7 .  

107.     Lutz   TA  .  Amylinergic control of food intake .  Physiol Behav   2006 ; 89 :

 465  –  71 .  

108.     Lutz   TA  ,   Geary   N  ,   Szabady   MM  ,   del   Prete   E  ,   Scharrer   E  .  Amylin 

decreases meal size in rats .  Physiol Behav   1995 ; 58 ( 6 ): 1197  –  202 .  

109.     Arnelo   U  ,   Permert   J  ,   Adrian   TE  ,   Larsson   J  ,   Westermark   P  ,   Reidel-

berger   RD  .  Chronic infusion of islet amyloid polypeptide causes 

anorexia in rats .  Am J Physiol   1996 ; 271 : R1654  –  9 .  

110.     Mollet   A  ,   Gilg   S  ,   Riediger   T  ,   Lutz   TA  .  Infusion of the amylin antag-

onist AC 187 into the area postrema increases food intake in rats . 

 Physiol Behav   2004 ; 81 : 149  –  55 .  

111.     Roth   JD  ,   Roland   BL  ,   Cole   RL  , et al.  Leptin responsiveness restored 

by amylin agonism in diet - induced obesity: evidence from nonclini-

cal and clinical studies .  Proc Natl Acad Sci USA   2008 ; 105 : 7257  – 

 62 .  

112.     Woods   SC  ,   Lutz   TA  ,   Geary   N  ,   Langhans   W  .  Pancreatic signals 

controlling food intake; insulin, glucagon and amylin .  Philos Trans 

R Soc Lond B Biol Sci   2006 ; 361 : 1219  –  35 .  

113.     Br ü ning   JC  ,   Gautam   D  ,   Burks   DJ  , et al.  Role of brain insulin 

receptor in control of body weight and reproduction .  Science  

 2000 ; 289 : 2122  –  5 .  

114.     Clegg   DJ  ,   Riedy   CA  ,   Smith   KA  ,   Benoit   SC  ,   Woods   SC  .  Differential 

sensitivity to central leptin and insulin in male and female rats . 

 Diabetes   2003 ; 52 : 682  –  7 .  

115.     Pfl uger   PT  ,   Kampe   J  ,   Castaneda   TR  , et al.  Effect of human body 

weight changes on circulating levels of peptide YY and peptide 

YY3 – 36 .  J Clin Endocrinol Metab   2007 ; 92 : 583  –  8 .  

116.     Rubio   IG  ,   Castro   G  ,   Zanini   AC  ,   Medeiros - Neto   G  .  Oral ingestion 

of a hydrolyzed gelatin meal in subjects with normal weight and in 

obese patients: postprandial effect on circulating gut peptides, 

glucose and insulin .  Eat Weight Disord   2008 ; 13 : 48  –  53 .  

117.     Haqq   AM  ,   Farooqi   IS  ,   O ’ Rahilly   S  , et al.  Serum ghrelin levels are 

inversely correlated with body mass index, age, and insulin concen-

trations in normal children and are markedly increased in Prader -

 Willi syndrome .  J Clin Endocrinol Metab   2003 ; 88 : 174  –  8 .  

118.     Feigerlov á    E  ,   Diene   G  ,   Conte - Auriol   F  , et al.  Hyperghrelinemia 

precedes obesity in Prader - Willi syndrome .  J Clin Endocrinol 

Metab   2008 ; 93 ( 7 ): 2800  –  5 .  

119.     Turyn   J  ,   Korczynska   J  ,   Presler   M  ,   Stelmanska   E  ,   Goyke   E  ,   Swierc-

zynski   J  .  Up - regulation of rat adipose tissue adiponectin gene 

expression by long - term but not by short - term food restriction .  Mol 

Cell Biochem   2008 ; 312 : 185  –  91 .  

120.     Keim   NL  ,   Stern   JS  ,   Havel   PJ  .  Relation between circulating leptin 

concentrations and appetite during a prolonged, moderate energy 

defi cit in women .  Am J Clin Nutr   1998 ; 68 : 794  –  801 .  

121.     Korner   J  ,   Bessler   M  ,   Cirilo   LJ  , et al.  Effects of Roux - en - Y gastric 

bypass surgery on fasting and postprandial concentrations of 



Chapter 14 Obesity Insulin Resistance and Gut Hormones

199

plasma ghrelin, peptide YY, and insulin .  J Clin Endocrinol Metab  

 2005 ; 90 : 359  –  65 .  

122.     Mor í nigo   R  ,   Moiz é    V  ,   Musri   M  , et al.  Glucagon - like peptide - 1, 

peptide YY, hunger, and satiety after gastric bypass surgery in mor-

bidly obese subjects .  J Clin Endocrinol Metab   2006 ; 91 : 1735  –  40 .  

123.     Laferr è re   B  ,   Teixeira   J  ,   McGinty   J  , et al.  Effect of weight loss by 

gastric bypass surgery versus hypocaloric diet on glucose and incre-

tin levels in patients with type 2 diabetes .  J Clin Endocrinol Metab  

 2008 ; 93 ( 7 ): 2479  –  85 .  

124.     Shak   JR  ,   Roper   J  ,   Perez - Perez   GI  , et al.  The effect of laparoscopic 

gastric banding surgery on plasma levels of appetite - control, insuli-

notropic, and digestive hormones .  Obes Surg   2008 ; 18 ( 9 ): 1089  –  96 .  

125.     Neary   NM  ,   Small   CJ  ,   Wren   AM  , et al.  Ghrelin increases energy 

intake in cancer patients with impaired appetite: acute, randomized, 

placebo - controlled trial .  J Clin Endocrinol Metab   2004 ; 89 : 2832  –  6 .  

126.     Nagaya   N  ,   Itoh   T  ,   Murakami   S  , et al.  Treatment of cachexia with 

ghrelin in patients with COPD .  Chest   2005 ; 128 : 1187  –  93 .  

127.     Wynne   K  ,   Park   AJ  ,   Small   CJ  , et al.  Subcutaneous oxyntomodulin 

reduces body weight in overweight and obese subjects: a double -

 blind, randomized, controlled trial .  Diabetes   2005 ; 54 : 2390  –  5 .  

128.     Beck   B  ,   Richy   S  ,   Stricker - Krongrad   A  .  Feeding response to ghrelin 

agonist and antagonist in lean and obese Zucker rats .  Life Sci  

 2004 ; 76 : 473  –  8 .  

129.     DeFronzo   RA  ,   Ratner   RE  ,   Han   J  ,   Kim   DD  ,   Fineman   MS  ,   Baron   AD  . 

 Effects of exenatide (exendin - 4) on glycemic control and weight 

over 30 weeks in metformin - treated patients with type 2 diabetes . 

 Diabetes Care   2005 ; 28 : 1092  –  100 .  

130.     Aschner   P  ,   Kipnes   MS  ,   Lunceford   JK  ,   Sanchez   M  ,   Mickel   C  ,   Williams -

 Herman   DE  .  Sitagliptin Study 021 Group. Effect of the dipeptidyl 

peptidase - 4 inhibitor sitagliptin as monotherapy on glycemic control 

in patients with type 2 diabetes .  Diabetes Care   2006 ; 29 : 2632  –  7 .  

131.     Degn   KB  ,   Juhl   CB  ,   Sturis   J  , et al.  One week ’ s treatment with the 

long - acting glucagon - like peptide 1 derivative liraglutide (NN2211) 

markedly improves 24 - h glycemia and alpha -  and beta - cell function 

and reduces endogenous glucose release in patients with type 2 

diabetes .  Diabetes   2004 ; 53 : 1187  –  94 .  

132.     Wynne   K  ,   Park   AJ  ,   Small   CJ  , et al.  Oxyntomodulin increases energy 

expenditure in addition to decreasing energy intake in overweight 

and obese humans: a randomised controlled trial .  Int J Obes   2006 ;

 30 : 1729  –  36 .  

133.     Riddle   M  ,   Frias   J  ,   Zhang   B  , et al.  Pramlintide improved glycemic 

control and reduced weight in patients with type 2 diabetes using 

basal insulin .  Diabetes Care   2007 ; 30 : 2794  –  9 .  

134.     Gantz   I  ,   Erondu   N  ,   Mallick   M  , et al.  Effi cacy and safety of intranasal 

peptide YY3 – 36 for weight reduction in obese adults .  J Clin Endo-

crinol Metab   2007 ; 92 : 1754  –  7 .   

                                  



200

15  Obesity as an Endocrine Disease  

  Yuji   Matsuzawa  
  Department of Internal Medicine and Molecular Science, Osaka University Graduate School, 
Sumitomo Hospital, Osaka, Japan       

Clinical Obesity in Adults and Children, 3rd edition. Edited by Peter G. 

Kopelman, Ian D. Caterson and William H. Dietz. 

© 2010 Blackwell Publishing, ISBN: 978-1-4051-8226-3.

   Classifi cations of  o besity with  r espect to 
 m orbidity 

 Developed countries provide an increasing number of opportuni-
ties for overeating and decreased physical activity, with obesity 
closely correlated to this overnutritional state and health prob-
lems as a typical consequence. Obesity has become a main target 
for medical research in the fi eld of preventive medicine. 

 Obesity - related diseases that range from type 2 diabetes mel-
litus, hyperlipidemia, hypertension, fatty liver, hyperuricemia, 
atherosclerotic diseases, sleep apnea, cardiac or respiratory dys-
function, orthopedic diseases and menstrual disorder to cancers 
are reviewed in other chapters in this book. Studies on the mor-
bidity of obesity have indicated that the overall extent of body fat 
accumulation is not necessarily the major determinant of the 
occurrence of these diseases; body fat distribution, particularly 
intra - abdominal visceral fat accumulation plays an important 
role in the development of a variety of diseases. 

 Until this concept was established, several classifi cations of 
obesity were proposed in order to distinguish the possible mecha-
nisms of its morbidity. In 1947, Vague fi rst reported that the 
incidence of metabolic complications among equally obese sub-
jects may differ depending on their physique  [1] . He differenti-
ated between android obesity, in which adipose tissue is likely to 
accumulate in the abdomen, and gynoid obesity, in which adipose 
tissue accumulation occurs in the femoral region. He showed that 
morbidity is higher in the android type compared to the gynoid 
type. Kissebah simplifi ed the indicators for adipose tissue distri-
bution by applying waist - to - hip circumference ratio (WHR) and 
defi ned those with higher WHR as upper body segment obesity 
and those with lower WHR as lower body segment obesity  [2] . 

He reported abnormalities in glucose metabolism more fre-
quently in upper body segment obesity than in lower body 
segment obesity and revealed that upper body segment obesity is 
a high - risk group for metabolic disorders. Bjorntorp gave the 
name  “ abdominal obesity ”  or  “ central obesity ”  to subjects with 
high WHR and confi rmed the higher incidence of type 2 diabetes 
mellitus, hyperlipidemia and ischemic heart disease in this group 
compared to the peripheral obesity group  [3] . 

 High WHR as an expression of upper body or abdominal 
obesity has provided a practical index for predicting risks associ-
ated with fat accumulation. However, the concept of  “ waist ”  
originally included both subcutaneous and intra - abdominal vis-
ceral fat: discrimination of these two types of abdominal adipose 
tissue is necessary to analyze the relationship between fat distri-
bution and morbidity of obesity. At present, computed tomogra-
phy (CT) is the most useful method for measuring fat volume 
and fat distribution and enabling the analysis of intra - abdominal 
visceral fat  [4] . Metabolic disorders such as glucose intolerance 
or hyperlipidemia occur more frequently in visceral fat obesity 
than in subcutaneous obesity. In addition to metabolic disorders, 
visceral fat accumulation is closely correlated with cardiovascular 
disorders  [5] . 

 The entity of visceral fat obesity corresponds to the terms 
upper body segment obesity, central or abdominal obesity.  

  Pathophysiology of  v isceral  f at  o besity 

  Metabolic and  c ardiovascular  d isorders in  v isceral  f at 
 o besity 
 A number of clinical studies have demonstrated the contribution 
of visceral fat accumulation to the development of metabolic 
disorders including glucose intolerance and hyperlipidemia. Our 
studies have demonstrated that visceral fat area/subcutaneous fat 
area (V/S) at the umbilical level (determined by CT scan) cor-
relates signifi cantly with the glucose area under the curve after an 
oral glucose tolerance test (OGTT), plasma triglyceride and cho-
lesterol levels in obese subjects  [6] . Visceral fat accumulation is 
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associated not only with quantitative changes in serum lipids and 
lipoproteins but also qualitative changes in lipoproteins. An 
example is small, dense low - density lipoprotein (LDL) particles 
related to triglyceride - high density lipoprotein (HDL) dyslipi-
demic state found in visceral fat obesity  [7] . 

 Insulin resistance, or hyperinsulinemic state, in visceral obesity 
may be one of the key abnormalities for these metabolic disor-
ders, at least for glucose intolerance. Previous reports have shown 
that hyperinsulinemia is present in visceral fat obesity. Studies on 
tissue glucose uptake performed by Kissebah and the steady - state 
plasma glucose method performed by our group clearly demon-
strate that visceral fat obesity has greater insulin resistance than 
subcutaneous fat obesity  [8] . 

 Visceral fat accumulation has been shown to have causative 
effects on circulatory disorders in addition to metabolic disor-
ders, as already mentioned. There is a close correlation between 
systolic and diastolic blood pressure and V/S in premenopausal 
female subjects. We have demonstrated a close correlation 
between V/S and the diastolic dimension index or stroke index 
in obese subjects, which refl ected the prevalence of hypervolemic 
state or impaired cardiac function in visceral obesity. 

 We have also demonstrated that sleep apnea syndrome occurs 
more frequently in visceral fat obesity than in subcutaneous 
obesity  [9] . Previously it was assumed that neck adiposity was the 
major causative factor. 

 Visceral fat obesity can be characterized as high - risk obesity 
with multiple complications including insulin resistance, disor-
ders of lipid and glucose metabolism, hypertension, cardiac dys-
function and sleep apnea syndrome (Fig.  15.1 ).    

  Signifi cance of  v isceral  f at  a ccumulation in  n onobese 
 s ubjects 
 Obesity is conventionally defi ned by a relationship between body 
weight and height for an individual. Body Mass Index (BMI) 
most commonly defi nes obesity (weight in kg/height in m 2 ), 

although cutoff points of obesity are different in Western and 
Asian countries. Analysis of adipose tissues by CT scan, however, 
indicates that there is a substantial variation in visceral fat volume 
even among subjects with normal body weight. The visceral fat 
area correlates signifi cantly with fasting plasma glucose, serum 
triglyceride and cholesterol in normal weight subjects. Visceral 
fat area also correlates with blood pressure. It is noted that the 
V/S ratio has no signifi cant correlation with these markers, which 
is different from the case in obese subjects  [10] . These data 
suggest that subcutaneous fat may have a protective role against 
the ill effects of visceral fat accumulation in obese subjects. The 
detrimental infl uence of visceral adiposity is more clearly dem-
onstrated in subjects with normal body weight, since these indi-
viduals generally have less subcutaneous fat is than their more 
obese peers. 

 These results confi rm that visceral fat accumulation is related 
to the development of both metabolic and cardiovascular disor-
ders even in nonobese subjects. Thus, the disease entity  “ visceral 
fat syndrome ”  is proposed as a disorder frequently accompanied 
by glucose intolerance, lipid disorders and hypertension irrespec-
tive of absolute body weight  [11] .  

  Visceral  f at  s yndrome and  m etabolic  s yndrome 
 In recent years, a pathologic state with clustering of multiple risk 
and visceral fat accumulation has been recognized as the highly 
atherogenic syndrome, identifi ed as  “ syndrome X ”  by Reaven 
 [12]  or the  “ deadly quartet ”  by Kaplan  [13] . More recently, the 
term  “ metabolic syndrome ”  has been applied. In the consensus 
on the defi nition of the metabolic syndrome from the Interna-
tional Diabetes Federation (IDF) and National Cholesterol Edu-
cation Program (NCEP), the crucialrole of intra - abdominal 
visceral fat in the development of multiple risks and cardiovas-
cular diseases has been recognized  [14] . Previous epidemiologic 
studies suggested that WHR is a signifi cant predictor for coronary 
artery disease independent of BMI. Furthermore, several studies 
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dyslipidemia

Left ventricular
dysfunction

Hypertension Coronary artery disease Sleep apnea syndrome

Diabetes Care 19, 287, 1996
Metabolism 36, 54, 1987 Am J Cardiol 64, 369, 1989

Hypertension 16, 484, 1990
Hypertension 27, 125, 1996

Atherosclerosis 107, 239, 1994
Int J Obesity 21, 580, 1997

J Int Med 241, 11, 1997

 Figure 15.1     Visceral fat accumulation is related to 
a variety of diseases, such as insulin resistance, 
diabetes mellitus, dyslipidemia, hypertension, 
coronary artery disease, cardiac dysfunction and 
sleep apnea syndrome. 
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have shown that visceral adiposity determined by CT scan is 
related to coronary artery disease (CAD). For example, according 
to our study on the correlation between fat distribution and CAD 
in nonobese subjects, visceral fat area was found to be increased 
twofold compared to control subjects without CAD, while com-
parisons between BMI and subcutaneous fat area showed no 
difference. Thirty eight percent of nonobese CAD subjects had 
greater visceral fat area over two standard deviations (SD) of the 
mean visceral fat area of non - CAD control subjects  [15] . 

 These results, together with previous reports, confi rm that vis-
ceral fat accumulation plays a key role in both metabolic disor-
ders and cardiovascular disease in the metabolic syndrome/
visceral fat syndrome. 

 Important questions arise from the association: why does vis-
ceral fat accumulation cause a variety of metabolic and circula-
tory disorders, and why is this syndrome so atherogenic? In order 
to answer these questions, we have investigated the functions of 
adipose tissue, a tissue which has traditionally been regarded as 
a passive store of excess energy in the form of triglyceride.   

  Molecular  m echanism of  v isceral  f at  s yndrome 

  Adipose  t issue  a s an  e ndocrine  o rgan 
 In recent years, biologic characterization of adipose tissue has 
been extensively investigated. For example, we have analyzed the 
gene expression profi le of visceral fat and subcutaneous fat. We 
initiated a systemic analysis of active genes by constructing a 
3 ’  - directed cDNA library, in which the mRNA population is 
faithfully refl ected. Out of approximately 1000 independent 
clones, 60% of the whole genes have already been identifi ed as 
known human genes through searching the non - ST division of 
the GeneBank. The remaining 40% are composed of novel and 
unidentifi ed genes. The most surprising fi nding from this project 
was that adipose tissue frequently and abundantly expressed the 
genes encoding secretory proteins, most of which were important 
bio - active substances  [16] . We named these adipose tissue -
 derived bioactive substances adipocytokines. Figure  15.2  shows 
the distribution of the gene groups classifi ed by their functions 
or subcellular localization, showing that the proportion of genes 
encoding secretory proteins comprises about 20% and 30% of the 
whole genes expressed in subcutaneous fat and visceral fat, 
respectively.   

 Thus, adipose tissue seems to be an endocrine organ that can 
affect the function of other body organs, through the secretion of 
various adipocytokines. This includes the vascular system. Adi-
pocytokines include heparin - binding epidermal growth factor -
 like growth factor (HB - EGF), leptin, tumor necrosis factor -  α  
(TNF -  α ), plasminogen activator inhibitor type 1 (PAI - 1) and 
angiotensinogen  [17,18] . The expression and plasma levels of 
these adipocytokines increase with visceral fat accumulation and 
are implicated in insulin resistance and atherosclerosis. 

 HB - EGF is a potent stimulator of smooth muscle cell prolifera-
tion and increased secretion from accumulated adipose tissue 

may induce intimal thickening of vascular walls. TNF -  α  is a 
typical cytokine that plays a major role in infl ammatory cellular 
phenomena. Since Hotamisligil fi rst reported that adipose tissue 
secretes this cytokine, it has been recognized as one of the candi-
date molecules inducing insulin resistance  [17] . It has been 
shown that adipose TNF -  α  mRNA and plasma TNF -  α  protein 
are increased in most animal models as well as human obesity, 
and associated with insulin resistance. Neutralizing TNF -  α  in 
blood from obese rats with a soluble TNF -  α  receptor - immu-
noglobulin G fusion protein markedly improves insulin resist-
ance. These results support the hypothesis that higher production 
of TNF -   α  in accumulated adipose tissue may be causative for 
obesity - associated insulin resistance. In addition to TNF -  α , IL -
 1 β , IL - 6 macrophage migration factor, nerve growth factor and 
haptoglobin have been shown to be secreted from adipose tissue 
and linked to infl ammation and the infl ammatory response. The 
elevated production of these infl ammation - related adipocy-
tokines is considered important in the development of disease 
linked to obesity, particularly type 2 diabetes and cardiovascular 
disease. Adipose tissue is involved in extensive cross - talk with 
other organs and multiple metabolic systems through the various 
adipocytokines. 

 PAI - 1, an inhibitor of fi brinolysis, has been shown to be pro-
duced abundantly in accumulated visceral adipose tissue in 
experimental models using ventromedial hypothalamus (VMH) -
 lesioned rats. Plasma levels of PAI - 1 and visceral adiposity deter-
mined by CT are correlated in humans, suggesting that increased 
plasma levels of PAI - 1 might be an important additional mecha-
nism of vascular disease in visceral obesity (Fig.  15.3 )  [18] .    

  Adiponectin and  i ts  c linical  s ignifi cance 
 When my laboratory started a comprehensive analysis of 
expressed genes in human adipose tissue, 40% of expressed genes 
in adipose tissue were unknown  –  novel genes. The gene expressed 
most abundantly in adipose tissue was a novel gene, which 
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 Figure 15.2     Gene expression profi le of human adipose tissue. 
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we named adipose most abundant gene transcript - 1 (apM - 1) 
 [19] . The molecule encoded by apM - 1 possesses a signal peptide, 
collagen - like motif and globular domain, and has notable 
homology with collagen X, VIII and complement factor C1q. We 
applied the term  “ collagen - like protein adiponectin ”  ( Fig. 15.4 ) 
 [20] .   

 The mouse homolog of adiponectin has been cloned as AdipoQ 
or ACRP30. My laboratory established a method for the measure-
ment of plasma adiponectin levels in humans using an enzyme -
 linked immunosorbent assay. The concentration of adiponectin 
in human plasma is extremely high  –  up to 5 – 10    μ g/mL. Plasma 
concentrations are negatively correlated with BMI, whereas leptin 
increases with BMI  [21] . The negative correlation of adiponectin 
levels and visceral adiposity is stronger than between adiponectin 
levels and subcutaneous adiposity, in contrast to the profi le of 
PAI - 1 levels which correlates positively with visceral adiposity 
(see Fig.  15.4 )  [22] . 

 The mechanism by which plasma levels are reduced in indi-
viduals with visceral fat accumulation is not yet clarifi ed. Co -
 culture with visceral fat inhibits adiponectin secretion from 

subcutaneous adipocytes. This fi nding suggests that inhibiting 
factors for adiponectin synthesis or secretion are re - secreted from 
visceral adipose tissue. TNF -  α  is reported to be a strong inhibitor 
of adiponectin promoter activity. One mechanism to explain the 
negative correlation between visceral adiposity and adiponectin 
levels may be increased secretion of TNF -  α  from accumulated 
visceral fat  [23] . 

 Plasma adiponectin concentrations are lower in people who 
have type 2 diabetes mellitus than in BMI - matched controls  [24] . 
The plasma adiponectinconcentrations have been shown to cor-
relate strongly with insulin sensitivity, which suggests that low 
plasma concentrations are associated with insulin resistance. In a 
study of Pima Indians, individuals with high levels of adiponectin 
were less likely than those with low concentrations to develop 
type 2 diabetes. High adiponectin concentration is, therefore, a 
notable protective factor against the development of type 2 dia-
betes  [25,26] . 

 Studies on knockout, adiponectin  - / -   mice support the human 
observations  [27] . The knockout mice show no specifi c pheno-
type when they are fed a normal diet but a high - sucrose and 
high - fat diet induces marked elevation of plasma glucose and 
insulin levels. Notably insulin resistance, estimated by an insulin 
tolerance test during the high - sucrose, high - fat diet, also develops 
in the knockout mice. The supplementation of adiponectin by 
adenovirus transfection clearly improved this insulin resistance 
 [27] . Adiponectin has been shown to exert its actions on muscle 
fatty acid oxidation and insulin sensitivity by activation of AMP -
 activated protein kinase  [28] . 

 Plasma levels of adiponectin are also decreased in hypertensive 
humans, despite the presence of insulin resistance. Endothelium -
 dependent vasoreactivity is impaired in people with hypoadi-
ponectinemia, which could be a contributing factors to 
hypertension in visceral obesity  [29] . 
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 Figure 15.3     Tissue distribution of adiponectin 
mRNA expression and adiponectin structure. 
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 Importantly, plasma concentrations of adiponectin are lower 
in people with coronary heart disease than in controls, even when 
BMI and age are matched  [30] . A Kaplan – Meier analysis in 
Italian individuals with renal insuffi ciency demonstrated that 
those with high adiponectin concentrations experienced a delay 
in death from cardiovascular causes compared to other groups 
 [31] . A case – control study performed in Japan demonstrated that 
the group with plasma levels less than 4    μ g/mL had increased risk 
of CAD and multiple metabolic risk factors, which suggests that 
hypoadiponectinemia is a key factor in the metabolic syndrome 
 [32] . A prospective study also confi rmed that high adiponectin 
concentrations are associated with reduced risk of acute myocar-
dial infarction in men  [33] . A genetically induced syndrome of 
hypoadiponectinemia caused by a missense mutation has been 
reported. The mutant rodents exhibit the clinical phenotype of 
the metabolic syndrome  [34] . These clinical associations strongly 
suggest that hypoadiponectinemia is an important risk factor for 
cardiovascular disease. 

  Adiponectin  a s a  p otent  a nti -  i nfl ammatory  a dipocytokine 
 As previously mentioned, adiponectin has multiple functions in 
the prevention of metabolic and cardiovascular diseases. More 
recently, adiponectin has been shown to prevent liver fi brosis 
 [35]  and some kinds of cancer including endometrial, breast and 
colon cancer  [36,37] . Besides these well - characterized biologic 
functions, recent evidence supports a strong anti - infl ammatory 
function. 

 My laboratory reported that adiponectin suppresses the 
production of the potent proinfl ammatory cytokine TNF -  α  
in macrophages  [38] . Treatment of cultured macrophages 
with adiponectin signifi cantly inhibits their phagocytic activity 
and their lipopolysaccharide - induced production of TNF -  α . 
Suppression of phagocytosis by adiponectin is mediated by one 
of the complement C1q receptors, C1qRp; this function is com-
pletely abrogated by the addition of an anti - C1qRp monoclonal 
antibody. Such observations suggest that adiponectin is an 
important regulator of immune and infl ammatory systems 
through an inhibitory involvement to suppress infl ammatory 
responses  [39] . 

 In the development process of atherosclerosis, macrophages 
play a crucial role in plaque formation. Adiponectin attenuates 
cholesteryl ester accumulation in macrophages The adiponectin -
 treated macrophages contain fewer lipid droplets stained by oil 
red O. Adiponectin suppresses the expression of the class A mac-
rophage scavenger receptor (MSR) at both mRNA and protein 
levels measured by Northern and immunoblot analyses without 
affecting the expression of CD36  [40] . Adiponectin inhibits 
TNF -  α  induced mRNA expression of monocyte adhesion mole-
cules without affecting the interaction between TNF -  α  and its 
receptors in human aortic endothelial cells  [39] . Additionally, 
adiponectin suppresses TNF -  α  induced I κ B -  α  phosphorylation 
and subsequent NF -  κ B activation without affecting other TNF -  α  
mediated signals, including Jun N - terminal kinase, p38 kinase 
and Akt kinase  [41] . This inhibitory effect of adiponectin is 

accompanied by cAMP accumulation and is blocked by either 
adenylate cyclase inhibitor or protein kinase A (PKA) inhibitor 
 [36] .These observations suggest that plasma adiponectin modu-
lates the infl ammatory response of both macrophages and 
endothelial cells through cross talk between cAMP - PKA and 
NF -  κ B signaling pathways  [41] . Anti - infl ammatory function of 
adiponectin may result in the prevention of atherogenic cell phe-
nomena such as monocyte adhesion to endothelial cells, differ-
entiation of monocytes to macrophages and foam cell formation 
 [21] . 

 Current studies have shown that adiponectin also induces 
various anti - infl ammatory cytokines, such as interleukin - 10 (IL -
 10) or IL - 1 receptor antagonists  [42] . Acute coronary syndrome, 
accompanied by sudden - onset severe chest pain and characteris-
tic ECG changes, is considered an important prognostic marker 
of outcome for coronary artery disease: the vulnerability of 
atheromatous plaque is the important determinant of plaque 
rupture. In this process, matrix metalloproteinase (MMP) 
secreted by macrophages may play an important part in plaque 
vulnerability. Tissue inhibitor of metalloproteinase (TIMP) may 
protect against plaque rapture by inhibition of MMP activity. 
Adiponectin increases the expression of mRNA and protein pro-
duction of TIMP in macrophages. Prior to the induction of TIMP 
formation and secretion, adiponectin is shown to induce IL - 10 
synthesis in macrophages, suggesting that adiponectin induces 
TIMP formation and secretion via induction of IL - 10 synthesis 
in an autocrine manner in macrophages. It may also inhibit MMP 
activity  [42] . 

 These functions may potentially prevent acute coronary syn-
drome. A possible mechanism of prevention of atherosclerosis 
and acute coronary syndrome by adiponectin is shown in Figure 
 15.5 .   

 C - reactive protein (CRP) is a characteristic marker of infl am-
mation and elevation of high - sensitive CRP is considered a risk 
factor for atherosclerosis  [43] . A number of studies have shown 
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 Figure 15.5     The mechanism of prevention of atherosclerosis and plaque 
rapture by adiponectin. 
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that there is a reciprocal association of adiponectin and CRP in 
plasma in healthy subjects and in subjects with a variety of dis-
eases including type 2 diabetes, metabolic syndrome and end -
 stage kidney disease. The mechanism of this reciprocal association 
of CRP and adiponectin remains to be clarifi ed. My laboratory 
detected the expression of adiponectin mRNA in human adipose 
tissue and demonstrated a signifi cant inverse correlation between 
CRP and adiponectin mRNA. In addition, the CRP mRNA level 
of white adipose tissue in adiponectin - defi cient mice is higher 
than that of wild - type mice. The reciprocal association of adi-
ponectin and CRP levels in both human plasma and adipose 
tissue might participate in the development of atherosclerosis via 
an infl ammatory response  [44] .  

  Increased  i nfl ux of  f ree  f atty  a cids ( FFA ) and  g lycerol from 
 a ccumulated  v isceral  f at to the  l iver 
 Visceral fat is characterized by enhanced lipolysis and augmented 
plasma FFA fl ux to the portal circulation and into the liver. 
Insulin resistance has been shown to be exacerbated by an 
increased supply of FFA to peripheral tissue and the liver.  In vitro  
studies have demonstrated that palmitate exposure causes a dose -
 dependent reduction in cell surface insulin receptor binding of 
isolated hepatocytes. It is associated with a proportionally dimin-
ished receptor - mediated internalization and decreased intracel-
lular and total receptor - mediated insulin degradation  [45] . This 
phenomenon may contribute to reduced hepatic insulin extrac-
tion and peripheral hyperinsulinemia. 

 Increased FFA infl ux in the liver from accumulated visceral fat 
is the process of lipoprotein secretion. Recent studies indicate 
that microsomal triglyceride transfer protein (MTP) plays a key 
role in lipoprotein assembly of apolipoprotein B and lipids to 
form very low - density lipoprotein (VLDL) in the liver  [46] . This 
process is considered to be a limiting factor for VLDL secretion 
from the liver to plasma. My group has reported that FFA 
enhances mRNA expression of MTP in the liver. This suggests 
that increased FFA infl ux to the liver from visceral fat contributes 
to increased VLDL formation and secretion resulting in hyperli-
pidemia  [47] . 

 In contrast to the observation for FFA metabolism, there have 
been few investigations of the fate of glycerol, another metabolite 
of triglyceride lipolysis. During the Body Map Project, my group 
identifi ed an adipose tissue - specifi c water channel named 
aquaporin adipose, or aquaporin 7 which has been found to 
play an important role in membrane transport of glycerol  [48] . 
Messenger RNA of aquaporin adipose responds to feeding and 
fasting; fasting remarkably enhances its expression while feeding 
suppresses it  [49] . This regulation causes increased glycerol 
release from adipose tissue during fasting in order to supply 
glycerol from visceral fat to the liver to maintain hepatic glucose 
production. Insulin has a major role in the suppression of 
aquaporin mRNA on feeding  [50] . However, mRNA expression 
of aquaporin adipose in visceral fat is enhanced in obese model 
animals such as the db/db mouse and feeding - induced suppres-
sion does not occur. This results in an increase of portal glycerol 

infl ux to the liver during feeding  [51] . It can be speculated that 
the physiologic role of aquaporin adipose is to maintain blood 
glucose levels by glycerol transport and prevent hypoglycemia 
during fasting. However, in visceral obesity, suppression by 
insulin during feeding is impaired and excess glycerol infl ux 
to the liver may contribute to hyperglycemia, especially 
postprandially.    

  Factors  i nducing  v isceral  f at  a ccumulation 

 Sex hormones may be a factor in determining body fat distribu-
tion. Visceral fat accumulation is more predominant in men than 
in women when comparisons are made between age - matched 
subjects with comparable BMI  [52] . Previous studies have shown 
that there is a negative correlation between plasma levels of sex 
hormone - binding globulin (SHBG) and WHR in females  [53] . 
This suggests that testosterone is an important determinant of 
visceral adiposity in females. In contrast, low testosterone levels 
in males correlate with visceral adiposity. 

 Aging is also an important factor in the accumulation of vis-
ceral fat. A close linear correlation between age and visceral fat 
volume was demonstrated in male subjects in a cross - sectional 
study of 1557 obese subjects of varying ages  [52] . Although this 
correlation was also present in female obese subjects, the slope 
became much steeper after the menopause, compatible with that 
seen in men. 

 Among dietary factors, high sucrose intake is a candidate for 
promoting visceral fat accumulation. High sucrose loading is 
known to cause an increase of mesenteric fat in both human and 
animal models  [54] . 

 Physical exercise has been suggested to prevent and reduce 
visceral fat accumulation. My laboratory analyzed fat distribution 
in Japanese Sumo wrestlers in order to investigate the effects of 
physical exercise on visceral adiposity. Sumo wrestlers eat a high -
 energy diet (7000 – 10000   kcal daily) to gain weight, but at the 
same time they perform strenuous physical training. Although 
they show marked obesity and have markedly high waist circum-
ference, the average V/S ratio is 0.25 in young Sumo wrestlers 
which is comparable to subcutaneous obesity. Their glucose and 
lipid levels are within normal values. A typical CT image of 
abdominal fat in Sumo wrestlers is shown in Figure  15.6  with 
little intra - abdominal visceral fat and developed muscularity and 
increased subcutaneous fat  [10,11] . The incidence of diabetes 
mellitus increases in retired wrestlers who do not continue to take 
physical exercise.   

 Physical exercise is not only useful in preventing visceral fat 
accumulation, but also in reducing visceral adiposity. It is note-
worthy that subcutaneous adiposity is rather insensitive and not 
so markedly altered by physical activity. Genetic factors for vis-
ceral adiposity might be present since visceral obesity sometimes 
clusters in the same family. A nonconservative missense mutation 
in the  β 3 - adrenergic receptor gene has been suggested as a can-
didate for the genetic factor of visceral obesity  [55] .  
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  Conclusion 

 Adipocytes secrete various adipocytokines to control cell function 
of other organs. Production and secretion of adipocytokines are 
dynamically regulated mainly by nutritional circumstance. Life-
style factors, such as overeating and physical inactivity, induce 
visceral fat accumulation. Oversecretion of adipocytokines, such 
as PAI - 1 or TNF -  α , and hyposecretion of adipocytokines, such 
as adiponectin, may be factors in the development of lifestyle -
 related diseases, including type 2 diabetes mellitus, hyperlipi-
demia, hypertension and atherosclerosis. These, in turn, constitute 
the so - called metabolic syndrome. The reduction of visceral fat 
is an essential preventive measure for the metabolic syndrome 
and the resulting cardiovascular disease. The regulation of key 
adipocytokines including adiponectin provide potential thera-
peutic tools for the treatment of overweight and obesity.  
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   Introduction 

 Obesity is the most frequent metabolic disease globally, with 
rapidly increasing prevalence in both adults and children. The 
escalating epidemic of obesity poses a major threat to public 
health and has reached critical proportions over the past two 
decades. Current estimations classify 1.2 – 1.5 billion people as 
overweight and almost 400 – 500 million as clinically obese, with 
Body Mass Index (BMI) exceeding 25   kg/m 2  and 30   kg/m 2 , respec-
tively  [1] . Weight gain and particularly visceral fat accumulation 
are associated with increased risk for developing a wide range of 
co - morbidities that primarily include insulin resistance, type 2 
diabetes mellitus, atherosclerosis, hypertension, dyslipidemia and 
liver disorders  [2,3] . The term  “ metabolic syndrome ”  describes a 
clinical entity characterized by the synchronous presentation of 
obesity, insulin resistance, hypertension and dyslipidemia  [4] . 
Although not included in the diagnostic criteria of the metabolic 
syndrome, nonalcoholic fatty liver disease (NAFLD) is now 
increasingly regarded as one of its manifestations, since it is 
pathogenetically linked to obesity and insulin resistance  [5] . 
NAFLD represents a broad spectrum of hepatic abnormalities, 
extending from simple steatosis to nonalcoholic steatohepatitis 
(NASH), and has become one of the most common chronic liver 

disorders worldwide. NASH is the most severe form of NAFLD 
and can progress to cirrhosis, liver failure and more rarely hepa-
tocellular cancer  [6] . As advances in the treatment of cardiovas-
cular risk factors and acute coronary syndromes are offering 
improved cardioprotection to obese and diabetic patients, 
reduced early cardiovascular mortality in these populations is 
expected to increase the incidence of complications which were 
previously underestimated, such as NAFLD and NASH - related 
cirrhosis.  

  Pathogenesis of  t ype 2  d iabetes 

 Type 2 diabetes is the prevalent form of diabetes, comprising 
80 – 90% of diagnosed cases. The pathogenesis of type 2 diabetes 
is typically a complex and progressive process that refl ects mul-
tifactorial effects of various genes and environmental factors. 
Monogenic forms of diabetes have been identifi ed, but are 
uncommon, attributed to a number of rare gene mutations that 
cause distinct defects associated with either insulin resistance or 
impaired insulin secretion. This chapter will focus on the most 
common form of diabetes which is related to the presence of 
obesity and develops over a period of time as the result of insulin 
resistance combined with impaired insulin secretion. 

  Epidemiologic  a ssociations between  d iabetes and 
 o besity 
 Type 2 diabetes prevalence has increased dramatically over 
the past two decades in developed and developing countries, 
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following closely the concurrent epidemic spread of obesity. Glo-
bally, 220 – 250 million adults are estimated to have diabetes and 
this number is expected to rise rapidly to 350 – 380 million by 
2025. Depending on age, ethnicity and gender, 50 – 90% of type 2 
diabetic patients exhibit BMI values over 25   kg/m 2 . Obesity and 
diabetes are now characterized as twin epidemics and even as the 
epidemic of  “ diabesity ”   [7,8] . 

 The recent type 2 diabetes epidemic has been disproportion-
ately affecting non - Caucasian populations (e.g. Hispanic, South 
Asian, Pacifi c and Indian Ocean populations, as well as Native 
American, Canadian and Australian Aboriginal communities), 
coinciding with high prevalence rates of obesity  [9] . These identi-
fi ed ethnic variations are primarily explained by increased genetic 
susceptibility in combination with a rapid transition from tradi-
tional to Westernized lifestyle patterns (sedentary behaviors, 
smoking and diets rich in energy - dense foods, carbohydrates and 
saturated fats) and by early malnutrition effects on intrauterine 
and infantile growth  [10 – 12] . 

 Type 2 diabetes in the pediatric population constitutes another 
relatively new development in the epidemiology of the disease. 
Although type 1 diabetes accounts for the majority of diabetes 
cases in young people, glucose intolerance and overt type 2 dia-
betes incidence are steadily increasing among children and ado-
lescents  [13] . This novel trend is attributed to the alarming 
problem of childhood obesity globally and will be further dis-
cussed in the chapter concerning the consequences of childhood 
obesity. 

 Evidence from large - scale population studies suggests that the 
duration and degree of weight gain in adult life are powerful 
predictors of type 2 diabetes and that obesity constitutes the most 
important independent risk factor for the disease (Fig.  16.1 ) 

 [14 – 16] . Notably, the relative risk for diabetes in adults appears 
to increase at BMI values that are considered within the healthy 
weight range, 22   kg/m 2  for women and 24   kg/m 2  for men, and 
rises exponentially as BMI progresses in the overweight (25 –
 30   kg/m 2 ) and obese ( > 30   kg/m 2 ) range. Severe obesity (BMI over 
35   kg/m 2 ) is associated with an extremely high relative risk for 
diabetes in both women and men, approximately 90 and 40, 
respectively  [15,16] . Furthermore, the documented incidence of 
type 2 diabetes in nonobese populations is low and clinical studies 
have proven that even moderate sustained weight loss has a sig-
nifi cant impact on diabetes prevention  [17] .   

 Cross - sectional and prospective studies that included assess-
ments of fat distribution have shown a powerful correlation 
between central obesity and type 2 diabetes, above and beyond 
the impact of BMI, confi rming the initial reports from Vague, 
who fi rst described this association more than half a century ago 
 [18 – 20] . Central fat distribution is now a well - established inde-
pendent risk factor for diabetes and correlates positively with the 
presence of insulin resistance and hyperinsulinemia. Accordingly, 
anthropometric indices of central obesity, such as waist circum-
ference and waist - to - height ratio (an index that takes body height 
into account, WHtR), are proposed as better risk indicators for 
glucose intolerance and type 2 diabetes compared to BMI  [21] .  

  Natural  h istory of  p rogression to  t ype 2  d iabetes 
 Insulin resistance is necessary but not suffi cient for the develop-
ment of type 2 diabetes. Pancreatic adaptation to insulin resist-
ance, through increased  β  cell mass and enhanced insulin 
secretion, prevents the onset of marked hyperglycemia and 
glucose intolerance. Normoglycemia is maintained for as long as 
the  β  cells increase insulin secretion appropriately to compensate 
for reduced insulin sensitivity.  β  Cell decompensation and secre-
tory dysfunction is an essential step in the natural history of 
progression to type 2 diabetes. Thus, the pathogenesis of the 
disease represents an imbalance characterized by progressive 
insulin resistance and relatively inadequate insulin secretion  [22] . 

 Insulin sensitivity exhibits a nonlinear relationship with insulin 
secretion which is described by a hyperbolic curve (Fig.  16.2 ) 
 [23] . Obese patients with insulin resistance and adequate com-
pensatory  β  cell function typically move upward on this curve, 
by increasing insulin secretion, and maintain normal glucose tol-
erance (NGT). Conversely, obese patients who develop impaired 
glucose tolerance (IGT) and type 2 diabetes deviate and fall off 
this curve because of  β  cell failure concomitant with deteriorating 
insulin sensitivity  [24] . Notably, these patients still secrete more 
insulin compared to lean individuals, but the degree of relative 
hyperinsulinemia is not suffi cient to offset the underlying insulin 
resistance. The deterioration of insulin sensitivity begins several 
years before the onset of diabetes, worsens over time and may 
stabilize after a point. It is considered that IGT corresponds to 
the near maximum insulin resistance state.  β  Cell dysfunction 
progresses concurrently with insulin resistance and is already 
signifi cantly impaired before the conversion from NGT to IGT. 
Patients with IGT are estimated to have a loss of  β  cell function 
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 Figure 16.1     Body Mass Index (BMI) and age - adjusted relative risk of type 2 
diabetes in adults. The relative risk for diabetes begins to increase at BMI values 
that are considered within the healthy weight range, 22   kg/m 2  for women and 
24   kg/m 2  for men. Severe obesity (BMI over 35   kg/m 2 ) is associated with an 
extremely high relative risk in both women and men, approximately 90 and 40, 
respectively. (Data based on  [15]  and  [16] .) 
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that reaches 60 – 80%, initially refl ected as elevated postprandial 
plasma glucose levels  [25] . Further decline in  β  cell function leads 
to overt type 2 diabetes and fasting hyperglycemia.    

  Insulin  r esistance  s tate and  t ype 2  d iabetes 
 Insulin resistance is defi ned as a state characterized by decreased 
peripheral tissue sensitivity to the actions of insulin, leading to 
increased insulin secretion and hyperinsulinemia. Decreased 
insulin sensitivity at the cellular level indicates that stimulation 
of signaling pathways via the insulin receptor requires higher 
insulin concentrations than those required in healthy individuals. 
Glucose homeostasis can be severely affected in insulin - resistant 
states due to reduced biologic effectiveness of insulin to promote 
glucose utilization and suppress hepatic glucose production. 

 Insulin resistance is a natural consequence of aging and can 
also appear under physiologic conditions, such as puberty and 
pregnancy. Temporary fl uctuations in insulin sensitivity are fre-
quent in normal daily life and depend on multiple factors (e.g. 
variations in food intake, physical activity and hormonal secre-
tion rhythms). Thus, insulin resistance is not a disease in itself 
but rather a description of a physiologic state. However, obesity -
 related insulin resistance develops as a prolonged and progressive 
pathophysiologic state that may lead to type 2 diabetes in predis-
posed individuals. Adipose tissue accumulation, especially vis-
ceral, induces metabolic and hormonal changes, which gradually 
cause signifi cant defects in the insulin signal transduction pathway 
and manifest as various degrees of insulin resistance in adipose 
tissue, liver and skeletal muscle  [22,23,26] . The causes of these 
defects will be discussed in the following sections of this chapter 
about the role of adipose tissue in insulin resistance. Decreased 
insulin sensitivity in obese patients induces persistent stimulation 
of insulin secretion and leads to chronic hyperinsulinemia, which 
in turn contributes to further weight gain. Thus, in the course 
of obesity, fat accumulation promotes insulin resistance com-
bined with increased insulin secretion and vice versa, forming 

co - existing vicious cycles that steadily progress within each insu-
lin - resistant tissue (Fig.  16.3 ).   

 Adipose tissue insulin resistance plays a critical role in initiat-
ing and perpetuating these vicious cycles. Thus, adipocytes regu-
late glycemia in type 2 diabetes, despite the fact that adipose tissue 
glucose uptake accounts for less than 5% of the total glucose 
disposal. In normal conditions, insulin - mediated inhibition of 
the hormone - sensitive lipase in adipocytes attenuates free fatty 
acid (FFA) release from fat depots into the circulation. This effect 
causes decreased FFA plasma concentrations which promote 
muscle glucose uptake and inhibition of hepatic glucose produc-
tion. Conversely, type 2 diabetes is characterized by persistently 
increased FFA effl ux from insulin - resistant adipocytes, due to 
uninhibited lipolysis. Chronic elevations of circulating FFA levels 
reduce peripheral glucose utilization, increase the rate of hepatic 
glucose production and promote the establishment of generalized 
insulin resistance, in concert with hormonal and cytokine effects 
induced by the expanded adipose tissue (see Fig.  16.3 )  [27,28] . 

 Hepatic insulin resistance is the primary defect accounting for 
fasting hyperglycemia in type 2 diabetes. In the liver, insulin 
activates enzymes that promote glycogenesis and suppresses 
those involved in gluconeogenesis, thus regulating the rate of 
hepatic glucose production. Fasting is associated with stimulated 
hepatic gluconeogenesis and glycogenolysis due to low circulating 
insulin levels. In normal conditions, fasting hepatic glucose pro-
duction matches precisely the basal glucose utilization and is 
created by equal gluconeogenesis and glycogenolysis rates. Type 
2 diabetes, despite the presence of hyperinsulinemia, is character-
ized by markedly increased fasting glucose production in the liver 
due to hepatic insulin resistance  [22] . This increase is caused 
predominantly by accelerated glucose synthesis via the gluconeo-
genic pathway and exhibits a positive linear correlation with the 
severity of fasting hyperglycemia  [29] . 

 Insulin resistance in skeletal muscle contributes signifi cantly to 
postprandial hyperglycemia in type 2 diabetes. Skeletal muscle 
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 Figure 16.2     Hyperbolic relationship between insulin secretion and insulin 
sensitivity and the criteria for the diagnosis of diabetes. Obese insulin - resistant 
patients who do not progress to diabetes increase appropriately the  β  cell insulin 
secretion (upward movement on the curve from point A to point B) and maintain 
normal glucose tolerance (NGT). Conversely, obese patients that progress to 
impaired glucose tolerance (IGT) and type 2 diabetes (T2DM) deviate and fall off 
this curve because of  β  cell failure to compensate for decreasing insulin 

sensitivity (falling off the curve from point B to point C for IGT and to point D for 
T2DM). IFG, impaired fasting glucose; FPG, fasting plasma glucose levels after at 
least 8 hours without caloric intake; 2 - h PG, plasma glucose levels 2 hours after 
an oral glucose load containing the equivalent of 75   g anhydrous glucose 
dissolved in water; Random PG, plasma glucose levels measured without regard 
to the interval since the last meal. 
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accounts for most of the glucose disposal after meal ingestion in 
healthy individuals. Type 2 diabetic patients exhibit impaired 
insulin - stimulated glucose uptake in skeletal muscle, which is 
reduced and delayed in proportion to the underlying degree of 
decreased insulin sensitivity  [22,30] . This underutilization of 
glucose following food intake is superimposed on increased 
hepatic glucose production rates, dictating the magnitude and, to 
an extent, the duration of postprandial elevations in plasma 
glucose levels.  

  Impaired  i nsulin  s ecretion and  t ype 2  d iabetes 
 p athogenesis 
 Normal insulin secretion is the  sine qua non  for the preservation 
of glucose homeostasis.  β  Cell secretory function is pulsatile, 
characterized by multiple rapid pulses that are superimposed on 
slower (ultradian) oscillations. Rapid pulses occur every 8 – 15 
minutes and have small amplitudes, while ultradian oscillations 
occur every 80 – 150 minutes and exhibit larger amplitudes. Ultra-
dian pulses are amplifi ed postprandially, are tightly coupled to 
oscillations in plasma glucose levels (insulin – glucose feedback 
loop) and appear unrelated to neural stimuli and the counter -
 regulatory hormones. Circadian variations in insulin secretion 
are also present, with more potent postprandial responses after 
breakfast, probably because of reduced  β  cell sensitivity to glucose 
during the evening and at night  [31] . 

 Approximately half of the total daily insulin secretion occurs 
in response to meals. After meal ingestion, a rapid insulin secre-
tory response is induced and insulin secretion peaks within an 
hour. Insulin release in response to an intravenous glucose load 
is distinctively biphasic, with an early rapid phase within the fi rst 

10 minutes which is followed by a depression and then by a slower 
and more prolonged second secretory phase. This fi rst - phase 
response plays a signifi cant physiologic role by acutely mobilizing 
the target tissues, particularly the liver through the portal circula-
tion, to handle the glucose challenge. Oral glucose loads do not 
produce such a clear biphasic response due to the more gradually 
induced increase in plasma glucose levels  [32] . However, glucose 
ingestion elicits a much greater insulin release than the intrave-
nous administration of a comparable glucose load, because of 
vagal nerve stimulation (cephalic phase insulin response) and 
secretion of gut - derived hormones that enhance glucose - stimu-
lated insulin secretion (incretins)  [33] . 

 The number and mass of  β  cells in the pancreas determine the 
amount of insulin secretion. The pancreatic  β  cell population 
refl ects a dynamic balance between neogenesis, replication and 
apoptotic processes in the islets of Langerhans  [34] . Increased 
pancreatic  β  cell mass is a crucial compensatory mechanism 
against insulin resistance in the periphery. 

 Insulin secretion in IGT is characterized by decreased and 
delayed fi rst - phase response to glucose loads and by abnormali-
ties in the rhythm of both rapid and ultradian pulses. In type 2 
diabetes the fi rst - phase insulin secretion is almost absent and the 
second phase is also reduced. Additionally, the pulsatile pattern 
of insulin secretion is markedly impaired, with short and irregu-
lar rapid pulses and with ultradian oscillations that are decreased 
in amplitude and less synchronized with oscillations in plasma 
glucose levels  [31,35] . As a result, type 2 diabetic patients secrete 
most of the total daily insulin under basal conditions. Further-
more, the mass of functional  β  cells in IGT and type 2 diabetes 
fails to match the degree of underlying insulin resistance and 

 Figure 16.3     Schematic representation of the primary sites of insulin resistance. 
Weight gain causes adipose tissue accumulation and ectopic fat deposition in 
the liver and skeletal muscle. In the course of obesity, particularly when fat is 
accumulated centrally, various degrees of insulin resistance develop gradually in 
all these tissues, due to an adverse profi le of circulating adipokines and free 
fatty acids (FFA), in combination with proinfl ammatory and oxidative stress 
responses. In response,  β  cell insulin secretion is stimulated, causing chronic 
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hyperinsulinemia that, in turn, favors further weight gain. Thus, obesity promotes 
decreased insulin sensitivity combined with increased insulin secretion and vice 
versa, forming co - existing vicious cycles which steadily progress within each 
insulin - resistant tissue and feed back to each other at the systemic level. This 
state of obesity - related insulin resistance may lead to type 2 diabetes in 
genetically predisposed individuals. 
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long - standing disease is associated with a further progressive 
decline in  β  cell mass (Fig  16.4 )  [24,34] .   

 These insulin secretion defects are essential for the progression 
to IGT and type 2 diabetes and develop gradually for years before 
the onset of overt hyperglycemia, representing the cumulative 
result of multiple factors (see Fig  16.4 )  [22] . Some of these factors, 
such as genetic predisposition and aging, are intrinsic to the indi-
vidual and cannot be modifi ed. Thus, specifi c interest is focused 
on factors related to the insulin - resistant state in obesity, which 
cause acquired  β  cell defects that can be, at least partially, restored 
with weight loss and tight glycemic control. 

 Glucotoxicity leads to abnormal insulin secretion, depending 
on the degree and, more importantly, the duration of hyperglyc-
emia.  In vitro , prolonged  β  cell exposure to high glucose concen-
trations causes glucose desensitization, impairs insulin gene 
transcription and induces apoptosis. In animal studies restora-
tion of normoglycemia alone, by pharmacologically inducing 
renal glucosuria, was suffi cient to improve insulin secretion  [22] . 
Human studies evaluating the rate of insulin secretion also 
support the role of glucotoxicity, showing that reduced glucose 
sensitivity is a predominant defect in IGT patients  [36,37] . 
Notably,  in vitro  and  in vivo  studies have reported that hypergly-
cemia can potentiate insulin secretion responses provided that 
time is allowed for the  β  cells to recover between glucose chal-
lenges. All these data indicate that chronic hyperglycemia, despite 
increasing the absolute insulin secretion, exerts toxic effects in the 
pancreas primarily by impairing  β  cell glucose sensitivity. 

 Lipotoxicity is another factor proposed to induce  β  cell dys-
function. Toxic effects of FFA in the pancreas appear to depend 
decisively on the degree of FFA exposure and on genetic predis-
position for type 2 diabetes. Short - term  β  cell exposure to physi-
ologic increases in FFA has been shown to stimulate insulin 
secretion. Conversely, prolonged  β  cell exposure to high FFA 
concentrations increases the islet triglyceride content, impairs 
glucose - stimulated insulin secretion and promotes apoptosis. It 
is suggested that, under these conditions, FFA oxidation is 
enhanced and intracellular metabolites, such as citrate and cera-
mide, accumulate. Elevated citrate levels inhibit glycolysis which 
is essential for glucose - stimulated insulin secretion. Additionally, 

elevated ceramide levels increase nitric oxide synthesis, which 
subsequently induces the expression of proinfl ammatory 
cytokines and leads to apoptosis  [22,38] . Human studies have 
also shown that sustained physiologic increases in FFA plasma 
levels can impair  β  cell insulin secretion, but mostly in the pres-
ence of genetic predisposition (family history of type 2 diabetes) 
 [39] . Furthermore, in nondiabetic subjects with strong family 
history of type 2 diabetes, pharmacologic inhibition of lipolysis 
signifi cantly improved insulin secretion, highlighting the role of 
lipotoxicity in genetically predisposed individuals  [40] . 

 The incretin effect (the ratio between the integrated insulin 
response to an oral glucose load and to an isoglycemic intrave-
nous glucose infusion) is distinctively decreased in type 2 diabe-
tes, due to incretin defi ciency and/or incretin resistance  [41,42] . 
Glucose - dependent insulinotropic polypeptide (GIP, formerly 
referred as gastric inhibitory polypeptide) and glucagon - like 
peptide - 1 (GLP - 1) are released from neuroendocrine cells of the 
small intestine (K and L cells, respectively) and represent the 
main incretins, accounting for more than 90% of the incretin 
effect. GLP - 1 and GIP rapidly stimulate insulin secretion and 
exhibit potential  β  cell preserving properties. Incretin secretion 
occurs in response to intraluminal carbohydrates, is proportional 
to the ingested glucose load and depends upon the absorption of 
glucose across the intestinal mucosa. Their secretion is not stimu-
lated by plasma glucose levels, but the incretin effects on  β  cell 
secretion are largely glucose dependent and proportional to the 
increase in circulating glucose. GLP - 1 meal - induced secretion is 
decreased in patients with IGT and deteriorates more with the 
progression to type 2 diabetes; however, its insulinotropic activity 
is preserved  [43] . Conversely, GIP secretion remains normal in 
type 2 diabetes, but exhibits diminished bioactivity on  β  cells, 
indicating resistance to its action  [44] . 

 Amylin (islet amyloid polypeptide, IAPP) is suggested to 
promote  β  cell failure in type 2 diabetes.  β  Cells synthesize amylin, 
which is co - secreted with insulin. Thus, amylin secretion is 
increased together with insulin secretion in the presence of 
insulin resistance. Amylin is rather insoluble and has a strong 
tendency to self - aggregate and form fi brils, which are the main 
constituent of amyloid deposits in the pancreas. Islet amyloid 
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 Figure 16.4     Factors causing impaired insulin secretion and schematic representation of the relationship between progressive  β  cell failure and the development of 
glucose intolerance and type 2 diabetes.  β  Cell function deteriorates for years before the onset of glucose intolerance and type 2 diabetes and is already signifi cantly 
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deposits are frequently identifi ed in type 2 diabetic patients and 
were proposed as a potential cause of  β  cell dysfunction. However, 
this hypothesis has recently been challenged and it is now pro-
posed that amylin toxicity on  β  cells derives from its ability to 
form membrane permeant oligomers. These toxic intracellular 
oligomers, rather than the extracellular amyloid, are considered 
to induce  β  cell defects, especially in the presence of elevated 
plasma FFA levels  [45] . 

 Intrauterine growth restriction (IUGR) and perinatal nutrient 
restriction are also associated with  β  cell defects. Epigenetic, 
structural and functional adaptive responses to prenatal and post-
natal malnutrition have been shown to cause reduced  β  cell mass 
and decreased insulin secretory capacity early in the development 
of the endocrine pancreas. This adverse early - life programming 
may became detrimental later in life and lead to type 2 diabetes 
during periods of increased insulin demand, especially since low 
birth weight is also a risk factor for obesity and insulin resistance 
 [46] .   

  Adipose  t issue and the  l inks to  i nsulin 
 r esistance and  m etabolic  s yndrome 

  Obesity, the  e ndocrine  f unction of  a dipose  t issue and 
 a dipokine  s ecretion 
 Traditionally, adipose tissue has been regarded as a passive energy 
depot with a role limited to storing transient energy surpluses 
until they can be retrieved later through lipolysis. The discovery 
that adipocytes synthesize and secrete a broad spectrum of novel 
hormones, cytokines and factors has radically changed this view. 
This provides new insights into the function of adipose tissue, 
which is now considered a highly active and complex endocrine 
organ. The endocrine functions of adipocytes refl ect their meta-
bolic status and relay this information to other organs and tissues 
and to the central nervous system  [47] . Furthermore, adipocytes 
express a wide variety of receptors that enable them to respond 
to different stimuli which either originate from adjacent cells or 
are transported via the systemic circulation (Fig.  16.5 ). Thus, 
adipose tissue becomes the center of a multileveled reciprocal 
network with a key role in regulating metabolic homeostasis. 
Defects of this dynamic cross - talk predispose to fat accumulation 
and are implicated in the pathogenesis of obesity and its related 
complications  [48] .   

 The adipose tissue exhibits a characteristic adapting capacity 
to grow in size. Pronounced weight gain induces substantial 
adipose tissue remodeling with marked changes in the local cel-
lularity. Obesity is characterized by increases in both the number 
(hyperplasia) and mass (hypertrophy) of the adipocytes, attrib-
uted to preadipocytes being stimulated to proliferate and differ-
entiate (adipogenesis) and to small adipocytes being fi lled with 
lipid droplets (lipogenesis), respectively. Notably, hypertrophy of 
adipocytes initially precedes adipogenesis and has been shown to 
plateau after reaching a maximum size for each adipocyte. In 
contrast, hyperplasia - adipogenesis continues to progress in 

relation to weight gain and subsequently the number of large 
adipocytes in fat depots rises proportionally to BMI (see Fig.  16.5 ) 
 [49] . Enlarged adipocytes tend to more insulin resistant and lipo-
lytic compared to small adipocytes and their overall secretory 
function promotes metabolic dysregulation  [50] . The hyper-
trophic and hyperplastic growth of adipose tissue is also accom-
panied by increased local vascularization and stromal cell 
proliferation  [51] . Furthermore, circulating mononuclear cells 
transmigrate from the bloodstream into the expanding adipose 
tissue and augment the number of resident macrophages  [52] . 

 Increasing attention is currently focused on a novel family of 
adipose - derived proteins, collectively termed adipokines or adi-
pocytokines  [53] . The main members of this group include 
leptin, adiponectin, resistin, visfatin, tumor necrosis factor -  α  
(TNF -  α ) and interleukin - 6 (IL - 6) (Fig.  16.6 ). Adipokine expres-
sion and secretion are markedly altered in obesity and strongly 
correlate with the manifestations of the metabolic syndrome  [54] . 
Notably, most of the adipokines that exert deleterious effects on 
metabolism are more potently expressed in visceral adipose 
tissue. This translates into higher visceral than subcutaneous adi-
pokine secretion in the obese state and supports the association 
between visceral fat accumulation and increased risk for meta-
bolic complications  [55,56] .   

 Leptin represents the prototypical adipokine and is responsible 
for the revived research interest in adipose tissue biology  [57] . 
The plasma concentration of this hormone is proportional to the 
total fat mass and strongly correlates to BMI  [58] . Specifi c cell 
membrane receptors (LEPR) directly mediate the actions of 
leptin, which primarily acts to suppress appetite and enhance 
energy expenditure at the hypothalamic level  [59] . Extensive 
investigation of the leptin effects exposed a wide range of biologic 
functions, so that this hormone is now regarded as a multipotent 
endocrine mediator, interacting with all the major endocrine 
axes. It is also intriguing that leptin structurally belongs to the 
type I cytokine superfamily and exhibits proinfl ammatory prop-
erties  [60] . 

 Equally signifi cant is the identifi cation of adiponectin (Acrp30, 
apM1, AdipoQ, GBP28), an adipokine with unique properties, 
since it appears to play a protective physiologic role  [61] . Adi-
ponectin is secreted by adipocytes and exerts its actions via dis-
tinct receptors, AdipoR1 and AdipoR2, mainly expressed in 
skeletal muscle and the liver, respectively. Improved insulin sen-
sitivity is the most recognized benefi cial effect of adiponectin, as 
it stimulates glucose uptake in skeletal muscle, inhibits glucose 
production in the liver and also induces fatty acid oxidation in 
both these tissues  [62] . Additionally, adiponectin mediates antia-
therogenic and anti - infl ammatory functions. In contrast to other 
adipokines, adiponectin is characterized by markedly reduced 
synthesis in the obese state, particularly in visceral fat depots, and, 
hence, by decreased circulating concentrations (hypoadi-
ponectinemia). Plasma adiponectin levels correlate inversely with 
cardiometabolic complications  [63,64] . 

 Resistin and visfatin are newer members of the adipokine 
family with more uncertainty regarding their precise actions. 
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 Figure 16.5     Schematic representation of the endocrine and signaling role of 
adipose tissue. Adipocytes secrete a broad spectrum of hormones, cytokines and 
factors with potent autocrine, paracrine and endocrine effects. Furthermore, they 
express a plethora of receptors that receive various signals from adjacent cells 
and the periphery. In addition to adipocytes which constitute the primary local 
cell population, adipose tissue also contains other cell types, such as 
preadipocytes, stromal cells and macrophages. The endocrine signifi cance of 
adipose tissue is amplifi ed as the body fat mass increases. 

Resistin (adipocyte - specifi c secretory factor, ADSF, FIZZ3) is 
upregulated in obese individuals and has been described as 
causing insulin resistance in rodent models and inducing proin-
fl ammatory effects  [65] . In humans, however, the exact mode of 
resistin production and its involvement in glucose regulation 
pathways remain to be elucidated. Uncertainty also exists regard-
ing the role of visfatin, which is expressed by adipocytes and was 
originally identifi ed as a growth factor for early B lymphocytes 
(pre - B cell colony enhancing factor, PBEF). Visfatin has been 
reported as an insulin - mimetic adipokine secreted from visceral 
adipose tissue. However, subsequent studies on visfatin have 
failed to confi rm the original fi ndings and more research is 
needed to establish its clinical relevance and mechanisms of 
action  [66] . 

 Finally, the adipokine family includes two of the major proin-
fl ammatory cytokines, TNF -  α  and IL - 6, which are also secreted 
by adipocytes (see Fig.  16.6 ). Apart from their well - known 
immune effects, these cytokines can cause metabolic disturbances 
with detrimental consequences. TNF -  α  is implicated in the devel-
opment of insulin resistance by disrupting the tyrosine phospho-
rylation of the insulin receptor substrates (IRS) 1 and 2, thus 
blocking the insulin signal transduction pathway  [67] . IL - 6 pro-
motes hyperglycemia, dyslipidemia and atherogenesis  [68,69] . 

Both cytokines exhibit elevated plasma levels in obesity, with a 
large fraction of IL - 6 and most of the TNF -  α  secretion originating 
from the amplifi ed population of resident macrophages in fat 
depots  [52,70 – 72] . Increased circulating concentrations of 
TNF -  α  and IL - 6 contribute to the pathophysiology of obesity by 
triggering pathogenetic pathways in multiple tissues that lead to 
manifestations of the metabolic syndrome (insulin resistance, 
dyslipidemia, hypertension, hypercoagulability, enhanced acute -
 phase response and liver dysfunction).  

  Obesity  a s a  c hronic  i nfl ammatory  s tate 
 Another novel viewpoint concerning the complex function of 
adipose tissue in obesity is the association of its expansion with 
the development of a low - grade chronic infl ammatory state  [73] . 
The proinfl ammatory nature of adipose tissue is heightened pro-
portionally to the increased fat mass and shows consistently 
strong correlations with visceral adipose tissue accumulation and 
BMI  [74] . Obesity has been shown to induce an unremitting 
proinfl ammatory response, which continues to evolve for as long 
as the weight gain is maintained (Fig.  16.7 ). Recent evidence links 
this prolonged activation of infl ammatory signaling pathways to 
the pathogenesis of both type 2 diabetes and atherosclerosis 
 [75,76] .   

Hypertrophy - lipogenesis of adipocytes initially precedes adipogenesis and has 
been shown to plateau after reaching a maximum size for each adipocyte. 
Hyperplasia - adipogenesis continues to progress in relation to weight gain and 
subsequently the number of large adipocytes in fat depots rises proportionally to 
BMI. TSH, thyroid stimulating hormone; T3, tri - iodothyronine; PPAR -  γ , 
peroxisome proliferator - activated receptor -  γ ; HDL, high - density lipoprotein; LDL, 
low - density lipoprotein; VLDL, very - low - density lipoprotein. 
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 Figure 16.6     Schematic representation of the major adipokines secreted by adipose tissue. Most of the adipokines are secreted into the plasma proportionally to the 
adipose tissue mass and exert deleterious metabolic and proinfl ammatory effects. Adiponectin plays a protective role in metabolic homeostasis and exhibits decreased 
secretion in obesity, particularly in visceral fat depots. TNF -  α , tumor necrosis factor -  α : IL - 6, interleukin - 6. 

 The obesity - related infl ammatory state is characterized by 
failure to properly resolve due to an adversely altered adipose 
tissue milieu. The underlying molecular interplay ultimately 
forms a vicious cycle between preadipocytes, enlarged adipocytes 
and macrophages inside each fat depot. As lipogenesis and adi-
pogenesis progress, adipose - derived adipokines and chemokines, 
such as monocyte chemotactic protein - 1 (MCP - 1) and inter-
leukin 8 (IL - 8), are increasingly released into the systemic circula-
tion (see Fig.  16.7 a). Thus, mononuclear cells are recruited from 
the bloodstream and transmigrate into the expanding adipose 
tissue, where they are activated and function as resident macro-
phages  [52,77] . In turn, these macrophages secrete locally 
cytokines (e.g. TNF -  α , IL - 6, IL - 1 β ) which further stimulate the 
proinfl ammatory adipocyte secretion, suppress the expression of 
adiponectin and promote insulin resistance in enlarged adi-
pocytes  [78] . It is important to note that, unlike this continuous 
feedback loop generated inside the accumulated fat, conventional 
infl ammatory responses are typically programmed to quickly 
subside once the original stimulus/threat is contained. Thus, at 
usual infl ammatory sites, such as local infections and injuries, 
cytokines are secreted transiently by the recruited immune cells 
in order to avoid prolonged macrophage responses which would 
have destructive consequences (see Fig.  16.7 b)  [79] . It becomes 

apparent that sustained fat accumulation initiates a subclinical 
infl ammatory response, which is perpetuated locally because of 
ongoing reciprocal interactions between the increasing popula-
tions of adipocytes and macrophages. Progressively this leads to 
a chronic, low - grade, generalized infl ammatory state mediated by 
the persistent adipokine secretion of either adipocyte or macro-
phage origin  [80] . Constantly increased circulating adipokine and 
cytokine concentrations induce potent adverse metabolic effects 
on other tissues and organs (e.g. liver, skeletal muscle, endothe-
lium), contributing to the overall deterioration of metabolic 
homeostasis  [73,81,82] .  

  Central  o besity and the  s ignifi cance of  f at  d istribution 
 It is recognized that regional adiposity plays an equally signifi -
cant, if not greater, role in the development of obesity - related 
metabolic complications  [18] . In 1947, Jean Vague described the 
existence of two distinct clinical types of obesity in relation to fat 
distribution and reported that the degree of upper body adiposity 
is a factor determining type 2 diabetes predisposition  [19] . 
Central obesity (visceral, abdominal, android, upper body or 
apple - shaped obesity) is characterized by fat accumulation intra -
 abdominally and subcutaneously around the abdomen, and is 
associated with increased risk for metabolic and cardiovascular 
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 Figure 16.7     Schematic representation of the chronic proinfl ammatory state 
related to obesity versus the conventional immune response at infl ammatory 
sites. (a) Progressive weight gain causes an unremitting secretion of 
proinfl ammatory adipokines, cytokines and chemokines from fat depots into the 
circulation, which strongly correlates with BMI. Subsequently, mononuclear cells 
transmigrate from the bloodstream into the expanding adipose tissue and 
increase the local population of resident macrophages, which becomes the major 
source of cytokine secretion from adipose tissue. A vicious cycle is formed inside 
fat depots, where adipocytes release FFA and adipokines that stimulate 

diseases, independent of BMI. Conversely, in gluteofemoral 
obesity (peripheral, gynoid, lower body or pear - shaped obesity) 
the fat is stored predominantly in the subcutaneous regions of 
hips, thighs and lower trunk and, to some extent, appears to be 
protective against metabolic complications  [83] . 

 Waist circumference, measured in the horizontal plane midway 
between the superior iliac crest and the lower margin of the last 
rib, correlates positively with abdominal fat mass (subcutaneous 
and intra - abdominal) and provides a simple and reliable assess-
ment of central obesity  [84] . The waist - to - hip circumference 
ratio (WHR) may also be used to defi ne central obesity, but it is 
a weaker marker of abdominal fat content and does not appear 
to have greater prognostic value compared to waist circumference 
alone  [20,85] . The waist circumference cut - off points for the 
diagnosis of central obesity are still a matter of debate. Different 
thresholds must be used according to gender and ethnicity due 
to signifi cant variations in susceptibility to central adiposity, as 
will be discussed in the following section on the metabolic 
syndrome. 

 Several hypotheses have been proposed to explain the correla-
tion of central fat distribution with high cardiometabolic risk. 
Visceral adipose tissue is more lipolytic in obesity, probably due 
to increased catecholamine - induced lipolysis and decreased insu-
lin - mediated inhibition of the hormone - sensitive lipase. Thus, 
central obesity is associated with a greater fl ux of FFA into the 
portal circulation with potential lipotoxic effects on several 

metabolic pathways, primarily in the liver and skeletal muscle 
 [74,86] . Additionally, in the obese state, visceral fat is character-
ized by markedly upregulated secretion of adipokines, downregu-
lated secretion of adiponectin and enhanced activation of 
infl ammatory pathways  [55,56] . Neuroendocrine abnormalities, 
including dysregulation of the hypothalamic - pituitary - adrenal 
axis, are also related to visceral adiposity and appear implicated 
in its adverse consequences  [87,88] . These mechanisms may act 
in concert during weight gain and are considered crucial steps in 
the pathogenic process that links central obesity to cardiometa-
bolic complications.   

  Metabolic  s yndrome:  d iagnostic  c riteria and the 
 s ignifi cance of  c entral  o besity 

 Obesity, type 2 diabetes, hypertension and dyslipidemia, all inde-
pendent risk factors for cardiovascular disease (CVD), exhibit a 
marked tendency to cluster together. Two decades ago, Reaven 
proposed the term  “ syndrome X ”  in order to illustrate such a 
constellation of metabolic abnormalities revolving around insulin 
resistance and to emphasize its correlation with high morbidity 
and mortality rates due to CVD  [4] . Since then, the term  “ meta-
bolic syndrome ”  has been adopted to better describe this cluster-
ing of powerful CVD risk factors, which is estimated to affect 
approximately 20 – 25% of the adult population in Western 

macrophages to secrete cytokines and vice versa. The end result is a chronic 
low - grade infl ammatory state which is perpetuated for as long as the weight 
gain is maintained. (b) Immune responses at infl ammatory sites (e.g. local 
infections, injuries) are usually time - restricted and subside once the original 
stimulus - threat is contained. The main infl ammatory cytokines, TNF -  α , IL - 1 and 
IL - 6 are secreted by the recruited immune cells transiently in order to avoid 
prolonged macrophage responses that would have destructive consequences. 
MCP - 1, monocyte chemotactic protein - 1; IL - 8, interleukin 8. 
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societies  [89,90] . Although there is continuing controversy about 
whether it constitutes a distinct pathophysiologic entity, a number 
of international medical bodies propose that the metabolic syn-
drome should be clearly defi ned, based on standardized criteria, 
in order to help both research and clinical practice  [90 – 93] . 

 Until recently the diagnostic criteria varied signifi cantly 
between different metabolic syndrome defi nitions, resulting in 
confusion and limiting the comparability between studies. To 
address this issue, the International Diabetes Federation (IDF) 
issued a consensus statement in 2005 and proposed a new world-
wide metabolic syndrome defi nition which is easy to enforce, 
since it is based on the evaluation of simple anthropometric and 
plasma measurements (waist circumference, blood pressure and 
plasma levels of triglycerides, high - density lipoprotein cholesterol 
and fasting glucose)  [92] . According to this defi nition, central 
obesity becomes a prerequisite for the diagnosis of the metabolic 
syndrome. Establishing the presence of insulin resistance with an 
oral glucose tolerance test is no longer necessary and is replaced 
as a criterion by the assessment of fasting glucose (Table  16.1 ). 
Another problem addressed was the applicability of the criteria 
to various ethnic groups, especially regarding obesity. It is well 
documented that individuals of specifi c ethnic origin, regardless 
of the country of residence, are more prone to central obesity and 
more susceptible to its complications  [94 – 97] . Given that Asian 
populations exhibit an amplifi ed risk of morbidity at lower adi-
posity levels, rigorous cut - off points are being proposed for the 
management of these patients, considering clinical interventions 
for BMI values that exceed 23   kg/m 2  and confi rming obesity with 
a BMI threshold as low as 25   kg/m 2   [96,98] . Accordingly, the IDF 
consensus defi nes central obesity in adult men and nonpregnant 
women based on ethnicity - specifi c values of waist circumference 
(see Table  16.1 ). These values were incorporated as initial guide-
lines and epidemiologic studies are expected to provide more 
comprehensive data that will supplement the current knowledge 
and offer new insights concerning additional populations (e.g. 
South and Central Americans, sub - Saharan Africans, Eastern 
Mediterranean and Middle East populations).   

 To date, the new IDF defi nition of the metabolic syndrome has 
helped signifi cantly to set uniformly accepted diagnostic criteria 
worldwide and emphasize the signifi cance of central obesity; it 
can be generally regarded as a valuable tool in forming and evalu-
ating strategies for diagnosis and treatment  [92,99] . However, it 
should be noted that, in order to more accurately predict increased 
risk of heart disease or type 2 diabetes, additional risk factors, 
such as age, smoking and cholesterol plasma levels, must also be 
assessed  [100,101] .  

  Nonalcoholic  f atty  l iver  d isease 

 The recent progress in our understanding of the pathways regu-
lating metabolic homeostasis has shed new light on the cross - talk 
between liver and adipose tissue. Derangements of glucose and 
lipid metabolism, such as those involved in obesity and type 2 

 Table 16.1     Criteria for the diagnosis of the metabolic syndrome according to 
the International Diabetes Federation defi nition  [92]  

   I. Central obesity: defi ned according to ethnicity specifi c values of 
waist circumference   

  Ethnic group    Men    Women     Until more specifi c data are available : 
 Sub - Saharan Africans, Eastern 

Mediterranean Middle East (Arab) 
populations: use European data 

 Ethnic South and Central Americans: 
use South Asian recommendations  

  Europids     ≥ 94   cm     ≥ 80   cm  
  South Asians     ≥ 90   cm     ≥ 80   cm  
  Chinese     ≥ 90   cm     ≥ 80   cm  
  Japanese     ≥ 85   cm     ≥ 90   cm  

   II. Plus any two of the following factors:   
  A.  ↑  TG levels:  ≥ 150   mg/dL (1.7   mmol/L)  
     or  
     specifi c treatment for this lipid abnormality  
  B.  ↓  HDL - c levels: males  ≤ 40   mg/dL (1.03   mmol/L), females  ≤ 50   mg/dL 

(1.29   mmol/L)  
     or  
     specifi c treatment for this lipid abnormality  
  C.  ↑  Blood pressure: systolic BP  ≥ 130   mm   Hg  
     or  
     diastolic BP  ≥ 85   mm   Hg  
     or  
     treatment of previously diagnosed hypertension  
  D.  ↑  FPG:  ≥ 100   mg/dL (5.6   mmol/L)  
     or  
     previously diagnosed type 2 diabetes  

   TG, triglycerides; HDL - c, high - density lipoprotein cholesterol; BP, blood pressure; 
FPG, fasting plasma glucose.   

diabetes, combined with ectopic fat accumulation in the liver can 
impair hepatic function and lead to manifestations that may 
progress from asymptomatic steatosis to cirrhosis and terminal 
liver failure. 

  Defi nition of  NAFLD  and  NASH  
 In 1980 the term  “ nonalcoholic steatohepatitis (NASH) ”  was 
introduced by Ludwig et al. to describe a previously unnamed 
nonalcohol - related liver disease with histologic features that 
resembled those of alcoholic hepatitis  [102] . The term  “ nonalco-
holic fatty liver disease (NAFLD) ”  is now applied to describe the 
entire spectrum of these hepatic abnormalities, which extends 
from simple fatty liver infi ltration (steatosis) to steatohepatitis 
and fi brosis. The hallmark of NAFLD is steatosis, typically 
regarded as a triglyceride content exceeding 5 – 10% of the total 
liver weight  [103] . The identifi ed steatosis represents ectopic 
deposition of fat in the liver and is usually macrovesicular with a 
large singular intracellular fat droplet displacing the nucleus 
 [104] . 

 Nonalcoholic steatohepatitis is defi ned as the most severe his-
tologic form of NAFLD, types 3 and 4 as proposed by Matteoni 
et al., characterized by distinctive features of infl ammation, hepa-
tocyte injury (ballooning degeneration) and varying degrees of 
fi brosis in addition to steatosis (Table  16.2 )  [105,106] . Histologic 
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distinction between NASH and alcoholic hepatitis may not be 
feasible, highlighting the importance of a detailed alcohol con-
sumption history.    

  Epidemiology of  NAFLD  
 Nonalcoholic fatty liver disease has become one of the most 
common causes of chronic liver disease globally, characterized by 
high prevalence rates and distribution patterns that follow the 
trends of weight gain and diabetes in developed and developing 
countries. Additionally, as both obese and diabetic populations 
are expected to continue to grow rapidly, with earlier onset and 
longer duration of the underlying metabolic derangements, 

NAFLD prevalence and disease burden are predicted to steadily 
increase worldwide in the next decades  [107 – 109] . 

 The prevalence of NAFLD in the general population varies 
according to the modality used for diagnosis, with a consensus 
fi gure of 20 – 30% for several developed countries and more mod-
erate estimations in the 10 – 15% range  [109 – 114] . The corre-
sponding prevalence of NASH is estimated to reach approximately 
2 – 3%  [115,116] . Contrary to the initial reports that implied 
female predominance, NAFLD appears to be more common in 
males. The disease is reported to peak during the fourth decade 
of life in men and after the fi fth decade in women  [109,110] . 

 Prevalence data for NAFLD in cohorts of obese and diabetic 
patients document an overwhelming presence of the disease, 
indicating potential pathogenetic relations. According to these 
data, almost 75% of the patients with clinical obesity or type 2 
diabetes develop steatosis. NASH can be diagnosed in 10 – 20% of 
these obese individuals, especially if the fat is accumulated cen-
trally  [108 – 109] . NAFLD prevalence rises with increasing BMI 
and reaches 90 – 95% in bariatric surgery patients, who usually 
suffer from morbid obesity (BMI exceeding 40   kg/m 2 ) and other 
manifestations of the metabolic syndrome  [117 – 119] .  

  Natural  h istory of  NAFLD  and the  r isk for  c irrhosis and 
 h epatocellular  c arcinoma 
 Data concerning the natural history of NAFLD are based prima-
rily on studies with relatively small cohorts of selected patients 
 [120 – 123] . However, it is now evident that NAFLD is not always 
benign, as previously perceived, and can potentially cause 
severe liver complications (Fig.  16.8 ). Indeed, according to a 

 Table 16.2     Nonalcoholic fatty liver disease ( NAFLD ) histologic classifi cation as 
proposed by Matteoni et al.  [105] . Nonalcoholic steatohepatitis ( NASH ) is 
defi ned as the most severe form of  NAFLD  (types 3 and 4 of  NAFLD ) 

   Type 1     Type 2     Type 3  –  
NASH  

   Type 4  –  
NASH  

  Steatosis    Steatosis    Steatosis    Steatosis  
  No infl ammation    Mild infl ammation    Infl ammation    Infl ammation  
  No other hepatocyte 

injury fi ndings  
  No other hepatocyte 

injury fi ndings  
  Ballooning 

degeneration  
  Ballooning 

degeneration  
  No fi brosis    No fi brosis    No fi brosis    Fibrosis and/or 

Mallory 
bodies  

  Considered stable  &  
nonprogressive  

  Considered of 
benign prognosis  

  Progressive to 
cirrhosis  

  Progressive to 
cirrhosis  

NAFLD

NASH

10–20%

3–15%

2–5%

Over 10–20 years

Per year

Hepatomegaly
Steatosis

Inflammation (±)
Balloon cells (–)

Fibrosis (–)
Mallory bodies (–)

Hepatomegaly
Steatosis

Inflammation (+)
Balloon cells (+)

Fibrosis (±)
Mallory bodies (±)

Fibrosis
Regenerative

Nodules
Carcinogenesis

CIRRHOSIS

HCC

 Figure 16.8     Schematic representation of the 
natural history of nonalcoholic fatty liver disease 
(NAFLD). NASH, non - alcoholic steatohepatitis; HCC, 
hepatocellular carcinoma. 
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population - based cohort study, mortality among community -
 diagnosed NAFLD patients was higher than in the general popu-
lation. Liver disease was the third leading cause of death in this 
group, compared to the 13th leading cause in the general popula-
tion, although the absolute risk was low  [120] .   

 Long - term prognosis of NAFLD depends crucially on the his-
tologic stage. Simple steatosis is typically benign and stable (1 – 2% 
risk of developing clinical evidence of cirrhosis over 15 – 20 years) 
 [124,125] . Conversely, patients with NASH are at increased risk 
for developing cirrhosis, end - stage liver failure and hepatocellular 
carcinoma (HCC) (see Fig.  16.8 ). Advancement of NASH to cir-
rhosis ranges between 3% and 15% over 10 – 20 years and has a 
particularly poor prognosis, since almost a third of these cirrhotic 
patients will require a liver transplant or die from hepatic associ-
ated complications  [126 – 128] . HCC is estimated to develop in 
patients with NASH - related cirrhosis at an annual rate of 2 – 5%, 
with data suggesting that chronic hyperinsulinemia may directly 
promote hepatic carcinogenesis  [129,130] . 

 The severity of NAFLD tends to increase with age, although 
regression is also possible over time. Signs of regression should 
be evaluated with caution, particularly in older patients. The 
progression of fi brosis can be silent and is often associated with 
normalization of plasma aminotransferases and abated histologic 
features of steatosis and infl ammation. Loss of the characteristic 
histology is frequently consistent with the transition of NASH to 
a  “ burned - out ”  state, typically recognized as cryptogenic cirrho-
sis, which correlates with high HCC risk and is a common indica-
tion for liver transplantation  [131,132] . Indeed, this transition 
seems to explain the pathogenesis in many patients with cryp-
togenic cirrhosis, most of whom are older than NASH patients, 

but otherwise exhibit the same risk factors (obesity, insulin resist-
ance and/or diabetes)  [133] . 

 Ethnic variations characterize both the prevalence and the 
natural history of NAFLD, suggesting that genetic predisposition 
plays a role in the pathogenesis of the disease  [109,110,134] . 
Published data show that Asian and Hispanic populations are 
more prone to steatosis and may develop more severe forms of 
NASH, while African - Americans are reported to exhibit the 
disease less frequently than would be predicted by the corre-
sponding obesity and diabetes trends  [135 – 137] . Notably in 
regions like India, where obesity rates remain lower compared to 
Western societies, the prevalence of NAFLD in the general popu-
lation still reaches 20 – 30%  [138,139] . Interestingly, these differ-
ences are in complete accord with the aforementioned 
predisposition of certain ethnic groups to central obesity, insulin 
resistance and type 2 diabetes.  

   NAFLD   p athogenesis and the  r elation to  o besity and 
 d iabetes 
 Nonalcoholic fatty liver disease can be classifi ed into primary and 
secondary types depending on the underlying cause. Primary 
NAFLD is associated with the metabolic syndrome components, 
while the category of secondary disease includes a diverse variety 
of causes (Table  16.3 )  [106] . Although this classifi cation is rather 
arbitrary, it emphasizes the fact that NAFLD is predominantly 
associated with the presence of obesity, insulin resistance and 
their related metabolic complications  [140,141] . Notably, many 
of the secondary causes may in fact exacerbate cases of undiag-
nosed primary NAFLD, indicating signifi cant overlap in this 
classifi cation.   

   PRIMARY   
   Metabolic Syndrome Components   
  Obesity (particularly central)  
  Insulin resistance  –  type 2 diabetes  
  Hypertriglyceridemia  
  Low HDL cholesterol  
  Hypertension  

   SECONDARY   

  Nutrition    Metabolic - genetic    Drugs    Toxins    Other  

  Starvation 
 Rapid weight loss 
 Total parenteral 

nutrition 
 Intestinal bypass 

surgery  

  A -  &  
hypobetalipoproteinemia 

 Lipodystrophy 
 Hypothalamic conditions 
 Hypopituitarism 
 Acute fatty liver of 

pregnancy 
 Reyes syndrome 
 Weber – Christian syndrome  

  Amiodarone 
 Methotrexate 
 Tamoxifen 
 Corticosteroids 
 Valproic acid 
 Isoniazid 
 Antiretroviral 

therapy  

  Organic solvents 
 Phosphorus 
 Petrochemicals 
 Toxic mushrooms 
  Bacillus cereus  

toxins  

  Hepatitis C virus 
 Human 

immunodefi ciency 
virus 

 Infl ammatory bowel 
disease 

 Small bowel 
diverticulosis  &  
bacterial 
overgrowth  

 Table 16.3     Nonalcoholic fatty liver disease 
( NAFLD ) classifi cation into primary and secondary 
types based on the underlying cause 
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 The tight association between obesity, insulin resistance and 
NAFLD has been supported by strong epidemiologic data. Further-
more, nondiabetic patients with either simple steatosis or steato-
hepatitis have been shown to be insulin resistant in numerous 
studies, utilizing various methods to demonstrate glucose intoler-
ance  [142 – 146] . Obesity - related insulin resistance is now consid-
ered the cornerstone in the pathogenesis of NAFLD  [147,148] . 
Whether insulin resistance can originate fi rst from the liver, caused 
independently by the increased hepatocyte triglyceride content, is 
a matter of debate: most data suggest that adipose tissue represents 
the primary site triggering the subsequent cascade. Day et al. have 
proposed the  “ two - hit ”  model in order to describe the chain of 
events leading from obesity to steatosis and NASH  [148 – 150] . 
According to this model, the fi rst  “ hit ”  facilitates the development 
of steatosis and enhances the susceptibility of the liver to the second 
 “ hit ”  which is considered responsible for the progression to hepatic 
injury, infl ammation and fi brosis (Fig.  16.9 ).   

 The fi rst  “ hit ”  is directly related to the presence of insulin 
resistance. Reduced insulin sensitivity causes decreased inhibition 
of lipolysis and decreased glucose uptake in adipocytes; concomi-
tantly it increases lipogenesis and decreases the inhibition of 

gluconeogenesis in the liver. The increased and sustained FFA 
release from insulin - resistant fat depots enhances the hepatic FFA 
infl ux, which is considered the primary contributing factor in the 
development of steatosis (see Fig.  16.9 ). Notably, central obesity, 
due to high rates of visceral lipolysis, induces markedly increased 
delivery of FFA directly to the liver via the portal circulation 
 [151] . The triglyceride content of hepatocytes is further aug-
mented due to stimulated  de novo  lipogenesis, impaired hepatic 
fatty acid oxidation and decreased VLDL effl ux, which are caused 
by the underlying hyperinsulinemia, hyperglycemia and hepatic 
insulin resistance  [152,153] . Dietary triglycerides, transported 
from the intestines to the liver via chylomicrons, may also con-
tribute to steatosis. The extent of steatosis correlates with the 
degree of insulin resistance and refl ects the risk for development 
of NASH and NASH - related cirrhosis  [149] . 

 The second  “ hit ”  facilitates the progression from steatosis to 
steatohepatitis. NASH results from a vicious cycle in the steatotic 
liver, which involves increasing hepatic insulin resistance and 
lipid peroxidation, in combination with proinfl ammatory, oxida-
tive stress and endoplasmic reticulum stress responses (see Fig. 
 16.9 ). All these processes are triggered and supported by the 

Second “HIT”

FIRST “HIT”

Steatosis

Steatohepatitis

1. Hepatic insulin resistance
2. Lipid peroxidation
3. ER stress response
4. Oxidative stress response
5. Pro-inflammatory response
6. Kupffer cell, HSC activation

1. ↑ FFA influx
2. ↑ DNL
3. ↓ FA utilisation
4. ↓ VLDL efflux
5. ↑ Chylomicrons

≠TG

FFA

Cytokines Adipokines

Adipocyte

Pre-adipocyte

Macrophage

Insulin resistance

FFA
Hyperglycemia

Hyperinsulinemia

Hypoadiponectinemia
Adipokines

TNF-a
IL-6

⎫
⎪
⎬
⎪
⎭

 Figure 16.9     Schematic representation of the  “ two hit ”  model in the 
pathogenesis of nonalcoholic fatty liver disease (NAFLD). The fi rst  “ hit ”  induces 
steatosis and enhances the susceptibility of the liver to the second  “ hit. ”  
Steatosis results primarily from an amplifi ed hepatic free fatty acid (FFA) infl ux 
due to increased release of FFA from insulin - resistant fat depots (reduced insulin 
inhibition of lipolysis). In the liver this FFA infl ux is combined with increased  de 
novo  lipogenesis (DNL), impaired fatty acid oxidation and suppressed VLDL 
effl ux, which are caused by the underlying hyperinsulinemia, hyperglycemia and 
hepatic insulin resistance. Dietary fat may also contribute to the total hepatic 

triglyceride (TG) content through the delivery of chylomicrons from the intestines. 
The second  “ hit ”  causes progression to steatohepatitis (NASH) and is promoted 
by elevated plasma levels of TNF -  α  and IL - 6, hyperleptinemia and 
hypoadiponectinemia. Circulating adipokines in obesity, in combination with 
steatosis, induce hepatic insulin resistance, hepatic lipid peroxidation, oxidative 
stress responses, endoplasmic reticulum (ER) stress responses and activation of 
Kupffer and hepatic stellate cells (HSC). The end result is the development of a 
chronic proinfl ammatory state in the steatotic liver, characterized by hepatic cell 
injury, infl ammation, apoptosis and fi brosis. 
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circulating adipokines and are amplifi ed locally by detrimental 
pathways activated in hepatocytes. Thus, increased TNF -  α  and 
IL - 6 plasma levels, hyperleptinemia and hypoadiponectinemia 
promote a chain of adverse effects in the liver that leads to cell 
injury, mitochondrial dysfunction, infl ammation, apoptosis and 
fi brosis, especially in the presence of steatosis  [150,154] . Further-
more, circulating adipokines and the steatosis itself stimulate the 
local secretion of proinfl ammatory cytokines (e.g. TNF -  α , IL - 6, 
IL - 1 β ) by hepatocytes. Kupffer and hepatic stellate cells are also 
activated and more infl ammatory cells transmigrate from the 
circulation to the liver  [155,156] . It becomes evident that NASH 
progressively develops a chronic proinfl ammatory hepatic state 
that bears resemblance to the infl ammatory state of adipose tissue 
in obesity. The exact molecular mechanisms implicated in these 
interactions are the subject of intense research, aiming to identify 
critical steps which could be modulated in order to offer specifi c 
therapeutic approaches for NASH.  

  Diagnosis of  NAFLD  
 A defi nitive diagnosis of NAFLD requires exclusion of alcohol 
abuse and histologic confi rmation, although performing a liver 
biopsy in all the patients with suspected steatosis is not practical. 
The precise level of daily ethanol intake that conclusively distin-
guishes nonalcoholic from alcoholic disease is not known. The 
National Institutes of Health Clinical Research Network on 
NAFLD has reached a consensus which defi nes that the maximum 
allowed alcohol intake level for NAFLD diagnosis is 140   g ethanol/
week (two standard drinks/day) for men and 70   g ethanol/week 
(one standard drink/day) for women  [108] . Detailed information 
concerning past alcohol habits should also be obtained, since the 
overall lifetime consumption appears to be signifi cant. 

 In the usual clinical setting, NAFLD can be diagnosed with 
relative confi dence in patients having no history of alcohol abuse, 
metabolic co - morbidities and abnormal laboratory or imaging 
fi ndings suggesting liver disease. The initial assessment must also 
include a detailed medical history, evaluation for metabolic syn-
drome and testing for human immunodefi ciency virus, hepatitis 
B and C infection, serum ferritin, ceruloplasmin, autoantibodies, 
and  α 1 - antitrypsin  [157,158] . The key points for the diagnosis of 
NAFLD are summarized in Table  16.4 .   

 The need to perform a liver biopsy to establish the diagnosis is 
still debated due to the risk of complications and limitations 
associated with sampling and interpretation errors. Nevertheless, 
histologic assessment is considered important in managing 
patients with high clinical suspicion for NASH, since the underly-
ing type and stage of NAFLD determine the prognosis and 
are crucial variables in forming the therapeutic strategy. Clinical 
and laboratory predictors of underlying severity have been 
reported, in order to support a justifi ed selection of the NAFLD 
patients who would benefi t most from a biopsy  [159] , but con-
fl icting data exist about their accuracy to predict more advanced 
histology.  

  Adult  o besity and  i mplications for the  t reatment of  t ype 
2  d iabetes,  m etabolic  s yndrome and  NAFLD  
 Effective treatment of obesity represents a primary objective in 
the therapeutic approach to obese patients with associated meta-
bolic diseases, such as type 2 diabetes, metabolic syndrome and 
NAFLD, since reduction of the excessive body weight can miti-
gate all the associated risks. The currently available treatment 
options will be discussed in detail in the following chapters about 
the management of adult obesity. The key message for clinicians 
providing care to these patients is that early and aggressive weight 
loss interventions should always complement the treatment of 
co - existing complications and that this approach is essential for 
a favorable long - term outcome. 

 After the initial evaluation, a structured plan of action must be 
formulated in co - operation with each patient in order to set 
precise and realistic goals for steady weight reduction and to 
establish optimal adherence. Lifestyle modifi cation, including 
appropriate diet and exercise, is the initial step and must be 
keenly encouraged. Pharmacotherapy for tackling obesity in these 
patients should be initiated early in the treatment plan, in addi-
tion to other agents prescribed for diabetes, hypertension and 
dyslipidemia. Failure to achieve or maintain weight loss with 
lifestyle interventions and antiobesity drugs is an indication for 
bariatric surgery, which should be promptly considered as the 
next step in the weight management strategy  [160] . Following the 
proposed guidelines, surgical interventions in morbidly obese 
patients with metabolic complications can effectively treat not 

   Defi nite diagnosis     Symptoms and signs     Laboratory     Imaging  

   Alcohol  
 Men  < 2 standard 

drinks/day 
 Women  < 1 standard 

drink/day 

  Liver biopsy  
 Histologic confi rmation 

 &  staging  

  Asymptomatic 
(50 – 100%) 

 Fatigue (0 – 70%) 
 RUQ pain (0 – 50%) 
 Hepatomegaly 
 Splenomegaly (rare) 
 Palmar erythema (rare)  

   ↑  ALT, AST 
 Usually ALT, AST  < 2 – 4 x upper 

normal 
 Usually ALT    >    AST 
  ↑  ALP, GGT 
  ↑  IgA (about 25%) 
 Hyperglycemia (about 30 – 35%) 
 Hyperlipidemia (about 20 – 30%)  

  Ultrasonography 
 Computed tomography 
 Magnetic resonance 

imaging 
 Magnetic resonance 

spectroscopy 
 Reliable for diagnosis 
 Not reliable for staging  

   RUQ, Right upper quadrant: AST, aspartate transaminase; ALT, alanine transaminase; GGT,  γ  - glutamyl 
transpeptidase; ALP, alkaline phosphatase; IgA, immunoglobulin A.   

 Table 16.4     Key points in the diagnostic process 
for nonalcoholic fatty liver disease ( NAFLD ) 
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only obesity but also the entire metabolic syndrome spectrum, 
and thus signifi cantly decrease the overall long - term mortality 
 [161,162] . 

 In the presence of diagnosed type 2 diabetes the treatment 
strategy is principally determined by the primary goal of tight 
glycemic control. Although useful as adjunct treatment, the avail-
able weight loss medications cannot be recommended as primary 
therapy for diabetes due to low compliance and sustainability and 
potential adverse side - effects which often restrict their use in 
clinical practice. Thus, at the time of diagnosis antidiabetic agents 
should be initiated together with lifestyle interventions to manage 
hyperglycemia. The American Diabetes Association (ADA) and 
the European Association for the Study of Diabetes (EASD) have 
issued a consensus algorithm for the initiation and adjustment of 
therapy in type 2 diabetes, recently updated regarding the use of 
peroxisome proliferator - activated receptor -  γ  agonists (PPAR γ  
agonists, thiazolidinediones, glitazones)  [163,164] . According to 
this consensus, the HbA 1c  (A1C) target level for each individual 
patient should be as close to the nondiabetic range (A1C: 6%) as 
possible without signifi cant risk of hypoglycemia and an A1C 
value greater or equal to 7% should prompt actions to initiate or 
change therapy until A1C levels lower than 7% are achieved. 

 Adopting regimens not favoring weight gain and not enhanc-
ing hyperinsulinemia should be generally preferred for the treat-
ment of type 2 diabetes, but not at the expense of hyperglycemia. 
Metformin is a valuable option because it is associated with 
weight stability or modest weight loss, does not cause hypoglyc-
emia as monotherapy and is inexpensive. Unless not tolerated 
due to gastrointestinal side - effects or contraindicated due to 
impaired renal function (increased risk of lactic acidosis), met-
formin is recommended as the initial pharmacologic treatment 
to manage hyperglycemia  [163] . Additionally required therapy 
(oral agent or insulin) should be added on top of metformin. 
Sulfonylureas and glinides, which both stimulate the endogenous 
insulin secretion, as well as glitazones and insulin therapy, are 
options that may promote weight gain. It must be noted that 
pioglitazone and rosiglitazone have also been associated with 
fl uid retention and increased risk for congestive heart failure, 
while particularly the latter appears to increase the risk of myo-
cardial ischemic events  [164,165] . Initiation and intensifi cation 
of insulin therapy should be combined with metformin and con-
sidered as a treatment option at an early stage. 

 The identifi cation of incretin defects in type 2 diabetes has 
prompted new treatment approaches, leading to the development 
of novel classes of antidiabetic agents. Exogenous administration 
of GLP - 1 and GIP cannot be used for treatment, since both pep-
tides exhibit extremely short plasma half - lives (2 minutes for 
GLP - 1 and 5 – 7 minutes for GIP) due to rapid proteolytic degra-
dation into biologically inactive metabolites by the enzyme 
dipeptidyl peptidase - 4 (DPP - 4)  [166] . Incretin - based treatments 
currently include incretin mimetics and DPP - 4 inhibitors. Incre-
tin mimetics (e.g. exenatide, liraglutide) are injectable GLP - 1 
analogs with prolonged half - life in the circulation, aiming to 
compensate for GLP - 1 defi ciency. DPP - 4 inhibitors (gliptins, e.g. 

sitagliptin, vildagliptin) are administered orally and aim to poten-
tiate the endogenous incretin effect by inhibiting the degradation 
of the secreted GLP - 1. Both approaches are effective in improving 
glycemic control by enhancing insulin secretion and preserving 
 β  cell mass. Furthermore incretin mimetics promote weight loss, 
while DPP - 4 inhibitors are considered weight - neutral agents 
 [167] . 

 Treatment strategies for patients with metabolic syndrome 
should follow the proposed guidelines for treating obesity, dysli-
pidemia, hypertension and type 2 diabetes, according to the com-
ponents that are present in each case. It must be emphasized that 
prompt recognition is pivotal in the management of any inde-
pendent cardiometabolic risk factor, which should be treated in 
the context of the individual patient, even when the concept of 
the metabolic syndrome is not taken into account  [100,101] . 
However, applying the new IDF metabolic syndrome criteria in 
regular clinical practice is expected to motivate physicians and 
patients for early and more aggressive weight loss interventions, 
since precise assessment of central obesity becomes a prerequisite 
for both diagnosis and follow - up care  [92,99] . 

 Specifi c treatment guidelines for NAFLD are lacking because 
of the limited number of large randomized clinical trials in the 
literature. Thus, the proposed therapeutic strategies for optimal 
care of NAFLD patients rely on effectively treating each co - exist-
ing component of the metabolic syndrome, focusing particularly 
on weight loss. The associated risk of CVD dictates this approach, 
which concurrently helps to prevent and reverse hepatic abnor-
malities. Restricted alcohol consumption and even abstinence 
should be recommended after the diagnosis of NAFLD in order 
to avoid additional stress to the liver. Given the different prog-
nosis according to the underlying histologic stage, the cases of 
simple steatosis can be followed in a primary care setting, whereas 
NASH requires rigorous and long - term follow - up combined with 
more aggressive interventions  [158,168] . 

 Insulin - sensitizing agents appear to have a valid role in NAFLD 
treatment, even in the absence of overt type 2 diabetes  [169,170] . 
Their application in nondiabetic NAFLD patients who exhibit 
glucose intolerance is encouraging, but larger and more pro-
longed studies are required before these agents can be incorpo-
rated into guideline treatment recommendations. Metformin has 
initially yielded contradictory results regarding long - term 
improvement in biochemical and histologic features of NAFLD. 
Recent data are more supportive of the effects of metformin in 
reducing steatosis, hepatic cellular injury and infl ammation 
 [171,172] . Studies with pioglitazone and rosiglitazone have also 
provided promising evidence about their effi cacy in NAFLD 
 [173,174] . Glitazones offer an attractive therapeutic option in 
these patients, due to the combination of insulin - sensitizing and 
anti - infl ammatory effects, but their long - term safety and benefi ts 
need further validation with increased vigilance regarding the 
associated risk of weight gain and heart failure  [164,165,175] . 

 Liver transplantation represents the last option in the treat-
ment of NASH - related cirrhosis and HCC. Based on current 
prevalence trends of NASH, the number of patients reaching this 
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terminal stage is predicted to rise signifi cantly in the forthcoming 
decades. Notably, many of these patients are also expected to be 
poor candidates for transplantation due to severe co - morbidities. 
Post - transplantation recurrence of steatosis and NASH is an 
additional problem, related to inadequate treatment of underly-
ing risk factors and to the required immunosuppressive therapy 
 [176] . Thus, prevention and early intervention are regarded as 
vital in NASH patients. 

 The treatment of obesity - related metabolic diseases poses a 
challenge in modern clinical practice and requires a co - ordinated 
approach, aiming to control every co - existing complication and 
achieve lifelong weight management. Specifi c interventions 
directly tackling pathogenetic mechanisms (e.g. the use of anti -
 infl ammatory and cytoprotective agents) are expected to provide 
more therapeutic options for the entire spectrum of the metabolic 
syndrome in the future.   
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   Introduction 

 Obesity is a well - recognized cardiovascular risk factor which 
exerts effects on the heart and circulation, both directly and also 
by its association with other known risk factors such as hyperten-
sion or diabetes  [1] . Impaired cardiovascular fi tness is also 
common in obese subjects and is an adverse factor which appears 
to predict increased mortality from cardiovascular disease inde-
pendently of the degree of obesity and thus both  “ fi tness ”  and 
 “ fatness ”  are important independent and modifi able risk factors 
for heart disease  [2]  which is clearly of major importance to both 
obese individuals and to the health of the community as a whole. 

 In the past, the effects of obesity on respiratory function have 
been considered separately from the cardiovascular effects despite 
the known importance of heart – lung interactions on pathophysi-
ology in the obese. In this chapter we will explore the interaction 
between obesity, heart and lung disease in an attempt to under-
stand the cardiorespiratory consequences of obesity better. 

 Obesity, especially upper body obesity, is linked with snoring, 
obstructive sleep apnea (OSA) and also cardiovascular disease 
and thus has important infl uences on cardiorespiratory function, 
while both awake and asleep  [3] . The term  “ syndrome Z ”  has 
been used to describe the frequent association between compo-
nents of the metabolic syndrome, including type 2 diabetes, and 
OSA (Box  17.1 ). This relationship is an important confounder of 
the relationship between obesity and its cardiovascular conse-
quences. A report from the International Taskforce on Epidemi-
ology and Prevention recently strongly recommended that health 
professionals working in type 2 diabetes and sleep - disordered 
breathing consider this possible relationship  [4] . Although not 
explicitly stated, the statement should also apply to those health 
professionals working in obesity and those in cardiovascular 

disease. We will explore the protean ways in which the cardiores-
piratory consequences of obesity are affected by the presence of 
co - existent obstructive sleep apnea, present in a substantial pro-
portion of the obese.   

  Physical  fi  tness and  o besity as  p redictors of  m ortality 
 r isk in  o besity 
 Lack of physical fi tness due to a sedentary lifestyle is believed to 
be a predictor of increased mortality risk. A series of reports from 
a longitudinal study of a population which were predominantly 
white US male college graduates (Aerobics Center Longitudinal 
Study) showed that performance on a maximal treadmill test 
indicated that those individuals in the lowest quartile of fi tness 
had an increased mortality risk independent of their degree of 
obesity. These fi ndings were confi rmed by the Lipid Research 
Study  [2]  which used data from 7589 subjects (2506 women, 2860 
men) aged 30 – 75 examined in eight US centers between 1972 and 
1976 and followed until 1988. The subjects had a mean age of 
approximately 46 years and Body Mass Index (BMI) of 27.4 for 
males and 24.9 for women, and potentially there was a bias in 
favor of including healthy subjects; 12% of subjects were obese 
(BMI  ≥ 30), while 33% of women and 50% of men were over-
weight (BMI 25 – 29.9   kg/m 2 ). The adjusted mortality hazard ratio 
for fi t - fat women was 1.3 compared to 1.30 for unfi t - not fat 

Box 17.1  Components of a proposed  “ syndrome Z ”   
(Wilcox et al.  [3] )  

        •      Obstructive sleep apnea  

   •      Hypertension  

   •      Increased sympathetic nerve activity  

   •      Central (visceral) obesity  

   •      Insulin resistance  

   •      Atherogenic dyslipidemia     
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women and 1.57 for unfi t - fat women. The values for men were 
1.44, 1.25 and 1.49 respectively with no signifi cant interaction 
between fi tness or fatness in men or women. 

 Physical fi tness does not completely ameliorate the health 
hazard of obesity  [1,2] . Therefore, it appears that both fatness and 
fi tness are potentially modifi able risk factors for mortality  [5] .   

  Obesity and  s udden  d eath 

 Obesity increases the risk of sudden death  [6] . A variety of mecha-
nisms have been suggested which include increased sympathetic 
nerve activity, prolongation of the QT interval and structural heart 
disease such as coronary artery disease and cardiomyopathy. 

 The US Nurses ’  Health Study is a prospective study of a cohort 
of 121,701 nurses aged 30 – 55 years who completed a question-
naire about their medical history, coronary heart disease (CHD) 
risk factors, lifestyle and menopausal status at entry in 1976 and 
have been followed up at 2 - year intervals by mail. In this cohort, 
the risk of sudden death increased with age and was associated 
with at least one known coronary disease risk factor in most 
instances, of which smoking, hypertension and diabetes con-
ferred a 2.5 – 4 - fold increase in risk of sudden death. Obesity and 
a family history of myocardial infarction before the age of 60 years 
each conferred a moderate (1.6 - fold) increase in risk. These data 
showed that, as in men, the risk of sudden death was associated 
with risk factors for coronary disease, including obesity, and as 
expected, most deaths (88%) were classifi ed as arrhythmic  [7,8] . 
Given that other vascular risk factors are common in the obese, 
the total risk of sudden death in obese women is likely to be 
substantially increased. Although coronary heart disease is the 
underlying factor responsible for sudden death in most instances, 
other diseases such as cardiomyopathy are also common in the 
obese. 

 Increased sympathetic nerve activity promotes cardiac arrhyth-
mias and has been shown to be increased in obesity in normo-
tensive  [9]  and hypertensive subjects, whereas weight reduction 
tends to normalize these changes. The degree of sympathetic 
nerve overactivity during sleep and while awake is further 
increased by co - existent obstructive sleep apnea which occurs in 
a signifi cant proportion of the obese  [10] . 

 The long QT syndrome is a genetically diverse inherited disor-
der of cardiac myocyte ion channels, which leads to prolonged 
ventricular repolarization and predisposes individuals to a char-
acteristic type of ventricular tachycardia (torsades de pointes) and 
sudden death  [11] . In susceptible individuals, changes in auto-
nomic nerve activity (sympathetic overactivity) and electrolyte 
disturbances can prolong the duration of ventricular repolariza-
tion to a critical degree, causing serious, and potentially fatal, 
cardiac arrhythmias. 

 The use of diuretics and laxatives is well known to cause 
electrolyte changes, particularly hypokalemia and hypomag-
nesemia, which prolong ventricular repolarization, lengthen 
the QT interval on the surface ECG and increase the risk of 

ventricular tachycardia/fi brillation, especially in those with the 
long QT syndrome  [11] . Treatment of obesity with ultra low -
 energy diets has been reported in some but not all studies to be 
associated with a risk of sudden death, and changes in electrolytes 
caused by these types of diets may be the mechanism responsible, 
especially in susceptible subjects. 

 In a study of both obese and nonobese women with a normal 
QT interval corrected for heart rate (QTc) at rest, Corbi and col-
leagues  [12]  compared free fatty acid (FFA) and catecholamine 
levels in women separated by the presence and pattern of obesity 
and examined the effects of weight loss of of approximately 12   kg. 
Obese women were subdivided into either peripheral (waist:hip 
ratio (WHR)  ≤ 0.85) or central (WHR  > 0.85) fat distributions and 
showed that there was a positive relationship between obesity, 
free fatty acid levels, QTc and plasma catecholamines including 
both adrenaline and noradrenaline. Weight reduction over 12 
months of the same magnitude in both groups of obese women 
reduced QTc and FFA, and both noradrenaline and adrenaline 
levels were signifi cantly higher in women with central obesity. 
These fi ndings suggest that weight reduction may reduce the risk 
of sudden death in the obese by reducing sympathetic nerve activ-
ity and its effects on ventricular repolarization. 

 It is likely that the changes in sympathetic nerve activity and 
QTc on obese subjects, particularly those with abdominal obesity, 
are most important in the subgroup with an inherited ion channel 
disorder. Although patients in this study had a normal QT inter-
val at rest, this group can be assumed to contain some subjects 
with ion channel abnormalities in whom these changes are poten-
tially very important. 

 Dietary fat and fatty acid content have been linked to risk of 
coronary heart disease and sudden death in the population in 
general and may also be important in the obese. While the tradi-
tional view of the  “ diet – heart ”  hypothesis focused on the impor-
tance of unsaturated fat intake, a number of studies have 
demonstrated that dietary intake of n - 3 polyunsaturated fatty 
acids (PUFA) may be an important factor in sudden death in 
those with or without known coronary heart disease. Of special 
interest has been the long chain n - 3 PUFA, mainly derived from 
seafood, and intermediate chain n - 3 PUFA, derived from canola 
oil and walnuts in Western diets, neither of which are synthesized 
by humans and are therefore essential fatty acids. Leaf and col-
leagues proposed a cellular mechanism to explain the link between 
dietary intake of fat and risk of sudden death based on observa-
tions from a number of animal and human studies which suggest 
that n - 3 PUFA reduce the risk of ventricular fi brillation, and 
therefore sudden death, by stabilizing myocyte ion channels  [13] . 

 Taken together, these fi ndings suggest that the diet of obese 
subjects is likely to affect their health in a number of ways. Given 
that obesity is associated with an increased risk of sudden death, 
consideration should be given to measures such as improving 
physical fi tness and increasing the dietary intake of intermediate 
and long chain essential polyunsaturated fatty acids, which may 
reduce the risk of sudden death without necessarily leading to loss 
of adipose tissue. Finally, the health benefi ts of weight reduction 
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using caloric restriction may also be adversely affected by the 
composition of the diet used to achieve it. 

 Sudden death in the obese may be due to obstructive sleep 
apnea, particularly when sudden death occurs during sleep. 
Habitual snoring is a useful marker of OSA in that approximately 
one - third of heavy snorers have OSA and is a relatively simple 
addition to epidemiologic studies of the health consequences of 
snoring. It should be stressed that it remains to be shown that 
snoring without OSA is benign. In a study of unexpected sudden 
death in Finland  [14] , a history of heavy snoring, obtained from 
relatives  post mortem , was an independent risk factor for sudden 
death, particularly between midnight and 6 am when these sub-
jects were presumably asleep. In a retrospective study of patients 
with documented OSA who died suddenly during follow - up  [15] , 
the presence of severe OSA (Apnea/Hypopnea Index (AHI) 
 > 30/h) conferred an increased risk of sudden death with a hazard 
ratio for early morning sudden death of 2.6:1. The cause of 
sudden death clearly includes primary cardiac arrhythmias, 
including slow (sinus arrest or high - grade atrioventricular block) 
or fast rhythms (ventricular tachycardia or ventricular fi brilla-
tion) and acute myocardial infarction with secondary cardiac 
arrhythmias or pump failure. The Sleep Heart Health Study 
examined the relationship between OSA and cardiac arrhythmias 
prospectively in a large cohort of apparently healthy subjects. In 
this study the presence of OSA was an independent predictor of 
complex ventricular arrhythmias including ventricular tachycar-
dia  [16] . This does not exclude bradycardia, known to be impor-
tant in sudden death in other settings, as an important mechanism 
of sudden death in OSA. 

 There are clearly multiple pathophysiological mechanisms by 
which obesity can lead to sudden death. These data provide us 
with further evidence of the importance of prevention of obesity 
in children and adults and the impetus to treat it once established. 
The major new diagnostic question in the obese subject is whether 
or not OSA co - exists which can be screened for using the Berlin 
Questionnaire and others and tested for in the home (ambula-
tory) or laboratory - based settings.  

  Obesity and  v ascular  d isease 

 Obesity has been suspected for many years to confer an increased 
risk of morbidity and mortality due to coronary artery and 
peripheral vascular diseases. However, differences in how obesity 
is defi ned and measured as well as methodologic problems 
have made proving the validity of this apparent relationship more 
diffi cult. As discussed earlier, obesity often occurs in a cluster 
with established metabolic vascular risk factors and lack of physi-
cal fi tness, making it more diffi cult to establish whether the 
presence and pattern of obesity is an  independent  vascular risk 
factor. 

 A number of studies have reported that predominantly abdom-
inal fat distribution may be at least as important as BMI as a 
determinant of cardiac risk. The Gothenburg study reported by 

Larsson and co - workers  [17]  demonstrated that in men, abdomi-
nal fat distribution was a risk factor for coronary heart disease 
but this was not statistically signifi cant once smoking, blood pres-
sure and total cholesterol levels were adjusted for. 

 A prospective study of a cohort of middle - aged Finnish 
men followed for 11 years  [18] , which used two indices of 
abdominal obesity (waist measurement and WHR) and reported 
coronary events defi ned using MONICA criteria, showed the risk 
of coronary events in men with a WHR of 0.91 was increased 
almost threefold. The study confi rmed that the WHR was more 
powerful and consistent than BMI in predicting risk of future 
coronary heart disease events. In this study, smoking and poor 
fi tness, not only more common in the obese but, as in other 
studies, independent risk factors for coronary disease, augmented 
the risk of coronary heart disease and increased the potential 
benefi ts of identifying and modifying all these risk factors in 
the obese. 

 The effects of obesity, and particularly fat distribution, on 
coronary heart disease risk have also been shown to occur in both 
men and women. In an 8 - year follow - up of the US Nurses ’  Health 
Study, Rexrode and co - workers  [19]  reported that the waist cir-
cumference and WHR were strongly and independently associ-
ated with an increased age - adjusted risk of coronary heart disease 
among women. The adverse effects of abdominal fat distribution 
were also seen in relatively lean women (BMI  < 25   kg/m 2 ). For 
example, after adjusting for BMI and other cardiac risk factors, 
women with a WHR of 0.88 or higher had a relative risk of coro-
nary heart disease of 3.25, as compared with those with a ratio 
below 0.72 (Fig.  17.1 ).   
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 Figure 17.1     Age - adjusted incidence rates for coronary heart disease according 
to body mass index and WHR tertiles. Numbers at the top of each bar indicate 
incidence. At each level of obesity, risk of coronary heart disease was 
signifi cantly increased by an abdominal fat distribution.  (Reproduced with 
permission from Rexrode et al.  [19] .)  



Chapter 17 Cardiovascular Consequences of Obesity

231

 Detection of coronary artery calcifi cation using X - rays has 
been used as a marker of atherosclerotic coronary artery disease 
in the past but although highly specifi c, it lacked sensitivity. The 
advent of high - resolution, 64 -  and 128 - slice CT scanners has 
increased the sensitivity of this noninvasive method of detecting 
coronary disease without apparent loss in specifi city. In a study 
of 1160 asymptomatic men, Arad and co - workers compared 
anthropomorphic, metabolic and insulin resistance measure-
ments with coronary calcium scores derived from electron beam 
CT examinations, and showed that coronary calcium scores were 
positively and independently correlated with visceral obesity, 
glucose levels and insulin resistance  [20] . The relationship 
between visceral obesity and coronary calcifi cation as a measure 
of coronary heart disease was present whether subjects had ele-
vated blood glucose levels or not. 

 A critical question in those at risk of vascular disease is the mode 
of presentation. Calcifi cation is a marker of relatively stable 
plaques and therefore, while it identifi es those with risk factors 
who actually have developed vascular disease, these are not neces-
sarily those at highest risk and therefore most likely to benefi t from 
interventions. The development of acute coronary syndromes in 
patients with vascular disease identifi es a group of patients with a 
markedly increased temporal risk of adverse outcomes. The spec-
trum of presentations of acute coronary syndromes includes 
sudden death, acute myocardial infarction with either ST elevation 
or depression and unstable angina. Acute rupture of an athero-
sclerotic plaque is well known to be responsible for the clinical 
manifestations of acute coronary syndromes in most patients and 
while this is usually a single lesion, multiple unstable plaques can 
occur in some patients. It is also clear that subclinical plaque 
rupture can occur. Identifying the factors responsible for the 
development of acute phases in the course of otherwise stable 
disease has been the subject of intensive investigation. 

 Infl ammation is increasingly understood to be an important 
factor in the pathophysiology of atherosclerosis and in the devel-
opment of acute vascular syndromes  [21] . Elevated infl ammatory 
markers such as C - reactive protein and cytokines have been 
shown to occur both in acute vascular syndromes but also in 
those at future risk of developing acute vascular events  [21,22] . 

 Interleukin (IL) - 6 is a cytokine which is produced in response 
to several factors, including infection, IL - 1 and interferon -  γ . 
Tumor necrosis factor (TNF -  α ) has pleiotropic effects on cellular 
and humoral immunity in response to infection, infl ammation 
and tissue injury, while IL - 6 is a central mediator of the acute -
 phase response and a primary determinant of production of 
C - reactive protein by the liver. 

 The Physicians ’  Health Study was a randomized, double - blind, 
placebo - controlled trial of the effectiveness of aspirin and  β  -
 carotene in the primary prevention of cardiovascular disease and 
cancer in 22,071 US male physicians aged 40 – 84 years with no 
prior history of myocardial infarction, stroke, transient ischemic 
attack or cancer. As part of this study a prospective, nested, case –
 control study of IL - 6 as a potential marker for future myocardial 
infarction among participants was performed and this showed 

that IL - 6 levels at baseline appeared to identify men at future risk 
of acute myocardial infarction  [21] . 

 Adipose tissue is now well recognized to be a source of infl am-
matory mediators and increased production of TNF -  α  and inter-
leukin - 6 and release of these mediators may play a signifi cant role 
in promoting the development of atherosclerosis and its compli-
cations  [23 – 4] . 

 The effect of obesity on the risk of developing atherosclerosis 
and its acute and chronic complications is compounded by the 
apparent prothrombotic effects of obesity. This may mean that 
the consequences of plaque rupture are likely to be more adverse 
than in lean subjects. The identifi cation of adipose tissue as a 
source of infl ammatory mediators with production of proinfl am-
matory cytokines such as TNF -  α , interleukins, including inter-
leukin 6, and also C - reactive protein provides a conceptual 
framework linking obesity, insulin resistance and atherosclerosis 
 [17 – 23] . 

 Cholesterol lowering has been shown to reduce the risk of 
future vascular events and in obese subjects, relatively modest 
weight loss achieved by diet and drugs  [24]  or a combination of 
the two is associated with signifi cant changes in lipid levels which, 
if sustained, would have major benefi cial effects on future risk of 
vascular events. 

 Drugs such as statins appear to have pleiotropic effects which 
include stabilization, or  “ passivization ” , of potentially vulnerable 
atherosclerotic plaques. Infl ammatory markers such as C - reactive 
protein have been shown to be reduced during statin treatment 
and may be a marker of risk reduction. 

 Obstructive sleep apnea is increasingly accepted as a confound-
ing factor in the relationship between obesity, infl ammation and 
cardiovascular risk  [25] . In a Japanese study of 30 men with OSA 
and 14 obese controls (mean BMI 27.7   kg/m 2 ), levels of C - reactive 
protein and IL - 6 produced from peripheral blood monocytes 
were signifi cantly higher in obese subjects with OSA than controls 
and fell after a month ’ s treatment of OSA using nasal continuous 
positive airway pressure (CPAP)  [26] , an effect independent of 
the effects of obesity. These fi ndings were extended recently by 
Jelic and co - workers  [27]  who showed that OSA promotes 
infl ammation and oxidative stress and reduces availability of 
nitric oxide and repair capacity in vascular endothelial cells  in 
vivo . They also found that treatment with nasal CPAP reversed 
these adverse alterations in endothelial function. 

 Our understanding of the relationship between obesity and 
risk of coronary heart disease has advanced substantially in recent 
years. Evidence that obesity, especially abdominal obesity, is 
related to increased risk of atherosclerotic vascular disease has 
become increasingly convincing. Advances in our understanding 
of the key role infl ammation plays in the development and course 
of atherosclerosis have allowed us to examine the potential mech-
anisms by which obesity may contribute to this process, and 
perhaps provide clinicians with better measures to assess the risk 
reduction conferred by modifi cation of obesity and other factors, 
such as smoking and physical inactivity, which are commonly 
clustered with it.  
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  Obesity and  h ypertension 

 Obesity is associated with increased blood pressure levels in both 
normotensive and hypertensive children and adults in a large 
number of studies. In lean subjects, elevated blood pressure levels 
are a more accurate refl ection of increased peripheral resistance, 
whereas in the obese, increased resting cardiac output due to the 
increased metabolic demands of adipose tissue means blood pres-
sure measurements will tend to overestimate the increase in 
peripheral resistance. While the mechanisms by which obesity 
leads to hypertension are not completely understood, studies 
have shown that weight reduction can lower blood pressure and 
some of its effects on the heart and circulation. 

 The relationship between obesity and hypertension and car-
diovascular risk in adults has varied somewhat between studies. 
Some suggest that there may be a stronger relationship between 
blood pressure and future risk of cardiovascular disease in lean 
rather than obese subjects. In a study of over 1 million Swedish 
men having military preconscription health assessments, there 
was no evidence that this was the case  [28]  (Silvenoinen et al 
2008) with the greatest risk of hypertension and future CVD 
being in the obese rather than lean subjects. 

 Obesity in childhood has increased dramatically since the 
1960s in the US and similar trends have been noted in other 
countries. In children, obesity increases the risk of hypertension 
approximately threefold across all levels of BMI with no threshold 
of effect. Interventional studies have shown that blood pressure 
reduction can be achieved, as in adults  [29] . Whereas hyperten-
sion in pediatric practice was formerly considered more likely in 
children with genetic hypertension and those with renal disease, 
this pattern has changed and obesity - related hypertension has 
assumed much more importance. 

 The diagnosis of hypertension in adults is relatively straight-
forward but in children, blood pressure values have to be adjusted 
for age, gender and height, making accurate diagnosis more 
diffi cult than in adults. The signifi cance of borderline elevated 
blood pressure in children is potentially more important since 
it appears to be a precursor of hypertension in adulthood. Unlike 
in adults, it has been reported that the early pattern in childhood 
has been that of systolic rather than diastolic hypertension. The 
use of an appropriate blood pressure cuff size is relatively more 
important than in adults. The recommended cuff size is one 
with a bladder width that is approximately 40% of the arm 
circumference midway between the olecranon and the acromion 
process  [29] . 

 The pathophysiology of hypertension in obesity - hypertension 
in children and adults remains to be fully elucidated. Character-
istically such patients have increased sympathetic nerve activity, 
increased insulin levels and increased activity of the renin - angi-
otensin - aldosterone system. Obesity - hypertension is one of the 
salt - sensitive variants of essential hypertension. While there is 
clearly a strong association between obesity - hypertension, sodium 
sensitivity and insulin resistance, there is no simple relationship 

which integrates these observations into an explanation of why 
blood pressure is increased in these patients. 

 Activation of the sympathetic nervous system occurs early in 
the course of obesity and is involved in many of its chronic mani-
festations, including the cardiovascular complications of hyper-
tension, left ventricular hypertrophy, congestive heart (CHF) 
failure and arrhythmias. Recent research interest has focused on 
the role of leptin, produced in adipocytes, on regulation of the 
sympathetic nervous system in obesity. 

 Leptin is a 16   kDa peptide produced mainly in adipose tissue 
and has been conceived to play a regulatory role ( “ adipostat ” ) in 
determining fat mass by inhibiting food intake through reducing 
appetite, probably in the hypothalamus, and by increasing ther-
mogenesis via increased sympathetic nerve activity. However, 
many of the results of studies in animal and human subjects have 
been contradictory. 

 In a study by Eikelis and co - workers  [30] , adrenaline secretion 
and leptin levels were measured in a range of healthy obese sub-
jects with a wide variety of leptin levels, normal - weight healthy 
subjects and patients with heart failure (high noradrenaline 
levels), essential hypertension (high noradrenaline levels), pure 
autonomic failure (low noradrenaline levels) and healthy elderly 
subjects (reduced adrenaline levels). Leptin levels were not low 
in the two models of high sympathetic tone (heart failure and 
hypertension); in fact, elevated leptin levels found in heart failure 
were due to reduced renal clearance. Plasma leptin levels were 
normal in autonomic failure and in the elderly. The concept that 
leptin directly stimulates sympathetic efferent activity appears 
simplistic and further studies are needed to clarify the relation-
ship between total fat mass, fat distribution and the autonomic 
nervous system in obesity. 

 Short - term weight loss reduces blood pressure substantially in 
adults  [31 – 35] . Typically there is a fall in both weight and blood 
pressure associated with a natriuresis, which is most marked in 
the acute phase and increases gradually thereafter. 

 In a study of 26 obese Japanese women with a mean age of 50 
years and a BMI of 34   kg/m 2   [36]  an average weight loss of 9   kg 
reduced mean blood pressure by 11mmHg. In this study, the fall 
in BP did not correlate with weight or BMI but did correlate with 
reduced intra - abdominal obesity as measured by CT scan. These 
results do not exclude the possibility that weight and adiposity 
expressed as BMI are important but do suggest that fat distribu-
tion is a more important factor than obesity alone in affecting 
blood pressure. 

 End - stage renal disease and congestive heart failure are major 
consequences of chronic essential hypertension. When hyperten-
sion and diabetes are both present, as they commonly are in 
obesity, the risk of end - stage renal disease is substantially 
increased. Obesity has a number of effects on renal function 
which promote an increase in blood pressure, including increas-
ing renal tubular sodium reabsorption, impairing pressure 
natriuresis, intravascular volume expansion (due to activation of 
the sympathetic nervous system and renin - angiotensin system) 
and by physical compression of the kidneys, particularly when 
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visceral obesity is present  [37] . Early functional changes of micro-
albuminemia and expression of growth -  and/or fi brosis - promot-
ing factors precede major histologic changes in the kidney  [1] . It 
is believed that chronic obesity promotes gradual loss of nephron 
numbers and function. 

 In animal studies, a relationship can be shown between caloric 
intake and renal disease, with excess intake promoting and 
restriction protecting against glomerular injury. However, long -
 term studies of the effects of caloric restriction or weight reduc-
tion in human subjects are lacking  [1,37] . 

 Prevention of end - stage renal disease is a major objective of 
treatment in hypertension  [1,37] . In the obese, treatment goals 
in hypertension should include not only weight reduction and 
good blood pressure control but also correction of the associated 
metabolic abnormalities to try to prevent further renal injury and 
consequent irreversible nephron loss.  

  Obesity,  h ypertension and  p atterns of  c ardiac 
 h ypertrophy 

 Obesity, when predominantly central in distribution, is charac-
teristically associated with a number of cardiac structural 
changes, which include right and left ventricular (LV) dilation 
and hypertrophy, left atrial dilation and fatty infi ltration of 
the conducting system. Peripheral obesity appears not to be 
associated with hypertension or structural changes in the heart 
and circulation. 

 The effect of obesity on blood pressure begins early in the 
course of this disorder. Hypertension occurs commonly in obese 
children and adults of all ages but daytime hypertension is not a 
prerequisite for the presence of LV hypertrophy in obese subjects 
and this observation, along with an apparent increase in cardio-
myopathy and heart failure in obese subjects, led to the notion of 
the  “ cardiomyopathy of obesity ”   [8] . An additional factor con-
tributing adversely to the severity of LV hypertrophy and systolic 
dysfunction in obese patients is co - existent obstructive sleep 
apnea  [10] . Remodeling of the heart occurs in response to  chronic  
changes in distending pressure in systole, diastole or both. This 
is distinct from the changes in cardiac function, which occur in 
response to an  acute  load. At a cellular level this process is due to 
hypertrophy of cardiac myocytes in a confi guration which 
depends on the type of load the heart is responding to (Figs  17.2 , 
 17.3 ).   

 Isolated pressure overload of the left ventricle, such as occurs 
in hypertension in the absence of obesity, produces a pattern of 
hypertrophy in which the left ventricle remodels with a symmet-
ric increase in wall thickness, a reduction in end - systolic diameter 
but no increase in diastolic diameter or concentric hypertrophy. 
At a cellular level this pattern of hypertrophy results from addi-
tion of new myofi brils in a parallel format. This change in geom-
etry has the effect of reducing LV systolic wall stress and therefore 
is an adaptation which reduces the LV work in response to this 
pressure overload (see Fig.  17.2 ). 

 Volume overload of the left ventricle occurs typically in mitral 
or aortic regurgitation when the ventricle has to generate a greater 
stroke volume, because of valvular regurgitation, in order to 
maintain net forward stroke volume and hence cardiac output. 
Therefore the overload of the ventricle occurs in diastole, causing 
increased diastolic wall stress. The heart responds to this stress by 
adding new sarcomeres in series. Dilation of the ventricle in 
response to this chronic volume overload increases diastolic wall 
stress but typically end - systolic diameter and volume are 
unchanged. Left ventricular wall mass increases to a greater 
degree despite apparently more modest increases in wall thick-
ness (see Fig.  17.3 ). 

 Obesity has been associated with eccentric ventricular hypertro-
phy in which both the diameter and wall thickness of the left ven-
tricle are increased at all levels of blood pressure. The apparently 
different effects of obesity and hypertension on LV geometry led to 
the concept of the  “ dimorphic ”  effects of obesity and hypertension 
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Increased systolic
wall stress

New myofibrils
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Wall thickening
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hypertrophy

–

 Figure 17.2     Pattern of ventricular remodeling: response to pressure overload. 
In this setting the pressure overload occurs in systole leading to increased 
systolic wall stress.  (Adapted from Grossman et al.  [60] .)  
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 Figure 17.3     Pattern of ventricular remodeling: response to volume. In this 
setting the pressure overload occurs in diastole, resulting in increased diastolic 
wall stress to which the heart responds by  “ eccentric ”  hypertrophy.  (Adapted 
from Grossman et al.  [60] .)  
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on LV hypertrophy and systolic function. Thus, lean hypertensives 
are expected to have concentric hypertrophy, centrally obese but 
normotensives will have eccentric hypertrophy, and those with 
both obesity and hypertension have an unfavorable combination 
of both volume and pressure overload or systolic and diastolic 
pressure overload. This results in dilation and dysfunction and 
potentially earlier heart failure in the course of the disease. 
However, the relationship between central obesity and LV hyper-
trophy is not as simple as fi rst thought and many obese subjects 
have concentric hypertrophy even if they are normotensive. 

 Obstructive sleep apnea is another key confounder of the rela-
tionship between obesity and systemic hypertension. Acute and 
chronic hypoxia can be associated with LV hypertrophy and OSA 
is the most common disease process which causes hypoxia in 
subjects without lung disease. A recent substudy from the Sleep 
Heart Health Study has signifi cantly enhanced our understanding 
of the relationship between LV mass and geometry in obstructive 
sleep apnea. A large subgroup had echocardiograms performed 
at baseline and the presence and pattern of LV hypertrophy was 
compared with the severity of sleep - disordered breathing (either 
AHI or SaO 2 ). There was a clear - cut  “ dose - dependent ”  relation-
ship between the severity of OSA and LV hypertrophy, particu-
larly eccentric hypertrophy, and worsening LV systolic function 
 [39]  (Fig.  17.4 ).   

 The importance of LV hypertrophy lies in its value as an 
adverse prognostic factor in hypertension. In hypertensive sub-
jects, echocardiographically measured LV mass is a more power-
ful prognostic factor than systolic or diastolic blood pressure 
 [40,41] . Antihypertensive drugs vary in their effects on regression 
of ventricular hypertrophy, and regression of cardiac and vascular 
hypertrophy is considered to be an important goal in treating 
hypertension. 

 Studies of the effect of weight reduction have provided evi-
dence supporting the notion that obesity causes both hyperten-
sion and LV hypertrophy  [31,32] . The effects of weight reduction 
(average of 8   kg) on LV hypertrophy were examined by MacMa-
hon and co - workers in a population of young obese, predomi-
nantly male subjects (mean age 42 years and BMI of 33   kg/m 2 ) 
 [33] . Obesity, expressed as BMI, was independently associated 
with systolic and diastolic blood pressure and LV mass. Following 
weight reduction, blood pressure fell by an average of 13/14 (sys/
dias) mmHg and echocardiographic LV mass by 20%; the effects 
of weight reduction on LV mass were reported to be statistically 
independent of effects on blood pressure. 

 In clinical practice, interventions to reduce weight typically 
involve a combination of increased physical exercise and poten-
tially fi tness, as well as weight loss with variable effects on fat mass 
and distribution in individual subjects. While assessing the rela-
tive impacts of these different factors on blood pressure and 
cardiac structure may be a relevant research question, in practice 
they are usually combined, and therefore the total benefi t which 
this approach can achieve is more clinically relevant. Exercise 
itself has effects on cardiac structure, which vary with the type 
and intensity of the exercise program undertaken. 

 Hinderliter and colleagues  [42]  studied the effect of either 
improved fi tness through regular aerobic exercise or exercise plus 
a behavioral weight reduction program. This was a randomized 
controlled study of 82 overweight or obese men and women 
(mean BMI 31   kg/m 2 ) who were sedentary and included normo-
tensive and hypertensive subjects and normal - weight controls. 
Patients with hypertension had no drug treatment for at least 6 
weeks. Over 6 months, blood pressure fell (6/7   mmHg in weight 
management group and  ¾  mmHg in aerobic exercise group) and 
both groups had signifi cant reductions in LV septal and posterior 
wall thickness, but not indexed LV mass, compared to controls. 
While previous studies have shown that weight reduction pro-
motes ventricular remodeling in the obese, this study showed that 
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 Figure 17.4     Sleep Heart Health Study and patterns of LV hypertension and 
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eccentric (E) hypertrophy. (b) OSA severity and systolic function.  (Reproduced 
with permission from Chami et al.  [39] .)  
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regular aerobic exercise had benefi cial effect on ventricular 
remodeling whether weight loss occurred or not. 

 There is increasing evidence that factors other than blood pres-
sure itself lead to LV hypertrophy. Only approximately 50% of 
hypertensive subjects have LV hypertrophy, suggesting there may 
be genetic and other factors which determine the hypertrophic 
response to a given blood pressure load in an individual. The results 
of a number of studies in animals and human subjects have sug-
gested that increased sympathetic nerve activity leads to LV hyper-
trophy and a study, which separately examined the role of cardiac 
sympathetic nerve activity, showed that the degree to which this 
was increased was a major determinant of LV hypertrophy  [43] . 

 Thus, obese subjects who appear to have increased sympathetic 
nerve activity independently of the presence of hypertension 
would be more likely to have increased LV mass, regardless of 
geometric changes, provided this involved cardiac as well as 
peripheral sympathetic nerve activity (measured using microneu-
rographic techniques). 

 Obstructive sleep apnea is another cause of increased sympa-
thetic nerve activity which increases substantially during apneic 
episodes and, persists during the early waking hours. This is 
reduced by effective treatment with nasal CPAP  [44] .  

  Obesity and  s troke 

 Obesity is well recognized to be a risk factor for coronary artery 
disease, as described earlier. However, the relationship between 
obesity and stroke has been less clear - cut. Established stroke risk 
factors such as hypertension, LV hypertrophy, diabetes and 
hypercholesterolemia are common in the obese and these factors 
have been considered to explain the increased risk of stroke in 
obese subjects. As in other vascular consequences of obesity, 
obstructive sleep apnea is a potential confounder of this associa-
tion given that it is common in the obese and in patients with 
stroke or transient ischemic attacks  [45] . 

 In a prospective study from the Physicians ’  Health Study, 
Kurth and co - workers examined the relationship between 
increasing adiposity, expressed as BMI, and self - reported stroke 
over a period of 12.5 years in the 21,414 participating US physi-
cians  [46] . The study population was relatively healthy and while 
38% were overweight, only 6% were obese. There was little 
change in BMI during the course of the study. For each 1 unit 
increase in BMI, total, ischemic, and hemorrhagic stroke risk 
increased by 6%. Adjustment for the presence of hypertension, 
diabetes and hypercholesterolemia, attenuated risk of stroke in 
total and ischemic stroke but not hemorrhagic stroke but it 
remained signifi cant at a relative risk of 4% per 1 unit increase in 
BMI. Therefore, obesity confers a signifi cant risk of stroke which 
is independent of other known risk factors of hypertension and 
diabetes. There is no equivalent study in women; published 
studies have shown variable and inconclusive results. 

 The mechanism by which obesity might mediate an increased 
risk of stroke independent of associated hypertension or diabetes 

remains to be established but elevated infl ammatory markers, 
cytokines and prothrombotic factors in obese subjects are all 
factors which may be involved in increasing the risk of acute 
vascular disease, including ischemic stroke, in the obese. 

 A series of recent studies have shown an important relationship 
between obesity, obstructive sleep apnea and atrial fi brillation. 
Atrial fi brillation is a major independent risk factor for stroke. 
Data from the Framingham Study and others have shown that 
obesity is an independent risk factor for atrial fi brillation and this, 
along with the relationship between obesity and hypertension, at 
least partly explains the increased risk of stroke in the obese. A 
retrospective study of 3542 Ohmstead County residents  [47]  
showed that in subjects aged  < 65, BMI and OSA were both inde-
pendent predictors of incident atrial fi brillation.  

  Obesity and  c ongestive  h eart  f ailure 

 Congestive heart failure is a major cause of morbidity and mortal-
ity whether manifested as predominantly systolic or diastolic 
heart failure. Given the ominous prognosis of this condition, 
prevention of this disorder is now considered to be a major 
medical health issue. The cardiac response to obesity is character-
ized by LV dilation and hypertrophy, which are known precur-
sors of congestive heart failure. The progression from risk factor 
to heart failure has been shown clearly in systemic hypertension 
 [48,49]  in which pressure overload leads to concentric hypertro-
phy with early diastolic and late systolic dysfunction. 

 As in other disease processes linked with obesity, heart failure 
is complicated by co - existent risk factors which include not only 
hypertension and diabetes but also sleep apnea. Patients with 
severe congestive heart failure are often cachectic and this has the 
potential to complicate our understanding of a possible link 
between increasing adiposity and congestive heart failure. There-
fore it is important to distinguish between obesity as a possible 
factor leading to heart failure and the effects of established heart 
failure on body metabolism and composition. 

 Obesity has been identifi ed as a risk factor for heart failure in 
extremely obese patients and, more recently, this relationship has 
been shown to hold for patients with less severe obesity. Ken-
chaiah and co - workers followed 5881 subjects in the Framingham 
Heart Study for a mean of 14 years  [50] . They excluded under-
weight subjects (BMI  < 18.5   kg/m 2 ) and used BMI to defi ne over-
weight (BMI 25 – 29.9   kg/m 2 ) and obesity (BMI  ≥ 30   kg/m 2 ). 
Presentation with an initial episode of heart failure was classifi ed 
by a panel of three experienced cardiologists using criteria previ-
ously used as part of the study. Peripheral edema, common in 
obese subjects without heart failure, was only a minor criterion 
in the defi nition of heart failure in this study, and only included 
if not attributable to another non cardiac cause. Only 16% of the 
subjects were obese; half of the men and one - third of the women 
were overweight, whereas extreme obesity (BMI  ≥ 40) was rare 
(only eight men). After adjustment for known heart failure risk 
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factors, mainly hypertension and diabetes, both of which increased 
with increasing BMI, there was an incremental increase in risk of 
developing heart failure of approximately 5% for women and 7% 
for men for each increase of BMI by 1   kg/m 2 . Compared with 
normal - weight women, overweight women had a 50% increase 
in CHF risk and obese women a doubling of risk. In men, being 
overweight was associated with a 20% increase and obesity a 90% 
increase in risk of CHF. There did not appear to be a threshold 
of effect of obesity on the risk of developing CHF in men or 
women (Fig  17.5 ). Based on these fi ndings, obesity could be 
attributed as the cause of CHF in approximately 11% of men and 
14% of women. The prospective nature of the study, demonstra-
tion of a progressive, stepwise increase in risk with increasing 
BMI and the temporal relationship between documentation of 
obesity and the subsequent development of heart failure are 
clearly strengths of this study.   

 The  “ obesity paradox ”  in congestive heart failure lies in the 
observation that while obesity is a risk factor for the development 
of heart failure, among patients with heart failure, those with a 
higher BMI have a better prognosis. Another factor which com-
plicates our understanding of the relationship between adiposity 
and heart failure is obstructive sleep apnea. As previously dis-
cussed, snoring and sleep apnea occur commonly in obese sub-
jects and when such patients have a dilated cardiomyopathy or 
LV systolic dysfunction from other processes such as coronary 
heart disease, the combination is an adverse one  [38,39,51,52] . 

 As a consequence of the development of congestive heart 
failure some patients develop periodic breathing and central 
apneas (Cheyne – Stokes respiration) during sleep and such 
patients are typically normal or underweight, have worse systolic 
function, typically quite severe (LV ejection fraction  < 20%), and 
have a worse prognosis than those with or without obstructive 
sleep apnea. 

 Exercise capacity or  “ fi tness ”  is a prognostic factor in patients 
with heart failure and independent of LV systolic function. 
Patients with a lower maximal exercise capacity (often measured 
as maximal oxygen uptake or VO 2max ), have a worse prognosis. 
While cachexia is a recognized adverse prognostic factor in 
patients with heart failure, this relationship persists even among 
patients who are not cachectic  [53] . 

 Therefore, even in patients with established systolic heart 
failure, physical fi tness and fatness remain important prognostic 
factors, as they are in the obese with apparently normal cardiac 
function. Given the major burden imposed by congestive heart 
failure on patients, their families and the community in general, 
physicians must increasingly understand the importance of inter-
vening to prevent the development of heart failure and obesity 
needs to be understood in this context.  

  Effects of  o besity on  i ntra -  a bdominal  p ressure 

 Abdominal pressure can be measured in various ways and intra-
vesical and rectal pressures correlate well with directly measured 
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 Figure 17.5     Obesity and the risk of future congestive heart failure. Obesity 
was associated with an increased risk of heart failure in both men and women 
without evidence of a threshold effect.  (Reproduced with permission from 
Kenchaiah et al.  [50] .)  

intra - abdominal pressure. Increasing abdominal obesity increases 
not only intra - abdominal pressure but also intrathoracic pres-
sure, central venous, pulmonary arterial and pulmonary venous 
pressure. 

 The effects of obesity on intra - abdominal pressure may be an 
important factor contributing to the cardiac, respiratory and 
other consequences of obesity. Raised intra - abdominal pressure 
is likely to be another factor causing breathlessness in the obese 
and, for example, partly explains why obese subjects commonly 
develop marked increases in dyspnea with postural changes, such 
as stooping or bending or lying down in the prone or supine 
position. 
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 Studies in dogs have shown that increasing intra - abdominal 
pressure, using an implanted balloon progressively infl ated to a 
pressure of 25   mmHg, resulted in elevated systolic and diastolic 
blood pressure in the systemic circulation. This returned to 
baseline values 2 weeks after balloon defl ation  [54] . These 
changes in blood pressure occurred without changes in renin, 
aldosterone, natriuretic peptides or catecholamines, suggesting 
that intra - abdominal pressure affects blood pressure by other 
means and may be an independent factor contributing to 
elevated blood pressures common in many, but not all, obese 
subjects. 

 Elevated abdominal and thoracic pressure result in increased 
cerebral venous pressure and therefore increased intracranial 
pressure. This may partly explain the association of obesity with 
increased intracranial pressure in pseudotumor cerebri  [55] .  

  Obesity,  s leep -  d isordered  b reathing and 
 c ardiorespiratory  d isease 

 Obesity is associated with cardiovascular disease including sys-
temic hypertension, pulmonary hypertension, atherosclerosis 
and congestive heart failure. Understanding the pathophysiologi-
cal basis of this relationship is potentially confounded by emerg-
ing knowledge of the importance of the link between obesity, 
particularly central or upper body obesity, and sleep - disordered 
breathing, including sleep apnea and hypercapneic respiratory 
failure. 

 Obesity is strongly linked with obstructive sleep apnea as 
defi ned by obstructed breathing efforts, typically associated with 
snoring, and either partial (50% reduction in breathing ampli-
tude  –  hypopnea) or complete apnea for 10 seconds or more  [10] . 
An AHI of  > 5/h has been used to defi ne  “ sleep apnea ”  and when 
associated with symptoms of tiredness or sleepiness is known as 
the  “ sleep apnea syndrome. ”  Only a minority of patients with 
sleep apnea have symptoms of sleepiness and not all patients who 
are obese and who may snore have sleep apnea  [56] . 

 The defi nition of sleep apnea based on these respiratory 
parameters has been empirical and, almost certainly, overly sim-
plistic. In making comparisons between the cardiovascular and 
respiratory consequences of sleep - disordered breathing, it 
becomes clear that the cardiovascular consequences of OSA are 
much more serious than the respiratory consequences, mainly 
hypercapneic respiratory failure with/without associated lung 
disease ( “ overlap syndrome ” ). 

 The prevalence of OSA increases with age and obesity. Epide-
miologic studies have shown that OSA (AHI  ≥ 5/h) affects up to 
24% of men and 12% of women between the ages of 30 and 65, 
and the  “ OSA syndrome ”  affects 4% of men and 2% of women 
in this age range. Among the morbidly obese the proportion with 
OSA rises to approximately 50%. It is important to note that 
obesity is less clearly related to OSA in older patients. Data from 
the Sleep Heart Health Study  [56]  showed that OSA in older 
people (age  > 60 years) was poorly predicted by higher BMI, neck 

circumference, WHR and self - reported breathing pauses. The 
reason for the differences in the sleep - disordered breathing risk 
factors by age was not clear. However, it is clear that OSA is a 
signifi cant factor, which interacts with obesity and its cardiores-
piratory consequences. 

 Obstructive sleep apnea is now established as a risk factor for 
daytime hypertension based on animal and human studies which 
include cross - sectional and prospective epidemiologic studies 
and treatment trials using nasal CPAP. Human studies have 
shown that nasal CPAP eliminates the nocturnal blood pressure 
changes and lowers daytime blood pressure independently of 
other factors such as obesity itself and antihypertensive drugs. 
The mechanism by which OSA causes hypertension is not fully 
known but increased peripheral sympathetic nerve activity has 
been shown to be present night and day and to be reduced by 
CPAP treatment  [44,57] . There is also evidence that  β  - blockers 
are more effective antihypertensive drugs in OSA  [58] , providing 
additional support for the notion that the sympathetic nervous 
system is critically important for the development of systemic 
hypertension in OSA. 

  Sleep  a pnea and  p ulmonary  h ypertension 
 Pulmonary hypertension is associated with OSA, occurring in 
20 – 40% of patients; while this is typically mild to moderate in 
severity, it can be severe. The prevalence of pulmonary hyperten-
sion in OSA is increased by increasing obesity and by the presence 
of parenchymal lung disease such as chronic obstructive pulmo-
nary disease. 

 Evidence in favor of a causal relationship includes observation 
of pulmonary hypertension in animals exposed to repetitive 
hypoxia, regression of pulmonary hypertension in children with 
OSA due to enlarged tonsils, and some studies of the effect of 
treatment of OSA with nasal CPAP  [59] . 

 Given what is known about the relationship between increas-
ing obesity and OSA, 50% of morbidly obese subjects would be 
expected to have OSA and 25% of these would be expected to 
have pulmonary hypertension.   

  Conclusion 

 Obesity has a plethora of effects on the heart, circulation, respira-
tory function and sleep, which combine to reduce quality and 
length of life. In considering the cardiovascular effects of obesity 
and given the physiological importance of these heart – lung inter-
actions, it is clearly important to understand the respiratory 
effects of obesity. In addition, increasing recognition of snoring 
and sleep apnea among obese subjects, especially those with 
abdominal or visceral fat distributions, presents an opportunity 
to advance our understanding of the circadian health conse-
quences of obesity and offers new opportunities to intervene. The 
fact that many different cardiovascular risk factors  “ cluster ”  
together in obese subjects enables these to be identifi ed more 
readily and, more importantly, modifi ed.  
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   Introduction 

 The effect of adiposity is manifest in nearly every aspect of female 
reproductive life and in several aspects of male reproduction. The 
worldwide epidemic of obesity has considerable responsibility for 
the increasing rates of infertility problems in both sexes. 

 This is particularly relevant for women, since there is consist-
ent evidence that early - onset obesity, particularly during adoles-
cence, may predispose to infertility later in life by affecting 
spontaneous ovulation and increasing the likelihood of the devel-
opment of hyperandrogenic states, particularly the polycystic 
ovary syndrome (PCOS). Moreover, in adult women, obesity 
may act adversely by interfering with assisted reproductive tech-
nology (ART) effi ciency and outcomes, increasing miscarriages 
and early pregnancy loss, and worsening the physiologic process 
and delivery in pregnancy. 

 In men, obesity may reduce androgen concentrations in pro-
portion to excess body fat and, in massively obese individuals, 
may impair spermatogenesis. Additional adverse effects of male 
obesity are represented by erectile dysfunction and poor semen 
quality. 

 Infertility can be reversed by weight loss in both sexes, which 
emphasizes the need for its careful investigation and recognition, 
together with related pathophysiologic aspects in the presence of 
obesity. In turn, physicians involved in human fertility, such as 
obstetricians and gynecologists, should be aware that the treat-
ment of obesity may improve fertility, particularly after ART, and 
pregnancy outcomes.  

  The  w orldwide  e pidemic of  o besity 

 We are facing a worldwide public health emergency due to the 
increasing epidemic of obesity and related disorders  [1] . Recent 
estimates show that the increasing prevalence of obesity is recog-
nized worldwide, with few exceptions. The International Obesity 
Task Force estimates that at least 1.1 billion adults are currently 
overweight, including 312 million who are obese, and that with 
the new Asian Body Mass Index (BMI) criteria, the number is 
even higher  [2] . Most importantly, there is emerging evidence 
that overweight is increasing not only in adults but in children 
too  [2] . 

 The price of obesity is represented by a long list of co - morbid-
ities and social, psychologic and demographic problems. Obese 
women have similar co - morbidities to men, particularly type 2 
diabetes mellitus (T2DM) and cardiovascular diseases  [3] . On the 
other hand, they also have some specifi c problems, including 
fertility - related disorders  [4,5] . Obesity affects every aspect of 
reproduction in both males and females. Undoubtedly, social and 
cultural factors must be considered while estimating these effects, 
particularly in women. Fertility and reproduction unfortunately 
have a well - defi ned biologic time interval, particularly in women, 
which is shorter than life expectation, at least in industrialized 
and developed countries. This can undoubtedly expose women 
to a greater impact of negative environmental and biologic factors 
and events, such as obesity, T2DM and hypertension. Although 
there are very few studies on this topic, it is possible that this may 
also apply to men.    

Box 18.1      

     •      The price of obesity is represented by a long list of co -
 morbidities including fertility - related disorders.     
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  Obesity and  i nfertility in  w omen 

 Obesity may affect infertility and reproduction in women in dif-
ferent ways: (i) by affecting spontaneous ovulation, (ii) by inter-
fering with ART effi ciency and outcomes, and (iii) by worsening 
the physiologic process and delivery in pregnancy. 

  Epidemiologic  e vidence that  o besity  i s  a ssociated with 
 m enstrual and  o vulatory  d isorders 
 The association between obesity and alterations of the reproduc-
tive functions in women was recognized a long time ago  [6,7]  and 
has been confi rmed more recently  [8] . 

 The relationship between excess body fat and reproductive 
disorders appears to be stronger for early - onset obesity particu-
larly during adolescence  [9] . There are several epidemiologic 
studies which suggest that changes in body weight or body com-
position are critical factors regulating pubertal development in 
young women, and the discovery of leptin provided critical evi-
dence for an endocrine regulation of puberty and the fertile 
reproductive system, particularly in females  [10] . Menarche gen-
erally occurs at a younger age in obese girls than in normal - weight 
counterparts  [9]  and there is evidence that in adolescent and 
young women the age of onset of obesity and of menstrual irregu-
larities and oligoanovulation is signifi cantly correlated [9.11]. 
Although many multiparous women are obese, there is nonethe-
less evidence that obesity may also affect fertility rates in women 
within the fertile age range. The Nurses ’  Health Study  [12]  
reported that the risk of ovulatory infertility increased in women 
with increasing BMI values. Several other cross - sectional and 
prospective studies have produced similar fi ndings  [4] . In a 
recent observational study performed in the United Kingdom, 
the authors found that lifestyle (smoking, alcohol and coffee con-
sumption) and BMI had a signifi cant and cumulative dose -
 dependent and weight - dependent negative impact on fecundity 
 [13] . 

 The abdominal pattern of fat distribution may have a specifi c 
impact on ovulation and fertility. In one study examining a large 
group of nulliparous healthy women who presented for artifi cial 
insemination due to infertility of their partners, Zaadstra and 
co - workers  [14]  found that abdominal fatness was more nega-
tively associated with a decreasing chance of conception than 
total body fat.  

  The  p aradigm of  PCOS :  i ndependent  e ffects of  o besity 
on  f ertility and  r eproduction 
 Although they are not included in the current diagnostic criteria 
of PCOS  [15,16] , it has nonetheless been widely recognized that 
insulin resistance and hyperinsulinemia, as well as obesity and the 
metabolic syndrome, affect most PCOS women  [17 – 19] . 

 The prevalence of obesity in PCOS women appears to be much 
larger than expected in the general population. Although the 
cause of this association remains unknown, a recent comprehen-
sive review by Ehrmann  [18]  reported an estimated prevalence 

rate for more than 30% of cases and, in some series, a percentage 
as high as 75%. 

 Mechanisms by which obesity infl uences the pathophysiology 
and clinical expression of PCOS are complex and not completely 
understood  [20,21] . However, obesity is believed to play a distinct 
pathophysiologic role in the development of hyperandrogenism 
in women with PCOS  [17,21] . Several factors are relevant to 
understanding the complex pathophysiologic network relating 
obesity with PCOS. They include insulin, the insulin – growth 
factor system, the opioid system, estrogens and several adipok-
ines, particularly leptin, which have been extensively reviewed in 
recent articles to which interested readers can refer  [19 – 22] . 

 The phenotype of PCOS largely depends on the presence of 
obesity  [17,20] . Androgen abnormalities are usually more pro-
nounced, despite lower luteinizing hormone (LH) concentrations 
with respect to normal - weight PCOS women. This is particularly 
evident in those with central fat distribution, which characterizes 
more than 60% of PCOS women, even if they have normal BMI 
values. In addition, a higher proportion of obese PCOS women 
complain of hirsutism and menstrual disorders in comparison to 
normal - weight women. Chronic oligoanovulation is likely to be 
more pronounced in obese women with PCOS, although longi-
tudinal studies on this specifi c topic have not been performed. 

 The relative contribution of the long list of metabolic derange-
ments in infl uencing ovulation and fertility in PCOS women has 
been discussed  [20,21,23] . Other than ovulatory dysfunctions, 
obese PCOS women are characterized by blunted responsiveness 
to pharmacologic treatments to induce ovulation, recurrent mis-
carriages, more frequent early pregnancy loss and a reduced inci-
dence of pregnancy. Finally, from recent studies performed in 
PCOS women conceiving after ART, there is evidence that those 
with obesity had higher gonadotropin requirements during stim-
ulation ,  fewer oocytes, a higher abortion rate and a lower livebirth 
rate than their nonobese counterpart  [20,23] . Therefore, a 
decreased effi ciency of the different treatments for anovulation 
and infertility may be expected in obese PCOS women.  

  Obesity and  ART   o utcomes 
 Obesity can impair the outcome of ART. It is reported that raising 
BMI by one unit decreases the odds for pregnancy by 0.84 in  in 
vitro  fertilization (IVF) and that each reduction of BMI by one 
unit after lifestyle intervention increases the chance of pregnancy 
by 1.19  [24] . 

 Obesity - related alterations to steroid metabolism and altered 
secretion and action of insulin and several adipokines may infl u-
ence follicle growth, embryo development and implantation in 
natural conception or following ART  [23 – 26] . Higher gonado-
tropin requirements in obese women undergoing controlled 
ovarian hyperstimulation for ART are necessary, which suggests 
some exogenous gonadotropin resistance  [27] , particularly when 
associated with PCOS  [28] . 

 Longer periods of ovarian stimulation, higher cancellation 
rates and higher incidence of follicular asynchrony have been 
found in obese patients undergoing controlled ovarian 
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hyperstimulation (COH) and IVF  [24,29] . Different studies have 
shown that decreased periovulatory human chorionic gonadotro-
pin (HCG) concentrations and an inverse correlation between 
HCG levels and BMI are associated with diminished fertilization 
rates  [30]  and that lower peak estradiol concentrations (HCG 
day) noted in obese women undergoing COH for IVF was associ-
ated with an impaired cycle outcome  [31] . 

 Reduced oocyte retrieval in overweight and obese women has 
been reported  [27] , mainly due to their poorer ovarian response: 
this is additionally associated with PCOS  [24] . 

 Oocyte quality may be impaired as a result of obesity, which 
implies lower fertilization rates  [27] , although similar data have 
not been reported by others  [24] . Whether poorer embryo quality 
may be associated with obesity is unclear, since positive and nega-
tive reports have been published  [24,28,29] . Finally, a lower inci-
dence of embryo transfer and lower mean number of transferred 
embryos have been observed in linear association with increasing 
BMI in some but not all studies  [24] . 

 Discrepancies in the current literature regarding reproductive 
outcome in obese patients may be due to the different cut - off 
points used to defi ne obesity, and/or the inclusion of a combina-
tion of overweight and obese patients in some study populations, 
the type of obesity considered, and the individual endocrine and 
metabolic pattern of each woman, which is likely to vary among 
subjects within the same BMI group. In a recent meta - analysis 
performed by Maheshwari et al.  [32]  aimed at assessing the effects 
of obesity on the outcome of ART, the authors found that, com-
pared with women with a BMI of 25 or less, women with a BMI 
 > 25 have a lower chance of pregnancy following IVF (odds ratio 
(OR) 0.71), require higher doses of gonadotropins (weighted 
mean differences: 210.08) and have an increased miscarriage rate 
(OR 1.31). By contrast, they found no evidence of the effect of 
BMI on livebirth, cycle cancellation, oocyte recovery and ovarian 
hyperstimulation syndrome. However, they suggest that further 
studies with clear entry criteria and uniform reporting of out-
comes are needed to investigate the true impact of weight on the 
outcome of ART. 

 The oocyte donation model has still not defi nitively established 
an hypothesis related to the impact of obesity but recent studies 
are suggestive  [24] . Since the impact of obesity on extraovarian 
factors and its infl uence on ART outcome are critical issues  [33] , 
continuing studies are required.  

  Obesity and  p regnancy  o utcome 
 Most reports show decreased livebirth rates in obese patients with 
spontaneous pregnancies or pregnancies following ART. It has 
been suggested that obesity and associated hormonal alterations 
may affect the function of the corpus luteum and trophoblast 
function, early embryo development and endometrial receptivity 
 [24,32] . Implantation seems additionally to be detrimentally 
affected by obesity, although this is still disputed by some  [27] . 
Furthermore, the question as to whether obese women have 
lower pregnancy rates following ovulation induction or ART is 
still unresolved  [24] . Nevertheless, Wang et al  [34]  showed that 

the probability of achieving at least one pregnancy during ART 
treatment was reduced by almost 30% in women with a BMI of 
30 – 35, and by 50% in those with a BMI greater than 35. 

 Miscarriages may occur more frequently in obese women not 
only following conceptions achieved through ART  [27,28,34] . 
Although no consensus exists, it is commonly accepted that only 
those women with a BMI greater than 30 should be considered 
at high risk  [35] . The discrepancies in fi ndings between certain 
studies may be related to the lack of differentiation according to 
fat distribution pattern  [36] . 

 Obesity is associated with a higher risk of obstetric causes of 
maternal death and of anesthesia - related deaths  [37] . Obese 
women present higher rates of complications in pregnancy, 
mainly in the third trimester, such as hypertension, pre - eclamp-
sia, gestational diabetes, thromboembolism, urinary tract infec-
tion, fetal macrosomia, preterm labor and delivery, sudden and 
unexplained intrauterine death, operative vaginal deliveries, 
shoulder dystocia, cesarean section delivery, and anesthetic and 
surgical complications  [4,24,35,37 – 39] . 

 The negative impact of obesity can also be extended to fetal 
malformations, such as defects of the central nervous system 
(neural tube defects), great vessels, ventral wall and intestine 
 [4,37] . Apart from congenital anomalies, children of obese 
mothers run a higher risk of intrauterine fetal death, head trauma, 
shoulder dystocia, brachial plexus lesions, fractures of the clavi-
cle, meconium aspiration, fetal distress and increased risk of 
death within the fi rst year  [4,29] .     

  Obesity and  i nfertility in  m en 

 In men, obesity may affect fertility by altering the hormonal 
milieu and by reducing spermatogenesis. In addition, obesity in 
men may be associated with erectile dysfunction (ED). These 
topics will be addressed in the following sections. 

  Male  o besity  a s a  h ypoandrogenic  s tate 
 In the obese male, total and free testosterone blood concentration 
levels progressively decrease with increasing body weight, and this 

Box 18.2      

     •      The relationship between excess body fat and reproductive 
disorders appears to be stronger for early - onset obesity, 
particularly during adolescence.  

   •      Hyperandrogenic states, particularly PCOS, are commonly 
associated with obesity.  

   •      Obesity can impair the outcome of ART. Obesity is also 
associated with lower pregnancy rates following ovulation 
induction or ART and increases risk for miscarriages.  

   •      The negative impact of obesity can also be extended to fetal 
malformation.     
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reduction is associated with a progressive decrease of sex hor-
mone - binding globulin (SHBG) concentrations. Androstenedi-
one and dihydrotestosterone circulating levels are usually normal 
or slightly reduced. Changes in testosterone metabolism through 
5 α  - reductase activity may also occur in obesity, although this is 
still questionable  [40] . Abdominal fat distribution may have a 
further negative effect on testosterone levels in men  [40,41] .  

  Factors  r esponsible for  a ltered  a ndrogen  s tatus in  m ale 
 o besity 
 Gonadotropin levels are usually normal or slightly reduced in 
obese men, as are their responses following gonadotropin - releas-
ing hormone stimulation (GnRH)  [42] . This specifi cally occurs 
in obese men with high BMI values, probably due to impaired 
secretion of GnRH at the hypothalamic level  [43] . The absence 
of classic clinical signs of hypogonadism can be explained by the 
fact that the testosterone free fraction is only 2% of total testo-
sterone, and that obesity predominantly affects circulating bound 
testosterone, due to the concurrent decrease of SHBG produc-
tion, as a result of hepatic synthesis inhibition by excessive circu-
lating insulin  [44] . However, as demonstrated in women, insulin 
may also stimulate testosterone production  in vivo  in men  [40] . 
Therefore, reduced testosterone in male obesity is due to a balance 
between inhibiting and stimulating processes. 

 Estrogen production rates in male obesity are increased in 
proportion to body weight  [45] . It has been suggested that 
hypotestosteronemia in obese men may in some way result from 
negative feedback, inhibiting the regulation of estrogen upon 
gonadotropin secretion  [40] . Alternatively, higher aromatase 
activity has been hypothesized, based on the reversal of reduced 
testosterone levels after administration of an aromatase inhibitor, 
testolactone  [40] . 

 As occurs in endogenous hypercortisolism which is invariably 
associated with inhibition of the hypothalamic - pituitary - gonadal 
axis  [40] , recent data support the concept that reduced testoster-
one in obese males may partly depend on hyperactivity of the 
hypothalamic - pituitary - adrenal axis  [46] . 

 Leptin receptors are widely expressed in the human testes  [47] . 
Long - term exposure of human fat cells to testosterone inhibits 
leptin expression  in vitro   [47]  and in male rodent cultured Leydig 
cells, leptin receptors have been shown to negatively infl uence 
gonadotropin hormone -  and HCG - stimulated androgen produc-
tion, by mechanisms probably involving the 17,20 lyase activity 
 [48] . Hypogonadal men show lowered leptin levels, which are 

restored to normal by testosterone replacement therapy  [49] . 
Studies in obese men have shown a signifi cantly negative relation-
ship between leptin levels and basal and HCG - stimulated testoster-
one levels  [50] . This supports the theory that excess circulating 
leptin contributes to the decreased testosterone levels in obese men.    

  Effect of  o besity on  r eproduction in  m en 
 Despite the important impact of obesity on steroidogenesis, the 
impact of obesity on fertility in men has been much less investi-
gated than in women. Epidemiologic association studies are 
lacking. Spermatogenesis and fertility may, however, be reduced 
in subjects with massive obesity  [51] . On the other hand, there is 
evidence for an emerging subfertility condition in male obesity. 
This may be due to multiple factors. As previously reported, this 
may be partly explained by the hypotestosteronemic state, which 
represents a true functional state of hypogonadotropic hypogo-
nadism. In these conditions, oligospermia may also occur  [40] . 

 An underestimated problem is ED, which is common in obese 
men and tends to increase with increasing BMI values. In the 
Massachusetts Male Aging Study  [52]  which was performed in a 
large cohort of men aged 40 – 70 years, the overall prevalence of 
ED was 17%, but it increased to 45% in subjects with BMI values 
greater than 30. In the Health Professionals Follow - up Study, it 
was found that men with a BMI higher than 28.7 had a 30% 
higher risk for ED than those with a normal BMI ( < 25)  [53] . 
Although there are no formal studies of the prevalence of ED in 
obesity, it is anticipated to be high  [54,55] . Interestingly, ED can 
be reversed through weight loss  [56] . Since ED represents an 
indirect but very common cause of infertility in men, this must 
be taken into consideration in the clinical setting. This is further 
emphasized by the strong association between ED and T2DM and 
recent fi ndings demonstrating that ED also represents a risk 
factor for cardiovascular diseases  [57] . 

 Several studies have suggested that the quality of semen has 
declined over the last few decades  [58] . Since the onset of these 
alterations appears to be recent, changes in lifestyle or environ-
mental factors have been postulated. Particular attention has been 
paid to environmental pollutants. Among these disruptors, per-
sistent organochlorines, used as pesticides or industrial chemicals, 
have been considered. Many organochlorines have hormone -
 disrupting properties and are therefore suspected candidates for 
determining poorer fertility  [59] . A potential link between these 
environmental disruptors and obesity was recently investigated in 
a Danish study  [60] , showing that men with poor semen quality 

Box 18.3      

     •      In males, obesity decreases testosterone level in proportion to 
increasing body fat.  

   •      In massively obese patients, hypogonadotropic hypogonadism 
and hypospermatogenesis may also occur.     

Box 18.4      

     •      Obese patients may have a higher prevalence of erectile 
dysfunction, which can be recovered after weight loss.  

   •      Poor semen quality may be associated with obesity in men.     
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were three times more likely to be obese than men with normal 
semen quality. An additional fi nding was that there was even a 
signifi cant negative correlation between semen quality parameters 
and BMI among men with the best semen quality. More research 
is needed in this area, particularly in young individuals.     
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   Pathogenesis 

  The  p hysiology of  s leep 
 To sleep physiologists, humans exist in three states: wakefulness, 
nonrapid eye movement (NREM) sleep and rapid eye movement 
(REM or dreaming) sleep. There are marked differences between 
these three states in many aspects of physiology. Sleep has pro-
found effects on breathing and these effects are usually greatest 
during REM sleep. Sleep can amplify the effects of drugs such as 
alcohol and opiates on breathing. 

 In normal subjects, sleep is associated with a fall in minute 
ventilation, primarily due to a drop in tidal volume. As a result, 
there is a small rise in arterial blood carbon dioxide tension 
(PaCO 2 ) and a small fall in arterial blood oxygen tension (PaO 2 ). 
During NREM sleep, the hypoxic drive to breathe is reduced and 
the ventilatory response to hypercapnia is diminished. This 
depression of chemosensitivity is greatest during REM sleep. 
Sleep is also associated with a reduction in tone of the upper 
airway dilator muscles, with a resulting increase in resistance to 
airfl ow. REM sleep is characterized by postural muscle atonia, 
with bursts of eye movements and associated peripheral muscle 
twitches (phasic REM). Phasic REM is associated with marked 
breathing irregularity. The loss of postural muscle tone during 
REM sleep leaves us largely reliant on the diaphragm (a nonpos-
tural muscle) for maintaining ventilation. An individual with 
abnormal diaphragm function, either due to neuromuscular 
disease or to mechanical disadvantage (kyphoscoliosis, lung 
disease or obesity), will have impaired breathing in sleep, particu-
larly during REM sleep. Someone with a combination of these 
factors, such as an obese patient with lung disease, will be at even 
greater risk of developing sleep - related respiratory failure.  

  Defi nitions in  s leep -  d isordered  b reathing 
 Sleep - disordered breathing is defi ned by the loss of a normal 
pattern of breathing during sleep and ranges from snoring 
through to profound nocturnal hypoventilation and respiratory 
failure during sleep. Intermittent snoring, with no associated 
sleep fragmentation (so - called  “ simple snoring ” ), is common and 
generally not considered part of the spectrum of sleep - disordered 
breathing. On the other hand, heavy snoring can result in arous-
als from sleep with accompanying sleep disruption  [1]  and should 
be considered part of the disease state. 

 Obstructive sleep apnea (OSA) is characterized by repetitive 
episodes of complete cessation of airfl ow (apnea) during sleep 
due to collapse of the upper airway, generally at the level of the 
pharynx  [2] . During an apnea, continued respiratory efforts 
occur against the closed airway (Table  19.1 ), with resulting 
hypoxemia, until the apnea is terminated by arousal from sleep 
with restoration of upper airway patency. Typically, after a few 
deep breaths, this cycle is repeated, often hundreds of times 
through the night (Fig.  19.1 ). The recurrent arousals cause sleep 
fragmentation resulting in daytime sleepiness  [3] .     

 Signifi cant upper airway obstruction can occur in the absence 
of complete collapse of the upper airway. Increased airway resist-
ance can produce a measurable reduction in airfl ow (hypopnea) 
with the same consequences (hypoxemia and arousal) as an 
apnea. Even very minor increases in airway resistance (without 
detectable reductions in airfl ow) can produce recurrent arousals 
and excessive daytime sleepiness: the  “ upper airway resistance 
syndrome”  [1] . 

 Patients with impaired daytime respiratory function, whatever 
the cause, will have abnormal breathing, and will often develop 
impaired gas exchange, during sleep. These patients may have 
prolonged periods of hypoxemia lasting minutes, usually due to 
reduced ventilation (hypoventilation) although worsening venti-
lation - perfusion mismatch may also contribute. Hypercapnia 
also develops during sleep due to hypoventilation. These pro-
longed episodes of sleep - related hypercapnic hypoxia can lead to 
a  “ resetting ”  of chemoreceptors with subsequent blunted daytime 
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breathing efforts are often vigorous). There is some confusion 
surrounding this term as it has been used to describe the patterns 
of breathing in patients in whom hypoventilation is the predomi-
nant pathology. This pattern of breathing that tends to occur 
in patients with awake hypercapnia and reduced respiratory drive 
should be differentiated from the  “ true ”  central apneas that 
classically occur as part of the periodic breathing seen in patients 
with cardiac failure  [4]  (also called Cheyne – Stokes breathing). 
In this breathing pattern, ventilation waxes and wanes from 
hyperventilation to central apnea. Periodic breathing can also 
occur in patients with neurologic disease due to strokes or rarely 
as an idiopathic form. Sporadic central apneas may also occur 
in patients with severe OSA and usually disappear when the 
OSA is treated. The etiology of central apnea in the patient 
with cardiac failure is complex, involving interplay between 
circulation time, brisk chemoreceptor drive and upper airway 
narrowing  [4] .  

  Pathogenesis of  OSA :  g eneral 
 Upper airway collapse occurs when the negative (or suction) 
pressure applied to the upper airway during inspiration is greater 
than the dilating forces applied by the upper airway muscles such 
as genioglossus  [2,5] . Collapse of the upper airway usually occurs 
in the retropalatal or retroglossal area and most patients have 
more than one site of collapse. Less frequently, upper airway col-
lapse can occur at the epiglottis or glottis  [4] . The determinants 
of the site of collapse in individual patients are unclear. Any 
factors which reduce airway size, decrease airway muscle tone, 
increase upper airway compliance or lead to the generation of a 
greater inspiratory pressure will predispose to the development 
of OSA  [5] . Muscle tone and suction pressure are infl uenced by 
sleep stage and the relative respiratory drive to the diaphragm 
versus that to the upper airway dilator muscles. 

 Table 19.1     Defi nitions in sleep - disordered breathing 

   Term     Defi nition  

  Apnea    Complete cessation of airfl ow for at least 10 
seconds  

  Hypopnea    Reduction in airfl ow for at least 10 seconds, 
ending with an arousal or associated with 
oxygen desaturation of at least 3%  

  Obstructive event    Continued respiratory effort occurs despite 
reduced airfl ow as above  

  Central event    Respiratory effort is absent, with absent airfl ow  
  Periodic breathing (Cheyne –

 Stokes respiration)  
  Respiration that waxes and wanes, alternating 

between hyperventilation and central apnea 
 –  seen in patients with heart failure or 
neurologic disease  

  Hypoventilation    An abnormal rise in PaCO 2  during sleep, 
usually associated with oxygen desaturation, 
with or without discrete respiratory events  

  Apnea - Hypopnea Index (AHI) 
(Respiratory Disturbance Index 
(RDI))  

  Number of apneic and hypopneic episodes per 
hour of sleep;  > 5 is usually considered 
abnormal  
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 Figure 19.1     Five - minute tracing of a patient 
with typical severe obstructive sleep apnea. The 
upper traces show the variables used for sleep 
staging (ECG, electrocardiogram; EEG, 
electroencephalogram; EMG, electromyogram; EOG, 
electro - oculogram) and indicate this patient is in 
REM sleep. The apneas are indicated by intermittent 
cessation of airfl ow (Airfl ow, nasal airfl ow) and are 
obstructive in nature, as continued respiratory effort 
is seen when airfl ow is absent (Thor Mov, thoracic 
movement or effort; Abdo Mov, abdominal 
movement or effort). Repetitive falls in oxygen 
saturation (SaO 2 ) are seen following each apnea. 

chemosensitivity and the development or worsening of daytime 
hypercapnic respiratory failure. In addition, the prolonged expo-
sure to hypoxemia and hypercapnia may lead to pulmonary 
hypertension and right - sided heart failure  –   “ cor pulmonale. ”  
Patients with these severe forms of respiratory failure in sleep 
include those with many types of chronic lung disease, respiratory 
muscle failure due to neuromuscular disorders and, importantly, 
the obesity hypoventilation syndrome (OHS) (see below). 

 Central apnea refers to cessation of airfl ow with no detectable 
respiratory effort (in contrast to obstructive apneas where 
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 Several studies have shown that the pharyngeal airway is 
smaller in patients with OSA than normal subjects  [6,7] . When 
the airway size is reduced, a greater suction pressure is required 
during inspiration. In the awake state, patients with OSA have 
increased upper airway dilator muscle activity that normalizes 
airfl ow resistance despite the anatomically smaller airway  [8,9] . 
This compensatory increased upper airway muscle activity is lost 
during sleep, particularly in the genioglossus  [2] , resulting in 
airway closure. However, although the increased waking gen-
ioglossus activity is seen in some patients with OSA  [9] , some 
patients have similar genioglossus muscle activity values to 
control subjects. Compensatory muscle activity may be increased 
in other muscle groups or other mechanisms may be important 
in such patients. 

 Patients with OSA may also have defects in the sensory mecha-
nisms that normally protect the upper airway from closure  [10] . 
However, it is diffi cult to determine whether identifi ed defects in 
sensory control (based on both clinical and histopathologic 
changes) in patients with OSA have a role in the genesis of OSA 
or are due to chronic airway vibration from snoring.  

  Pathogenesis of  OSA : the  r ole of  o besity 
 Obesity is one of the strongest risk factors for OSA and there 
are a number of ways in which obesity can reduce upper airway 
size and therefore predispose the upper airway to collapse. Exter-
nal neck circumference is increased in patients with OSA and 
this measurement may explain some of the link between obesity 
and sleep apnea  [11,12] . Neck circumference is an index of neck 
fat deposition, particularly in the lateral pharyngeal fat pads, and 
this fat deposition may lead to airway narrowing and OSA  [13] . 
Imaging studies have shown that these fat pads are increased in 
size in obese patients with OSA  [14] . However, excess fat deposi-
tion around the airway is not a universal fi nding in obese OSA 
patients  [15]  and well - matched controls are often diffi cult to 
obtain. Other studies have shown that obese sleep apnea patients 
have larger tongues  [16]  and smaller upper airway volumes  [6]  
than nonobese patients. Obesity may predispose to OSA by 
increasing the size of upper airway soft tissue structures, although 
the cause of this increased size is unknown. There may be soft 
tissue edema from the repeated vibration of snoring and apnea. 
Human upper airway pathologic studies have been described 
infrequently in sleep apnea, though in one report more fat 
and muscle were observed in the uvula of sleep apnea patients 
 [17,18] . 

 A case – control study examining the upper airway using a 
sophisticated volumetric analysis MRI scan found that OSA 
patients had a larger volume of soft tissue surrounding the upper 
airway compared with controls. Controls were matched in terms 
of sex, age, ethnicity, craniofacial size and visceral neck fat. The 
authors concluded that OSA is associated with a signifi cantly 
larger tongue, lateral pharyngeal walls, and total soft tissue. In a 
multivariable logistic regression the volume of the tongue and 
lateral walls was shown to independently increase the risk of sleep 
apnea  [19] . 

 Apart from upper airway narrowing, fat deposition in the chest 
and abdomen contributes to OSA. In morbidly obese patients, 
neck size is a better predictor of sleep apnea than other body 
anthropomorphic measures  [20] . However, in a wide weight 
range of sleep apnea clinic patients, we observed that waist meas-
urement provided similar or better statistical correlations with 
sleep apnea  [21] . Abdominal obesity may reduce lung volumes 
particularly in the supine posture and so reduce upper airway 
size. Lung volume directly infl uences upper airway size during 
respiration. Thoracic inspiratory activity produces caudal trac-
tion on the trachea, increasing pharyngeal cross - sectional area 
 [22] . This effect may be reduced in obese patients as impaired 
respiratory muscle force has been noted in these patients  [23] . 
Cephalad movement of the trachea, as would occur with a 
decrease in lung volume, decreases upper airway size and increases 
pharyngeal resistance  [24] . Passive infl ation of the lung produc-
ing an increase in end - expiratory lung volume increases the size 
of the retropalatal airway  [25] . 

 It is likely that obesity promotes sleep apnea through a variety 
of mechanisms. In some patients, subcutaneous neck or peripha-
ryngeal fat may be the critical “load” that tips the balance in favor 
of upper airway closure in sleep. In other patients, abdominal fat 
loading may be important. As yet there are no data on how weight 
loss relates to changes in upper airway fat. 

 In addition, more speculatively, the central obesity – sleep apnea 
link may be related to abnormal upper airway muscle function. 
Obesity is associated with changes in relative muscle fi ber com-
position in skeletal muscle  [26] . Some studies of sleep apnea 
patients before and after weight loss have shown changes in upper 
airway function rather than structure  [27] , supporting a hypoth-
esis of abnormal upper airway muscle function in obese patients 
with sleep apnea.  

  Obesity  h ypoventilation  s yndrome 
 The majority of patients with OSA have normal arterial carbon 
dioxide (PaCO 2 ) tensions when awake. The term OHS describes 
those patients with obesity and daytime hypercapnia (and usually 
hypoxemia) in the absence of lung or neuromuscular disease. 
This association between obesity, hypersomnolence and hyper-
capnia was recognized for many years and was labeled  “ Pickwick-
ian syndrome ”  (in honor of Joe, the fat boy, in Dickens ’   Pickwick 
Papers ). However, the pathogenesis of the condition was poorly 
understood and the link with OSA not recognized. Early theories 
were that obesity produced a load to breathing, which together 
with depressed chemosensitivity produced OHS. The recognition 
that sleep apnea was present in these patients and that relief of 
upper airway obstruction by tracheostomy effectively treated the 
respiratory failure altered our understanding of OHS. Upper 
airway obstruction is a crucial factor in the pathogenesis of OHS 
 [5] . However, most patients with OSA do not have hypercapnia 
when awake and so upper airway obstruction alone is not enough 
to produce OHS. In addition, the majority of patients with 
obesity and eucapnia have normal resting ventilation and occlu-
sion pressures and normal or increased responses to hypoxia and 
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hypercapnia. The prevalence of OHS in the obese population is 
unknown, but it is probably underdiagnosed. A study found that 
31% of obese patients (BMI  > 35   kg/m 2 ) admitted to medical 
wards had OHS  [28] . 

 There are no longitudinal studies on the development of OHS 
but almost certainly OHS starts out as heavy snoring, and then 
OSA and sleep - induced respiratory abnormalities occur before 
the development of daytime respiratory failure. During an apneic 
period, PaCO 2  rises acutely and PaO 2  falls (Fig.  19.2 ). When the 
apnea is terminated by an arousal, ventilation increases and 
oxygen and carbon dioxide levels can return to normal. If arousal 
responses  or  ventilatory responses to hypoxia or hypercapnia are 
depressed, the apneic periods will be longer, the degree of blood 
gas derangement greater and the normalization of blood gases in 
the period following arousal compromised  [5] . In those patients 
able to compensate for the loss of ventilation during apneic 
periods by increased ventilation between events, overall eucapnia 
will be maintained. In contrast, if the compensatory mechanisms 
are poor, then overall ventilation will be reduced during sleep 
with the development of persistent hypercapnia and hypoxia 
during sleep. This will result in resetting of the chemoreceptors 
 [29]  and progression to daytime CO 2  retention. Sleep fragmenta-
tion as a result of repetitive arousals will also depress arousal 
responses. Arousal responses can be further impaired in patients 
prescribed sedatives/hypnotics to improve  “ insomnia, ”  opiate 
analgesics to ease musculoskeletal pain or by consumption of 
alcohol. The term “Pickwickian syndrome” should be replaced by 
OHS or OSA with awake hypercapnic respiratory failure, which 
better describes the syndrome within the spectrum of sleep - dis-
ordered breathing.   

 It is likely that the development of OHS is multifactorial, with 
the key elements a combination of obesity (increased upper 
airway loading and reduced lung volumes), OSA, poor 

chemoreceptor function (particularly defective arousal responses 
to hypoxia) and possibly alcohol consumption (reducing upper 
airway tone and arousal responses to asphyxia)  [5] . Assessment 
of chemoreceptor function in this patient group is made diffi cult 
as prolonged exposure to hypoxia and hypercapnia will alter ven-
tilatory responses, but studies in other diseases have shown famil-
ial clustering in the level of chemosensitivity, suggesting a genetic 
component  [30] . It is important to stress that awake hypercapnia 
can occur in obese patients in the absence of any smoking history 
or lung or muscle disease  [31] . 

 More recently, leptin has been implicated in sleep - disordered 
breathing in obese subjects. In obese, leptin - defi cient mice with 
OHS, leptin replacement resulted in an increase in minute ven-
tilation (awake and asleep) and increased chemosensitivity to 
carbon dioxide during sleep  [31] . These changes were independ-
ent of food intake, weight and CO 2  production. Patients with 
OSA have higher leptin levels than subjects with similar obesity 
without OSA  [32] . Leptin levels fell signifi cantly in a group of 22 
patients with OSA after 4 days of treatment with continuous 
positive airway pressure (CPAP)  [33] , possibly due to reduced 
sympathetic activity. OSA may well be a confounder in some of 
the hormonal associations observed in central obesity and is pos-
sibly associated with resistance to the weight - reducing effects of 
leptin. In this context, hyperleptinemia and accelerated weight 
gain appear closely associated with worsening of sleep apnea  [34] . 
Also, higher circulatory leptin levels were associated with hypov-
entilation in obesity. Interestingly higher leptin levels also fall 
with compliant noninvasive positive pressure ventilation (NIPPV) 
use independent of weight loss in OHS patients  [35] . In human 
obesity, leptin  “ resistance ”  is common and leptin may act as a 
respiratory stimulant so that defi ciency or resistance to the effects 
of leptin may promote OHS  [36] .   

  Epidemiology 

  Epidemiology in the  g eneral  c ommunity 
 Studies examining prevalence in the area of sleep - disordered 
breathing have largely concentrated on self - reported estimates of 
snoring and daytime sleepiness. These symptoms are commonly 
reported in the general community, including obese subjects, and 
sleepiness may have many causes (Table  19.2 ). In addition, 
snoring may be underestimated if history from a bed partner is 
unavailable. Therefore questionnaire estimates of OSA are diffi -
cult to interpret and of limited usefulness.   

 The Wisconsin Sleep Cohort Study  [37]  is the largest reported 
prevalence study in which sleep studies were performed. This 
group found an apnea index of  > 5 events/h in 9% of female and 
24% of male middle - aged public servants. The  “ OSA syndrome ”  
(daytime sleepiness and an apnea index of  > 5/h) was found in 2% 
of women and 4% of men. An apnea index of  > 15 events/h was 
found in 4% of women and 9% of men. Our group has found a 
similar prevalence of OSA in an Australian rural community 
using home monitoring of breathing  [37] . Population studies 
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 Figure 19.2     Two - hour oximetry recording, with transcutaneous (tc) CO 2  
monitoring in a patient with severe OSA and OHS. The black bar indicates a 
period of REM sleep. There are repetitive arterial oxygen desaturations, with 
profound hypoxemia in REM sleep, associated with a marked rise in tcCO 2  
indicating hypoventilation. 
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show the prevalence of OSA with daytime sleepiness is approxi-
mately 3 – 7% for adult males and 2 – 5% for adult females in the 
general population  [38] . 

 Even where sleep studies are performed, estimates of preva-
lence are made diffi cult by the varying defi nitions of OSA used. 
In the past, researchers have used an apnea index of  > 5 events/h 
to defi ne OSA. However, given that hypopneas and even increased 
upper airway resistance can produce the OSA syndrome, that 
defi nition is probably inadequate. Other measurements such as 
arousal index or changes in heart rate and blood pressure through 
the night may be important. In addition, more recent work (see 
later) has suggested that an apnea index as low as 1 – 5 events/h 
may infl uence the development of hypertension  [38] .  

  Epidemiology in the  o bese  p opulation 
 Multiple investigations have consistently shown that obesity, par-
ticularly central obesity, is strongly associated with sleep - disor-
dered breathing in adults  [36,37] . Measurements of central 
obesity such as waist or neck measurements are closely linked to 
OSA in sleep clinic populations and this association remains tight 
in the general population, although not as strong as in sleep clinic 
cohorts. In the Busselton Sleep Survey  [38]  there was a strong 
effect of BMI in increasing the risk of sleep - disordered breathing 
in the community (Fig.  19.3 )  [39] .   

 There are limited data on the prevalence of sleep apnea in the 
obese population. The Swedish Obese Subjects study, which 
examined 3034 subjects with BMI  > 35, found that over 50% of 
obese men reported habitual loud snoring  [40]  as compared to 
15% in age - matched nonobese subjects. Similarly, 33% of men 
and 12% of women in this study reported a history of frequent 
witnessed apneas. Questionnaires tend to underestimate the 
prevalence of OSA. The exact prevalence of the spectrum of sleep -
 breathing disorders in the obese is unknown, but it is clear that 
OSA and related conditions occur in a very high proportion of 
obese subjects. 

 Longitudinal studies have demonstrated a strong association 
between weight gain and the development of sleep - disordered 
breathing. The Wisconsin group prospectively evaluated 690 ran-
domly selected local residents twice at 4 - year intervals for the 
presence of sleep - disordered breathing  [41] . They found that 
weight gain of 10% predicted an approximate 32% increase in the 
Apnea - Hypopnea Index (AHI) and similarly, weight loss of 10% 
predicted a 26% fall in the AHI. Therefore, even relatively small 
changes in baseline weight have a powerful impact on the degree 
of sleep - disordered breathing.  

  Epidemiology:  o ther  r isk  f actors for  OSA  
  Age 
 The prevalence of OSA increases with age. Some of this associa-
tion may be due to increased central fat deposition with age, but 
other factors such as changes in tissue elasticity and ventilatory 
control and cardiopulmonary and neurologic co - morbidity may 
be important. Data from the community - based Sleep Heart 
Health Study have shown that disease prevalence increases stead-
ily with age and reaches a plateau after the age of 60 years  [42] . 
OSA in older adults may be distinct from OSA in middle - aged 
adults as there is confl icting evidence that OSA is associated with 
increased adverse effects in elderly OSA patients  [43] .  

  Gender 
 In the middle - aged population, the risk of OSA is three to four 
times greater in males than in females  [44] . However, the preva-
lence of OSA increases in women after the menopause, suggesting 
a protective role for female hormones or an OSA - promoting role 
for male hormones. These effects may be due to hormonal infl u-
ences on ventilatory control and mechanical behavior of the upper 

 Table 19.2     Sleepiness in the obese patient 

   Cause     Reason  

  Inadequate amounts of sleep    Lifestyle (especially shift work 
and commercial drivers)  

  Insomnia  
  Drugs (causing sleepiness/disrupting 

sleep)  
  Hypnotics  
  Alcohol  
  Drug abuse  

  Disorders disrupting sleep    OSA  
  PLMS  

  Primary brain disorders    Narcolepsy  
  IHS  

   OSA, obstructive sleep apnea; PLMS, periodic leg movement disorder; IHS, 
idiopathic hypersomnolence.   
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 Figure 19.3     Obesity (measured by BMI) is an important predictor of OSA in 
the Busselton Sleep Survey. With the odds ratio for BMI  <    25 set at 1.0, a BMI 
 >    30 increased the odds ratio of either OSA (Respiratory Disturbance Index, RDI 
 >    10), desaturation during the night (min SaO 2   <    90%) or heavy snoring (snoring 
for more than 50% of the night) by 4 – 18 times, depending on the variable. 
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airway  [45]  or on patterns of body fat deposition. The redistribu-
tion of fat from peripheral to central sites that occur with meno-
pause may lead to increased prevalence of sleep apnea due to 
upper airway mass loading. Alternatively, the change in hormonal 
status may affect the arousal of ventilatory responses to blood gas 
changes during sleep. Finally, after menopause, the female airway 
may be more “collapsible” due to changes in upper airway 
mechanical properties from lowered female hormone levels. 

 A number of large epidemiologic studies have indicated that 
female hormone replacement therapy in menopause may protect 
against OSA  [46,47] . However, clinical trials of estrogen admin-
istration in menopausal OSA have been disappointing  [48] . 
Furthermore, despite only limited controlled data, exogenous 
androgen therapy in men and women may promote or worsen 
OSA  [48] .  

  Familial,  g enetic and  m axillofacial  f actors 
 Familial clustering of OSA has been noted, independent of age 
and obesity. This association is probably due to similarities in 
facial structure affecting upper airway dynamics during sleep. 
Certain maxillofacial appearances such as class II malocclusion 
and retroposed mandible are strongly linked to OSA in nonobese 
subjects  [49] . In obese patients, certain familial maxillofacial 
structures will further increase the likelihood of OSA. Static 
cephalometrics, CT and MRI have shown a number of skeletal 
and soft tissue structural differences between individuals with 
and without OSA during wakefulness. Features such as retrog-
nathia, tonsillar hypertrophy, enlarged tongue or soft palate, infe-
riorly positioned hyoid bone, decreased posterior airway space, 
maxillary and mandibular retroposition can all narrow upper 
airway dimensions and promote OSA  [50] . 

 Some congenital conditions are linked to OSA. The Pierre –
 Robin sequence is strongly associated with OSA due to mandibular 
shortening. Patients with Down syndrome are predisposed to OSA 
due to oropharyngeal crowding and obesity. Nearly two - thirds of 
patients with Marfan syndrome have OSA  [51] , despite a thin body 
habitus, due to abnormal compliance of upper airway tissue. 

 Any condition causing narrowing of the upper airway, such as 
tonsillar and adenoid hypertrophy, macroglossia and high arched 
palates, will predispose to the development of OSA. Nasal obstruc-
tion is also a signifi cant risk factor for OSA  [52] . Again, the pres-
cence of these abnormalities will interact with obesity to produce 
a greater risk for OSA  [53] .  

  Co -  m orbid  c onditions 
 Many endocrine abnormalities are associated with an increased 
prevalence of OSA. Hypothyroidism reduces chemosensitivity 
and promotes airway narrowing by upper airway myopathy and 
myxedematous infi ltration  [54] .   More than 50% of patients with 
acromegaly have OSA, and an increased prevalence of central 
sleep apnea has been seen associated with increased disease activ-
ity (as assessed by biochemical markers)  [55] . Cushing disease is 
also associated with OSA  [56] . 

 Cardiac failure (whatever the cause) is associated with a high 
incidence of sleep - disordered breathing. In a study of 450 patients 
with cardiac failure referred to a sleep laboratory (either with 
sleep symptoms or persistent dyspnea), 72% had more than 10 
apneas - hypopneas per hour  [57] . Patients had OSA or central 
sleep apnea (Cheyne – Stokes respiration), with OSA more 
common in those patients with BMI  > 35   kg/m 2 . 

 Cerebrovascular disease is associated with the presence of 
sleep - disordered breathing. One report examined patients in 
both the acute and convalescent stages of a fi rst - ever stroke (hem-
orrhagic or ischemic)  [58] . In the acute phase, 71% of patients 
had an AHI greater than 10, with an AHI  > 30   in 28%. Cheyne –
 Stokes breathing was seen in 26%. In the convalescent phase (3 
months later), the overall AHI and the amount of Cheyne – Stokes 
breathing had fallen, but the obstructive apnea index was 
unchanged. Some patients had persistent central apneas follow-
ing their stroke.    

  Clinical  a spects 

  Symptoms and  s igns of  s leep -  d isordered  b reathing 
 History and physical examination have fairly poor sensitivity and 
specifi city for the detection of sleep - disordered breathing  [59] . 
The typical symptoms associated with OSA are heavy snoring and 
excessive daytime sleepiness (EDS). The reporting of witnessed 
apneas is a relatively specifi c symptom but is also relatively insen-
sitive. Other symptoms are listed in Box  19.1 . Nocturnal symp-
toms include those related to the breathing disorder such as 
choking and gasping, nocturia and nocturnal gastroesophageal 
refl ux. Daytime symptoms are related to the effects of sleep frag-
mentation and include morning headaches, fatigue, poor memory 
and concentration, alteration in mood and impotence  [3] . 
Importantly, the arousal responses to upper airway narrowing 
during sleep can be so brisk that some patients (particularly 
women) can present with insomnia, restless sleep or anxiety  [60] .   

 These symptoms emphasize the importance of obtaining a 
confi rmatory history from the spouse, bed partner and other 
family members. Few people are aware that they snore or stop 

Box 19.1  Symptoms of sleep - disordered breathing 
  Snoring  
  Daytime sleepiness  
  Disrupted sleep  
  Choking or gasping during sleep  
  Dry throat/mouth in morning  
  Morning headaches  
  Nocturia  
  Heartburn  
  Poor memory/concentration  
  Fatigue  
  Impotence  
  Altered mood/irritability  
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breathing during sleep. The initial consultation is often precipi-
tated by the bed partner ’ s concerns about snoring and apnea. 
Excessive sleepiness may be recognized by the patient, but may 
be under - reported if patients are unaware that their sleepiness is 
abnormal or are afraid of the potential consequences of EDS 
(such as loss of driving license or work). 

 Examination of the upper airway may be important. Obvious 
pharyngeal crowding and tonsillar enlargement suggest upper 
airway obstruction  [61] . The vibration of soft tissues due to heavy 
snoring can lead to a reddened and edematous uvula and soft 
palate. Systemic hypertension is commonly associated with OSA. 
Detailed cephalometric measurements, as predictors for OSA, 
seem to be more useful in the nonobese population  [59] .  

  Diagnosis of  s leep -  d isordered  b reathing 
 The  “ gold standard ”  approach to the investigation of sleep - dis-
ordered breathing is an overnight in - laboratory sleep study (poly-
somnography, PSG). Sleep stage, sleep architecture and arousals 
from sleep are monitored during a full sleep study by two EEG 
channels, two electro - oculogram (EOG) channels and one elec-
tromyogram (EMG) channel. Breathing during sleep is usually 
monitored qualitatively with a measure of airfl ow at the nose/
mouth, usually two measures of respiratory effort, such as dia-
phragm EMG and chest wall and abdominal movement, and 
oxygen saturation. Other variables measured include ECG, leg 
EMG, transcutaneous CO 2 , body position and snoring. A sleep 
study should be scored manually and, as a minimum, the report 
should include the total amount of sleep and proportions of dif-
ferent sleep stages, the number of respiratory events seen (apneas 
and hypopneas per hour in both REM and non - REM sleep), the 
degree of oxygen desaturation recorded, the number of EEG 
arousals and the presence or absence of periodic leg movements. 
Defi nitions of events are not standard across all sleep laboratories 
and different methods for measuring airfl ow and other respira-
tory variables have differing sensitivities. 

 In the area of sleep - disordered breathing, the defi nitions of 
normal and abnormal sleep are under constant revision. In 
general, an AHI of less than 5 events/hour would be considered 
normal, with an AHI of greater than 15 events/hour considered 
to represent at least moderate disease. An AHI of 5 – 15 events/
hour would be considered mild disease but there is signifi cant 
individual variability in the symptoms related to this mild degree 
of OSA. If a patient is symptomatic, then a trial of treatment is 
warranted. However, more recent studies have suggested that an 
AHI between one and fi ve may signifi cantly increase the risk of 
developing hypertension, regardless of symptoms  [44] . 

 Although PSG is considered the best available test for the diag-
nosis of OSA, patients with OSA can have signifi cant night - to -
 night variability in the severity of their disease, with the potential 
for a false - negative study (Box  19.2 ). A negative PSG with high 
clinical suspicion warrants further review and often even a repeat 
sleep study.   

 The expense and inconvenience of PSG have led to a search for 
alternative tools for the diagnosis of OSA. Overnight oximetry 

can detect repetitive oxygen desaturations seen in OSA (Fig.  19.4 ) 
and can be diagnostic in some patients  [62] . However, not all 
apneic events produce signifi cant desaturation and so a normal 
oximetry study does not exclude OSA. Similarly limited, portable 
or  “ at - home ”  systems have had some success in the diagnosis 
of OSA but again do not necessarily exclude the diagnosis if 
negative. Currently they are probably most useful in patients in 
whom the clinical suspicion is high or who cannot readily be 
studied in a laboratory, such as the immobile or medically unsta-
ble patient.    

Box 19.2  Reasons for false - negative sleep studies 
  Poor sleep effi ciency (laboratory effect)  
  Little or no REM sleep seen  
  Usual sedatives or alcohol not taken  
  Patient not sleeping in usual position (especially 
supine)  
  Occurrence of  “ subcriterion events ”   
  Night - to - night variability in the severity of OSA 
(signifi cant in milder disease)  
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 Figure 19.4     (a) One - hour oximetry recording during sleep in a patient with 
severe OSA, showing typical repetitive arterial oxygen desaturations. (b) 
One - hour oximetry recording during sleep in the same patient during treatment 
with nasal CPAP, with desaturations abolished and SaO 2  maintained above 90%. 
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  Consequences of  s leep -  d isordered  b reathing 
  Psychosocial  e ffects 
 Excessive daytime sleepiness is characteristic of sleep apnea. 
However, sleepiness and fatigue are commonly reported symp-
toms in the general community, particularly in the obese popula-
tion. The sleepiness seen in patients with OSA is predominantly 
related to repetitive arousal and sleep fragmentation, but a direct 
effect of hypoxemia is possible  [63] . However, OSA is character-
ized by a range of EDS and there is a relatively poor correlation 
between markers of severity of OSA, such as AHI, and daytime 
sleepiness. It seems likely that people vary in their susceptibility 
to the effects of sleep fragmentation and sleep deprivation. There 
are no simple tests to accurately quantify daytime sleepiness. 
Sleepiness may lead to both impaired work performance and 
driving  [64] . Patients with untreated OSA form an important risk 
group for motor vehicle accidents. Driving performance on 
various simulators is impaired in patients with OSA  [65] . Treat-
ment with nasal CPAP dramatically improves daytime sleepiness 
and driving simulator performance  [65,66,67] .   

 Many studies have found that OSA patients perform poorly on 
psychometric tests compared to controls. Sleep apnea leads to 
defects in executive function and working memory in both adults 
and children  [68] .There is a variable degree of improvement in 
cognitive function with nasal CPAP  [63] . The detrimental effects 
of OSA have other social implications, with data from the Swedish 
Obese Subjects study showing that, in equally obese men and 
women, OSA is associated with impaired work performance, 
increased sick leave and a higher divorce rate  [39] .  

  Cardiovascular  e ffects 
  Acute  e ffects 
 The acute cardiovascular effects seen during obstructive events 
have been well characterized, with marked changes in both sys-
temic and pulmonary arterial blood pressure. As an obstructive 
apnea progresses, there are increasing swings in pleural pressure, 
worsening hypoxemia, bradycardia (vagally mediated) and 
increased sympathetic nerve activity. As the apnea is terminated 
by arousal, with increased ventilation, heart rate increases and 
both systolic and diastolic blood pressure increase markedly (Fig. 
 19.5 ), often by more than 100   mmHg. These profound hemody-
namic fl uctuations are largely due to surges in sympathetic nerve 
activity resulting from the combination of blood gas derange-
ment, large swings in intrathoracic pressure and arousals. Patients 
with OSA have increased sympathetic activity through the night, 
with persistence of this increased activity into wakefulness  [69] . 
In addition, these patients have a potent pressor response to 
hypoxia compared to normal subjects  [70] , possibly due to repet-
itive nocturnal hypoxia. Studies using an elegant canine model of 
OSA have shown that sustained hypertension develops after 1 – 3 
months of OSA  [71] . Studies in rats have found that intermittent 
hypoxia induces a persistent increase in diurnal blood pressure, 
mediated through renal sympathetic nerve activity and the renin -
 angiotensin system  [72] .    

  Chronic  e ffects:  h ypertension 
 Sleep apnea is a common fi nding among patients in hypertension 
clinics and similarly, many patients with OSA have hypertension 
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 Figure 19.5     Five - minute tracing of a patient with typical severe obstructive 
sleep apnea. The upper traces show the variables used for sleep staging (ECG, 
electrocardiogram; Leg, leg electromyogram; EOG, electro - oculogram; EMG, 
submental electromyogram; EEG, electroencephalogram) and indicate this patient 
is in REM sleep. The apneas are indicated by intermittent cessation of airfl ow 
(Autofl owm nasal airfl ow) and are obstructive in nature, as continued respiratory 

effort is seen when airfl ow is absent (Thor Res, thoracic movement or effort; 
EMG/dia, diaphragm electromyogram). Repetitive falls in oxygen saturation 
(SaO 2 ) are seen following each apnea. The lowest trace is a noninvasive 
recording of blood pressure (BP) showing an increase in both systolic 
( > 50   mmHg) and diastolic blood pressure ( > 25   mmHg) at the end of an apnea. 
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 [73,74] . A cross - sectional study of 1400 patients referred for a 
sleep study showed that the degree of OSA was an independent 
predictor of morning blood pressure  [21] . Left ventricular hyper-
trophy (as assessed by echocardiography), an important outcome 
of hypertension, was shown to be increased in normotensive 
patients with OSA compared to matched controls without OSA 
 [75] . Studies of blood pressure as measured by intrarterial moni-
toring, automated daytime blood pressure readings or 24 - hour 
ambulatory blood pressure have demonstrated a fall in blood 
pressure levels after CPAP treatment  [76] . Despite these studies, 
a causal link between OSA hypertension has been disputed due 
to the presence of important confounders such as obesity and age. 
However, published data from two large epidemiologic studies 
have provided stronger evidence that OSA is an independent risk 
factor for hypertension, regardless of obesity. Data from the Sleep 
Heart Health Study, a large cross - sectional community based 
study with more than 6000 subjects, found that AHI and percent-
age of sleep time with an oxygen saturation below 90% were 
signifi cantly associated with systemic hypertension, independent 
of anthropomorphic variables such as BMI, waist/hip ratio and 
neck circumference  [77] . Similarly, prospective data from the 
Wisconsin Sleep Cohort Study  [41] , which followed more than 
700 subjects for 4 – 8 years, have found a dose – response associa-
tion between sleep - disordered breathing and hypertension, inde-
pendent of measures of obesity. In this study, an AHI  < 4.9 events/
hour had an odds ratio for hypertension at follow - up of 1.42, with 
an odds ratio of 2.03 and 2.89 for an AHI of 5.0 – 14.9 and  > 15 
respectively. Therefore it is likely that the acute nocturnal surges 
in blood pressure in response to chemorefl ex - mediated hypoxic 
stimulation of sympathetic activity lead to chronic hypertension 
 [78] . A number of mechanisms have been postulated for this 
process including enhanced vasoconstriction and endothelial 
dysfunction  [79,80] . Further support for an independent effect 
of OSA on blood pressure has been provided by studies showing 
that effective nasal CPAP reduces blood pressure compared with 
subtherapeutic CPAP  [81,82] . These two studies were included 
in a recent meta - analysis of 12 placebo - controlled randomized 
trials (572 patients), which showed a statistically signifi cant 
pooled reduction in mean blood pressure of 1.69   mmHg with 
CPAP treatment in OSA. Although this was only a modest reduc-
tion in blood pressure, most of the trials included normotensive 
individuals  [83] .  

  Chronic  e ffects:  c ardiovascular  d isease and  m ortality 
 As with hypertension, cause and effect relationships between OSA 
and other cardiovascular endpoints are diffi cult to establish. A 
number of groups have reported an increased risk of myocardial 
infarction and stroke in sleep apnea  [84,85] . Two recent obser-
vational cohorts have shown moderate to severe OSA to be a risk 
factor for stroke and with serial PSG measurements, pre - existng 
OSA may be a risk factor for incident stroke (and mortality) 
 [86,87] . Potential mechanism of atherosclerosis include endothe-
lial dysfunction and a vascular infl ammatory response from 
hypoxia. C - reactive protein level (CRP) (an index of the presence 

of systemic infl ammation and probably atherogenesis) is elevated 
in OSA  [88] . Effective CPAP therapy was associated with a reduc-
tion in CRP in a population with severe OSA  [89] . 

 A number of proatherogenic factors have been shown to be 
promoted by untreated OSA  [90] . Data from the Sleep Heart 
Health Study have demonstrated a relationship between AHI and 
prevalent cardiovascular disease (as defi ned by various manifesta-
tions of ischemic heart disease, heart failure and stroke)  [91] . The 
odds ratios were fairly modest and surprisingly there did not 
appear to be a dose – response ratio above an AHI of 10. However, 
a criticism of this study is the mean age of the group (65 years). 
Prior work has suggested that the effects of OSA on cardiovascu-
lar disease, including mortality, are most marked in those patients 
under 50 years. A prospective study of more than 1600 patients 
found that age, BMI, hypertension and apnea index were inde-
pendent predictors of death  [92] . He et al.  [93]  observed an 
increased cumulative mortality in untreated patients with an 
apnea index  > 20 compared to AI  < 20, again most marked in 
patients under 50 years. Treatment with CPAP or tracheostomy 
reduced the mortality. 

 Snoring is a strong risk factor for sleep - related strokes while 
sleep apnea symptoms (snoring plus reported apneas or EDS) 
increase the risk of cerebral infarction, with an odds ratio of 8.0. 
Mechanisms other than increased blood pressure and sympa-
thetic activity may be involved. Tests of platelet aggregation 
increased overnight in a group of patients with OSA compared 
to decreasing overnight in control subjects  [94] . Treatment with 
CPAP decreased the night - time level of platelet aggregability and 
reversed the overnight rise seen before treatment. Other studies 
of vascular responsiveness have demonstrated impaired vasodila-
tion in patients with OSA, both with and without hypertension 
 [95] . These fi ndings have implications in analysis of data linking 
obesity and cardiac disease. 

 Peker et al. did a 7 - year follow - up study of 182 middle - aged 
men. They concluded that the risk for cardiovascular disease is 
increased fi vefold in middle - aged men with OSA and that effec-
tive treatment decreases the risk to one - tenth of that in untreated 
men  [96] . In the longest prospective cohort study (10 years), 
Marin and colleagues showed a higher risk of fatal and nonfatal 
cardiovascular events in men with severe OSA who were non-
compliant with CPAP compared to healthy controls, snorers and 
treated patients with OSA (e.g. CPAP). Although there was 
potential bias with confounding variables at baseline, this is the 
best study to demonstrate the potential mortality associated with 
untreated severe OSA  [97] . More diffi cult still is the issue of treat-
ing patients with OSA who do not have signifi cant sleepiness, 
with the aim of preventing the effects of sleep - disordered breath-
ing on cardiovascular outcomes  [98] .  

  Chronic  e ffects:  p ulmonary  h ypertension and  l ung  d isease 
 Obstructive apneas can produce pulmonary hypertension acutely, 
largely due to hypoxic pulmonary vasoconstriction although 
hypercapnia may also play a role. A number of studies have found 
a relationship between OSA and the development of daytime 
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pulmonary hypertension (PHT), with the prevalence of PHT 
ranging from 10% to 70% in patients presenting with OSA  [99 –
 101] . Some of these studies have included patients with lung 
disease, particularly chronic obstructive pulmonary disease 
(COPD), as well as OSA, possibly confounding the results. 
However, there are several studies that carefully excluded patients 
with any lung disease and these studies have found PHT in 10 –
 40% of patients with OSA  [102] . It seems likely that individual 
variation in the response of the pulmonary vasculature to hypoxia 
accounts for the development of PHT in some patients with OSA. 
Sleep - disordered breathing should therefore be excluded in any 
patient who has PHT. There are very limited data on the effects 
of CPAP treatment of OSA on PHT. However, a randomized 
cross - over study with sham and therapeutic CPAP demonstrated 
that CPAP reduced PHT in OSA, particularly in patients with 
higher PHT at baseline  [103] . 

 The “overlap syndrome” describes those patients with both 
OSA and lung disease, particularly COPD. The combination of 
these diseases results in a greater degree of pulmonary hyperten-
sion and blood gas abnormality than expected for each disease 
alone. In general, patients with COPD develop daytime hyper-
capnia only when their lung function falls below 30% of their 
predicted. However, patients with only moderate COPD (lung 
function  > 40% predicted) can develop signifi cant awake hyper-
capnic hypoxic respiratory failure if they have co - existent OSA. 
The hypercapnia is due to hypoventilation secondary to changes 
in ventilatory control and can be partly or fully reversed with 
effective treatment of the sleep apnea.  

  Chronic  e ffects:  e ndocrine  a bnormalities 
 Impaired growth hormone (GH) secretion in adults can lead to 
central obesity and reduced bone and muscle mass; patients with 
obesity have low levels of GH. Men with OSA have a defect in 
both GH and testosterone secretion  [104,105]  that can be reversed 
with CPAP treatment, independent of any weight change. The 
low GH levels in OSA patients may be additive to the already low 
levels of obesity, but it remains unknown whether the changes in 
GH and testosterone in OSA result in any measurable changes in 
body composition or body fat distribution. 

 Numerous cross - sectional studies have consistently found a 
link between the presence and severity of OSA with glucose intol-
erance, insulin resistance and diabetes mellitus. In a group of 
patients with a high likelihood of OSA, based on questionnaire 
data, plasma insulin levels were found to be increased in both 
men and women, independent of obesity  [18] . Ip et al. studied 
250 consecutive subjects from a sleep clinic without known dia-
betes mellitus. They essentially found that obesity but also sleep 
apnea severity and minimum oxygen saturation were independ-
ent determinants of insulin resistance  [106] . In another study of 
150 mildly obese subjects sleep - disordered breathing was inde-
pendently associated with glucose intolerance and insulin resist-
ance  [107] . Despite cross - sectional studies, only a few longitudinal 
studies have been reported with mainly subjective markers of 
OSA used. Finally interventional studies with CPAP have been 

confl icting. Although several studies have demonstrated improve-
ments in insulin sensitivity and HbA1c with CPAP in both nondi-
abetic and diabetic OSA subjects independent of any changes in 
weight, other recent reports, including two randomized control-
led studies with larger sample sizes, showed no change in insulin 
sensitivity or HbA1c levels after 3 months of therapeutic versus 
sham CPAP in both diabetics and nondiabetics. Although nega-
tive, there were potential confounding factors, such as relatively 
low compliance of CPAP use suggesting insuffi cently treated 
OSA. Potential mechanisms linking OSA and insulin dysregula-
tion include chronic intermittent hypoxia, sleep loss (due to sleep 
fragmentation), increased sympathetic activity, dysregulation of 
the hypothalamic - pituitary axis, generation of reactive oxygen 
species, activation of infl ammatory pathways and possible 
changes in visceral fat in OSA with CPAP  [108,109] .     

  Treatment 

 The approach to any treatment should be tailored to suit the 
individual patient and in sleep - disordered breathing will be 
determined primarily by the severity of symptoms and the sever-
ity of the OSA. A secondary consideration is the presence or 
absence of cardiovascular risk factors. The question as to whether 
patients should be treated for this reason alone, regardless of 
symptoms, remains unanswered and this area is made more dif-
fi cult by the fact that compliance with the most successful form 
of treatment available (CPAP) is related to the relief of symptoms. 
However, patient denial, either conscious or not, may produce 
an  “ asymptomatic” patient and if possible family input should be 
sought when a patient with a highly positive study denies symp-
toms. Patient occupation may also infl uence the decision to treat, 
particularly given data regarding motor vehicle accidents and 
OSA and the fact that sleep deprivation, common in commercial 
drivers, may act synergistically with even mild OSA to increase 
daytime sleepiness. 

  Weight  l oss 
 Weight loss is an important part of any treatment regime where 
the disease is related to obesity. Weight loss, either by caloric 
restriction  [110 – 115]  (Table  19.3 ) or bariatric surgery  [116 – 119]  
(Table  19.4 ), signifi cantly reduces the severity of OSA. Even mod-
erate weight loss (10%) can decrease the AHI and improve 
daytime alertness. Longitudinal data on 690 subjects, followed 
over 8 years with sleep studies, showed that a 10% weight gain 
predicted an increase in the AHI of around 32% and a 10% 
weight loss predicted a decrease of 26% in the AHI  [91,120] . In 
two controlled studies, 10 – 15% reduction in body weight lead to 
an approximately 50% reduction in OSA (AHI) in moderate 
obese males.   

  Short -  t erm  e ffects of  w eight  l oss 
 Several small clinical studies have evaluated the short - terms 
effects of varying degrees of weigh loss in patients with OSA. The 
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 Table 19.3     Effects of dietary weight change on severity of  OSA  

   Study     Baseline     Follow - up     Comment  

  Smith et al. 
(1985)  [110]   

  AHI: 55    AHI: 29    Dietary means (15 patients)  
  Weight: 

106   kg  
  Weight: 

97   kg  
    

  Pasquali et al. 
(1990)  [111]   

  AHI: 67    AHI: 33    Mean weight loss: 19   kg 
(23 patients)  

  Schwartz et al. 
(1990)  [112]   

  AHI: 83    AHI: 32    Dietary means (13 patients)  

  Suratt et al. 
(1992)  [113]   

  AHI: 90    AHI: 62    Very low - calorie diet (8 patients)  
  BMI: 

54   kg/m 2   
  BMI: 

46   kg/m 2   
  6/8 patients improved  

  Sampol et al. 
(1998)  [114]   

            

     Group I 
(67 patients)  

  AHI: 52 
 BMI: 32  

  AHI: 44 
 BMI: 26  

  Weight loss of  > 10% by dietary 
means in each group 
(follow - up time 11 months): 
cure in 34 patients in group II  

     Group II 
(34 patients)  

  AHI: 44 
 BMI: 33  

  AHI: 3   
 BMI: 27  

  At long - term follow - up (94 
months) in group II, AHI 
increased to 40 from 24 in 6 
patients with no change in 
weight  

  Kansanenen et 
al. (1998) 
 [115]   

  AHI: 31    AHI: 19    Very low - calorie diet (15 
patients). Mean weight loss 
9   kg  

 Table 19.4     Effects of surgical weight change on severity of  OSA  

   Study     Baseline     Follow - up     Comment  

  Harman et al. 
(1982)  [116]   

  AHI: 78    AHI: 1.4    Jejuno - ileal bypass  
  Mean weight loss 108   kg  

  Pillar et al. 
(1994)  [117]   

  AHI: 40 
 BMI: 45  

  AHI: 11 
 BMI: 33  

  Gastric bypass/gastroplasty (14 
patients)  

          Initial results at 4/12  
      AHI: 24 

 BMI: 35  
  Same group at follow - up at 7 years: 

note nonsignifi cant change in 
weight, but signifi cantly worse 
OSA  

  Sugerman et al. 
(1992)  [118]   

  AHI: 64    AHI: 26    Gastric bypass/gastroplasty 
(40 patients)  

  Mean weight loss 57   kg  
  Charuzi et al. 

(1985)  [119]   
  AHI: 89    AHI: 8    Gastric bypass (13 patients)  

  Mean weight change 73%  

pressure, which indicated a reduction in upper airway collapsibil-
ity  [110] . 

 Several case series of signifi cant weight loss through surgical 
procedures have been published. Although there was an improve-
ment in OSA with dramatic weight loss, the amount of weight 
loss did not always correlate with the amount of improvement in 
OSA. 

 Recently a pharmacotherapy (sibutramine) - assisted weight 
loss study in obese men with moderate to severe OSA over 6 
months was published. This study showed that weight loss of 
approximately 10% was associated with a reduction of AHI by 
approximately 30% and a reduction in subjective symptoms of 
OSA without a change in blood pressure  [121] .  

  Long -  t erms  e ffects of  w eight  l oss 
 Detailed long - term studies of weight loss are lacking. In a group 
of 313 patients with BMI  > 35   kg/m 2  assessed by questionnaire 1 
year after bariatric surgery, there were marked improvements in 
habitual snoring (82% preoperatively to 14% at follow - up), 
observed sleep apnea (33% to 2%) and daytime sleepiness (39% 
to 4%)  [122] . This group had lost an average of 48% of their 
excess weight. However, the effects of weight loss on OSA are 
variable, and many patients have signifi cant residual disease that 
warrants further treatment. In addition, there have been reports 
of OSA recurring despite maintenance of weight loss  [103,106] . 
For these reasons, patients should be reassessed after weight loss 
progress. 

 With bariatric surgery being more frequently used for obesity, 
a recent meta - analysis showed dramatic improvements of OSA 
in the majority of patients after surgery, with an average reduc-
tion in AHI of 33.9 events/hour and OSA resolution in 85.7% 
 [123] .   

  Other  g eneral  m easures 
 Alcohol and sedatives such as benzodiazepines should be avoided 
in patients with sleep - disordered breathing. These drugs can 
reduce pharyngeal muscle tone and depress arousal responses, 
resulting in more and longer apneas during sleep. Similarly, sleep 
deprivation can impair upper airway muscle tone and increase 
arousal thresholds, increasing any tendency to OSA. Smoking 
cessation can reduce self - reported snoring, possibly by effects of 
smoke on airway infl ammation, and should be encouraged (as 
always). 

 Body position may infl uence the frequency of apnea and 
hypopneas in 50 – 60% of patients  [124] . AHI increases the in 
supine position and is lower in an elevated position (30 – 60    ° ) and 
lateral position  [125] . Some patients have predominantly posi-
tional apnea (related to the supine posture) and attempts to avoid 
this position during sleep may help reduce the severity of OSA. 
However, positional therapy may not be effective in the obese 
patient but be considered in patients with OSA who have at least 
twice the number of respiratory events in the supine compared 
to the lateral position and have an AHI  < 10 events/hour. Nasal 
obstruction will worsen any tendency to snoring and OSA and 

majority of these studies all demonstrated that weight loss was 
associated with an improvement in OSA. These studies are, 
however, uncontrolled with varying degrees of obesity at baseline. 
Smith et al demonstrated not only a reduction in OSA with 
weight loss but also a reduction in pharyngeal critical closing 
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that 40 – 70% of patients have diffi culties with compliance  [139] . 
On the whole, those centers that provide more intensive initial 
(within the fi rst few weeks of treatment) assistance to patients 
have better long - term compliance; compliance with treatment in 
this initial period predicts long - term compliance. In addition, 
those patients who have the greatest symptomatic improvement 
with CPAP are, not surprisingly, the more compliant. The CPAP 
machine and mask are fairly cumbersome and inconvenient. 
Side - effects related to the patient – mask interface are the most 
common and, although often minor, have a major impact on 
patient tolerance and use of the treatment. Poorly fi tting masks 
can cause skin irritation and even ulceration. More importantly, 
poor mask fi t can result in air leak either around the mask or 
through the mouth. Due to the high airfl ow generated by the 
CPAP machine, leaks can produce major effects on the mouth 
and nose, with dryness of the mouth and nasal congestion and 
rhinorrhea. These problems can be effectively treated either by 
improving mask fi t, providing a chin - strap to prevent mouth 
opening or humidifying and warming the air with humidifi ers 
built into the circuit. The technology of mask and machine is 
constantly improving, with machines available now that ramp 
pressure up slowly at sleep onset and continuously adjust the 
required pressure through the night. These modifi cations may 
improve compliance in some patients. Those patients who require 
higher pressures or have milder disease are less likely to be com-
pliant. Obese patients with OSA generally require higher pres-
sures than patients who are not obese. Recently a study on the 
use of group cognitive behavioral therapy versus standard educa-
tion for CPAP showed that behavioral therapy increased CPAP 
usage by 2.9 hours over the fi rst month of treatment  [140] . 
Despite these problems, CPAP remains highly effective for the 
treatment of all symptoms related to all degrees of OSA and 
should not be abandoned without intensive attempts to improve 
an individual ’ s tolerance and compliance. 

 Newer generations of CPAP devices providing automatic 
adjustments of positive airway pressure are widely available. The 
algorithmis employed by these devices are not well known and 
are variable between various devices  [141] . Auto - adjusting 
devices are generally just as effective as conventional fi xed CPAP 
in OSA outcomes. There is also evidence that auto - adjusting 
devices are associated with lower mean pressures than conven-
tional CPAP but this has not been shown to be associated with 
more signifi cant compliance rates  [142] .  

  Mandibular  a dvancement  d evices 
 Mandibular advancement devices (MAD) are intraoral ortho-
dontic devices designed to displace the mandible anteriorly, 
increasing the anteroposterior diameter of the upper airway and 
so reducing upper airway closure and collapse when worn at 
night. These devices are effective at reducing snoring, assessed 
both objectively and subjectively  [143] . The effects of these 
devices in OSA are less clear. Randomized controlled studies 
using an inactive acrylic dental plate as a placebo have confi rmed 
the effi cacy of MAD for improving OSA measured by PSG. 

should be treated (usually pharmacologically); there is little evi-
dence that nasal surgery is of any use in the treatment of OSA. 
The effects of external nasal dilator strips on snoring are variable, 
with some studies reporting success  [126] . These strips have no 
effect on OSA.  

  Devices 
  Continuous  p ositive  a irway  p ressure ( CPAP ) 
 The application of nasal CPAP for the treatment of OSA was fi rst 
described by Sullivan et al. in 1981 and revolutionized the fi eld 
of sleep - disordered breathing  [127] . Nasal CPAP is the most 
effective treatment available for OSA. A CPAP machine works by 
delivering positive pressure to the upper airway via a nose (or 
face) mask, thus providing a pneumatic splint that prevents 
upper airway closure. The pressure is usually generated by an 
electromechanical blower that delivers airfl ow through wide - bore 
tubing to a nasal mask with a fi xed expiratory resistance. Adjust-
ing the airfl ow allows different pressures to be delivered at the 
nares. The optimal pressure required to prevent upper airway 
closure is determined by a sleep study. The required pressure can 
vary between 4 and 20   cmH 2 O. Many patients show a rebound 
phenomenon during these treatment nights, with markedly 
increased amounts of REM and slow - wave sleep.     

 Treatment with nasal CPAP normalizes sleep architecture (see 
Fig.  19.4   ), decreases upper airway edema and signifi cantly 
improves daytime sleepiness both subjectively and objectively 
 [128] . Studies have shown that CPAP improves daytime alertness, 
cognitive function, mood and quality of life in patients with OSA 
of all degrees of severity, from mild (including “upper airway 
resistance syndrome”) through to severe  [129 – 133] . These studies 
include carefully controlled trials with either placebo tablets or 
subtherapeutic CPAP  [134] . A recent study by Weaver et al. 
showed a dose – response relationship with CPAP. Normal levels 
of subjective and objective sleepiness, memory, and daily func-
tioning have been achieved with more than 4.6, more than 6, and 
more than 7.5 hours of CPAP per night, respectively  [135] . There 
is also evidence that treatment with CPAP reduces the incidence 
of actual and near miss traffi c accidents in patients with OSA 
 [136] . As discussed previously, CPAP treatment reverses many of 
the adverse effects of OSA on blood pressure, pulmonary hyper-
tension, various hormonal levels, including leptin, and mortality. 
CPAP does not cure OSA. When treatment with CPAP is stopped, 
OSA recurs and symptoms return. However, regular use of CPAP 
may lead to a reduction in the underlying severity of OSA as 
assessed by sleep studies performed after a period of treatment. 
This reduction in severity is probably due to the effects of CPAP 
in reducing upper airway edema and treating sleep deprivation. 
Barnes et al. reported in a randomized cross - over study of CPAP 
versus a placebo tablet in mild OSA that CPAP failed to improve 
measures of objective or subjective sleepiness, and that placebo 
effect may account for some of the treatment responses previ-
ously reported  [137] . 

 The main problem limiting the effi cacy of CPAP has been long -
 term compliance  [138] . Various reports of compliance indicate 
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However, success rates depend on PSG defi nitions of OSA. Essen-
tially, approximately 65% of patients achieve a 50% or greater 
reduction of AHI with MAD. Approximately 35 – 40% achieve a 
complete response (defi ned as a AHI  < 5 events/h)  [144] . MAD 
have also been shown to reduce both subjective and objective 
measures of daytime sleepiness (including simulated driving per-
formances). There is also evidence that MAD have a modest 
reduction in blood pressure (2 – 4   mmHg) after 1 and 3 month 
periods  [145,146] . 

 In comparison to CPAP, MAD are less effacious for improving 
PSG indices of OSA. In CPAP versus MAD cross - over studies, 
CPAP resulted in a greater improvement in AHI and oxyhemo-
globin saturation. In a RCT comparing CPAP and MAD, sleepi-
ness, health - related quality of life and AHI were more likely to be 
improved with CPAP. However, both treatments were similarly 
effective in reducing diastolic blood pressure compared to base-
line values  [147] . Despite various physiologic and PSG parame-
ters associated with better MAD outcomes, it is not possible to 
predict with certainty which patients will respond to MAD in a 
clinical setting. These devices require careful orthodontic atten-
tion to ensure that adequate anterior displacement of the man-
dible is achieved. The effi cacy of these devices is likely to be 
reduced in the more obese patients as skeletal factors and maxil-
lofacial abnormalities are less important in the genesis of upper 
airway obstruction in this group. In general, these devices tend 
to be less effective in those patients with more severe OSA. 
However, if a patient is intolerant of CPAP, it may be worthwhile 
trialing a MAD. There are few data available on compliance but 
self - reported data suggest a pooled compliance rate of 77% at 1 
year  [148] . Short - term side - effects are generally minor and are 
related to excessive salivation, jaw and tooth discomfort, and 
occasional joint discomfort. Fortunately serious complications 
are not common, but occlusal changes may occur. 

 The American Academy of Sleep Medicine has revised its clini-
cal practice guidelines for the treatment of snoring and OSA with 
oral appliances. MAD are now indicated for mild to moderate 
OSA in patients who prefer oral appliances to CPAP, who do not 
respond to CPAP, who are not suitable for treatment with CPAP, 
or in whom treatment attempts with CPAP are unsuccessful. 
CPAP should be considered before oral appliances in severe OSA 
and those in whom urgent treatment is required to treat severe 
symptoms (e.g. sleepiness) or signifi cant co - morbidities (e.g. car-
diovascular). MAD patients require suffi cient teeth to retain the 
device. Caution is needed for those with periodontal disease or 
temporomandibular disease  [143] .   

  Surgery 
  Tracheostomy 
 Prior to the advent of CPAP, tracheostomy was the only effective 
treatment for OSA  [149] . This operation is invasive, with signifi -
cant morbidity, particularly in obese subjects, and is only partly 
effective in treating OHS. It should be reserved for those patients 
with very severe OSA who are completely intolerant of any other 
treatment. However, tracheostomy may be used as a temporary 

measure for airway protection in patients with severe OSA with 
either morbid obesity or signifi cant craniofacial anomalies that 
pose a high risk for airway compromise in the perioperative 
period. With skilful surgery and close follow - up, tracheostomy 
may be a “last - resort” therapeutic option in some patients.  

  Uvulopalatopharyngoplasty ( UPPP ) and  o ther  u pper  a irway 
 s urgery 
 Surgery aims to alleviate anatomic sites of obstruction in the naso - , 
oro -  and hypopharynx. Unfortunately, surgical success for OSA is 
often unpredictable and less effective than CPAP. Surgical success 
depends on appropriate patient selection, types of surgery and 
experience of surgical teams. Success rates have varied between 
50% and 90% in improving OSA by greater than 50%  [150] . 

 Uvulopalatopharyngoplasty was originally described in Japan 
in the 1950s for the treatment of heavy snoring and involves a 
careful surgical removal of the uvula and part of the soft palate 
(with or without tonsillectomy). The operation was introduced 
to the US for the treatment of OSA in the early 1980s and was 
greeted with some enthusiasm. However, the effi cacy of UPPP in 
the treatment of OSA is limited  [151] . When treatment success 
is defi ned as a reduction in AHI of only 50%, a successful result 
is seen in less than 50% of patients. There are no preoperative 
tests that satisfactorily predict the response to surgery. There is a 
signifi cant morbidity and even mortality. Excessive removal of 
palatal tissue can lead to velopharyngeal incompetence with nasal 
regurgitation and speech changes. Subsequent use of CPAP may 
be more diffi cult following UPPP. Not surprisingly, many studies 
report particularly poor results in obese patients. Current guide-
lines state that the effi cacy of UPPP is variable and that it should 
only be considered after nonsurgical therapies have failed  [149] . 

 Modifi cations of the UPPP have been introduced where either 
a surgical laser is used to resect the palate (laser - assisted uvu-
lopalatoplasty, LAUP) or high - frequency radio waves ( “ somno-
plasty ” ) are used in an attempt to stiffen palatal tissue. The 
treatment response is variable and unpredictable. Ryan and Love 
studied 44 patients at baseline and 3 months after LAUP and 
reported worsening of OSA (AHI increased by more than 100%) 
in 30% of their patient group, with a very poor relationship 
between subjective and objective measures of effi cacy  [152] . 
There is clearly a  “ placebo ”  effect in snoring surgery that has been 
demonstrated in other forms of surgical intervention. A rand-
omized controlled study comparing temperature - controlled radi-
ofrequency ablation to the tongue base and palate (TCRFTA) 
with CPAP and sham CPAP (ineffective CPAP) showed that 
treatment with TCRFTA and CPAP improved quality of life 
scores and sleepiness in mild to moderate OSA  [153] . 

 More complex maxillo - acial surgery, usually performed in two 
phases, has been used with some success in the treatment of OSA. 
The fi rst phase involves a UPPP in combination with genioglos-
sus advancement, via a mandibular osteotomy, and hyoid 
myotomy. The Stanford group has reported overall success rates 
of around 60% with this procedure, but with less success in those 
patients with more severe disease ( > 60 events per hour and 
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desaturation to 70%) and in the morbidly obese  [154] . The 
second phase involves bimaxillary advancement, which was 
reported to be as successful as CPAP in treating a group of 
patients with severe OSA (AHI 68/h) and a mean BMI of 31   kg/
m 2   [155] . In contrast, Bettega et al. found that phase I surgery 
was generally ineffective in OSA, with successful results in only 
22% of patients  [156] . In their study, phase II surgery was suc-
cessful in 75% of patients, but morbidity was signifi cant. These 
complex surgical procedures are highly specialized and not widely 
available. Other surgical procedures including mandibular oste-
otomy with genioglossus advancement, hyoid myotomy suspen-
sion and distraction osteogenesis have been associated with 
surgical success in highly selected patients  [150] .   

  Pharmacologic  t reatment 
 There are no placebo - controlled studies showing constant 
effi cacy of any medication in OSA or OHS  [157] . Obviously, 
weight - lowering drugs will be of benefi t through weight loss 
but no drug has been found that alters the collapsibility of the 
upper airway during sleep. Studies looking at agents such as 
medroxyprogesterone, protriptyline and SSRIs as a primary 
therapy for OSA have been disappointing. Although mirtazapine 
initially looked promising for OSA, a recent randomized placebo -
 controlled study showed negative effects of mirtazepine such as 
weight gain and a potential for worsening OSA  [158] . A system-
atic review concluded that current data do not support the use of 
drugs as an alternative to CPAP in OSA  [159] . 

 Two randomized, double - blind placebo - controlled trials have 
shown that modafi nil (nonamphetamine wakefulness promoter) 
may be useful as an adjunct therapy for OSA patients who are still 
sleepy despite CPAP use. Modafi nil does not seem to affect sleep -
 disordered breathing (i.e. AHI) but improves measures of sleepi-
ness compared to placebo  [160,161] .  

  Management of  OSA  with  d aytime  r espiratory  f ailure 
( i ncluding  OHS ) 
 There are no current guidelines for the management of OHS. 
Oxygen therapy without PAP is usually inadequate as it does not 
improve upper airway obstruction or nocturnal hypoventilation. 
Respiratory stimulants have been trialled in small studies with 
very limited success. Obviously weight loss (including bariatric 
surgery) will be an important aspect of therapy but studies are 
limited. Patients should be managed in a specialist sleep and 
respiratory failure center and, depending on the chronicity and 
severity of their condition, many are best managed with a brief 
period of hospitalization. There is a wide range in the degree of 
hypercapnic hypoxic respiratory failure associated with the com-
bination of OSA and obesity, and the management of these 
patients should be individualized. 

 Patients may come to medical attention with acute - on - chronic 
respiratory failure due to a superimposed condition such as a 
respiratory tract infection or even postanesthetic for an unrelated 
surgical procedure. In these decompensated patients, oxygen 
therapy alone should be used with caution and with very close 

monitoring of hypercapnia and, as the main pathology in these 
patients is impaired respiratory drive, sedatives or hypnotics 
should be avoided. Treatments available for these decompensated 
patients, and for those patients with severe chronic respiratory 
failure due to OHS, were very high CPAP pressures, CPAP plus 
added oxygen or NIPPV or, for the most unwell or obtunded 
patients, a short period of intubation and mechanical ventilation 
 [162,163] . 

 NIPPV can deliver either volume - cycled ventilation or positive 
pressure ventilation to the upper airway via nose -  or facemask, 
effectively providing mechanical ventilation without the need for 
intubation. These devices can provide support to the patient ’ s 
spontaneous respiratory efforts or deliver a set number of breaths 
as a back - up if the patient ’ s inspiratory efforts are inadequate to 
trigger the machine. These devices are extremely effective in the 
treatment of both acute and chronic respiratory failure due to 
hypoventilation related to obesity and OSA  [164,165]  and are 
well tolerated by the patient (Fig.  19.6 ). 

 When the acutely unwell patient has been stabilized, sleep 
studies can be performed to determine whether home use of 
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 Figure 19.6     Effi cacy   of nasal ventilation in a patient with OHS. Recordings of 
oxygen saturation (SaO 2 , %) show marked falls in oxygen level during sleep (a). 
Addition of CPAP and low - fl ow oxygen (0.5   L   =   0.5   L/min of supplemental 
oxygen; 1   L   =   1   L/min) results in normal oxygen saturation in NREM sleep but 
persisting hypoxemia in REM sleep (b). Use of nasal ventilation, either pressure 
support or volume cycled, will prevent oxygen desaturation in REM sleep (c) and 
prevent rises in transcutaneous CO 2  (tcCO 2 ) levels. 
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NIPPV is required, at what pressures and whether added oxygen 
is needed. A similar approach is used in the treatment of patients 
with chronic severe OHS. After a period of treatment with NIPPV 
(months), some of these patients can be treated with CPAP alone. 
A specialist sleep unit with expertise in the long - term management 
of sleep - related respiratory failure best manages these patients. 
Clinical consensus suggests NIPPV should be used in decompen-
sated (e.g. impaired consciousness) OHS patients  [166] . 

 More commonly, patients with OHS or in stable hypercapnic 
respiratory failure without decompensation will present to sleep 
clinics. Most studies with stable OHS should undergo a CPAP 
titration (plus or minus oxygen) study with reasonable success 
but NIPPV may be required. A recent study showed that both 
CPAP and NIPPV will have similar outcomes at 3 months but 
patients were excluded if they failed an initial CPAP titration 
study (persisting marked hypoxemia with CPAP)  [167] . Predic-
tors of CPAP failure include greater degrees of obesity, signifi cant 
restrictive physiology, severity of hypoxemia during PSG and 
higher PaCO 2  levels during wakefulness  [168] . 

 In summary, CPAP is effective in the majority of patients with 
stable OHS; however, NIPPV may be required in patients who 
fail CPAP, those with decompensated hypercapnic respiratory 
failure or those with predominat hypoventilation without upper 
airway obstruction (e.g. OSA)  [169] .   

  Conclusion 

 Obesity can produce a measurable reduction in lung function and 
is very strongly associated with breathing disorders in sleep such 
as obstructive sleep apnea (OSA) and hypoventilation. Moderate 
to severe degrees of obesity can lead to a restrictive abnormality 
in lung function due to the mechanical effects of central body fat. 
Obese subjects may have reduced lung volumes and an increased 
work of breathing. Central fat deposition is also linked to upper 
airway collapsibility in sleep and epidemiologic data have identi-
fi ed obesity as a crucial risk factor in the development of OSA. 
Sleep - disordered breathing has a number of clinical conse-
quences, including excess cardiovascular morbidity. The combi-
nation of obesity - induced reduced pulmonary function and 
sleep - disordered breathing can lead to progressive respiratory 
failure during sleep, fi nally resulting in awake hypercapnic respi-
ratory failure (OHS, central hypoventilation). This respiratory 
failure can occur without any intrinsic lung disease. Weight 
reduction can improve lung function and reduce the severity of 
sleep apnea and OHS. Treatment of sleep - breathing disorders has 
been advanced greatly by the use of positive airway pressure 
devices and OHS can be reversed with the use of these devices.  
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   Introduction 

 Obesity management is perceived as a challenge: it requires con-
siderable time, usually in a busy practice, skills with which a 
therapist may not have been trained and a feeling that successful 
outcome is unlikely. Such a situation tends to make many 
health professionals unprepared to become involved in obesity 
management. 

 There are reasons for the perceived lack of success that include 
lack of training, few long - term maintenance programs, little 
understanding of the pathophysiology of weight control and 
often a prejudice about obesity ( “ all it takes is self - control and 
will - power ” ). In addition, few health professionals have been 
taught about nutrition and physical activity or realistic weight 
loss goals. Obesity treatment is frequently instituted without the 
benefi t of an integrated lifestyle management program. 

 Modern obesity treatment programs aim to improve health 
and well - being and this needs to be emphasized. Obesity treat-
ment by health professionals should be for health benefi t and not 
as a response to the dictates of fashion. Not all those who seek 
weight loss treatment require it. It is important for the therapist 
to recognize this and to let such individuals know when they do 
 not  need to lose weight. While most will accept such advice, in 
some cases it may be necessary to refer for specifi c counseling or 
therapy for an eating disorder. 

 Obesity therapy today is based on clinical assessment and the 
assessment of associated medical risks (such as metabolic and 
locomotor disease). For some patients general advice on eating 
and activity may be all that is required. For others, in need of 
therapy for health reasons, it is advisable to include a lifestyle 
program and, when necessary, to consider adjunctive therapy. 
Treatment requires suffi cient consultation time and, once 

adequate weight loss (or other goal) has been achieved, an 
ongoing weight maintenance program. The need for long - term 
follow - up cannot be stressed too fi rmly: successful long - term 
weight maintenance depends on continuing follow - up  [1,2] . This 
chapter summarizes such an approach to weight management.  

  How  m uch  w eight  l oss? 

 There are few long - term studies of intentional weight loss and its 
effect on mortality. Some studies are currently under way and 
other larger studies are planned. It appears that intentional weight 
loss in women results in a reduction of mortality in the fi rst 2 
years, and that this reduction is particularly explained by cancer 
deaths  [3] . Moreover, after 9 years of follow - up, self - reported 
intentional weight loss is associated with lower mortality rates 
whereas unintentional weight loss is associated with higher mor-
tality rates  [4] . There are also improvements in medical risk 
factors and complications from other diseases. 

 Many individuals have unrealistic expectations about weight 
loss and set themselves, or their patients, unachievable weight loss 
goals. It is not necessary to reach the  “ ideal ”  or  “ healthy ”  weight 
because health benefi ts can be obtained from fi rstly maintaining 
weight (not gaining more) and, secondly, from losing a moderate 
amount of weight, around 5 – 10% of presenting weight. This 
amount of weight loss produces reduction in risk and increased 
health benefi ts  [5 – 8] . A list of potential benefi ts is given in Box 
 20.1 .   

 Recent studies confi rm that mild to moderate weight loss can 
be achieved by lifestyle intervention and maintained for up to 4 
years. There have been several major trials on diabetes prevention 
in Scandinavia, China and the US  [9,10] . The Diabetes Preven-
tion Program study from the US studied the effects of placebo, 
metformin and a reasonably intensive lifestyle intervention in 
diabetes prevention. At the end of 4 years there was a 58% reduc-
tion in the incidence of diabetes. This was produced by a main-
tained mean weight loss of 4.6   kg. These benefi ts are sustained 
provided that subjects maintain their lowered weight and 
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continue to be physically active. The other studies, with in general 
less intensive lifestyle interventions, produced similar results. A 
seemingly small weight loss of a few kilograms may have major 
benefi ts. Initial patient management should be a moderate weight 
loss of 5 – 10%. If successful then later treatment can set a new 
target for further weight loss. 

 Because of the diffi culties in understanding appropriate and 
necessary weight loss, and in the absence of training and experi-
ence of weight management, many organizations and health 
departments have produced (and occasionally update) best prac-
tice guidelines. Examples of such guidelines are those of the Scot-
tish Intercollegiate Guidelines Network  [5] , the NIH  [6] , the 
Royal College of Physicians of London (2003)  [11] , the National 
Health and Medical Research Council of Australia, 2003  [12] , and 
Healthy Weight, Healthy Lives  –  toolkit for developing local 
strategies (2008)  [13] . 

 Such guidelines, with their evidence - based approach, highlight 
areas of diffi culty. For example, the Body Mass Index (BMI) cut -
 off points for obesity, which were derived from largely Caucasian 
(indeed US) data, are probably inappropriate for other ethnic 
groups. Some organizations (including the WHO) and countries 
have suggested lower BMI cut - points for those from Asia and 
possibly higher values for those of Pacifi c Islands descent  [14,15] . 
A further problem with such guidelines is their potential rigidity. 
It is essential to realize that with increasing risk factors or disease, 
or possibly with those of Asian origin, treatment needs to be 
instituted or intensifi ed at the earliest stage and/or lower BMI 
level.  

  Aims of  o besity  t reatment 

 With this in mind, what are the aims of obesity treatment? A 
5 – 10% weight loss is one. However, weight loss should not be the 
sole objective for obesity treatment. Additional aims are to reduce 
risk to health and complications from associated disease that may 

be present. Secondly, treatment is not just for the short term, but 
rather for a lifetime. A list of possible aims is given in Box  20.2 . 
If weight loss cannot be achieved, an aim of no additional weight 
gain may be practical, achievable and of benefi t. In some patients 
who fi nd weight loss diffi cult due to mechanical complications 
(such as osteo - arthritis), or emotional or psychologic factors, 
prevention of further weight gain may be more appropriate than 
actual weight loss.   

 All such goals should be negotiated with the patient and docu-
mented. When the goals are achieved the patient must be con-
gratulated and given credit for their success. New goals (which 
may include further loss or weight maintenance) should then be 
negotiated. 

 Overall, weight loss should be approached incrementally with 
new weight loss goals being set when the original target has been 
reached. It is likely that goals for older patients ( > 65 years) will 
be different from those who are young. There is a suggestion that 
although a population becomes heavier with age, the risk from 
obesity does not increase proportionately.  

Box 20.1  Health benefi ts of moderate weight loss 
(5 – 10% of presenting body weight) 

    Mortality 
  20% decrease in overall  
  30% decrease in diabetes related deaths  
  40% decrease in cancer related deaths    

 Blood pressure 
  10   mmHg decrease    

 Lipids 
  15% decrease in cholesterol  
  Reductions in other lipids    

 Diabetes 
  Better blood glucose control     

Box 20.2  Possible goals of obesity management 

    These will be individual and need to be negotiated with each 
patient. 

 Body weight 
  Loss (5 – 10% of body weight)  
  Possible maintenance of current weight (especially in the 
older patient)    

 Waist reduction 
 ? Change in body composition 

 Metabolic disease 
 Better control and/or fewer medications 
  Diabetes  
  Dyslipidemia  
  Hypertension    

 Mechanical disease 
  Better control, less intensive therapy  
  OSA  
  Arthritis    

 Activity 
  Control of mechanical disease  
  More able, less short of breath  
  Less restriction  
  Feeling of well - being    

 Fewer medications overall 

 Quality of life, well being and psychosocial functioning 

 Fertility (important for IVF programs) 

 Individual goals 
   “ The special dress ”   
  Occupational reasons, etc.     
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  Assessment of the  o verweight and  o bese 
 p atient 

  General 
 For most health professionals, patients will be seen in a consulting 
room. Necessary equipment includes weighing scales that measure 
to 200   kg or more, large blood pressure cuffs, a long tape measure 
for waist circumference, and larger width chairs. A list of the 
requirements which are appropriate for a clinic treating obese 
individuals is given in Box  20.3 .   

  Specifi c  w eight  h istory 
 There are a number of specifi c factors which should be sought 
and a brief list is given in Box  20.4 . The history of weight gain 
should be obtained to elucidate possible causative factors and to 
determine the patient ’ s insight and understanding of the factors 
underlying their weight gain. Such questions might include,  “ At 
what stage did you gain weight, do you know of specifi c reasons 
for your weight gain, can you describe your eating patterns and 
what activity do you do? ”  It is helpful to decide whether child-
hood - onset obesity is due to a particular life event or a specifi c 

syndrome. These latter are rare and may be identifi ed by the 
length of history and specifi c associated clinical features. Specifi c 
single gene disorders are associated with the early onset of massive 
obesity, usually a strong family history and often characteristic 
clinical features such as hypogonadism.   

 A number of diseases may be associated with weight gain, 
though uncommonly with massive obesity, and clinical features 
of these should be sought. The diseases include endocrine diseases 
(hypothyroidism, acromegaly, Cushing syndrome, and diabetes), 
various types of arthritis or injury that may be associated with 
immobility, and cardiac disease which may also reduce activity. 
There are particular drugs that are associated with weight gain 
and a history of the use of such drugs should be obtained. Exam-
ples of such drugs are given in Box  20.5 .    

  Physical  e xamination and  i nvestigations 
 A detailed physical examination should always be performed. 
Weight and height should be measured and BMI calculated. (BMI 

Box 20.3  Essential elements for an appropriate 
setting for the management of overweight and 
obesity 

    Trained staff directly involved in the running of the weight loss 
program. These staff (medical, nursing and other healthcare 
professionals) should have attended courses on the management 
of obesity and must be provided with an opportunity to 
continue their education. 

 A printed program for weight management that includes clearly 
outlined dietary advice, behavioral modifi cation techniques, 
physical exercise and strategies for long - term lifestyle change. 
Such a program may include a family and/or group approach. 

 Suitable equipment, in particular accurate and regularly 
calibrated weighing scales and stadiometer. 

 Specifi ed weight loss goals with energy defi cits being achieved 
through moderating food intake and increasing physical 
expenditure. 

 Documentation of individual patients ’  health risks. This will 
include BMI, waist circumference, blood pressure, blood lipids, 
cigarette smoking and other co - morbid conditions. 

 A clearly defi ned follow - up procedure which involves 
collaboration between the different settings of care, provides 
regular monitoring and documentation of progress and includes 
details of criteria for judging the success of weight loss. This will 
allow a weight loss program to be properly supported, medical 
conditions to be monitored and problems or issues to be 
addressed at the earliest opportunity.  

Box 20.4  Points that should be elucidated in any 
clinical history taken from a patient prior to obesity 
management 

    Medical history 
  Risk factors  
  Presence of established complications of obesity  –  remember 
to ask about snoring, sleep and daytime somnolence    

 Body weight history 
  When was weight gained  –  puberty, stopping sport, 
employment, marriage, pregnancies, etc.  
  Previous treatment(s) for obesity (including successes and 
failures)  
  Family history of obesity, and related diseases and risk factors 
 –  type 2 diabetes, hypertension, premature coronary heart 
disease    

 Diet history 
  Eating pattern and amount (compared to friends)  
  Hunger  
  Stress or emotional eating, binges  
  Alcohol intake    

 Regular physical activity pattern 

 Relevant social history 
  Cigarette smoking and cessation (did they gain weight then?)    

 Drug history 
  Antipsychotics  
  Antidepressants  
  Steroids  
  Anticonvulsants  
  Lithium  
   β  - blockers    

 Reproductive history 
  Irregular periods  
  Polycystic ovary syndrome     
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cut - off points are shown in Table  20.1 .) It is worth recording the 
distribution of fat tissue by measuring the waist circumference. 
(The waist measurement is taken as the narrowest circumference 
midway between the lower border of the ribs and the upper 
border of the iliac crest.) Examination of the skin is important. 
Thin, atrophic skin (together with abdominal adiposity and rela-
tively thinner extremities) is a feature of excess use or secretion 
of glucocorticoids; acanthosis nigricans (pigmented,  “ velvety ”  
skin creases especially in the axillae or around the neck) is associ-
ated with insulin resistance; hirsutism in women may indicate the 
polycystic ovary syndrome or simply obesity  per se . A neck cir-
cumference of  > 43   cm indicates the likelihood of obstructive sleep 

Box 20.5  Drug treatment which may be associated 
with weight gain 

    Antipsychotic (olanapine, clozapine, risperidone) 

 Antidepressants (tricyclic antidepressants) 

 Lithium 

 Antiepileptic drugs (valproate, carbamazepine, gabapentin) 

 Diabetic medications (insulin, sulfonylureas, thiazolidinediones) 

 Steroid hormones (glucocorticoids, possibly oral contraceptives) 

  β  - blockers 

 Antihistamines  

 Table 20.1     Classifi cation of overweight and obesity in adults according to  BMI  
and the cut - points of abdominal circumference (waist) 

    A. BMI values  

  Classifi cation    BMI (kg/m 2 )  *      Risk of co - morbidities  *  *    

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

  Normal range    18.5 – 24.9    Average  
  Preobese    25.0 – 29.9    Mildly increased  
   Obese      ≥  30.0       
  Class I    30.0 – 34.9    Moderate  
  Class II    35.0 – 39.9    Severe  
  Class III     ≥ 40.0    Very severe  

    B. Abdominal circumference at which risk increases  

      Risk increased    Substantial increase  

  Men    94   cm (OR 2.2)    102   cm (OR 4.6)  
  Women    80   cm (OR 1.6)    88   cm (OR 2.6)  
  Asian men    90   cm      
  Asian women    80   cm      

   OR, odds ratio, which is the increase in risk associated with this situation, 
compared to a lower waist circumference.  
  The values are those suggested by the WHO  [25] .   

apnea (OSA) and the pharynx should be examined to exclude 
evidence of obstruction from tonsils, other causes of narrowing 
and for redness and edema of the uvula. Note should be taken of 
blood pressure and cardiovascular function.   

 Some investigations are useful but care should be taken to 
choose those appropriate for the individual. In addition to assess-
ing for risk factors (see below), it may be useful to measure plasma 
thyroid - stimulating hormone (TSH) and testosterone; the latter is 
often low, particularly in men with OSA, while it may be elevated 
in obese women. Liver transaminases (alanine and aspartate) may 
be elevated, particularly in those with abdominal adiposity and/or 
the metabolic syndrome. This may refl ect associated nonalcoholic 
fatty liver disease (NAFLD). Often, in the early stages of weight 
loss, these liver enzymes rise, but usually settle as weight stabilizes. 
The measurement of serum leptin is not recommended as a 
routine, but may be required in patients with extreme early - onset 
obesity. Although the rare leptin defi ciency syndrome can be 
treated, the serial measurement of leptin in simple or spontaneous 
obesity may prove to be an useful marker of fat loss.  

  Assessment of  r isk 
 An initial risk measure is the presence of abdominal adiposity. 
The WHO has suggested the measures shown in Table  20.1  but 
for those of Asian origin, these measures may be 90   cm or greater 
in males and 80   cm or greater in females (the exact measurements 
are being decided at a recent WHO conference (December 2008)) 
 [17] . 

 As well as the presence of hypertension, assessment must be 
made of the presence of cardiac disease and of diabetes. OSA (as 
determined by sleep history, examination of the pharynx and 
neck circumference) is an added risk. Dyslipidemia (classically 
hypertriglyceridemia with low HDL cholesterol ( < 1   mmol/L)) 
and elevated LDL cholesterol ( > 3.5   mmol/L)) confers additional 
risk. Cigarette smoking is a major risk factor. 

 These risks may need to be quantifi ed by specifi c investigations 
such as an exercise ECG or sleep studies.  

  Assessment of  m otivation to  l ose  w eight 
 Not all patients are prepared to lose weight. Sometimes it may be 
advisable to assess the patient ’ s readiness and motivation by 
direct questioning or using the Stages of Change model. It may 
be necessary to suggest that rather than embarking on an inten-
sive program at the current time, the patient should return at a 
later stage for reassessment and review, when they are prepared 
and motivated to lose weight.    

  Obesity  m anagement  p rograms 

 The therapies and degree of intensity of any weight loss program 
should be based on an assessment of the degree of adiposity 
(anthropometry) and the presence or absence of medical risk 
factors. A suggested approach is outlined in Table  20.2 . Mild to 
moderate  “ uncomplicated ”  overweight and obesity may require 
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advice with a specifi c eating and physical activity program. 
Greater degrees of obesity and risk, or the presence of disease, 
require more intensive lifestyle interventions, the use of pharma-
cotherapy, possibly very low - calorie/energy diets (meal replace-
ments) or surgery. While all these aspects of obesity treatment are 
considered in detail in other chapters, it is worthwhile briefl y 
reviewing each modality.   

 It also needs to be underlined that any weight program must 
provide a weight maintenance component. This is the most time -
 consuming component, but regular and long - term follow - up 
visits and intervention are part of the management of any chronic 
disorder. 

 The components of a weight management program are: 
   •      general advice  
   •      eating (diet intervention)  
   •      physical activity  
   •      behavior modifi cation  
   •      lifestyle program  
   •      maintenance program  –  monitoring and longer term 
follow - up.    
 In addition, it may be necessary to consider adjunctive therapies 
for some patients. 

  General  a dvice 
 General advice should be given in all circumstances and will 
include aspects of eating, physical activity and behavior modifi ca-
tion. However, for most individuals with increased adiposity and/
or medical risk, an additional planned program of intervention 
is necessary. Such a program usually involves a number of visits 
(10 – 12 over a period of 3 – 6 months) with specifi c tasks for each 
one. If weight loss is insuffi cient during this time, then considera-
tion should be given to drug treatment or other therapies.  

 Table 20.2     Practical approach to obesity treatment  –  clinical assessment and rational management outline 

   BMI     Risk rating     General advice     Eating     Activity     Lifestyle program     Obesity drugs     VLCDs     Surgery  

  18.5 – 24.9    Low    Use                          
  High        Use    Use                  

  25 – 29.9    Low                Use              
  High                Use    Consider  *            

  30 – 34.9    Low                Use    Consider/use          
  High                Use    Use          

  35 – 39.9    Low                Use    Use          
  High                Use    Use    Consider    Consider  

  40+    High                Use    Use    Use    Consider  

   Risk rating:  
  Low   =   waist  < 102   cm in men and  < 88   cm in women and no risk factors present.  
  High   =   waist greater than the above measures, or the presence of risk factors.  
  Risk factors:  
  Type 2 diabetes/impaired glucose tolerance, Hypertension, coronary heart disease, dyslipidemia, OSA.  
   * Pharmacotherapy should be considered at a BMI  > 27 in the presence of disease when there has been no weight loss in 12 weeks of a lifestyle program. 
Pharmacotherapy might be considered earlier in those with greater BMI or with more risk factors and diseases.   

  Eating ( d iet  i ntervention) 
 While energy (calorie) restriction produces good weight loss, 
some individuals may fi nd this irksome and impossible to main-
tain. For such patients, a low - fat eating plan may prove effective; 
such plans may be maintained for several years  [18 – 20] . Fat 
intake can be reduced to less than 40 g per day (or lower for 
women) with the remainder of the diet being  ad libitum . Greater 
losses may be obtained by additionally reducing energy intake. 
Men may also need to reduce energy intake by limiting their 
alcohol intake. 

 The major discussion of diet and obesity is in Chapter  21   .  

  Physical Activity ( e xercise  p rogram) 
 Emphasis should be placed on increasing total daily activity to 
between 60 and 90 minutes each day  [21,22] . While exercise and 
fi tness are important, the initial emphasis should be on increasing 
the activities of daily living, in particular more walking. A formal 
written exercise prescription has been shown to increase effec-
tiveness in general practice  [23] . Giving patients the opportunity 
to use or purchase a pedometer and then setting the number of 
steps they need do in a day may prove an effective method of 
increasing activity. For patients with arthritis or other disabilities, 
hydrotherapy (exercising in water) may be a way of initiating 
movement and this type of activity can assist weight loss. A more 
detailed discussion appears in Chapter  23   .  

  Behavior  m odifi cation 
 This therapy is important and central to any weight loss program 
(see Chapter  22   ). There are many components to behavior modi-
fi cation, but a simple one is the use of a food and exercise diary. 
This allows habit recognition and change. All subjects, but most 
particularly those who are overweight or obese, under - report 
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food intake and over - report the activity they undertake. A diary 
provides an important starting point for discussion and suggests 
possible interventions. Additional behavioral therapies include 
discussion about habits, change and alternative ways of approach-
ing situations. Other techniques involve stress management, 
improving self - esteem and occasionally more specifi c counseling 
or psychiatric intervention.  

  Lifestyle  p rogram 
 Programs for lifestyle change usually have a number of initial 
intensive visits (10 or 12, for example) and then, depending on 
the patient ’ s response, further visits may be scheduled or, in addi-
tion, drugs or other treatment initiated (see Chapters  24 ,  25   ). 
When goals are reached then the visits are extended. Such a life-
style program should involve a range of health professionals 
(dietitians, physiotherapists, nurses, psychologists). Good results 
(and satisfaction for the treatment group) are usually obtained 
by the involvement of multidisciplinary teams. 

 Because of this partial abrogation of obesity treatment by 
health professionals and because of community perceptions, 
many organizations and groups have been established to  “ fi ll the 
gap. ”  Some commercial groups use conventional therapy (e.g. 
Weight Watchers or programs used in some gyms), while others 
rely on alternative or natural therapies and still others use  “ magic ”  
treatments which sound plausible but really have no scientifi c 
basis nor effectiveness. Examples of the latter would be total body 
wrapping, some herbal concoctions and bulking agents. Few have 
been tested rigorously, many are costly but the very existence of 
such programs and therapies shows that many individuals desire 
to lose weight but need to be guided into the correct approach 
and be provided with effective therapy.  

  Maintenance program 
 This is an essential part of any weight loss program and the 
most neglected. Follow - up programs are essential and effective 
 [2] .  

  Monitoring and  l onger  t erm  f ollow -  u p 
 Patients involved in an obesity treatment program require the 
following: 
   •      monitoring of weight (ideally monthly  –  no more than two 
monthly)  
   •      monitoring of pulse rate and blood pressure  
   •      monitoring of obesity - related risks and diseases (e.g. dyslipi-
demia, type 2 diabetes).    
 The treatment plan should be recorded for each patient and 
incorporated into local audit data recording systems. 
 As weight loss progresses adjustments of medications for obesity -
 related or obesity - responsive diseases and risks taken by the 
patient may be necessary. For example, the dose of an oral 
hypoglycemic agent may need to be reduced as insulin sensitivity 
increases with weight loss.  

  Audit and  o utcome  m easures 
 Table  20.3  lists the process measures that may be used to judge 
the success or otherwise of an obesity management program. 
Ultimately, the success of antiobesity drugs must be judged by a 
reduction in outcome measures that include myocardial infarc-
tion, cerebrovascular accidents, physical disability and death.    

  Adjunctive  t herapies 
 Adjunctive therapies or more intensive treatments (discussed in 
Chapters  24 ,  25   ) should be considered for those patients at 
medical risk from their obesity when primary interventions have 
failed to achieve adequate weight loss after a sustained period of 
time (not less than 12 weeks). Such patients may include those 
with a BMI of: 
   •       > 35  
   •       > 25 with two or more risks  
   •       > 30, or  < 35 and who have been treated with a lifestyle program 
for 12 weeks without reaching goals (this is particularly important 
if they have risk factors)  
   •       > 27 who have not lost weight on a lifestyle program after 24 
weeks, especially with risk factor(s).    
 For patients of Asian background, at particular risk of medical 
complications, it may be important to consider this type of 
adjunctive therapy earlier or at lower BMIs. 

  Low  c alorie/ e nergy  d iets 
 Milk provides most of the essential macro -  and micronutrients. 
A diet based on 1220   mL (2 pints) of milk is effective in inducing 
substantial weight loss. It may be used for several weeks as essen-
tially the only form of food for 3 – 4 days each week. 

 Commercially produced very low - calorie diets (VLCDs) may 
also be effective. They contain between 400 and 800 kcal per day, 

 Table 20.3     Process measures to judge the success of antiobesity treatment 

   Measures     Immediate benefi ts     Longer term benefi ts  

  Physical 
measures  

  Weight loss 
 Reduction in waist 

circumference 
 Improvement in co - morbidities  

  Reduced breathlessness 
 Decreased sleep apnea 
 Reduced angina 
 Reduced blood pressure  

  Metabolic 
measures  

  Decreased fasting blood 
glucose  &  plasma insulin 

 Improvement in fasting lipid 
profi le 

 Decreased HbA1c (if diabetic)  

  Reduction in doses of 
concomitant medications  

  Functional 
measures  

  Increased mobility 
 Decreased symptoms 
 Increased well - being and mood 
 Increased health - related quality 

of life  

  Reduced time away from work 
 Improved involvement in 

social activities 
 Decreased number of 

consultations with health 
professionals  



Chapter 20 An Overview of Obesity Management

273

usually as protein, with added necessary vitamins and minerals. 
Such diets can be commenced after a period on a lifestyle program. 
There should be a defi nite protocol for their use which includes 
behavior modifi cation. The initial lifestyle program is necessary 
to provide a base therapy to which a patient may return after the 
most  “ drastic ”  VLCD. It is important not to prescribe VLCDs for 
patients with liver or renal disease. However, with appropriate 
treatment modifi cations and precautions, they can be used for 
diabetic patients, even if treated with insulin. Insulin and sulfo-
nylurea doses may need to be reduced substantially during the 
VLCD treatment program. Once treatment is completed, a main-
tenance program is essential. Subsequent weight regain may 
suggest a period of retreatment with VLCDs.  

  Pharmacotherapy 
 This treatment may prove effective as an adjunct to lifestyle inter-
vention in selected patients: a detailed discussion appears in Chapter 
 24   . The newer drugs available (worldwide) are orlistat (Xenical) 
and sibutramine (Reductil, Meridia). Rimonabant has now been 
withdrawn following advice from the European Medicines Agency 
(2008). Orlistat is additionally available from retail pharmacies 
( “ over the counter ” ) in North America, Australia and Europe. 

  Selection of  p atients for  p harmacotherapy 
 It is important that doctors who prescribe such drugs are fully 
familiar with either the primary literature or an authoritative 
summary. 

 The criteria applied to the use of an antiobesity drug are similar 
to those applied to the treatment of other relapsing disorders. It 
is important to avoid offering antiobesity drug therapy to patients 
who are seeking a  “ quick fi x ”  for their weight problem. The initia-
tion of drug treatment will depend on the clinician ’ s judgment 
about the risks to an individual from continuing obesity.   

  Obesity  s urgery 
 This is the most effective, but most drastic, form of treatment 
available for obesity. The Swedish Obese Study  [24]  has shown 
that with appropriate follow - up a substantial weight loss can be 
maintained for at least 10 years. Some surgical procedures are 
designed to reduce intake or absorption but more recent proce-
dures such as gastric banding (laparoscopic) or stapling and 
gastric bypass have fewer side - effects and excellent results. Both 
an experienced surgical team and a dedicated long - term follow -
 up team are required. This treatment is discussed more fully in 
Chapter  25   .    
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   The  c hanging  f ace of  t reatment 

 Obesity has been seen as both a negative and positive situation 
depending on the times, the environment and the religion  [1] . 
However, around 400 BC Hippocrates observed that the inci-
dence of sudden death, prevalence of menstrual irregularities and 
infertility were higher in obese people than in the lean. Accord-
ingly, he prescribed treatments such as hard labor, sleeping on a 
hard bed, eating only once daily, eating fatty food to foster greater 
satiation and walking naked for long periods. Hippocrates and 
his successor Galen believed obesity was a sign of personal weak-
ness. By the 15th century obesity treatment consisted of taking 
lots of baths and eating bulky foods with few calories. Over the 
next two centuries a more scientifi c approach to obesity was 
adopted and the empirically based, moralistic view declined in 
popularity. At that time it was widely believed that obesity was 
caused by an imbalance in body chemicals or a mechanical mal-
function  [2] . 

 During the 18th and 19th centuries, although eating and physi-
cal activity were still the focus of treatment, this period also 
witnessed a resurgence of the moralistic view, which now 
embraced the roles of eating habits and activity levels in the obese. 
Treatment generally consisted of advising patients to limit their 
food choices and to leave the dining area while still hungry. Views 
of the etiology of obesity were primarily focused on there being 
physical malfunction, such as Prader – Willi syndrome, and/or a 
personality weakness  [2] . 

 At this time physical anthropometry was performed and a 
formula was developed for calculating ideal weight (height 
adjusted)  –  the Quetelet Index, subsequently known as the Body 
Mass Index or BMI  [2] . 

 During the late 20th century the incidence and prevalence of 
overweight and obesity spiralled and consequently generated a 
signifi cant increase in obesity research, focusing on genetics, 
regulation of food intake, and behavioral treatments  [2] . 

 Global treatments in obesity followed similar lines to previous 
centuries, i.e. urging people to reduce their food intake and 
increase their physical activity. Psychiatrists also became inter-
ested in obesity and offered new ideas about its etiology. Some 
postulated that obesity resulted from acting out unconscious 
impulses, refl ective of disturbed personality development. 
However, this has never been scientifi cally tested and there seems 
little empiric evidence to support it. In the 1960s and 1970s psy-
chologic assessment was included in the management of obesity; 
behavior modifi cation targeted to lifestyle changes (based on the 
learning theory) dominated treatment and achieved reasonable 
success. Behavior therapy remains a useful adjunct in current 
weight management programs  [2] . 

 Over the last few decades pharmaceutical preparations, very 
low - energy diets (VLED) and bariatric surgery have also emerged 
as selective obesity treatments. Surgery for those with greater than 
grade 3 obesity has been more successful than other forms of 
treatment but it has attendant risks.  

  Dietary  t reatment of  o besity 

 For decades the scientifi c community has been trying to determine 
the perfect weight loss diet. Perhaps this is an unrealistic objective, 
as the etiology of obesity is multifactorial. It logically follows that 
effective treatment of obesity should be as diverse as its causes. In 
clinical practice it is highly likely that various approaches will be 
implemented in order to achieve optimal results in such a large 
and diverse group and at different stages of their lives. 

 In reaction to the plethora of commercially available weight 
loss programs, a task force was established in Michigan, USA, in 
1990 which developed guidelines to improve public awareness 
and education. The guidelines included the following. 
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   •      The weight goal for a patient should be based on personal and 
family history, not exclusively on height and weight charts.  
   •      Total daily caloric consumption should not be less than 
1000   kcal without medical supervision.  
   •      Protein intake should be between 0.8 and 1.5   g per kilogram of 
goal body weight but no more than 100   g of protein per day.  
   •      Fat should provide 10 – 30% of the energy in the daily diet.  
   •      A minimum daily carbohydrate intake of 100   g if no medical 
intervention, but if medically supervized at least 50   g per day 
should still be consumed.    
 These guidelines however remain open to wide interpretation. 

  Energy  d efi cit  t echniques 
 An energy defi cit diet can be achieved by many means. A 2 – 4   MJ 
(500 – 1000   kcal) defi cit from daily intake (i.e. from intakes that 
are weight maintaining, rather than weight increasing) is thought 
to lead to approximately 0.5 – 1   kg weight loss per week  [3] . 

  Fixed -  e nergy  d iets 
 A fi xed - energy diet is one method of achieving an energy defi cit. 
Intake is limited by controlling portion sizes, menu choice and 
composition. These diets are often around 5   MJ (1200   kcal) for 
women and 7.5   MJ (1800   kcal) for men, and are considered mod-
erate hypocaloric diets. There is minimal self - monitoring, choice 
or freedom. Lack of variety and departure from normal eating 
patterns often result in lack of compliance although many people 
do fi nd these diets helpful as they reduce decision making and if 
followed accurately, are successful. Commercial weight loss com-
panies often use this method by supplying prepackaged foods to 
their consumers. Long - term results are often similar to, if not 
better than some well - controlled trials  [4] .  

  Self -  l imiting 
 Another method is to self - limit one or all dietary constituents, e.g. 
by limiting fat intake or by maintaining 55% carbohydrate in the 
diet, 30% as fat and 15% as protein, irrespective of caloric intake. 
This allows the dieter greater fl exibility in choosing their food and 
monitoring their intake. It is often called an  ad libitum  diet. Well -
 known examples of this type of diet are the National Cholesterol 
Education, Step 1 and Step 2 programs developed by the American 
Heart Association. These diets usually lead to a weight loss ranging 
from 2 to 6   kg and decrease of 2 – 5   cm in waist measurement over 
a 1 – 2 - year period  [5] . However, the amount of weight loss depends 
on the pretreatment weight, with heavier adults achieving greater 
weight loss than their lighter counterparts. 

 It is postulated that people employing an  ad libitum  diet may 
maintain weight loss for longer than those who pursue more 
restrictive diets. Some studies also show adherence to an  ad 
libitum  diet slows the progression of chronic diseases such as 
diabetes  [6 – 8] .  

  Low -  e nergy  d iets ( LED ) 
 Low - energy diets provide 3.5 – 5   MJ (800 – 1200   kcal) per day and 
should only be used under medical supervision. As so few kilo-
joules are consumed it is almost impossible to meet the ideal daily 

micronutrient requirements, so supplementation is recom-
mended. This can be provided by tablets containing vitamins and 
minerals or through fortifying the food. Table  21.1  provides 
examples of these diets. LED achieve better weight loss than  ad 
libitum  and low - fat diets; over a 14 - week period one could expect 
a 7 – 13   kg weight loss and a 10   cm reduction in waist measure-
ment. After 12 months weight loss of approximately 6 – 7   kg is 
common, and after 2 years the norm is 3.5   kg. However, at 5 years 
there is often very little change from baseline  [9] .   

 As food choices are limited when using low - energy diets, compli-
ance can be high. However, maintaining daily nutrient requirements 
is often challenging and continuing restriction over time becomes 
increasingly diffi cult and therefore weight regain is likely  [9] .  

  Partial  m eal  r eplacement  t herapy 
 Partial meal replacement can often be thought of as a LED or a 
fi xed - energy diet. Partial meal replacement means that some of 
the daily meals (either 1 – 2 main meals and/or 1 – 2 snacks) are 
replaced with supplemented, portion - controlled food. This meal 
or snack is often a shake or a bar. It has been shown that even 
when the energy content of meals has been prescribed by dietary 
professionals who target food type and quantity, the patients who 
pursue the partial meal replacement method lose as much, if not 
more, weight than those on professional prescribed therapy, even 
though the caloric intakes are reported to be similar  [10, 11] . It 
has also been suggested that using partial meal replacement may 
help people who try to lose weight via low - energy regimens better 
meet their nutrient requirements  [12] . 

 Partial meal replacement appears to have advantages over full 
meal replacements as they offer participants choice and fl exibility 
in social situations whilst reducing decision making at other 
times. Although they can be used indefi nitely, they lead to slower 
weight loss than full meal replacements (e.g. very low - energy 

 Table 21.1     Menu plans for different calorie control settings 

   Meal     3350   kJ (800   kcal)     5000   kJ (1200   kcal)  

  Breakfast    Cereal 45   g 
 180   mL skimmed milk 
 Multivitamin that contains 

fat - soluble vitamins and iron  

  Cereal 90   g 
 180   mL skimmed milk  

  Morning tea    Apple    Apple  
  Lunch    1 piece of bread 

 Chicken 100   g and salad  
  2 pieces of wholemeal bread 
 Chicken 75   g and salad 
 200   g diet yoghurt  

  Afternoon tea    Banana    Nuts 15   g  
  Dinner    250   mL of low - fat vegetable 

soup 
 200   g diet yoghurt  

  Meat 90   g 
 Small potato 
 Broccoli 4 fl orets 
 One medium carrot 
 Fruit salad 1 cup  

  Supper    Tea    Tea and plain biscuit  
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diets) as they are generally higher in energy. Partial meal replace-
ments are often successful in maintaining weight loss after an 
initial, intensive period of weight loss (Fig.  21.1 )  [13] . The 
amount of weight loss achieved is generally 10 – 12% in the fi rst 
12 – 16 weeks  [14] . This is similar to LED but weight loss may be 
maintained for longer, e.g. approximately 5.5 – 6.5   kg after 1 – 2 
years  [15] . A meta - analysis by Heymsfi eld et al.  [16,17]  compared 
isocaloric diets using either conventional food or partial meal 
replacements. This demonstrated that after both 3 months and 1 
year, those who used the partial meal replacements lost on average 
2.5   kg more than those consuming conventional food.    

  Very  l ow -  e nergy ( calorie )  d iets ( VLED  or  VLCD ) 
 Very low - energy diets provide approximately 1.7 – 3.4   MJ (400 –
 800   kcal) per day, and are lower than an individual ’ s resting meta-
bolic rate (RMR). In addition to the energy level, other 
determinants of a VLED are that it must: 
   •      contain all the RDI for minerals and vitamins, electrolytes and 
fatty acids  
   •      provide between 0.8 and 1.5   g of high - quality protein/ kg ideal 
body weight  
   •      be followed for a fi xed period  
   •      be different from a person ’ s usual intake.    
 VLED need to be carefully formulated to prevent complications; 
they should be medically supervized and followed up regularly. 
There are several potential complications associated with the use 
of VLED  [18,19]  (Box  21.1 ).   

 The VLEDs were established after it was found that people who 
fasted often died suddenly. Although some fasters achieved large 
amounts of weight loss and reduced hunger, it was a high - risk 
method of achieving weight loss. Subsequently, it was found that 
consumption of small amounts of food mitigated the risk of death 
and importantly, hunger did not increase  [18] . VLEDs were origi-
nally protein - sparing, modifi ed fasts (PSMF) using wholefoods, 

mostly in the form of game or other lean meats. Now they are mostly 
provided in liquid form and based on either milk or egg protein. 

 The VLED should only be used in highly motivated patients, 
who have tried many other methods or who are high medical 
risks. VLED should never be attempted by self -  initiated dieters. 
Also, their use should be limited in children, people recovering 
from severe wounds, those who have a wasting condition, and 
pregnant or lactating women. People who suffer from psychotic 
episodes are unlikely to be able to cope with the restrictive nature 
of VLED (see Box  21.2  for contraindications)  [18] .   

 Children should only be prescribed VLED in extreme circum-
stances, and under medical supervision  [20,21] . When VLED are 
employed it is imperative that optimum protein and caloric con-
sumption occurs in order to maintain growth. VLED have been 
used successfully in adolescents, but they must be under medical 
supervision  [20,21] . Use of VLED in elderly people is recom-
mended with caution, as the risk of reduced lean muscle mass 
and the diffi culty of balancing medications and food intake may 
outweigh the potential benefi ts. 
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 Figure 21.1     Weight loss patterns for those on a 1200 – 1500   kcal diet over a 
4 - year period, either with prescribed diet using conventional food (group A) or 
using two meal replacements and two snacks (group B) for the fi rst 3 months of 
the study. From months 4 to 51, both groups were put on one meal and one 
snack replacement.  (Reproduced with permission from Ditschuneit  [13] .)  

Box 21.1  Potential complications associated with 
the use of  VLED  

    Electrolyte imbalances 

 Dehydration 

 Decrease in exercise tolerance 

 Decreased voluntary physical activity 

 Cardiac changes 

 Ketosis *  

 Nutrient defi ciencies 

 Lethargy, weakness, fatigue *  

 Light - headedness, dizziness *  

 Feeling faint on standing 

 Anemia 

 Constipation *  

 Menstrual irregularity *  

 Hair loss 

 Muscle cramps 

 Gastrointestinal upset *  

 Nausea 

 Diarrhea 

 Cold intolerance *  

 Gout 

 Gallbladder disease 

 Dry skin *  

 Brittle nails 

 Edema 

  * Common  
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 There appears little benefi t in VLED less than 3.2   MJ (800   kcal). 
Commercially produced VLED generally only provide 1.6   MJ 
(400   kcal)  [19] . A portion - controlled meal could be given in 
addition to the VLED to achieve 800   kcal daily. This should 
contain appropriate amounts of protein (1.2 – 1.5   g protein/ kg 
ideal body weight (IBW) including the supplementary foods of 
the program), two cups of low - carbohydrate vegetables and 1 – 2 
teaspoons of oil to stimulate the bile duct and reduce the chance 
of cholelithiasis. 

 Thomas Wadden ’ s generally accepted recommendations for 
the use of VLED are as follows  [18,19] . 
   •      Medical examinations are necessary before any patient starts on 
a VLED.  
   •      VLED should only be used as part of a more complex 
lifestyle modifi cation program, which increases physical activity, 
reduces the consumption of dietary fat and improves coping 
skills.  
   •      VLED should only be used when other methods have failed.  
   •      Typically, a program including a VLED comprises:  

   –      initial 4 - week program of 1200   kcal (range 1000 – 1500   kcal) 
to help the patient prepare for the restriction and lessen chances 
of electrolyte loss  
   –      next 8 – 16 weeks VLED, consisting mostly of 3 – 4 drinks of 
commercially prepared VLED, some vegetables and oil each day 

and/or a fi ber supplement, 2 liters of fl uid and behavioral 
therapy and a light exercise program  
   –      next 4 weeks, two meals of the VLED preparation plus one 
normal meal of low - calorie content, moderate exercise  
   –      next 4 weeks on one meal of the VLED preparation plus two 
meals of healthy eating of approximately 1200 kcal, moderate 
exercise  
   –      a maintenance phase with follow - up, approximately 
1200 – 1500   kcal and vigorous exercise  [19,22] .      

 The above recommendation is based on the view that less severe 
energy restrictions and the inclusion of a daily meal of conven-
tional foods will produce robust weight loss but avoid dietary 
deprivation and other factors often associated with weight 
rebound following VLED treatment  [18,19] . 

 Results are rarely as impressive as the caloric defi cit suggests. 
The resting metabolic rate normally drops and the voluntary 
energy expenditure during physical activity usually falls, so the 
difference is not as high as one would expect. However, during 
the active stage 90% of patients generally achieve greater than 
10   kg weight loss compared to LED, where only 60% generally 
achieve this result. The average weight loss for those who main-
tain the program is approximately 22   kg for women and 32   kg for 
men. Patients normally regain about 35 – 50% of their lost weight 
within 1 year, 10 – 20% regain all their weight and similar percent-
ages apply to those who maintain their weight loss. Long - term 
results are generally no better (but no worse either) than other 
methods of weight loss, particularly LED. However, costs are 
substantially greater, particularly when medical supervision is 
required  [14] . The major benefi t is the rapidity of the weight loss, 
which may be required preoperatively, for some patients, to 
enhance mobility or for other medical reasons. 

 VLED cause diuresis initially which gives people the sense that 
they are losing weight and in turn improves patients ’  feeling of 
success and wellness early in the treatment. Once ketosis has been 
induced it suppresses hunger and the rate of muscle loss is slowed. 
Convenience and limited choices are also benefi cial to many 
patients  [23] . The average weight loss per week is 1.5 – 2.0   kg for 
women and 2.0 – 2.5   kg for men  [18] . Many people claim that the 
faster the weight loss, the quicker it is regained but this is not 
necessarily the case. Physiologic (changes in RMR and regulatory 
hormones), psychologic (fi ghting against the high restriction) 
and lifestyle (returning to habitual patterns) factors contribute to 
rebound weight gain subsequent to the initial, high weight loss 
 [23] . Pharmacotherapy combined with intensive behavioral, 
dietary and exercise intervention may be needed to maintain 
weight loss, depending on the individual  [23] . 

 If the VLED is repeated, the amount of weight loss achieved is 
reduced, even if weight regain is close to or above original weight. 
Weight loss has been achieved for up to 45 months after starting 
a VLED, but weight loss diminishes dramatically after 12 weeks. 
For this reason, it is recommended ceasing the VLED at this 
point. Although attrition rates are reported to be similar to other 
programs, they could be over 50% in free living conditions 
 [18,24,25] . 

Box 21.2  Quick guide to patient exclusion for  VLED  

     Contraindications  
 Increased requirements 
  Pregnancy  
  Lactation  
  Illness  
  Wasting conditions  

  Cushing syndrome  
  Cancer  
  Burns  
  Cachexia     

  Increased medical risk 
  Recent cardiac disease (last 3 months)  
  Cerebrovascular disease  

  Due to recent accident  
  Recent ischemic heart disease  
  Transient ischemic heart disease    

  Underlying renal disease  
  Underlying hepatic disease  
  Eating disorders    

  Used only with medical supervision   
 Elderly  
  Children  
  Insulin - treated diabetics     
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 VLED can be useful for weight maintenance. For example, they 
have been trialed intermittently, i.e. for 2 weeks every 3 months, 
or on demand (when weight reaches a certain level) for a period 
of 2 years. These methods showed that the VLED slowed the 
progression of weight regain but did not stop overall weight gain 
 [24,25] . Other groups have used it either once daily per week for 
15 weeks or for 5 consecutive days every 5 weeks. Both methods 
showed improved weight loss over a 1500 – 1800   kcal diet and 
achieved improved glycemic control  [26] . The best maintenance 
results are achieved when large weight loss occurs during the 
treatment period in combination with follow - up that includes 
behavioral therapy and exercise  [14,27,28] . 

 Improvement in metabolic syndrome has been demonstrated 
using a VLED  [29] . Glycemic control improves within 1 week of 
starting the VLED, blood pressure can reduce by 8 – 13%, total 
serum cholesterol by 5 – 25% and triglycerides by 15 – 50%  [18] . 
Reports of mood improvement may be attributed to accompany-
ing behavioral therapy programs, the weight loss seen, the feeling 
of control or due to eating higher quality food.  

  Total  f asting 
 Total fasting is not recommended for weight loss as it leads to 
large losses of protein, diuresis (fl uid loss), kaliuresis (loss of 
potassium), saluresis (loss of sodium) and other nutrient defi -
ciencies. Loss of muscle mass and the large energy defi cit lead 
to a greater decline in RMR and voluntary physical activity (as 
lethargy is common). Thus weight regain is likely. There is a high 
risk of refeeding syndrome when eating is resumed.   

  Low -  f at  d iets 
 The relationship between  “ fat ”  and  “ weight gain ”  remains con-
troversial, as evidence from various studies is inconsistent. The 
message to eat less fat has been promoted for decades and national 
nutritional surveys do show an overall reduction in fat intake. 
However, body weights are increasing. Whether dietary fat intake 
leads to weight gain seems to depend on the activity patterns of 
the individual  [30 – 32] , and the genetic predisposition to obesity 
of the individual  [33] . Hence these factors may explain why the 
relationship between weight and fat intake is inconclusive  [34,35] . 

 A meta - analysis of intervention trials that compared reduced -
 fat and normal - fat diets found that the reduced - fat diet enhanced 
weight loss by 3 – 4   kg  [36] , and obese patients who reduced 
dietary fat by 10% achieved 4 – 5   kg weight loss  [36] . Those who 
followed  ad libitum  diets achieved small weight losses (2 – 5   kg) for 
a brief period, although greater weight loss is achieved by people 
with initially heavier body weight  [37 – 39] . The meta - analysis 
demonstrated a dose - dependent relationship between decreased 
fat intake and weight loss  [40]  (Fig.  21.2 ). For every 1% decrease 
in energy (from fat) there was a 0.28   kg decrease in body weight 
 [36,40,41] . In another meta - analysis no difference was found in 
weight loss using either a normal - fat or reduced - fat diet  [35] . 
Weight loss of 2 – 4   kg was achieved by the end of the intervention 
period and no difference was found in weight maintenance at the 
end of a 12 – 18 month follow - up period  [35] .   

 Hence, ultimately there appears to be no signifi cant difference 
in whether people employ a low - fat or a low - calorie diet to 
achieve weight loss. There have been reports that low - fat eating 
is a more palatable way to lose weight, and can often be advan-
tageous with binge eaters  [42] . However, long - term studies 
(minimum 18 months) have not shown any additional benefi ts 
 [35,38] . Reducing both calories and fat seems to produce signifi -
cantly greater weight loss compared to just reducing calories  [9] . 

 In some instances a decreased fat intake can cause a rise in 
triglycerides, particularly if the fat has been substituted with car-
bohydrate. This occurrence appears to be dependent on the type 
of fat and carbohydrate consumed. By consuming carbohydrates 
with a low glycemic load and/or having the main fat sources as 
mono -  (MUFA) and polyunsaturated fats (PUFA), the effect 
seems to disappear or at least be less  [43] . A decreased fat intake 
 per se  can lead to an improvement of triglycerides, particularly if 
the decreased fat intake is accompanied by a reduction in weight 
 [43,44] . In the long term, there is some evidence to suggest that 
a low - fat diet helps maintain weight or limits weight gain 
 [34,35,45] . Therefore, low - fat diets are as good as other interven-
tions at reducing weight but are not better.  

  Moderate -  f at  d iets 
 Moderate - fat diets can improve an individual ’ s enjoyment of a 
diet, particularly if the type of fat is manipulated to increase 
MUFA or PUFA consumption. It can also improve their serum 
lipid profi le, but has minimal impact on weight loss unless a 
calorie restriction is also in place  [43,46] . For instance, when a 
low - fat, high - carbohydrate diet was compared to a diet of equal 
hypocaloric value but higher MUFA content, weight loss was 
identical. The increased MUFA diet did, however, lead to 
improvements in blood lipids and fasting insulin, even in nor-
molipidemic obese women  [47 – 50] . In a 14 - month study com-
paring a 30% fat diet with a 20% fat diet, the 30% diet achieved 
greater weight loss, and resulted in a better cardiovascular risk 
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 Figure 21.2     A meta - analysis of weight loss in 48  ad libitum  low - fat diet 
intervention studies. The relationship between the reduction in dietary fat and 
weight change adjusted for pretreatment body weight. Each data set represents 
a study group.  (Reproduced with permission from Astrup  [40] .)  
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profi le than the 20% fat diet. This was thought to be due to better 
compliance by the 30% group  [51] . Another study found that a 
Mediterranean - style diet of 35% fat had better compliance, a 
lower attrition rate and greater weight loss at the 18 - month and 
30 - month time points compared to a 20% fat diet  [52] . No  ad 
libitum  dietary intervention study has shown that a normal - fat 
(30 – 35%), high - MUFA diet is comparable to a low - fat diet in 
preventing weight gain  [36] . 

 Fat has hedonistic appeal  [53 – 55] . By allowing people to eat 
slightly more fat than usual, enjoyment and sustainability of a 
diet are enhanced. The mitigating factor is that less food will need 
to be consumed in order to lose weight. Eating patterns and 
compliance become important issues, which reminds clinicians 
of the need to tailor dietary programs to suit individual needs. It 
should be noted that often when researchers discuss moderate fat 
intake, they use 30 – 33% fat intake but in clinical practice 30% 
energy from fat is generally considered low fat. To date, there is 
no evidence to suggest that a high - MUFA diet ( > 35% of energy 
from MUFA) is superior to a low - fat diet in promoting weight 
loss or in the prevention of weight gain. The major benefi t is the 
favorable impact on cardiovascular risk factors  [36] .  

  Low -  c arbohydrate or  h igher  p rotein  d iets 
 A low - carbohydrate diet contains less than 40% of total energy 
from carbohydrate  [56] . A higher protein diet contains over 20% 
of total energy consumed as protein, and it is very high if the 
protein content is greater than 30% of the total energy  [56] . 

 When consuming lower energy diets, adequate amounts of 
protein are needed to spare nitrogen and maintain muscle mass, 
which in turn maintains resting energy expenditure. Often a 
person ’ s normal diet exceeds the recommended protein intake 
even at this higher level of consumption, so reduced protein 
intake is required. 

 It is widely acknowledged that protein helps to suppress appe-
tite more than fat or carbohydrate. This reduces the amount eaten 
at subsequent meals and also minimizes the likelihood of snack-
ing. Some evidence suggests that a protein intake of 1.5   g/kg 
bodyweight and  < 200   g carbohydrate per day may increase ther-
mogenesis and enhance glycemic control better than a diet that 
is low in protein and high in carbohydrate  [57 – 61] . 

 High - protein, low - calorie diets are attractive as they induce 
ketogenesis and initially produce larger weight loss due to fl uid 
depletion and the formation of ketones, which helps to suppress 
appetite. This in turn promotes reduced caloric intake  [61] . It 
remains controversial whether it is the calorie content or the 
macronutrient composition that is the major weight loss - induc-
ing factor in low - carbohydrate diets  [56,62] . 

 A meta - analysis  [62]  of 38 studies that compared high -  and 
low - carbohydrate diets conducted for 4 days or more (range 
4 – 365 days) demonstrated that lower carbohydrate diets pro-
duced greater absolute weight loss than higher carbohydrate diets 
(16.9   kg versus 1.9   kg). However, the diets were very heterogene-
ous. When only the randomized controlled trials and randomized 
cross - over trials were compared, the difference in weight 

indicated a trend of greater weight loss with the lower carbohy-
drate trials, but it was not signifi cantly different (3.6   kg versus 
2.1   kg)  [62] . It appears that calorie content, initial weight and the 
duration of the program are better predictors of weight loss than 
dietary carbohydrate consumption in isolation  [62] . 

 There have been concerns that if the protein intake were 
increased, blood lipid levels would be disrupted or further exag-
gerated. However, studies have not shown adverse affects on lipid 
profi les consistently and it is thought that LDL cholesterol is only 
likely to rise when carbohydrate has been almost exclusively 
replaced by saturated fat  [63] . In most cases there have been 
improvements in HDL and triglycerides (TG) and no increase in 
LDL or blood pressure  [61,64] . There have been concerns that 
the increased protein would lead to increased purines (amino 
acids) and therefore increased uric acid levels (which might cause 
gout in susceptible people) but there are no studies looking at this 
to date. Studies have shown that high - protein diets can speed the 
progression of renal disease in those with diabetes, even if the 
high - protein diet is only used in the short term  [56] . 

 The role of protein in the progression of renal disease remains 
controversial and further research is needed. More common 
adverse effects include fatigue (due to a depletion of glycogen), 
dizziness, headaches or nausea (thought to be caused by sodium 
loss), constipation, halitosis and muscle cramps, all of which 
occur more frequently in low - carbohydrate diets compared with 
conventional weight loss diets  [61] . Many low - carbohydrate diets 
restrict the intake of fruit, vegetables and wholegrains, which 
provide essential mineral and vitamins and are likely to prevent 
cancers. They also present a risk of defi ciency in vitamins E, A, 
B6, thiamine, folate, calcium, magnesium, iron, potassium and 
dietary fi ber  [65] . Most of the benefi ts of high - protein diets are 
short term, as few data exist on long - term outcomes. 

 One study examined the progression of coronary artery disease 
in 10 subjects being treated for cardiovascular problems who 
were prescribed a high - protein diet for 1 year. Average weight loss 
was 0.6   kg and total cholesterol, LDL, VLDL, TG   and fi brinogen 
levels decreased. An increase in C - reactive protein occurred, indi-
cating an infl ammatory or infectious process. Therefore, it seems 
likely that the high - protein diet was increasing the progression of 
coronary heart disease in these high - risk patients  [66] . 

 High - protein diets may also lead to increased calcium loss. A 
study conducted on premenopausal women showed there was no 
effect on calcium retention or biomarkers under controlled con-
ditions  [67] . However, another study in adolescents indicated 
that a short - duration, high - protein diet lead to increased urinary 
calcium excretion. Over 3 months bone mineral density decreased 
even with vitamin D and calcium supplementation  [68] . 

 High - protein or low - carbohydrate diets (protein 30%) appear 
to better preserve lean muscle mass in both the obese and pre-
obese person in the short term and when low energy require-
ments exist. They also appear to increase satiety and global 
pleasure (during energy restriction) and improve lipid profi les 
but they do not affect kidney function compared to an isocaloric 
diet with moderate protein content (18%)  [69] .  
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  Energy  d ensity 
 Energy density is based on the energy content per gram of food. 
A food is thought to have low energy density if it contains  < 4   kJ 
or 1   kcal/g, moderate 4 – 6   kJ/g (1 – 1.5   kcal/g) and high if it con-
tains  > 6   kJ/g ( > 1.5   kcal/g). Energy density is related mostly to the 
water, fi ber and fat content of the food. Weight loss is often dif-
fi cult, as individuals generally eat less food which subsequently 
increases hunger. Hence, prolonging satiety is an important 
element in dietary compliance and management. Adding bulky, 
low - energy foods to the diet promotes satiety without adding 
unnecessary calories. There is some evidence to suggest that the 
volume of food consumed plays a role in the hunger and satiety 
process  [70] . It has been found that by reducing energy density 
in the short term, an overall reduction in total calories occurs. 
This is thought to occur from increased satiety and reduced 
hunger resulting in decreased total consumption, either per meal 
or over a few meals  [71 – 75] . Longer term studies show that low 
energy - dense diets can promote moderate weight loss  [75] . In 
studies lasting longer than 6 months, weight loss was more than 
three times as great in individuals consuming diets low in fat, 
high in fi ber and low in energy density, versus diets that are only 
low in fat ( − 3.4   kg versus  − 1.0   kg)  [75,76] . Often people consum-
ing an  ad libitum  low - fat diet compensate by ingesting more. 
However, when fi ber is added to the diet, therefore adding 
volume, satiety is increased and physically eating the food 
becomes more diffi cult  [77 – 80] . 

 Soups and salads have been shown to be particularly helpful in 
reducing energy intake  [81 – 84] . One study involving 517 partici-
pants, in which 50% were asked to consume soup four times per 
week over a 10 - week period, showed a positive correlation 
between soup intake and weight loss  [85] . The participants who 
were instructed to eat soup once or twice daily and to restrict total 
calories were able to maintain their weight better than those who 
did not consume soup  [86] . In a randomized trial 200 overweight 
or obese subjects were instructed to consume a calorie - controlled 
diet through an exchange system, by either including two soups 
per day or consuming two high - energy snacks per day, or with 
no specifi c inclusions. At the end of 1 year those who consumed 
the soups or had no specifi c inclusion lost approximately 50% 
more weight than those who ate the high - energy snack  [84] . A 
2 - year observational, follow - up study looked at those who had 
maintained weight loss or regained lost weight. The results 
showed that both groups ate similar amounts of food but the 
weight maintainers consumed a lower energy - dense diet than 
their counterparts  [87] . Another study involving the Danish 
population, the Danish MONICA study, which reviewed weight 
change and energy density of the diet over a 5 - year period, found 
that energy density was not related to weight loss but it did con-
tribute to weight gain in women but not men  [88] . Men and 
women from the Framingham offspring cohort were studied to 
determine if dietary quality (that is, how closely their intake 
resembled US national dietary guidelines) impacted on weight 
over an 8 - year period. Those who had diets that closely resembled 
the guidelines gained less weight than those whose diet was 

considerably different from the recommendations. Although 
energy density was not addressed in this paper, the results showed 
that an increase in dietary quality was accompanied by increased 
fi ber consumption but fat and alcohol consumption decreased. 

 It could be inferred that energy density decreases as diet quality 
increases  [89] . Further, dietary energy density would also decrease 
if consumers replaced soft drinks or other calorie - rich beverages 
with water. A retrospective study found that people who con-
sumed water (in preference to higher calorie alternatives) also 
had a less energy - dense diet and consumed 194 fewer calories 
(815   kJ) per day. However, it should be noted that the people who 
drank water were also of high socio - economic status (SES), older 
and better educated, all situations known to infl uence other 
dietary factors  [90] . 

 In intervention studies it has been found that energy density 
of food accounts for about 40% of the variability in energy intake; 
however, in the free - living situation it probably only accounts for 
7%  [80] . It is thought that compensatory processes explain this 
phenomenon, as high - density food is considered more palatable 
than low - density food, and people learn to have smaller amounts 
of the higher density and more palatable food than lower density 
but less palatable food. High - density food is often cheaper, more 
consistent in taste and quality and is often considered to be a 
 “ treat. ”  Its convenience is also attractive to many people 
 [80,91 – 93] . 

 Hence, evidence shows that augmenting the diet with low -
 density food enhances weight loss, but only when the food is 
palatable enough to ensure compliance. Including soups and 
salads as pre - meals or as snacks and replacing soft drinks with 
water in the daily diet may assist in avoiding high - energy snack-
ing and meals.  

  Glycemic index ( GI ) 
 The GI ranks a food according to its 0 – 2 hour effect on postpran-
dial blood glucose levels (BGL). The GI is determined by measur-
ing the area under a blood glucose curve, which is created by 
plotting the blood glucose levels after ingestion of a food equiva-
lent to 50   g of carbohydrate (Fig.  21.3 ). This area is compared to 
a reference food of equal carbohydrate content, either glucose or 
white bread. This ratio, expressed as a percentage, is the GI of 
that food  [94]  (Box  21.3 ).     

BGL

Time
High-GI food

BGL

Time
Low-GI food

 Figure 21.3     Diagrammatic drawings showing the difference in BGL after a 
food with a high GI and one with a low GI. 
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 The GI of a food varies depending on its rate of digestion so 
that the faster the digestion, the higher the GI value. There are 
many factors that will affect the digestion of a food (see Table 
 21.2 ) but the only way to determine the GI of a food is to measure 
it. However, GI is not the only factor that can affect BGL; the 
amount of carbohydrate present also dictates the response to that 
food. Harvard University described glycemic load (GL), which 
considers the amount of carbohydrate in a food in addition to 
the food ’ s GI. The GL determines the degree of glycemia and 
insulin demand produced by a serving of the food, as opposed to 
just the 50   g carbohydrate equivalent.   

 The obese population is at the greatest risk of developing the 
metabolic syndrome. This includes dyslipidemia, hyperinsuline-
mia or severe insulin resistance and hypertension  [110] . It has 
been demonstrated that the consumption of low - GI foods miti-
gates these risk factors to some degree. Low - GI foods appear to 
improve blood lipid profi le by concurrently decreasing LDL levels 
and increasing HDL levels. In addition, improved fi brinolytic 

Box 21.3  Quick guide to classifying  GI  food 

    Low  < 50 
 Medium 50 – 70 

 High  > 70  

 Table 21.2     Factors that infl uence the  GI  of a food 

   Factors 
affecting GI  

   Comments  

  Type of starch    Starches have various structures which are digested at 
different rates. Amylose is slowly digested whereas 
amylopectin is rapidly digested  [95 – 97] .  

  Type of sugar    Lactose, fructose, sucrose and glucose have variable rates 
of digestion resulting in GIs between 23 and 100  [98] .  

  Cooking    Cooking changes food ’ s structure. Gelatinization occurs 
in the carbohydrate after cooking and cooling; this 
lowers the GI of a food  [96,99,100] .  

  Processing    Processing breaks down foods into small particles which 
enhances digestion, e.g. white fl our  [99 – 102] .  

  Other 
macronutrients  

  The presence of other nutrients such as fat and protein 
can lower the GI of a food by slowing its digestion 
 [103] .  

  Acidity    Acidity affects gastric emptying and hence the GI of a 
food. Hence by adding vinegar, citric acid or other 
fruits to food, the GI of that food will decline  [98,104] .  

  Fiber    Fiber has been shown to slow the rate of digestion, 
particularly soluble fi ber  [105] .  

  Food type    Adding certain food groups, e.g. fruit, legumes and 
wholegrains, can lower the GI of a meal. They can 
also favorably impact the subsequent meal  [106 – 109] .  

activity and reduced risk of myocardial infarction have been dem-
onstrated  [111 – 117] . 

 Many studies have shown that blood insulin levels closely track 
BGL in most individuals  [97]  (Fig.  21.4 ). Signifi cantly, a low - GI 
diet improves insulin sensitivity, in both those with and without 
diabetes  [112] . One study of obese women who were prescribed 
a low - GI diet demonstrated that fasting insulin levels declined in 
parallel with weight loss  [118] . However, subsequently it has been 
found that not all low - GI foods lead to a predicted lower insulin 
response  [97, 119,120] . More work is required before any strong 
conclusions can be drawn.   

 There appear to be many benefi ts associated with using GI and 
GL to help control BGL and to improve the cardiovascular risk 
profi le in people whose BMI is greater than 23   kg/m 2   [121] . 
However, it remains controversial as to whether or not GI and/
or GL should be used in weight loss programs  per se . A meta -
 analysis of the data has shown that low - GI meals did not lead to 
signifi cantly lower energy intake (3.5   MJ) compared to high - GI 
meals (4.1   MJ) nor was there a signifi cant difference in weight loss 
 [122] . In animal studies using a low - GI diet, a decrease in fat 
deposition can be demonstrated which is not accompanied by 
depletion of lean muscle mass. However, this has not yet been 
replicated in human studies  [122] . 

 A recent Cochrane review explored the role of low - GI and 
low - GL diets in weight management and found a small but sig-
nifi cant improvement in weight loss and fat mass ( ∼ 1   kg greater) 
and BMI (1.3 units) in those who consumed a low - GI diet (com-
pared to a conventional diet). Despite the small weight loss there 
was an improvement in total and LDL cholesterol. In free - living 
conditions, those who consumed a low - GI/GL  ad libitum  diet lost 
as much, if not more, than those who followed a conventional  ad 
libitum  diet. Unfortunately, only six randomized controlled trials 
(RCT) involving 202 participants were included in the review. 
The dietary interventions were relatively short term, ranging 
from 5 weeks to 6 months, with only two studies having follow -
 up after the intervention phase of 6 months, both by the same 
author. Only two of the six RCT included obese participants 
 [123] . Despite these shortcomings, other positive factors such as 
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satiety, palatability, volume, fi ber and wholegrains usually occur 
with low - GL or  - GI foods. 

 In practice, a comprehensive, consistent GI or GL labeling 
system needs to be implemented in order to avoid consumer 
confusion and to ensure that consumers are genuinely eating 
low - GI diets  [97,122] .  

  The  l ess  r estrictive  d ieting  a pproach 
 Many people who seek help from weight loss professionals have 
had a long history of dieting and weight swings. Repeated attempts 
to lose weight often end in failure when the individual cannot 
maintain their weight using highly restrictive practices. Some 
suggest that dieting and being weight obsessed contributes to 
obesity rather than solving it. Others argue that the detrimental 
effects of dieting are worse than the weight  per se  and a nondieting 
approach to health would be more benefi cial  [124] . It has also 
been postulated that there are two main forms of dieting: one 
that relies on external cues, such as food, exercise plans and 
menu development (the traditional approach), and another that 
relies on internal cues where the body indicates what and how 
much to eat through the use of hunger and satiety signals  [125] . 
One such approach is known as Health at Any Size (H@AS). This 
is based on the premise that an overweight person wants to eat 
healthily and be active, and by eliminating restrictions and pres-
sures, they would naturally adopt healthier patterns. This would 
ultimately lead to weight change that was genetically appropriate. 
The H@AS system also assumes that health is a result of behaviors 
that are independent of body weight. The person using the 
system is encouraged to give up dieting and let the body guide 
them to what it wants and needs. This would lead to a weight that 
might not be what the medical profession or individual initially 
would determine ideal but would lead to an improved quality of 
life. 

 The supporters of H@AS suggest that dieting has lead to 
unhealthy practices that have caused people to ignore or not 
recognize their own hunger cues. Satiety, desire and exercise have 
traditionally been seen in the context of weight loss, not for 
enjoyment in themselves  [126,127] . Work by Mellin et al. is sum-
marized by Miller and Jacob  [128] , and shows that nondieting is 
predicated on mind, body and lifestyle modifi cation. For example, 
mind skills may involve increasing knowledge of one ’ s feelings 
and needs, developing appropriate goals, expectations and posi-
tive cognitions. Body skills may include minimizing negative 
thoughts about body weight and understanding the body ’ s weight 
loss threshold and attending to total body self - care. Lifestyle skills 
may include learning and responding appropriately to hunger 
and satiety signals, identifying the tastes of foods and how they 
make the person feel after consumption, identifying healthy 
eating habits and participation in daily physical activity for enjoy-
ment and self - restoration  [128,129] . 

 As psychologic improvement tends to be the main outcome of 
H@AS, direct comparisons with other treatment outcomes based 
on biochemical or anthropometric measurements  [128]  are 
problematic.The evidence that traditional methods of weight loss 

cause psychologic harm is fairly sketchy and as yet unfounded 
 [128] . Many studies have shown that weight loss is positively 
correlated with improved quality of life no matter what the 
method used  [130 – 134] . It is generally accepted that improve-
ments in many medical conditions occur as a consequence of 
weight loss which is considered one component of quality of life 
 [135]  although the improvement in quality of life may not be as 
great as fi rst thought  [136]  and it is also widely acknowledged 
that some medical problems are negatively affected by weight loss 
 [135] . 

 In some cases the nondieting approach (involving less restric-
tive food choices and exercise) combined with higher calorie 
choices (1800   kcal) created less weight loss in the short term 
(2.5   kg versus 5.6   kg) but larger weight losses in the long term 
(10   kg versus 4.5   kg in 1 year) compared to more traditional 
weight loss methods (involving restrictive practices, strict 5   MJ 
(1200   kcal) diet, exercise prescription, stimulus control, self -
 monitoring and behavioral substitution)  [137]  (Fig.  21.5 ). 
Another study (albeit with a small sample size and no control 
group) used the nondieting approach and concluded that the 
participants who were followed up periodically for 2 years expe-
rienced weight loss over the total period, rather than initial weight 
loss followed by weight gain  [138] . Other studies that compared 
highly restrictive practices, e.g. VLED, and conventional higher 
calorie intake diets showed that although the weight loss was 
slower, it was better maintained  [139] .   

 Some researchers suggest that maintenance of signifi cant 
weight loss by using traditional methods is unrealistic, as signifi -
cant energy expenditure via physical exercise is required  [128,140] . 
The H@AS method advocates exercising only to levels that are 
maintainable in the long term, thereby achieving a weight con-
sistent with achievable habits  [128] . A benefi t of the H@AS 
approach is that participants do not feel as though they are on a 
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diet  [129,141] . They are encouraged to listen to their bodies and 
eat to their needs and wants rather than just eating to satisfy the 
calorie restriction. Long - term empiric evidence shows that indi-
viduals who follow a less restrictive plan often consume fewer 
calories than when they are trying to follow a strict diet  [128] . 

 In addition, other factors also need to be considered. The 
assumption that all obese patients know how to eat a healthy diet 
following the removal of dietary restrictions is unsubstantiated. 
Also, for some people, rapid weight loss is essential in order to 
improve co - existing medical conditions  [128] . The American 
Dietetic Association note that  “ there may be great variation 
among individuals in their ability to perceive and act upon inter-
nal cues, lengthy interventions may be required to learn to per-
ceive internal signals of hunger and satiety and to develop the 
trust in themselves to allow these signals to guide food intake ”  
 [125] . 

 Irrespective of whether weight loss occurs in patients who 
follow a nondieting approach or not, other eating - related psycho-
pathology tends to decline. Factors such as restraint eating, binge-
ing, poor self - image and even depression and anxiety scores are 
often improved  [138,142,143] . 

 H@AS seems to work especially well when combined with a 
liberal caloric guide, e.g. approximately 1800   kcal. Often these 
patients have been trapped in the diet cycle (Fig.  21.6 ) most of 
their lives and this method can help them to break the repetitive 
and unsuccessful cycle. It is probably not suitable for individuals 
who have little understanding of good nutrition, who love high -
 fat, high - sugar or fatty protein foods, those who think eating 
extremely large portions is normal and who also report extreme 
hunger signals. Correcting these attitudes/behaviors should be 
addressed fi rst before commencing on this style of treatment.   

 In summary, the H@AS method may be effective for people 
who: 
   •      have used highly restrictive practices in the past  
   •      have failed at weight loss  
   •      are currently eating reasonably well  
   •      have good nutritional knowledge  

   •      are long - term dieters  
   •      are preoccupied with body weight and eating behavior  
   •      no longer think they can achieve weight loss  
   •      are emotional or nonhungry eaters.    
 This type of intervention is thought to work if: 
   •      prior to starting the program a comprehensive discussion iden-
tifi es previous behavior, dietary and exercise patterns so that real-
istic goals can be set  
   •      enjoyable exercise is included and encouraged for health, body 
weight control and general well - being  
   •      a behavioral plan based on eating and activity patterns is estab-
lished, in order to enhance successful outcomes  
   •      a maintenance plan is designed which will help the individual 
develop skills for maintaining newly developed behaviors  [144] .    
 It should be noted that this method has not been tested on a 
culturally diverse group. Caucasian women comprise the major-
ity of the tested population  [128]  and a qualifi ed professional is 
required to administer the cognitive behavioral program, as the 
H@AS is strongly dependent on cognitive restructuring. Rand-
omized controlled studies, with statically signifi cant numbers of 
participants, are required in order to validate the H@AS approach.  

  Meal  f requency 
 The impact of meal frequency on body weight is not as clear as 
one may expect. Observational data suggest (but this is inconclu-
sive) that an inverse relationship exists between weight and meal 
frequency  [145] . It has also been suggested that people who eat 
frequently have better internal hunger satiety regularity systems 
 [146] . However, other studies have shown that obese women 
mostly ate their meals in the afternoon period, and ate more 
frequently compared to their lean counterparts  [147] . Interven-
tion studies suggest that a single meal leads to greater consump-
tion at a subsequent  ad libitum  meal, as opposed to when the 
same quantity of food is spread over several meals, irrespective of 
hunger ratings and total insulin secretion (although insulin fl uc-
tuations were less in the multi - meal group)  [148,149] . The 
authors suggest that the reduced consumption at the  ad libitum 

Decrease body image

Guilt/negative self-talk

Overeat/binge/purge

Feel angry
All or nothing thinking

EatRebel against
the rules

Physiological response

Physical
EmotionalHunger

Deprivation

Diet

Out of control

 Figure 21.6     The diet cycle. People start a diet because they 
want to change their body in some way; subsequently they start 
to feel deprived both physically and emotionally. This deprivation 
leads them to have increased thoughts about food and display 
food - seeking behavior; often they feel like they are missing out. 
Finally they eat. At this point the  “ all or nothing ”  thinking starts 
and they feel guilty. These feelings may lead to overconsumption 
of food and in some cases, purging behavior. Negative self - talk 
often follows with statements such as  “ I am such a bad person, ”  
 “ I have no willpower, ”  which results in poor body image. The 
cycle repeats, but the person vows that  “ it will be better this 
time. ”  



Chapter 21 Dietary Management of Obesity: Eating Plans

285

meal  may occur as a result of the reduced insulin fl uctuations 
 [148,149] . 

 Reduced meal frequency does not appear to lower total insulin 
secretion (although it may reduce insulin level fl uctuations) or 
total energy expenditure. It does, however, appear to increase 
LDL and lower HDL cholesterol  [150,151] . Even diet - induced 
thermogenesis does not appear to increase with greater meal fre-
quency  [145,152 – 155] . 

 Changing meal frequency in order to ingest the same amount 
of food over several meals instead of one meal may be hard 
for some individuals, as there is a strong genetic infl uence on 
predisposition to individual eating patterns. de Castro  [156]  
investigated genetic infl uences on meal size, meal frequency 
and meal composition. The study demonstrated that the genetic 
component explained 44 – 65% of the variance  [156] . However, 
other contributory factors to food frequency are food availability, 
food palatability and food density  [80,157] , and forced eating 
restrictions  [116,158] . All these factors have been shown to 
lead to increased food intake and, in some individuals, weight 
gain. 

 There is little evidence to suggest that meal frequency plays a 
role in weight loss unless caloric intake is altered. Frequent food 
intake, consumed at regular intervals, versus a single intake may 
lead to better intake regulation. The key is for people to eat less 
food several times a day, and at regular intervals, rather than 
consume large meals infrequently.   

  Diets  p re -  and  p ost -   b ariatric  s urgery 

 Bariatric surgical treatment has been shown to give the best 
long - term outcomes of any type of weight loss intervention. 
Hence, in recent years it has become very popular. However, 
there have been only a few papers looking at dietary intervention 
and appropriate protocols. There are three main types of 
intervention: 
   •      gastric restriction reduces the size of the stomach, thus reducing 
capacity of the stomach so that satiety is achieved sooner  
   •      malabsorptive procedures where part of the stomach and/or 
the gut is removed to reduce the amount and rate of nutrient 
absorption  
   •      combination procedure which reduces capacity and decreases 
absorption.    
 In all these surgeries, there may be some alterations in satiety 
brought about by changes in satiety hormones or neural 
feedback. 

 The two most common types of bariatric surgery currently are 
the laproscopically placed band (restriction method) and the 
Roux - en - Y gastric bypass (RYGB) (combination method). 

 VLEDs are usually prescribed for 2 – 6 weeks prior to the 
banding procedure. This reduces visceral adiposity, fatty liver and 
liver size which provides easier access to the stomach; it also 
introduces the patient to restrictive dietary practice, improves any 

associated co - morbidities and stops the  “ last supper ”  phenome-
non  [159] . Patients undergoing the other procedures do not nor-
mally require specifi c dietary intervention preoperatively. 

 Postoperatively patients take clear fl uids for 1 – 2 days, followed 
by full fl uids for 1 – 2 weeks. Many people stay on the VLED after 
surgery as they fi nd it easier and receive all nutrient requirements. 
Generally, most fl uids are permissible as long as they can be 
consumed via a straw, although very high - energy fl uids, such as 
thick shakes, are discouraged. Most people lose weight at this 
stage but weight loss is not the primary goal. Internal healing and 
ensuring that the band adheres to the stomach is the postopera-
tive priority in the fi rst month. Over the next few weeks the food 
consistency can progress from pur é ed to soft foods  [160] . No 
more than one cup of food per meal should be consumed, and 
protein intake should be emphasized. The patient may require 
additional food, depending on their pain, hunger and the type of 
operation. By the time patients start ingesting solid foods (that 
is, food that requires chewing before swallowing), they should not 
be consuming fl uids containing calories and soft foods should be 
avoided. Patients are encouraged to adopt prescribed serving sizes 
to avoid overeating and to eat only three meals per day but more 
may be needed if hunger is a problem and the quantity per meal 
becomes very small  [160] . 

 Diet quality can become an issue when small amounts of food 
are eaten. Protein - containing foods and beverages should be the 
priority when planning meals, followed by vegetables, fruit, low -
 fat dairy and wholegrains. Low - fat cooking techniques are impor-
tant to keep fat content down as the fat content of intake predicts 
percent of weight loss with restrictive surgical intervention  [161] . 
High - fat and high - sugar foods devoid of nutrients should be 
avoided. Variety becomes important in satisfying mineral and 
vitamin requirements and to ensure adequate intake of other 
lesser known bio - active substances. Individual tolerance levels 
vary but as restrictions increase, some foods are generally harder 
to tolerate than others, e.g. most people have problems with 
stringy meat, white breads or anything that goes  “ gluggy. ”  Unfor-
tunately, consumption of biscuits and chocolate does not seem 
to be stopped by the surgical restriction and this is a trap for those 
who are struggling to keep food down. Eating slowly, taking small 
bites and chewing the food well are imperative  [160] . Some sur-
geons promote that people with a band around the stomach 
should limit fl uid intake with, and immediately before or after, 
meals. However, this remains controversial. For other surgery, 
fl uids should not be consumed for 30 minutes before and after 
the meal  [160] . 

 Dehydration, nausea and vomiting and dumping syndrome are 
common complications due to poor postoperative compliance. 
They can occur as a result of inadequate fl uid intake, overeating, 
swallowing large pieces of food, stricture or stenosis or eating 
concentrated amounts of sugar  [160] . All symptoms can be 
managed by changing intake habits, except for stricture or steno-
sis, both of which need to be treated surgically  [160] . 

 Long - term complications can result from poor compliance, 
restrictions being too tight and serving sizes being too small, or 
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from malabsorption in the intestine. Research on micronutrient 
defi ciencies in bariatric patients over the long term is limited; 
however, postoperatively patients are advised to take a chewable 
complete multivitamin  [160] . Patients can often become defi cient 
in iron, folate, vitamin B12, calcium, thiamine, vitamin A and 
other fat - soluble vitamins. Protein defi ciency is rare in RYGB and 
banded patients but occasionally can occur in those who had 
older bypass surgeries. To consume the recommended daily dose 
of 60 – 70   g protein, a supplement may be required  [160] . 

 Nonhungry eating, grazing, emotional eating and low moods 
can all sabotage weight loss efforts, particularly for those with the 
gastric band. More intense intervention is needed for these 
patients. Incidental and planned activity is important for greater 
weight loss notwithstanding the surgical intervention and its 
importance should be emphasized during routine follow - up 
counseling sessions  [161] .  

  The  r ange of  d ietary  t reatments  u sed  b y the 
 p rivate  s ector 

  Slimming  c lubs 
 The dietary treatments offered by slimming clubs are conven-
tional, reducing diets with a  “ twist. ”  Some clubs, such as Weight 
Watchers, use a form of calorie counting to help the patient 
control their energy intake. Foods are given  “ points ”  based on 
their energy value and fat content; there are no  “ forbidden ”  
foods. The client is allowed to eat foods up to the value of a given 
number of  “ points ” , which is calculated on the basis of their body 
weight (heavier clients being allowed more points). Clients fol-
lowing a Weight Watchers diet are advised to eat a healthy diet 
and they are allowed a number of  “ free ”  foods per day; they also 
receive  “ bonus ”  points for exercise. Other slimming clubs, such 
as Slimming World (UK), do not use calorie counting. Instead, 
clients are advised to follow a diet plan made up of different 
colored days, where, for example, a green day is made up of fruit 
and vegetables. Each colored day contains a list of  “ free ”  foods, 
healthy extras (which are allowed in moderation), and  “ sins. ”  
Clients are allowed between 5 and 15  “ sins ”  a day  –  a chocolate 
bar such as a Mars Bar is 15  “ sins ”  whereas a glass of wine is 5 
 “ sins. ”  

 Reviews of commercial weight loss programs showed that the 
program  per se  had little to do with the participants ’  weight loss 
but had everything to do with their compliance  [162 – 164] . There 
is little available research on commercial weight loss enterprises 
but the available evidence is not favorable for self -  directed, inter-
net - based weight loss programs  [165] . Often in the commercial 
weight loss area the program leaders are people who have suc-
cessfully lost weight but who do not have any formal training in 
dietary or exercise matters. Still, there is no reason to believe that 
the dietary treatments advocated by slimming clubs are less effec-
tive than those advocated by health professionals. When Biesalski 
 [166]  compared the results from a Weight Watchers study with 
a clinical study (both performed in Sweden), he found that the 

Weight Watchers group had lost signifi cantly more weight than 
the clinical group at 24 months. This does not lead to the conclu-
sion that obese people who attend slimming clubs fare better than 
those who attend hospital - run obesity clinics, as different  “ types ”  
of people pursue different  “ types ”  of treatment, but it does indi-
cate that slimming clubs can be effective for some people.  

  Special  d iets 
 There are many special diets which are purported to aid weight 
loss  [167] . Some involve combining certain foods, restricting 
certain types of food during specifi c times of the day, or eliminat-
ing whole food groups entirely. Essentially, they all involve con-
suming a low - calorie diet which results in weight loss, but few 
proponents would admit to such a simple claim. A claim of offer-
ing something  “ different, ”  perhaps by an as yet unknown meta-
bolic pathway, by which the diet produces weight loss is not 
uncommon. Whatever the claim, it is always compelling. A paper 
recently published in the  Journal of the American Dietetic Associa-
tion  found that some popular special diets varied in dietary 
quality and when tested using the Alternate Healthy Eating Index 
(which was originally developed by the US Department of Agri-
culture to identify dietary factors associated with reduced cardio-
vascular disease risk and subsequently revized by McCullough 
 [168] ), many were found to be unhealthy. However, some, such 
as Weight Watchers, the New Glucose Revolution and Ornish 
Low Fat Eating, were acceptable  [169] .  

  Quackery and  “  h ealth  f oods ”   w hich  c laim to  a id  w eight 
 l oss 
  “ Health foods ”  constitute a group of products which from a 
consumer ’ s perspective straddles the food and medicine fence. In 
many cases, product advertizing suggests that the product will 
confer health benefi ts on the consumer. Of relevance here are the 
products which claim to assist weight loss. For example,  Health-
watch Newsletter   [170]  reported on a slimming product, 
 “ Autoslim, ”  which was advertized in 1993 in a British newspaper. 
The advertizement claimed that the product would  “ cause steady 
weight loss day after day ”  and  “ your body ’ s metabolism will 
activate and actually start to burn off excess calories and fat. ”  The 
metabolic phenomenon was described as a  “ fat furnace. ”  The 
product was supplied by postal order only and came with a 
money back guarantee. It also came with a sheet describing 
 “ Newton ’ s special diet plan ”  in which the customer was allowed 
to eat unlimited amounts of fresh fruit and vegetables, lean meat 
and fi sh, but no white bread, cakes, nuts, sugar, sweets, milk, 
cheese or fat in any form. 

 The UK Trading Standards Offi cer investigated Autoslim, 
which was found to contain only trivial amounts of some amino 
acids that are consumed in larger quantities in a normal diet; it 
would also not signifi cantly affect metabolic rate. The manufac-
turer was prosecuted for making false claims about the product ’ s 
effi cacy. 

 There are many other products on the market like Autoslim 
and health professionals who treat obese patients need to keep 
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abreast of such products so they can provide sound advice to their 
patients. It is important to report any concerns about the authen-
ticity of slimming or weight loss - related products to the relevant 
authorities.   

  Basic  p rinciples 

  Assessment of  d ietary  i ntake 
 A fi rst step in making changes is a shared awareness and under-
standing of the patient ’ s present position. In order to begin edu-
cation on new eating habits, one must be aware of old habits, 
regardless of the type of dietary treatment used. Although there 
are a number of tools which will assess dietary intake  [171] , the 
most common methods used in this setting are the diet history 
and the 7 - day unweighed diet diary methods. The 7 - day 
unweighed diet diary is deemed to be the most useful method in 
this context  [172,173] . The patient must be given clear instruc-
tions on how to complete the diary, either verbally or, preferably, 
in written format in the diary provided. Although foods do not 
need to be weighed, a reasonable description of the types of foods 
and quantities consumed, in household measures, needs to be 
given. However, it should be noted that a 7 - day unweighed diary 
can be tedious and for some patients too confronting if used from 
the fi rst visit in which case the patient rarely completes the diary 
 [173] .  

  How the  i nformation  c ollected in  d iet  d iaries  m ay  b e 
 u sed in the  d ietary  t reatment of  o besity 
 The completed diary then becomes the basis for discussion of 
eating habits. Any changes must be (as far as possible) acceptable 
to the patient in terms of palatability and practicality, otherwise 
the patient will not comply with the dietary advice. An under-
standing of the patient ’ s lifestyle, including fi nancial, time con-
straints, and cultural issues if appropriate, is also important. The 
health professional should ensure that any advice would not com-
promise other aspects of healthy eating  [174] , such as micronutri-
ent intake, and protein to energy ratio to achieve better nitrogen 
retention and minimize fat free mass loss  [175] . 

 The diary may indicate an erratic eating pattern, with problems 
such as irregular meals, periods of fasting, excessively restrained 
eating, frequent snacking, grazing or binge eating  [173] . 

 It may be useful to ask for additional information in the diet 
diary, such as relating mood or circumstances to eating, describ-
ing hunger and fullness before and after eating or monitoring 
physical activity, to help identify areas for behavior change. Many 
of these factors can be helped by a health professional, in particu-
lar a dietitian, but sometimes referral to a clinical psychologist, 
exercise physiologist or physiotherapist may also be appropriate. 
Often in complicated cases the additional confounders need to 
be dealt with before weight loss can be attempted  [176,177] . 

 As well as providing a record of reported food intake and eating 
behavior at baseline, the diet diary can be used throughout 
management to review and plan for future treatment. A diet diary 

encourages the patient to be actively involved in treatment, and 
to take responsibility for making dietary and other behavior 
changes. It may also provide an indication of the patient ’ s moti-
vation, ways of improving motivation, and implementing change. 
It can also be very helpful to the patient to identify their own 
sabotaging factors.  

  The  p roblems  a ssociated with  u nder -  r eporting of  e nergy 
 i ntake  b y  o bese  c lients 
 A common problem in developing dietary advice for the obese 
patient on the basis of the reported food and drink consumed is 
that the energy intake of the reported diet is often signifi cantly 
less than that estimated from predictive equations for the 
obese person in energy balance. Predictive equations for obese 
individuals have been reviewed by Heshka  [178]  who recom-
mends using those formulated by Fleisch  [179]  or Robinson 
 [180] . Indeed, there is a wealth of evidence which shows 
that energy intakes reported by the obese are signifi cantly lower 
than would be feasible if they were to maintain their level of 
obesity  [181] . 

 Many authors have concluded from this evidence that the 
obese under - report their habitual energy intake during the study 
period. This may well be the case, but there is also the possibility 
that obese patients actively diet when asked to record their food 
intake and indeed report a true intake of their dieting behavior. 
Support for this explanation is provided by the frequent (but not 
published) observation that people often lose weight when they 
are asked to record their food intake, even when these people are 
students studying for a nutrition degree. If the low energy intakes 
reported by obese clients are a result of true dieting behavior, one 
might predict that if the obese patient were asked to record their 
food intake for long enough, they would either lose weight (and 
on this basis one may use continuous recording of food intake in 
a diary as an adjunct to therapy  –  see below) or report food intake 
associated with relapse. Unfortunately, little work around the use 
of long - term continuous food records in obese patients has been 
performed. 

 Regardless of the explanation for the low energy intakes 
reported by obese patients, the health professional must accept 
that it may not be possible to obtain a comprehensive record of 
their food intake from a 7 - day diary. If the obese patient is report-
ing true dieting behavior then the diet which they consume 
during relapse will remain a mystery, and may be completely 
different in terms of foods eaten, quantities consumed, and eating 
behavior compared to the diet they consume while losing weight. 
It is not suffi ciently known if the obese under - report all foods or 
only selective foods. Limited evidence on under - reporting sug-
gests that the obese tend to under - record food from snacks com-
pared with meals  [182 – 184] , and particularly from snacks 
consumed during the evening  [185] . Therefore, since snacks tend 
to be made up of different foods and drinks and have a different 
macronutrient composition compared with meals  [184] , specifi c 
under - reporting means that it may be impossible to predict true 
dietary intake from a 7 - day diet diary in an obese patient.  
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  Is  i t  w orth  a ssessing  f ood  i ntake in  o bese  p atients? 
 Even with these caveats, it is still useful to use a 7 - day diary to 
assess food intake in obese patients. Apart from gaining an insight 
into any possible behavioral problems, it also reduces reliance on 
memory and is a written learning tool. 

 However, the health professional should also calculate the 
patient ’ s energy intake from predictive equations since having an 
estimate of energy intake is useful in calculating the true energy 
intake which will be required to lose weight; 4200   kJ (1000   kcal) 
per day below the estimated requirement will normally produce 
a weight loss of 0.5 – 1.0   kg per week  [186] . A possible scenario 
(and one which is not uncommon in obesity clinics) may arise 
whereby the health professional advises the obese patient to 
consume a diet which contains more energy than that which the 
obese person reports to consume. Although some patients may 
be alarmed at such advice, Frost  [187]  has shown that this 
approach to formulating dietary advice works well. 

 In an attempt to improve (i.e. get nearer to the truth) the diet 
reported in a 7 - day diary by obese patients, the health profes-
sional could ask additional questions about food intake. Although 
there are no standard questions or questionnaires which are 
designed for this specifi c purpose, one could ask about the fre-
quency (say, per week) of consumption of certain types of foods, 
e.g. energy - dense foods and take - aways, and cross - reference this 
information with that in the diet diary. Or one could ask about 
weekday and weekend variations as weekdays are often more 
structured and lower in high - energy foods than weekends. Ques-
tions around eating behavior may also be helpful, and a question 
which may be useful is  “ Do you normally lose weight or gain 
weight when on holiday ” . The answers to this question can then 
be used in helping the obese patient identify triggers for overeat-
ing and alter behavior to reduce food intake at home. For example. 
the obese patient may have reduced their intake as they tend not 
to overeat with other people around, or perhaps they were preoc-
cupied with other interests and therefore not focusing on food, 
or they did more exercise on holiday than at home. Indeed, there 
is evidence to show that many obese individuals do not overeat 
in public places  [188]  but do so in private, particularly at home 
during the evening  [189] . 

 Hope for a useable tool to assess true dietary intake comes from 
two published studies, which have developed food frequency 
questionnaires that appear to capture realistic energy intakes 
 [190,191] .  

  Setting  g oals and  r ate of  w eight  l oss 
 Setting goals is an important part of the weight loss process but 
these goals must be realistic. Goals should be time specifi c, small, 
achievable and behaviorally based. In terms of weight goals, the 
patients need to have realistic expectations of what they can 
achieve. For patients with 20 or more kilograms to lose, interme-
diate weight targets should be set, to reduce the chance of the 
patient giving up due to the seemingly long and diffi cult task they 
have set themselves. 

 The obese person should also be clear about the expected rate 
of weight loss. As stated above, if a person consumes 1000   kcal 
per day less than they would normally eat, then they should lose 
between 0.5 and 1.0   kg per week. But some people will be disap-
pointed with a weight loss of less than 1   kg a week, and the obese 
person may give up on a diet because in their view it is not 
working, whereas in fact it is. Indeed, it has been shown that 
patients who had unrealistically high initial expected weight loss 
did not lose weight and consequently dropped out of the program 
 [192] . It has also been shown to lead to greater yo - yo dieting due 
to setting the individual up to fail  [193] . 

 Independent of treatment modality, positive outcome expecta-
tions and satisfaction with the treatment have been found to be 
associated with weight loss  [194] . Unrealistic expectations, 
however, do not limit success with bariatric treatment  [195] . It is 
important to help patients to accept moderate, achievable expec-
tations of weight loss, and to discourage unrealistic goals for the 
rate of loss and target weight  [173] .  

  The  i mpact of  i nformation from  o ther  s ources 
 It is easy to forget that dietary advice given by the health profes-
sional is only part of the information which the patient uses to 
change eating behavior. Patients present with a wide variation in 
their baseline knowledge of the energy value of foods; some are 
real experts and know much more than most health professionals. 
The advice given by the health professional will be combined with 
the knowledge that the patient already has, rather than over -
 riding the patient ’ s baseline knowledge, and it is this combined 
knowledge which will form the basis of change to the diet. The 
constant and often more compelling background information on 
dieting from other sources, particularly from media, friends and 
family, will infl uence the changes to eating behavior immediately 
and in the future. Indeed, the patient may request advice from 
the health professional regarding a specifi c diet or food that they 
have heard will enhance their weight loss or make it easier. 
Regardless of the credibility of reported claims for such diets or 
foods, it is important that the health professional addresses them 
seriously and does not dismiss them as  “ simply ridiculous ” ; if the 
patient thought that these claims were ridiculous they would not 
have asked for advice on them in the fi rst place.   

  Nutrition in  p ractice 

 Individual habits, lifestyle, personal needs and health status need 
to be taken into consideration, as does a person ’ s access to food, 
their cooking skills, appliances in the home, their fi nancial situ-
ation and their motivation. The American Dietetic Association 
(ADA)  [125]  position paper emphasizes the need to think about 
the long - term management of weight rather than short - term 
losses, paying particular attention to sustainable changes while 
focusing on overall well - being and not just treatment or preven-
tion of disease. The ADA believes the program should include 
 “ training in lifestyle modifi cation with (a) gradual change to a 
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healthful eating style with increased intake of wholegrains, fruit 
and vegetables; (b) a nonrestrictive approach to eating based on 
internal regulation of food (hunger and satiety); and (c) gradual 
increase to at least 30   min of enjoyable physical activity each day ”  
 [125] . 

 Changing lifestyle factors still remains the most effective long -
 term treatment and although the clinician can help with this, it 
is still the responsibility of the client to maintain changes and 
achieve the desired outcome  [196] . In a recent study in which 
young adult women were asked what they wanted from a weight 
loss program, meal planning, cooking, low - fat recipes and stress 
management were their primary goals  [197] . 

 The aim is to help create an energy defi cit that achieves weight 
loss. By taking the above information into account, weight loss 
programs should include eating patterns, types of food and 
cooking methods, behavior patterns, emotional/cognitive factors, 
and exercise. All of this can be gleaned from the food diary and 
lifestyle history. 

  Eating  p atterns 
 Eating patterns involves the distribution of food, portion sizes, 
timing and speed of eating  [173] . Often the daily ingestion of 
food is unbalanced and erratic. People will leave large time gaps 
between meals or skip meals altogether, leading to extreme 
hunger and food - seeking behavior. Mostly the food sought at this 
time is convenience food, which is easily accessible, gives instant 
gratifi cation and comes prepackaged. Convenience foods are 
mostly of low - satiety, high - energy and high - fat value. When these 
foods are combined with increased hunger, the individual is pre-
disposed to overconsumption, i.e. eating beyond their energy 
requirements. If a meal is eaten at this time, often larger portions 
than normal are consumed in haste, with no adjustment to body 
satiety cues. Although the number of meals in a day might be low, 
the total energy intake is often high. Therefore an energy defi cit 
created by skipping a meal or lengthening the time between meals 
is not achieved. It is best to eat regularly, leaving enough time to 
become hungry, but not ravenous, between meals. Eating slowly 
can help one to notice hunger and satiety cues earlier and ulti-
mately leads to decreased consumption. Techniques to slow the 
pace of consumption include putting the cutlery down between 
bites, pausing during the meal and chewing food well before swal-
lowing  [22] . 

 Other people may eat regularly but consume large portions. 
An energy defi cit could be achieved by reducing the size or com-
position of the meals. For instance, less food fi ts on a butter plate 
compared to a dinner plate but the plate still looks full. Changing 
the type of food can be helpful; it is harder to overconsume bread 
that has many grains in it than it is to overconsume white bread, 
due to its texture and density. Assisting people in recognizing the 
feeling of satiety rather than being overly full and practicing stop-
ping eating at the point of satisfaction not fullness are useful 
methods to employ when aiming for portion control. 

 Food variety has mixed implications for weight management. 
Variety can enhance compliance as it adds interest and reduces 

boredom and feelings of deprivation, in addition to helping 
a person meet their nutritional requirements. But too much 
choice can lead to overconsumption. It has been shown that 
cafeteria - style eating leads to higher consumption and weight 
gain  [124,198] . 

 Structured meal plans or meal replacements can help with 
weight loss. They may help the individual comprehend appropri-
ate portion sizes and reduce confusion around food choice, thus 
aiding compliance and producing positive early results, which is 
also motivating  [199] . Using grocery lists can yield a similar 
outcome  [9] . However, meal plans need to be fl exible enough to 
accommodate individual social demands, unplanned events and 
holidays.  

  Types of  f oods and  c ooking  m ethods 
 The type of food, where it is obtained and how it is cooked are 
all important issues. The origin provides an indication as to the 
composition of the food, e.g. take - away foods are often extremely 
high in fat, salt and energy, whereas home - cooked meals have a 
greater potential to be lower energy as cooking methods can be 
manipulated. 

 Carbohydrate is needed to maintain blood sugar levels and 
fl uid balance. Observationally, higher carbohydrate intake leads 
to lower BMI and lower waist to hip ratio  [200] . The best type of 
carbohydrate to consume is high - fi ber, low - GI foods like whole-
grains, fruit and vegetables  [43] . Sugar consumed as sugary 
drinks is more likely to lead to weight gain than sugar ingested in 
solid forms  [5,177,201] . Fiber and water are two other important 
components of any weight loss diet, especially if protein has been 
increased. They help avoid constipation (a common side - effect 
from increased protein and reduced intake), and the fi ber adds 
bulk to the meal. Increased fi ber intake has been shown to be 
associated with lower body weight, fat mass and with BMI irre-
spective of fat intake  [202] . In Australia 30   g of fi ber is recom-
mended per day for everyone and international guidelines for 
diabetes treatment recommend up to 50   g of fi ber each day 
depending on tolerance  [203] . 

 Many dieters restrict dairy and meat produce, believing this 
will help them with weight loss. However, a high proportion of 
women are anemic and are not meeting their recommended 
nutrient intakes for calcium. There is no need to eliminate either 
dairy or meat; they can be included by choosing lower fat ver-
sions. Even though some initial research suggested that there was 
a link between calcium intake, either via supplementation or 
through dairy products, and weight loss or weight management 
 [204,205] , subsequent studies and in particularly a meta - analysis 
have shown that there was no link between calcium and weight 
loss or management when confounding factors were taken into 
consideration  [206,207] . Still calcium and dairy intake with 
regards to weight loss remains controversial. 

 Alcohol can effect weight management, as there is no body 
storage capacity for alcohol, it must be oxidized. If energy require-
ments are met through alcohol alone, any other energy consumed 
will be stored. Alcohol can lead to increased consumption by 
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affecting restrictive dietary practices by diminishing a person ’ s 
resolve to limit intake as well as making people hungry. Often the 
only food available around alcohol is high - energy, high - fat foods 
such as fried foods, crisps and nuts  [208] . However, the role of 
alcohol in weight gain or loss is complicated; it appears that small 
amounts have limited effect on weight, moderate amounts lead 
to increased weight and high consumptions can lead to weight 
loss. Chronic high - level intake is also associated with nutrient 
defi ciencies and organ damage  [209] . Alcohol reduction is usually 
recommended with obesity treatment for its other associated 
benefi ts such as reduced blood pressure and control of gout 
symptoms  [210,211] .  

  Behavioral  h abits 
 Self - monitoring and reducing stimuli are two of the most effec-
tive dietary behavioral techniques used in obesity treatment today 
 [173] . Self - monitoring, e.g. the food/exercise/mood diary, helps 
the client become more aware of the type, quantity and pattern 
of eating  [196,212] . Stimulus control involves fi rstly identifying 
and then modifying the environmental cues that are associated 
with a client ’ s overeating or inactivity  [196,213] . In the short term 
people avoid or manipulate problems in their immediate envi-
ronment; however, over time, living in an obesogenic society may 
make initiating stimulus control in the wider community near to 
impossible  [199] . 

 Compliance with the program is more important than the 
program itself. Factors such as fl avor, palatability and texture 
infl uence patient compliance. Keeping changes close to current 
habits ensures that the patient will like what they are eating. 
Gradual change leads to better results in the long term than large 
changes made all at once  [214] . For example, if a person enjoys 
meat then teaching appropriate cooking techniques (where the 
meat is trimmed and cooked with no added fat) can reduce 
energy intake without removing meat from the diet. Adapting 
frequently used recipes so they contain fewer calories is vital. 
Helping people focus on the foods they can eat rather than what 
they should perhaps limit can reassure them that they have 
options and can still achieve weight loss  [215,216] .   

  Prader – Willi Syndrome ( PWS ):  s pecial  d ietary 
 n eeds 

 The PWS was named after Prader, Labhart and Willi in 1956. It 
is caused by a deletion on the long arm of chromosome 15 and 
is characterized by failure to thrive in infancy. See Chapter  7   . 
Neonates are hypotonic with insuffi cient suck and swallow 
refl exes. An increased appetite occurs during the toddler years. 
They are developmentally delayed, with intelligence varying 
between moderate to borderline. They are short in stature, have 
low lean muscle mass and high percent body fat, particularly in 
their distal limbs and trunk. Their RMR can be reduced by 20 –
 50% if compared to height and weight respectively. Although 

they have the ability to expend as much energy as a non - PWS 
person, they tend to be less active. Their appetite becomes insa-
tiable and nonselective. It is therefore not surprising that obesity 
is a consistent characteristic of this condition  [217]   . 

 Their dietary requirements in infancy should follow normal 
infant requirements. However, as their appetite grows restrictions 
are needed. If a person with PWS consumes the same amount 
of calories as other individuals of the same age and height, 
they will gain weight. Therefore people with PWS require a low -
 energy diet to prevent obesity. To lose weight, an individual with 
PWS requires a diet of 7 – 9   kcal/cm of height per day and for 
weight maintenance an energy intake of 8 – 14   kcal/cm/day is suf-
fi cient  [218 – 220] . This applies both for the child and the adult 
affected by PWS and translates into approximately 600 – 800   kcal 
/day for children and 800 – 1300   kcal for adolescents and adults. 
To start with, weighing food is necessary so that quantity is deter-
mined. Carers need a good understanding of the calorie content 
of food. 

 It is generally recommended that the macronutrient composi-
tion follows that of a healthy diet. The quality of food is important 
as quantity is limited, e.g. the protein eaten should be of high 
biologic value, the carbohydrates high in fi ber and low in GI and 
the fats mostly in the form of MUFA or PUFA rich in omega 3. 
If a person with PWS follows the diet closely it is important that 
they take a multivitamin to meet micronutrient requirements. 
However, dietary compliance is often jeopardized as a person with 
PWS will seek out food from all sorts of sources such as bins, 
ground, people, shops (bought or stolen), open bags, unlocked 
cupboards, refrigerators and well - meaning acquaintances. The 
more supervision a person with PWS receives and the more con-
sistent their routine, the lower the prevalence of these behaviors. 

 A person with a PWS child should try to introduce routine and 
structure. Having meals at the same time every day can help limit 
tantrums and fi ghts over food.. Having very low – energy foods 
available can help deal with eating times but amounts should not 
vary drastically from meal to meal. Fortunately, people with PWS 
seem to prefer high - carbohydrate to high - fat foods, which helps 
when trying to fi nd enjoyable low - energy foods for their 
consumption. 

 A person with PWS has a constant preoccupation with food 
even when they appear to be concentrating on something else. 
They will often scope out rooms too see if someone has been 
forgetful and left something out that they can reach. They can be 
very sneaky and will often hide food. Given the insatiable appetite 
and their need to seek food, locking cupboards and fridges in a 
home, supervising food preparation areas when in use and clear-
ing away food (even scraps) immediately after fi nishing are 
important and necessary. This is often hard if there are people 
without PWS also living in the home. However, the person with 
PWS cannot control their desire to eat and no matter how hard 
you or they try, they will eat food if it is available to them. This 
problem also extends to the school or work environment where 
rooms with bags should be locked and bins made inaccessible, 
tearooms and access to lockers should be limited. The PWS 
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person appreciates these restrictions/strategies as they are often 
ostracized for their food - seeking actions. Other students may also 
give PWS students food, particularly if they are not well super-
vised. Money should be restricted and not managed by the person 
with PWS as they will generally spend it on food. 

 Restricting access to food in this way seems to contradict the 
basic human right of freedom of choice. However, someone with 
PWS eats not because they lack willpower or have a weak char-
acter but because they have a genetic abnormality that leads to 
uncontrollable and incurable hyperphagia  [219] . Restriction 
helps them to lead a healthy and happy life. Hyperphagia enables 
them to eat large quantities of food which leads to obesity and 
most deaths with PWS are due to complications of obesity. The 
earlier the restrictions are put into place, the easier it is for carers 
and families to manage those restrictions as the person with PWS 
ages. If a lot of freedom has been given early on when food -
 seeking behavior may not be as severe, it is often diffi cult to then 
implement the restrictive practices that may be needed as PWS 
children become adolescents or adults and the food - seeking 
behavior increases. 

 Normal, low - energy cooking techniques should be used for 
this group of people. It again reduces tantrums if everyone at the 
dinner table is eating the same type and quantity of food. Perhaps 
portion sizes need to be predetermined. People with PWS love to 
eat large portions but will eat any food offered to them. For this 
reason calories should be reduced in as many foods as possible 
so that the quantity of food offered remains high. 

 It is important for every person who comes in contact with the 
individual with PWS to understand the need to restrict food. This 
can often be diffi cult, particularly for grandparents and other 
well - meaning adults. Giving these people information on PWS 
can help them to understand. If they are still having diffi culties, 
a list of suitable food can help, for example diet versions of soft 
drinks or air - popped popcorn. 

 Appetite suppressants do not tend to work in this population. 
Although there has been some success with the use of VLED, as 
with any other person, the normal restrictive practices need to be 
in place to keep weight off in the long term  [221] . 

 People with PWS also want independence as they become older 
but unfortunately, the nature of their condition does not allow 
them to handle the freedom. This can be a very diffi cult time for 
both the family and the person with PWS. Linking in with PWS 
services, PWS - specifi c group homes and other community - based 
programs can make this transition a lot easier. PWS is best 
managed by a multidisciplinary team  [222] . 

 The basic program to follow from childhood  [219]  is as follows. 
   •      Determine baseline data of the child ’ s caloric intake in relation 
to weight gain, and express as kcal/cm of height.  
   •      Educate child ’ s primary carer on PWS; for example, suitable 
diets/foods, caloric content, cooking methods, etc.  
   •      Involve immediate and extended family in the program and 
necessary changes.  
   •      Control the environment, for example locking cupboards, 
fridges, etc.  

   •      Educate others who are involved with the child, for example 
teachers and peers.  
   •      Frequently monitor growth and intake.  
   •      Train the child to accept a food pattern that is compatible, with 
low caloric diet and regular exercise.  
   •      Maintain changes and programs throughout the child ’ s life.     

  Maintenance/ s uccess 

 In today ’ s obesogenic society, relapses are common, particularly 
when people place unrealistic expectations on themselves. We 
know that weight maintenance is harder after weight loss, and 
that frequent weight cycling can be damaging to long - term main-
tenance  [223] . 

 Given that the goals during weight maintenance are slightly 
different from those of weight loss, it is not surprising that a dif-
ferent approach should be taken  [22] . Requirements after weight 
loss are lower than the new body weight might suggest  [124] . 
People believe that if they have been able to maintain their weight 
at the higher level then they will have no problems maintaining 
it at a lower level. This is not so. People need to change their 
habits for life, which often means adhering to some level of 
caloric restriction indefi nitely  [124] . 

 What is success? Some have defi ned it as maintenance of all 
initial weight loss, or at least 9 – 11   kg of the original weight loss, 
a degree of weight loss associated with signifi cant improvement 
of obesity - related complications  [224] . The National Weight 
Control Registry in America defi nes success as at least 10% loss 
of initial body weight which is maintained for at least 1 year  [225] . 

 The experience of the people from the registry can help to 
design appropriate maintenance programs. It was found that 88% 
of participants in the registry reported restricting intake of certain 
types of food, 44% limited total quantity, 44% counted calories 
and 55% used a commercial weight loss program  [225,226] . They 
consumed on average 1381   kcal per day. Only 1% of the group 
ate diets low in carbohydrate. The average macronutrient profi le 
of the successful dieters can be seen in Figure  21.7 . The total 
group ate approximately 4.9 meals/snacks per day and ate out 3.5 

Protein
19% Protein

20%

Fat
24%

CHO
57%

CHO
42%

Alcohol
5% Fat

33%

(a)
(b)

 Figure 21.7     Macronutrient composition of successful  “ dieters. ”  (a) Average 
diet composition from the National Weight Control Register in the USA. (b) Diet 
compositions of successful dieters in the UK. 
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times a week, only once from fast - food outlets. They avoided 
high - fat, fried foods and used low - fat substitutes. They were also 
more likely to eat breakfast, eat similarly over weekdays and 
weekends, limit TV viewing and reported high levels of physical 
activity  [225,227] .   

 Other studies have shown that if cheese, butter, high - fat snacks, 
fried foods and desserts were eaten less than once per week, the 
participants were more successful at long - term weight control 
 [228,229]  and that reduced consumption of fried potato, dairy 
products, sweets and meat was positively correlated with weight 
loss and weight maintenance. Characteristics of a small group of 
successful and unsuccessful dieters were compared in the UK. The 
dietary factors in the successful group that were signifi cantly dif-
ferent from the unsuccessful dieters were decreased total energy 
(achieved through decreased quantity of carbohydrate and fat) 
and increased percentage of energy from protein. Also, the suc-
cessful dieters had less emotional eating, were more restrained and 
less likely to eat in response to external cues  [230] . Another inter-
esting result from this study was that successful dieters found their 
 “ allowed food ”  was  “ good tasting ”  whereas the unsuccessful 

dieters did not always fi nd this  [230] . People have also successfully 
lost weight using low - carbohydrate diets. Those on low - carbohy-
drate diets generally lost and maintained about the same amount 
of weight over time compared to people who used other dietary 
methods. For those on the low - carbohydrate diet, their carbohy-
drate content increased over time but they kept their energy and 
fat intake low, limited fast food and did high levels of physical 
activity, similar to other successful weight loss participants  [231] . 
Astrup, in a review, reports that maintenance is more likely to 
occur if the individual consumes a low - fat, low energy - dense, 
moderate - protein diet with only a moderate intake of calorie -
 containing beverages and does high levels of regular activity  [177] . 

 It is widely recognized that people fi nd it hard to stick to 
changes in the long term. There is a period of high motivation at 
the beginning of the program but motivation often wanes over 
time. Clinicians have to be realistic and acknowledge that it is 
unlikely that dietary intervention alone will maintain weight loss 
in obese subjects over a period of 2 or more years  [232,233] . 

 Sources of recommendations or clinical guidelines in the man-
agement of obesity are given in Table  21.3 .    

 Table 21.3     Key documents and information sources on obesity 

  Toolkits/recommendations/clinical guidelines for health professionals on managing obesity based on systematic reviews 
of the evidence  

    

  The National Heart, Lung and Blood Institute (NHLBI).  Clinical Guidelines on the Identifi cation, Evaluation, and 
Treatment of Overweight and Obesity in Adults . 

 A practical guide to The Evidence Report, updated due to be released 2009 
 Reference:  [234]   

   www.nhlbi.nih.gov/guidelines/obesity/ob_home.
ht  

  www.nhlbi.nih.gov/guidelines/obesity/prctgd_c.
pdf   

  The National Heart, Lung and Blood Institute (NHLBI).  Aim for a Healthy Weight  is an excellent interactive website for 
both health professionals and patients. It lists a number of useful strategies to help treat obesity, based on the 
Evidence Report. Examples of weight goal records, food substitution ideas and food preparation leafl ets, a guide to 
behavioral change strategies, exercise programs for gradual build - up of activity/fi tness are included. 

 Reference:  [234,235]   

   www.nhlbi.nih.gov/health/public/heart/obesity/
lose_wt/index.htm   

  SIGN.  Integrating Prevention with Weight Management  
 Reference:  [236]   

    

  Douketis et al (1999) Periodic health examination, 1999 update: 1. Detection, prevention and treatment of obesity 
 Reference:  [237]   

   http://secure.cihi.ca/cihiweb/products/CPHIOver
weightandObesityAugust2004_e.pdf   

  Spear et al. Recommendations for treatment of child and adolescent overweight and obesity 
 Reference:  [238]   

   http://pediatrics.aappublications.org/cgi/content/
full/120/Supplement_4/S254   

  International Obesity Task Force (IOTF). Excellent website for international information regarding all areas of obesity on 
a global level.  

   www.iotf.org   

  The Autralian and New Zealand Obesity Society. The Asian Pacifi c region ’ s scientifi c society that reports on new 
developments in all areas of obesity research.  

   www.asso.org.au   

  Australia ’ s National Health and Medical Research Council have published clinical management guidelines on both 
adults and children  

  Adult: 
 www.health.gov.au/internet/wcms/publishing.
nsf/Content/obesityguidelines - guidelines -
 adults.htm  

 Children: 
 www.health.gov.au/internet/wcms/Publishing.
nsf/Content/obesityguidelines - guidelines -
 children.htm   

  A comprehensive overview of obesity as part of the Health Care Assessment Series. It covers the epidemiologic data, 
services available and the effectiveness of interventions of the prevention and treatment of obesity in adults and 
children 

 Reference:  [239]   

   http://hcna.radcliffe - online.com/search/obesity   
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  The National Audit Offi ce UK published important reports on obesity in 2001 and childhood obesity in 2006 and made 
a number of health policy recommendations  

   www.nao.gov.uk   

  Toolkits/recommendations/clinical guidelines for health professionals on managing obesity NOT based on systematic 
reviews of the evidence  

    

  DOM UK (Dietitians in Obesity Management UK  –  specialist interest group of the British Dietetic Association)  The 
Dietetic Weight Management Intervention for Adults in the One to One Setting. Is it Time for a Radical Rethink?  

 Reference:  [173]   

   http://domuk.org/wp - content/uploads/2007/11/
dietetic - interventionfi nalversion301007.doc   

  International Agency for Research on Cancer (IARC). EPIC Project     www.iarc.fr/epic/research/obese.html   
  Faculty of Public Health Medicine  Tackling Obesity: A Toolbox for Local Partnership Action  
 Reference:  [240]   

   www.pjonline.com/editorial/20000610/
articles/ obesity .html  

 Tel: 0207 935 0243 
 Email:  enquiries@fphm.org.uk   

  British Heart Foundation (BHF)  So you want to lose weight  …  for good: a guide to losing weight for men and women.  
Publication No M3. 

 BHF Statistics 2006  –  Diet, Physical Activity and Obesity Statistics 
 Reference:  [241]   

   https://www.bhf.org.uk/publications/
secure/z_index.html   

  National Obesity Forum (NOF)  Guidelines on management of adult obesity and overweight in Primary Care.  As well as 
having information for the general public on a healthy approach to weight loss 

 Reference:  [242]   

   www.nationalobesityforum.org.uk   

  Other useful resources      
  A directory of projects of weight management, compiled by the Department of Health, is available in each Regional 

Offi ce. Three main themes emerged: that weight loss is rarely maintained, that multicomponent programs are more 
successful and that regular follow - up is important 

 Reference:  [243]   

  See reference  [245] .  

  Clinical Evidence. Relevant sections. A summary of the evidence from systematic reviews, where available, on various 
health - related topics.  

  Available via the NELH website: 
  www.nelh.nhs.uk/default.asp   

  National Audit Offi ce (NAO)  Tackling Obesity in England  (2001) 
  Tackling Child Obesity  –  First Steps  (2006)  

   www.nao.gov.ukh  
  www.nao.org.uk/publications/nao_reports/00 -

 01/0001220.pdf  
  www.nao.org.uk/publications/nao_reports/05 -

 06/0506801.pdf   
  WHO  Obesity: Preventing and Managing the Global Epidemic  (2000) 
 Report of the Joint WHO/FAO expert consultation , Diet, Nutrition and the Prevention of Chronic Diseases  (2003) 
 Reference: WHO, 2000, 2003  [248,249]     

   www.iotf.org/   

  Health Development Agency (HAD), now part of National Institute for Health and Clinical Excellence (NICE). On - line 
evidence base on obesity and its treatments  

   www.nice.org.uk   

  Germany ’ s Association of Scientifi c Medical Societies. Prevention and Management of Obesity 2007       www.uni - dusseldorf.de/www/AWMF/11/050 -
 001.pdf   

   Cochrane systematic reviews on obesity:  
 Low glycemic index or low glycaemic load diets for overweight and obesity  [250]    
 Interventions to prevent weight gain in schizophrenia  [244]  
 Low fat diets for the treatment of obesity  [34]  
 Interventions for preventing obesity in childhood  [245]  
 Interventions for treating obesity in childhood  [246]  
 Intervention for improving health professionals management of obesity  [247]   

  Available on Medline and the Nelhi website 
  www.nelh.nhs.uk/default.asp   

   Organizations dedicated to the scientifi c study of obesity:  
 The International Obesity Task Force 
 International Association for the Study of Obesity 
 Association for the Study of Obesity 
 The Australian and New Zealand Obesity Society 
 The Obesity Society 
 European Association for the Study of Obesity 

  Patient - focused organizations/charities:  
 National Association to Advance Fat Acceptance (NAAFA) 
 The Obesity Awareness and Solutions Trust (TOAST)  

   www.iotf.org  
  www.iaso.org  
  www.aso.org.uk  
  www.asso.org.au  
  www/naaso.org  
  www.easoobesity.org  
  www.naafa.org/  
  www.toasthyphen;uk.org.uk/   

Table 21.3 Continued
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  Conclusion 

 Although there is little dispute that obesity is due (at least in part) 
to excess energy intake, best results are usually achieved when 
energy intake, energy expenditure and emotional issues are all 
taken into consideration when devising a weight loss program.  
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  Introduction 

 Modest weight loss improves many of the health complications 
of obesity, as demonstrated by the Diabetes Prevention Program 
(DPP) and the Look AHEAD (Action for Health and Diabetes) 
study  [1,2] . The DPP randomized 3200 overweight individuals 
with impaired glucose tolerance to: (1) a lifestyle intervention 
consisting of diet, exercise, and behavior modifi cation; (2) met-
formin (850   mg bid); or (3) placebo. Patients in the lifestyle inter-
vention lost an average of 7   kg in the fi rst year and were found at 
2.8 years to have reduced their risk of developing type 2 diabetes 
by 58% compared to placebo - treated participants  [1] . The Look 
AHEAD trial assigned 5145 overweight individuals with type 2 
diabetes to an intensive lifestyle intervention (similar to the 
program used in the DPP) or a usual - care condition  [2] . At the 
end of the fi rst year (of this 12 - year trial) participants in the 
lifestyle intervention lost more weight than those in the usual -
 care group (8.6% versus 0.7% of initial weight) and experienced 
greater improvements in their diabetes control and cardiovascu-
lar risk factors  [2] . Other studies have shown improvements in 
hypertension, sleep apnea, and other weight - related health com-
plications with a loss of 5 – 10% of initial weight  [3 – 5] . 

 The National Heart, Lung, and Blood Institute (NHLBI) has 
provided an algorithm to guide the treatment of obesity (see 
Table  22.1 ). A program of diet, exercise, and behavior modifi ca-
tion is recommended as a fi rst course of treatment for all obese 
individuals, as well as for individuals who are overweight (i.e. 
Body Mass Index (BMI) of 25.0 – 29.9   kg/m 2 ) and have two or 
more risk factors. As indicated in Table  22.1 , behavior therapy 
remains an important component of treatment as BMI increases 
and pharmacotherapy or surgical intervention is prescribed. This 
chapter describes behavior modifi cation for obesity, which can 

be used to facilitate adherence to a variety of diet and exercise 
regimens. We review the components of behavior therapy, 
examine the short -  and long - term results of treatment, and 
discuss methods to improve long - term weight loss.    

  Principles of  b ehavior  t herapy 

 The goal of behavioral treatment is to help obese patients identify 
and modify their eating and activity habits. This approach recog-
nizes that obesity is infl uenced by metabolic and genetic factors 
 [6 – 8]  but holds that recent increases in the prevalence of obesity 
are attributable primarily to changes in Western nations ’  eating 
and activity habits  [9] . Therefore, behavior therapy, based largely 
on learning theories, applies principles of classical and operant 
conditioning to the regulation of body weight. 

 According to the principle of classical conditioning, two events 
will become linked together if they are paired repeatedly  [10,11] . 
The more frequently they are paired, the stronger the association 
between them will become until eventually, the presence of one 
event automatically triggers the other. Eating popcorn at the 
movies is an example. If these events are paired repeatedly, simply 
entering a movie theater will trigger a craving for popcorn. 
Behavior therapy seeks to disconnect cues associated with 
unwanted eating and activity habits. A patient who frequently 
snacks on high - calorie foods while watching television, for 
example, might experience an urge to eat whenever he turns the 
set on. He would, therefore, be encouraged to restrict his food 
intake to certain places (e.g. kitchen) in order to extinguish the 
association between watching television and eating. 

 The principle of operant conditioning is used to promote 
behavior change by manipulating the consequences of eating and 
activity choices  [10,11] . Behaviors that are rewarded (i.e. rein-
forced) are more likely to be repeated. For example, an individual 
who loses 2   lb during the week as a result of recording her food 
intake will be positively reinforced to continue recording. On the 
other hand, behaviors that are punished (or followed by negative 
consequences) are less likely to be repeated. A person, for example, 
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who increases her activity level by 200 minutes in one week may 
feel exhausted and fatigued. As a result, she may feel discouraged 
from continuing her exercise program. If she began with a more 
modest exercise regimen (e.g. 10 minutes of exercise, 5 days per 
week) and gradually increased her activity level, she would be less 
likely to experience negative effects. 

 Behavior therapy teaches patients to conduct a functional 
analysis of the antecedent events and consequences of problem 
behaviors  [10] . Such analysis highlights cues that are frequently 
associated with problem eating and activity behaviors (i.e. times, 
places, people), thus identifying opportunities for intervention. 
Problem behaviors are often triggered by a series of events that 
are linked together in a chain, as illustrated in Figure  22.1   [10] . 
Mapping the links in a behavioral chain can identify the source 
of the problem and suggest options for intervention.    

  Components of  b ehavioral  t reatment 

 Behavior therapy provides a very goal - oriented approach to 
weight loss. Patients are encouraged to set concrete, tangible goals 
with measurable outcomes  [10,11] . They should leave each session 
with a strategy for how they will achieve their goals. This includes 
devising a detailed plan of what they will do, when and where they 

will do it, and how often. For example, helping patients develop 
a plan to walk around the neighborhood for 15 minutes on 
Monday, Wednesday, Thursday, and Saturday evenings, immedi-
ately after dinner, is more helpful than simply telling them to 
increase their physical activity. Patients should set small goals that 
they can attain in order to maximize feelings of success (which 
will reinforce their behavior). Small successes build upon each 
other until patients reach their ultimate goals  [10,12] . 

 Behavioral treatment also is typically delivered as a package 
that includes multiple components such as self - monitoring, stim-
ulus control, diet, exercise, cognitive restructuring, social support, 
problem solving, slowing the rate of eating, and relapse preven-
tion. Detailed descriptions of these components are available 
elsewhere  [10,13] . The present chapter highlights self - monitor-
ing, stimulus control, and cognitive restructuring. We also discuss 
interventions for diet and exercise, given that they are the primary 
targets of behavioral treatment.  

  Self -  m onitoring 

 Self - monitoring is probably the most important component of 
behavioral treatment for obesity  [10,14] . Patients keep detailed 
records of their food intake, activity, and weight throughout 

   Treatment     BMI category  

    < 24.9     25 – 26.9     27 – 29.9     30 – 35     35 – 39.9      > 40  

  Diet, exercise, 
behavior therapy  

   −     With co - morbidities    With co - morbidities    +    +    +  

  Pharmacotherapy     −      −     With co - morbidities    +    +    +  
  Surgery     −      −      −         With co - morbidities    +  

   Guidelines provided by the NHLBI utilize BMI category and the presence of co - morbidities to aid in treatment 
selection.  Table reproduced with permission from reference  [22] .    

 Table 22.1     A guide to selecting treatment. 

Buy cookies Leave cookies
on counter

Home on
saturday

afternoon
Tired and

bored

Eat while
watching TV

Take cookies
to Den

Go to kitchen 
Urge to eat 

Eat rapidly
until full

Feel guilty/
like a failure

Restraint
weakens
further

More eating  

 Figure 22.1     A behavior chain, illustrating how one 
behavior, linked to another, can contribute to an 
overeating episode. What appears to be an 
unexpected dietary lapse can be traced to a whole 
series of small decisions and behaviors. The behavior 
chain also reveals where the individual can intervene 
in the future to prevent unwanted eating. Thus, the 
individual might avoid bringing cookies into the 
house or at least store them out of sight to reduce 
impulse eating.  (Reproduced with permission from 
reference  [10] .)  
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treatment. They initially record the types, amounts, and caloric 
value of foods eaten. This information is used to help patients 
reduce their calorie intake by 500 – 1000   kcal per day. As treatment 
progresses, patients expand their self - monitoring to include 
additional data about times, places, and feelings associated with 
eating  [10] . This additional information typically reveals patterns 
of which patients may not be aware. An individual, for example, 
may notice that he snacks excessively in the evenings. Another 
may realize that she often makes poor food choices when 
upset. Once problem areas have been identifi ed, patient and prac-
titioner work together to develop a plan to tackle the problem 
behavior. 

 The importance of self - monitoring has been demonstrated in 
several studies. Monitoring food intake helps patients reduce 
their tendency to underestimate how much they eat  [15] . Not 
surprisingly, individuals who regularly keep food records lose 
signifi cantly more weight than those who record inconsistently 
 [16 – 19] .  

  Stimulus  c ontrol 

 Stimulus control techniques frequently use principles of classical 
and operant conditioning, described above, to help patients 
manage cues associated with eating and exercise behaviors. As 
noted previously, an event can become a cue to eat when it is 
repeatedly paired with eating. For example, walking into the 
kitchen often elicits a desire to eat because this room is so strongly 
associated with food. People rarely experience a food craving 
when in the attic because of the absence of cues in this area. Many 
events can prompt a desire to eat. The most obvious are the sight 
and smell of food. There is truth in the old adage  “ out of sight, 
out of mind. ”  Behavior therapy teaches patients to reduce cues 
to unwanted eating by limiting exposure to problem foods. 
Patients are also taught to tackle cues related to time, place, and 
events with strategies such as: (1) limiting the places they eat (at 
home) to the kitchen or dining room; (2) eating at regular times 
of day; and (3) refraining from engaging in other activities while 
eating (such as driving). Food cues are neutralized by disconnect-
ing them from eating. 

 Stimulus control techniques can also target cues to promote 
healthy eating and activity habits. A patient might, for example, 
replace a cookie jar on the kitchen counter with a fruit basket. 
Another might place his walking shoes by the front door in order 
to prompt him to exercise. Behavioral treatment aims to decrease 
negative cues while increasing positive ones  [10] . A recent 8 - week 
pilot study found that encouraging patients to use an online 
grocery shopping and delivery service reduced the number of 
high - fat foods in the house  [20] . There was also a trend (p   =   0.08) 
for the number of grocery deliveries to be associated with weight 
loss. Future studies are needed to evaluate the long - term impact 
of interventions designed to improve stimulus control in weight 
management programs.  

  Cognitive  r estructuring 

 Cognitive theory holds that patients ’  thoughts determine how 
they respond to different events. Therefore, negative thoughts can 
create obstacles to behavior change. A person who thinks,  “ I ’ ve 
blown my diet. I should just give up, ”  after overeating is likely to 
respond differently from a person who responds,  “ I know that 
wasn ’ t the best choice I could have made, but I am going to stick 
with my plan for the rest of the day. ”  The catastrophic thinking 
expressed by the fi rst person is common among individuals 
attempting to lose weight and can lead patients to abandon their 
weight control efforts. Cognitive restructuring teaches patients to 
monitor maladaptive thoughts that may undermine their weight 
loss efforts, and to replace them with more adaptive thoughts. 
Rational responses such as,  “ Just because I ate an extra 300 calo-
ries tonight doesn ’ t mean I won ’ t be able to lose weight ”  are more 
likely to elicit positive eating and activity habits. Cognitive 
restructuring is helpful in teaching patients to view a setback as 
a temporary lapse. The ultimate goal is to determine how lapses 
occurred and to develop strategies to prevent them. Cognitive 
techniques also can be used to help patients address body image 
concerns  [21] .  

  Dietary  o ptions for  w eight  l oss 

 Weight loss requires the induction of a negative energy balance 
(i.e. fewer calories are consumed than are expended). It is easier 
to achieve negative energy balance by reducing calorie intake than 
by increasing physical activity. Most patients would have to walk 
approximately 4 miles to induce an energy defi cit of 500   kcal. By 
contrast, the same 500   kcal defi cit could be achieved by simply 
eliminating two 20   oz sugared sodas. Most people fi nd the latter 
task easier. 

 Behavior therapy typically encourages patients to decrease 
their food intake by 500 – 1000   kcal/d to induce a weight loss of 
0.5 – 1.0   kg/per week, consistent with the recommendations of the 
NHLBI  [22] . Participants are typically instructed to follow a low -
 fat diet (i.e. fewer than 30% of calories from fat) and a calorie 
prescription of 1200 – 1500   kcal/d (for women) and 1500 –
 1800   kcal/d (for men). Behavioral approaches typically support 
fl exibility in food choices, encouraging patients to make changes 
that they can maintain. Behavioral principles also can be used to 
facilitate adherence to more structured approaches, including 
diets using portion - controlled foods or liquid meal replacements, 
as well as low - carbohydrate and low energy - density diets. This 
section provides a brief description of each of these approaches. 

  Portion -  c ontrolled  f oods 
 Obese individuals tend to underestimate their food intake by 
30 – 50% when eating a diet of conventional foods  [15] . This is 
attributable to misjudging portion sizes, failing to recognize 
hidden sources of fat or sugar or forgetting about some foods 



Part 4 Management of Adult Obesity

304

eaten. The use of portion - controlled foods, such as frozen food 
entrees, takes the guesswork out of calorie counting by providing 
patients with a fi xed amount of food with a known energy content. 
Jeffery and colleagues compared the weight loss of patients who 
were prescribed a conventional diet of self - selected foods with that 
of individuals who were provided with actual foods for fi ve break-
fasts and fi ve dinners a week  [23] . The second group lost more 
weight after 6, 12, and 18 months of treatment despite the fact 
that both groups were prescribed the same calorie goal (approxi-
mately 1000   kcal/d). The provision of fi xed portions of food 
appeared to facilitate patients ’  adherence to their calorie goals. 

 In a follow - up study, Wing and colleagues randomly assigned 
women to standard behavior modifi cation plus: (1) no additional 
treatment; (2) detailed meal plans and grocery lists; (3) meal 
plans with food provided at reduced cost; and (4) meal plans with 
free food provision  [24] . Results showed that the three latter 
groups lost more weight than group 1 after 6 months and main-
tained greater weight losses after 18 months. There were, however, 
no differences among the three groups that received meal plans. 
Thus, it appears that the provision of food does not improve 
outcome more than the structure provided by detailed meal 
plans. Several other studies also have shown the benefi ts of using 
portion - controlled meals  [25,26] .  

  Liquid  m eal  r eplacements 
 Liquid meal replacements also provide patients a fi xed quantity 
of food with a known calorie content (i.e. 160 – 220   kcal/serving). 
They simplify food choices, require little preparation, and are 
relatively inexpensive compared to a meal of conventional foods. 
Ditschuneit and colleagues  [27]  found that patients who con-
sumed liquid meal replacement (e.g. SlimFast) for two meals and 
two snacks per day lost signifi cantly more weight after 3 months 
than patients prescribed a conventional diet of self - selected foods 
(7.8 versus 1.5%, respectively) with an equal calorie value (1200 –
 1500   kcal/d). A follow - up study showed that participants who 
continued to replace one meal and one snack with meal replace-
ments maintained a weight loss of 11% after 27 months and 8% 
after 51 months (see Fig.  22.2 )  [28] .   

 A meta - analysis of six randomized controlled trials found that 
patients who consumed meal replacements lost an average of 
2.5   kg more after 3 months (and 2.6   kg more after 1 year) than 
participants who consumed diets of conventional foods  [29] . In 
addition, the drop - out rate after 1 year was signifi cantly lower in 
participants in the meal replacement group. 

 Recent studies have evaluated the use of meal replacements 
in the treatment of overweight individuals with type 2 diabetes. 
Li and colleagues  [30]  found that patients who used meal replace-
ments lost 4.6% of initial weight in comparison to the 2.3% 
lost by participants who followed a diet plan based on the Ameri-
can Dietetic Association ’ s (ADA) food exchange system. The 
use of meal replacements was also associated with greater 
improvements in glycemic control and reductions in medication 
prescriptions. Overweight individuals with type 2 diabetes who 
participated in the Look AHEAD lifestyle intervention group lost 

8.6% of initial weight during the fi rst year while adhering to a 
diet that included liquid meal replacements  [2] .  

  Low -  c arbohydrate  d iets 
 Low - carbohydrate diets have been a popular topic of investiga-
tion in recent years  [31 – 36] . Low - carbohydrate plans, such as the 
Atkins Diet  [37] , induce weight loss, in part, by simplifying food 
choices. During the initial weeks, dieters consume the majority 
of their calories from protein and fat, limiting carbohydrate to 
fewer than 20   g/d. Elimination of an entire class of macronutri-
ents facilitates weight loss while the large amounts of dietary 
protein may satisfy appetite. The high fat content of these diets 
has raised concerns about the health consequences of low carbo-
hydrate approaches. Several studies, however, have revealed favo-
rable fi ndings. 

 Two initial studies reported greater weight losses with low -
 carbohydrate than low - fat diets after 6 months (approximately 
7.0   kg versus 3.0   kg, respectively), although there were no signifi -
cant differences between the diets at 1 year  [32] . A recent 2 - year 
trial compared a low - carbohydrate diet to Mediterranean and 
low - fat diets  [36] . The low - fat and Mediterranean groups were 
given identical caloric prescriptions (i.e. 1500   kcal/d for women 
and 1800   kcal/d for men) and instructed to restrict their fat intake 
to 30% and 35% of calories consumed, respectively. The low -
 carbohydrate condition did not receive any caloric restriction. As 
shown in Figure  22.3 , participants in the low - carbohydrate 
(4.7   kg) and Mediterranean diet (4.4   kg) conditions achieved sig-
nifi cantly larger weight losses than the low - fat group (2.7   kg) at 
the end of the 2 - year intervention  [36] . The low - carbohydrate 
group also had signifi cantly greater reductions in triglycerides 
and greater improvements in high - density lipoprotein (HDL) 
cholesterol at 2 years  [36] . There were no signifi cant differences 
in decreases in low - density lipoprotein (LDL). Findings from 
these and other studies  [31,35]  suggest that low - carbohydrate 
diets are an acceptable option for patients who wish to try them.    
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 Figure 22.2     Long - term maintenance of weight loss using meal replacements 
(MR) versus conventional foods (CF) with the same calorie goal. Participants 
were randomly assigned to MR or CF groups and treated for the fi rst 3 months. 
Thereafter, CF participants were permitted to replace one meal and one snack 
with meal replacements, as were individuals in the original MR group. 
 (Reproduced with permission from reference  [28] .)  
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  Low  e nergy -  d ensity  d iets 
 Energy density refers to the energy content (i.e. calories) in a 
given weight (g) of food. The underlying principle of low energy -
 density diets is that the volume of food consumed, not calorie 
content, infl uences satiety  [38] . Low energy - density diets aim to 
minimize the amount of energy in a given weight of food. Energy 
density can be reduced by replacing fat (e.g. 9   kcal/d) with carbo-
hydrate or protein (e.g. each 4   kcal/d) or by increasing the fi ber 
or water content in foods  [39] . Studies have shown that both lean 
and obese individuals consume fewer calories when allowed  ad 
libitum  consumption of low energy compared with high energy -
 density meals  [40,41] . The consumption of low energy - density 
foods (e.g. soup) prior to a meal also reduces calorie intake for 
the entire meal  [42] . To enhance satiety, water must be incorpo-
rated into food, rather than being drunk with the meal  [43] . 

 A recent study evaluated the effi cacy of low energy - density 
diets for the treatment of obesity  [44] . Patients were instructed 
to reduce fat intake (RF) or reduce fat intake and increase their 
consumption of water - rich foods, especially fruits and vegetables 
(RF   +   FV). Participants in the latter group lost signifi cantly more 
weight at 6 months (6.7   kg versus 8.9   kg, respectively) and main-
tained their weight loss at 12 months (7.9   kg) as well as the RF 
group (6.4   kg), while reporting less hunger  [44] . A low energy -
 density diet, rich in fruits and vegetables, could be an excellent 
option for patients who feel hungry when dieting. This approach 
would let them eat more food, while potentially decreasing their 
calorie intake.  

  Summary 
 Dieters can select from a variety of dietary interventions to facili-
tate the induction of weight loss. As a general rule, a portion -
 controlled diet will induce weight loss faster than a traditional 
balanced - defi cit diet composed of conventional foods  [29] . The 

choice of a particular approach depends, in large measure, on 
personal preferences. The most effective diet for long - term weight 
control is the one a patient can adhere to on a long - term basis 
 [31] .   

  Physical  a ctivity for  w eight  c ontrol 

 Physical activity contributes to weight management principally 
by facilitating the maintenance, rather than the induction, of 
weight loss. Exercise alone, in the absence of caloric restriction, 
induces modest weight loss of only 2 – 3   kg in 4 – 6 months  [22,45] . 
This is probably due to the diffi culty patients encounter in fi nding 
the time or motivation to engage in the amount of exercise 
required to expend enough calories (3500   kcal) to lose 0.5   kg in a 
week. Physical activity, however, is the strongest predictor of 
weight loss maintenance  [46,47]  and it also improves cardiovas-
cular health  [48] . Therefore, increasing physical activity is an 
important goal in the behavioral treatment of obesity. Partici-
pants are typically encouraged to gradually increase their energy 
expenditure throughout treatment until they reach their pre-
scribed physical activity goals. They are instructed to increase 
both programmed and lifestyle activity. 

  Programmed  a ctivity 
 Programmed activity refers to planned bouts of aerobic activity 
such as walking, swimming or biking, usually completed in a 
discrete period of time (i.e. at least 20 – 30 minutes) at a moderate 
intensity level (i.e. 60 – 80% of maximum heart rate). Patients 
have traditionally been advised to work towards a goal of exercis-
ing at least 150 – 180 minutes per week (i.e. 30 minutes per day, 
most days of the week), although research suggests that higher 
levels of physical activity might be required for successful long -
 term weight control  [49,50] , as discussed later in this chapter. 

 Exercising in short bouts can help reduce barriers to physical 
activity, such as lack of time, which is commonly identifi ed as a 
barrier to regular activity. Jakicic et al.  [51]  randomly assigned 
patients to complete their exercise in one long bout (40   min) or 
four short bouts (10   min). Exercise adherence was signifi cantly 
better in the latter group, and these patients tended to lose more 
weight than those in the long - bout condition (8.9   kg and 6.4   kg, 
respectively). Additional studies have shown that adherence is 
facilitated by having patients complete their activity at home 
 [52,53] . While exercising at a health club is fi ne for those who 
enjoy it, exercising at home reduces common barriers including 
time, transportation, and child care.  

  Lifestyle  a ctivity 
 Lifestyle activity involves increasing energy expenditure through-
out the day, without concern for the intensity or duration of 
activity. It can be increased by taking stairs rather than escalators, 
walking rather than riding, and parking farther away. Lifestyle 
activity, combined with diet, produces weight loss comparable to 
that induced by programmed exercise plus diet  [54,55] . Andersen 
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 Figure 22.3     Weight change over 24 months on a low - fat, Mediterranean or 
low - carbohydrate diet.  (Reproduced with permission from reference  [36] .)  
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and colleagues  [54]  found that participants who engaged in pro-
grammed exercise (e.g. attending a 1 - hour step - aerobics class 
three times a week) or lifestyle activity (e.g. increasing movement 
by 30 minutes a day) lost 8   kg during a 16 - week behavioral treat-
ment. There was a trend for the lifestyle participants to maintain 
their weight loss better than those in the step - aerobics class 
(p    <    0.06). 

 The use of pedometers to monitor participants ’  daily steps is 
an easy and inexpensive method of increasing lifestyle activity. 
Before treatment, participants typically walk 3000 – 4000 steps per 
day. Each week, they increase their step goal until they walk 
approximately 8000 – 10,000 steps per day. Pedometers provide 
immediate feedback about behavior (e.g. walked 200 extra steps 
by parking farther away from a store entrance) which is reinforc-
ing to patients.   

  Structure of  b ehavioral  t reatment 

 An initial course of behavioral treatment is usually provided in 
16 – 26 weekly sessions. Treatment has a clear start and end date 
which seems to help participants pace their efforts. Treatment is 
typically delivered to groups of 10 – 20 people who start and end 
treatment together. This approach ensures a high level of social 
support and continuity of care. Participants assist each other in 
their efforts to modify eating and activity habits. Group treatment 
has been shown to be more effective than individual treatment, 
even among those who preferred the latter approach  [56] . Group 
treatment also is more cost - effective and provides both social 
support and a healthy dose of competition. 

 The content of groups is typically guided by a structured pro-
tocol such as the LEARN Program for Weight Control  [10]  or the 
Diabetes Prevention Program  [1] . Sessions begin with a review of 
patients ’  food and activity records, followed by discussion of any 
problems they encountered. The group leader, together with the 
group members, helps patients identify strategies to overcome 
barriers to adhering to their eating and activity goals. Therefore, 
a group format provides patients with extra opportunities to 
practice problem solving and other skills. A new topic is pre-
sented each week by the group leader, typically a dietitian, psy-
chologist, exercise specialist or other healthcare professional. 
Patients complete behavioral homework assignments in which 
they apply the techniques they discussed in session.  

  Short -  t erm  w eight  l osses 

 Previous reviews have shown that patients currently treated by a 
comprehensive group behavioral approach lose approximately 
10   kg (about 10% of initial weight) in 26 weeks of treatment  [14] . 
In addition, about 80% of patients who begin treatment complete 
it. Thus, behavioral treatment yields very favorable results as 
judged by the current criteria for success (i.e. a 5 – 10% reduction 
in initial weight) proposed by the NHLBI  [22] , the World Health 

Organization (WHO)  [57]  and the Agricultural Research Service 
 [58] . 

 A comparison of early and more recent behavioral interven-
tions reveals that weight losses have more than doubled over the 
past 30 years as treatment duration has increased more than 
threefold. Thus, for example, in 1974 treatment of 8.4 weeks was 
associated with a mean loss of 3.8   kg, while treatment in 2002 
averaged 31.6 weeks and produced a mean loss of 10.7   kg  [14] . 
Although several new components, including cognitive restruc-
turing, have been added to the behavioral approach since the 
1970s, the most parsimonious explanation for the larger weight 
losses is the longer duration of treatment. The rate of weight loss 
has remained constant at about 0.4 – 0.5   kg per week.  

  Improving  l ong -  t erm  w eight  c ontrol 

 The challenge for all obesity interventions is keeping off the lost 
weight. Without continued treatment, patients typically regain 
30 – 35% of their weight loss in the year following treatment  [14]  
and many return to their baseline weight within 5 years  [59] . 
Factors responsible for weight regain have not been fully identi-
fi ed, despite the frequency with which this problem is observed. 
Contributors are likely to include compensatory metabolic 
responses to weight loss that include reductions in resting energy 
expenditure and leptin, as well as increases in ghrelin and other 
hormones that regulate eating  [60 – 62] . In addition, patients are 
confronted daily by a  “ toxic ”  environment that explicitly encour-
ages them to consume large quantities of high - fat, high - sugar 
foods  [63] . Weight gain (or regain) appears to be a nearly inevi-
table response to this environment. 

 Short - term treatment of 4 – 6 months clearly is no match for 
what for most obese individuals is a chronic disorder. Obesity 
cannot be cured by 6 months of therapy, any more than type 2 
diabetes or hypertension can be controlled long term by such 
brief intervention. This section discusses methods of improving 
long - term weight control. 

  Long -  t erm  t reatment 
 Numerous studies have demonstrated the benefi ts of patients 
continuing to attend weight maintenance classes after completing 
an initial 16 – 26 - week weight loss program  [64,65] . Perri and col-
leagues  [65] , for example, found that individuals who attended 
every - other - week group maintenance sessions for the year fol-
lowing weight reduction maintained 13.0   kg of their 13.2   kg end -
 of - treatment weight loss, whereas those who did not receive such 
therapy maintained only 5.7   kg of a 10.8   kg loss. Maintenance 
sessions appear to provide patients with the support and motiva-
tion needed to continue to practice weight control skills, such as 
keeping food records and exercising regularly. In reviewing 13 
studies on this topic, Perri and Corsica  [64]  found that patients 
who received extended treatment, which averaged 41 sessions 
over 54 weeks, maintained 10.3   kg of their initial 10.7   kg weight 
loss. 
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 A recent study examined several methods of facilitating weight 
loss maintenance. After completing a 6 - month weight loss 
program that induced an average loss of 8.5   kg, 1032 participants 
were randomized to one of three 30 - month weight maintenance 
interventions  [66] . Participants in a self - directed control group 
received printed materials that contained diet and activity recom-
mendations and met briefl y with a study interventionist at 1 year. 
Patients in an interactive technology condition received unlim-
ited access to a website that provided information on diet and 
exercise, as well as other components often included in behavioral 
treatment programs (e.g. goal setting, problem solving). They 
were not provided with any individual counseling. A third group 
received monthly telephone contacts with an interventionist for 
5 – 15 minutes and an in - person, 45 – 60 - minute session every 4 
months. Participants in the latter two conditions were instructed 
to continue to adhere to the recommended diet and to increase 
physical activity to at least 225 minutes per week in order to 
maintain or continue to lose weight. 

 As shown in Figure  22.4 , patients in the personal contact group 
regained less weight than those in the internet technology and 
self - directed groups (i.e. 4.0, 5.2, 5.5   kg, respectively) after 30 
months  [66] . These results are comparable to another weight 
maintenance study that examined participants who had lost 
at least 10% of their body weight in the prior 2 years. A total 
of 319 participants were randomly assigned to face - to - face, inter-
net or control interventions. In this 18 - month investigation, 
patients assigned to the face - to - face condition regained less 
weight (2.5   kg) than participants in the internet (4.7   kg), and 
control groups (4.9   kg)  [67] . These two studies illustrate the ben-
efi ts of long - term patient – provider contact for facilitating weight 
maintenance.   

 Perri and colleagues  [68]  also demonstrated that long - term 
therapist contact, provided either by phone or surface mail, sig-
nifi cantly improved weight maintenance, compared with no 

further intervention. When using telephone calls, the same thera-
pist optimally should contact the patient on each occasion. A 
study in which patients were contacted by staff members unknown 
to them failed to improve weight maintenance beyond results of 
a no - contact group  [69] .   

  Importance of  p hysical  a ctivity 

 As mentioned previously, physical activity is the best predictor of 
weight loss maintenance. Numerous studies have shown that 
people who continue to exercise regularly after losing weight are 
more likely to keep off the lost weight  [46,70,71] . Recent research 
has suggested that high levels of physical activity are optimal to 
facilitate long - term weight control  [46,49,50,70,72,73] . A second-
ary data analysis of the results of a randomized trial, for example, 
found that obese individuals who exercised   >  200   min/wk achieved 
signifi cantly greater weight losses at 18 months than those who 
exercised  < 150   min/wk  [49] . Members of the National Weight 
Control Registry (NWCR), a database of individuals who have 
successfully maintained a weight loss   >  30   lbs for at least 1 year, 
reported expending an average of 2621   kcal/week, although there 
was signifi cant variability among participants  [70] . 

 Jeffery and colleagues conducted a randomized controlled trial 
that compared the benefi ts of low versus high levels of physical 
activity  [50] . Participants in the high - activity group were 
instructed to expend 2500   kcal/wk, while those in the low group 
were prescribed a goal of 1000   kcal/wk. As shown in Figure  22.5 , 
weight losses of the two treatment conditions did not differ sig-
nifi cantly at the end of 6 months, during which participants 
attended weekly group meetings. However, participants in the 
high - activity group maintained their losses signifi cantly better at 
both the 12 -  and 18 - month follow - up assessments than did 
patients in the low - activity group  [50] . Activity levels declined, 
however, after treatment ended, resulting in no differences 
between groups at the 30 - month follow - up  [74] . Patients who 
continued to expend   >  2500   kcal/wk, across treatment groups, 
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 Figure 22.4     Long - term weight loss maintenance among participants assigned 
to monthly personal contact, unlimited Internet - based intervention (i.e. 
interactive technology) or self - directed control conditions.  (Reproduced with 
permission from reference  [66] .)  
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 Figure 22.5     Participants prescribed high activity goals (2500   kcal/wk) 
maintained their weight loss signifi cantly better than those in the low - activity 
group (1000   kcal/wk) after 18 months.  (Reproduced with permission from 
reference  [50] .)  
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maintained a signifi cantly greater weight loss than those who 
exercised less (12.0   kg and 0.8   kg, respectively).   

 The mechanisms by which exercise facilitates weight mainte-
nance are not well understood. The simplest explanation is that 
increased physical activity helps to keep patients in energy 
balance. Walking 2 or 3 miles a day may help to compensate for 
occasional dietary indiscretions that are associated with weight 
regain (in persons who do not exercise regularly). Alternatively, 
exercise spares the loss of fat - free mass during diet - induced 
weight loss, an occurrence that could help minimize undesired 
reductions in resting - energy expenditure  [75] . Increased physical 
activity could be associated with improved mood which, in turn, 
could facilitate long - term adherence to a low - calorie diet  [75] . 
Regardless of the mechanism of action, the message remains the 
same: patients should increase their physical activity by whatever 
means possible, including increasing lifestyle activity and decreas-
ing sedentary behaviors. This latter approach has proven particu-
larly effective in overweight children  [76] .  

  Combining  b ehavioral and  p harmacologic 
 i nterventions 

 The combination of weight loss medications with behavioral 
treatment provides another option to enhance weight loss main-
tenance. Lifestyle modifi cation and pharmacotherapy would 
appear to have different but complementary mechanisms of 
action  [77]  which, when combined, could increase weight loss, 
compared with either approach used alone. Pharmacologic agents 
modify the internal environment by reducing hunger, cravings or 
nutrient absorption  [78] . Behavioral treatment, by contrast, 
teaches patients to modify the external environment by, for 
example, avoiding fast - food restaurants or storing food out of 
sight in the home  [79] . 

 A controlled trial that tested this hypothesis randomized 224 
obese individuals to four treatment groups, all 1 year in duration 
 [18] . All participants were prescribed a diet of 1200 – 1500   kcal per 
day and were encouraged to exercise for 30 minutes on most days 
of the week. Participants in the fi rst group (sibutramine alone) 
received sibutramine (10 – 15   mg per day), provided during eight 
physician visits of 10 – 15 minutes. They were not given any behav-
ioral instruction to help them reach their calorie and activity 
goals. Two additional conditions received group behavioral 
treatment without (i.e. lifestyle modifi cation alone) or with 
sibutramine (i.e combined therapy). A fi nal group received 
sibutramine (10 – 15   mg per day) plus brief counseling, provided 
during eight physician visits of 10 – 15 minutes (i.e. sibutramine 
plus brief therapy). These patients also received the treatment 
manuals provided to participants in the two lifestyle modifi cation 
conditions, and their physician reviewed their diet and activity 
records during scheduled appointments. 

 As shown in Figure  22.6 , at the end of the initial phase of treat-
ment (week 18), patients who received lifestyle modifi cation 
alone and sibutramine plus brief therapy lost signifi cantly more 

weight than those treated by sibutramine alone (8.2%, 7.9% and 
5.8% of initial weight, respectively). The combined therapy group 
lost signifi cantly more weight (10.9% of initial weight) at this 
time and maintained a signifi cantly greater loss at 1 year than did 
the other three treatments, which did not differ signifi cantly from 
each other.   

 These fi ndings suggest that a combination of medication and 
behavior therapy may induce and maintain larger weight losses 
than either approach used alone. Similar results were obtained by 
James and colleagues who found that patients who received sibu-
tramine plus lifestyle modifi cation maintained a loss of approxi-
mately 10% of initial weight at 2 years, as compared to a loss of 
only 5% for patients who received lifestyle modifi cation plus 
placebo  [80] . Two studies of orlistat, a gastric lipase inhibitor, 
also obtained good maintenance of weight loss at 2 years in 
patients who received lifestyle modifi cation plus medication 
versus lifestyle modifi cation plus placebo  [81,82] .  

  Dissemination of  b ehavioral  t reatment 

 Behavioral treatment clearly is effective in inducing a loss of 
approximately 10% of initial weight, and losses of this size are 
associated with signifi cant improvements in health  [1,2] . In addi-
tion to its successes, the behavioral treatment of obesity faces 
several challenges at present. First, treatment must be made more 
available to the millions of Americans who need to lose weight. 
Behavioral treatment is offered in academic medical centers that 
are not readily accessible to many individuals seeking treatment. 
We briefl y discuss two avenues for increasing access to behavioral 
weight control programs. 

Sibutramine alone

a

a

a

b

Lifestyle modification alone
Sibutramine + brief therapy
Combined therapy

Weeks

W
ei

g
h

t 
lo

ss
 (

kg
)

0 3 6

0

2

4

6

8

10

12

14

16
10 18 26 40 52
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participants assigned to sibutramine alone, lifestyle modifi cation alone, combined 
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  Internet and  e mail 
 The rapid growth of the Internet over the past decade has pro-
vided novel opportunities to increase the accessibility of treat-
ment by reducing geographic and transportation barriers. In the 
fi rst of a series of studies, Tate and colleagues randomized par-
ticipants to one of two 6 - month weight loss programs  [83] . An 
education intervention provided a directory of Internet resources 
for weight control but no instructions to change eating and activ-
ity habits. A behavior therapy intervention provided this compo-
nent, as well as 24 weekly lessons conducted by email, weekly 
submission of self - monitoring diaries, and an online bulletin 
board. Participants in the behavior therapy group lost signifi -
cantly more weight at 6 months than those in the education 
group (4.1   kg versus 1.6   kg, respectively). In a 12 - month follow -
 up study, Tate et al. assigned individuals at risk for type 2 diabetes 
to an Internet weight loss program with or without weekly behav-
ioral counseling, delivered by email  [84] . Participants who 
received counseling lost more weight (4.4   kg) than those who did 
not have counseling (2.0   kg). These studies clearly demonstrate 
the benefi t of therapist feedback. 

 A third study conducted by Tate and colleagues evaluated the 
level of therapist feedback necessary for optimal outcome in an 
Internet - based weight control program  [85] . Patients partici-
pated in a 6 - month program in which they received: (1) thera-
pist - feedback from a human counselor, (2) computer - automated 
feedback or (3) no counseling. After 3 months, the human coun-
selor and computer - automated feedback conditions (6.1   kg and 
5.3   kg, respectively) were superior to the no counseling group 
(2.8   kg) but not signifi cantly different from each other. Six 
months after the beginning of treatment, however, patients in the 
human counselor group had lost more weight (7.3   kg) than the 
computer - automated and no counseling groups (4.9   kg and 
2.6   kg, respectively). We note that patients in all three groups 
were encouraged to use meal replacements, which may have been 
responsible for the greater weight loss observed in this study as 
compared to the fi rst two. 

 Finally, a recent study compared a therapist - led Internet 
program to a commercial, online weight loss program  [86] . 
Patients in the therapist - led condition participated in a 6 - month 
weight loss phase, during which they received weekly online 
sessions followed by a 6 - month weight maintenance phase 
during which online meetings were held bi - weekly. The com-
mercial program provided a diet and fi tness plan based on 
behavioral weight loss concepts and sent automated feedback 
messages based on an individual ’ s weight loss. At 1 year, patients 
in the therapist - led group lost signifi cantly more weight 
than those in the commercial program (7.8   kg and 3.4   kg, 
respectively). 

 These studies, taken together, underscore the importance of 
participants ’  completing behavioral assignments (such as keeping 
records of their food intake and physical activity) and receiving 
therapist feedback. Educational instruction alone is not suffi cient 
to induce clinically signifi cant weight loss. The studies also 
suggest that even the most effective Internet interventions are 

likely to produce only half the weight loss of traditional on - site 
behavioral programs. However, from a public health perspective, 
the greater availability of Internet programs may result in this 
approach having a greater impact on obesity management than 
traditional clinic -  or hospital - based programs that serve so few 
individuals.  

  Commercial  p rograms 
 Commercially available weight loss programs now include 
many of the components of behavioral treatment described 
above. Of these, Weight Watchers is by far the largest treatment 
provider and has been evaluated in three randomized controlled 
trials  [87] . The program provides dietary education and group 
support in 1 - hour weekly meetings at a cost of approximately $14 
per visit  . Treatment groups may include as many as 100 individu-
als. Unlike the closed groups used in academic medical centers, 
in which the same patients attend treatment together each week, 
Weight Watchers meetings are open to whoever wishes to attend 
at a given time. This practice makes for ease of enrollment in the 
program (although it may dilute the continuity of care). 

 Heshka and colleagues conducted a randomized controlled 
trial of 426 individuals who were assigned to Weight Watchers or 
a self - help intervention  [88] . Persons in the former group 
attended weekly Weight Watchers meetings in their local com-
munity. (Group leaders did not know that participants were 
enrolled in a research study.) Those in the self - help condition 
were provided two 20 - minute visits with a registered dietitian, as 
well as printed materials and other resources. At 1 year, 82% of 
participants remained in the study, with no differences in attri-
tion between the two groups. Participants assigned to Weight 
Watchers lost 5.4% of initial weight, compared with 1.6% in the 
self - help group. At 2 years, losses declined to 3.2% and 0.1%, 
respectively. Seventy - three percent of participants remained in 
treatment at this time with no differences in attrition between 
groups. 

 A recent randomized controlled trial evaluated a second com-
mercial program, Jenny Craig, in comparison to a usual - care 
control group  [89] . Participants assigned to Jenny Craig attended 
weekly individual appointments with a consultant. They were 
also provided with follow - up phone and email contacts and 
website/message board access. Jenny Craig participants were 
given individualized caloric prescriptions based on their energy 
requirements (typically 1200 – 2000   kcal/d). The usual - care group 
met with a dietitian at baseline and 16 weeks and was prescribed 
a 500 – 1000   kcal/d defi cit. Participants assigned to Jenny Craig 
lost 7.1% of initial weight after 1 year, compared to 0.7% in the 
usual - care group  [89] . 

 These fi ndings suggest that commercial programs, such as 
Weight Watchers and Jenny Craig, might be an appropriate fi rst 
step for individuals who have failed to reduce on their own with 
diet and exercise. A substantial minority of individuals can be 
expected to lose 5% or more of their initial weight, a loss that 
could prevent or ameliorate health complications.   
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  Conclusion 

 As the prevalence of obesity reaches epidemic proportions, the 
need for effective methods of inducing and maintaining weight 
loss is evident. This chapter has shown that a comprehensive 
program of diet, exercise, and behavior therapy facilitates the loss 
of approximately 10% of initial weight, which is associated with 
signifi cant health benefi ts. The maintenance of lost weight 
remains the challenge to successful weight control. Weight loss 
maintenance can be improved with the use of structured meal 
plans and meal replacements, home - based exercise and lifestyle 
activity, and the use of weight loss medications. Additional 
research is needed to identify methods of enhancing long - term 
weight control and increasing its accessibility. 

 Far greater efforts, however, must be devoted to the prevention 
of obesity in both children and adults if we are to halt the progres-
sion of the obesity epidemic  [90] . Ultimately, we must tackle what 
Brownell has referred to as a  “ toxic ”  environment that explicitly 
encourages the consumption of super - sized servings of high - fat, 
high - sugar foods, while implicitly discouraging physical activity, 
as a result of sedentary work and leisure habits  [9,90] . While 
behavioral treatment can assist those who already are obese, there 
is a pressing need for wide - scale environmental interventions 
that will reduce the number of individuals who require such 
treatment.  
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   Introduction 

 Traditionally, exercise has been recommended as an important 
strategy for prevention of obesity and as an effective adjunct to 
its treatment. Much evidence has been accumulated over the past 
years to strengthen this recommendation, not only with respect 
to weight management, but also concerning the benefi cial effects 
of exercise on obesity - related morbidities. 

 More recently, the focus has shifted from exercise to increasing 
physical activity. Exercise refers to every planned, structured, and 
repetitive body movement done to improve or maintain one or 
more components of physical fi tness. Physical activity, on the 
other hand, is any bodily movement produced by the skeletal 
muscles that results in a substantial increase in energy expenditure 
over the resting energy expenditure. It includes not only exercise 
(undertaken with the deliberate intent of improving health or 
physical performance) and sport, but also other types of daily 
activities, such as walking or cycling for transportation, occupa-
tional activities, domestic chores, leisure activities, etc. Using the 
term physical activity rather than exercise refl ects the notion that 
activities of normal daily life can also contribute to the increased 
energy expenditure that is crucial for weight management. The 
term NEAT (nonexercise activity thermogenesis) has also been 
introduced, refl ecting all energy expenditure above resting energy 
expenditure excluding exercise. NEAT is therefore the total energy 
expenditure for physical activity minus exercise  [1] .  

  Exercise,  p hysical  a ctivity and  b ody  w eight 

 In this section the evidence for the importance of regular exercise 
and high levels of physical activity for weight management, i.e. 

the prevention of unhealthy weight (re)gain and the reduction of 
weight in obese individuals, will be reviewed. 

  Physical  a ctivity and  w eight  g ain 
 Cross - sectional population - based studies usually show a negative 
correlation between level of physical activity and body mass, but 
this cannot be taken as proof that less active people gain more 
weight, because a low level of physical activity may be the conse-
quence rather than the cause of weight gain. The question of 
cause or consequence is better answered by prospective studies, 
although problems of reverse causality, measurement error, 
residual and unmeasured confounding do remain  [2] . 

 Reviews of prospective observational studies show no consist-
ent association between the level of physical activity at baseline 
and subsequent weight gain  [2 – 4] . In children similar mixed 
results are found and measures of associations are also small 
 [2,5] . There are relatively few high - quality, controlled trials on 
the primary prevention of weight gain by increasing physical 
activity in adults  [2,6]  or children  [2,7] . Interventions have been 
very diverse and often included other components than increased 
physical activity alone. Moreover, results are inconsistent and 
therefore have so far provided insuffi cient evidence for effective 
intervention programs for primary prevention of weight gain in 
adults or children by increased physical activity  [2] .  

  Physical  i nactivity and  w eight  g ain 
 Evidence is emerging, mainly from cross - sectional studies, that 
low levels of nonexercise physical activity (e.g. spontaneous inter-
mittent standing and ambulation) may contribute to weight gain 
and obesity, independent of levels of leisure - time physical activity 
 [1,8] . Inactive obese individuals spend more time sitting than 
inactive lean people  [9] . This difference is maintained when the 
obese people lose weight by an energy - restricted diet and the lean 
people increase weight by overfeeding  [9] . Sitting behavior and 
exercise - based leisure - time physical activity appear to be distinct 
classes of behavior with distinct determinants and independent 
risk for disease. Intervention studies, which could provide more 
conclusive evidence on the role of physical inactivity for weight 
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been reviewed extensively  [11,12,19]  (see Fig.  23.1 ). Adding exer-
cise training to an energy - restricted diet results in a modest extra 
weight loss that is small compared to the weight loss attained by 
the dietary treatment alone. This is to be expected, since most 
exercise interventions aim to increase energy expenditure by 
1000 – 1500   kcal per week, whereas a caloric defi cit of 500 – 1000   kcal 
per day is usually induced by energy - restricted diets. Addition of 
exercise to food restriction produces an average increase in weight 
loss of about 1.5   kg in overweight and obese subjects. This fi nding 
is based on 17 randomized controlled trials with durations of 
intervention between 4 months and 1 year  [11] . 

 Adding exercise to an energy - restricted diet may also help to 
preserve fat - free mass  [16,20] . The meta - analysis by Garrow and 
Summerbell  [16]  indicates that for every 10   kg weight loss by diet 
alone, the expected loss of fat - free mass is 2.9   kg in men and 2.2   kg 
in women. When the same weight loss is achieved by exercise 
combined with dietary restriction, the expected loss of fat - free 
mass is reduced to 1.7   kg in men and women. Resistance exercise 
may result in a more effective preservation of fat - free mass during 
a period of energy restriction than endurance training  [20,21] .  

  Exercise and  w eight  l oss  m aintenance 
 Although exercise training results in only modest (extra) reduc-
tions of body weight when prescribed alone or in combination 
with dietary restriction, regular exercise is of crucial importance 
for successful weight loss maintenance after a period of weight 
reduction. Most of the evidence comes from nonrandomized 
weight reduction studies with an observational follow - up. People 
who successfully maintain weight loss are characterized by high 
levels of physical activity, low dietary fat and high dietary carbo-
hydrate intake, and regular self - monitoring of weight and food 
intake  [11,22] . 
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 Figure 23.1     Body weight reduction in intervention studies with advice alone, 
exercise alone, diet alone or the combination of diet and exercise in obese 
subjects  (adapted from Franz et al.  [12] ) . 
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 Figure 23.2     Relationship between amount of exercise, expressed as MET h/wk, 
and change in visceral fat (VF), expressed as percent change per week, in 
overweight subjects with enlarged visceral fat without concomitant metabolic 
disorders  (adapted from Ohkawara et al. [15] ) . 

gain and its underlying biologic mechanisms, are currently 
lacking  [8] .  

  Exercise and  w eight  r eduction 
 Intervention studies show that overweight and obese adults lose 
a modest amount of weight on average when they increase their 
physical activity by exercise. A recent Cochrane review that 
included randomized controlled trials of exercise in people with 
overweight and obesity, with a duration of at least 12 weeks and 
loss to follow - up of less than 15%, identifi ed only two studies 
meeting these criteria and these had a total of 270 participants 
 [10] . The weighted mean difference in weight loss between the 
control and exercise group was  - 2.03   kg (95% confi dence interval 
(CI)  - 2.82,  - 1.23)  [10] . Catenacci and Wyatt  [11]  identifi ed 16 
trials, some of which were nonrandomized, with over 2000 par-
ticipants. In agreement with the Cochrane review, most studies 
showed a weight loss of between 1 and 3   kg. Another meta - anal-
ysis compared the weight loss effect of an exercise program with 
an advice - onlyintervention and found 1.9  ±  3.6   kg more weight 
loss in the exercise groups after 12 months  [12]  (Fig.  23.1 ).   

 Most studies on the effects of exercise in obesity have focused 
on body weight. However, obesity is a disease of increased fat 
mass, therefore the body fat - reducing effect of exercise is more 
important. Total abdominal fat and visceral fat are reduced by 
exercise, even in the absence of changes in body mass or waist 
circumference  [13,14] . A dose dependency has been found in 
obese subjects without metabolic disorders, whereas there was no 
relationship between amount of exercise and visceral fat loss in 
subjects with such disorders  [15]  (Fig.  23.2 ).   

 Resistance exercise training has little effect on weight, but tends 
to increase fat - free mass and reduce fat mass  [16 – 18] .  

  Combined  e ffects of  e xercise and  d ietary  r estriction on 
 b ody  w eight 
 Exercise is almost always prescribed as an adjunct to dietary 
restriction in weight reduction programs. The combined effects 
of dietary restriction and exercise training on body weight have 
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 A review of weight maintenance studies showed that there 
is currently very little evidence from randomized controlled 
trials to support this. When weighted mean weight changes were 
calculated for 11 randomized studies with an average duration of 
20 months (range 12 – 42 months), the weight regain during 
follow - up amounted to 0.28   kg/month in the exercise groups 
and 0.33   kg/month in the control groups  [3] . The reason for this 
relative lack of effi cacy in randomized controlled trials may be 
that the amount of physical activity prescribed in these studies 
is insuffi cient and that the long - term adherence to the exercise 
programs is low.   

  Exercise and  e nergy  b alance 

 In the previous section it has been shown that regular exercise 
reduces body weight or helps prevent weight (re)gain. It therefore 
creates a negative energy balance or prevents a positive energy 
balance. How is this accomplished? Energy expenditure and 
energy intake represent the two sides of the energy balance equa-
tion. Does exercise affect energy balance through effects on 
energy expenditure or on energy intake, or a combination of the 
two? 

  Exercise and  e nergy  e xpenditure 
 Total daily energy expenditure (24 - h EE) can be divided into 
several components: resting metabolic rate (RMR), which 
accounts for approximately 60 – 70% of 24 - h energy expenditure; 
diet - induced thermogenesis (DIT), approximately 10% of 24 - h 
EE; and energy expenditure induced by physical activity or exer-
cise, which is the most variable component and may vary from 
15% of 24 - h EE in sedentary people, to 30 – 40% in active people, 
to even 400% in professional cyclists under extreme circum-
stances. Acute exercise may affect all three components of 24 - h 
EE. Apart from the acute effects, regular exercise or training may 
have additional effects. These components are discussed more 
fully later in this Chapter  . 

  Energy  e xpenditure  d uring  e xercise in  l ean and  o bese 
 i ndividuals 
 Energy expenditure increases during exercise. During activities 
such as walking or running at a set speed energy expenditure 
increases with body mass. There are indications that obese indi-
viduals have an ineffi cient locomotor pattern and thus their 
energy expenditure at any set speed may be higher than predicted 
from their body mass  [23,24] . 

 Energy expenditure during exercise is often expressed as mul-
tiples of resting metabolic rate (METs). It should be realized that 
average MET values reported in tables, such as the Compendium 
of Physical Activities  [25] , are applicable under average condi-
tions and for the average (nonobese) person. Using the MET 
values in such tables, the energy expenditure of nonweight - bear-
ing activities will be overestimated and that of weight - bearing 
activities underestimated in obese persons  [26,27] .  

  Postexercise  e nergy  e xpenditure 
 Energy expenditure may remain elevated for up to 48 hours 
during recovery from acute exercise. The total magnitude of pos-
texercise oxygen consumption (EPOC) depends on the intensity 
and duration of the exercise performed. Values up to 32   L (or 
150   kcal) over 12 hours post exercise have been reported. Dietary 
restriction lowers EPOC  [28] . EPOC is approximately 10% of the 
energy expended during exercise in overweight and obese men 
and women and may therefore be responsible for 10% of the 
weight loss induced by exercise  [29] .  

  Training and  r esting  m etabolic  r ate 
 Although lean body mass accounts for most of the variation in 
resting energy expenditure, considerable residual variance 
remains. Several studies have addressed the question of whether 
exercise training affects this residual variation in RMR, independ-
ent of the acute effects of exercise (EPOC) described above. The 
results of cross - sectional studies comparing untrained and trained 
individuals are inconclusive. Exercise intervention studies in lean 
as well as in obese men and women show mixed results with 
unchanged or increased RMR adjusted for fat - free mass after 
training. This may be related to the variation in time between the 
last exercise bout and the measurements of RMR in these studies 
 [30] . Another issue is whether exercise training reduces or even 
prevents the fall in RMR that is associated with energy - restricted 
diets. The majority of studies suggest a positive effect, but the 
evidence is not very strong  [31] . 

 In conclusion, exercise training programs generally do not lead 
to an increase in RMR in lean or obese individuals. The addition 
of a training program during a period of dietary restriction in 
obese individuals, on the other hand, may reduce the decrease in 
RMR accompanying a negative energy balance, most probably 
through a more favorable ratio between fat mass and fat - free 
mass loss.  

  Diet -  i nduced  t hermogenesis 
 There is considerable inconsistency regarding the acute effects of 
exercise and of exercise training on the thermic effect of a meal. 
Apart from the diffi culty of measuring DIT, these inconsistencies 
may be related to meal size and composition, the timing of the 
meal and exercise, the intensity and duration of the exercise, and 
differences in the characteristics of the subjects  [32] . The effects 
of exercise on DIT are likely to be small and will therefore not 
contribute importantly to exercise - induced changes in energy 
balance.  

  24 -  h   e nergy  e xpenditure 
 As discussed in the preceding paragraphs, exercise increases 
energy expenditure during the exercise bout itself and may elevate 
postexercise energy expenditure. Effects on RMR and DIT, if any, 
are small. However, from this it cannot automatically be con-
cluded that exercise also elevates 24 - h EE, since it is possible that 
nonexercise physical activity changes because of an exercise bout 
or training, either in a positive or in a negative direction. 
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 Studies which have measured 24h - EE under free - living condi-
tions with the doubly labeled water technique show that 24h - EE 
is usually higher during than before endurance training, although 
the change is not always statistically signifi cant  [33,34] . The 
increase is often greater than expected from the training - related 
energy expenditure, thus suggesting increased nonexercise energy 
expenditure  [34] . Studies in overweight and obese children and 
adults show similar trends  [35,36] .   

  Exercise and  e nergy  i ntake 
 The effects of acute and regular exercise on the energy intake side 
of the energy balance equation have been less extensively studied, 
probably because of the diffi culties associated with the accurate 
measurement of energy intake. 

 Blundell and King  [37]  postulate that no tight coupling 
between increased energy expenditure by exercise and energy 
intake exists resulting in weight loss initially. However, a new 
balance between energy expenditure and energy intake is attained 
gradually by a combination of behavioral and physiologic adapta-
tions, thus stabilizing body weight (Fig.  23.3 ). Lean subjects com-
pensate for the energy expended during exercise more readily 
than obese subjects and body weight reduction with exercise 
training is therefore more pronounced in obese than in lean 
persons. However, the variability is large. One of the factors 
responsible for this variability may be the degree of dietary 
restraint or disinhibition  [38] . Moreover, women tend to adapt 
energy intake more readily to increases in energy expenditure due 
to exercise than do men  [37] .   

 Another factor that appears to have signifi cant infl uence is the 
composition of the diet. Several studies show that larger com-
pensation and even overcompensation of the exercise - induced 

increase in energy expenditure takes place on a high - fat diet com-
pared to a high - carbohydrate diet  [39 – 41] . These observations 
are in agreement with the notion that carbohydrate balance is 
tightly regulated and that replenishment of the carbohydrate 
stores after exercise requires a larger energy intake on a high - fat 
than on a high - carbohydrate diet  [42] . This fi nding underlines 
the importance of being on a relatively low - fat diet during weight 
loss and weight maintenance. 

 The classic study by Mayer et al.  [43]  in male employees of a 
jute mill in West Bengal, India, who had a wide range of physical 
activity during work, showed that energy intake was more tightly 
coupled to the energy demand of the job above the level described 
as  “ light work ”  (Fig.  23.4 ). In sedentary employees food intake 
increased inappropriately, resulting in increased body mass. 
Although this study has major shortcomings in design and analy-
sis, the general conclusion is supported by animal research  [44] . 
Using Mayer ’ s idea that it is harder to maintain energy balance 
at low levels of physical activity, Hill and Wyatt  [45]  hypothesized 
that current levels of physical activity in a large proportion of the 
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population are so low that maintenance of energy balance is 
impossible without increases in energy balance, thus emphasizing 
the importance of increasing physical activity for weight control.   

  Exercise and  s ubstrate  u tilization 
 Any intervention aimed at inducing weight loss in overweight 
persons should promote a negative fat balance. Exercise increases 
energy expenditure and substrate oxidation in skeletal muscles. 
Fatty acids are an important energy source for the exercising 
muscles. Moreover, due to depletion of glycogen stores during 
exercise, fat oxidation is favored following exercise. These com-
bined effects result in increased fat oxidation. Exercise therefore 
allows fat oxidation to be in balance with fat intake at a lower 
body fat content  [42] .  

  Substrate  u tilization  d uring  e xercise 
 During the fi rst minutes of submaximal aerobic exercise muscle 
glycogen breakdown is the main source of energy. As exercise 
continues, blood - borne substrates (glucose and nonesterifi ed 
fatty acids (NEFA)) become more important. At moderate exer-
cise intensity (65% VO 2 max) utilization of fatty acids increases 
and that of carbohydrates decreases with time  [46]  (Fig.  23.5 ), 
which is refl ected in a gradual decrease of the respiratory quotient 
during prolonged exercise at this intensity. During the fi rst hour 
intramuscular and plasma triglycerides and circulating fatty acids 
contribute equally to the overall fat oxidation. Thereafter, the 
reliance on plasma free fatty acids increases progressively with 
time.   

 The composition of the substrate mix utilized during exercise 
depends not only on duration but also on the intensity of exer-
cise. At very low exercise intensity (25% VO 2 max, comparable to 
walking) NEFA are the main energy source. As intensity increases, 
the absolute contribution of plasma glucose and muscle glycogen 
increases, and that of plasma NEFA decreases  [46]  (Fig.  23.6 ). 
The percentage of VO 2 max at which absolute fat oxidation (in g/
min) is maximal varies between 40 and 63% VO 2 max across 
studies, with large interindividual variation within studies. Other 
factors that infl uence the substrate mix utilized during exercise 
are diet, gender and training status (VO 2 max)  [47,48] . The 
majority of studies report values between 40% and 50% of 
VO 2 max for maximal fat oxidation  [48 – 50] .   

 Children show a relatively high contribution of lipid oxidation 
to energy expenditure during exercise when compared to adults 
 [51] .  

  Substrate  u tilization  d uring  e xercise in  o besity 
 Few studies have compared substrate oxidation during exercise 
in lean and overweight adolescents and adults and results obtained 
have been equivocal  [52 – 56] . Similar disparities are found with 
respect to differences in substrate oxidation between lean and 
obese individuals at rest  [57] . 

 A more consistent fi nding is that the contribution of 
nonplasma free fatty acids (either from intramuscular or from 
lipoprotein - derived triglycerides) to total fat oxidation is higher 

in obese than in lean individuals  [54,55] . In obese adolescents the 
highest fat oxidation rate is found at approximately 40% of 
VO 2 max, which falls into the lower range of values reported for 
nonobese adults (see above)  [56,58] .  

  Acute  e xercise and 24 -  h   s ubstrate  u tilization 
 In the period after a bout of aerobic or resistance exercise, fat 
oxidation is increased, which allows replenishment of the reduced 
glycogen stores. Exercise bouts of different intensity, but similar 
total energy expenditure, have comparable effects on postexercise 
lipid oxidation  [59] . Exercise also has the ability to alter the pos-
texercise partitioning of dietary fat between oxidation and storage 
towards increased oxidation of fatty acids  [60] . 

 To establish the optimal exercise intensity for maximum total 
fat oxidation, the effects on 24 - h fat oxidation need to be studied. 
Data on this topic are relatively scarce. Exercise, either aerobic or 
resistance, performed during a 24 - h stay in a respiration chamber 
increased 24 - h EE and carbohydrate oxidation, but had no effect 
on 24 - h fat oxidation in lean subjects  [61,62] . There was no 
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difference between aerobic exercise performed at 40% or 70% of 
VO 2 max with the same total energy expenditure (400   kcal)  [61] . 
Similar results were obtained for obese men  [63] . On the other 
hand, 24 - h fat oxidation during the fi rst days after switching from 
a low - fat to a high - fat diet is increased by exercise  [64,65] . Thus, 
day - to - day variations in fat intake are less likely to result in a 
positive fat balance in active individuals.  

  Exercise  t raining and  s ubstrate  u tilization  d uring  e xercise 
 Training, even at exercise intensities as low as 40% of VO 2 max, 
reduces utilization of both muscle glycogen and blood glucose 
during exercise at any given absolute submaximal exercise inten-
sity. This training - induced reduction in carbohydrate oxidation 
during exercise is compensated for by an increase in fat oxidation. 
Studies indicate that the main source of this increased fat oxida-
tion may not be adipose tissue lipolysis, but rather intramuscular 
triglyceride stores  [47,66 – 68]  (Fig.  23.7 ).    

  Exercise  t raining and  s ubstrate  u tilization in  o besity 
 Data on the effects of exercise training on substrate utilization in 
the obese are rather scarce. Moderate - intensity exercise training 
at 70% VO 2 max enhances whole - body fat utilization under 
fasting conditions  [69]  and increases palmitate oxidation in mito-
chondria isolated from the skeletal muscle of obese persons  [70] . 
Other studies have shown that the combination of weight loss 
and exercise training increases whole - body fat oxidation in 
obese individuals, but without an increase in mitochondrial 
density  [54,71] , which is the normal adaptive response to this 
type of exercise training. Instead, the surface area of the inner 

mitochondrial membrane was increased by the exercise training 
 [72] . As in lean individuals, exercise training increases fat oxida-
tion during exercise in obese men and women, although the effect 
may depend on training intensity and fat distribution (as shown 
in a series of studies by van Aggel - Leijssen and co - workers 
 [73,74] ). Low - intensity training also prevented the reduction in 
fat oxidation induced by weight loss with an energy - restricted 
diet  [75] . Thus, exercise training is able to increase the capacity 
for fat oxidation in obese individuals although the adaptations 
responsible for the increased fat oxidation may differ between 
lean and obese. The optimal training intensity to produce this 
effect under different conditions and the role of obesity pheno-
type remain to be established.    

  Exercise and  o besity -  r elated  m orbidity and 
 m ortality 

 Obesity has been associated with an increased premature 
mortality and increased risk for chronic diseases, such as type 2 
diabetes mellitus, cardiovascular disease associated with dyslipi-
demia and hypertension, osteo - arthritis and sleep apnea  [76] . 
Regular exercise is known to have benefi cial effects on most 
of these risks. 

  Insulin  r esistance and  t ype 2  d iabetes  m ellitus 
 Insulin resistance is an important feature in the development of 
glucose intolerance and type 2 diabetes mellitus. An acute exer-
cise bout increases postexercise insulin sensitivity, an effect that 
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 Table 23.1     Relative risk of developing type 2 diabetes during the trial period 
according to tertiles of change in leisure - time physical activity ( LTPA ) in the 
Finnish Diabetes Prevention Program  [83]   

        Model 1     Model 2     Model 3  

   Change in total LTPA   
   − 3.2 ( − 35 to  − 0.5)    1    1    1  
  0.5 ( − 0.5 to 1.7)    0.47 (0.28 – 0.79)    0.48 (0.28 – 0.82)    0.52 (0.31 – 0.89)  
  3.8 (1.8 – 19)    0.26 (0.15 – 0.47)    0.29 (0.16 – 0.53)    0.34 (0.19 – 0.62)  
  p for trend     < 0.001     < 0.001     < 0.001  

   Change in moderate - to - vigorous LTPA ( ≥ 3.5 METs)   
   − 1.5 ( − 13.5 to  − 0.1)    1    1    1  
  0.5 ( − 0.1 to 1.3)    0.78 (0.46 – 1.33)    0.86 (0.49 – 1.48)    0.95 (0.54 – 1.65)  
  2.6 (1.3 – 14.4)    0.35 (0.18 – 0.65)    0.40 (0.21 – 0.76)    0.51 (0.26 – 0.97)  
  p for trend    0.001    0.004    0.037  

   Change in low - intensity LTPA ( < 3.5 METs)   
   − 3.2 ( − 34 to  − 1.0)    1    1    1  
  0.1 ( − 0.9 to 1.1)    0.83 (0.47 – 1.45)    0.85 (0.47 – 1.53)    0.63 (0.34 – 1.17)  
  3.1 (1.1 – 15.0)    0.38 (0.20 – 0.70)    0.41 (0.22 – 0.77)    0.36 (0.19 – 0.67)  
  p for trend    0.001    0.003    0.001  

   Data are relative risk (95% CI). LTPA in hours/week. Model 2: adjusted variables 
in model 1 plus baseline values and changes in dietary intake, total fat, 
saturated fat, and fi ber. Model 3: adjusted for variables in model 2 and baseline 
values plus changes in BMI.   

is maintained for 48 – 72 hours. Insulin sensitivity is increased in 
those skeletal muscles that have been active during the exercise 
bout. The lowered glycogen content of these muscles after exer-
cise probably plays an important role in determining the insulin 
response of glucose transport and glycogen synthesis. Incoming 
glucose is mainly directed to glycogen synthesis and incoming 
fatty acids to oxidation, and this explains the increased fat oxida-
tion reported after exercise. 

 Exercise training improves skeletal muscle insulin sensitivity of 
glucose transport in both insulin - sensitive and insulin - resistant 
adults with obesity. This is associated with increased expression 
of GLUT4 and insulin receptor substrate - 1 in insulin - resistant 
muscle  [77] . A growing body of evidence suggests that participa-
tion in a structured aerobic exercise program also improves 
insulin sensitivity in overweight youth, even in the absence of 
changes in body weight  [78] . Exercise training also improves 
glycemic control, even in the absence of weight loss, in patients 
with type 2 diabetes  [79] . 

 The only trial published so far on the effects of exercise training 
alone on the prevention of type 2 diabetes in high - risk individuals 
with impaired glucose tolerance, the Da Qing IGT and Diabetes 
Study, has shown a reduction of the incidence of type 2 diabetes 
by the exercise intervention  [80] . Studies that investigated the 
role of increased physical activity in the context of a lifestyle 
intervention that also included weight loss and dietary changes 
have also reported a reduced risk of type 2 diabetes in subjects 
with impaired glucose tolerance (IGT)  [81,82] . In the Finnish 
Diabetes Prevention Study an increase in physical activity, as 
strenuous structured exercise, walking for exercise or lifestyle 
physical activity, was associated with a reduced incidence of type 
2 diabetes, independent of any changes in Body Mass Index 
(BMI)  [83]  (Table  23.1 ).   

 Thus, regular exercise can reduce insulin resistance and 
improve glucose tolerance in obesity and type 2 diabetes, and 
reduce the risk of type 2 diabetes in high - risk populations, even 
in the absence of changes in weight and/or body composition.  

  Blood  l ipids 
 Exercise training has consistently been shown to increase HDL -
 cholesterol levels. Reductions in total cholesterol, LDL - choles-
terol and triglycerides may also occur with training  [84] . Baseline 
levels of BMI and exercise - induced body weight changes did not 
modify exercise - induced changes in lipids. However, concurrent 
diet - induced weight loss potentiates the reductions in LDL - 
cholesterol, total cholesterol and triglycerides and exercise 
training may attenuate the HDL reduction with low - fat diets  [84] . 

 In sedentary overweight or mildly obese subjects with dyslipi-
demia, regular exercise improves overall lipoprotein profi le  [85] . 
High - amount/high - intensity exercise had signifi cantly more ben-
efi cial effects on plasma lipoproteins than low - amount/high 
intensity or low - amount/low intensity exercise. The benefi cial 
effects on HDL are sustained up to 2 weeks after exercise cessa-
tion, but the effects on VLDL and LDL appear to be relatively 
short - lived  [86] . Aerobic exercise training has also been shown 

to reduce plasma triglyceride and tends to increase HDL - choles-
terol in obese or overweight children  [87] .  

  Blood  p ressure 
 A meta - analysis on blood pressure changes associated with 
endurance exercise training including 72 randomized controlled 
trials with 3936 participants and showed average systolic and 
diastolic blood pressure reductions of 3.0 and 2.4   mmHg respec-
tively  [88] . Intervention studies in children show similar effects 
 [89] . The reductions were more pronounced in hypertensive 
subjects (6.9 and 4.9   mmHg) than in the normotensive group 
(1.9 and 1.6   mmHg). No clear relationships between the blood 
pressure response and characteristics of the exercise programs 
(exercise intensity, duration, frequency) were found. The blood 
pressure - reducing effect of endurance exercise was independent 
of initial body mass and percent body fat or changes in body 
weight and composition  [88] . 

 Resistance exercise training (12 study groups with 341 partici-
pants) caused a signifi cant change in diastolic blood pressure of 
3.5   mmHg, and a nonsignifi cant change in systolic blood pressure 
of 3.2   mmHg. Most resistance training programs involved 
dynamic resistance training with variable resistances, numbers of 
repetitions and number of sets. There was no indication that 
resistance exercise increased blood pressure  [90] . 

 When comparing the effects of a combined intervention 
including dietary energy restriction and exercise training with the 
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effect of diet alone in 10 randomized trials on blood pressure in 
overweight subjects, no additional reduction of blood pressure 
was found over that in exercise trials alone  [91]  (Fig.  23.8 ).    

  Mental  h ealth and  h ealth -  r elated  w ell -  b eing 
 It is not fully clear whether obesity is associated with psychopa-
thology or emotional distress in the general population. However, 
obese patients seeking weight loss treatment often show emo-
tional disturbances, such as depression, binge - eating disorder and 
disturbed body image  [76] . 

 Exercise helps to improve mental health in individuals report-
ing mood disturbances, including symptoms of anxiety and 
depression, and in patients with diagnosed depression  [92,93] . 
There are few data to confi rm whether this is also the case in 
obesity. An observational study suggests that higher levels of 
physical activity and increases in physical activity are associated 
with improvements in depression and well - being in obese indi-
viduals  [94] . A randomized study found no effect of exercise 
training on psychologic well - being or mood states in obese 
women in the absence of weight loss. Weight loss induced by a 
combination of diet and exercise signifi cantly improved well -
 being  [95] .  

  Aerobic  fi  tness 
 Obese individuals have lower aerobic fi tness than lean individu-
als, when fi tness is expressed as VO 2 max per kg body weight. 
When VO 2 max is adjusted for fat - free mass the difference between 
lean and obese usually disappears. However, the oxygen con-
sumption during exercise at a submaximal load, such as walking 
at a certain speed, is higher in obese than in lean when expressed 
as % VO 2 max, thus representing a higher physical stress  [96] . 
Improving aerobic fi tness in the obese will therefore have benefi -
cial effects on the physical stress of daily activities. 

 Regular exercise increases aerobic fi tness in lean  [92]  and obese 
individuals, independent of changes in body weight  [73,74]  and 

there are no indications that the fi tness response to exercise train-
ing is modifi ed by increasing adiposity.  

  Mortality 
 Although some controversy exists over whether fatness is an inde-
pendent predictor of mortality, epidemiologic studies quite con-
sistently show that, within each BMI or adiposity category, men 
and women with a higher aerobic fi tness or higher level of physi-
cal activity have a lower all - cause mortality risk  [97 – 102] .   

  Exercise  r ecommendations for  w eight 
 m anagement 

 Exercise will prevent weight gain, improve weight loss mainte-
nance, reduce the risk of chronic diseases such as type 2 diabetes 
and cardiovascular diseases, improve mental health and well -
 being, increase fi tness and reduce the risk of premature mortality. 
Physicians and other healthcare professionals should therefore 
counsel obese patients to engage in regular exercise as part of 
their routine practice. 

 Specifi c exercise recommendations for weight control have 
emerged since the 1990s. In 1998 the National Institutes of Health 
recommended that all adults should set a long - term goal to accu-
mulate at least 30 minutes, or more, of moderate - intensity physi-
cal activity on most and preferably all days of the week for weight 
management. The World Health Organization also adopted this 
recommendation. However, this recommendation for optimal 
weight management has been questioned. The amount of physi-
cal activity required for weight gain prevention is likely to be 
higher than this recommended amount  [4,26] . It is estimated that 
45 – 60 minutes of moderate - intensity exercise per day are neces-
sary to prevent the transition from overweight to obesity, and 
60 – 90 minutes of moderate - intensity exercise daily (or lesser 
amounts of more vigorous activity) to prevent weight regain after 
weight reduction in the obese  [26] . In agreement with this, 
approximately 60 minutes of moderate -  to vigorous - intensity 
activity on most days of the week (while not exceeding caloric 
intake requirements) are now recommended to help manage 
body weight and prevent gradual, unhealthy body weight gain in 
adulthood  [103,104] . 

 Currently there is no evidence that exercise intensity has an 
effect on weight reduction or weight maintenance independent 
of its contribution to total energy expenditure. However, more 
vigorous exercise will allow the individual to attain a preset 
energy expenditure in a shorter time. Two caveats are important: 
more vigorous exercise is associated with a higher injury risk 
 [104]  and it may lead to higher drop - out rates from the program. 
A careful balance between time restraints and attainment of 
a suffi ciently high total energy expenditure therefore needs to 
be sought for each individual. The importance of improving 
aerobic fi tness needs to be stressed because this will enable 
the obese individual to perform a higher workload with less 
physical stress. 
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 A signifi cant dose – response relationship between amount of 
exercise, expressed as energy expenditure per week, and body 
weight reduction has been demonstrated  [13] . Suggestions for 
a dose – response relationship with the total amount of exercise 
have also been found for several other health parameters  [105] . 
Although the effects of exercise on body weight are related to 
total energy expenditure rather than exercise intensity, exercise 
intensity may be important for other health effects of exercise. 
For instance, it is well known that a minimal exercise intensity 
is required to improve cardiovascular fi tness and that a relation-
ship exists between change in VO 2 max and exercise intensity. 
Whether this is also the case for other health effects of exercise 
is unclear. There is no clear relationship between the blood 
pressure - lowering effects of exercise and the characteristics of 
the exercise program  [88] . No independent effect of exercise 
intensity has been found with respect to alterations in the 
lipoprotein profi le  [85]  but exercise intensity appears to be 
inversely associated with risk of coronary heart disease, inde-
pendent of total amount of exercise  [106,107] . With respect to 
insulin resistance, an independent role for exercise intensity 
cannot be excluded  [108] . 

 Thus the question  “ Which type of exercise training is optimal 
for the obese patient? ”  probably does not have one single answer. 
It depends on the ultimate goal(s) of the training program: is it 
body weight reduction, fat mass reduction, increased fat oxida-
tion, risk factor reduction or improvement of general fi tness, 
psychologic well - being and health? How fast does one want to 
attain a certain goal? And interindividual differences in respon-
siveness to training programs are also likely and complicate the 
delineation of the program to prescribe. We are only just begin-
ning to see interactions between genotype and the response to 
exercise training  [109 – 112] . 

  Exercise  m ode 
 Dynamic aerobic exercise is usually recommended to improve 
cardiorespiratory fi tness and health and in weight control pro-
grams. To attain the high levels of energy expenditure which are 
important for weight management, activities that employ a large 
muscle mass are preferred. For the obese especially, nonweight -
 bearing activities such as swimming or cycling may be appropri-
ate. Addition of dynamic forms of resistance exercise training, 
although not contributing to body weight loss, may help to 
enhance muscle mass and muscular strength  [113] . Lifestyle 
approaches to physical activity are often more easily accommo-
dated in the routine of everyday life and the long - term effi cacy 
for weight control and cardiovascular risk reduction is compara-
ble to that of structured exercise programs  [114,115] .  

  Exercise  p rescription 
 Prescriptions of frequency and duration of exercise sessions are 
simple and straightforward. The more diffi cult aspect of exercise 
prescription is defi ning and monitoring the intensity of exercise. 
The intensity of exercise can be prescribed as an absolute intensity 
(VO 2  or MET) or a relative intensity, such as a percentage of the 

maximal oxygen uptake (% VO 2 max) or maximal heart rate (% 
HRmax). 

 One MET, or metabolic equivalent, represents an individual ’ s 
energy expenditure while sitting quietly ( ∼ 3.5   mL O 2 /kg / min). 
MET values of selected activities and their classifi cation as light, 
moderate or vigorous intensity activities are given in Table  23.2 . 
Relative intensities can be classifi ed as shown in Table  23.3 .   

 Since VO 2 max is diffi cult to measure in nonlaboratory exercise 
settings, prescription of exercise intensity is usually based on 
heart rate (as percentage of measured, but usually estimated, 
maximal heart rate (% HRmax) or heart rate reserve (% HRR) 
(= maximal heart rate  –  resting heart rate) or subjective feelings 
of exertion (RPE, rating of perceived exertion). This is based on 
the linear relationship between % HRmax or % HRR and RPE, 
on one hand, and % VO 2 max on the other. The relation between 
% HRmax or % HRR and % VO 2 max has been found to be 
similar in lean and obese adults  [116] . In normally fi t individuals, 
the classifi cation of activities according to absolute (MET) and 
relative (% VO 2 max) intensity categories will be comparable, but 
in very unfi t or very fi t individuals they will no longer overlap. 

 Current recommendations on exercise intensity are usually 
based on the absolute classifi cation of physical activity intensities, 
although much of the underlying evidence for these recommen-
dations is derived from exercise training studies using relative 
training intensities.  

  Exercise  a dherence 
 Drop - out rates from exercise programs are relatively high and the 
degree of overweight is one of the most consistent predictors of 
drop - out from an exercise program  [117,118] . Unsupervised 
programs with vigorous - intensity exercise have lower adherence 
rates  [118,119] . 

 Cognitive factors regarding exercise are of critical importance 
for the success of exercise in weight management. Analysis of 
prevailing cognitive rules and schemas and, if necessary, interven-
tion should be components of exercise prescription  [120] . 

 Little is known about the determinants of adherence to 
increased physical activity in overweight and obese individuals. 
Multiple 10 - minute exercise bouts per day instead of a single long 
daily exercise bout, and home exercise, may be associated with 
better long - term exercise adherence  [121,122] . However, further 
studies in this area are clearly needed.  

  Exercise  r isk 
 Apart from the benefi ts, exercise may also have risks. The most 
serious but relatively infrequent risk is that of sudden cardiac 
death, usually due to underlying atherosclerotic coronary artery 
disease. Exercise also transiently increases the risk of acute myo-
cardial infarction. The relative risk of both exercise - related myo-
cardial infarction and sudden death is greatest in individuals who 
are the least physically active and perform unaccustomed vigor-
ous exercise. Sedentary individuals should avoid isolated bouts of 
vigorous exercise and gradually increase physical activity levels 
over time  [123] . 
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 Table 23.2     Energy cost of various physical activities expressed as  MET  s  (ratio of work metabolic rate to resting metabolic rate)  [104]   

   Light  < 3.0 METs     Moderate 3.0 – 6.0 METs     Vigorous  > 6.0 METs  

   Walking, jogging  &  running      Walking, jogging  &  running      Walking, jogging  &  running   
  Walking slowly around home, store or 

offi ce   =   2.0  *    
  Walking 3.0   mph (4.8   km/h)   =   3.3  *   
 Walking at very brisk pace (4   mph, 6.4   km/h)   =   5.0  *    

  Walking at very very brisk pace (4.5   mph, 
7.2   km/h)   =   6.3  *   

 Walking/hiking at moderate pace and grade with 
no or light pack ( < 10   lb, 4.5   kg)   =   7.0 

 Hiking at steep grades and pack 10 – 42   lb, 
4.5 – 19   kg   =   7.5 – 9.0 

 Jogging at 5   mph (8   km/h)   =   8.0  *   
 Jogging at 6   mph (9.7   km/h)   =   10.0  *   
 Running at 7   mph (11.3   km/h)   =   11.5  *    

   Household  &  occupation      Household  &  occupation      Household  &  occupation   
  Sitting  –  using computer, work at desk using 

light hand tools   =   1.5 
 Standing, performing light work such as 

making bed, washing dishes, ironing, 
preparing food or store clerk   =   2.0 – 2.5  

  Cleaning  –  heavy: washing windows, car, clean 
garage   =   3.0 

 Sweeping fl oors or carpet, vacuuming, mopping   =   3.0 – 3.5 
 Carpentry  –  general   =   3.6 
 Carrying  &  stacking wood   =   5.5 
 Mowing lawn  –  walk power mower   =   5.5  

  Shoveling sand, coal, etc.   =   7.0 
 Carrying heavy loads such as bricks   =   7.5 
 Heavy farming such as bailing hay   =   8.0 
 Shoveling, digging ditches   =   8.5  

   Leisure time  &  sports      Leisure time  &  sports      Leisure time  &  sports   
  Arts  &  crafts, playing cards   =   1.5 
 Billiards   =   2.5 
 Boating  –  power   =   2.5 
 Croquet   =   2.5 
 Darts   =   2.5 
 Fishing  –  sitting   =   2.5 
 Playing (most) musical instruments 
 =   2.0 – 2.5  

  Badminton  –  recreational   =   4.5 
 Basketball  –  shooting around   =   4.5 
 Bicycling  –  on fl at: light effort (10 – 12   mph, 

15 – 18   km/h)   =   6.0 
 Dancing  –  ballroom, slow   =   3.0 
 Dancing  –  ballroom, fast   =   4.5 
 Fishing from river bank  &  walking   =   4.0 
 Golf  –  walking pulling clubs   =   4.3 
 Sailing boat, wind surfi ng   =   3.0 
 Swimming leisurely   =   6.0  #   
 Table tennis   =   4.0 
 Tennis doubles   =   5.0 
 Volleyball  –  noncompetitive   =   3.0 – 4.0  

  Basketball game   =   8.0 
 Bicycling  –  on fl at: moderate effort 
 (12 – 14   mph, 18 – 21   km/h)   =   8.0 
 Bicycling  –  fast (14 – 16   mph, 21 – 24   km/h)   =   10 
 Skiing cross country  –  slow (2.5   mph, 

3.8   km/h)   =   7.0 
 Skiing cross country  –  fast (5.0 – 7.9   mph, 

7.5 – 12   km/h)   =   9.0 
 Soccer  –  casual   =   7.0 
 Soccer  –  competitive   =   10.0 
 Swimming  –  moderate/hard   =   8 – 11  #   
 Tennis singles   =   8.0 
 Volleyball  –  competitive at gym or beach   =   8.0  

    * On fl at, hard surface.      # MET values can vary substantially from person to person during swimming as a result of different strokes and skill levels.   

 Table 23.3     Classifi cation of relative intensity of exercise based on 20 – 60 
minutes of endurance training   (adapted from American College of Sports 
Medicine  [124] )   

   % HRmax     % VO 2 max or % HRR     RPE     Intensity classifi cation  

   < 35     < 30     < 10    Very light  
  35 – 59    30 – 49    10 – 11    Light  
  60 – 79    50 – 74    12 – 13    Moderate (somewhat hard)  
  80 – 89    75 – 84    14 – 16    Heavy  
   ≥ 90     ≥ 85     > 16    Very heavy  

   VO 2 max, maximal oxygen uptake; HRR, heart rate reserve (maximal heart rate 
 –  resting heart rate); HRmax, maximal heart rate; RPE, rating of perceived 
exertion (20 - point Borg scale).   

 Although less serious, the risk of falls and musculoskeletal inju-
ries is much larger. Risk of injury increases with obesity, volume 
of exercise and participation in vigorous exercise, whereas higher 
fi tness and gradual increases in volume over time are associated 
with reduced injury risk  [123] . 

 In the context of risk reduction, obese (and other) individuals 
with known or suspected cardiovascular, respiratory, metabolic, 
orthopedic or neurologic disorders should be advised to consult 
their physician before beginning or signifi cantly increasing physi-
cal activity, especially when activities with a vigorous intensity are 
chosen.   
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   Introduction 

 Obesity is often described as an epidemic  [1 – 3] . In this context, 
it is essential to develop ways of preventing more people from 
becoming obese but where prevention fails, treatment may be 
necessary. A number of different strategies have been used to treat 
obesity, including diet, exercise, behavior therapy, medications, 
and surgery. Criteria for selecting among these treatments involve 
evaluating the risks to the individual from obesity and balancing 
those against any possible problems with the treatment. Since all 
medications inherently have more risks than do diet and exercise, 
medications should only be used for people in whom the benefi t 
justifi es the risk  [4] . 

 This process of evaluation is particularly important when 
we realize that drug treatment for obesity has been tarnished by a 
number of unfortunate problems over the years. Since the intro-
duction of thyroid hormone to treat obesity in 1893, almost every 
drug that has been tried in obese patients has caused undesirable 
outcomes necessitating its termination. Thus, caution must be used 
in accepting any new drug for the treatment of obesity unless the 
safety profi le makes it acceptable for almost everyone  [4] . 

 Another issue surrounding drug treatment of obesity is the 
perception that because patients regain weight when drugs are 
stopped, the drugs are ineffective. Quite the contrary is true. 
Obesity is a chronic disease that has many causes. Cure, however, 
is rare, and treatment is thus aimed at palliation, i.e. producing 
and maintaining weight loss. Physicians do not expect to 
cure diseases such as hypertension or hypercholesterolemia with 
medications. Rather, they expect to palliate them. When the 

medications for any of these chronic diseases are discontinued, 
the disease is expected to recur. This means that medications only 
work when they are used. The same argument applies for medica-
tions used to treat obesity  [4] . 

 If an individual is to lose weight, he or she must go into  “ nega-
tive ”  energy balance where the energy consumed as food is less, 
on average, than the energy needed for daily activities. Thus, the 
current group of medications can be divided into two broad 
categories: those that act primarily on the central nervous system 
to reduce food intake and those that act primarily outside the 
brain. Wherever the primary site of action may be, however, the 
net effect must be a reduction in food intake and/or an increase 
in energy expenditure. 

 There are currently several drugs available to treat obesity 
 [5 – 10]  (see Table  24.1 ).    

  Drugs that  r educe  f ood  i ntake  p rimarily by 
 a cting in the  c entral  n ervous  s ystem 

 The drugs considered in this category are sibutramine, phenter-
mine and the other sympathomimetic drugs. 

  Sibutramine 
 Sibutramine is a serotonin - norepinephrine reuptake inhibitor 
that is approved by the US Food and Drug Administration and 
other international agencies for long - term use. Sibutramine has 
been evaluated extensively in several placebo - controlled, double -
 blind multicenter clinical trials lasting 6 – 24 months and includ-
ing men and women of all ethnic groups, with ages ranging from 
18 years to 65 years, and with a Body Mass Index (BMI) between 
27   kg/m 2  and 40   kg/m 2   [5,7 – 9,11,12] . In a clinical trial lasting 8 
weeks, sibutramine produced a dose - dependent weight loss with 
doses of 5   mg and 20   mg per day  [9] . In a 6 - month dose - ranging 
study of 1047 patients, 67% treated with sibutramine achieved a 
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regained weight  [14] . The Sibutramine Trial of Obesity 
Reduction and Maintenance (STORM) lasted 2 years and pro-
vided further evidence for weight maintenance  [15] . Seven 
centers participated in this trial, in which patients were initially 
enrolled in a 6 - month open - label phase and treated with 10   mg 
per day of sibutramine. Of the patients who lost more than 8   kg, 
two - thirds were then randomized to sibutramine and one - third 
to placebo. During the 18 - month double - blind phase of this trial, 
the placebo - treated patients steadily regained weight, maintain-
ing only 20% of their weight loss at the end of the trial. In con-
trast, the subjects treated with sibutramine maintained their 
weight for 12 months and then regained an average of only 2   kg, 
thus maintaining 80% of their initial weight loss after 2 years  [15] . 
Despite the higher weight loss with sibutramine at the end of the 
18 months of controlled observation, the blood pressure levels of 
the sibutramine - treated patients were still higher than those of 
the patients treated with placebo.       

 The possibility of using sibutramine as intermittent therapy 
has been tested in a randomized, placebo - controlled trial lasting 
52 weeks  [16] . The patients randomized to sibutramine received 
one of two regimens. One group received continuous treatment 
with 15   mg per day for 1 year, and the other had two 6 - week 
periods when sibutramine was withdrawn. During these periods 
when the drug was replaced by placebo, there was a small regain 
in weight that was lost when the drug was again resumed. At the 
end of the trial, the continuous therapy and intermittent therapy 
groups had lost the same amount of weight. 

 Some trials have reported the use of sibutramine to treat 
patients with hypertension. In a 52 - week trial involving patients 
with hypertension whose blood pressure levels were controlled 
with calcium channel blockers with or without  β  - blockers or 
thiazides  [17] , sibutramine doses were increased from 5   mg to 
20   mg per day during the fi rst 6 weeks. Weight loss was signifi -
cantly greater in the sibutramine - treated patients, averaging 
4.4   kg (4.7%), as compared with 0.5   kg (0.7%) in the placebo -
 treated group. Diastolic blood pressure levels decreased 1.3   mmHg 
in the placebo - treated group and increased 2   mmHg in the 
sibutramine - treated group. The systolic blood pressure levels 
increased 1.5   mmHg in the placebo - treated group and 2.7   mmHg 
in the sibutramine - treated group. Heart rate was unchanged in 
the placebo - treated patients, but increased by an average of 4.9 
beats per minute in the sibutramine - treated patients. 

 In two studies, patients with diabetes were treated for 12 weeks 
or 24 weeks with sibutramine. In the 12 - week trial, patients with 
diabetes treated with sibutramine at 15   mg per day lost 2.4   kg 
(2.8%), compared with 0.1   kg (0.12%) in the placebo group. In this 
study, hemoglobin A1C levels decreased 0.3% in the drug - treated 
group and remained stable in the placebo group. Fasting glucose 
values decreased 0.3   mg/dL in the drug - treated patients and 
increased 1.4   mg/dL in the placebo - treated group. In the 24 - week 
trial, the dose of sibutramine was increased from 5   mg to 20   mg per 
day over 6 weeks  [18] . Among those who completed the treatment, 
weight loss was 4.3   kg (4.3%) in the sibutramine - treated patients, 
compared with 0.3   kg (0.3%) in placebo - treated patients. 

 Table 24.1     Drugs Approved by the  US  FDA  for treatment of obesity 

   Generic name     Trade names     Status     Usual bose     Comments  

  Drugs approved for long - term treatment of overweight patients  
  Orlistat    Xenical    Not 

scheduled  
  120   mg three 

times a 
day  

  May have 
GI 
side -
 effects  

  Sibutramine    Meridia, 
Reductil  

  DEA - IV    5 – 15   mg/d    Raises 
blood 
pressure  

  Drugs approved for short - term treatment of overweight patients  
  Benzphetamine    Didrex    DEA - III    25 – 50   mg 

one to 
three times 
a day  

  Short - term 
use only  

  Diethylpropion    Tenuate 
 Tepanil 
 Tenuate 
 Dospan  

  DEA - IV    25   mg tid 
 25   mg tid 
 75   mg in  AM   

  Short - term 
use only  

  Phendimetrazine    Standard 
release: 

 Bontril PDM 
 Plegine 
 X - Trozine 
 Slow release: 
 Bontril 
 Prelu - 2 
 X - Trozine  

  DEA - III    35   mg tid 
before 
meals 

 105   mg/day 
in AM  

  Short - term 
use only  

  Phentermine    Standard 
release: 

 Adipex - P 
 Fastin 
 Obenix 
 Oby - Cap 
 Oby - Trim 
 Zantryl 
 Slow release: 
 Ionamin  

  DEA - IV    18.75 –
 37.5   mg 
tid 

 15 – 30   mg/d 
in am of 

 slow - release  

  Short - term 
use only  

5% weight loss from baseline, and 35% lost 10% or more (Fig. 
 24.1 )  [9] . There was a clear dose – response effect in this 24 - week 
trial, and patients regained weight when the drug was stopped, 
indicating that the drug remained effective when used. 

 In a 1 - year trial of 456 patients who received sibutramine 
(10   mg or 15   mg per day) or placebo, 56% of those who stayed in 
the trial for 12 months lost at least 5% of their initial body weight, 
and 30% of the patients lost 10% of their initial body weight while 
taking the 10   mg dose  [13] . In a third trial in patients who initially 
lost weight eating a very low - calorie diet before being randomized 
to sibutramine or placebo, sibutramine (10   mg per day) produced 
additional weight loss, whereas the placebo - treated patients 
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Hemoglobin A1C levels decreased 1.67% in the drug - treated 
group, compared with 0.53% in the placebo - treated group. These 
changes in glucose and hemoglobin A1C levels were expected from 
the amount of weight loss associated with drug treatment. 

 Sibutramine has also been used in children  [19 – 22] . In a large 
12 - month long multicenter trial, 498 adolescents ages 12 – 16 years 
were randomized to treatment with placebo or sibutramine, 
10   mg/d, which could be increased to 15   mg/d in those who had 
not lost  > 10% of their body weight by 6 months  [21] . After 12 
months, the mean absolute change in BMI was  − 2.9   kg/m 2  
( − 8.2%) in the sibutramine group compared with  − 0.3   kg/m 2  
( − 0.8%) in the placebo group (p    <    0.001). Triglycerides, HDL 
cholesterol, and insulin sensitivity improved, and there was no 
signifi cant difference in the changes in either systolic or diastolic 
blood pressure. 

 Sibutramine has also been studied as part of a behavioral 
weight loss program. With sibutramine alone and minimal 
behavioral intervention, the weight loss over 12 months was 
approximately  − 5.0    ±    7.4   kg. Behavior modifi cation alone pro-
duced a weight loss of  − 6.7    ±    7.9   kg. Adding a brief behavioral 
therapy session to a group that also received sibutramine pro-
duced a slightly larger weight loss of  − 7.5    ±    8.0   kg. When the 
intensive lifestyle intervention was combined with sibutramine, 
the weight loss increased to  − 12.1    ±    9.8   kg  [23] . 

 Sibutramine is available in 5, 10 and 15   mg doses; 10   mg per day 
as a single dose is the recommended starting level, with titration 
up or down depending on response. Doses higher than 15   mg per 
day are not recommended. Of the patients who lost 2   kg (4.4   lb) in 
the fi rst 4 weeks of treatment, 60% achieved a weight loss of more 
than 5%, compared with less than 10% in those who did not lose 
2   kg (4.4   lb) in 4 weeks. Combining data from the 11 studies on 
sibutramine showed a reduction in triglyceride, total cholesterol, 
and LDL cholesterol levels and an increase in HDL cholesterol 
levels that were related to the magnitude of the weight loss. 

  Safety 
 Sibutramine increases blood pressure levels in normotensive 
patients or prevents the decrease that might have occurred with 
weight loss. The magnitude of the change may be dose related, 
so lower doses are preferred. Systolic and diastolic blood pressure 
levels increased an average of +0.8   mmHg and +0.6   mmHg, 
and pulse increased approximately 4 – 5 beats per minute. Caution 
should be exercised when combining sibutramine with other 
drugs that may increase blood pressure levels. Sibutramine is 
contraindicated in patients with a history of coronary artery 
disease, congestive heart failure, cardiac arrhythmias or stroke. 
It should not be used with selective serotonin reuptake inhibitors 
or monoamine oxidase inhibitors, and there should be a 2 - week 
interval between terminating monoamine oxidase inhibitors 
and beginning sibutramine. Because sibutramine is metabolized 
by the cytochrome P450 enzyme system (isozyme CYP3A4), 
it may interfere with the metabolism of erythromycin and 
ketoconazole.   

  Sympathomimetic  d rugs:  p harmacology and  e ffi cacy 
 The sympathomimetic drugs, benzphetamine, diethylpropion, 
phendimetrazine, and phentermine, are grouped together because 
they act like norepinephrine. Drugs in this group work by a 
variety of mechanisms, including the blockade of norepinephrine 
reuptake from synaptic granules  [9] . 

 All of these drugs are absorbed orally and reach peak blood 
concentrations within a short period. The half - life in blood also 
is short for all except the metabolites of sibutramine, which have 
a long half - life. The two metabolites of sibutramine are active, 
but this is not true for the metabolites of other drugs in this 
group. Liver metabolism inactivates a large fraction of these drugs 
before excretion. Side - effects include dry mouth, constipation, 
and insomnia. Food intake is suppressed either by delaying the 
onset of a meal or by producing early satiety. 
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 Figure 24.1     Dose - dependent weight loss during 
24 - week trial of sibutramine.  (Reproduced with 
permission from Bray et al. Obes Res 
1999;7:189 – 98.)  
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 The effi cacy of an appetite - suppressing drug can be established 
through randomized, double - blind clinical trials that show a sig-
nifi cantly greater weight loss than in the placebo group and a 
weight loss that is more than 5% below that with placebo  [5,7,11] . 
Clinical trials of sympathomimetic drugs conducted before 1975 
were generally short because it was widely believed that short -
 term treatment would  “ cure ”  obesity. This was unfounded opti-
mism, and because the trials had a short duration and often used 
a cross - over design, they provided few long - term data. The focus 
here is on longer - term trials lasting 24 weeks or more that include 
an adequate control group. 

 One of the longest clinical trials of drugs in this group lasted 
36 weeks and compared placebo treatment with continuous 
phentermine or intermittent phentermine  [9] . Both continuous 
and intermittent phentermine therapy produced more weight 
loss than placebo. In the drug - free periods, the patients treated 
intermittently slowed their weight loss, only to lose weight more 
rapidly when the drug was reinstituted. Phentermine and diethyl-
propion are classifi ed by the US Drug Enforcement Agency as 
schedule IV drugs; benzphetamine and phendimetrazine are 
schedule III drugs. This regulatory classifi cation indicates the US 
government ’ s belief that they have the potential for abuse, 
although this potential appears to be very low. Phentermine and 
diethylpropion are approved for only a  “ few weeks, ”  which is 
usually interpreted as up to 12 weeks. Weight loss with phenter-
mine and diethylpropion persists for the duration of treatment, 
suggesting that tolerance does not develop to these drugs. If toler-
ance were to develop, the drugs would be expected to lose their 
effectiveness, and patients would require increased amounts of 
the drug to maintain weight loss. This does not occur. 

  Safety 
 The side - effect profi les for sympathomimetic drugs are similar 
 [8,9] . These agents produce insomnia, dry mouth, asthenia, and 
constipation. The safety of older sympathomimetic appetite sup-
pressant drugs has been the subject of considerable controversy 
because dextroamphetamine is addictive. The sympathomimetic 
drugs phentermine, diethylpropion, benzphetamine, and 
phendimetrazine have very little abuse potential, as assessed by 
the low rate of reinforcement when the drugs are self - injected 
intravenously by test animals  [9] . Sympathomimetic drugs can 
also increase blood pressure levels.    

  Drugs  a pproved by the  US   FDA  that  r educe  f at 
 a bsorption 

  Orlistat:  p harmacology and  e ffi cacy 
 Orlistat is a potent and selective inhibitor of pancreatic lipase that 
reduces the intestinal digestion of fat. The drug has a dose -
 dependent effect on fecal fat loss, increasing it to approximately 
30% on a diet that has 30% of its energy as fat. Orlistat has lesser 
or little effect in subjects eating a low - fat diet, as might be antici-
pated from its mechanism of action  [9] . 

 A number of long - term clinical trials (1 – 4 years) with orlistat 
have been published  [5,7,11,12] . The fi rst published trial 
consisted of two parts. In the fi rst year, patients received a 
hypocaloric diet calculated to be 500   kcal per day less than the 
patient ’ s requirements (Fig.  24.2 )  [24] . During the second year, 
the diet was calculated to maintain weight. By the end of year 1, 
the placebo - treated patients lost 6.1% of their initial body weight 
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 Figure 24.2     Orlistat and body weight. Two - year 
trial of orlistat versus placebo with a hypocaloric 
diet.  (Reproduced with permission from Sjostrom 
et al.  [24] .)  
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and the drug - treated patients lost 10.2%. The patients were ran-
domized at the end of year 1. Those switched from orlistat to 
placebo gained weight from  − 10% to  − 6% below baseline. Those 
switched from placebo to orlistat lost weight from  − 6% to  − 8.1% 
below baseline, which was essentially identical to the  − 7.9% loss 
in the patients treated with orlistat for the full 2 years. 

 In a second 2 - year study, 892 patients were randomized  [25] . 
One group remained on placebo throughout the 2 years (97 
patients), and a second group remained on orlistat (120   mg three 
times per day) for 2 years (109 patients). At the end of 1 year, 
two - thirds of the group treated with orlistat for 1 year were 
changed to orlistat (60   mg three times per day; 102 patients), and 
the others were switched to placebo (95 patients). After 1 year, the 
weight loss was  − 8.7   kg in the orlistat - treated group and  − 5.8   kg in 
the placebo group (p    <    0.001). During the second year, those 
switched to placebo after 1 year reached the same weight as 
those treated with placebo for 2 years ( − 4.5% in those with 
placebo for 2 years and  − 4.2% in those switched to placebo during 
year 2). 

 In a third 2 - year study, 783 patients remained in the placebo -  
or orlistat - treated groups at 60   mg or 120   mg three times per day 
for the entire 2 years  [26] . After 1 year with a weight loss diet, the 
placebo group lost  − 7   kg, which was signifi cantly less than the 
 − 9.6   kg lost by the group treated with orlistat 60   mg three times 
daily or the  − 9.8   kg lost by the group treated with orlistat 120   mg 
three times daily. During the second year, when the diet was 
liberalized to a  “ weight maintenance ”  diet, all three groups 
regained some weight. At the end of 2 years, the patients in the 
placebo group were  − 4.3   kg below baseline, the patients treated 
with orlistat 60   mg three times per day were  − 6.8   kg below base-
line, and the patients who took orlistat 120   mg three times per 
day were  − 7.6   kg below baseline.       

 The fi nal 2 - year trial evaluated 796 subjects in a general prac-
tice setting  [27] . After 1 year of treatment with orlistat 120   mg 
three times per day, the orlistat - treated patients (n   =   117) had 
lost  − 8.8   kg, compared with  − 4.3   kg in the placebo group (n   =   91). 
During the second year, when the diet was liberalized to  “ main-
tain body weight, ”  both groups regained some weight. At the end 
of 2 years, the orlistat group was  − 5.2   kg below their baseline 
weight, compared with  − 1.5   kg below baseline for the group 
treated with placebo. 

 A 4 - year double - blind, randomized, placebo - controlled trial 
with orlistat (XENDOS) treated a total of 3304 overweight 
patients, 21% of whom had impaired glucose tolerance  [28] . The 
lowest body weight was achieved during the fi rst year, and was 
more than 11% below baseline in the orlistat - treated group and 
6% below baseline in the placebo - treated group. Over the remain-
ing 3 years of the trial, there was a small regain in weight, such 
that by the end of 4 years, the orlistat - treated patients were  − 6.9% 
below baseline, compared with  − 4.1% for those receiving placebo. 
The trial also showed a 37% reduction in the conversion of 
patients from impaired glucose tolerance to diabetes; essentially 
all of this benefi t occurred in the patients with impaired glucose 
tolerance at enrollment into the trial. 

 Orlistat has also been used to treat obese children. A multi-
center trial tested the effect of orlistat in 539 obese adolescents 
 [29] . Subjects were randomized to placebo or orlistat 120   mg 
three times a day and a mildly hypocaloric diet containing 30% 
fat. By the end of the study, BMI had decreased  − 0.55   kg/m 2  in 
the drug - treated group but had increased +0.31   kg/m 2  in the 
placebo group. By the end of the study, weight had increased by 
only +0.51   kg in the orlistat - treated group, compared with 
+3.14   kg in the placebo - treated group. This difference was due to 
differences in body fat. The side - effects were gastrointestinal in 
origin as expected from the mode of action of orlistat. 

 Weight maintenance with orlistat was evaluated in a 1 - year 
study. Patients were enrolled if they had lost more than 8% of 
their body weight over 6 months while eating a 1000   kcal per day 
(4180   kJ/d) diet. The 729 patients were randomized to receive 
placebo or orlistat at 30   mg, 60   mg or 120   mg three times per day 
for 12 months. At the end of this time, the placebo - treated 
patients had regained 56% of their body weight, compared with 
32.4% regain in the group treated with orlistat 120   mg three times 
per day. The other two doses of orlistat were not different from 
placebo in preventing the regain of weight. 

 Patients with diabetes treated with orlistat 120   mg three times 
daily for 1 year lost  − 6.5% of their body weight, compared with 
 − 4.2% in the placebo - treated group  [30 – 32] . The subjects with 
diabetes also showed a signifi cantly greater decrease in hemo-
globin A1C (HbA 1c ) levels. In another study of orlistat and weight 
loss, investigators pooled data on 675 subjects from three of the 
2 - year studies described previously in which glucose tolerance 
tests were available  [33] . During treatment, 6.6% of the patients 
taking orlistat converted from a normal to an impaired glucose 
tolerance test, compared with 10.8% in the placebo - treated 
group. None of the orlistat - treated patients who originally had 
normal glucose tolerance developed diabetes, compared with 
1.2% in the placebo - treated group. Of those who initially had 
normal glucose tolerance, 7.6% in the placebo group but only 3% 
in the orlistat - treated group developed diabetes. 

  Safety 
 Orlistat is not absorbed to any signifi cant degree, and its side -
 effects are thus related to the blockade of triglyceride digestion in 
the intestine  [34] . Fecal fat loss and related gastrointestinal (GI) 
symptoms are common initially, but they subside as patients learn 
to use the drug. The quality of life in patients treated with orlistat 
may improve despite concerns about GI symptoms. Orlistat can 
cause small but signifi cant decreases in fat - soluble vitamins. Levels 
usually remain within the normal range, but a few patients may 
need vitamin supplementation. Because it is impossible to tell 
which patients need vitamins, it is wise to provide a multivitamin 
routinely with instructions to take it before bedtime. Orlistat does 
not seem to affect the absorption of other drugs, except aciclovir.  

  Combining  o rlistat and  s ibutramine 
 Because orlistat works peripherally to reduce triglyceride diges-
tion in the GI tract and sibutramine works on noradrenergic and 
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serotonergic reuptake mechanisms in the brain, their mecha-
nisms of action do not overlap, and combining them might 
provide additive weight loss. To test this possibility, researchers 
randomly assigned patients to orlistat or placebo after 1 year 
of treatment with sibutramine  [35] . During the additional 4 
months of treatment, there was no further weight loss. Thus, we 
have no data suggesting that combining orlistat and sibutramine 
is benefi cial.   

  Rimonabant 
 Rimonabant, a cannabinoid receptor antagonist that blocks the 
CB - 1 receptor, was approved by the European regulatory author-
ities in 2006, but approval for marketing was withdrawn in 
October 2008 because of increased risks of psychiatric side -
 effects, including depression and anxiety (Fig.  24.3 ).         

  Drugs that  h ave  b een  u sed to  t reat  o besity  b ut 
 a re  n ot  g enerally  a pproved for this  p urpose 

  Fluoxetine and  s ertraline 
 Fluoxetine and sertraline are both selective serotonin reuptake 
inhibitors that block serotonin transporters, thus prolonging the 
action of serotonin. These drugs both reduce food intake. In a 
2 - week placebo - controlled trial, fl uoxetine at a dose of 60   mg/d 
produced a 27% decrease in food intake  [36] . Both fl uoxetine and 
sertraline are approved by the US FDA for treatment of depres-
sion. In clinical trials lasting 8 – 16 weeks with depressed patients, 
sertraline gave an average weight loss of  − 0.45 to  − 0.91   kg. Fluox-
etine at a dose of 60   mg per day (three times the usual dose for 
treatment of depression) was effective in reducing body weight 
in overweight patients. A meta - analysis of six studies using fl uox-
etine showed a wide range of results with a mean weight loss in 
one study of  − 14.5   kg and a weight gain of +0.40   kg in another 
 [7] . In the meta - analysis by Avenell et al.  [12] , the weight loss at 

12 months was  − 0.33   kg (95% confi dence interval (CI)  − 1.49 to 
0.82   kg). Goldstein and colleagues reviewed the trials with fl uox-
etine that included one 36 - week trial in type 2 diabetic subjects, 
a 52 - week trial in subjects with uncomplicated overweight, and 
two 60 - week trials in subjects with dyslipidemia, diabetes or both 
 [37] . A total of 719 subjects were randomized to fl uoxetine and 
722 to placebo. Five hundred and twenty - two subjects on fl uox-
etine and 504 subjects on placebo completed 6 months of treat-
ment. Weight losses in the placebo and fl uoxetine groups at 6 
months and 1 year were  − 2.2,  − 4.8, and  − 1.8,  − 2.4   kg, respectively. 
The regain of 50% of the lost weight during the second 6 months 
of treatment with fl uoxetine makes this drug inappropriate for 
the long - term treatment of obesity. 

 Fluoxetine and sertraline, although not good drugs for long -
 term treatment of obesity, may be preferred for the treatment of 
depressed obese patients over some of the tricyclic antidepres-
sants that are associated with signifi cant weight gain.  

  Bupropion 
 Bupropion is a norepinephrine and dopamine reuptake inhibitor 
that is approved for the treatment of depression and for help in 
smoking cessation. In one clinical trial 50 overweight subjects 
were randomized to bupropion or placebo for 8 weeks with a 
blinded extension for responders to 24 weeks. The dose of bupro-
pion was increased to maximum of 200   mg twice daily in con-
junction with a calorie - restricted diet. At 8 weeks, 18 subjects in 
the bupropion group lost  − 6.2    ±    3.1% of body weight compared 
to  − 1.6    ±    2.9% for the 13 subjects in the placebo group 
(p    <    0.0001). After 24 weeks, the 14 responders to bupropion lost 
 − 12.9    ±    5.6% of initial body weight, of which 75% was fat as 
determined by dual - energy X - ray absorptiometry (DXA)  [38] . 

 Two multicenter clinical trials, one in obese subjects with 
depressive symptoms and one in uncomplicated overweight 
patients, followed this study. In the study of overweight patients 
with depressive symptom ratings of 10 – 30 on a Beck Depression 
Inventory, 213 patients were randomized to 400   mg/d of bupro-
pion and 209 subjects were assigned to placebo for 24 weeks. The 
121 subjects in the bupropion group who completed the trial lost 
 − 6.0    ±    0.5% of initial body weight compared to  − 2.8    ±    0.5% in 
the 108 subjects in the placebo group (p    <    0.0001)  [39] . The study 
in uncomplicated overweight subjects randomized 327 subjects 
to bupropion 300   mg/d, bupropion 400   mg/d or placebo in equal 
proportions. At 24 weeks, 69% of those randomized remained in 
the study and the percent losses of initial body weight were 
 − 5    ±    1%,  − 7.2    ±    1%, and  − 10.1    ±    1% for the placebo, bupropion 
300   mg, and bupropion 400   mg groups, respectively (p    <    0.0001). 
The placebo group was randomized to the 300   mg or 400   mg 
group at 24 weeks and the trial was extended to week 48. By the 
end of the trial the drop - out rate was 41%, and the weight losses 
in the bupropion 300   mg and bupropion 400   mg groups were 
 − 6.2    ±    1.25% and  − 7.2    ±    1.5% of initial body weight, respectively 
 [40] . Thus, it appears that nondepressed subjects may respond to 
bupropion with weight loss to a greater extent than those with 
depressive symptoms.  
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 Figure 24.3     Effect of Rimonabant on body weight over 2 years.  (Reproduced 
with permission from Pi - Sunyer et al. JAMA 2006;295:761 – 775.)    
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  Topiramate 
 Topiramate is approved for treatment of selected seizure disor-
ders. It is a weak carbonic anhydrase inhibitor. Topiramate also 
modulates the effects at receptors for the  γ  - aminobutyric acid 
(GABA A ) receptor and the AMPA ( α  - amino - 3 - hydroxy - 5 -
 methyl - 4 - isoxazolepropionic acid)/kainate subtype of the gluta-
mate receptor. This drug also exhibits state - dependent blockade 
of voltage - dependent Na +  or Ca 2+  channels. These mechanisms 
are believed to contribute to its antiepileptic properties. The 
modulation of GABA A  receptors may provide one potential 
mechanism to reduce food intake, although other mechanisms, 
yet to be described, may be more important in defi ning its effects 
on body weight  [41] . 

 Topiramate is an antiepileptic drug that was discovered to 
promote weight loss in clinical trials for epilepsy. Weight losses 
of  − 3.9% of initial weight were seen at 3 months and losses of 
 − 7.3% of initial weight were seen at 1 year  [42] . Bray and col-
leagues reported a 6 - month, placebo - controlled, dose - ranging 
study of topiramate. Three hundred and eighty - fi ve obese sub-
jects were randomized to placebo or topiramate at 64   mg/d, 
96   mg/d, 192   mg/d or 384   mg/d. These doses were gradually 
reached by a tapering increase and were reduced in a similar 
manner at the end of the trial. Weight loss from baseline to 24 
weeks was  − 2.6%,  − 5%,  − 4.8%,  − 6.3% and  − 6.3% in the placebo, 
64   mg, 96   mg, 192   mg and 384   mg groups, respectively. The most 
frequent adverse events were paresthesias, somnolence, and dif-
fi culty with concentration, memory, and attention  [43] . This trial 
was followed by two other multicenter trials. The fi rst rand-
omized 1289 obese subjects to placebo or topiramate 89   mg/d, 
192   mg/d or 256   mg/d. This trial was terminated early due to the 
sponsor ’ s decision to pursue a time - release form of the drug. The 
854 subjects who completed 1 year of the trial before it was ter-
minated lost  − 1.7%,  − 7%,  − 9.1%, and  − 9.7% of their initial body 
weight in the placebo, 89   mg, 192   mg, and 256   mg groups, respec-
tively. Subjects in the topiramate groups had signifi cant improve-
ment in blood pressure and glucose tolerance  [44] . The second 
trial enrolled 701 subjects who were treated with a very low - cal-
orie diet to induce an 8% loss of initial body weight. The 560 
subjects who achieved an 8% weight loss were randomized to 
topiramate 96   mg/d, 192   mg/d or placebo. This study was also 
terminated early. At the time of termination, 293 subjects had 
completed 44 weeks. The topiramate groups lost 15.4% and 
16.5% of their baseline weight while the placebo group lost 8.9% 
 [45] . Although topiramate is still available as an antiepileptic 
drug, the development program to obtain an indication for over-
weight was terminated by the sponsor due to the associated 
adverse events.  

  Zonisamide 
 Zonisamide is an antiepileptic drug that has serotonergic and 
dopaminergic activity in addition to inhibiting sodium and 
calcium channels. Weight loss was noted in clinical trials for 
the treatment of epilepsy, again suggesting a potential agent 
for weight loss. Gadde and colleagues tested this possibility 

by performing a 16 - week randomized controlled trial in 60 
obese subjects. Subjects were placed on a calorie - restricted 
diet and randomized to zonisamide or placebo. The zonisamide 
was started at 100   mg/d and increased to 400   mg/d. At 12 weeks, 
those subjects who had not lost 5% of initial body weight 
were increased to 600   mg/d. The zonisamide group lost  − 6.6% 
of initial body weight at 16 weeks compared to  − 1% in the 
placebo group. Thirty - seven subjects completing the 16 - week 
trial elected to continue for 32 weeks: 20 in the zonisamide group 
and 17 in the placebo group. At the end of 32 weeks, the 20 sub-
jects in the zonisamide group lost  − 9.6% of their initial body 
weight compared to  − 1.6% for the 17 subjects in the placebo 
group  [46] .  

  Lamotrigine 
 Lamotrogine is a third antiepileptic drug that has been evaluated 
for its effects on body weight  [47] . In a double - blind randomized 
placebo - controlled trial, the dose of lamotrigine was escalated 
from 25   mg/d to 200   mg/d over 6 weeks. The effect on weight loss 
was compared to placebo treatment over 26 weeks in 40 healthy 
overweight (BMI 30 – 40   kg/m 2 ) adults over 18 years of age. At the 
end of the trial body weight was marginally lower (p   =   0.062) in 
the lamotrigine - treated group ( − 6.4   kg) than in the placebo -
 treated group ( − 1.2   kg)  [48] .  

  Metformin 
 Metformin is a biguanide that is approved for the treatment of 
diabetes mellitus. This drug reduces hepatic glucose production, 
decreases intestinal absorption from the gastrointestinal tract, 
and enhances insulin sensitivity. In clinical trials where met-
formin was compared with sulfonylureas, it produced weight loss 
 [9] . In one French trial, BIGPRO, metformin was compared to 
placebo in a 1 - year multicenter study in 324 middle - aged subjects 
with upper body adiposity and the insulin resistance syndrome 
(metabolic syndrome). The subjects on metformin lost signifi -
cantly more weight (1 – 2   kg) than did the placebo group, and the 
study concluded that metformin may have a role in the primary 
prevention of type 2 diabetes  [49] . In a meta - analysis of three of 
these studies, Avenell and colleagues  [12]  reported a weighted 
mean weight loss at 12 months of  − 1.09   kg (95% CI  − 2.29 to 
0.11   kg). 

 The best trial of metformin for obesity, however, is the Diabe-
tes Prevention Program (DPP) study of individuals with impaired 
glucose tolerance. This included a double - blind comparison of 
metformin 850   mg twice daily versus placebo. During the 2.8 
years of this trial, the 1073 patients treated with metformin lost 
 − 2.5% of their body weight (p    <    0.001) compared to the 1082 
patients treated with placebo, and the conversion from impaired 
glucose tolerance to diabetes was reduced by 31% compared to 
placebo. In the DPP trial, metformin was more effective in reduc-
ing the development of diabetes in the subgroup who were most 
overweight, and in the younger members of the cohort  [50] . 
Although metformin does not produce enough weight loss (5%) 
to qualify as a  “ weight loss drug ”  (FDA criteria require  ≥ 5% 
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weight loss), it would appear to be a very useful choice for over-
weight individuals who have diabetes or are at high risk for dia-
betes. One area where metformin has found use is in treating 
overweight women with the polycystic ovary syndrome, where 
the modest weight loss may contribute to increased fertility and 
reduced insulin resistance  [51] .  

  Pramlintide 
 Amylin is a peptide found in the  β  cell of the pancreas that is 
co - secreted along with insulin to circulate in the blood. Both 
amylin and insulin are defi cient in type 1 diabetics where  β  
cells are immunologically destroyed. Pramlintide, a synthetic 
amylin analog, has a prolonged biologic half - life  [52] . It is 
approved by the US FDA for the treatment of diabetes. Unlike 
insulin and many other diabetic medications, pramlintide is asso-
ciated with weight loss. In a study in which 651 subjects with type 
1 diabetes were randomized to placebo or subcutaneous pram-
lintide 60    μ g three or four times a day along with an insulin 
injection, the hemoglobin A1c decreased 0.29 – 0.34% and weight 
decreased  − 1.2   kg relative to placebo  [53] . Maggs and colleagues 
analyzed the data from two 1 - year studies in insulin - treated type 
2 diabetic subjects randomized to pramlintide 120    μ g twice a day 
or 150    μ g three times a day  [54] . Weight decreased by  − 2.6   kg and 
hemoglobin A1c decreased 0.5%. When weight loss was then 
analyzed by ethnic group, African - Americans lost  − 4   kg, Cauca-
sians lost  − 2.4   kg, and Hispanics lost  − 2.3   kg, and the improve-
ment in diabetes correlated with the weight loss, suggesting that 
pramlintide is effective in ethnic groups with the greatest burden 
from overweight. The most common adverse event was nausea, 
which was usually mild and confi ned to the fi rst 4 weeks of 
therapy.  

  Exenatide 
 Glucagon - like peptide - 1 (GLP - 1) is derived from the processing 
of the proglucagon peptide, which is secreted by L - cells in the 
terminal ileum in response to a meal. Increased GLP - 1 inhibits 
glucagon secretion, stimulates insulin secretion, stimulates glu-
coneogenesis, and delays gastric emptying  [55] . It has been pos-
tulated to be responsible for the superior weight loss and superior 
improvement in diabetes seen after gastric bypass surgery for 
overweight  [56,57] . GLP - 1 is rapidly degraded by dipeptidyl 
peptidase - 4 (DPP - 4), an enzyme that is elevated in the obese. 
Bypass operations for overweight increase GLP - 1, but do not 
change the levels of DPP - 4  [52,58] . 

 Exenatide (Exendin - 4) is a 39 - amino acid peptide that is pro-
duced in the salivary gland of the Gila monster lizard. It has 53% 
homology with GLP - 1, but it has a much longer half - life. 
Exenatide decreases food intake and body weight gain in Zucker 
rats while lowering HbA1c  [59] . It also increases  β  cell mass to a 
greater extent than would be expected for the degree of insulin 
resistance  [60] . Exendin - 4 induces satiety and weight loss in 
Zucker rats with peripheral administration and crosses the 
blood – brain barrier to act in the central nervous system  [61,62] . 
Exenatide is approved by the US FDA for treatment of type 2 

diabetics who are inadequately controlled on either metformin 
or sulfonylureas. 

 In human beings, exenatide reduces fasting and postprandial 
glucose levels, slows gastric emptying, and decreases food intake 
by 19%  [63] . The side - effects of exenatide in humans are head-
ache, nausea, and vomiting that are lessened by gradual dose 
escalation  [64] . Several clinical trials of 30 - week duration have 
been reported using exenatide at 10    μ g subcutaneously per day or 
a placebo  [65 – 67] . In one trial with 377 type 2 diabetic subjects 
who were failing maximal sulfonylurea therapy, exenatide pro-
duced a fall of 0.74% more in HbA1c than placebo. Fasting 
glucose also decreased and there was a progressive weight loss of 
1.6   kg  [67] . The interesting feature of this weight loss is that it 
occurred without lifestyle change, diet or exercise. In a 26 - week 
randomized control trial, exenatide produced a  − 2.3   kg weight 
loss compared to a gain of +1.8   kg in the group receiving insulin 
glargine  [68] .   

  Drugs in  c linical  t rial 

  Serotonin 2C  r eceptor  a gonists 
 Mice lacking the 5HT - 2C receptor have increased food intake, 
because they take longer to be satiated. These mice also are 
resistant to fenfl uramine, a serotonin agonist that causes weight 
loss. A human mutation of the 5HT - 2C receptor is associated 
with early - onset increases in human body weight  [69,70] . The 
precursor of serotonin, 5 - hydroxytryptophan, reduces food 
intake and body weight in clinical studies  [71,72] . Fenfl uramine 
 [73,74]  and dexfenfl uramine  [75] , two drugs that act on the 
serotonin system but were withdrawn from the market in 1997 
due to cardiovascular side - effects, also reduce food intake in 
human studies. Meta - chlorophenylpiperazine, a direct serotonin 
agonist, reduces food intake by 28% in women and 20% in men 
 [76] . Another serotoninergic drug, sumatriptan, which acts on 
the 5 - HT1B/1D receptor, also reduced food intake in human 
subjects  [77] . 

 The robust effects of agonists toward the HT - 2C receptors in 
suppressing food intake have stimulated the development of 
several new compounds. Only one of these has advanced to 
formal clinical trials. The results of a phase II dose - ranging study 
for lorcaserin have been presented. A total of 459 male and female 
subjects with a BMI between 29 and 46   kg/m 2  with an average 
weight of 100   kg were enrolled in a randomized, double - blind 
controlled trial comparing placebo against 10 and 15   mg given 
once daily and 10   mg given twice daily (20   mg/d). During the 12 
weeks of the trial the placebo group lost  − 0.32   kg (88 completers) 
compared to  − 1.8   kg in the 10   mg/d dose given once daily (86 
completers),  − 2.6   kg in the 15   mg/d dose (82 completers), and 
 − 3.6   kg in the 10   mg twice daily dose (20   mg total) (77 compl-
eters). Side - effects that were higher in the active treatment groups 
than in the placebo group were headache, nausea, dizziness, vom-
iting, and dry mouth. No cardiac valvular changes were noted 
 [78] . Additional clinical trials are under way.  
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  Cetilistat, a  p ancreatic  l ipase  i nhibitor 
 Although orlistat, a lipase inhibitor, is already approved for the 
treatment of overweight, cetilistat, another gastrointestinal lipase 
inhibitor, is also in development. A 5 - day trial of cetilistat in 90 
normal volunteers was conducted on an inpatient unit. There was 
a 3 – 7 - fold increase in fecal fat that was dose dependent, but only 
11% of subjects had more than one oily stool. It was suggested 
that this lipase inhibitor may have fewer gastrointestinal adverse 
events compared to orlistat  [79,80] . A 12 - week randomized dou-
ble - blind clinical trial of cetilistat showed a signifi cantly greater 
decrease in body weight with cetilistat than placebo (4.1   kg versus 
2.4   kg, 120   mg tid). Weight loss with cetilistat was similar to 
orlistat, but there were fewer gastrointestinal side - effects with 
cetilistat.   

  Combinations of  d rugs that  p roduce  w eight  l oss 

 The fi rst important clinical trial combining drugs that acted by 
separate mechanisms used phentermine and fenfl uramine  [81] . 
This trial showed a highly signifi cant weight loss of nearly 15% 
below baseline with fewer side - effects by using combination 
therapy. This combination became very popular  [82]  but due to 
reports of aortic valvular regurgitation associated with its use, 
fenfl uramine was withdrawn from the market worldwide in Sep-
tember 1997  [83] . 

 Several other combinations of existing drugs are now under 
development. One of these is the combination of phentermine 
with topiramate (Qnexa) with which weight losses of over 10   kg 
have been reported. A second is a combination of phentermine 
with zonisamide. A third is the combination of naltrexone with 
bupropion with which additive weight loss has been noted. Initial 
data have been published on all these combinations, but longer -
 term studies are needed to evaluate the potential drug – drug inter-
actions and side - effects produced.  

  Drugs that  i ncrease  e nergy  e xpenditure 

 There are no effective drugs in this class, although several differ-
ent molecules have been tested. Most of the early candidates were 
developed using receptors from experimental animals. When the 
human  β 3 receptor was cloned, it was suffi ciently different 
that a new class of compounds were synthesized. The most recent 
of these molecules developed against the human  β 3 receptors 
is a Takeda compound (TAK - 677; also AJ - 9677 {[3 - [(2R) - 
3 - chlorophenyl) - 2 - hydroxyethyl]propyl] - 1 H  - indol - 7 - yloxy] -
 acetic acid)}. Although developed against the human receptor, 
the drug was found to reduce body weight and glucose in 
experimental animals and to increase uncoupling protein - 1 
(UCP - 1). 

 A clinical trial with this compound enrolled 65 obese men and 
women (BMI 33.9    ±    2.1   kg/m 2 ) in a double - blind randomized 
placebo - controlled trial lasting 28 days, with subjects assigned to 

placebo, 0.1 or 0.5   mg twice daily. There was a signifi cant increase 
in heart rate with the 0.5   mg dose. RMR increased progressively 
in the treated group, rising by about 7% in the 0.5   mg bid dose 
and 3% in the 0.1   mg bid dose compared to placebo. There was 
an acute rise in RMR and pulse rate that was related to plasma 
levels of TAK - 677. Free fatty acids in the plasma also increased 
with the higher dose of TAK - 677. There was no signifi cant change 
in body weight or body fat during treatment  [84] .  

  Which  d rug to  u se and  w hen 

 After the appropriate evaluation and conclusion that a child or 
adolescent should be treated, the options available should be 
discussed with the child/adolescent and parent(s). Diet, exercise 
and lifestyle changes are the fi rst line of treatment. When this has 
been tried with diligence, and the child/adolescent has failed to 
respond adequately, the more rigorous therapy of medication can 
be considered. For individuals who are still expected to gain more 
height, I dislike using a medication that may slow weight gain for 
the potential effects it might have on height growth. I thus tend 
to delay until height growth is complete. For adolescents in whom 
this is the case, orlistat and sibutramine are the most widely avail-
able agents, and both have been shown to be effective in adoles-
cents. Because of the side - effects of orlistat that might become a 
major embarrassment to an adolescent, I would be inclined to 
begin therapy with sibutramine.  

  Conclusion 

 There are presently comparatively few drugs available for the 
treatment of overweight patients, and their effectiveness is limited 
to palliation of the chronic disease of obesity. However, drug 
development that is now under way is more rapid than in the 
past, and we anticipate the discovery of safe and effective phar-
macologic strategies for the management of obesity and its very 
serious complications. 
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   Introduction 

 As obesity becomes identifi ed as the most signifi cant pathogen in 
the developed world and as obesity - related disease now chal-
lenges smoking as the principal contributor to premature death, 
seeking an effective solution to the obesity epidemic represents 
our greatest current public health challenge. Prevention is clearly 
the optimal goal but, with current data indicating progression of 
the epidemic, effective preventive programs that will impact on 
the broad community problem are still to come. 

 Currently there is no nonsurgical method for predictably 
achieving major weight loss in the obese and maintaining that 
weight loss for an extended period. Current programs involving 
diet, behavioral modifi cation, exercise and activity, with or 
without drug supplementation, are able, at best, to achieve a 
modest weight loss which is generally sustained only for the dura-
tion of the program  [1] . 

 In a randomized controlled trial, optimal medical therapy was 
compared with the bariatric surgical procedure of laparoscopic 
adjustable gastric banding (LAGB) (Lap - Band, Allergan Health, 
Irvine, CA) in 80 mild to moderately obese adults over a 24 -
 month period  [2] . The surgical group showed signifi cantly greater 
weight loss, with 22% of initial weight lost and 85% of their excess 
weight lost compared with the medical group who had 5.5% of 
their initial weight and 22% of their excess weight lost. There was 
a greater reduction in the metabolic syndrome in the surgical 
group (38% to 3%) compared with the nonsurgical group (38% 
to 24%) with greater improvement in quality of life. There was 
no difference in the frequency of adverse events. 

 Surgical methods have been known to achieve substantial and 
durable weight loss for half a century and yet they have not 
achieved a signifi cant impact on community health. Only a small 

fraction of the obese has been prepared to seek the surgical 
approach to their problem because of the risk of death or com-
plications, the invasiveness and the costs. With the introduction 
of new techniques, in particular LAGB, and with the application 
of minimally invasive approaches to all forms of obesity surgery, 
it is timely to review the range of surgical options and their 
potential strengths and weaknesses.  

  The  e volution of  s urgical  t echnique 

  The  i nitial  p hase (1950 – 1970):  s mall  b owel  b ypass 
 Surgical management of obesity began with the introduction of 
the jejunoileal bypass (JIB) in the 1950s. In this procedure the 
proximal jejunum was diverted to the distal part of the gut, 
leaving a long segment of excluded small intestine and a marked 
reduction in absorptive capacity. Many variations existed. A 
typical pattern is shown in Figure  25.1  in which the proximal 
35   cm of proximal jejunum was joined end - to - side to the last 
10   cm of ileum. The JIB procedure represented the best and the 
worst of bariatric surgery. Major and sustained weight loss was 
achieved and there were impressive health benefi ts, particularly 
in relation to lipid metabolism. However, it caused serious prob-
lems including copious offensive diarrhea, electrolyte imbalances, 
oxalate calculi in the kidneys and progressive hepatic fi brosis with 
eventual liver failure and for these reasons was generally aban-
doned during the 1970s in favor of stomach stapling procedures 
 [3 – 7] .    

  The  m iddle  p hase (1970 – 1990):  s tomach  s tapling 
 The Roux - en - Y gastric bypass (RYGB) operation was introduced 
by Edward Mason in 1960  [8] . In this procedure the stomach was 
completely partitioned into a small upper gastric pouch, draining 
into a Roux - en - Y limb of proximal jejunum of variable length 
from 40 to 150   cm, and a distal excluded stomach (Fig.  25.2 ). This 
procedure provided a hybrid between the malabsorptive approach 
of JIB and later, more purely restrictive, operations. It has under-
gone various modifi cations over the subsequent 40 years and still 
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 Figure 25.2     Roux - en - Y gastric bypass (RYGB). 

serves us well as an effective antiobesity operation. However, its 
drawbacks of perioperative deaths and signifi cant perioperative 
and late morbidity, although markedly less threatening than 
those of JIB, have nevertheless been suffi cient to cause most of 
the obese to stay away.   

 Dr Mason and his colleague Dr Printen then introduced a 
purely restrictive operation of gastroplasty in 1973  [9] . The pro-
cedure involves partitioning the stomach into a small upper 
pouch draining through a narrow stoma into the remainder of 
the stomach. Numerous variations of this procedure have fol-
lowed, the most signifi cant variant being the vertical banded gas-
troplasty (VBG) which was fi rst described by Dr Mason in 1982 
 [10]  and is shown in Figure  25.3 . It was hoped that this group of 
operations would provide greater short -  and long - term safety and 
yet retain the power of gastric bypass. Unfortunately, both rand-
omized controlled trials and observational studies have consist-
ently shown that it has failed in both aspirations  [11 – 14] .   

 In the meantime there was a resurgence of malabsorptive 
surgery with Italian surgeon, Nicola Scopinaro, introducing the 
biliopancreatic diversion procedure (BPD)  [15] . This too has 
undergone change with time and experience. The basic procedure 
involves distal gastrectomy, leaving a proximal pouch of 200 –
 500   mL, a 200   cm length of terminal ileum anastomosed to the 
gastric pouch and the biliopancreatic limb entering at 50   cm from 
the ileocecal valve (Fig.  25.4 )  [16] . The most notable remodeling 
of the procedure is the so - called duodenal switch variant (BPD -
 DS) proposed by Marceau ’ s group in 1995  [17] , in which a 

15-mm pouch 

Sutures 

1-cm-length 
band 

Six rows of staples

 Figure 25.3     Vertical banded gastroplasty (VBG). 

longitudinal gastrectomy enabled retention of the gastric antrum 
with, hopefully, controlled gastric emptying, and the ileal limb 
was anastomosed to the proximal duodenum (Fig  25.5 ). The 
benefi t of this variation remains controversial.    

  The  c urrent  p hase (1990 –  p resent):  m inimally  i nvasive 
and  a djustable  p rocedures 
 This phase is characterized by the advent of the LAGB with 
the particular features of minimal anatomic disturbance, 
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adjustability and potential reversibility  [18,19] . Also there has 
been the introduction of a laparoscopic approach to gastric 
bypass  [20]  and biliopancreatic diversion  [21] . 

 Adjustable gastric banding had fi rst been proposed by two 
Austrian surgical researchers, Szinicz and Schnapka, in 1982  [22] . 
The idea was brought into clinical practice by Lubomyr Kusmak 
in 1986  [23]  but did not attract major interest until the the tech-
nology that enabled the performance of complex laparoscopic 
surgical procedures became widespread in the early 1990s. The 
BioEnterics  ®   Lap - Band  ®   system (LAGB) was specifi cally designed 
for laparoscopic placement and was introduced into clinical prac-
tice by Mitiku Belachew from Huy, Belgium, in September 1993 
(Fig.  25.6 ). Because of the dual attractions of a controlled level of 
effect through adjustability and of laparoscopic placement 
without resection of gut or anastomoses, this has rapidly become 
the dominant bariatric procedure in all regions of the developed 
world except, thus far, the USA, where its introduction was 
delayed by regulatory requirements until June 2001.     

  Overview of  o utcomes from  b ariatric 
 p rocedures 

 The most important single outcome in treating obesity is 
improvement in health. Second, we seek improvement in quality 
of life. Measuring weight loss itself is inappropriate as a single 
endpoint. It is measuring the means to the end. Without improve-
ment in the co - morbidities of obesity, the achieving of weight loss 
is not relevant to community healthcare. However, by tradition, 
weight loss has been and currently remains the fi rst parameter 
that is examined and reported. We will stay with this tradition by 
fi rst reviewing the effectiveness of bariatric surgical procedures in 
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 Figure 25.4     Biliopancreatic diversion (BPD). 
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 Figure 25.5     Biliopancreatic diversion with duodenal switch (BPD - DS). 
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 Figure 25.6     Laparoscopic adjustable gastric band (LAGB). 
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causing weight loss and then reviewing the effects on health and 
quality of life. 

  Weight  l oss  o utcomes from  b ariatric  s urgery 
 Weight loss can be described in different ways, each of which has 
its advantages and drawbacks. In bariatric surgery % of excess 
weight lost (%EWL) remains the most common method. For a 
Caucasian population, excess weight is that weight above Body 
Mass Index (BMI) of 25. Absolute weight change (in kg or BMI 
units or % of weight lost) fails to recognize the signifi cance of 
initial weight as a variable in estimating or comparing effects. 
Percent of BMI lost (%EBL) is arguably the most relevant to 
health status and may become preferred but currently lacks broad 
usage. Most reports provide %EWL, thus allowing comparison 
between studies. 

 Reports of short - term weight loss are not relevant when assess-
ing a long - term effect. Ideally, weight loss as an outcome of bari-
atric surgery should not be considered at less than 5 years 
follow - up. However, there are surprisingly few reports that can 
provide such data. In a recent systematic review  [24] , we restricted 
our examination to those reports that have included at least 100 
patients and that provide at least 3 years of follow - up data, 
expressing the outcome in the terms of %EWL. Figure  25.7  shows 
the %EWL over a 10 year follow - up after pooling all bariatric 
procedures. Figure  25.8  shows the specifi c patterns of weight loss 
over the fi rst 10 years for RYGB, LAGB and BPD.   

 A number of signifi cant observations can be drawn from these 
fi gures. 
   •      All the current surgical procedures result in major weight loss 
with mean values of between 50% and 80% of excess weight lost.  
   •      Biliopancreatic diversion appears to produce the most weight 
loss and although there are only a small number of reports, these 
reports indicate a durable effect well beyond 5 years.  
   •      Gastric stapling procedures show good initial weight loss at 1 
and 2 years followed by a fading effect clearly evident by 5 years. 
Interestingly, for a group of operations which have been in use 

for more than 30 years and for which there are numerous publi-
cations, we could fi nd only three reports which give outcome data 
beyond 5 years.  
   •      Laparoscopic adjustable gastric banding generates weight loss 
more slowly than the other procedures but is as effective as gastric 
stapling procedures at 4 and 5 years (see Fig.  25.8 ). The adjust-
ability is expected to allow maintenance of the weight loss over a 
longer period than the nonadjustable gastric stapling operations. 
As the LAGB procedures were only introduced in 1993, demon-
stration of the durability of weight loss will take more time.     

  Changes in  h ealth  a fter  b ariatric  s urgery 
 Obesity generates a wide range of illnesses, to the point where it 
could now reasonably be regarded as the worst pathogen in 
Western communities. The following is a summary of the changes 
in a selection of these co - morbidities to illustrate the major health 
benefi ts that can be achieved by bariatric surgical procedures. The 
effects may be achieved through weight loss  per se  or as a result 
of changes in anatomy and function of the gut. 

  Type 2  d iabetes 
 Type 2 diabetes mellitus is the paradigm of an obesity - related 
illness. Multiple studies have documented the benefi t achieved by 
all the current bariatric procedures  [25 – 28] . We have studied 50 
patients followed for 1 year after Lap - Band placement  [25] . There 
was a signifi cant improvement in all measures of glucose metabo-
lism with complete remission of diabetes in 32 patients (64%), 
improvement of control in 13 (26%) and fi ve (10%) were rela-
tively unchanged. Importantly, duration of time with diabetes 
was a predictor of outcome, indicating that early treatment of 
obesity is indicated in the newly diagnosed diabetic patient. 

 On the basis of this time dependency, we recently completed 
a randomized controlled trial of surgery (Lap - Band) against 
optimal conventional therapy including very low - energy diets 
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 Figure 25.7     Pooled data of %EWL from a systematic review of all bariatric 
surgical procedures which included an experience of 100 or more patients and at 
least 3 years of follow - up.  (Reproduced with permission from O ’ Brien et al.  [24] .)  
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and pharmacotherapy in recently diagnosed (less than 2 years) 
type 2 diabetes patients  [29] . There was remission of diabetes 
(fasting glucose  < 7   mmol/L, HbA1c  < 6.2% while taking no 
hypoglycemic therapy) in 73% of the surgical group and 13% of 
the conventional group. The surgical and conventional groups 
had lost 20.7% and 1.7% of total weight respectively. There were 
no serious adverse events in either group. 

 Weight loss protects obese subjects with or without impaired 
glucose tolerance from the development of diabetes. From a pool 
of 1300 severely obese subjects whom we have treated by LAGB, 
85 patients had impaired fasting glucose. Greater than 90% were 
found to have normal fasting plasma glucose at 2 years after the 
operation. For the general community, it is expected that in those 
with impaired fasting glucose there will be an annual conversion 
rate to type 2 diabetes of 5 – 6%. However, none of our patients 
with insulin resistance have thus far developed diabetes. Further-
more, with a total of more than 4000 patient - years of follow - up 
of patients without diabetes preoperatively, only a single patient 
has developed type 2 diabetes. Thus, weight loss following surgery 
dramatically reduces the risk of developing the disease. 

 RYGB surgery, the most commonly used procedure in the 
United States, induces remission of type 2 diabetes in over 80% 
of cases and appears to have an almost immediate effect on hyper-
glycemia before signifi cant weight loss has been achieved. The 
reason(s) for this early effect are likely to be related to the gas-
trointestinal diversion produced by the bypass procedure. Chyme 
from the stomach bypasses much of the stomach, duodenum and 
upper jejunum. Some believe bypass of the duodenum stimulates 
an incretin effect on the pancreatic  β  cell stimulating insulin 
secretion (the foregut hypothesis)  [30]  and others suggest that 
the premature delivery of food into the distal small bowel also 
has an incretin effect, possibly due to glucagon - like peptide - 1 
secretion from the mucosal L - cells (hindgut hypothesis)  [31] . 
The exact clinical relevance and the durability of this early glyc-
emic control are unknown. 

 Importantly, the improvement in diabetes following weight 
loss is related to the dual effects of improvement in insulin sen-
sitivity and pancreatic  β  cell function  [32] . As  β  cell function 
deteriorates progressively over time in those with type 2 diabetes, 
early weight loss intervention should therefore be a central part 
of initial therapy in severely obese subjects who develop type 2 
diabetes. For obese patients with type 2 diabetes, weight loss 
provides benefi t unequaled by any other therapy, and may prove 
to be the only therapy that substantially changes the natural 
history of the disease  [26,33] .  

  Dyslipidemia of  o besity 
 Increased fasting triglyceride and decreased high - density lipopro-
tein (HDL) - cholesterol concentrations characterize the dyslipi-
demia of obesity and insulin resistance  [34] . This dyslipidemic 
pattern is highly atherogenic and the most common pattern asso-
ciated with coronary artery disease  [35] . Weight loss surgery 
produces substantial decreases in fasting triglyceride levels, an 
elevation of HDL - cholesterol levels to normal, and improved 

total cholesterol to HDL - cholesterol ratio  [36 – 38] . Although 
elevation of total cholesterol is not a feature of obesity, hyperc-
holesterolemia can be controlled by malabsorptive procedures 
such as BPD  [39]  and RYGB  [40] .  

  Hypertension 
 There is evidence of a reduction in both systolic and diastolic 
blood pressure (BP) following weight loss in association with a 
bariatric procedure  [41] . We have studied the outcome of 147 
consecutive hypertensive patients at 12 months after LAGB. Pre-
operatively, only 17 of these patients had BP within the normal 
range, all on therapy. Hypertension was present in 130 patients 
preoperatively; 101 of these were taking antihypertensive medica-
tions and the remaining 29 were not on therapy. Mean BP for 
these patients was 156/97   mmHg prior to surgery. 

 At 12 months after LAGB, 105 patients had normal BP, 42 
remained hypertensive, and only 42 were taking any antihyper-
tensive medication at that time. Mean BP was 127/76   mmHg. 
From these data, we found that 80 patients (55%) had resolution 
of the problem (i.e. normal BP and taking no antihypertensive 
therapy), 45 patients (31%) were improved (less therapy and 
easier control), and 22 patients (15%) were unchanged  [42] . We 
have demonstrated that the fall in blood pressure is sustained to 
at least 4 years after surgery but durability of blood pressure 
reduction over a longer period is uncertain  [43] .  

  Ovarian  d ysfunction,  i nfertility and  p regnancy 
 Obesity, especially central obesity, is associated with ovulatory 
dysfunction and infertility. In premenopausal women, weight 
loss signifi cantly reduces active testosterone by reducing total 
testosterone and increasing the proportion of bound testosterone 
due to increased sex hormone - binding globulin. This change 
usually restores normal ovulation and often fertility. Women are 
advised to use contraception during the very active weight loss 
phase following LAGB, usually for the fi rst year. However, studies 
reporting pregnancy after LAGB report unexpected pregnancies 
in previously infertile women. These studies also report the value 
of the adjustability of the LAGB, enabling reduction of gastric 
restriction in early pregnancy to reduce the impact of any hyper-
emesis and to allow more favorable nutritional conditions for 
normal fetal development. Weight gain is advised in all pregnan-
cies, with the advised weight gain based on pre - pregnancy BMI. 
The LAGB provides a mechanism during pregnancy to allow 
appropriate weight gain, and can be readjusted, if necessary, to 
prevent excessive weight gain  [44] . The Caesarean section rate 
and the incidence of gestational diabetes and hypertension are 
also seen to be reduced  [45] .  

  Gastroesophageal  r efl ux  d isease 
 Gastroesophageal refl ux disease (GERD) is more than twice as 
prevalent in the morbidly obese  [46] . Eighty - seven patients who 
had moderate or severe GERD have been followed for at least 12 
months after LAGB. Seventy - three (89%) have had total resolu-
tion of the problem, as defi ned by the absence of symptoms 
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without treatment for the previous month. Preoperative and 
postoperative pH study and manometry have been performed on 
12 of these patients who had severe symptoms preoperatively. 
The mean DeMeester score was 38 +/ −  15 preoperatively and 7.9 
+/ −  8 at follow - up (p    <    0.001). In all but one of these patients 
symptoms had resolved completely. Others also have demon-
strated that a correctly placed LAGB and RYGB both reduce 
gastroesophageal refl ux  [47 – 49] . 

 Symptoms of refl ux and heartburn may occur after surgery and 
indicate obstruction from excessive adjustment or prolapse after 
LAGB or stomal stenosis after RYGB.  

  Asthma 
 There is a positive relationship between asthma and obesity  [50] . 
Certainly, the physiologic changes of obesity on lung function 
would aggravate asthma. We have reported major improvement, 
even remission, of asthma following LAGB  [51] . Our study dem-
onstrated improvement in all measured aspects of the disease, 
including symptoms, severity, need for asthma medications 
(including corticosteroids), and hospital admissions. The asthma 
severity score fell from 44.5 before operation to 14.3 at 12 months 
after operation (p    <    0.005). It is hypothesized that improved 
respiratory mechanics and possibly a reduction in gastroesopha-
geal refl ux following LAGB may contribute to the improvement 
in asthma.  

  Obstructive  s leep  a pnea 
 A range of sleep disorders is associated with obesity. The most 
serious of these is obstructive sleep apnea (OSA). Severe obesity 
is the greatest risk factor for the development of sleep apnea, with 
a 10 - fold increase in prevalence. Excessive daytime sleepiness, a 
disabling and potentially dangerous condition, is very common 
in the obese population and is not necessarily related to OSA  [52] . 
There are major improvements in sleep quality, excessive daytime 
sleepiness, snoring, nocturnal choking, and observed OSA with 
weight loss following LAGB surgery  [53] . 

 Obstructive sleep apnea and other sleep disturbances have been 
studied in 313 patients prior to LAGB and repeated at 1 year after 
operation in 123 of the patients. There was a high prevalence of 
signifi cantly disturbed sleep in both men (59%) and women 
(45%). Observed sleep apnea was decreased from 33% to 2%, 
habitual snoring from 82% to 14%, abnormal daytime sleepiness 
from 39% to 4% and poor sleep quality from 39% to 2%.  

  Depression 
 Depression is common in the morbidly obese. Does the presence 
of obesity cause the person to be depressed or does depression 
cause the person to eat too much? We have investigated the effect 
of weight loss induced by LAGB on depression as measured by 
the Beck Depression Inventory (BDI)  [54] . Preoperative BDI on 
487 consecutive patients was a mean of 17.7+/ −  9.5, a level within 
the range for moderate depression. Weight loss was associated 
with a signifi cant and sustained fall in BDI scores with a mean 
score of 7.8 +/ −  6.5 (n   =   373) at 1 year after surgery. By 4 years 

after surgery, the 134 patients studied had lost 54% of excess 
weight and had a BDI of 9.6 +/ −  7.7. Although a small number 
remained in the major depressive illness category, the shift of the 
majority to normal values for BDI strongly indicates that most of 
the depression of obesity is reactive to the problem of obesity 
rather than a cause of obesity and is resolved by weight loss.   

  Changes in  q uality of  l ife  a fter  b ariatric  s urgery 
 Improvement in quality of life (QOL) is one of the most gratify-
ing outcomes of bariatric surgery. A number of studies clearly 
demonstrate major QOL improvements following LAGB and 
other procedures  [44,55 – 58] . We reported a large prospective 
study of QOL after LAGB, in which we employed the Medical 
Outcomes Trust Short Form - 36 (SF - 36). The SF - 36 is a reliable, 
broadly used instrument that has been validated in obese people. 
In our study, 459 severely obese subjects had lower scores com-
pared with community normal values for all eight aspects of QOL 
measured, especially the physical health scores. LAGB provided a 
dramatic and sustained improvement in all measures of the SF -
 36. Improvement was greater in those with more preoperative 
disability, and the extent of weight loss was not a good predictor 
of improved QOL. Mean scores returned to those of community 
normal values by 1 year after surgery, and remained in the normal 
range throughout the 4 years of the study. It is signifi cant that 
patients who required revisional surgery during the follow - up 
period achieved the same improvement in measures of QOL. 
Similar improvements in QOL have been demonstrated in 
patients having LAGB for previously failed gastric stapling  [59] . 

  Body  i mage 
 Studies of appearance orientation and appearance evaluation 
indicate that the severely obese usually have quite normal pride 
and investment in their appearance and presentation but they 
evaluate their appearance as being very poor  [60] . Weight loss 
following LAGB has been shown to produce major improvements 
in self - evaluation of appearance, although it does not return to 
community normal levels. The extent of the improvement in 
appearance is related to the percentage of excess weight loss. The 
discrepancy between one ’ s pride and investment in appearance 
and presentation and one ’ s self - evaluation of appearance is lower 
with weight loss, reducing psychologic stress  [60] .   

  The  S wedish  O bese  S ubjects ( SOS )  s tudy 
 This study is of particular importance because of the large number 
of patients studied, the long follow - up and the focus on health 
and survival. It commenced in 1987 with matching of almost 
2000 patients seeking obesity surgery with an equal group of 
severely obese patients who had medical therapy alone. The 
intention was to follow all patients for at least 10 years. The 
primary study endpoint was a mortality comparison between the 
groups and a positive survival advantage for the surgically treated 
group has recently been demonstrated  [61] . There were 129 
deaths in the control group and 101 deaths in the surgery group 
and the hazard ratio adjusted for sex, age, and risk factors was 
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0.71 (p   =   0.01). There has been a sustained reduction in the 
incidence of type 2 diabetes  [62]  and other cardiovascular risk 
factors, a reduction in medication needed to treat other cardio-
vascular risk factors  [63] , improved health - related quality of life 
and a reduction in symptoms of depression  [64] . Interestingly, 
there was a return of hypertension after 8 years despite sustained 
weight loss in the surgical group. 

 However, the study has several signifi cant weaknesses. It is not 
a randomized trial and, despite attempts to achieve good match-
ing, there are many signifi cant differences between the groups. 
Further, gastroplasty, which was the principal surgical procedure 
used in the study, is now considered obsolete and has been 
replaced by more effective procedures.   

  Survival  a fter  b ariatric  s urgery 

 It is now established that bariatric surgery achieves substantial 
reduction in weight, improvements in many diseases and better 
quality of life. However, the proof that people live longer as a 
result has been lacking until recently. There have now been mul-
tiple reports, covering a range of bariatric procedures, indicating 
a survival advantage compared to obese persons who have not 
had weight loss. The major studies are summarized in Table  25.1 . 
None of the studies was based on a randomization at commence-
ment and none has 100% follow - up. Within those limitations, 
there is a consistent and generally strong support for a survival 
benefi t.   

 In Melbourne, 966 patients aged 37 – 70 who had been treated 
by LAGB were compared with an obese community group of 
2119 persons who were recruited between 1992 and 1994 and 
who had been followed to June 2005  [65] . There were four deaths 
in the weight loss cohort and 225 deaths in the control cohort. 
The weight loss group had a 72% lower hazard of death than the 
control cohort (hazard ratio (HR) 0.28; 95% confi dence interval 
(CI) 0.10 – 0.85).  

  Characteristics of the  i deal  s urgical  p rocedure 

 Although no alternative treatment for their problem is yet avail-
able, very few of the obese in our community are currently seeking 

surgical treatment. Over the past 10 years, in the USA, an average 
of less than 80,000 have undergone surgery for weight control each 
year. On the basis of a prevalence of morbid obesity (BMI    >    40) 
of 8%  [66] , we can calculate that less than one in 200 of those who 
have the problem of morbid obesity are seeking a surgical solution 
each year. Clearly this is not solving a major public health problem 
and is almost irrelevant in the overall context of treatment strate-
gies. For a surgical treatment of obesity to make an impact, it must 
become more broadly acceptable to the population at risk. 

 Box  25.1  lists the characteristics which should be present if 
surgical treatment is likely to become broadly acceptable. 
   •      Bariatric procedures need to be performed laparoscopically. 
The patient will require it because they do not want the pain and 
the scars and the long recuperation. The surgeon will not be able 
to justify the higher perioperative complication rates.  
   •      They need to be safe, very safe. There should be no  “ acceptable ”  
level of mortality. Even the 0.5 – 1.0% that is the norm for RYGB 
should be regarded as too high.  
   •      It must be effective, not only in achieving weight loss but also 
improving the co - morbidities of obesity and the quality of life.  
   •      The effects must be durable. They need to last for 5 – 15 years if 
they are to be considered worthwhile.  
   •      There should be a low need for revisional surgery. There is no 
broadly accepted incidence that could be acceptable but possibly 
a revisional surgery rate of less than 10% during the fi rst 10 years 
would be a reasonable target.  
   •      There must minimal side - effects. Particularly worrying are the 
late nutritional side - effects of RYGB and BPD. Why exchange one 
problem for another?  
   •      With up to 20% of the adult population needing help, an opera-
tive procedure has to be able to be done by the broad general 
surgical group. It must be relatively straightforward or death or 
complications will ensue.  
   •      Whatever we do today is unlikely to be the best treatment in 20 
years time so the procedure should be easily and totally reversible 
so future options are not excluded.  
   •      Ideally, it needs to be controllable. If the day of the operation 
is the last chance we have for setting the parameters, it is likely 

 Table 25.1     Studies of survival benefi ts of weight loss surgery 

   Study     Operation     Relative risk     Source of controls  

  Christou 2004  [82]     RYGB    0.11    Medical  
  Flum 2004  [83]     RYGB    0.67    Medical  
  Sjostrom 2007  [61]     Various    0.71    Medical  
  Favretti 2007  [84]     LAGB    0.38    Medical  
  Adams 2007  [85]     RYGB    0.40    Community  
  Peeters 2007  [65]     LAGB    0.28    Community  

Box 25.1  Attributes of an ideal bariatric operation 

    Minimally invasive 

 Safe 

 Effective  –  weight loss, co - morbidities, QOL 

 Durable  –  effective over time 

 Low reoperation rate 

 Minimal side - effects 

 Technically feasible 

 Broadly reversible 

 Controllable/adjustable  
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that, with time, the settings of the procedure will be suboptimal. 
This does not allow for a durable outcome. The recidivism of the 
RYGB is a powerful demonstration of this issue.      
 Each of the current surgical options will now be examined with 
this list of attributes in mind.  

  Roux -  e n -  Y   g astric  b ypass  ( s ee Fig.  25.2 )  

 Over the past 20 years this operation has represented the gold 
standard to which other gastric stapling procedures have been 
compared. There are more short -  and medium - term data avail-
able on RYGB than other procedures. Several prospective rand-
omized controlled trials have compared the operation with 
gastroplasty (see Fig.  25.3 ) and consistently shown better out-
comes  [11 – 14]  and gastroplasty in its various forms should now 
be regarded as a superseded procedure. 

  Key  t echnical  f eatures 
 The procedure has evolved signifi cantly during the past 30 years 
(see Fig.  25.2 ). Important aspects of the current technique include 
the following. 

 Increasingly the laparoscopic approach is becoming the stand-
ard. This approach presents a number of technical challenges for 
the surgeon resulting in a procedure that is considered to be equal 
to the most diffi cult current laparoscopic procedure of esophagec-
tomy  [67]  and therefore has the potential for a higher mortality 
and morbidity than the open operation. Nevertheless, the laparo-
scopic approach is perceived by the patient to be less invasive and 
preferable. Nguyen et al. performed a prospective randomized 
trial of the open versus laparoscopic approach to RYGB  [68] . 
They showed improved postoperative respiratory recovery and 
fewer wound problems in the laparoscopic group. Anastomotic 
leak rates were similar. Wound problems were more common 
after open surgery and anastomotic stricturing was more common 
after the laparoscopic approach. 

 Total division of the stomach into a very small upper pouch of 
15 – 20   mL from the remainder using the linear cutter form of 
stapling device is undertaken. The divided stomach reduces the 
risk of staple line disruption but increases the opportunity for 
postoperative leaks 

 A Roux - en - Y loop of proximal jejunum is formed by division 
of the proximal gut and side - to - side anastomosis of the proximal 
end to the jejunum to create a Roux length of between 80 and 
250   cm. The optimal length of the Roux limb and the benefi t of 
tailoring the length to the individual patient ’ s weight remain to be 
defi ned. 

 The distal end is taken by either an antecolic or retrocolic path 
to be anastomosed to the gastric pouch. The formation of this 
anastomosis may involve use of a circular stapler with a 21   mm 
anvil pass transorally  [69] , a linear cutter to form a side - to - side 
anastomosis  [70]  or suturing a two - layer anastomosis  [71] . 

 The stoma size is a further variable, particularly with the lapar-
oscopic approach. With open surgery, a measured stoma of 

approximately 1   cm was planned. With the laparoscopic approach 
there is less ability to set the stomal size because of the technical 
limitations. Discussion of technical details of the gastrojejunos-
tomy and the avoidance or treatment of leaks from this anasto-
mosis remain a major activity at meetings of bariatric surgeons, 
indicating an unresolved dilemma.  

  Effects and  s ide -  e ffects 
 Figure  25.8  shows the weight loss from major reports of RYGB. 
Other outcomes include a perioperative mortality of 0.3 – 1%, 
signifi cant perioperative complications in 5 – 25% of patients, a 
median length of stay of 6 days, incisional hernia in up to 24% 
and a weight loss of 49 – 62% EWL at follow - up of between 5 and 
15 years. 

 Nutritional problems which include iron defi ciency, vitamin 
B12 defi ciency and poor calcium absorption are frequent, and 
compliance with replacement therapy has been shown to be low, 
leaving the patient who becomes lost to follow - up vulnerable to 
defi ciency problems. Body composition studies demonstrate an 
unfavorably excessive loss of lean body weight  [72] .   

  Biliopancreatic  d iversion ( BPD )  (see Figs  25.4  and 
 25.5 )  

  Key  t echnical  f eatures 
 The combination of partial gastrectomy and intestinal bypass 
without a blind loop was created by Nicola Scopinaro in 1979  [15] . 
His technique involves standard transverse hemigastrectomy, 
closure of the duodenal stump, division of the small bowel at 200   cm 
from the ileocecal junction with anastomosis of the distal end to the 
gastric remnant and end - to - side anastomosis of the proximal end 
to the distal ileum at 50   cm from the ileocecal junction. 

 Since 1986, Scopinaro has tailored the size of the gastric 
remnant to be between 200 and 500   mL, depending on the preop-
erative weight and a number of patient characteristics and, more 
recently, has reported tailoring the intestinal lengths on similar 
grounds  [39] . Establishment of the precision or validity of these 
variations has not been reported. 

 A prominent variation on the traditional technique is the 
duodenal switch (BPD - DS) in which there is preservation of 
normal gastric emptying by performing a longitudinal sleeve 
gastrectomy, anastomosis of the Roux limb to the proximal duo-
denum and staple closure of the duodenum beyond this anasto-
mosis  [73] . 

 The BPD and its variant can be performed laparoscopically, 
although with diffi culty, and high perioperative mortality has 
been reported in association with this approach, especially in the 
superobese  [21] .  

  Effects and  s ide -  e ffects 
 Impressive and durable weight loss is achieved with all variants 
of the BPD. Marceau reports better weight loss with the BPD - DS 
when compared to a previous series of BPD  [74]  but the weight 
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loss in his BPD - DS group is not different from that achieved by 
Scopinaro without duodenal switch. Recently reported data by 
Scopinaro relate to patients having the post - 1986 variation, 
which he calls the  ad hoc  stomach (AHS) type of BPD. He reports 
a remarkable constancy of weight lost with 74%EWL at 2 years 
(n   =   1284) and 78%EWL at 12 years (n   =   58)  [39] . Hess and Hess 
have studied multiple variations of intestinal length without 
establishing a clear difference in outcomes  [75] . The relevance of 
the technical differences with respect to weight loss remain to be 
established. 

 The primary mechanism of all forms of BPD is malabsorption, 
especially of fat. All patients will have foul - smelling stools, gener-
ally 2 – 4 per day, and excessive wind  [39] . Whereas fat malabsorp-
tion is the aim, malabsorption of protein and micronutrients are 
the side - effects. Scopinaro measured protein loss in the stool to 
be an average of 30   g/day, fi ve times the normal value  [39] , and 
recommended a daily protein intake of at least 90   g/day to com-
pensate for this. Iron defi ciency is expected to occur and anemia 
occurs in up to one - third of patients at 4 years after surgery if 
prophylaxis is inadequate  [76,77] . All patients need supplemental 
iron. Because of the low compliance with oral regimens, parenteral 
replacement is recommended  [78] . In addition, supplements of 
calcium, the fat - soluble vitamins A and D, and water - soluble 
vitamins are important.   

  Laparoscopic  a djustable  g astric  b anding  ( s ee Fig. 
 25.6 )  

  Key  t echnical  f eatures 
 This procedure has the potential to fulfi ll the role of ideal bariatric 
procedure as it satisfi es or nearly satisfi es all the attributes listed 
in Table  25.2 . It has been designed as a laparoscopic procedure. 
It could be done by open technique but the safety and the accu-
racy of placement would suffer as a result. It is safe, 10 times as 
safe as gastric bypass  [79] , and remarkably free of signifi cant 
postoperative complications  [80] . It is effective in achieving good 
weight loss, of the order of between 50% and 60% of excess 
weight, and there are major improvements in obesity - related co -
 morbidities and quality of life  [42] . With up to 6 years of follow -
 up data and only 3.6% of patients lost to follow - up, the 
effectiveness appears to be durable  [80] . There is not the progres-
sive fading of effectiveness that was characteristic of gastric sta-
pling procedures. This is presumed to refl ect the benefi t of 
adjustability. However, longer follow - up and more studies are 
required to establish this feature more securely.   

 A signifi cant weakness of the LAGB has been the need for 
revisional procedures because of late problems with prolapse, 
symmetric pouch dilation, erosions and tubing problems. These 
have been reduced by technical developments and better patient 
education but there is still an expectation that between 5% and 
20% of patients will need revisional procedures. 

 The procedure is technically feasible for surgeons with compe-
tence in laparoscopic abdominal surgery. 

 The LAGB can be removed easily by the laparoscopic approach, 
allowing the stomach to return to its normal confi guration. The 
ability to control the degree of gastric restriction through the 
adjustability is a unique feature of the LAGB and arguably its 
greatest attraction.  

  Effects and  s ide -  e ffects 
 The LAGB is a very safe procedure with perioperative mortality 
of less than one in 2000 and a perioperative complication rate of 
less than 2%  [81] . Late diffi culties of prolapse, erosions and 
tubing problems are becoming infrequent but remain a problem. 

 A summary of the published reports is shown in Figure  25.8 . 
Most are studies of the Lap - Band system. There are several other 
bands now available but the only other one for which there are 
any published data is the Swedish adjustable gastric band 
(SAGB  ®  ). It can be reasonably expected that patients will have lost 
between 50% and 60% EWL by 3 years after operation and that 
effect remains stable out to 8 years. The benefi ts to health and 
quality of life have been impressive and are reviewed above. Inevi-
tably there is some loss of patients to follow - up and it is best 
practice to assume that these are the least successful. In our study 
of 700 patients followed for up to 6 years  [80] , there was a loss 
to follow - up of 3.6%. 

 With the LAGB we can offer a very safe procedure with no 
deaths, a perioperative complication rate of less than 2% and a 
5 – 10% likelihood of needing revisional procedures in the future 
 [81] . The LAGB has been shown to be effective in generating 
major weight loss and improvement in health and quality of life 
and the effects are achieved gently through its safe laparoscopic 
placement and its adjustability.   

  Sleeve  g astrectomy 

 This is a relatively new option, being the vertical gastrectomy of 
a duodenal switch procedure, and is now being tested as an inde-
pendent procedure or as a fi rst stage to duodenal switch in the 
more challenging patients (see Fig.  25.6 ). The details of the tech-
nique, such as the size of the bougie about which the resection 

 Table 25.2     Attributes of an ideal bariatric procedure 

  Minimally invasive  

  Safe  
  Effective  –  weight loss, comorbidities, QOL  
  Durable  –  effective over time  
  Low reoperation rate  
  Minimal side effects  
  Technically feasible broadly  
  Reversible  
  Controllable/adjustable  
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occurs, are not yet settled and there are no reports of follow - up 
beyond 3 years. The early reports are favorable regarding weight 
loss and co - morbidity outcomes. However, it carries risk of 
bleeding and leakage as for other resectional procedures and the 
perioperative mortality rate is probably not different from RYGB. 
It is generally anticipated that a further procedure will be required 
as there is no component of the procedure which stabilizes the 
size of the residual stomach. It fails on several of the characteris-
tics of the ideal procedure, including safety, durability, adjustabil-
ity and reversibility. Further experience and medium - term data 
are needed before it should be considered to be within the estab-
lished procedures.  

  Conclusion 

 All currently available bariatric surgical procedures are effective 
in achieving substantial loss of weight and improvement in health 
and quality of life. For the person with severe obesity (BMI    >    35), 
the surgical approach is the only one which can offer a predictable 
benefi t in the short and medium term and should be considered 
if the obesity is a signifi cant problem to the person. 

 It is likely that all bariatric procedures will be done laparo-
scopically as the standard and, on current data, for safety, effi cacy 
and acceptability, the LAGB is the preferred option as a primary 
bariatric procedure. More long - term data ( > 5 - year follow - up) are 
needed on all the options and careful randomized controlled 
trials using each technique optimally and with follow - up of 
patients for at least 5 years would be very valuable.  
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   Introduction 

 Over the last few years a paradigm shift has been observed in the 
feasibility of long - term weight loss. Clinicians were once satisfi ed 
if substantial weight loss could be introduced in patients but 
realized that relapse was more the rule than the exception because 
in general the need for weight maintenance strategies was not 
realized. In this early era Stunkard made the famous quotation: 
 “ Most of those who are obese will not go into obesity treatment, 
most of those who go into treatment will not lose weight and 
most of those who lose weight will regain it ”   [1] . This extremely 
negative view was later challenged when it was realized that 
weight loss could generally be accomplished in a great number of 
obese individuals. It also became apparent that the focus had to 
be shifted much more to weight loss maintenance and prevention 
of weight regain after the initial treatment period. In addition, it 
was realized that the amount of weight loss achieved and main-
tained had to be more realistic. 

 Our own study in 1985 was one of the fi rst to demonstrate that 
with standard conventional treatment tools such as diet, exercise 
and behavior modifi cation, substantial weight loss could be 
achieved and maintained over a 4 - year period  [2] . 

 When these patients were reinvestigated 10 – 12 years later 
almost all weight loss achieved at the 4 - year follow - up had been 
maintained, as shown in Figure  26.1   [3] . Admittedly, this was a 
result obtained in a selected group, supervized by a PhD student 
with an interest, with far more involvement than what could be 
expected in a routine clinical setting then, and without a control 

group. However, the study still demonstrated that weight loss 
maintenance was possible.    

  Effects of  w eight  l oss 

 In the late 1980s, the focus began to shift and it was realized that 
weight normalization was an impossible dream. Furthermore, 
weight normalization was not even necessary for important meta-
bolic benefi ts to take place. The classic Goldstein meta - analysis 
in 1992 demonstrated that a 5 – 10% weight loss was enough to 
achieve signifi cant improvement in obesity - associated metabolic 
risk factors, with improved glycemic control, reduced blood pres-
sure and cholesterol levels  [4] . Several studies were summarized 
demonstrating, surprisingly, that as little as 5% weight loss had 
benefi cial health effects. It may indeed seem astonishing that such 
a small weight loss can improve health. An individual taking part 
in a weight loss program, by most standards doing quite well and 
losing weight from 115 to 105   kg, will of course still be obese and 
may not look much different in appearance, but their health 
status and metabolic risk factors will have improved markedly. 
Furthermore, a lower obese body weight has been shown to affect 
the subjective experience of health - related quality of life posi-
tively. Such effects include easier daily functioning, with reduced 
obstacles to physical mobility and also improvements in the per-
son ’ s general health perception  [5,6] . 

 Besides the positive health benefi ts of a lower body weight, 
benefi cial effects on psychosocial functioning and mental aspects 
of quality of life have also been demonstrated. Psychosocial func-
tioning has been shown to improve with weight loss. With a 
reduced body weight, fewer obstacles were perceived concerning 
activities such as social gatherings, buying clothes, going away for 
holidays, bathing in public and having intimate relations with a 
partner  [5] . Mental aspects of quality of life, such as mental well -
 being, are also positively related to reduced body weight. Overall 
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mood, anxiety and depression have been found to improve with 
long - term weight loss in some studies using various treatments, 
although the effect sizes of some of these associations are small 
 [5,7] .  

  Natural  w eight  d evelopment 

 Figure  26.2  illustrates the clinical realities of long - term weight 
control. As basal metabolic rate decreases with age, in most socie-
ties an increase of body weight is observed over time. As an 
example, our Swedish data would suggest an increase in body 
weight of 2 – 3   kg per decade  [8] . If this is the situation for the 

general public, as exemplifi ed by the Swedish data, the weight 
development in obese subjects is even steeper.   

 Figure  26.3  demonstrates the weight trajectory in control sub-
jects in the Gothenburg Swedish Obese Subjects (SOS) study  [9] . 
As can be seen from this fi gure, for both men and women and all 
age groups, the weight increase over time is quite pronounced. 
Taken together, this means that a therapist, working with a 
patient who can maintain his weight for a signifi cant period of 
time, has had a certain degree of therapeutic success. A problem, 
however, is that most therapists, and their patients, will not see 
this as a treatment success but regard the lack of weight loss as a 
failure. What is often expected by many is weight normalization, 
something that would practically never happen in reality. The 
best therapists and patients can hope for is a result somewhere 
between curves 2 and 3 in Figure  26.2 . This would in clinical 
reality correspond to a weight loss of 5 – 10%, but once the nadir 
has been achieved it is reasonable to assume that unless additional 
efforts or interventions are made, these curves will again start to 
slope upwards in parallel with the top line of the fi gure.    

  The  w eight  l oss  p lateau 

 It is interesting that irrespective of treatment, whether diet, exer-
cise, behavior modifi cation or pharmacotherapy, most, although 
not quite all, treatment programs result in continuous weight loss 
for about 6 months, after which weight loss plateaus. Thus, what-
ever method is being used, strategies have to change from the fi rst 
weight loss period to the maintenance phase. Reassurance, 
support and acceptance are important components of the treat-
ment, so that the patient understands and hopefully accepts that 
further weight loss may not take place easily. Although some 
individuals might fi nd it diffi cult to accept that weight loss does 
not continue, the plateau can easily be explained on physiologic 
grounds. With the reduction in lean body mass, which is an 
inevitable consequence of any weight loss, the basal metabolic 
rate will go down and the overall needs of the individual after 
weight loss are lower  [10] . Thus intake and expenditure will 
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 Figure 26.2     Theoretical prediction of the natural course of weight 
development, and indicators of success in long - term weight reduction programs. 
 (Reproduced with permission from reference  [8]   .)  
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balance at a lower level after successful weight loss, and when this 
takes place, no further weight loss can be expected.  

  Weight  c ycling 

 Weight cycling refers to the repeated loss and regain of weight 
(although there is no standard defi nition for weight cycling)  [7] . 
In the early 1990s several studies were published suggesting that 
weight cycling increased the mortality risk by a factor of 1.5 – 2.0 
 [11] . These studies caused distress since they sent out the message 
that it was better to remain at a higher, stable body weight than 
to fl uctuate over time. Although some of these were adequately 
performed cross - sectional epidemiologic studies, several subse-
quent reviews identifi ed problems in their interpretation and 
weaknesses in their design  [12] . 

 It soon became clear that cycling, whether natural or experi-
mental, did not result in permanent alterations of body composi-
tion or resting energy expenditure, nor in alteration of fat 
mobilization. Further critical reviews of the animal literature, 
where detrimental effects of weight cycling had previously been 
described, similarly found that in spite of some intriguing results, 
there was little evidence to support long - standing physiologic 
effects of weight cycling  [13] . In the new millennium there is little 
physiologic information about the putative role of weight cycling 
in body weight control. 

 However, weight cycling still remains a problem, although from 
another perspective. The present understanding is that weight 
cycling may pose a problem in successful obesity treatment mainly 
from the psychologic point of view, as it may be associated with a 
number of negative factors related to eating behavior. 

 Weight cycling has sometimes been associated with mental 
distress and psychopathology  [14,15] , although others who found 
no such relationship concluded that weight cycling does not seem 
to impact psychologic health in an adverse way  [16] . Considering 
the research fi ndings linking weight cycling with distress, mental 
distress could of course also characterize the person as being 
more prone to diet and having more diffi culties in sustaining the 
weight lost, rather than it being a consequence of the weight 
cycling. 

 More disturbed eating behaviors and a higher prevalence of 
binge eating have also been noted among weight cyclers  [14] . The 
greater the number of weight loss efforts, the greater was the 
occurrence or severity of binge eating. However, whether weight 
cycling causes binge eating or vice versa could not be resolved 
from these studies. 

 Patients reporting repeated dietary attempts that would be 
related to weight cycling have been found to be more prone to 
regain weight  [17,18]  but a lack of association between number 
of previous slimming attempts and weight maintenance has also 
been reported  [19] . Considering the diffi culties in maintaining 
weight loss over time, weight cycling refl ects the struggles in 
controlling the body weight. From this view, weight cycling may 
be a better alternative than a steady weight gain over time. 

 The identifi cation of factors associated with weight loss main-
tenance can enhance our understanding of the behaviors and 
prerequisites that are crucial in sustaining a lowered body weight. 
This has implications for the strategies that should be encouraged 
in treatment, the advice given at the weight maintenance phase, 
and the selection of persons with a reasonable prospect for long -
 term success in obesity treatments. We can thus avoid the risk of 
exposing a patient to additional aversive psychologic conse-
quences of experiencing failure in treatment  [20] .  

  Defi nition and  p revalence of  w eight  l oss 
 m aintenance 

  Defi nition 
 A defi nition of what constitutes weight loss maintenance must 
fi rst be considered. Weight loss maintenance implies keeping a 
weight loss accomplished by treatment interventions or by the 
patient ’ s own efforts. This would be the general defi nition shared 
across studies performed. The specifi c criteria used, however, 
differ. Examples of defi nitions are  “ achieving an intentional 
weight loss of at least 10% of initial body weight and maintaining 
this body weight for at least 1 year ”   [6]  or  “ losing at least 5% of 
baseline body weight between baseline and follow - up, and main-
taining that weight or less for a further 2 years ”   [21] . Others have 
classifi ed  “ winners ”  and  “ losers ”  based on losing or regaining 
more than, for example, two Body Mass Index (BMI) points after 
weight loss  [22] . To enable a review of the literature using very 
different defi nitions of weight maintenance, we have used a more 
inclusive defi nition of weight maintenance that implies an initial 
weight loss that has been maintained for at least 6 months 
subsequently. 

 Another methodologic consideration is that the time of evalu-
ation of weight maintenance can differ. Pretreatment factors 
determining later weight loss maintenance have the greatest 
informative value for recommendations on treatment assign-
ment. Sometimes the patients are assessed at the time of discharge 
from active treatment and further weight change is predicted 
from these characteristics. Another common approach is to iden-
tify retrospectively those who can be classifi ed as successful 
weight loss maintainers, and to describe the behavioral charac-
teristics of these persons as they manifest at the time of  “ success. ”  
Changes during treatment based on repeated measures have also 
been analyzed in studying weight maintainers. The latter 
approaches can give information on the behaviors and strategies 
that could be encouraged in treatment programs, rather than just 
focusing on treatment assignment. 

 In our evaluation of factors affecting weight maintenance, 
we have included studies with these different methodologic 
approaches. The studies include patient samples as well as general 
population samples. With this rather broad inclusion criterion, 
a fuller description of possible factors in weight maintenance 
may be derived. Furthermore, as behavioral factors have been 
considered to be stronger predictors of weight maintenance 
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and regain than physiologic factors, we have focused on the 
former  [6] .  

  Prevalence 
 Quite optimistic results on weight loss maintenance have been 
reported from a telephone survey in a US population sample. 
Weight loss maintenance for 5 years or more was reported by 
about 25% of those who had deliberately lost at least 10% of their 
maximum body weight  [23] . Looking at patient studies, a median 
of 15% could be identifi ed as successful weight maintainers in a 
review of 17 clinical studies. (Weight maintenance was defi ned as 
maintenance of the entire weight loss or  ≥ 9 – 11   kg of the initial 
weight loss at follow - up periods of at least 3 years  [24] .) The suc-
cessful weight maintenance results in the studies reviewed ranged 
from 0% to 49%. If the patients lost to follow - up were considered 
failures, then the median success rate was 13%, with a range of 
0 – 35% success  [24] .   

  Weight  l oss  g oals 

 It seems common for patients to have unrealistic expectations 
about the weight loss that will be achieved in treatment. In 
one study none of the participants achieved the  “ dream weight ”  
they had hoped for and most of them ended up with a weight 
loss which before treatment they had considered as a  “ failure, ”  
even though the standard treatment program was well designed 
and executed  [25] . Heavier patients and men had lower target 
weights  [26] . The fact that expectations about the goal weight 
can be unrealistic has been confi rmed in other studies  [27] . 
According to these results, men were more realistic in their 
approach to what could be achieved with a weight lose regimen 
than were women. 

 Weight goals may be one factor in determining if the person 
will succeed or fail in maintaining a lower body weight  [28,29] . 
Those who maintained their weight were more likely to have 
achieved their self - determined goal weight. It has been suggested 
that failure to reach a self - determined weight may affect the per-
son ’ s belief in their ability to control their weight and result in 
abandonment of weight maintenance behaviors  [30] . Modifying 
weight loss goals therefore seems to be important for subsequent 
results.  

  Weight  l oss  p atterns 

 Initial weight loss has been identifi ed as a predictor for later 
weight loss, and for weight loss maintenance  [31 – 33] . The greater 
the initial weight loss, the better is the subsequent outcome. This 
tells us that there is a consistent weight loss pattern from the 
beginning of the treatment. Initial weight loss can refl ect better 
compliance with the treatment  [32] . It has been noted that the 
fi ndings on initial weight loss challenge the clinical truism that 
weight loss achieved at a slow rate is better  [33] . 

 But according to other results, larger amounts of weight loss 
during the total intentional weight loss phase have predicted 
more weight regain  [29] . It is still unclear precisely how the early 
weight loss response predicts long - term outcome and how it 
should be defi ned. 

 The complexity involved in evaluating the predictive value of 
weight loss patterns can be illustrated by a recent analysis of two 
long - term clinical trials with orlistat  [34] . In this analysis, weight 
loss of  > 5% body weight after 12 weeks of diet and orlistat was a 
good indicator of 2 - year weight loss, and other measures such as 
 ≥ 2.5   kg initial weight loss during the 4 - week lead - in  [35]  and 
 ≥ 10% weight loss after 6 months did not add signifi cantly to the 
prediction of the 2 - year outcome. 

 The duration of weight loss has also been studied. The longer 
the weight loss has been maintained, the better are the chances 
for further continuation of a lower body weight  [6,29] . Subjects 
who have maintained weight losses for a longer time report that 
they use less effort in continued weight control  [36] . The pleasure 
derived from controlling weight was not changed over time, sug-
gesting a shift in balance towards overall pleasure in promoting 
further maintenance of body weight.  

  Factors  a ffecting  w eight  l oss  m aintenance 

  Physical  a ctivity 
 Physical activity is related to long - term weight maintenance in 
many studies  [6,21,37,38] . Physical activity can help weight 
maintenance through direct energy expenditure, and also 
improved physical fi tness which facilitates the amount and inten-
sity of daily activities  [39] . Physical activity can also improve 
well - being, which may in turn facilitate other positive behaviors 
needed for weight maintenance  [40] . 

 Walking is one of the most frequent aspects of physical exercise 
reported by study participants, and cycling and weight lifting also 
have some popularity  [6] . In the STORM study, leisure activity 
predicted weight maintenance with sibutramine treatment  [32] . 
Such leisure - time physical activity included time spent walking 
and cycling, and also implied less time spent watching television. 
It was suggested these factors can distinguish a sedentary lifestyle 
from a more active one even better than a measure of sports 
activity. 

 A higher number of pedometer - recorded daily steps  [41]  and 
other measures including everyday activities  [42]  have likewise 
been found among weight maintainers. Impaired physical func-
tioning in daily life, implying limitations in the ability for ambu-
lation, has correspondingly predicted later weight relapse  [43] . 
Perceiving barriers in the life situation for carrying out physical 
activity has also been related to poorer weight maintenance, 
whereas confi dence concerning exercise may promote long - term 
weight management  [18] . 

 According to one review, the results of physical activity in 
weight gain are, however, not consistent  [44] . Prescribing exer-
cise in experimental designs was, for example, only modestly 



Chapter 26 Weight Loss Maintenance and Weight Cycling

355

related to later outcomes. Poor compliance in carrying out the 
exercise protocol was suggested as one reason for such discourag-
ing results  [45] .  

  Dietary  i ntake 
 Weight loss maintenance is obviously associated with lower total 
caloric intake  [46]  and reduced portion sizes  [47] . More specifi -
cally, it is also associated with reduced frequency of snacks  [48]  
and less dietary fat  [6,21,42,48,49] . 

 Reduction of particular food types such as French fries, dairy 
products, sweets and meat  [50]  and cheese, butter, high - fat 
snacks, fried foods and desserts  [51]  has also been seen in persons 
successfully maintaining their weight. The importance of includ-
ing high - quality foods such as fruits and vegetables  [48]  and 
healthy eating  [52]  has also been noted. 

 Change towards a more regular meal rhythm has been identi-
fi ed as helpful in long - term weight loss  [48]  and regularly eating 
breakfast has been reported more often among weight maintain-
ers  [37,53] . It is suggested that breakfast can reduce hunger, 
making the breakfast eaters choose less energy - dense foods 
during the rest of the day, as well as giving better energy to 
perform physical activity during the day  [53] .  

  Eating  p atterns 
 Generally, eating behavior has been evaluated during ongoing 
treatments. The most common measure of eating behaviors is the 
Three Factor Eating Questionnaire (TFEQ)  [54] , which measures 
eating restraint, disinhibition and hunger. Restraint means trying 
to resist eating by conscious determination in order to control 
body weight. Disinhibition measures loss of control over eating, 
and the hunger scale shows the experience of hunger feelings and 
cravings for food. Eating restraint is known to be associated with 
a lower amount of food intake  [55]  and the restraint increases 
with successful weight loss in behavior modifi cation treatments 
 [43,56] . 

 For those regaining their body weight, the contrasting pattern, 
a decrease in eating restraint and increase in disinhibition, has 
been found  [6,57] . This tells us that restraint in food intake leads 
to less food consumed and thus more weight loss, and that 
control over food intake is crucial for weight management. 

 Studies using data on eating patterns somewhat more prospec-
tively, by comparing eating patterns at the time of discharge from 
treatment in evaluating subsequent weight development, have 
also been performed. In line with the earlier information on 
eating patterns, these showed that reduction of disinhibited 
eating  [22]  and increase in cognitive restraint  [58,59]  during 
active treatment were positive predictors of post - treatment 
weight reduction and weight maintenance. Higher levels of 
dietary disinhibition assessed after an intentional weight loss 
phase  [57]  or during weight maintenance  [41]  predict weight 
regain. More hunger according to the TFEQ at discharge has also 
been shown to be a negative predictor of post - treatment weight 
change  [22] . This means that more intense hunger and disinhib-
ited eating creates a risk for subsequent overconsumption. 

 Another study has analyzed pretreatment data on eating 
behaviors as predictors of weight development after treatment 
 [17] . These results revealed that a high pretreatment score on the 
TFEQ hunger scale predicted weight regain at follow - up after 
very low - calorie diet (VLCD) treatment. With more intense 
hunger initially, long - term success with VLCD treatment is thus 
less likely. Often, however, the pretreatment TFEQ scores have 
not provided predictive information on subsequent weight loss 
 [43,56] . 

 On the issue of control over eating behaviors, it has been sug-
gested that more fl exible control over eating behavior is associ-
ated with weight maintenance, rather than rigid control  [60] . 
Although eating restraint is often reported to be related to weight 
loss in behavioral treatments, such restraint has also been associ-
ated with periods of overeating, and is suggested to be a risk factor 
for the development of eating disorders  [61] . The rigid approach 
that could be considered a risk factor for a subsequent total 
breakdown of controls can be described as a dichotomous  “ all or 
nothing ”  approach to weight and eating. It implies extreme 
behaviors such as attempts to totally avoid sweets and liked foods. 
The fl exible controls are rather characterized by a  “ more or less ”  
approach that can be adopted as a more long - term task  [60] . 
Regainers have described that during dieting they did not permit 
themselves any of the food they really enjoyed and therefore felt 
deprived  [37] . Recent research results show that maintaining 
initial treatment changes towards more fl exible control predicts 
better long - term weight loss results  [48]  and fl exible and rigid 
controls have been related to lower and higher body weights, 
respectively  [62] . This suggests that rigid controls should not be 
encouraged in treatment of obese patients, and that fl exible con-
trols should rather be supported.  

  Binge  e ating 
 Binge eating is a pronounced problem in obese eating behavior 
that has been recognized in the last few decades  [63] . The prevail-
ing suggested defi nition of binge eating (binge - eating disorder), 
although still not a formal diagnosis, includes the consumption 
of large quantities of food without being in control of this 
behavior, and also the experience of distress about such binge 
eating  [64] . Binge eating assessed after weight loss has predicted 
more subsequent weight regain  [57] . Gainers had more binge 
episodes per month in the initial assessment, and had also 
increased their number of binge episodes at 1 - year follow - up. 
This more profound disturbance in obese eating behavior poses 
a major problem in weight maintenance. Binge eating has also 
been related to a history of weight cycling  [65] , which would 
refl ect prior failures in maintaining weight losses. In obesity 
surgery, the weight regain after 5 years has been found to be 
considerably higher in binge eaters than in other patients  [66] . 
However, others conclude that binge - eating status seems to be 
a weak prognostic indicator of weight regain, and that psycho-
logic dysphoria may be the important factor for such an associa-
tion  [65] . In yet other studies binge eating was not related to 
long - term weight loss  [67] . Such a fi nding would suggest that 
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although binge eating obviously implies more profound diffi cul-
ties with eating behavior, the binge eaters could still benefi t from 
standard obesity programs.  

  Self -  m onitoring 
 Self - monitoring means observing oneself and one ’ s behavior. 
Self - monitoring of body weight and food intake is an important 
factor in weight loss as well as weight loss maintenance  [6,57,68] . 
Weight maintenance seems to require an ongoing adherence 
to weight - related behaviors. Regularly weighing oneself is an 
example of self - monitoring, as is recording food intake. Self -
 monitoring of food intake is suggested to refl ect one component 
of cognitive restraint known to be important for weight control. 
It could also be suggested that these patients continue to use self -
 monitoring strategies that have been learned during the treat-
ment phase  [6] . In weight regainers, self - monitoring has been 
shown to decline with time  [57] . 

 Being more aware and vigilant with regard to weight control 
has likewise been found to characterize weight maintainers 
 [37,69] . The maintainers were, for example, more conscious 
about their dietary intake and made more conscious decisions 
with regard to food selection  [69] . Maintainers were also more 
aware that they needed to be conscious of their weight - related 
behaviors  [37] . The regainers, on the other hand, found it too 
diffi cult to remain in the state of prolonged consciousness needed 
to watch themselves over time  [69] .  

  Life  e vents and  s ocial  s upport 
 The surrounding environment and the life events facing the 
person trying to lose and maintain weight can facilitate as well as 
hamper the outcome. Experiencing stressful life events or rating 
one ’ s life as stressful has been associated with weight regain  [70 –
 72] . In follow - up assessments, the patients who regained weight 
after treatment reported more psychosocial crises, including 
major illnesses and bereavements  [71] , personal or family stress, 
and a busy schedule  [70] . Interviews with successful persons 
suggest that their maintenance of weight may depend on stable 
circumstances after the active behavior changes  [73] . The critical 
life events in this study included areas such as family relations 
and social activities. 

 Social support is considered as an important aid for weight 
maintenance  [74,75] . Participating in a maintenance support 
group  [70]  as well as receiving support from friends  [68,76]  and 
having people available for social support  [37]  have been related 
to better weight maintenance. 

 However, according to a systematic review on family involve-
ment in weight control, there are mixed results for a spouse ’ s 
involvement. Sometimes there is an improved outcome at follow -
 up, sometimes there are better results for treating the patient 
alone  [77] . In one study weight maintenance was better for 
women treated together with their spouse, both being targeted 
for weight loss and social support strategies, whereas the men did 
better when treated alone  [78] . In two other studies including the 
spouses to provide support (both female and male participants), 

weight maintenance was better for the women treated alone  [79] . 
For the men treated alone a better outcome was seen in 1 - year 
maintenance but with no difference at 2 years follow - up  [68] . 
Although support from the social context is often helpful, 
involvement from a close life partner is therefore not always posi-
tive and may for some persons even interfere with long - term 
outcome. The divergent fi ndings suggest that additional factors 
in the person ’ s situation determine whether or not the support 
given by the spouse is helpful for weight maintenance. 

 Receiving prolonged treatment interventions and continuous 
professional support in the weight maintenance phase has often 
been found to improve treatment outcomes  [80] . Professional 
contact may, for example, enhance vigilance and motivation, and 
provide encouragement and support. Such interventions, 
however, may be considered a prolonged treatment phase, rather 
than factors in weight maintenance. A question has been raised 
whether such long - term interventions may lessen the patient 
motivation to take responsibility for their lifestyle changes  [81] . 
The alternative view is that support must be given to the patient 
to accept full responsibility for lifestyle changes from the onset of 
treatment.  

  Stress and coping 
 Stress as an important risk factor has received additional atten-
tion. The ability to cope with stress may be crucial for the indi-
vidual attempting to sustain their weight, rather than the actual 
number of life changes and circumstances that are stressors 
 [48,82,83] . 

 The research fi ndings on regainers typically describe poor 
coping strategies. A common defi nition of coping refers to cogni-
tive and behavioral efforts used to manage external and internal 
demands that are appraised as taxing or that exceed the person ’ s 
resources  [84] . A common characteristic identifi ed in regainers 
is that they tend to eat in response to stressful or negative life 
events and negative emotions that can be evoked by stressors in 
everyday life  [37,82] , and they have the tendency to use eating to 
regulate mood  [37,69] . Rather than using direct ways to handle 
problems in life, it was common to use escape - avoidance ways of 
coping which typically would include overeating, sleeping more 
and passively wishing that the problem would vanish  [37] . Those 
likely to regain their weight have also reported seeking more help 
as a way to cope with dietary lapse, such as seeking help from a 
friend, spouse or family member, or starting a weight loss 
program  [85] . This fi nding suggests a lack of self - suffi ciency or 
self - effi cacy. Others, however, have shown that help seeking may 
increase the chances of weight maintenance  [37] . 

 Maintainers as compared to regainers have been reported to be 
able to cope more easily with cravings  [86]  and to use direct 
coping in relapse situations  [85] . Such direct coping included 
treating the relapse as a small mistake, recovering and starting to 
lose weight again, increasing exercise and starting to control food 
intake  [85] . Being active and doing something (anything) rather 
than being passive in response to an overeating episode, and 
regaining control quickly, has also predicted better weight 
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maintenance  [68] . The maintainers also seem more like to use 
effective problem - solving skills and confronting ways of coping 
with demands in life  [37,82] . This included fi nding new solutions, 
using concepts taught in treatment  [82]  or using other strategies 
such as relaxation techniques or even working more  [37] . 

 Overeating clearly is an unfortunate coping strategy in obesity, 
and can refl ect the absence of more effi cient coping. Having a 
passive orientation can sometimes represent a less successful 
approach than fi nding one ’ s own solutions and being more 
active. Personality factors can be important in the ability to fi nd 
coping strategies to be used in various life situations, rather than 
reverting to old eating habits. Coping capacity has also been 
shown to increase during treatment of obese patients  [86] . The 
improvements in coping were considered to be general treatment 
effects as they were not dependent on type of treatment. Greater 
improvements in coping were found among the patients who had 
lost most weight. Although coping depends on personality it can 
thus to some extent be trained. A conclusion from the overall 
results on coping is that an ability to handle situations by relying 
on internal resources, involving cognitive abilities, is a crucial 
factor in weight control.  

  Attitudes and  s trategies 
 Patients who were less prone to attribute the reason for their 
obesity to medical factors have been shown to be more successful 
in later maintaining weight loss  [52] . Moreover, successful people 
were more motivated to lose weight for reasons that related to 
having confi dence in oneself, rather than pressures from others 
or medical reasons. The confi dence factors more specifi cally 
included increasing self - esteem, liking oneself more and feeling 
better about oneself  [52] . 

 Retrospective studies of successful weight maintainers have 
shown more concern with weight, shape and appearance in 
women successfully maintaining a lower body weight  [87] . The 
women were described as having developed a  “ healthy narcis-
sism ”  about their appearance and physical condition. In another 
study pride in appearance was among the top four self - rated 
factors facilitating weight maintenance, although it did not differ 
between weight maintainers and weight regainers (the other three 
factors were regular exercise, low - calorie/low - fat food choices 
and regular weigh - ins)  [70] . Caring about one ’ s appearance and 
physical condition can thus be important for the motivation to 
control body weight. 

 The natural weight increase in female adolescents has also been 
shown to be somewhat less with higher physical appearance self -
 esteem, as well as social self - esteem  [88] . It is suggested these 
young women have higher levels of self - effi cacy in weight - 
controlling behaviors. A tendency to evaluate self - worth in terms 
of weight and shape has, however, also been associated with 
weight regain  [69] . Weight regainers have also been found to see 
themselves as not just heavy, but also ugly  [37] . Yet another study 
has described that women who had maintained their achieved 
weight loss were more self - confi dent and capable of taking 
responsibility over their lives and assumed responsibility for their 

need to lose weight. They had developed their own personally 
individualized diets, exercise and maintenance plans, and had 
also become more active outside the home  [87] . Personal strate-
gies in weight maintainers have also been described by others 
 [37] . These women used strategies for weight control that were 
specifi c to their individual lifestyle. Creating such personally 
adjusted strategies in weight control could be considered as a sign 
of psychologic strength and coping ability, as well as an awareness 
of one ’ s own role in weight control. 

 Other results agreeing with the notion that taking responsibil-
ity for one ’ s life is important for weight development have shown 
that maintainers attribute their success to their own determina-
tion and patience  [86] . The specifi c responses given were often 
related to having a defi nitive commitment and making up one ’ s 
mind.  

  Motivation 
 Motivation for weight reduction is one of the most obvious 
aspects in weight control, and a literature search suggests that 
many studies do fi nd that a higher pretreatment motivation 
is related to greater weight loss  [89]  although a few studies 
have found no such relationships  [90] . In our own search, we 
found few results on initial motivation with regard to subsequent 
weight maintenance. In one study, weight regainers, in follow - up 
assessments, more commonly reported low motivation as an 
obstacle than the weight maintainers  [70] . A test developed 
to assess weight loss readiness and motivation, the Weight 
Loss Readiness Test  [91] , has failed to predict weight loss  [89,92]  
and no data were found on the test related to weight mainte-
nance. Unpublished data from the Weight Loss Readiness Test 
carried out at our obesity unit revealed no relationship to weight 
loss or weight loss maintenance (Elfhag  &  R ö ssner, personal 
communication).  

  Locus of  c ontrol 
 The  “ locus of control ”  indicates whether a person experiences 
control over their life as being internal or external. With an inter-
nal locus of control, outcomes are perceived to be a consequence 
of one ’ s own actions, and that it is possible to infl uence how the 
future will turn out. An external locus of control indicates per-
ceiving life as being determined by fate, chance or luck, or being 
under the control of powerful others  [93] . 

 There are varying results concerning the relationship between 
locus of control and weight reduction  [94] . Some studies found 
that an internal locus of control is related to more weight loss, 
whereas other studies failed to identify a difference between 
 “ internals ”  and  “ externals ”  on locus of control. With regard to 
weight maintenance, some studies have likewise reported that 
those with an internal locus of control are more successful, inter-
preted as a better ability to assume full responsibility over one ’ s 
own actions  [94] . A more specifi c measure of the locus of control 
over the health  [95] , was, however, unrelated to weight mainte-
nance  [96] . 

 Another specifi c locus of control scale targeting body weight 
has also been constructed. The Weight Locus of Control Scale 
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 [97]  shows some relationship with weight loss  [97]  but no infor-
mation on weight maintenance. More internal control on this 
Weight Locus of Control Scale has in later research been related 
to having more confi dence in weight loss behaviors whereas 
external control was related to perceiving external reasons for 
being overweight, perceiving several barriers to physical activity 
and being dissatisfi ed with social support received  [98] . 

 Autonomous motivation has predicted more regular attend-
ance at a weight loss program, and also better weight loss main-
tenance  [96] . Such autonomy implies an internal locus of causality 
for behavior as opposed to controlled behaviors that have an 
external locus of causality. According to the self - determination 
theory, the probability that a person will persist with a behavior 
or not depends on whether they believe the idea for initiating and 
subsequently continuing to regulate the behavior comes from 
within themselves  [99] . The participants who made their own 
decision to take part in the program and lose weight were thus 
more successful. 

 To conclude, locus of control, or at least some aspect thereof, 
can sometimes be benefi cial for later outcome. An internal locus 
of control would also have some resemblance to the concept of 
 “ self - effi cacy ”   [98]  that has received much attention in weight 
management.  

  Self -  e ffi cacy 
 Self - effi cacy means confi dence in one ’ s personal ability to manage 
life obstacles and accomplish an achievement such as weight loss 
 [100] . Self - effi cacy also entails the expectation of success. 

 Self - effi cacy regarding weight loss  [101] , the ability to handle 
emotions and life situations  [68]  and exercise  [18]  have been 
related to later weight loss maintenance. Follow - up data on weight 
maintainers have also shown that they have more confi dence in 
the ability to manage their weight than the weight regainers  [70] . 
With higher self - esteem, weight reduction was furthermore sub-
sequently maintained over a longer period of time  [94] . 

 In another study, being more  “ assured ”  was found to describe 
a subset of patients who were more independent and goal directed, 
had greater self - confi dence about weight control, felt they  “ had 
what it takes ”  for weight control and were not prone to giving up 
easily  [102] . These more assured participants retained a lower 
body weight than the other subgroup described as  “ disbelievers. ”  
These results held only until 2 years post treatment, when the 
assured had regained just as much as the disbelievers. Being a 
disbeliever implied a lower faith in the ability to control weight 
and giving up easily. Moving from being a disbeliever to becoming 
more assured during treatment was also linked to a more favorable 
weight loss outcome. This demonstrates that treatment interven-
tions can also strengthen self - confi dence during treatment, leading 
to better outcomes. Improvements in self - effi cacy in obesity treat-
ments have also been described by others  [103] .  

  Personality 
 Information on personality characteristics enabling a more 
comprehensive understanding of the various behavioral 

manifestations in weight development is so far sparse. Socializa-
tion, implying a social orientation, has been positively related to 
weight loss maintenance in two studies  [104,105] . The results on 
socialization suggest that the patients who were more successful 
had a greater capacity for close relationships. This means a more 
complete personality development with regard to relating to 
other people  [106] . In line with this, more perceived initial dys-
functions in social interactions have predicted weight relapse 
 [43] . 

 Higher anxiety and monotony avoidance have been negatively 
related to weight loss maintenance in one study  [104]  and have 
also been found to describe the obese as compared to reference 
groups, along with more impulsivity  [107 – 109] . This personality 
pattern has been compared to an impulsivity syndrome with ego 
weakness, and to drug addiction  [104,107] . Others report a 
profi le similar to those found for bulimics and alcoholics, and the 
possibility of similar personality factors being associated with 
excessive eating and drinking have been discussed  [110] . 

 For weight loss results only, there are some research fi ndings 
revealing a trend towards psychopathology being associated with 
poorer weight loss in obesity treatments  [111 – 113] . Cuntz et al. 
 [114]  suggested that subsequent  “ winners ”  in weight mainte-
nance had more improvements in symptoms of psychopathology 
during the treatment phase, and that there is some relationship 
between psychopathology and successful weight reduction. More 
generally, persons with psychopathology are, of course, consid-
ered to be more diffi cult to treat  [115,116] . Dichotomous think-
ing, implying a simplifi ed  “ black - and - white ”  approach, was 
described as characterizing weight regainers whereas more fl exi-
ble thinking characterized the maintainers  [69] . This would also 
describe an aspect of personality functioning with more mature 
thinking and balance in the maintainers. 

 To summarize, these trends suggest that traits refl ecting a more 
completely developed and integrated personality, including areas 
such as relating and ego strengths with impulse control and 
overall better functioning, can imply better chances to maintain 
the weight loss. In accordance with this psychologic pattern, 
research has shown that middle - aged women who had stayed slim 
had better psychosocial adaptation and psychologic health  [117] .  

  Depression,  m ood and  p sychiatric  d iagnoses 
 Depression is a central aspect in obese patients entering treat-
ment, as there is an overlap between obesity and mood disorders 
 [118] . Depression has sometimes been associated with weight 
regain. More self - reported depressive symptoms at an initial 
assessment after weight loss have been associated with weight 
regain, although they did not contribute as a predictor  [57]  and 
psychiatric diagnoses seem to interfere with long - term weight 
control  [119] . Lower degrees of depression have been found 
among those recovering from weight relapses than in those who 
do not, also suggesting that  “ successes ”  in body weight control 
are related to less depressive symptoms  [120] . 

 However, several studies have reported no relationship between 
depression and weight maintenance  [121]  or even contradictory 
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fi ndings, with a positive relationship between initial depression 
and weight loss outcome after gastric bypass  [122,123] . Lower 
initial well - being has also been associated with better weight 
maintenance in nonsurgical treatments  [68,72] . Taken together, 
some negative impact of depression and more severe dysfunc-
tions, but maybe not overall mood, on weight loss maintenance 
could be considered. More detailed research is needed on the 
specifi c aspects and reasons for initial depression and long - term 
outcome. One possibility is that being dissatisfi ed and even expe-
riencing suffering about the present obese condition could 
promote greater motivation for making changes, whereas more 
pathology and severe depression disrupt a person ’ s functioning 
and can interfere with weight control.  

  Further  c onsiderations in  r esearch on  w eight  l oss 
 m aintenance 
 There is also a need to consider all the critical factors in weight 
maintenance in an integrated way. Weight control is a very 
complex process that depends more on changing the whole per-
sonal life than on single behaviors. Long - term weight reduction 
was, for example, better in those who had made fi ve or more 
behavioral improvements compared to those who had made 
fewer changes  [48] . An interaction among these factors is also 
likely. The combination of a psychologic and physiologic 
approach may give us more understanding of the mechanisms in 
weight loss maintenance  [124] . 

 The role of different treatments and the patient – treatment 
interaction should also be noted. One type of treatment approach 
can suit some people well, whereas quite another approach would 
suit others, and this would lead to different patterns concerning 
maintenance of weight loss. For example, obesity surgery creates 
quite a different situation for weight maintenance than does 
behavior modifi cation, and each of these situations may be better 
suited to patients with different characteristics. One study has 
shown that patients with substantial weight loss achieved through 
surgery or nonsurgical means differed in their behaviors to main-
tain weight losses. The surgical group reported eating consider-
ably more dietary fat and less carbohydrate and protein than the 
nonsurgical controls, and furthermore had lower levels of physi-
cal activity  [36] . Another study reported that persons who had 
chosen liquid formulas through formal programs to reduce their 
weight relied more on dietary strategies such as counting calories 
and higher dietary restraint in order to maintain their weight loss, 
whereas those who lost weight by their own means used more 
physical exercise and weighed themselves more often to maintain 
their weight loss  [125] .  

  The  s uccessful  w eight  m aintainer 
 To summarize the fi ndings on factors affecting weight loss main-
tenance that we have described, a profi le characterizing the  “ suc-
cessful weight maintainer ”  can be suggested. This ideal person 
starts losing weight successfully quite early in treatment and 
reaches the self - determined weight loss goals. Our ideal weight 
maintainer leads an active life with less television watching, and 

does more leisure activities such as walking and cycling. He or 
she is in control over eating behavior and is not overly disturbed 
by hunger. Food intake is kept at a lower lever, meal rhythm is 
regular, always including breakfast, and healthy foods are chosen. 
Snacking is reduced. When cravings occur, they can be dealt with 
by various mechanisms. If experiencing a relapse, our weight 
maintainer can handle this in a balanced way without exaggerat-
ing it as a detrimental failure. Controls are fl exible rather than 
rigid and there is self - suffi ciency and autonomy. 

 Although personality fi ndings are sparse in the research on 
weight loss, some conclusions can be inferred from the overall 
fi ndings in the literature. A consistent pattern emerges where the 
person likely to succeed in maintaining a lower body weight has 
a personality functioning with more strengths and stability. Such 
strengths include a capacity for control and fl exible thinking and 
also the ability to cope with relapse rather than reverting to a 
more dichotomous, all - or - none thinking. The ability to create 
and sustain a meal structure and alter food habits can also imply 
psychologic resources and capacities. Finding coping strategies to 
handle cravings and stressful situations in life refl ects an ability 
to use creativity and thinking, and come up with one ’ s own 
solutions. Self - monitoring suggests self - awareness, and self - 
suffi ciency and autonomy would likewise constitute strengths. 

 Not surprisingly, this ideal weight maintainer has fewer inner 
affl ictions and instability such as mental distress, binge eating and 
weight cycling but instead more stability of weight patterns, 
eating and emotions. Support is provided by the social context, 
although our weight maintainer may prefer to rely on their own 
solutions. There may be more of an internal motivation for 
weight loss, with wishes to become more confi dent and feel better 
about oneself. A healthy narcissism, implying there is at least 
some energy invested in oneself, with caring for oneself, one ’ s 
appearance and physical status, can also be considered as a 
strength. 

 The regainer has instead more diffi culties in self - management, 
and less effi cient ways of handling obstacles in weight mainte-
nance. It seems that approaching the issue of weight control from 
a psychologic viewpoint could give a better understanding of 
obesity behaviors. For a list of factors associated with weight loss 
maintenance and weight regain, see Boxes  26.1  and  26.2 .       

  Treatment  c onsiderations 

  Long -  t erm  w eight  l oss  m anagement 
 In spite of some encouraging effects concerning weight loss main-
tenance, there are great risks that weight regain will occur once 
intervention has ceased. Obesity is diffi cult to treat and the long -
 term weight loss outcome is generally modest in various types of 
treatment programs  [126,127] . Just as with any other medication, 
obesity treatment, whether with diet or pharmacotherapy, will 
only work if the treatment interventions are incorporated and 
adhered to and the medication is taken. Realization of this problem 
leads to different views when considering the management of 
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a program lasting less than 6 months. Today many standard 
programs, based on diet, exercise and behavior modifi cation, run 
for up to 2 years, and some of them for even longer. 

 It has been claimed that behavioral change can only be achieved 
if treatment involves a long - lasting training process  [60] . Several 
programs take into account the fact that obese patients need a 
long time to adjust to a new, healthier lifestyle. In the behavioral 
modifi cation process, changes are introduced one by one and 
most patients would start to make the changes in their lives with 
which it is easiest for them to comply. The experience of our day 
care unit is that basic behavioral changes such as re - establishing 
a proper eating pattern with breakfast, lunch and dinner may take 
a long time to achieve. Training obese patients to eat according 
to the Swedish so - called plate model, where half the plate is fi lled 
with vegetables (raw or cooked), one quarter with a carbohydrate 
portion (rice, potatoes, pasta, bread) and the last quarter with a 
protein component (meat, fowl, egg, fi sh, shellfi sh, etc.), as rec-
ommended by the Swedish Food Agency, may take considerable 
time to become an inherent part of a new eating style.   

  Targets in  t reatment 
 Accomplishing more regular meals and making better food 
choices (key elements in behavior modifi cation programs) were 
also recognized as factors contributing to weight maintenance. 
Several of the other factors identifi ed are also incorporated in 
standard behavior modifi cation programs. Such treatments are 
based on restriction of calories and increased physical activity. 
Behavioral interventions targeting eating behavior, cognitions and 
feelings related to food and eating, and self - monitoring of behav-
iors are also integrated parts of such programs. Recording food 
intake for several days is an example of training self - monitoring 
behaviors. Learning to deal with emotions and cognitions that can 
lead to overeating would imply that new coping strategies are 
trained. The training of self - control and the handling of situations 
implying risks for overeating are also stressed  [128 – 130] . 

 This means that the standard programs today are already tar-
geting some crucial factors that seem important for weight main-
tenance. Some other factors that are not always integrated parts 
of treatment programs could also be mentioned. To start with, 
some pretreatment factors could be considered. Special attention 
may be warranted for patients with pretreatment characteristics 
such as depression, binge eating, and a history of weight cycling, 
although there were some confl icting research fi ndings on the 
role of these factors in weight maintenance. Striving for some 
positive goals in weight loss, such as feeling better about oneself, 
rather than starting treatment because of outer pressure could 
also be addressed before treatment onset. 

 Modifying unrealistic weight loss goals can be an important 
initial task in treatment  [131] . It is essential that patients and 
therapists learn to understand that weight loss will hardly ever be 
up to expectations, and to use this as a starting point for further 
interventions. This is even more crucial when considering the 
importance of having a self - determined weight loss goal when it 
comes to long - term results. 

Box 26.1  Suggested factors associated with weight 
loss maintenance 

    Has achieved the self - determined weight loss goal 

 More initial weight loss 

 Physically active lifestyle 

 Regular meal rhythm 

 Eats breakfast 

 Less dietary fat, more healthy foods 

 Reduced frequency of snacks 

 Flexible control over eating 

 Self - monitoring 

 Better coping strategies 

 Can fi nd ways to handle craving 

 Self - effi cacy 

 Autonomy 

  “ Healthy narcissism ”  

 Motivation for weight loss: becoming more confi dent  

Box 26.2  Suggested factors associated with weight 
regain 

    Fails to reach a self - determined weight goal 

 Attribution of obesity to medical factors 

 Sedentary lifestyle 

 Disinhibited eating 

 More hunger 

 Binge eating 

 Eating in response to negative emotions and stress 

 Depression 

 Distress 

 Poor coping strategies 

 Escape - avoidance to problem 

 Passive wishes 

 Help seeking 

 Motivation for weight loss: medical reasons, other persons 

 Personality traits indicating more disturbances  

obesity. One view considers obesity as a chronic condition, 
whereas another view emphasizes the responsibility of the patient. 

  Obesity  a s a  c hronic  c ondition 
 One trend in understanding the treatment principles for obesity 
emanates from the realization that obesity is a chronic disease and 
that it is essential to develop long - term treatment strategies from 
the beginning of therapy. The typical treatment in the 1980s was 
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 Furthermore, initial weight loss is often related to better long -
 term results, meaning that the patients likely to succeed can be 
identifi ed quite early in treatment. A run - in period may even 
be suggested, and the patients who do not lose weight could be 
moved to other treatment interventions. This would be cost -
 effective, as well as sparing the patient a larger disappointment 
later in time. 

 In treatment, it seems important that patients should learn 
how to handle particular stresses in their lives, those which imply 
a risk for overeating. Providing support for developing self - suffi -
ciency and fi nding inner strengths, ideas and capacities would be 
essential for long - term results. Feeling good about oneself, the 
concept of  “ healthy narcissism, ”  should also be noted. This could 
be promoted by acknowledging the importance of feeling more 
attractive and liking oneself more, and recognizing the enjoyment 
of taking good care of one ’ s body, appearance and health.  

  Strategies for  l ong -  t erm  t reatment 
 Interventions providing a more long - term perspective are of 
clinical interest. This does not necessarily mean that patients need 
to be continuously treated. It would, however, be a challenge to 
develop more long - term strategies and recommendations. Intro-
duction of weight loss by any standard method such as diet, 
exercise, behavior modifi cation, VLCD or pharmacotherapy will 
always be a fi rst step. Strategies that have been less tested in long -
 term programs could include aspects such as weight loss mainte-
nance with supervized booster sessions, or other means. A 
pharmacologic agent may be added at a lower dose or given in 
recurrent cycles. The weight maintenance phase would also 
include strategies to detect and treat weight relapse immediately, 
including initiation of pharmacotherapy or other active interven-
tions if weight exceeds a preset threshold. Risk situations may 
include periods when patients may have less ability to comply 
with a strict new dietary regimen. Life changes such as starting a 
new job, getting married or having children, as well as diseases 
and long - term sick leave are examples of such challenges. Sea-
sonal variations in food intake due to holidays or mood fl uctua-
tions, such as those related to seasonal affective disorder (SAD), 
may also make treatment compliance more diffi cult. 

 The role of pharmacotherapy in this long - term strategy is far 
from clear. Treatment could be given with standard doses when 
weight exceeds a preset threshold. Intermittent treatment has 
been found to be effective with sibutramine  [132]  and could be 
used to lower the total exposure to a drug, as well as costs. Treat-
ment combinations with drugs with various modes of action, 
possibly at lower doses, could form an alternative strategy. Drug 
combination studies as well as head - to - head comparisons are 
currently scarce  [133] .  

  Are  l ong -  t erm  i nterventions  n ecessary for  w eight 
 m aintenance? 
 As a consequence of the chronic condition approach, many 
standard programs continue over longer periods of time. It has 
been argued that such extended treatment periods are of little 

benefi t to the patient. Finnish therapists have suggested that what 
is achieved during the fi rst year is all that can be expected and 
that with extended programs, only attrition problems arise, 
whereas little else can be gained other than frustration  [134]  

 Another crucial question is whether these interventions can 
actually lessen the patient ’ s motivation to take responsibility for 
their lifestyle changes  [81] . As treatment of longer duration 
demands considerable resources, and as the obesity epidemic 
implies, resources to treat the increasing number of patients 
referred to obesity clinics are lacking. The cost - effectiveness of 
programs is becoming more and more crucial. It has been sug-
gested that weight reduction programs lasting 4 – 6 months can be 
developed to promote subsequent weight loss maintenance. Sup-
porting the patient ’ s full responsibility for lifestyle changes is then 
one of the essential components from the onset of treatment. 

 A less costly weight loss maintenance intervention using the 
Internet has further been compared to therapist - led interven-
tions; the results showed no difference in weight loss between the 
groups, although the therapist - led group was more satisfi ed with 
their group assignment  [135] . Such results suggest that there can 
be less costly and equally effective ways to promote positive 
weight development. Long - term weight maintenance was, 
however, better for the patients who had therapist support  [136] .   
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   Introduction 

 The dramatic increase in the prevalence of overweight and obesity 
has not been matched by an increase in the amount of education 
and training provided for health professionals, regardless of their 
discipline. Too often, health professionals ignore the obvious 
signs or symptoms of a nutritional disorder within a patient and, 
if they are overweight, simply instruct the patient to go on a diet. 
It is therefore not surprising that intervention only comes when 
medical complications have become apparent. This oversight 
refl ects a poor understanding of nutritional issues and a lack of 
knowledge and skills about their management. There is limited 
information provided in both undergraduate and postgraduate 
training programs and scant attention in specialist medical train-
ing. The medical profession ’ s appreciation of the medical conse-
quences of obesity is refl ected by the absence of specialist units 
in most regional hospitals and reluctance to consider pharmaco-
therapy or surgery for patients most at risk. Since clinical teachers 
have had little or no training in the subject, they tend not to teach 
it. As a result, many doctors neglect clinical nutrition through 
lack of awareness of its potential benefi ts in the prevention and 
treatment of disease. 

 This chapter will fi rst focus on the education of health profes-
sionals in nutritional care and then address the defi ciencies in 
training for the management of overweight and obese patients.  

  Why  i s  i t  i mportant to  e ducate  h ealth 
 p rofessionals  a bout  n utrition? 

 A health professional ’ s primary role is, by defi nition, to care for 
their patients. As a consequence, they need to fully understand 
the fundamentals of nutritional science and be able to apply these 
in clinical practice. 

 It is clear that a substantial proportion of the world ’ s popula-
tion make imprudent food choices. Increasingly, diets and pat-
terns of food consumption are associated with greater risk of poor 
micronutrient intake and ultimately defi ciencies. The burden of 
ill health arising from the increased prevalence of overweight and 
obesity in children and adults, and the substantial increase in risk 
of co - morbidities such as cardiovascular disease, type 2 diabetes 
and cancer, are directly related to poor dietary choices and inad-
equate levels of physical activity. These factors facilitate the fol-
lowing professional roles. 
   •       Educational :     healthcare professionals are held in regard by the 
public as providers of authoritative information and advice on 
food, health and nutrition. Healthcare professionals need to 
ensure that they remain familiar with up - to - date information 
about nutritional health. This should be regarded as an essential 
element of their continuing professional development.  
   •       Advisory :     health professionals can infl uence food and nutrition 
policy in their own hospital setting and within the local com-
munity. They should be encouraged to nominate a lead for nutri-
tion and, where appropriate, be involved in nutrition management 
and the nutrition team. Job plans should refl ect the importance 
of nutrition as a part of weekly duties.  
   •       Organizational :     health professionals should be encouraged to 
initiate or contribute to programs on nutrition by working as 
individuals, through professional societies or other healthcare 
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organizations. Training must include the management of this 
kind of work.  
   •       Therapeutic :     high demands are placed on healthcare resources 
arising from diseases of malnutrition that include overweight and 
obesity. There is thus an imperative to introduce appropriate 
screening in order to be able to provide prevention and interven-
tions for those at greatest risk. This responsibility is shared across 
a wide range of health professionals.  
   •       Investigatory :     health professionals should be encouraged to 
consider research into nutritional topics as part of their work. 
This should include both applied basic and molecular science as 
well as clinical investigations. Through the provision of research 
funding for nutrition, governments should acknowledge the 
importance of such research.     

  Education and  t raining in  n utrition 

 As a fi rst step there is a need to establish systems which are stand-
ardized across all professional groups. These systems should 
ensure that all those who make up the health professional work-
force are appropriately competent to react to the demands of 
clinical service. 

 Nutrition fi ts into every medical discipline. Medical curricula 
contain a wealth of information relevant to diet and nutrition but 
generally represent a classic approach through biochemistry and 
physiology. It remains uncommon for nutrition to be taught as 
metabolism at the whole - body level, thereby enabling health pro-
fessionals to understand how function is maintained in health, 
and disturbed by disease. However, it is generally acknowledged 
that many recently trained health professionals still have an inad-
equate knowledge of the nutritional aspects of health promotion 
and disease treatment. 

 The need for better training in human nutrition is now 
recognized in all disciplines of healthcare. In the UK, the Govern-
ment ’ s Nutrition Task Force, created under the Health of the 
Nation initiative, published in 1994 a  “ Core Curriculum for 
Nutrition in the Education of Health Professionals ”  that is 
globally applicable. The curriculum identifi es a minimum core 
of essential knowledge for all health professionals and is divided 
into three sections. 
   •       Principles of nutritional science :     to include foods and nutrient, 
metabolic processes, physical activity, effect of diet and nutrient 
status on biochemistry and organ function.  
   •       Public health nutrition:      to include the average diet, lifestyle and 
risk factors, dietary reference values, nutritional surveillance, 
education and motivation, food policies and composition  
   •       Clinical nutrition and nutritional support :     assessment of clinical 
and functional metabolic state, effect of functional state on nutri-
tional intake and status, effect of status on clinical outcomes.    
 In each of the three major areas, six bullet points were detailed 
to make a total of 18 bullet points (see Box  27.1 ).   

 The aims of the core curriculum were to enable health profes-
sionals to: 

Box 27.1  The 18 bullet points covering education 
and training  

 Principles of  n utritional  s cience 
     •      Diets, foods and nutrients  

   •      Metabolic demand, digestion and absorption, balance and 
turnover, physical activity, metabolic effects of excess, obesity  

   •      Requirements, essentiality, bio - availability, limiting nutrients, 
effects of nutritional status on biochemical and organ 
function  

   •      Adaptation to low nutrient intake, body composition (form 
and function)  

   •      Assessment of diet and nutritional status  

   •      Physiologic mechanisms that determine appetite, sociologic, 
psychologic, economic and behavioral aspects of food choice     

  Public  h ealth  n utrition 
     •      The average national diet including subgroup differences (e.g. 

region, gender, ethnic origin), lifestyle, risk factors and 
epidemiology  

   •      Preconception, pregnancy, breast feeding, infant nutrition, 
growth and development, aging  

   •      Dietary reference values, dietary recommendations and 
guidelines, diet and coronary heart disease and stroke, health 
targets  

   •      Nutritional surveillance and identifi cation of markers of 
nutritional status  

   •      Achieving change, education, motivation  

   •      Food supply, monitoring, cost/benefi t of nutritional 
interventions, legislation, food labeling and policy     

  Clinical  n utrition and  n utritional  s upport 
     •      Assessment of clinical and functional metabolic status  

   •      Anorexia and starvation, response to injury, infection and 
stress  

   •      Altered nutritional requirements in relevant disease states  

   •      General principles of nutritional support  

   •      Basis of nutrition - related disease, therapeutic diets, weight 
reduction  

   •      Drug – nutrient interactions     

   •      appreciate the importance and relevance of nutrition in the 
promotion of good health, and prevention and treatment of 
disease  
   •      describe the basic scientifi c principles of human nutrition  
   •      identify nutrition - related problems in individuals and the 
community  
   •      give consistent and sound dietary advice  
   •      provide appropriate and safe clinical nutritional support, 
and know how and when to refer to a specialist in clinical 
nutrition.    
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 To implement the core curriculum, training of health profession-
als needs to start at an undergraduate/pre - registration level 
and then continue through into professional training and 
development. 

  Undergraduate or  p re -  r egistration  t raining 
 By its nature, nutrition pervades every scientifi c and clinical 
discipline. It embraces broader considerations of economics 
and social interactions. The science of nutrition starts at a cellular 
level with questions about energy storage and utilization. It 
permeates through the individual and asks questions about 
access to food, the adequacy of such food and the environmental 
impact. 

 Every opportunity should be taken to introduce nutritional 
concepts into undergraduate/pre - registration training. Nutrition 
is a key component of health and illness and should be identifi ed 
as such by students. There is every reason for students to 
feel engaged with the science and application of nutrition 
because good nutrition should be a principle followed by 
themselves. 

 There have been advances in teaching nutrition. However, the 
time allocated in training programs to nutritional issues remains 
diffi cult to identify, and information about how well nutrition is 
incorporated into curricula using problem - based learning as the 
core method of medical education is not available. This is 
addressed in the following ways. 
   •      Nutrition should be promoted as a model subject for teaching 
across the entire undergraduate curriculum and the nutrition 
being taught should be what a health professional needs to know. 
Human nutrition can be incorporated as an integrated theme to 
link basic sciences, clinical and public health aspects of health and 
disease in the core curriculum.  
   •      Nutrition offers the potential of  “ horizontal integration ”  across 
disciplines as a component of problem - based approaches. Prob-
lem - based learning engages students in small groups to investi-
gate and solve clinically based problems presented as case 
scenarios.  
   •      Nutrition is well suited to project work, particularly for public 
health nutrition.  
   •      Nutritional screening and assessment should be included as 
part of the teaching of clinical skills and students should be 
instructed about relevant practical skills such as the assessment 
of swallowing.  
   •      Nutritional topics should be assessed at all levels throughout 
undergraduate/pre - registration training  –  the objective struc-
tured clinical examination (OSCE) provides a practical examina-
tion format. OSCEs are a series of examination stations where the 
student ’ s skills at tackling common clinical problem are observed 
by an examiner, who marks the student ’ s performance using a 
structured marksheet.  
   •      An agreed procedure for clinical assessment of the nutritional 
status of patients should be included as a core skill; this should 
be part of any routine examination.  

   •      Teaching of nutrition should draw widely on available skills 
across disciplines, including medicine, pharmacy, dietitics and 
nursing.    
 Nutritional education must not stop at the time of graduation 
but continue through the postgraduation period and into con-
tinuing professional development.  

  Postgraduate and  p ostregistration  t raining  –   c ontinuing 
 p rofessional  d evelopment 
 Postgraduate nutritional training should form a continuum with 
undergraduate training and lead to an appreciation that nutrition 
is important in all disciplines of medicine. Health professionals 
should be motivated to regard nutrition as important in the pre-
vention and management of disease. Much of nutritional learn-
ing, whether acquiring knowledge or skills, will be acquired in a 
work - based setting. The major elements will include: 
   •      assessment of nutritional state and its effect on clinical 
outcomes  
   •      nutritional requirements in illness and the metabolic effect of 
injury and infection  
   •      general principles of nutritional support and routes of 
support  
   •      principles of the dietetic management of nutrition - related 
disorders.    
 Regular multiprofessional teaching sessions on nutrition 
should be included as part of training programs; this should 
include guidance on nutritional assessment and nutritional 
requirements in health and disease and an appreciation of nutri-
tion as a determinant of risk. Topics that should be addressed 
include: 
   •       undernutrition :     identifi cation of underlying factors and their 
management  
   •       overweight and obesity :     identifi cation of patients requiring 
weight reduction and their management  
   •       nutritional risk states :     competences in the recognition of 
suboptimal nutrition that may contribute to risk of ill 
health  
   •      general principles of nutritional support and the management 
of starvation.    
 Health professionals must ensure that a written statement is 
always made in the clinical notes of patients about their nutri-
tional state as part of the history and physical examination of 
every new patient. They should be aware of the infl uence of 
nutritional status on susceptibility to illness. Every discipline 
should include an appropriate reference to nutrition in their 
core curriculum and questions on nutrition should be included 
in examinations for higher qualifi cations. Inclusion of questions 
on nutrition in professional examinations, and incorporation 
into assessment procedures, are the key to the acceptance of 
nutrition by teachers and students as an important and valued 
subject area. 

 Crucially, clinical teachers must be encouraged to attend 
training courses on nutrition; education and training in nutrition 
will only become successful when a multidisciplinary core of 
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staff is established with the necessary experience and teaching 
skills.  

  Training in the  m anagement of  o verweight and  o bese 
 p atients 
 Overweight and obesity are largely preventable through lifestyle 
changes. The best long - term approach must be their prevention 
in childhood. An active life course approach will include good 
infant feeding and nutrition during pregnancy as well as working 
with adolescents to support healthy physical development of 
future mothers (and fathers). There are two complementary 
approaches: 
   •      whole - population approach which aims to reduce the average 
risk of becoming overweight and obese across the whole 
population  
   •      individuals at risk approach which aims to identify those at 
increased risk of becoming overweight and obese and to offer 
them appropriate advice on how to reduce the risk.    
 Current literature suggests that many health professionals 
have inadequate and confused knowledge of best practice in 
obesity management. Among the nursing and dietetic profes-
sions, research has highlighted the limited confi dence of these 
healthcare workers in their ability to assist patients in their 
attempts to lose weight. Family doctors often fail to recognize 
obesity as a serious medical condition and commonly recom-
mend weight management only when an accompanying co - 
morbidity is evident. Although the assessment of attitudes 
towards obesity has been limited, available evidence suggests a 
very negative approach to the obese, with many health profes-
sionals believing its management to be frustrating, time consum-
ing and pointless. 

 Health professionals should understand the etiology and 
pathophysiology of increasing body fatness and appreciate the 
importance of prevention and intervention where the condition 
is established. They should also acknowledge the familial basis to 
obesity and bear this in mind when managing the individual 
patient. Obesity management may be divided into a modular 
training program to enable health professionals to gain knowl-
edge and skills in a stepwise manner. Importantly, this should 
also facilitate the acquisition of appropriate attitudes towards 
patients with the condition. Such programs will include the fol-
lowing topics: 
   •      knowledge and understanding of overweight and obesity  
   •      diet and nutrition  
   •      physical activity  
   •      counseling skills and principles of behavior change  
   •      assessment skills  
   •      therapeutic interventional skills.    
 An outline of a modular program is provided as an appendix to 
this chapter. 

 The aim of such a program is to better equip health profession-
als with the knowledge, skills and confi dence to help obese 
and overweight patients to implement lifestyle change. It is 
additionally essential that health professionals are fully aware of 

when, how and to whom to refer within or outside their 
multidisciplinary team. Likewise, special groups such as adoles-
cent and childhood obesity, obesity during pregnancy and morbid 
obesity generally require more specialist input. 

 The underpinning basis for long - term lifestyle change can be 
summarized by the  “ 3 E ”  model approach. 
   •       Encouragement :     simple methods of encouragement to support 
individuals to change their lifestyle (including low - calorie foods 
and increased physical activity). Such opportunities frequently 
present in a clinical setting.  
   •       Empowerment :     the process of providing knowledge and skills 
to help individuals make healthy changes (an educational 
approach) that include awareness of basic nutritional principles 
and food shopping skills. It also includes skills to help build 
confi dence and esteem in those with weight problems.  
   •       Environment :     refers to the totality of the cultural, social, physi-
cal and economic environments required to facilitate improve-
ments in lifestyle that include diet and physical activity, thereby 
making healthy choices easier.     

  Long -  t erm  w eight  m aintenance 
 Patients who maintain signifi cant amounts of weight loss engage 
in four behavioral patterns: 
   •      they exercise regularly (1500   kcal or more weekly; for adults, at 
least 30 min of moderate physical activity each day)  
   •      they weigh regularly (daily)  
   •      they eat a low - fat, low - calorie diet  
   •      they monitor their food intake.    
 Continuous vigilance appears to be the key. To foster such vigi-
lance, long - term contact by health professionals or support 
groups is important. Such contact helps maintain motivation, 
provides encouragement, protects against relapse, and provides 
further opportunities to learn new skills. Ongoing contact with 
health professionals can help monitor changes and lapses, provide 
opportunities to change direction when necessary, and allows 
referral to new therapeutic options if required. Continuing 
contact with a well - motivated and trained multidisciplinary 
health team is the key to long - term success.   

  Conclusion 

 Successful management of overweight and obesity requires a 
structured education program that involves all health profession-
als and commences at the outset of their training. Health profes-
sionals need to be appropriately knowledgeable about the 
principles of nutrition and nutritional care and be able to apply 
these principles in practice when managing overweight or obese 
patients. The implementation of education and training will nec-
essarily involve universities, training colleges for professions 
allied to medicine, nursing and medical schools, postgraduate 
medical institutions, health services and governments. However, 
their longer term success is dependent on the commitment and 
enthusiasm of present health professionals and all others involved 
in patient care.  
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  Appendix 

  Knowledge and  u nderstanding of  o besity 
 To cover physiology, genetics, psychobiology, pathophysiology, 
categorization of obesity types and treatment. 

 Aims: to enhance awareness and understanding of obesity as a 
serious medical condition; to extend knowledge and understand-
ing of the etiology of obesity and the physiologic consequences 
of excess weight; to recognize the medical importance of modest 
weight loss and maintenance 

  Learning  o bjectives 
     •      To be aware of worldwide and local obesity prevalence and 
probable trends for the future.  
   •      To understand the defi nition and classifi cation of obesity/over-
weight by BMI.  
   •      To recognize obesity as a chronic disease and to be aware of the 
medical importance and consequences of overweight/obesity in 
terms of morbidity and mortality.  
   •      To be aware of the medical complications of obesity and rec-
ognize obesity as a risk factor for various co - morbidities.  
   •      To understand the infl uence of abdominal obesity: defi nition, 
visceral fat distribution, subcutaneous fat distribution, clinical 
assessment.  
   •      To understand the direct and indirect costs of obesity.  
   •      To enhance awareness of the social implications of obesity.  
   •      To consider why obesity should be treated and who should be 
treated.  
   •      To understand the medical benefi ts of modest weight loss.  
   •      To increase knowledge of the physiology of weight control and 
the implication of endocrine, neurologic and gastrointestinal 
systems.  
   •      To be aware of the multifactorial etiology of obesity.  
   •      To be aware of the importance of realistic weight goals and the 
concept of weight cycling.  
   •      To understand the role of pharmocotherapy and surgery 
as adjuncts to lifestyle management in certain selected 
individuals.  
   •      To increase knowledge of the various local commercial slim-
ming programs.     

  Skills  t raining 
     •      To be able to calculate and classify BMI.  
   •      To know how to measure and classify waist circumference.  
   •      To know how to assess health risks, cardiovascular risk factors 
and status.  
   •      To be able to determine realistic weight goals for patients.  
   •      To appreciate the importance of involvement of a multiprofes-
sional team.      

  Diet and  n utrition 
 To cover nutrition knowledge, dietary manipulation, eating 
behavior and eating disorders. 

 Aims: to facilitate understanding and awareness of the role of 
dietary advice in the management of obesity; to provide a founda-
tion in the dietary knowledge and skills required for best practice 
in the dietary management of obesity. 

  Learning  o bjectives 
     •      To increase awareness of the role different macronutrients play 
in the etiology and treatment of obesity.  
   •      To increase awareness of how patterns of food intake and eating 
behavior have changed over the last few decades.  
   •      To enhance knowledge of the energy requirements of obese 
subjects and develop the ability to estimate energy requirements 
for individual patients.  
   •      To gain insight and understanding into the appropriate non-
judgmental approach to helping patients make the required life-
style changes (linking in with the behavioral change components 
of the program).  
   •      To understand the function, sources and recommended intakes 
of macronutrients and relevant micronutrients and how they 
should ideally be balanced in a healthy diet.  
   •      To be aware of the various dietary assessment methods 
used.  
   •      To understand the phenomena of energy intake under - report-
ing and the practical implications this may have in the manage-
ment of such patients.  
   •      To understand the importance of, and practical strategies to use 
in, the self - monitoring of food intake.  
   •      To be aware of the importance of matching and tailoring 
dietary strategies to individual patients and practical techniques 
to determine such individualized management.  
   •      To increase knowledge of alternative dieting practices, diet 
trends, myths and misconceptions and the nutritional implica-
tions of such practices.  
   •      To understand and develop dietary strategies for eating out, 
special occasions, etc.  
   •      To enhance knowledge and understanding of food labels in 
relation to weight management.  
   •      To be aware of the energy content of common foods.  
   •      To increase awareness of dietary considerations among various 
ethnic groups and vegetarians; knowledge of the nutritional 
content of various ethnic and vegetarian foods; practical accept-
able strategies for manipulating such diets.  
   •      To understand the importance of eating behavior on energy 
intake and strategies to manage eating behavior (link in with 
behavior change sessions).  
   •      To be aware of the diagnostic criteria for eating disorders with 
particular reference to binge - eating disorder and to have an 
understanding of appropriate referral strategies.     

  Skills  t raining 
     •      To develop the necessary skills for appropriate assessment of 
dietary intake in obese individuals.  
   •      To be able to calculate energy requirements of overweight and 
obese individuals.  
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   •      To gain practical experience of how to translate nutritional 
aims into realistic food changes tailored to the individual patient.  
   •      To be able to interpret the nutritional information on a food 
label.  
   •      To be able to identify rich food sources of various macro -  and 
micronutrients.  
   •      To be able to judge when a client may be presenting with a 
signifi cant eating disorder and requires further referral.       

  Physical  a ctivity 

 Aims: to facilitate understanding and awareness of the role of 
physical activity in the management of obesity; to provide a foun-
dation in the knowledge and skills required to safely, competently 
and effectively advise on physical activity in the overweight and 
obese populations. 

     Learning  o bjectives 
     •      To understand how activity trends have changed over time.  
   •      To understand the benefi cial effect of exercise on risk factors 
associated with obesity  –  blood lipids, blood pressure, insulin 
resistance.  
   •      To be aware of the benefi cial psychologic effects of physical 
activity on mood, self - effi cacy, self - esteem and body image.  
   •      To be aware of the lack of importance ascribed by many patients 
to the role of physical activity in weight management.  
   •      To understand the important role physical activity plays in the 
prevention of obesity and the maintenance of reduced weight.  
   •      To understand the role of physical activity in weight reduction 
programs and the combined effects with diet.  
   •      To gain insight into the common barriers to physical activity 
change and practical strategies for tackling such barriers (link 
with behavioral management section).  
   •      To increase knowledge of the effects of exercise on 24 - hour 
energy expenditure and postexercise energy expenditure.  
   •      To understand the effects of physical activity on 24 - hour energy 
intake, postexercise energy intake and macronutrient selection.  
   •      To understand the effects of exercise on substrate utilization.  
   •      To be aware of the effects of physical activity on body mass and 
body composition.  
   •      To understand the different exercise intensities and their effect 
on metabolism and weight change.     

  Skills  t raining 
     •      To enhance skills in assessing habitual physical activity in obese 
individuals.  
   •      To enhance skills in recommending a physical activity program 
 –  factors to consider, adherence, risks.      

  Counseling  s kills 
 There is widespread agreement that the interpersonal skills of the 
health professional, in the way they introduce and recommend 
behavioral change, contribute signifi cantly to the success of 

cognitive behavioral treatment (CBT). These generic, interper-
sonal communication skills help the health professional to maxi-
mize the therapeutic effect as they guide, motivate and support 
the overweight patients in changing their lifestyle. Communica-
tion skills are also known as counseling skills, since they are a 
major feature of counseling training, but it is important to rec-
ognize that in the case of CBT, interpersonal skills provide the 
background for providing treatment, and not the treatment itself. 

 Aim: to increase awareness and effectiveness of interpersonal 
interactions in the clinical setting. 

  Learning  o bjectives 
     •      To be able to create rapport, so that clients feel comfortable and 
able to communicate their concerns.  
   •      To understand and empathize with the client ’ s position.  
   •      To be able to give advice and guidance in an acceptable, com-
prehensible and engaging fashion.  
   •      To manage the treatment sessions so that appropriate 
progress is achieved, and terminate treatment appropriately and 
sympathetically.  
   •      To maintain or increase clients ’  self - esteem and self - effi cacy, 
even when treatment outcomes are modest.  
   •      To manage clients in group settings so that participants experi-
ence the critical elements of a CBT program while also profi ting 
from insights and support from other group members.     

  Skills  t raining 
     •      To increase social interaction skills.  
   •      To enhance communication skills.  
   •      To develop treatment management skills.  
   •      To enhance group work skills.      

  Principles of  b ehavior  c hange 
 Cognitive - behavioral treatment programs are based on psycho-
logic research that suggests that certain practices are helpful in 
achieving behavior change. In the classic CBT treatment pro-
gramme, the approach should be educational, co - operative and 
empiric, with the therapist and patient working together to dis-
cover how best to apply CBT principles in the individual ’ s 
circumstances. 

  Learning  o bjectives 
     •      To be aware of the importance of self - monitoring.  
   •      To understand the concept of functional analysis.  
   •      To be aware of the importance of goal setting.  
   •      To understand the value of self - reinforcement.  
   •      To understand the importance of cognitive restructuring.  
   •      To be aware of the role of learned self - control.  
   •      To understand the need for clients to adopt a problem - solving 
perspective.  
   •      To be aware of the value of recruiting social support for change.      

  Assessment  s kills 
 Aims: to be able to make a comprehensive assessment of 
overweight and obese subjects to facilitate individualized 
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management; to understand when implementation of treatment 
may not be appropriate. 

  Learning  o bjectives 
     •      To be able to assess the client ’ s psychosocial history.  
   •      To be aware of specifi c issues related to weight loss which 
should be addressed, e.g. motivation, goals for change, treatment 
expectations.  
   •      To be able to carry out a comprehensive assessment of dietary 
intake and eating patterns (linking with nutrition and diet 
module).  
   •      To be able to assess physical activity.  
   •      To be aware of behavioral contraindications to treatment  –  
bulimia nervosa, psychiatric disorders, major life crisis.      

  Therapeutic  i ntervention 
 Aims: to be able to identify the appropriate patient, the appropri-
ate time and type of medical and/or surgical intervention; to be 
aware of the importance of monitoring patients before, during 
and after therapeutic intervention. 

  Learning  o bjectives 
     •      To be aware of the actions of antiobesity drugs, appropriate 
prescribing and potential adverse reactions.  
   •      To understand the indications and contraindications to the use 
of antiobesity drugs.  

   •      To understand the principles of drug responsiveness and non-
responsiveness and risk/benefi t analysis for the use of antiobesity 
drugs.  
   •      To be aware of the potential for weight regain after cessation of 
drug treatment and the need to reinforce lifestyle measures to 
maintain weight loss.  
   •      To understand the principles of surgical treatment for obesity.  
   •      To be aware of the criteria for suitability of obese patients for 
surgical treatment.  
   •      To understand the preoperative assessment and perioperative 
monitoring of patients undergoing bariatric surgery.  
   •      To be aware of the need to follow up patients after bariatric 
surgery on a lifetime basis in a multidisciplinary clinic.  
   •      To be aware of the longer term consequences of bariatric 
surgery.       

     Further reading 

  Department of Health. Nutrition: Core Curriculum for Nutrition in the 

Education of Health Professionals. Health of the Nation series. London: 

Department of Health, 1995.   

 The Learn ®  Program for Weight Management 2000. Available at:  www.

thelifestylecompany.com    

 Centers for Obesity Research and Education. Available at:  www.uchsc.

edu/core    

 Intercollegiate Course on Human Nutrition (Royal Medical Colleges, 

United Kingdom). Available at:  www.icgnutrition.org.uk             
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   Defi nition and  c lassifi cation 

 At its simplest level, obesity in children, as in adults, arises when 
there is an excess of body fat. Setting a defi nition of obesity for 
children that will have utility in a clinical setting presents a for-
midable task; it is more challenging than in adults for several 
reasons. Ideally, a defi nition of obesity for children should accu-
rately refl ect body fatness and have cut - off points that predict 
adverse health. Each of these requirements is diffi cult to meet in 
the pediatric population. 

 Because children are growing, all body compartments are 
increasing in size, although at variable rates. Thus, any measure 
of excess weight is a moving target and needs to be tied to age. A 
further complexity arises because biologic age and chronologic 
age, although closely correlated, are not interchangeable  –  a 
problem that is particularly apparent around the time of puberty, 
when body composition changes are dramatic. In addition, child-
hood growth patterns differ by sex. 

 In adults, Body Mass Index (BMI) cut - off points to defi ne 
overweight and obesity are based on research that links BMI levels 
to health risks. In children, the evidence base for defi nitions is 
weaker. 

 BMI - for - age and gender percentiles have been adopted as the 
basic measure for clinical assessment of obesity in children and 
adolescents. BMI - for - age and gender is well correlated with adi-
posity and has been linked to morbidity  [1,2] . The American 

Academy of Pediatrics recommends annual monitoring of BMI 
in youth  [3] . Monitoring of childhood growth using percentile 
charts is a familiar activity for pediatric health professionals, and 
BMI growth charts are structured like the weight - for - age and 
stature - for - age charts. Like any screening tool, BMI - for - age and 
gender represents a trade - off between precision and accuracy, on 
the one hand, and ease of use on the other. The use of BMI - for -
 age and gender to assess childhood obesity is justifi ed by its com-
parison to criterion measures of body fat. These measures are 
discussed in the following section. 

  Measures of  b ody  f at 
  Laboratory  m easures 
 In a laboratory setting, in contrast to a clinical or fi eld setting, 
direct measures of adiposity are possible. Such methods concep-
tualize the human body as having two or more compartments: a 
fat compartment and at least one compartment for fat - free mass. 
Although laboratory body composition analysis methods are 
more precise than nonlaboratory body composition methods 
such as anthropometry, they have their own limitations. Whole -
 body methods of assessing body fat include underwater weighing 
(hydrodensitometry), isotopic dilution, and dual energy X - ray 
absorptiometry (DXA). Regional adiposity can be assessed with 
CT scan, MRI or DXA. Table  28.1  describes these methods and 
lists some of their advantages and disadvantages when used with 
children. Although these methods, when applied by trained tech-
nicians, provide more accurate measures of body fat than do 
nonlaboratory methods, none is broadly applicable to clinical use 
due to the inter - related issues of cost, technical requirements and 
time, as well as limitations due to their invasiveness, necessity of 
subject co - operation and for some (like CT scan), associated 
health risks  [4,5] . Furthermore, because they are not widely used, 
population - based reference data are not available.    
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 Table 28.1     Strengths and limitations of laboratory methods for assessing body fatness in children and adolescents 

   Method     Strengths     Limitations     Type  

  Underwater weighing 
(hydrodensitometry)  

  Measures body density 
 Highly reproducible 
 Accurate  

  Requires high subject compliance. 
 Unsuitable for use in young children 
 Relies on assumption of composition of fat - free mass which 

is unsystematically infl uenced by age, sex, and ethnicity  

  Whole body  

  Air displacement 
plethysmography  

  Measures body density 
 Quick 
 Noninvasive 
 Minimal subject compliance needed  

  High cost 
 Accuracy in children has not been established 
 Instrument designed for adults 
 Relies on assumption of composition of fat - free mass which 

is unsystematically infl uenced by age, sex, and ethnicity  

  Whole body  

  Dual energy 
 X - ray absorptiometry (DXA)  

  Highly reproducible 
 Accurate 
 Quick 
 Minimal subject compliance needed  

  High cost 
 Slight radiation exposure  

  Whole body and regional  

  Total body water  –  isotope 
dilution ( 2 H, 18 O)  

  Direct measure of body water 
 Provides estimates of fat - free mass, fat 

mass and percent body fat  

  High cost 
 Diffi cult analysis (mass spectrophotometer needed) 
 Relies on assumption of composition of fat - free mass which 

is unsystematically infl uenced by age, sex, and ethnicity  

  Whole body  

  K 40  counting    Measure of body cell mass    Shielded room 
 Frightening for children  

  Whole body  

  Computed tomography 
(CT)  

  Accurate 
 Regional/visceral adiposity can be measured  

  Exposure to radiation 
 High cost 
 Requires high subject compliance  

  Regional  

  Magnetic resonance 
imaging (MRI)  

  Accurate 
 Regional/visceral adiposity can be measured 
 No exposure to radiation  

  High cost 
 Requires high subject compliance  

  Regional  

  Nonlaboratory  m easures 
 Nonlaboratory measures of body composition assessment refer 
to methods that are applicable to fi eld and clinical studies. These 
methods are validated against the laboratory methods summa-
rized above. Bio - electric impedance analysis (BIA) is a nonlabo-
ratory method that has gained widespread use because it is 
noninvasive (surface electrodes on hands and feet, or feet only) 
and rapid. BIA is based on electrical resistance, which is inversely 
related to total body water. Several equations that relate imped-
ance measures to percentage body fat have been published for use 
in children and adolescents  [6 – 11] . Experience to date suggests 
caution when applying equations developed in one study popula-
tion to other groups  [1,12] . 

 Anthropometric measures, such as height, weight, circumfer-
ences and skinfolds, represent low - cost, minimally invasive meas-
ures of nutritional status in general, and of obesity in particular. 
For children, these measures are moving targets; all will increase 
with age, and will do so at variable rates.   

  Weight for  h eight  i ndices 
 Since the 19th century, various weight - for - height indices have 
been proposed as measures of relative weight (see Cole  [13] ). 
Weight and height can be measured accurately with relative ease. 
The weight - for - height index that is currently most used is the 

Body Mass Index, which is calculated as weight in kilograms 
divided by squared height in meters, or weight in pounds divided 
by squared height in inches multiplied by 703. See formulas 
below.

   BMI weight kg height m= ( ) ( )2

 

   BMI weight lbs height in= ( ) ( ) ×[ ]2 703
  

 Other weight - for - height indices differ in the power to which 
height is raised, but all are proposed to meet two distinct goals: 
(1) to be maximally correlated with a criterion measure of body 
fat, and (2) to be minimally correlated with height  [14] . In adults 
BMI meets both goals: it is correlated with adiposity and largely 
uncorrelated with height. In children, changing relationships 
between height and weight with age complicate the situation. 
Whereas in adults, adjusting weight by height raised to the power 
of 2 best reduces correlation with height, in children the  “ best ”  
power changes with age, such that for young children it is of the 
order of two, and around puberty it is closer to three  [15] . It 
would be possible to use Rohrer ’ s Index (weight/height 3 ) for ado-
lescents during puberty and BMI (weight/height 2 ) for children, 
or to have a continually changing exponent across childhood and 
adolescence. However, for consistency with adult defi nitions, and 
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because BMI is more strongly correlated with adiposity in ado-
lescence than is Rohrer ’ s Index, BMI is used for assessment of 
obesity in children and adolescents, as well as adults. 

 Although BMI is a measure of relative weight and not adipos-
ity, it is correlated with adiposity as measured by skinfold thick-
ness, BIA, and DXA. The correlation of BMI - for - age with percent 
body fat by DXA in a large sample of children and adolescents 
from the US, Italy, and New Zealand was approximately r   =   0.8, 
with some variability by child age and sex  [16] . Higher correla-
tions have also been reported; in 8 – 11 - year - old children, correla-
tion between BMI and percentage body fat by DXA was 0.92  [17] . 
However, the relationship between adiposity and BMI is nonlin-
ear, and BMI is more highly correlated with body fat at greater 
levels of adiposity  [18] . It should also be noted that racial - ethnic 
differences in body fat exist and the validity of BMI to assess 
adiposity in white and black youth is better established than for 
other racial - ethnic groups  [19 – 21] . 

 When BMI is calculated for children and adolescents, interpre-
tation must be made in the context of a child ’ s age and gender. 
In contrast to adults, it is not possible to identify a single BMI 
cut - point to defi ne obesity in children and adolescents because 
BMI changes as a child matures. Instead, growth charts based on 
a large set of reference data are constructed and centile cut - points 
are chosen as indicative of overweight or obesity. How BMI 
growth charts are constructed and cut - points chosen is discussed 
below.  

   BMI  - for -  a ge  g rowth  c harts 
 Body Mass Index rises rapidly from birth to about age 2 years, 
then declines gradually until about age 5.5 years  –  the adiposity 
rebound  –  when it increases again throughout childhood and 
adolescence. The age at which the adiposity rebound occurs is 
related to weight status; children with higher BMIs tend to have 
an earlier adiposity rebound  [22] . 

 To construct BMI growth charts, a representative sample of 
children in the population for which charts are being developed 
is measured. Then, using the LMS method  [23] , smoothed curves 
can be constructed for any centile. BMI - for - age percentile charts 
for clinical use are available for the UK, France, and the US. The 
charts for the UK can be obtained from  www.health-for-all-chil-
dren.co.uk . US growth charts (Fig.  28.1 ) and corresponding LMS 
values and percentiles are available at  www.cdc.gov/growthcharts  
 [24] .   

 Use of BMI growth charts in clinical practice is straightforward 
after BMI has been calculated. Plotting height and weight on 
growth charts is a familiar practice in pediatrics and BMI growth 
charts are used similarly. However, adoption of BMI growth 
charts by primary care providers has lagged behind other aspects 
of child growth monitoring  [25 – 28] . Barriers to the use of BMI 
growth charts in clinical practice are likely to diminish as elec-
tronic medical records become commonplace in pediatric 
primary care settings. This technology facilitates computation of 
BMI, determination of a child ’ s BMI - for - age centile, and moni-
toring of a child ’ s BMI - for - age over time.  

  Disadvantages of  a lternative  w eight/ h eight  m easures 
 Rather than calculating and plotting BMI to assess obesity, some 
clinicians determine whether a large difference exists between a 
child ’ s weight and height centiles  [29,30] . The notion is that for 
a child whose weight - for - age percentile exceeds the height - for -
 age percentile, excess weight or adiposity is likely. Although there 
is intuitive appeal to this approach of subtracting weight - for - age 
centile from height - for - age centile (W - H Index), because it 
avoids the necessity of calculating BMI, it is not recommended. 
The W - H Index has the undesirable properties of being only 
weakly correlated with weight and negatively correlated with 
height  [31] . 

 Weight - for - stature can be used to determine relative weight in 
children, but it is also not recommended for clinical assessment 
of obesity. Weight - for - stature compares children of the same 
height but not necessarily of the same age. BMI - for - age compares 
children of the same age but not necessarily the same height. In 
the US, weight - for - stature growth charts are available for chil-
dren 30 – 48 inches in height, and approximately 5% of US 5 - year -
 old children are taller than 48 inches  [32] . BMI - for - age and 
weight - for - stature charts are not equivalent with regard to which 
centile of relative weight an individual child will fall on. Weight -
 for - stature percentiles tend to be lower than BMI - for - age percen-
tiles, with larger differences between the two approaches at ages 
4 and 5 years; between 2 and 3 years of age the difference between 
percentiles is highly dependent upon the child ’ s height  [32] .  

  Defi ning  o verweight and  o besity:  s etting a  c ut -  p oint 
 Body Mass Index centiles or z - scores are useful to compare rela-
tive weight between children or to monitor a child ’ s growth 
across time, but to use BMI centiles to defi ne obesity, a cut - point 
must be applied. Although ideally a cut - point to defi ne obesity in 
children and adolescents would be established based on observed 
risk for current or future morbidity or mortality relative to BMI, 
this is not currently possible for three reasons: (1) children and 
adolescents experience less obesity - related morbidity than adults, 
(2) long - term health effects of childhood obesity on adult mor-
bidity are mediated through adult obesity, and therefore separat-
ing the effect of obesity in childhood from the effect of obesity in 
adulthood on adult morbidity is diffi cult, (3) health risk increases 
progressively with increasing adiposity  [33]  and a clear threshold, 
above which level adiposity has deleterious health effects, is not 
apparent  [2,34] . Although a strictly evidence - based process has 
not been followed, substantial evidence has accumulated to 
support the validity of the current centile cut - points to defi ne 
overweight and obesity in children and adolescents. 

 Having a BMI above the 95th percentile of the US growth refer-
ence increases the risk of obesity persistence into adulthood 
 [34,35]  and is linked with elevated cardiovascular risk factor 
levels, such as blood pressure, cholesterol, and blood glucose 
 [2,33] . Recent evidence has linked the US 85th percentile BMI -
 for - age to obesity persistence throughout childhood  [36] , ele-
vated levels of cardiovascular risk factors in childhood and 
adolescence  [37]  and risk for heart disease in adulthood  [38] .  
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 Figure 28.1     United States BMI - for - age growth 
charts for (a) boys and (b) girls aged 2 – 20 years 
 [24] . 

  Reference  p opulations 
  Country -  s pecifi c 
 Body Mass Index reference curves for children and adolescents 
are available for an increasing number of countries, including, 
but not limited to, the US  [24] , France  [39] , Japan  [40] , Italy  [41] , 
The Netherlands  [42]  and the UK  [43] . An international BMI 
reference  [44]  has also been developed and will be discussed in 
the next section. Although all these reference curves are of similar 
shape, the location of a particular centile will correspond to dif-
ferent BMI values. In addition, various cut - points have been used 
to defi ne overweight and obesity depending upon the reference 
population. 

 It has been recommended that national BMI references be 
 “ frozen ”  at their current levels  [45]  to facilitate comparisons 
within a population across time. Data used to construct the US 
BMI reference were collected between 1963 and 1980  [46] , data 
for the UK reference were collected in 1990  [43]  and data for the 
Japan reference were collected between 1978 and 1981  [40] ; thus 
these growth references all date from before the rise in the preva-
lence of childhood obesity.  

  International 
 In order to facilitate global comparisons of trends in childhood 
and adolescent obesity rates  [47,48] , the International Obesity 



Chapter 28 Childhood Obesity: Defi nition, Classifi cation and Assessment

379

Figure 28.1 Continued

Task Force (IOTF) developed BMI centile curves based on pooled 
data for children and adolescents aged 2 – 18 years from nationally 
representative surveys conducted in Brazil, Great Britain, Hong 
Kong, The Netherlands, Singapore, and the United States  [44] . 
The IOTF BMI curves were calculated individually for the six 
national samples, and then averaged. Centiles corresponding to 
a BMI of 25 and a BMI of 30 at age 18 were fi t to the data. That 
is, these centiles were chosen as extrapolations into childhood of 
the well - accepted adult BMI cut - points of 25 and 30 to defi ne 
overweight and obesity respectively. Unlike other pediatric BMI 
references, the IOTF curves have continuity from childhood into 
adulthood. Although these international standards are useful to 

compare obesity rates in different countries, whether they should 
be used clinically to classify individual children as overweight or 
obese is controversial  [49 – 52] .  

  Reference  s tandard  c omparisons 
 The choice of centile and reference population will affect the 
proportion of children and adolescents in a population who are 
declared overweight or obese. Table  28.2  provides a comparison 
of BMI values for 9 -  and 15 - year - old boys and girls using the US 
 [24] , UK  [43] , France  [39] , Japan  [40]  and IOTF  [44]  reference 
curves at cut - points that have been used to classify children and 
adolescents as overweight or obese. The US 85th percentile, UK 
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 Table 28.2      BMI  centiles used to defi ne overweight and obesity from the United States  [24] ,  UK  [43] , France  [39] , Japan  [40] and the International  O besity  T ask  F orce 
 [44] . Tabulated are  BMI  values at the indicated centile by gender at ages 9 and 15 years 

        Centile     BMI (kg/m 2 )     Centile     BMI (kg/m 2 )  

   Age 9     Age 15     Age 9     Age 15  

   Boys     Girls     Boys     Girls     Boys     Girls     Boys     Girls  

  US    85th    18.6    19.1    23.5    24.1    95th    21.1    21.8    26.8    28.1  
  UK    91st    19.0    19.8    23.1    24.1    98th    21.0    22.0    26.0    27.0  
  France    90th    18.0    17.4    22.4    22.5    97th    19.7    19.5    23.8    25.2  
  Japan    90th    18.6    18.3    22.8    23.2    97th    20.5    19.9    25.2    25.2  
  IOTF    BMI   =   25 at age 18    19.1    19.1    23.3    23.9    BMI   =   30 at age 18    22.8    22.8    28.3    29.1  

91st percentile, and IOTF centile corresponding to a BMI of 25 
at age 18 are broadly equivalent; the France 90th percentile runs 
at a lower level of BMI, and the Japan 90th centile is intermediate. 
At the higher obesity defi nition (US 95th percentile, UK 98th 
percentile, France 97th percentile, Japan 97th, and IOTF centile 
corresponding to a BMI of 30 at age 18), the French cut - point 
has the lowest BMI values and the IOTF has the highest  –  the US, 
UK, and Japan references are intermediate.     

   WHO   c hild  g rowth  s tandards 
 Between 1997 and 2003, the Multicenter Growth Reference Study 
was conducted by the World Health Organization (WHO) to 
develop standards against which to assess child growth from birth 
to age 5. A large sample of healthy children who were breast fed, 
of high socio - economic status, and had mothers who did not 
smoke were studied in six countries. Based on these data, the 
WHO Child Growth Standards were developed to describe 
optimal growth in infancy and early childhood  [53] . BMI - for - age 
growth charts were constructed, but recommendations for their 
use in obesity assessment have not been promulgated at the time 
of this writing. 

 It should be noted that the IOTF and country - specifi c BMI -
 for - age growth curves described in the previous section provide 
a growth reference rather than a growth standard. Whereas a 
growth standard would delineate  “ optimal ”  growth, a growth 
reference describes the population for which it is constructed 
without any implication that it would be  “ best ”  for individuals to 
follow the pattern of growth depicted.  

  Children  u nder 2  y ears of  a ge 
 The assessment of weight status in children younger than 2 years 
of age is controversial; however, it is increasingly recognized that 
prevention of childhood obesity  –  and therefore obesity assess-
ment  –  should begin early in life. In general, BMI growth charts 
start at age 2. An exception is the WHO Child Growth Standards, 
which include BMI - for - age beginning at birth  [53] . As noted 
above, however, no recommendations for their use in obesity 
assessment have yet been offered. In the US, the 2007 Expert 

Committee on the Assessment, Prevention, and Treatment of 
Child and Adolescent Overweight and Obesity has suggested that 
a weight - for - length percentile above the 95th percentile in chil-
dren under 2 years is indicative of overweight  [54] . It should be 
underscored that research evidence is sparse for the clinical use 
and interpretation of BMI or weight - for - length percentiles in 
children under age 2.  

  Severe  o besity 
 With increasing levels of excess adiposity, the complications of 
obesity in children become more common and more severe 
 [55,56] . Classifi cation systems for adult obesity include several 
cut - points above a BMI of 30 to denote higher levels of risk; these 
are BMI 30 – 34.9 (obese class I), 35 – 39.9 (obese class II), and  > 40 
(obese class III)  [57] . Like adults, the prevalence of severe obesity 
in youth appears to be increasing more rapidly than lesser degrees 
of obesity  [58,59] . The 2007 Expert Committee has recom-
mended that the US BMI - for - age 99th percentile be used to 
defi ne  “ severe childhood obesity ”   [54] . The US CDC BMI - for - age 
growth charts do not include 99th percentile lines; the 97th per-
centile is the most extreme  [60] . Although it is possible to use the 
LMS values associated with the BMI - for - age growth charts to 
determine age - specifi c cut - points for the 99th percentile, the data 
used to construct the US CDC BMI - for - age growth charts are 
sparse beyond the 97th percentile and therefore caution is war-
ranted in the interpretation of higher BMI - for - age percentiles 
 [24] . Table  28.3  provides BMI cut - points for the 85th and 95th 
percentiles of the US growth reference by sex and age. As will be 
discussed in the second part of this chapter, in a clinical setting 
it is important to consider the terminology used to communicate 
with children and parents; use of the term  “ severe obesity ”  in a 
nonresearch context is not recommended.    

  Terminology 
 Along with the general agreement about the use of BMI - for - age 
to identify excess weight in children, consensus terminology is 
emerging to describe the dual cut - off points to indicate two levels 
of severity. In the UK, the preferred terminology is overweight 
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and obesity, comparable to the adult terminology, and the terms 
 “ overweight ”  and  “ obese ”  generally signify the 91st and 98th 
percentiles of the UK90 reference  [43] . The same overweight and 
obesity terminology is used for international comparison with the 
IOTF growth charts, where the two levels of severity are defi ned 
by centiles that extrapolate to adult BMIs of 25 and 30, as 
described above. In the US, two sets of contradictory terminology 
are currently in use, with the 85th percentile termed either  “ at 
risk for overweight ”  or  “ overweight ”  and the 95th percentile 
termed either  “ overweight ”  or  “ obesity. ”  The  “ at risk for over-
weight ”  terminology was originally advocated to avoid stigmatiz-
ing children, and in recognition of the fl aws inherent in defi ning 
excess adiposity based on BMI. The terminology proposed by the 
2007 Expert Committee is  “ overweight ”  and  “ obesity ”   [54] . This 
brings the US in line with the many countries who have devel-
oped their own growth references (see Table  28.2 ) or that have 
adopted the US or other growth charts. The common language 
is expected to reduce confusion and communicate the seriousness 
associated with elevations of BMI in youth.  

  Screening for  o besity with  BMI  - for -  a ge 
 This section describes the implications of BMI - for - age defi nitions 
in obesity screening. BMI - for - age is correlated with adiposity 
but is not a direct measure of adiposity. Therefore, irrespective 
of which centile is used as the cut - point for defi ning obesity, 
some youth will be misclassifi ed: either they will be incorrectly 
classifi ed as obese when they are not  “ overfat ”  (false positives) or 

they will  not  be classifi ed as obese based on BMI - for - age but will 
truly be  “ overfat ”  (false negatives). There is a trade - off between 
specifi city and sensitivity, and specifi city is maximized as the 
BMI - for - age centile defi nition becomes more extreme. For 
example, relative to percentage body fat measured by DXA, the 
specifi city of the US BMI - for - age 85th percentile in children and 
adolescents was 72.7% and the specifi city of the BMI - for - age 95th 
percentile was 89.4%  [61] . Corresponding sensitivities were 
98.5% for the 85th percentile and 92.5% for the 95th percentile 
BMI - for - age  [61] . Relative to percentage body fat by skinfolds, 
the sensitivity and specifi city of the US BMI - for - age 95th percen-
tile were compared to the IOTF obesity cut - point in a representa-
tive sample of Swiss children (6 – 12 years old); specifi cities 
for boys and girls were uniformly high with either defi nition 
(between 96.9% and 99.5%), but sensitivities for the US defi ni-
tion were much higher than for the IOTF defi nition (91.4% 
versus 62.2% for boys, 67.9% versus 48.3% for girls)  [62] . 
Reported sensitivities and specifi cities of BMI - for - age obesity 
defi nitions are quite variable and are related to the standard used 
to defi ne high adiposity  [63] . 

 The rationale for maximizing specifi city rather than sensitivity 
of an obesity screening test stems from concern about negative 
psychologic effects of labeling youth as obese. Use of the 95th 
percentile of the US BMI reference will keep to a minimum the 
number of children and adolescents who are classifi ed as obese 
when they do not have excess adiposity. However, many children 
with high levels of adiposity have BMIs below the 95th percentile, 
and would not  “ screen positive ”  for obesity. It can be argued that 
these children, who might benefi t from obesity treatment, would 
be missed. Current US screening guidelines recommend further 
evaluation if a youth ’ s BMI is between the 85th and 95th percen-
tile and secondary risk characteristics are present  [54,64] . In addi-
tion, it is assumed that with annual rescreening, children whose 
level of adiposity is increasing will be identifi ed at a subsequent 
visit. 

 The assessment section that follows describes how these cut -
 points are integrated into comprehensive obesity assessment.   

  Assessment 

 The intractable nature of obesity once it is established under-
scores the necessity of universal obesity screening and assessment 
within pediatric clinical practice. Identifi cation of overweight and 
obesity by BMI - for - age percentile should occur as part of the 
child ’ s physical examination and growth monitoring. Compre-
hensive assessment includes evaluation of medical risk, lifestyle 
behaviors that contribute to risk, as well as parent and child 
concerns and motivation. Figure  28.2  reprints the current schema 
recommended by the 2007 Expert Committee  [54] . The quality 
of research evidence for each recommendation is included in the 
2007 Expert Committee report  [54,64 – 66] . This guidance repre-
sents an update and expansion of recommendations published in 
1998  [67] .   

 Table 28.3      BMI  cut - points by age and sex for overweight (85th percentile) and 
obesity (95th percentile) from  CDC  2000  BMI  - for - age growth reference.  BMI  
values tabulated correspond to the midpoint of the child ’ s age in years (e.g. 2.5 
years) 

   Age     Boys     Girls  

   85th     95th     85th     95th  

     2    17.7    18.7    17.5    18.6  
     3    17.1    18.0    16.9    18.1  
     4    16.8    17.8    16.8    18.1  
     5    16.9    18.1    16.9    18.5  
     6    17.2    18.8    17.3    19.2  
     7    17.7    19.6    18.0    20.2  
     8    18.3    20.6    18.7    21.2  
     9    19.0    21.6    19.5    22.4  
  10    19.8    22.7    20.4    23.6  
  11    20.6    23.7    21.3    24.7  
  12    21.4    24.7    22.2    25.8  
  13    22.3    25.6    23.0    26.8  
  14    23.1    26.5    23.7    27.7  
  15    23.8    27.2    24.4    28.5  
  16    24.6    27.9    24.9    29.3  
  17    25.3    28.6    25.4    30.0  



Part 5 Childhood Obesity

382

  Obesity  s econdary to  o ther  d isease  s tates 
 The vast majority of children who present with obesity will have 
simple or primary obesity that is not associated with another 
disease state. Although the line of demarcation is not always clear, 
obesity that presents with other psychologic problems or accom-
panies Down syndrome or nonspecifi c mental retardation is gen-
erally considered simple. Obesity due to other pathology is far 
less common, but these exogenous causes must be ruled out as 
an early step in assessment. As part of the differential diagnosis, 
the conditions to be ruled out fall into two main categories: 
genetic syndromes and endocrinologic abnormalities. 

 Of the genetic syndromes, Prader – Willi (or Prader – Labhard –
 Willi) is the most common specifi c syndrome, with prevalence 
estimated at one per 10,000 – 15,000  [68] . Two chromosomal 
abnormalities seem to account for the syndrome, which presents 

with a range of symptoms in addition to obesity, including neo-
natal hypotonia, orthopedic abnormalities, excessive appetite and 
hyperphagia, temper tantrums and self - abusive behaviors  [69] . 
Other genetic syndromes that are characterized by obesity occur 
with far lower frequencies and include Bardet – Biedl, Cohen (or 
Pepper), Alstrom, Biemond, Laurence – Moon, Borjeson – Forss-
man – Lehmann, and Carpenter. These all present with other spe-
cifi c symptoms such as specifi c abnormalities of facial appearance, 
polydactyly, hypogenitalism or neurologic defi cits  [70] . 

 Endocrine disorders that present with obesity in childhood 
include polycystic ovary sydrome (PCOS), Cushing syndrome, 
hypothyroidism, and growth hormone defi ciency. PCOS is 
commonly identifi ed in obese girls who also have oligomenor-
rhea. PCOS does not appear to be caused by obesity; rather, it 
is a sequela of insulin resistance. The other aforementioned 

Assess behaviors and attitudes - eating, physical activity, sedentary time, motivation

Assess medical risks - family history, review of systems, physical examination (BMI, BP)

Healthy weight
BMI 5–84%ile

Overweight
BMI 85–94%ile

Obese
BMI 95–98%ile

Assess fasting lipid profile

Health risks?
No Yes

Assess ALT, AST, fasting glucose

Other tests as indicated by health risks

Prevention counseling - empathize/elicit -provide - elicit

Maintain weight velocity
and reassess annually

Maintain weight or
decrease velocity

and reassess every
3–6 months

Maintain weight or
gradual loss(4) and
reassess every 3–6

months

Gradual to
moderate weight
loss(5) and reassess
every 3–6 months

Assessment

Prevention

Treatment

Stage 4 tertiary care intervention

Stage 3 comprehensive multidisciplinary intervention

Stage 2 structured weight management

Stage 1 prevention plus

BMI≥99%ile

 Figure 28.2     Algorithm for assessment, prevention 
and treatment of childhood obesity (for further 
details regarding prevention and treatment of 
childhood obesity, see Chapter  29   ). 
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endocrine disorders are rare and may be suspected where weight 
gain is normal but linear growth is poor. These characteristics 
contrast with simple obesity in which obese children are taller 
than their peers before puberty. Also exceedingly rare are abnor-
malities associated with the hormone leptin. Leptin defi ciency 
will be evident as low serum leptin and severe early - onset obesity 
and hyperinsulinemia. Leptin receptor abnormalities often are 
accompanied by central hypothyroidism and hypercortisolism as 
well as delayed sexual maturation  [71] . Finally, certain hypotha-
lamic tumors may be associated with obesity. It is important to 
stress that these conditions are quite rare. In the absence of other 
clinical signs, a search for genetic, neurologic or endocrine abnor-
malities is not part of standard diagnostic assessment. 

 Weight gain may also occur with use of certain medications. 
Among these, the atypical antipsychotics have received the 
most attention because the weight gains associated with their 
use can be substantial. Risperidone, a commonly prescribed 
neuroleptic, increasingly used to manage behavior in children 
with autism spectrum disorders, has been associated with weight 
gain, a side - effect that seems to be most pronounced in youth 
 [72] . Other drug classes, such as antidepressants, mood stabilizers 
and anticonvulsants, include specifi c drugs that have been associ-
ated with increased weight  [73,74] . Corticosteroids, which are 
used for a wide range of medical conditions, are of particular 
concern because other side - effects of these drugs include high 
blood pressure and elevations in blood glucose. Insulin and oral 
hypoglycemic agents are also associated with excessive weight 
gain  [75] .  

  Medical  h istory,  p hysical  e xamination and 
 l aboratory  t ests 
 Adverse health effects of obesity affect most of the organ systems 
of the body. These co - morbid conditions may already be present 
at the time of assessment, and can be identifi ed as part of the 
medical history, review of systems or physical examination aug-
mented by laboratory tests. Children and their parents may not 
recognize symptoms of obesity - related co - morbidities and may 
not report them unless explicitly asked during the medical 
encounter. Chapter  29    details the many health consequences of 
obesity in childhood, and therefore these are considered here only 
in the context of comprehensive medical assessment. 

 Immediate health consequences of obesity include sleep, res-
piratory, and gastrointestinal problems, endocrine disorders, 
menstrual irregularities, genitourinary problems, skin condi-
tions, orthopedic problems, and psychosocial problems  [55,56] . 
For some of these problems, such as endocrine disorders, diag-
nosis will depend upon laboratory testing, as discussed below. 
The presence of several of the most common sequelae may be 
identifi ed through a careful review of systems, as detailed in the 
following. 

 Sleep disorders are common, underdiagnosed, and potentially 
dangerous. Sleep problems that may be present at the time of 
obesity assessment include obstructive sleep apnea and disor-
dered sleep  [76] . Loud snoring, apnea or general trouble sleeping 

should be queried. It should be noted that there is emerging 
research to suggest that short sleep duration is also a risk factor 
for the development of overweight, operating directly through 
appetite and satiety centers, or through tiredness which may 
interfere with physical activity  [77] . To the extent that effects exist 
in both directions, sleep patterns may make behavior change 
efforts more diffi cult. 

 Menstrual abnormalities should be assessed, as they may be 
indicative of PCOS or hyperandrogenism. Irregular or very scanty 
menstrual periods may go unreported without specifi c question-
ing, especially for those girls who have recently begun menstruat-
ing. After ruling out other medical conditions which manifest as 
irregular menstruation, the diagnosis of PCOS is based on the 
presence of two or more of the following: amenorrhea or oli-
gomenorrhea, biochemical evidence of hyperandrogenism, and 
polycystic ovaries identifi ed by ultrasound  [78] . 

 Obese children may present with nonspecifi c abdominal pain, 
with or without vomiting. This, too, may go unreported without 
specifi c questioning of the parent or child. Abdominal pain may 
be indicative of nonalcoholic fatty liver disease (NAFLD), which 
is increasingly appreciated as a common co - morbidity of obesity 
 [79] . NAFLD consists of steatosis (increased fat in the liver 
without infl ammation) and steatohepatitis (increased liver fat 
with infl ammation). The latter can progress to hepatic fi brosis, 
and ultimately to cirrhosis. Diagnostic criteria for NAFLD are not 
adequately defi ned  [80] ; defi nitive diagnosis requires liver biopsy. 
Abdominal pain may be reported in association with other 
common childhood conditions as well, including constipation, 
gastroesophageal refl ux, and gallstones. Gallstones may also be 
formed as a consequence of rapid weight loss  [81] . 

 Certain psychologic disorders may co - occur with obesity and 
should be routinely assessed as part of medical history taking. 
Bulimic eating disorders, including binge eating, may be associ-
ated with adolescent obesity, particularly in girls  [82] . Where 
discontent about weight is internalized, poor self - esteem may 
result  [83] . Elevated levels of depressive symptoms in overweight 
children, particularly girls, have been observed in a number of 
cross - sectional studies  [84 – 86]  and accumulating evidence indi-
cates that adolescent obesity may increase risk for depression in 
women  [87,88] . 

 In addition to the full medical history that is part of standard 
clinical assessment, additional historical items relevant to obesity 
assessment should be included. Height and weight or obesity 
status of the biologic and nonbiologic mother and father should 
be obtained, if possible. The heritability of BMI is estimated 
to be  ∼ 70%  [89] , underscoring the importance of parental weight 
status. Parental obesity infl uences child obesity through  both  
heritability of the condition and shared family environment; 
families share genes as well as eating and activity behaviors and 
attitudes. Parental overweight is strongly associated with over-
weight in the young child; its infl uence appears to dissipate as the 
child ages, but remains a factor throughout adolescence  [90] . 
More intensive treatment may be indicated when parental obesity 
is identifi ed. Information on the child ’ s age at obesity onset 
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should be established by review of the growth chart, if available, 
or by parent report. Overweight onset before age 8 has been 
linked to persistence into adulthood  [91] . When BMI has been 
monitored and plotted annually, examination of the growth chart 
provides an objective tool for looking at relative weight status 
over time. In addition to parental obesity, the medical history 
may provide important information regarding family history of 
obesity - related co - morbidities, such as type 2 diabetes, as well as 
disordered eating and depression. When these conditions are 
present in family members, the risk for the overweight child is 
further elevated. 

 Universal assessment of obesity risk requires assessment of 
BMI, as well as a few additions to the review of systems and physi-
cal examination that are part of routine pediatric practice. 

   BMI  - for -  a ge  a ssessment 
 Several organizations around the world have developed guide-
lines for BMI assessment. In the US, the 2007 Expert Committee 
recommendations start with assessment of age -  and sex - specifi c 
BMI percentile. The 85th and 95th percentiles are recommended 
to designate overweight (85th percentile) and obesity (95th per-
centile). As described in detail above, these cut - offs are statistical 
defi nitions, based on an external reference population. The CDC 
website ( www.cdc.gov/growthcharts ) contains tables in multiple 
formats and other supporting materials for calculating BMI per-
centiles in children using their growth reference. There are several 
online BMI - for - age percentile calculators as well. The National 
Obesity Forum (UK) and Scottish Intercollegiate Guidelines 
Network (SIGN)  [92]  have also promulgated assessment guide-
lines based on BMI - for - age. The SIGN guidelines for manage-
ment of pediatric obesity are evidence based and the quality of 
evidence for each recommendation is graded. 

 Accurate measurement of weight and height is needed to cal-
culate BMI. Both height and weight should be measured with the 
child dressed only in light clothing and without shoes. Large 
hairstyles can present a challenge for the measurement of height. 
To minimize risk of embarrassment, weight should be obtained 
in a private setting and recorded without comment. 

 All children, regardless of their weight status, should be re -
 evaluated for obesity every year  [3] . The BMI and BMI percentile 
should be recorded in the medical chart, along with height and 
weight. Clinicians are encouraged to calculate BMI at all well -
 child visits and plot the value on a sex - specifi c BMI - for - age chart. 
Figure  28.1  displays the US BMI - for - age growth charts for boys 
and girls, respectively.    

  Other  a nthropometric  a ssessment  m easures 
 Skinfold thicknesses are a measure of the subcutaneous fat depot 
and correlate well with overall percentage body fat. Because BMI 
is a measure of weight adjusted for height, rather than a direct 
measure of adiposity, assessment of fatness using skinfold thick-
ness has intuitive appeal. However, fatness assessment by skin-
folds does not improve the sensitivity or specifi city of obesity 
defi ned by the 95th percentile BMI - for - age  [61] . In addition, 

measuring skinfolds properly requires training to minimize error. 
These measurements are not recommended as part of routine 
obesity assessment  [64] .  

  Measures of  c entral  a diposity 
 Central adiposity may also be of importance in obesity assess-
ment. As is seen consistently in studies of adults, a central pattern 
of fat distribution, or abdominal adiposity, is associated with 
adverse levels of classic cardiovascular risk factors, independent 
of total fatness or weight status. Greater central adiposity has been 
associated with elevations in LDL and total cholesterol, triglycer-
ides, and insulin as well as with lower levels of HDL  [2,93,94] . 
Central adiposity is also associated with higher levels of markers 
of infl ammation  [95,96]  and with higher diastolic and systolic 
blood pressure  [97,98] . 

 Some researchers have suggested that indirect measures of 
central adiposity, such as skinfold ratios, waist - to - hip ratio, 
waist - to - height ratio or waist circumference, could be useful 
additions or alternatives to BMI in early identifi cation of children 
who would benefi t from lifestyle interventions  [99] . The criterion 
measures used to assess abdominal adiposity are MRI, CT scan 
and regional DXA (see Table  28.1 ). Anthropometric measures 
that correlate with abdominal adiposity include waist circumfer-
ence, waist - to - hip ratio and any one of a number of skinfold 
ratios, including subscapular   :   triceps, subscapular   +   suprail-
iac   :   triceps. Of the various anthropometric measures of abdomi-
nal adiposity, waist circumference appears to be the best, 
explaining almost two - thirds of the variance in visceral adipose 
tissue  [100] . Although reference data for waist circumference in 
children are becoming available from several countries  [99,101 –
 104] , it is not yet clear what waist circumference adds to the 
assessment of risk  [94,105] , which anthropometric measure of 
central adiposity is most valid or what cut - points should be set 
 [106 – 108] . For these reasons, assessment of waist circumference 
is not currently recommended as part of routine screening  [66] .  

Box 28.1  Initial screening clinical recommendations 
for annual assessment of obesity in children and 
adolescents ( US ) 

       1.     Measure child ’ s weight and height  

  2.     Calculate BMI

   
BMI

Weight kg

Height m
= ( )

( )2
   

  3.     Plot BMI - for - age on BMI growth chart appropriate for 
child ’ s sex and determine BMI centile  

  4.     Determine if child ’ s BMI is above the 95th percentile 
(obese), between the 85th and 95th percentiles (overweight), 
or below the 85th percentile (not overweight)     
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  Physical  e xamination 
 The physical examination of the obese child is the same as for all 
children with a few additional considerations, as detailed in the 
2007 Expert Committee report  [66] . Vital signs should be assessed 
in standard fashion. A blood pressure cuff of adequate size so that 
80% of the arm is encircled by the bladder of the cuff should be 
available for the blood pressure measurement. The  “ white coat ”  
effect may necessitate several blood pressure measurements and/
or manual measurement. If repeated measurements exceed the 
95th percentile  [109] , 24 - hour ambulatory monitoring should be 
considered. 

 The usual examination of the eyes and throat should be sup-
plemented with an examination of the optic disk for papilledema 
or decreased venous pulsations indicative of pseudotumor 
cerebri, particularly if frequent headache is reported. The neck 
should be checked for the presence of goiter, and the pharynx 
examined for enlarged tonsils. Heart and lung sounds may be 
diffi cult to hear in the obese child, so particular attention should 
be paid to identifying irregular rhythms of the heart or asthmatic 
wheezing. Palpation of abdominal organs may be diffi cult; the 
clinician should be alert to the presence of the enlarged liver 
associated with steatohepatitis. 

 The skin should be examined for the presence of acanthosis 
nigricans, a dark velvety hyperpigmentation usually present in the 
posterior or lateral folds of the neck, the axillae or joints; keratosis 
pilaris or skin tags may be indicative of insulin resistance. 

 Early secondary sexual development and premature pubarche 
are commonly observed in obese girls. Facial hair, body hair or 
excessive acne may indicate polycystic ovary disease. Early devel-
opment of breast tissue in girls and the appearance of gyneco-
mastia in boys is common. Although it is diffi cult to distinguish 
fat from breast tissue by visual inspection, palpation allows this 
differentiation. In boys, fat folds may make the penis appear 
abnormally small. 

 The mechanical stress of excess body weight on unfused growth 
plates and bones may cause orthopedic abnormalities and/or 
pain. A painful or waddling gait may indicate slipped capital 
femoral epiphyses, and bowed legs may signal Blount disease. 
Radiographic studies can confi rm these orthopedic problems.  

  Laboratory  a ssessment 
 The particular biochemical and radiographic studies recom-
mended as part of assessment depend on the degree of overweight 
and the nature and presence of risk factors identifi ed by history 
or physical examination. The 2007 Expert Committee has prom-
ulgated two sets of recommendations, one for primary care clini-
cians and one for subspecialty physicians  [66] . In primary care 
settings, for a child whose BMI falls between the 85th and 94th 
percentile and who has no other risk factors, a fasting lipid profi le 
is suggested. For children who also have other risk factors, such 
as family history of obesity - related diseases, blood pressure, lipid 
levels, fasting glucose levels, and liver function tests (assays for 
aspartate aminotransferase and alanine amino transferase) should 
be obtained as well. For children whose BMI exceeds the 95th 

percentile, the aforementioned assessments should be obtained, 
even in the absence of other risk factors. Subspecialists (e.g. endo-
crinologists, gastroenterologists, orthopedists) who become 
involved in patient care based on initial medical assessment may 
consider additional studies and tests  [66] .   

  Clinician  d eportment and  c hoice of  t erms 
 Obesity in childhood was dubbed  “ the dismal condition ”  by 
Dwyer and Mayer over 35 years ago  [110] . Despite the rising 
prevalence of obesity, discrimination is widespread: the over-
weight child is often socially isolated  [111]  and the target of 
teasing and bullying by peers  [112,113] . Healthcare professionals 
are not immune to  “ antifat ”  bias  [114] . Thus, it is not surprising 
that many overweight children and perhaps their parents have 
internalized this negative societal reaction. 

 Clinicians who discuss weight with their pediatric patients and 
family members should appreciate the importance of an accept-
ing, empathetic nonjudgmental tone. Privacy, confi dentiality, 
and comfort of the physical exam are valued by adolescents  [115] . 
The clinician must recognize that the weight problem may be a 
highly sensitive and emotionally charged issue, and handle the 
assessment with care. Every opportunity for enhancing self -
 esteem and self - acceptance during the medical encounter should 
be exploited. Further, because obesity runs in families, many 
parents will be obese themselves and have experienced their own 
frustrations and negative societal reaction. With adolescents who 
are trying to assert independence from their parents, navigating 
the role of the family involvement in weight management is chal-
lenging  [116] . The advice for healthcare professionals recom-
mended by the National Task Force on the Prevention and 
Treatment of Obesity  [117]  is broadly applicable to those who 
treat children. Some of the adaptations of the physical offi ce space 
suggested in that report include large - size examination gowns, 
and large blood pressure cuffs  [117] . 

 Although the clinical terms overweight and obesity are recom-
mended for documentation and risk assessment, the words used 
to describe or talk about the child ’ s weight in the offi ce should 
be chosen carefully. Most of the terms used to describe excess 
weight appear to be offensive to obese adults  [118] ; particularly 
undesirable for the obese individuals surveyed were the terms 
fatness, excess fat, obesity and large size. The term  “ weight ”  was 
most preferred. Adolescents prefer the term  “ overweight ”   [115] . 
If weight and lifestyle assessment is to be a positive experience 
and provide the foundation for successful management and treat-
ment, clinicians are encouraged to avoid potentially offensive 
terminology.  

  Lifestyle  a ssessment and  f amily  r eadiness 
 Rapid assessment tools for diet, activity, and family readiness for 
behavior change for use in clinical settings are scarce, and fewer have 
undergone formal validation. Weight management, whether weight 
maintenance or weight loss, relies on sustained changes in child diet 
and activity. Broaching these topics with families who are not ready 
to take them on may be counterproductive. For this reason, patient 



Part 5 Childhood Obesity

386

and family readiness to make behavioral changes must be evaluated 
during assessment of the particulars of current diet, eating behav-
iors, physical activity and sedentary behaviors (i.e. television and 
video viewing, video games, and computer time). 

 Table  28.4  provides specifi c items designed to assess the dietary 
and activity behaviors currently recommended based on the best 
available evidence  [66] .   

  Dietary  a ssessment 
 Several aspects of diet represent useful assessment foci as potential 
intervention targets in clinical settings  [66] . For younger children, 
information should be obtained from the parent or primary car-
egiver. If a child has multiple caregivers, of course, the accuracy of 
this information may be compromised. Assessment of frequency 
with which fruits, vegetables, sweets, salty snacks, fried foods, low -
 fat milk, whole milk, and soda are consumed will provide an overall 
picture of food choices, and the likelihood of excess caloric intake. 
Beverage choice may be an important source of excess calories 
 [119,120] . The frequency of breakfast consumption, meals eaten 
away from home, and whether meals are eaten  “ as a family ”  should 
be assessed  [121,122] . Food eaten or prepared outside the home is 
more likely to be higher in calories, due to the range of menu offer-
ings, large portion sizes, and because parents are more likely to let 
their children choose for themselves  [123 – 125] . The information 
obtained from this assessment may offer useful entry points for 
discussion and more constructive counseling.  

  Activity  a ssessment 
 Activity assessment includes both physical activity and sedentary 
behavior. Information on structured activity, such as physical 

education at school, team sports, lessons or hobbies, should be 
complemented by information about unstructured time. This 
includes activities of daily living, such as household chores, 
walking to school or yard work. Time spent in sedentary behav-
ior, particularly television viewing, should be assessed, given its 
direct association with overweight  [126,127] . Television viewing 
may infl uence food intake via satiety cues or through increased 
exposure to advertised foods  [128 – 131] . The child and parent 
should be asked about the frequency with which meals are eaten 
in front of the television  [132] . 

 Similarly, time spent playing computer or video games should 
be assessed. The presence of a television and/or computer in the 
child ’ s bedroom is also of interest given its relation to time spent 
viewing  [133] . Information on factors which impede or facilitate 
physical activity should be obtained. Specifi c knowledge of 
household structure, neighborhood safety, and who, if anyone 
besides the child, is at home after school will help the clinician 
provide realistic suggestions and should make any counseling on 
these issues more relevant to the child and the family.  

  Family  r eadiness 
 Assessment of readiness for change is an essential step in assess-
ment and should be established before initiating obesity therapy 
 [66,134] . Clinical experience supports behavior change theory 
which suggests that change will not occur until the individual is 
ready. Attempts at weight management counseling or referral to 
a weight management program may alienate families who are not 
ready and/or contribute to the child ’ s negative self - concept. Thus, 
these attempts may compromise weight management efforts in 
the future. In the context of childhood obesity, motivation to 
address a weight problem requires that both the child and the 
family are ready to tackle the issue with concrete changes.   

 Motivational interviewing, a client - directed approach bor-
rowed from the treatment of addictive behaviors, refl ects the 
understanding that advice giving should be avoided and may 
undermine the clinician – patient encounter. Encouraging the 
patient to actively engage in problem analysis and goal setting 
increases the likelihood that behavior change will occur  [135] . 
Two short questions are suggested in the clinical encounter  [136] : 

 Table 28.4     Lifestyle assessment of home, school and family routines, 
environments, and behaviors 

   Factors associated with food 
consumption (energy intake)  

   Factors associated with activity 
(energy expenditure)  

  Frequency and quality of breakfast 
 Frequency of eating food away from 

home 
 Take - out/take - away 
 Fast - food restaurants 
 Number of meals and snacks 

consumed daily 
 Quality of snacks consumed daily 
 Portions that are large for child ’ s age 
 Amounts consumed of: 
    sugar - sweetened beverages 
    juice 
    low - fat and whole milk 
    high energy - density/fat foods 
    fruits and vegetables 
 Consumption of meals/snacks while 

viewing television  

  Time spent in moderate/vigorous 
physical activity daily from: 

    structured activity 
    nonstructured activity 
 Routine activity patterns, like walking 

to school 
 Time spent in sedentary behavior, 

including: 
    viewing television, videos 
    playing video games 
    using the computer 
 Presence of television/computer in 

child ’ s bedroom 
 Frequency of meals taken in front of 

the television 
 After - school arrangements 
 Neighborhood safety  

Box 28.2  Suggested questions to assess family 
readiness to change 

    Assess level of child/parent concern: 
   •      Are you concerned about (your/your child ’ s) weight?  

   •      Has (your/your child ’ s) weight caused any problems?    
 For particular behavior or environmental change targets: 
   •      How important (on a 1 – 10 scale) is the change in behavior to 

the child/parent?  

   •      How confi dent does the child/parent feel in their ability to 
make the change?     
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(1) how important (on a scale of 1 – 10) is the change in behavior 
to the patient, and (2) how confi dent does the patient feels in his/
her ability to make the change? If the parent does not identify 
high child BMI as important, it is suggested that a conversation 
focused on specifi c health - related risks may be more productive. 
If the problem is identifi ed as important but confi dence in behav-
ior change is limited, then a discussion of barriers and strategies 
to surmount them may be useful  [66] . Training programs that 
teach motivational interviewing skills are available throughout 
the US and Europe. The clinician should gather additional infor-
mation to assess the extent to which the child ’ s physical and social 
environments will impede or facilitate any proposed behavior 
changes.    

  Conclusion 

 The evidence base for childhood obesity assessment guidelines 
and recommendations continues to be incomplete, as it is largely 
derived from observational studies, nonanalytic studies (e.g. case 
reports and case series), and expert opinion. Limitations to the 
evidence are not a justifi cation for not screening and fully assess-
ing overweight. The emergence of childhood obesity as a major 
public health problem has stimulated substantial research in this 
area; thus the research base upon which recommendations are 
promulgated continues to grow and the quality of studies 
improves. 

 Another area of uncertainty is the identifi cation and treatment 
of overweight and obesity in ever younger children. Some of the 
rationale for early identifi cation is a result of the diffi culty of 
treating obesity in adolescents, particularly when detrimental 
eating and activity habits have been reinforced by repetition over 
many years. The evidence supporting identifi cation of overweight 
and obesity in preschool age children is accumulating. However, 
extreme caution is warranted as regards obesity screening in chil-
dren under age 2 years. The WHO growth charts provide BMI -
 for - age reference curves for children beginning at birth, but their 
utility is largely unknown. Similarly, the 2007 Expert Committee 
on the Assessment, Prevention, and Treatment of Child and Ado-
lescent Overweight and Obesity has recommended that the 95th 
percentile of the US CDC 2000 weight - for - length growth refer-
ence be adopted as a cut - point for identifi cation of overweight in 
children under age 2. 

 The signifi cance of central adiposity in children remains an 
area of substantial research. As described in this chapter, routine 
assessment of central adiposity in children and adolescents is not 
currently recommended; the evidence base to support the inter-
pretation and utility of central adiposity screening in clinical 
pediatric practice is not yet suffi cient. 

 The increased prevalence of childhood obesity has brought 
with it heightened public awareness of the health consequences 
of obesity. Annual assessment of obesity in the medical setting 
communicates to youth and their parents the importance of 
avoiding excess weight gain. Physicians have the opportunity to 

capitalize on this awareness and to advocate for healthy eating 
and physical activity practices within the families they care for 
and the communities in which they live and work. The increased 
awareness of the importance of healthy eating and physical activ-
ity in obesity prevention should be harnessed to advance social 
change.  
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   The  p hysical and  p sychosocial  c onsequences of 
 c hildhood  o besity 

 Obese children and adolescents have ongoing existing medical 
and psychosocial morbidity and their risks for adult ill health are 
increased. The rising prevalence of childhood and adolescent 
obesity has seen increases in obesity - related morbidity and the 
emergence of conditions that were previously considered relevant 
only to adult obesity. 

 The prevalence of many obesity - related morbidities in children 
and adolescents remains unknown, as most data come from clini-
cal studies in highly selected patient groups. As the prevalence of 
childhood and adolescent obesity and the percentage of children 
and adolescents in the heavier weight categories increase, true 
prevalence data can be obtained from population - based methods.  

  Consequences of  c hildhood  o besity 

 The consequences of childhood obesity are signifi cant (Box  29.1 ).   

  Adult  o besity 
 The fi rst consequence of childhood and adolescent obesity is 
adult obesity. Tracking studies have used variable defi nitions of 
obesity, different length of follow - up and many of the large 
cohort studies commenced well before the worldwide increase in 
obesity began. Variable predictions of adult obesity tracking from 
childhood obesity exist but no study has demonstrated the 
absence of a relationship. 

 Earlier studies found that less than a third of obese adults were 
obese in childhood. More recent studies show that over 75% of 
obese children remain obese as adults, and that they are more 
obese than adults with adult - onset obesity  [1] . The later in ado-
lescence that overweight persists and the greater the degree of 
overweight, the more likely it is that an individual will be an obese 
adult  [2] . Less than 2% of obese adolescents will track down to 
become nonobese  [3] . Longitudinal studies cannot distinguish 
between the infl uences of genes, environment and social behav-
iors on the tracking of body weight and other lifestyle habits 
which impact on obesity, including physical activity and smoking. 

  Clinical practice point: Do not postpone active intervention in 
childhood obesity. Spontaneous remission to a normal body weight 
is unlikely, as our environments become more obesogenic.   

  Belonging to an  o bese  f amily 
 The second consequence of childhood and adolescent obesity is 
that the child or adolescent is likely to be part of an obese family. 
There is strong evidence for a signifi cant genetic component to 
obesity in children and adolescents, from family, twin and 
adoptee studies  [4] . Children of two obese parents have an 80% 

Box 29.1  The consequences of childhood and 
adolescent obesity 

    Adult obesity 

 Belonging to an obese family 

 Puberty is a risk time for further weight gain 

 Fat distribution matters 

 Increased adult morbidity and mortality 

 Disadvantaged in healthcare provision 

 Adverse adult psychologic outcomes 

 Failure to be recognized as obese  
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chance of becoming obese  [5] . This compares with a less than 
10% chance for the offspring of two lean parents. By the age of 
17 years, the children of two obese parents are three times as likely 
to be obese as the children of two lean parents. Genes may not 
be expressed fully until adulthood but when obesity has been 
present from childhood, it tends to be more severe. In longitudi-
nal studies in children where parental weights are available and 
used for their predictive value, parental obesity more than doubles 
the risk of adult obesity among both obese and nonobese children 
under 10 years of age  [6,7] . This risk is throughout life and will 
be modifi ed by environment. Obese children under 3 years of age 
without obese parents appear at lower risk of obesity in adult-
hood, but among older children obesity is an increasingly impor-
tant predictor of adult obesity. Obesity - related parental morbidity 
predicts the presence of cardiovascular risk in their offspring  [8] . 
Children of parents with documented coronary artery disease 
have signifi cantly higher Body Mass Index (BMI) and cardiovas-
cular risk factors from childhood. These differences become 
greater in adolescence. 

  Clinical practice point: The clinical risk of obesity - related co - morbid-
ity in children and adolescents can be predicted by taking a history of 
weight and weight - related morbidity in fi rst - degree relatives.   

  Puberty  i s a  r isk  t ime for  f urther  w eight  g ain 
 The third consequence of childhood obesity is that the onset of 
adolescence is not associated with more favorable body composi-
tion. Body fatness changes throughout childhood and adoles-
cence  [9] . Gender dimorphism for fatness begins before puberty, 
with girls as young as 4 years having a higher body fat than boys 
 [10] . In all children fat deposition predominates in the fi rst 12 
months of life. From 12 months until approximately 4 – 6 years of 
age, the percentage of body fat reduces, with lean tissue deposi-
tion more marked. There is a reversion of this pattern known as 
adiposity rebound at 6 – 10 years of age  [11] . This normal physi-
ologic change may be where the term  “ puppy fat ”  originates. An 
earlier age at adiposity rebound has been suggested by some as a 
risk for later obesity. The timing of this rebound is only apparent 
in retrospect and it may be an epiphenomenon describing other 
potentially preventable environmental obesity risks. 

 Girls show an increase in fat - free mass that slows over adoles-
cence. Boys, in contrast, have a continuing increase in fat - free 
mass into young adulthood  [12] . Total body fat increases with 
age in adolescent girls and produces the adult gender dimorphism 
in body composition  [13] . Adipose tissue studies parallel clinical 
observation. The adipocyte size peaks fi rst around 12 months of 
age, followed by a fall and then a second rise starting from peripu-
berty. Up to about 10 years of age in lean subjects, most of the 
increase in fat depot is from increased cell size. The next major 
increase in fat cell number is at puberty. In obese subjects the 
number of fat cells increases throughout childhood and adoles-
cence and by the end of puberty they have over twice as many fat 
cells as the lean subjects  [14] . This proliferation can be modifi ed 
by lifestyle intervention. 

  Clinical practice point: Puberty is accompanied by major changes in 
body composition in both sexes. Children will not, however, grow 
out of their obesity  –  a concept promulgated by the  “ puppy fat ”  
myth. Do not postpone intervention in a child or early adolescent 
who is gaining excess body fat.   

  Fat  d istribution  m atters 
 The fourth consequence of childhood and adolescent obesity is 
that it matters where the fat is distributed. Obese children and 
adolescents show a variation in fat distribution prior to adoles-
cence. Deep visceral fat depots in children, whatever their degree 
of obesity, are less than those seen in adults. The waist - to - hip 
ratio is lower in females than in males aged from 6 to 17 years 
and the ratio falls with age, leveling out at mid - adolescence  [15] . 
Waist circumference measures in childhood track into adult-
hood. Anthropometric markers of central fat distribution in chil-
dren correlate with markers of the metabolic syndrome  [16] . 
Whether the waist circumference is a more powerful predictor 
for cardiovascular risk factors than BMI remains debatable  [17] . 

 There are no accepted cut - off points for waist circumference 
in children and adolescents because the relationship between 
waist measurement and metabolic complications in children and 
adolescents remains undefi ned. Waist circumference percentile 
charts have been developed for a number of countries  [18]  and 
could be used to assess relative risk of central adiposity. For both 
genders, age - adjusted waist circumference is increasing at a 
greater rate than age - adjusted BMI  [19] . 

  Clinical practice point: Higher waist circumference indicates greater 
abdominal fat stores and correlates with cardiovascular risk in obese 
children and adolescents. In the absence of percentile charts, longi-
tudinal change in waist circumference during weight management 
is a useful clinical tool.   

  Increased  a dult  m orbidity and  m ortality 
 The fi fth consequence of childhood and adolescent obesity is an 
increased risk of morbidity and mortality in adulthood. These 
long - term consequences of childhood and adolescent obesity are 
diffi cult to study, because of the time delay between origins of 
disease and disease appearance. A review of subjects from the 
third American Harvard Growth Study (1922 – 1935) demon-
strated that for both men and women who had been overweight 
in adolescence, there was an increased risk of morbidity from 
coronary artery disease and vascular disease  [20] . A retrospective 
study based on over 13,000 individuals measured as children or 
adolescents between 1933 and 1945 had similar fi ndings  [21] . 
There was a linear increase in adult mortality with increasing 
relative weight before puberty for both genders, and for relative 
weight in adolescent females only. In a Norwegian cohort (1963 –
 1999) of 128,121 adolescents, those in the highest BMI category 
 > 85th percentile had a 30 – 40% increase in all - cause mortality 
compared to those with a BMI percentile of 25 – 74th  [2] . The 
results were replicated in the largest cohort study to date in over 
250,00 Danish schoolchildren (1930 – 1976)  [22] . 
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 As an example from these data, a 13 - year - old boy who is 11   kg 
heavier than the average weight for age has a 33% increase in the 
chance of a cardiac event before age 60. Whatever the adult 
weight, overweight in childhood confers higher adult disease risk 
and the effect of weight is linear. These cohort studies were done 
before the worldwide increase in childhood obesity, and may 
underestimate the current adult effects of childhood obesity. 

  Clinical practice point: Obesity in childhood and adolescence confers 
a disease risk in adulthood, irrespective of adult weight status. Pre-
vention of obesity is as important as intervention in established 
obesity.  

 Cardiovascular disease starts early. Autopsy fi ndings from young 
subjects in the Bogalusa Study with trauma death demonstrated 
the presence of fatty streaks and fi brous plaques in the coronary 
arteries which increased with age, with detectable abnormalities 
in the 2 – 15 year age group  [23] . There were strongly signifi cant 
correlations between the presence of cardiovascular risk factors 
and this atherosclerotic change. Subjects with three or four risk 
factors had over 30% of the intimal surface of the aorta covered 
in fatty streaks. In the Muscatine Study, coronary calcifi cation 
was more prevalent in young adults who as children had elevated 
cardiovascular risk factors  [24] . Increasing body fatness in chil-
dren is associated with an increase in cardiovascular risk factors 
(Fig.  29.1 ).   

 Risk factor prevalence shows a signifi cant increase with a BMI 
above the 85th percentile, but children with a BMI above the 95th 
percentile are 2.4 times more likely to have elevated cardiovascu-
lar risk factors, including blood pressure and fasting insulin  [1] . 
The cardiovascular risk associations do not always vary linearly 
with age: associations for blood pressure and triglyceride tend to 
be stronger in the younger children, while LDL cholesterol and 
insulin are stronger in older groups. The strength of the 

relationship increases from adolescence into young adulthood 
and the relationship appears stronger among males. Cardiovas-
cular risk factors in parents further predict the presence of such 
risk factors in their offspring. The Amsterdam Growth and 
Health Study also demonstrated strong tracking of lipoproteins, 
hypertension and body fatness, as well as the clustering of such 
risk factors  [25] . 

  Clinical practice point: A fasting lipid profi le should be considered 
in obese children and adolescents, particularly those who have a 
family history of cardiovascular risk factors. The levels of lipids are 
unlikely to be at the levels where pharmacotherapy is indicated but 
these levels can be used as both an indicator of risk and a monitor 
of successful intervention.  

 Insulin is an independent risk factor for cardiovascular disease in 
adults, and insulin resistance also predicts the future risk of type 
2 diabetes in adults. Hyperinsulinemia in childhood has been 
found in several populations known to be at high risk for type 2 
diabetes  [26] . Hyperinsulinemia is a common fi nding in child-
hood and adolescent obesity  [27,28]  (Fig.  29.2 ). Hyperinsuline-
mia is associated with acanthosis nigricans  [29] , adverse lipid 
levels and the development of the metabolic syndrome  [28] . The 
relationship between BMI and insulin levels appears nonlinear, 
with a sharp increase at about the 95th BMI centile. Whether 
hyperinsulinemia with insulin resistance increases effi ciency of 
fat storage is unclear.   

  Clinical practice point: The utility of measuring a fasting insulin in 
clinical practice is debatable as it clusters with other cardiovascular risk 
factors, particularly as there is no cut - point for diabetes risk. A fasting 
insulin might be considered in obese children and adolescents, particu-
larly those who have acanthosis nigricans or a family history of type 2 
diabetes. It should fall with appropriate weight management.   
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 Figure 29.1     Overweight (BMI  >  95th  percentile) in children and adolescents and 
the number of cardiovascular risk factors (elevated blood pressure, LDL -
 cholesterol, triglycerides and insulin and low HDL - cholesterol).  (Adapted with 
permission from Freedman et al.  [16] .)  
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 Figure 29.2     BMI SD score and insulin resistance score as measured by HOMA 
in nondiabetic children and adolescents attending a teaching hospital weight 
management service. (Johnstone A. Insulin resistance and fi tness in overweight 
children and adolescents. MND thesis, University of Sydney, 2002.) 
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  Disadvantaged in  h ealthcare  p rovision 
 The sixth consequence of childhood obesity is the diffi culties of 
providing healthcare, particularly in the hospital setting. The 
main diffi culties relate to anesthesia  [30] , equipment and accom-
modation, and drug dosage. For anesthesia, obese children and 
adolescents may have pre - existing abnormal lung function, dif-
fi culties in ventilation (especially when supine), and diffi culties 
with both venous access and intubation. Obese children and ado-
lescents admitted for trauma experience more complications and 
stay longer in the intensive care unit than their lean peers  [31] . 
Standard pediatric equipment may be too small for obese chil-
dren and adolescents. Hospital furniture may not accommodate 
body size and in extreme circumstances children may require 
premature admission to adult facilities, often a very inappropriate 
placement. Pediatric dosing is carried out on a weight basis. Since 
the proportion of lean to fat mass in obese children and adoles-
cents is altered, the dosage assumptions may be incorrect. Thus 
a chance for both therapeutic overdosing and underdosing exists 
 [32] . As an example, there are no clinical algorithms to adjust for 
higher lean and fat mass or for the change of distribution of 
lipophilic drugs. 

  Clinical practice point: Pediatric hospitals should develop 
protocols to ensure safe management of the obese child or 
adolescent.   

  Adverse  a dult  p sychologic  o utcomes 
 The seventh consequence of childhood and adolescent obesity is 
adverse psychosocial outcomes in adult life. A study of American 
women who were obese as adolescents found that they achieved 
a lower fi nal educational level, had lower incomes and greater 
rates of poverty and were less likely to marry when compared to 
peers of lower body weight  [33] . Conversely, in a British study, 
there were no adverse adult outcomes in males who remained 
obese as adults. However, females with childhood obesity that 
persisted into adulthood had a higher risk of long - term unem-
ployment and not being partnered  [34] . Obesity is not associated 
with lower intellectual function, as an explanation for poorer 
personal achievement. These fi ndings represent a high personal 
cost of obesity with signifi cant societal implications.  

  Failure to  b e  r ecognized  a s  o bese 
 A fi nal consequence of overweight and obesity in children and 
adolescence is that their fatness goes unrecognized by parents 
 [35,36] . Parents underestimate overweight and obesity in their 
offspring, and are better at recognizing obesity in children not 
their own  [36] . Nearly 90% of parents of overweight 5 – 6 year olds 
and two - thirds of parents of overweight older children were not 
aware that their child was overweight and even when told, the 
majority displayed a lack of concern about the situation  [35] . The 
consequences of these observations are that parents are unlikely 
to present their child for weight management and may be 
affronted if health professionals raise the issue. Reasons for this 
inaccurate perception include denial, a belief that their child will 

grow out of their obesity and unfounded concerns about the 
induction of eating disorders.   

  Complications of  c hildhood  o besity 

 An important part of the management of childhood and adoles-
cent obesity is the diagnosis and management of current obesity -
 related co - morbidity. The greater the degree of obesity, the 
greater the likelihood of multiple obesity - related co - morbidities. 
Symptoms need to be actively sought. Children may not perceive 
symptoms as abnormal. Adolescents may be reluctant to discuss 
symptomatology, due to concerns that it may represent some-
thing serious or that they may be ridiculed. The symptoms of 
some obesity - related co - morbidities may be different in children 
and adolescents to those in adults. Physical complications may be 
of minor medical signifi cance but of major importance to the 
individual (Box  29.2 ).   

  Morbidities of  m inor  m edical  s ignifi cance 
 The following complications are morbidities of minor medical 
signifi cance but of major importance to management. Little 
research has been directed to these complications and there are 
no data related to prevalence. These complications will be famil-
iar to those clinicians who manage child and adolescent obesity. 

  Heat  i ntolerance 
 Adipose tissue acts as insulation and inhibits the natural dissipa-
tion of body heat. Physical activity and muscle use increase super-
fi cial skin perfusion and sweating, in order to lose body heat  [37] . 
In child and adolescent obesity, physical activity rapidly increases 
sweating and perceptions of hotness, together with excessive 
facial fl ushing. These events may be the reason why physical 
activity is avoided or terminated early.  

  Heat  r ash and  o ther  s kin  l esions 
 Overheating and sweating combined with deeper skinfolds 
increase the likelihood of intertrigo and heat rash in obese 

Box 29.2  Complications of minor medical 
signifi cance 

    Heat intolerance  *   
 Heat rash and intertrigo  *   
 Breathlessness on minimal exertion  *   
 Tiredness  *   
 Musculoskeletal discomfort  *   
 Pseudo - gynecomastia 
 Male genitalia of small appearance 
 Cutaneous striae  

 ( * may impact on physical activity in the management of obesity) 



Part 5 Childhood Obesity

396

children and adolescents. Fungal infections are common in the 
groin and axilla and under breast tissue in both sexes. Obese 
children and adolescents have a greater body surface area than 
their leaner peers and have high perspiration and insensible fl uid 
loss. In clinical practice, obese children and adolescents are fre-
quently described as always thirsty. They often wear loose cloth-
ing to hide their body size and shape, which further exacerbates 
heat - related symptoms.  

  Breathlessness 
 In the absence of lung pathology, shortness of breath on exertion 
is a common morbidity in obese adults. There are no published 
data to confi rm this symptom in children, although it is often 
observed in clinical practice. Increased respiratory effort will be 
required at rest because of chest wall mechanics and the situation 
is worsened by physical activity  –  another reason why obese chil-
dren and adolescents avoid physical activity.  

  Tiredness 
 Tiredness is a prevalent general symptom in obese children and 
adolescents. The presence of obstructive sleep apnea should be 
considered. Tiredness is considered secondary to the increased 
physical effort of daily lifestyle activity and exacerbated by low 
levels of physical fi tness and exercise tolerance. The presence of 
depression and of iron defi ciency should also be considered  [38] .  

  Musculoskeletal  d iscomfort 
 Obese children and adolescents experience general musculoskel-
etal discomfort in feet, ankles and calves, exacerbated by physical 
activity. They display a characteristic walking pattern which 
includes a longer cycle duration with a prolonged stance period, 
lower cadence and lower velocity than normal - weight subjects 
 [39] . Gait asymmetry is often apparent. 

 Foot pronation, or fl at feet, is more common in obese children 
and adolescents, often associated with genu valgus and lax liga-
ments. A decreased footprint angle and an increased surface area 
of the foot in contact with the ground are characteristic, as are 
increased static and dynamic plantar pressures. This functional 
deformity produces nonspecifi c joint and ligamentous discom-
fort and pain  [40] . Management involves the use of orthotics, 
stretching exercises and supportive, enclosed footwear. 

 Back, knee and hip discomfort are uncommon, even in high 
grades of obesity, unless there is associated trauma or orthopedic 
abnormality. Nonspecifi c discomfort results from the physical 
forces of excess weight, pronounced lumbar lordosis and gait 
abnormalities, which in turn increase the risk of falls and soft 
tissue injury. When injury occurs, symptoms are likely to persist 
longer in obese children  [41] . Obesity impairs functional ability 
in children  [42] , is associated with poorer motor skills and con-
tributes to the perception of clumsiness.  

  Staging of  p uberty 
 It is often diffi cult to clinically assess breast stage in obese children 
and adolescents and biochemical assessment of gonadal function 

may be required, particularly if precocious puberty is a concern. 
Published data suggest that older children and adolescents are 
competent at self - grading against line drawings of the Tanner 
stages of pubertal development. Obese girls overestimate breast 
development by self - assessment in about 40% of cases, higher 
than for nonobese girls of similar age  [43] .  

  Pseudo -  g ynecomastia in  m ales 
 A general increase in subcutaneous truncal fat can simulate gyne-
comastia. Pseudo - gynecomastia is differentiated from true gyne-
comastia by palpation and ultrasound. The sequelae of 
pseudo - gynecomastia are psychosocial rather than medical, and 
the psychologic impact determines surgical intervention. Weight 
loss may improve appearance.  

  Small  g enitalia in  m ales 
 Obese prepubertal males may have the appearance of an abnor-
mally small penis. The vast majority will have a normal - sized 
penis, buried in a large pubic fat pad. Appearances will improve 
with the pubertal increase in penile size. Extreme obesity in boys 
may compromise micturition when standing. Obesity and true 
micropenis may co - exist, either as two unrelated conditions or as 
part of a hypogonadal state such as the Klinefelter or Bardet –
 Biedel syndromes.  

  Cutaneous  s triae 
 Cutaneous striae, or stretch marks, occur as a result of dermal 
collagen disruption  [44]  and are a nonspecifi c response to rapid 
deposition of fat. In obesity striae are common, especially during 
puberty, and are seen over the abdomen and hips. Striae occur in 
pathologic obesity states such as Cushing syndrome where, unlike 
in obesity, these are violaceous and combined with other dermal 
abnormalities such as skin fragility and bruising as a result of the 
glucocorticoid - induced protein catabolic state. Striae will fade 
with weight loss and/or stabilization but will not disappear 
completely.  

  Recurrent  a bdominal  p ain 
 The nonspecifi c symptom of recurrent abdominal pain is signifi -
cantly higher in obese children  [45] . Inadequate fruit and vegeta-
ble intake, dehydration, constipation and anxiety may all play a 
role in the absence of organic pathology. 

  Clinical practice point: There is a high level of chronic physical 
discomfort in the obese child and adolescent which will impact on 
lifestyle. This discomfort will often counteract attempts to increase 
physical activity as part of a weight management program and may 
further impair self - esteem.    

  Morbidities of  s ignifi cant  m edical  i mportance 
 There is no obesity threshold below which a child or adolescent 
can be assumed to be free of morbidity. Box  29.3  shows the major 
medical morbidities of obesity and Figure  29.3  highlights the 
clinical examination of the obese child or adolescent.     
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Box 29.3  Signifi cant medical complications present 
in childhood and adolescent obesity 

        Cardiovascular   
  Hypertension  
  Cardiac muscle abnormalities  
  Abnormal blood vessel structure and function  
  Increased heart rate variability    

   Respiratory  
   Sleep - disordered breathing  
  Pickwickian syndrome  
  Asthma    

   Endocrine  
   Type 2 diabetes (and acanthosis nigricans)  
  Changed onset of puberty  
  Polycystic ovaries    

   Orthopedic  
   Foot pronation  
  Tibia vara (Blount disease)  
  Slipped capital epiphysis    

   Gastrointestinal  
   Hepatic steatosis  
  Gastroesophageal refl ux  
  Cholelithiasis    

   Neurologic  
   Benign intracranial hypertension       

  Cardiovascular 
  Hypertension 
 Most hypertension in children and adolescents is now essential 
or primary, rather than secondary to renal disease, and generally 
clusters with other cardiovascular risk factors  [46,47] . Obese chil-
dren and adolescents have higher blood pressures and higher 
prevalence rates for hypertension than leaner children, with 30% 
of obese children and 50% of obese adolescents affected. Preva-
lence doubles between the 75th and 95th BMI percentiles. Ini-
tially, hypertension in childhood obesity is predominantly systolic 
and may well contribute to their total cardiovascular burden as 
adults. Age - related percentile charts are required, with arbitrary 
cut - off points of  > 90th percentile for high normal blood pressure 
and  > 95th percentile for hypertension. The accurate measure-
ment of blood pressure in obese children and adolescents requires 
the correct blood pressure cuff (width and length). If cuffs are 
too narrow the reading may be falsely elevated. The width of the 
cuff bladder should be 40% of the circumference of the mid 
upper arm.  

  Cardiac  a bnormalities 
 Controlled echocardiography studies in obese children and ado-
lescents show that mean left ventricular mass, ventricular septal 

and posterior wall thickness and the internal dimension of the 
left ventricle in diastole are all greater in severely obese children 
compared to lean counterparts  [48] . Echocardiography should be 
considered in children and adolescents with severe obesity, par-
ticularly if they are hypertensive and have additional symptoms 
such as palpitations, shortness of breath and syncope. A referral 
for specialist assessment would also be appropriate under these 
circumstances.  

  Blood  v essel  s tructure and  f unction 
 Increased intimal - medial thickness and reduced vascular compli-
ance are present in children with diabetes and familial hypercho-
lesterolemia, both known risk factors for early - onset adult 
cardiovascular morbidity. Obese adolescents also have decreased 
maximum forearm blood fl ow and increased forearm vascular 
resistance  [49] . Increased vascular stiffness and endothelial dys-
function are best correlated with abdominal fat and insulin levels 
 [50] . Weight loss will reverse endothelial dysfunction  [51]  (Fig. 
 29.4 ).    

  The  m etabolic  s yndrome 
 As with adults, there is no single defi nition of the metabolic syn-
drome (MS) in children and adolescents. Also, as in adults, this 
cluster of signs may be an association rather than a syndrome and 
a cluster which increases the risk of adverse outcomes. Numerous 
studies have considered the prevalence in pediatric populations 
using a variety of criteria. Very few children (0 – 4%) will have the 
MS when adult defi nitions are applied  [52] . However, the preva-
lence increases to 39 – 60% using child - specifi c defi nitions for the 
variables. These rates accord with those of Invitti et al. who 
described a prevalence of 23% using WHO - derived criteria  [53] . 
If nontraditional cardiovascular risk factors such as plasminogen 
activator inhibitor type 1, C - reactive protein and interleukin - 6 
are used, a similar prevalence is achieved. There is a need for 
better age - related insulin ranges if hyperinsulinemia is to be con-
sidered a central component to MS. Brambilla et al. have pro-
posed the use of 10 evidence - based items for the defi nition of the 
MS in children and adolescents, of which BMI, the presence of 
hypertension, waist circumference and acanthosis nigricans are 
the four clinical indicators  [54] . The authors propose that insulin 
and lipid levels should be excluded until specifi c age - related refer-
ence ranges are available and that impaired glucose tolerance or 
type 2 diabetes be the only metabolic indicators. 

 There is evidence that cardiovascular risk factors in children 
and adolescents can be favorably altered by weight management 
 [55,56] . The percentage loss of body fat or body weight required 
to improve metabolic risk is about 5 – 10%. The metabolic 
improvement in obese children and adolescents is more likely to 
be signifi cant if there is an exercise component to management. 
Children maintain this metabolic improvement for some years 
following intervention  [57] . The effect of such metabolic changes 
on long - term morbidity and mortality is unknown and confi rma-
tion would require long prospective trials. Cardiovascular risk 
factors can be used in the clinical setting to ascertain the effects 
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 Figure 29.3     Clinical examination of the obese child and 
adolescent. 

of weight management therapy. Metformin could also be consid-
ered in the obese, insulin - resistant pediatric patient  [58] .   

  Respiratory 
 Obesity increases the work or effort required to breathe. Mechan-
ical forces such as the weight of the chest wall, increased intra -
 abdominal fat and narrowing of airways are coupled with 
diffusion abnormalities. Lung function is altered in obese chil-
dren  [59] . Airway narrowing and increased upper airway resist-
ance, reduced functional residual capacity and reduced diffusion 
capacity, and ventilatory tiring are common. 

  Sleep -  d isordered  b reathing 
 Sleep - associated breathing disorders are frequently found in child 
and adolescent obesity in clinical practice. These disorders include 
increased airfl ow resistance in the upper airways, reduction in 
airfl ow, regular heavy snoring and multiple, brief cessations of 
breathing during sleep (apneas) with compensatory arousals. 

 In clinical cohorts selected for obesity, the prevalence of an 
abnormal sleep study is between 30% and 50%  [59,60] . In one 
case – control study of children and adolescents recruited from 
families with and without sleep apnea, obesity is a risk with an 
odds ratio of over 4.5  [61] . There is also a correlation between 

the degree of obesity and the severity of the documented sleep 
disturbance, with 5 – 10% having severe obstructive sleep apnea 
and 50% of severely obese children having a degree of central 
hypoventilation. Adenotonsillar hypertrophy increases the risk of 
obstructive sleep apnea, as do truncal obesity, a short broad neck 
and a crowded oropharynx and hyperinsulinemia. Daytime som-
nolence and tiredness are less commonly reported in children 
with established obstructive sleep apnea. Neurocognitive defi cits 
(memory, attention and learning performance) present in obese 
children with sleep - disordered breathing impact on school per-
formance  [62] . 

 The diagnosis of sleep - disordered breathing will require an 
overnight sleep study. Tonsillectomy and adenoidectomy will 
reduce the symptoms of obstructive sleep apnea in obese chil-
dren, even in the absence of weight reduction. Paradoxically, 
tonsillectomy and/or adenoidectomy may be associated with a 
further increase in BMI  [63] .  

  Pickwickian  s yndrome 
 The Pickwickian syndrome is present when ventilation capacity 
cannot be increased to overcome chronic hypoxia and to normal-
ize hypercapnia. It is characterized by severe obesity, hypersom-
nolence, pulmonary hypertension and right - sided heart failure, 
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polycythemia, daytime hypoxemia and hypercapnia. The syn-
drome is associated with pulmonary embolism and sudden death 
in children. It is most likely to be diagnosed in secondary obesity, 
including hypothalamic hyperphagia syndromes and the Prader –
 Willi syndrome.  

  Asthma 
 While it has been suggested that a causal relationship exists 
between asthma and obesity in children, not all studies are sup-
portive  [64] . Both conditions are increasing in prevalence and 
associations could be through genetic, immune or mechanical 
mechanisms  [65] . Children who have asthma may be less physi-
cally active because of their respiratory condition, thus increasing 
their risk of obesity. Additionally, drugs used to treat asthma, 
glucocorticoids in particular, may also increase a child ’ s risk of 
obesity. There may be other common lifestyle markers or links, 
especially as the relationship between the two conditions is a 
recent one. 

 At least three prospective studies in children show a signifi cant 
association between obesity and asthma incidence  [66] . Using 
doctor - diagnosed asthma as the criterion, the highest risk for 
asthma is a family history but a BMI  > 85th percentile almost 
doubles the risk  [67] . Others have identifi ed female gender as a 
risk for obesity - associated asthma. In a study of 600 children, 
females who were obese at 11 years were more likely to have 
asthma between the ages of 11 and 13 years and more so if they 
entered puberty early  [68] . Obesity in females did not increase 
the risk of other atopic phenomena which suggests that the etiol-
ogy of obesity - related asthma may be related to fat mass and 
possibly its distribution. 

 Exercise induces a greater frequency and degree of broncho-
spasm in obese children who are not known to have asthma and 
it has been proposed that this should be considered a specifi c 

obesity - related phenomenon  [69] . Obese children who experi-
ence shortness of breath and chest discomfort, with physical 
activity in particular, should be considered for assessment and 
management of exercise - induced bronchospasm, with a particu-
lar emphasis on its prevention. Conversely, weight management 
in the asthmatic child or adolescent should be considered a key 
aspect of management.   

  Endocrine 
  Type 2  d iabetes 
 In 1996 Pinhas - Hamiel and colleagues described an increase in 
the incidence of type 2 diabetes in adolescents over the previous 
decade  [70] . The proportion of newly diagnosed patients with 
type 2 diabetes mellitus (T2DM) rose from 4% to 16% but if the 
age group of 10 – 19 years was selected, the fi gure was 33%. Both 
obesity and a family history of T2DM are strongly associated with 
T2DM in children and adolescents. T2DM is associated with 
excess body weight in 95% of cases, while type 1 diabetes mellitus 
(T1DM) is associated with excess body weight in only 20% of 
cases. However, recent data suggest that children with T1DM 
have become progressively heavier at diagnosis over the past 20 
years, and that obese children develop T1DM earlier  [71] . This 
fi nding suggests that the general population increase in obesity 
may act as an  “ accelerator ”  which contributes to the recognized 
increase in both T1DM and T2DM in childhood and adolescence. 
Ethnicity is a strong risk factor for T2DM  [72]  and indigenous 
populations are at greater risk of developing T2DM in young age 
groups  [73] . Additional risk factors for the development of 
T2DM in children and adolescents are female gender and puberty. 

 Prevalence data for T2DM in children and adolescents are 
likely to be underestimates because of its insidious onset. The 
majority of cases are asymptomatic or present with fungal or 
other skin infections. In a representative sample of 2867 US 
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adolescents, the estimated prevalence of T2DM was 0.41%  [74]  
whereas rates as high as 5% have been found among adolescents 
in native American populations. This variation may refl ect dif-
ferences in obesity. In an obesity clinic population, 25% of 
younger obese children and 21% of obese adolescents had 
impaired glucose tolerance, and undiagnosed diabetes was 
present in 4% of the adolescents  [75] . 

 It is not practicable to perform a standard oral glucose toler-
ance test in all obese children and adolescents. A fasting blood 
glucose should be performed in obese children and adolescents 
from minority groups, those with acanthosis nigricans and those 
with a family history of diabetes, and puberty should be seen as 
an additional risk time for development of T2DM. In obesity 
acanthosis nigricans may be associated with truncal skin tags in 
the adolescent and it is commonly found around the neck, and 
in the fl exures. The clinical explanation that elevated insulin 
levels in obesity act through the IGF - 1 receptor to cause dermal 
overgrowth does not explain the predilection for certain areas or 
certain races. The management is weight loss and the reduction 
of insulin resistance. Metformin can be used as adjunctive 
therapy. 

 The increase in T2DM in childhood and adolescence is 
expected to bring with it an enormous economic and health 
service burden as a result of the early development of micro -  and 
macrovascular complications of diabetes  [72,76] . There is evolv-
ing evidence that the onset and progression of these clinical com-
plications may be particularly rapid when the onset of T2DM 
occurs early in life. This will mean increasing costs to the young 
person and the community with blindness and loss of income, 
early renal failure and dialysis, and even earlier onset of cardio-
vascular disease. Higher miscarriage rates and the increasing 
demands for management of high - risk diabetic pregnancy are 
already being seen. 

 Lifestyle intervention is the cornerstone of management in 
T2DM. Adherence to such regimens, particularly when there may 
be no perceived clinical benefi t, is diffi cult in adolescence. Ado-
lescence is a period of change in lifestyle behaviors with increasing 
independence from family and reduction in physical activity, par-
ticularly in females. Adolescent females require counseling about 
pregnancy  –  the risk of fetal abnormalities and overgrowth syn-
drome with poor control of diabetes, and the requirement for 
insulin therapy prior to conception. Relatively higher doses of 
pharmacotherapy are required during puberty. The standard 
drug therapies in adult T2DM are currently being evaluated in 
adolescents  [77] , with the hypothesis that early, intensive reduc-
tion in insulin resistance will both improve control and associated 
co - morbidities and provide much needed evidence for the man-
agement of T2DM in youth.  

  Puberty 
  Puberty in  f emales 
 Body weight at both extremes infl uences time of menarche, men-
strual function and fertility. Over the last 10 – 15 years there has 
been a decrease in the mean age of menarche, albeit within the 

normal age range  [78] . It is likely that this lowering of menarchal 
age is associated with the rise in the prevalence of obesity over 
the same time, with a higher fat mass signaling readiness for 
sexual maturation. The effect of body weight on early maturation 
is evident at BMI  > 85th percentile, with 30% of overweight girls 
expected to reach menarche before the age of 11 years  [79] . 

 Early menarche is associated with earlier onset of sexual activ-
ity and its attendant risks. Adolescents who experience earlier 
menarche are more likely to have depression and substance abuse 
and eating disorders  [80] . Endometriosis and increased severity 
of dysmenorrhea are more common in young adulthood. Early 
menarche is a well - established risk factor for breast cancer and 
has been linked to other cancers, including those of the ovary 
and thyroid. Cardiovascular disease risks, including hypertension 
and abnormalities of glucose metabolism, are increased in girls 
with early menarche independent of body composition  [81]  and 
obesity would be expected to further increase the risk profi le.  

  Puberty in  m ales 
 Overweight boys appear less likely to experience early maturation 
than their leaner peers  [79] . In males lean body mass increases 
with sexual maturity and boys with a relatively higher lean body 
mass are the earlier maturers. Increased adipose tissue aromatase 
activity with conversion of androgen to estrogen in obese boys 
could impact on sexual maturation at a hypothalamic level.   

  Polycystic  o varian  s yndrome 
 The polycystic ovarian syndrome (PCOS) comprises late 
menarche, oligomenorrhea or amenorrhea, with hirsutism, acne, 
abdominal obesity, acanthosis nigricans and insulin resistance 
 [82] . Low birth weight for gestational age, above average birth 
weight, premature adrenarche, childhood obesity and the meta-
bolic syndrome are all independent childhood risk factors for the 
development of PCOS. Hyperinsulinemia increases ovarian 
thecal androgen production and induces the characteristic endo-
crine pattern of elevated free testosterone. This pattern is increas-
ingly being described in younger obese adolescents, and 
hyperandrogenism is a feature of obese prepubertal females  [83] . 
Oligomenorrhea or delayed menstruation may be dismissed as 
normal for adolescents and it may be diffi cult to distinguish clini-
cally between adolescent anovulation and PCOS  [84] . Insulin 
resistance is seen in at least 50% of adolescents with PCOS  [85]  
and with greater prevalence in obese adolescents with PCOS. 
PCOS in young adolescents and young adults is associated with 
infertility and with longer term health risks including the meta-
bolic syndrome, T2DM and early coronary atherosclerosis  [86] . 

 Treatment involves a combination of lifestyle changes and 
pharmacotherapy  [87] . There have been no studies demonstrat-
ing the effi cacy of weight reduction alone in obese adolescents 
with PCOS. Weight management is an essential component of 
treatment in PCOS in adolescents, and will also address other 
cardiovascular risk factors. Ovarian suppression with combined 
oral contraceptive agents will improve menstrual irregularity and 
acne and may need to be combined with antiandrogens such as 
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spironolactone or cyproterone acetate to control hirsutism. 
Cyproterone acetate may cause weight gain. Metformin therapy 
induces ovulation and improves the endocrine profi le in obese 
adolescents with PCOS  [88] . It has the advantage of being weight 
neutral but adolescents should be warned about its effect on 
ovulation and contraceptive requirements addressed. Thiozolid-
inediones as insulin sensitizers and fi nasteride as an antiandrogen 
have also been trialed in adults with positive effect but prescribing 
limitations in many countries affect availability.   

  Orthopedic 
 The primary orthopedic morbidities associated with overweight 
and obesity in children and adolescents are Blount disease  [89]  
and slipped capital femoral epiphysis  [90] . 

  Blount  d isease 
 Blount disease, or idiopathic tibia vara, is a pathologic bowing of 
the tibia. All affected older patients are obese, and there is a male 
preponderance (2   :   1). 

 Tibial bowing is initiated by suppression of epiphyseal growth 
as a result of abnormal pressures causing repetitive trauma to the 
growth plate. There is then failure to adequately ossify the endo-
chondrium, exacerbated by the adolescent growth spurt. The 
presentation is knee pain, with slowly progressive clinical deform-
ity. Radiologic examination shows wedging of the epiphysis. His-
tologic changes include abnormal cellular islands of hyaline 
cartilage, foci of necrotic cartilage and premature closure of the 
medial aspects of the epiphysis. The treatment is surgical and if 
obesity persists, there is a high degree of recurrence, particularly 
in younger males.  

  Slipped  c apital  f emoral  e piphysis  (Fig.  29.5 )  
 The presentation for slipped capital femoral epiphysis is hip pain 
(or referred knee pain) and limitation of movement. The condi-
tion may be associated with endocrine disorders, including 

hypothyroidism, and growth hormone therapy for short stature. 
Obese children present earlier, at a mean age of 12 years (13 years 
for nonobese) and are more likely to have bilateral slippage 
( > 40% of cases). The clinical threshold for radiologic assessment 
should be low and the fi lms reviewed by a radiologist with 
pediatric expertise. If the diagnosis is missed the hip joint will 
develop early degenerative change. The treatment is surgical. It is 
important to minimize postsurgical immobility in the obese child 
or adolescent, in order not to aggravate weight gain.     

  Gastrointestinal 
 Gastroesophageal refl ux is the most common clinical condition, 
and hepatic steatosis the greatest long term risk. 

  Nonalcoholic  f atty  l iver  d isease ( h epatic  s teatosis) 
 Nonalcoholic fatty liver disease (NAFLD) is an important obesity 
co - morbidity in children and adolescents and a growing public 
health issue  [91 – 93] . The gold standard for the diagnosis of 
NAFLD is liver biopsy but this is clearly unacceptable as a fi rst -
 line diagnostic procedure. In clinical practice, hepatic ultrasound 
and measurement of hepatic transaminases (particularly ALT) 
are the standard tools  [91] . The prevalence of NAFLD diagnosed 
by ultrasound in obese children and adolescents is between 30% 
and 50%, and prevalence rises with age. Visceral obesity, the pres-
ence of insulin resistance and the metabolic syndrome, and eth-
nicity increase the risks of NAFLD  [93] . The liver is palpable in 
only a minority of cases and the level of elevation of hepatic 
transaminases correlates with the degree of fatty liver. There is 
limited liver biopsy information in children and adolescents and 
no established criteria for when this should be performed. Fibro-
sis has been reported in 50 – 100% of cases in clinical series. In a 
small percentage of cases, there is clear clinical progression and 
established cirrhosis has been described in patients as young as 
10 years of age. Further prospective studies are required but there 
is a major public health concern that fat accumulation in the 
young liver may be particularly damaging. 

 Little is known of the impact of intervention in hepatic steato-
sis in children and adolescents, but weight loss of approximately 
10% of body weight has been shown to reduce both hepatic size 
and transaminase levels. The optimal dietary intervention is yet 
to be defi ned. Adolescents should be counseled about alcohol 
intake. Information on pharmacotherapy comes mainly from 
open - label, uncontrolled trials in children and the list of poten-
tially useful agents includes insulin sensitizers, antioxidants, urso-
deoxycholic acid and possibly lipid - lowering agents.  

  Gastroesophageal  r efl ux 
 There are no studies of the prevalence or health sequelae of gas-
troesophageal refl ux in obese children and adolescents, although 
it is well recognized clinically. Children and adolescents will not 
spontaneously offer symptoms of refl ux but identify these when 
questioned. Weight management, the avoidance of overeating 
episodes and antacids are the fi rst - line therapy. Proton pump 
inhibitors are commonly used in pediatric practice and should be 
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 Figure 29.5     Slipped femoral capital epiphysis. 
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prescribed if symptoms persist in order to avoid ulceration. 
Endoscopy should be considered if symptoms persist. There is a 
case report of a Nissen fundoplication procedure in an obese 
10 - year - old male who had pain and apnea that were secondary 
to refl ux and not responsive to medical therapy  [94] .   

  Cholelithiasis 
 In children and adolescents, gallbladder disease is more com-
monly found in females, but the overall prevalence rate is 
low (0.13%)  [95] .Obesity is associated with higher gallbladder 
volumes in children and adolescents, and obesity and hypertrig-
lyceridemia are common predisposing factors for cholelithiasis. 
Over 10% of subjects with cholelithiasis will develop pancreatitis. 
Laparoscopic cholecystectomy is considered the surgical inter-
vention of choice for children and adolescents. Older adolescents 
who are treated with very low - energy diets may have an exacerba-
tion of underlying gallbladder pathology. An ultrasound should 
be performed if abdominal pain occurs during this therapy.  

  Neurologic 
  Benign  i ntracranial  h ypertension 
 Benign intracranial hypertension (BIH) (pseudo - tumor cerebri) 
is most commonly seen in obese females. There are limited data 
on the occurrence of BIH in children and adolescents  [96]  but 
the condition should be considered particularly in obese adoles-
cent females presenting with persistent headache (in over 90% of 
cases), visual disturbance and/or papilledema. Younger children 
present with fewer specifi c symptoms, including irritability and 
listlessness. BIH, despite its name, is not benign. Formal visual 
fi elds and assessment of visual acuity are mandatory because 
compression of the optic nerve may lead to visual impairment. 
Acetazolamide is the mainstay of treatment.   

  Specifi c  g enetic  d efects 
 It is beyond the scope of this chapter to consider specifi c obesity 
syndromes, such as Prader – Willi, Bardet – Biedl, Alstrom and 
Cohen. Intellectual disability and short stature with unusual 
physical stigmata should arouse clinical suspicion. The single 
gene defects that cause severe, early - onset obesity include leptin 
defi ciency, leptin resistance, pro - opiomelanocortin mutations 
and proconvertase - 1 and peroxisome proliferative - activated 
receptor  γ 2 defects. These are all extremely rare. The most 
common single gene defect is mutations involving the melano-
cortin - 4 receptor. The phenotype includes increased linear 
growth, increased fat - free mass and severe hyperinsulinemia.    

  Psychosocial  c omplications of  c hildhood  o besity 

 Research into the psychologic complications of obesity in chil-
dren and adolescents has often focused on clinical rather than 
general populations. It is clear in clinical practice that obese chil-
dren and adolescents suffer distress. Less clear are the psychologic 
consequences of child and adolescent obesity as there is little 

information on long - term psychologic sequelae of childhood 
obesity. It is likely that the earliest complications or consequences 
of childhood and adolescent obesity are in the psychologic and 
social arenas (Fig.  29.6 ). It is not known how the increasing 
prevalence of obesity in children and adolescents might impact 
on societal responses to obesity.   

  Stigmatization and  s tereotypes 
 Stigmatization by the peers of obese children and adolescents is 
well recognized and is considered in Chapter  3 .  

  How  o bese  c hildren and  a dolescents 
 f eel  a bout  t hemselves 
 The prejudice and discrimination directed towards the obese are 
well established by the time children reach primary school. Forty 
years ago obese adolescents were described as having personality 
traits that were similar to those seen in persecuted minorities 
 [97] . Low self - esteem and self - worth are common and modifi ed 
by age, gender, ethnicity and socio - economic status. Study results 
are also modifi ed by whether it is a population -  or clinic - based 
study, as those presenting for treatment may be more distressed 
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than those who do not seek help with weight management. Study 
results are also affected by whether parent or child reporting is 
used. How self - esteem is measured varies from study to study. It 
may be a global measure of self - esteem or self - worth or may 
concentrate on specifi c areas such as academic performance, 
body appearance, sporting prowess or social competence  [98] . 

 There is little evidence to support the notion that self - esteem is 
signifi cantly affected in obese preschool children  [99] . In primary 
school children the relationship between self - esteem and body 
weight is inverse but not strong and many obese children have 
measures within the accepted range of normal. If a distinction is 
made between general self - esteem and body self - esteem, relation-
ships between body self - esteem and weight are much clearer, with 
a trend towards females exhibiting higher body dissatisfaction 
 [100] . While obese primary schoolers have lower self - esteem in 
relation to physical appearance and athletic competence, they do 
not seem to differ from their leaner peers in popularity  [101] . In 
this age group parents are often reporters. At least 50% of parents 
report psychologic distress and diffi cult behaviors in their obese 
child  [102,103] . Child psychologic distress and diffi cult behaviors 
are signifi cantly predicted by maternal psychopathology (particu-
larly that which leads to ineffective parenting styles) and thus there 
are major implications for clinical weight management. 

 The inverse relationship between self - esteem and body weight 
becomes stronger and clearer in adolescents, as pressures of social 
acceptance, athletic competence and physical appearance become 
more signifi cant to the individual. Effects of gender and ethnicity 
become more pronounced  [104] . Stress, impairment of physical 
health, and emotional and social functioning are all more clearly 
abnormal in obese adolescents  [105] . Obese adolescents who exhibit 
decreasing levels of self - esteem are also more likely to smoke and to 
drink alcohol than those who maintain self - esteem during adoles-
cence, which may further compromise weight management. High -
 level physical activity in children and adolescents correlates with 
self - esteem, but obesity makes such activity diffi cult  [106] . 

 Dissatisfaction with body size and a desire to lose weight are 
present in young children, particularly in girls. A wish to change 
body size or shape is found in all weight groups and there is no 
evidence that obese children or adolescents have a distorted body 
image. Obese children are more accurate at estimating their real 
body shape than lean children and express greater dissatisfaction 
with their body size  [107] . Population studies mirror clinical 
studies, with 30% of obese boys and 60% of obese girls having 
low appearance self - esteem  [108] . Obese children and adoles-
cents are more likely to be bullied but also more likely to be 
bulliers  [109] . They are three times as likely to have clinically 
meaningful behavior problems  [110] .  

  The  o bese  c hild and  a dolescent ’ s  r esponse to 
 b eing  o bese 
 Younger children will have simplistic views about etiology and 
possibly believe that obesity is somehow their fault. If their 
parents are obese they may well incorporate parental views into 
their belief system. The impact of lifestyle on weight and health 

will not be understood. Parents report more global impairment 
of quality of life than do their children, who report only a lower 
physical quality of life  [111] . Children who internalize their 
obesity (believing that they are responsible for it) score lower on 
self - esteem measures  [112] . 

 Older adolescents may have a better understanding of etiology 
and future implications, but this does not translate into behaviors 
necessary for weight control. Many day - to - day behaviors seen in 
obese children and adolescents are a result of others ’  behavior 
towards them. These behaviors include not eating in public 
(including at school), dressing in loose, cover - up clothing even 
in hot weather, avoiding situations where they may have to 
undress in front of others and avoidance of situations where their 
lack of physical skills will be noted. Obese adolescents particularly 
have less robust social networks and greater isolation than normal 
weight peers, which may compound behavioral traits  [113] .  

  Are  p sychiatric  d isorders  m ore  p revalent in  o bese 
 c hildren and  a dolescents? 
 Depression and anxiety would be expected responses in obese 
children and adolescents. Studies in clinical populations present-
ing for obesity management consistently demonstrate depression 
or anxiety disorder (as per DSM - IV criteria) in at least 50% of 
children and adolescents  [114,115] . This is far in excess of the 
general population. On the other hand, population studies are 
less consistent in their fi ndings, with the majority reporting no 
signifi cant differences between the obese and those of normal 
weight  [116,117] . In one prospective study persistence of obesity 
from childhood to adolescence predicted oppositional defi ant 
disorder in both sexes and depression in males  [118] .  

  Childhood and  a dolescent  o besity and  d isordered  e ating 
 Restrained eating and dieting behaviors are already present in 
preadolescent children  [119]  and increase with age, female gender 
and obesity. By adolescence, dieting behaviors are well entrenched, 
including purging behaviors  [120] . In adolescents in the general 
population, binge - eating disorder (BED) is a risk for obesity, 
depression and low self - worth  [121] . The presence of BED is also 
a suicide risk with 25% of males and females reporting a suicide 
attempt  [118] . Obese children and adolescents have more emo-
tional and externally cued eating than lean children, with sneaky 
eating, stealing of food and constant complaints about hunger. 
Their eating is not driven by hunger alone but is also controlled 
by restraint (self - imposed eating controls) and by disinhibition 
(loss of control of intake in the presence of certain cues). Parental 
eating behaviors infl uence those of their offspring  [122] . High 
levels of parental restriction and disinhibition  –  the classic com-
bination for binge eating  –  increase the likelihood of excessive 
weight gain in their offspring.  

  Does  t reatment of  o besity  m ake a  d ifference to 
 p sychosocial  w ell -  b eing? 
 The improvement of self - effi cacy and self - competency is a gener-
ally accepted approach when working with children in whom 



Part 5 Childhood Obesity

404

behavior change is desired. Such an approach requires that effort 
is rewarded with some form of success. There is a lack of evidence 
available on the impact of weight management interventions on 
psychosocial well - being, although clear improvement has been 
demonstrated in psychosocial indicators for weight loss camps 
 [123]  and residential management programs  [124] . Lack of evi-
dence may be due in part to the modest success rates in clinical 
weight management if weight loss is the primary outcome. A 
signifi cant risk must exist for the reduction of psychosocial well -
 being if failure occurs. Thus, in a clinical weight management 
program, it is advisable to include positive outcome indicators 
other than weight loss, including improved physical fi tness and 
reduction in body circumferences.   

  Conclusion 

 Obesity in childhood and adolescence is not a healthy state and 
the degree of obesity is proportional to the presence of co - mor-
bidities. Co - morbidities in childhood obesity are likely to be 
underdiagnosed. This observation is a complex result of failure 
to perceive the seriousness of the condition, prejudice and stig-
matization by health professionals and the inability of children 
and adolescents to voice symptoms or lack of awareness that 
symptoms are of signifi cance. Change in associated morbidities 
is one outcome indicator for successful weight management. 
Children do not grow out of obesity, and obesity in adolescence 
is a dangerous situation, as it will persist into adulthood.  
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   Introduction 

 The high prevalence of childhood and adolescent obesity empha-
sizes the need for both clinical and community - based approaches 
to prevention and treatment. Throughout this chapter we will use 
the term overweight to refer to children and adolescents with a 
Body Mass Index (BMI) between the 85th and 95th percentiles, 
and obese to refer to children and adolescents whose BMI is 
 ≥ 95th percentile for individuals of the same age and gender  [1] . 
We will use the term severe obesity to refer to children and ado-
lescents whose BMI is  ≥ 99th percentile for individuals of the same 
age and gender  [2] .  

  Initiation of the  t herapeutic  e ncounter 

 Therapy for childhood and adolescent obesity must begin with 
sensitivity to the social stigmatization that accompanies the 
disease and the blame and/or shame that sometimes characterizes 
obesity, particularly severe obesity, within families. Because 
family infl uences and attitudes strongly affect the success of 
obesity management in both children and adolescents, the initial 
encounter should include at least one parent as well as the affected 
child or adolescent  [3] . Although there has been a suggestion that 
adolescents may achieve greater weight loss when treated alone 
 [3] , an initial interview that includes a parent may disclose sig-
nifi cant family issues that must be addressed if therapy is to 
succeed. In families with younger children, the conversation 
should begin with open - ended, nonjudgmental questions such as 

 “ Are you concerned about your child ’ s weight? ”  or  “ Has your 
child ’ s weight caused her any problems? ” . In adolescents the 
therapeutic interaction should begin with asking permission to 
discuss their weight. In one clinical study of severely obese ado-
lescents, only 41% wanted to discuss their weight  [4] . Therefore, 
if a provider raises the issue of weight when the adolescent is not 
ready to discuss it, the opportunity to build a therapeutic rela-
tionship may be compromised. Furthermore, a key decision at 
the outset of treatment of adolescents is whether to engage the 
broader family system. 

 The terms providers use may also interfere with the establish-
ment of a therapeutic relationship. The term  “ overweight ”  was 
preferred over other terms by severely obese adolescents  [4] . Like 
adults  [5] , few adolescents preferred terms such as obese, big -
 boned, big or heavy. 

 Several studies indicate that many parents do not perceive that 
their child is overweight, and may disagree when their provider 
tries to convince them that this is so  [6 – 8] . Although the direction-
ality of the association remains unclear, adolescents who have been 
informed of their weight status were more likely to report that they 
had altered their diet and were trying to lose weight than patients 
who had not been informed about their weight  [9] . Presumably, 
parents of overweight children will respond in a similar manner. 
Rather than debate whether a weight problem exists or not, provid-
ers should try to turn the discussion to the parent ’ s concerns about 
nutrition, physical activity or screen time. Efforts should focus on 
the identifi cation of areas where providers and families can agree 
on the need for change, regardless of whether they agree that the 
child has an existing or emergent weight problem.  

  Treatment 

 A variety of challenges exist with respect to the treatment of child-
hood and adolescent overweight and obesity. Among preschool 
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children, multicomponent clinical and child care programs, with 
follow - up for more than a year, and programs that involved 
parents appeared more successful, although the number of 
studies was limited  [10] . A larger systematic review found that 
most of the intervention studies were of fair to poor quality, and 
were characterized by small samples and lack of intention - to -
 treat analyses, and provided limited information on changes in 
risk factors  [11] . The studies could not easily be generalized 
because of specialized interventions that were not widely availa-
ble, and because most of the published studies addressed a narrow 
age range. Furthermore, most of the trials were limited to Cau-
casian children. 

 Although these reviews demonstrate a number of gaps in 
evidence - based clinical interventions, the prevalence of child-
hood and adolescent overweight and obesity emphasizes the need 
for therapeutic approaches in primary and tertiary care. In 1997, 
the need for practice guidelines in the face of a limited science 
base led to the formation of an expert panel to develop recom-
mendations for the assessment, prevention, and treatment of 
childhood and adolescent obesity  [12] . New trials and develop-
ments in practice, as well as the need to update the 1998 recom-
mendations, led the Centers for Disease Control and Prevention, 
the American Medical Association, and the Health Resources and 
Services Administration to fund a new expert committee in 2006. 
In June 2007, this panel delivered its recommendations for the 
assessment, prevention, and treatment of childhood and adoles-
cent overweight and obesity. Since then, the recommendations 
have been adopted by a number of major organizations including 
the American Academy of Pediatrics, the American Heart Asso-
ciation, American Dietetic Association, American College of 
Sports Medicine, National Association of Pediatric Nurse Practi-
tioners, and the Obesity Society. The recommendations and the 
rationale for them were subsequently published  [1,13] . The new 
recommendations are consistent with or expand on previously 
published guidelines from Canada  [14]  and the United Kingdom 
 [15,16] . As shown in Figure  30.1 , approaches common to the care 
of all overweight or obese patients include the assessment of 
behaviors, attitudes, and risks. These are considered in detail in 
Chapters  28  and  29   .   

 The Expert Committee suggested that treatment be divided 
into four stages, known as prevention plus, structured weight 
management, comprehensive multidisciplinary intervention, and 
tertiary care intervention  [1,13] . The fi rst two stages are appro-
priately implemented in primary care settings, whereas the com-
prehensive approaches required by more severely overweight 
patients are more appropriate for specialized or tertiary care 
clinics. 

  Prevention  p lus 
 This approach applies to all overweight children between 2 and 
18 years of age, and represents the fi rst stage of treatment. The 
goals of treatment are to arrest the excessive increase in BMI or 
to return the BMI to the normal range. The focus of therapy is 
on increasing fruit and vegetable consumption to fi ve servings a 

day, elimination of sugar - sweetened beverages, imposing limits 
on screen time to  ≤ 2 hours/day, and achieving 1 hour of physical 
activity daily. Emphasis is placed on daily consumption of break-
fast, limiting fast food, family meals, and promoting the child ’ s 
ability to self - regulate their intake.  

  Structured  w eight  m anagement 
 Implementation of this approach requires more intensive 
training and focus on behavior change strategies. The targets 
are similar to those in prevention plus, but require more 
family and self - management with more intensive monitoring 
of dietary intake, screen time and physical activity. In contrast 
to prevention plus, the goal is modest decrements in BMI 
as linear growth continues. Weight loss should not exceed 0.5   kg/
week for 2 – 11 - year - old children or 1   kg/week for older children 
and adolescents. Provider training in behavior change strategies 
such as motivational interviewing, confl ict resolution, meal 
planning and counseling to promote physical activity is 
recommended.  

  Comprehensive  m ultidisciplinary  i ntervention 
 If patients have severe obesity, defi ned as a BMI  ≥ 99th percentile 
for children of the same age and gender, and if the approaches 
outlined above are unsuccessful, more aggressive efforts may be 
warranted. Therapy for these patients should be directed toward 
negative energy balance, a structured behavior modifi cation 
program with monitoring of diet and physical activity patterns, 
and helping families modify the home environment. The inten-
sity of treatment is also increased, and requires frequent offi ce 
visits for a minimum of 8 – 12 weeks. Weight loss goals are identi-
cal to those in structured weight management. The use of these 
therapies requires specialized experiences and a multidisciplinary 
staff not usually available in primary care settings. Therefore, the 
use of these approaches should be limited to centers capable of 
providing specialized multidisciplinary care for severely obese 
children and adolescents.  

  Tertiary  c are  i ntervention 
 The most intensive care is that required for tertiary care interven-
tion. Patients appropriate to this level of intervention are those 
with severe obesity or a major complication of their obesity who 
require more than lifestyle interventions for weight loss. Such 
patients should fi rst be treated with a comprehensive multidisci-
plinary intervention, and should be committed to following the 
regimens outlined below. The specialized experience required for 
such patients requires a tertiary care facility with a multidiscipli-
nary team familiar with the complications associated with severe 
obesity and the therapies appropriate for its treatment. As the 
Expert Committee recommended,  “ standard clinical protocols 
for evaluation before, during and after the intervention should be 
(developed) and followed ”   [13] . The strategies used in this 
approach include restrictive dietary therapy, drug therapy or 
bariatric surgery which are considered below. Few randomized 
trials of these approaches exist in pediatric patients. 



Part 5 Childhood Obesity

410

Assess behaviors and attitudes - eating, physical activity, sedentary time, motivation

Assess medical risks - family history, review of systems, physical examination (BMI, BP)

Healthy weight
BMI 5–84%ile

Overweight
BMI 85–94%ile

Obese
BMI 95–98%ile

Assess fasting lipid profile

Health risks?
No Yes

Assess ALT, AST, fasting glucose

Other tests as indicated by health risks

Prevention counseling - empathize/elicit -provide - elicit

Maintain weight velocity
and reassess annually

Maintain weight or
decrease velocity

and reassess every
3–6 months

Maintain weight or
gradual loss(4) and
reassess every 3–6

months

Gradual to
moderate weight
loss(5) and reassess
every 3–6 months

Assessment

Prevention

Treatment

Stage 4 tertiary care intervention

Stage 3 comprehensive multidisciplinary intervention

Stage 2 structured weight management

Stage 1 prevention plus

BMI≥99%ile

 Figure 30.1     Algorithm for the assessment, 
prevention, and treatment of childhood and 
adolescent obesity  (from reference  [13] , modifi ed by 
Scott Gee and used with his permission) . 

  Behavior  c hange  s trategies 
 Effective behavior change strategies are essential to success and 
underlie all four stages of treatment. Family engagement appears 
to be a key component of therapy, especially among younger 
patients  [17,18] . Furthermore, the engagement of fathers may 
increase the likelihood of success  [19] . Because changes in diet, 
physical activity or screen time are the family ’ s responsibility, 
clinicians should elicit from the patient and their family their 
level of concern about the intake of specifi c foods, time spent in 
physical activity, and the quantity and quality of screen time. 
Furthermore, because what gets measured is more likely to be 
done, quantifi cation of these targets is essential. For example, 
reducing sugar - sweetened beverage intake from 16 ounces/day to 
8 ounces provides a much more relevant and actionable target 
than a target of reducing sugar - sweetened beverage consumption 
without specifying the quantity to be changed. 

 The successful implementation of these strategies likely 
depends on provider techniques to help parents and patients 
change behavior. The oldest and most frequently applied behav-
ioral intervention is behavior modifi cation  [20] . This approach 
relies on a variety of behavioral techniques that have become 
widely applied, such as self - monitoring, stimulus control, cogni-
tive restructuring, and positive reinforcement to support suc-
cesses. These strategies and examples of their application to food 
intake, inactivity or screen time are outlined in Table  30.1   [21] .   

 Behavioral modifi cation approaches were rigorously applied 
by Epstein in a series of studies of moderately overweight children 
 [17,22,23] . These studies generally involved weekly treatment 
meetings for periods of 8 – 12 weeks, and monthly follow - up 
meetings for 6 – 12 months after the start of the program. Parents 
and children met separately, although meetings of a parent and 
child with a therapist also occurred. The  “ Stop - light ”  diet was the 
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 Table 30.1     Behavior change strategies 

   Behavioral strategy     General principles     Examples  

   Control the environment    
 To make behavior change easier by 

reducing cues and opportunities to eat 
more calories and remain physically 
inactive, and increasing cues and 
opportunities to eat fewer calories and 
become more physically active and less 
sedentary  

  Identify existing home/school/family routines or 
environmental factors associated with increased 
calorie consumption, inactivity and sedentary 
behaviors. 

 Help the child/family identify alternative routines or 
environmental factors to reduce calorie 
consumption, increase physical activity and 
decrease sedentary behaviors. 

 Help the child/family prioritize options to those that 
are most acceptable and easiest to implement. 
Include these as part of monitoring, goal setting, 
and rewarding behavior change.  

  Eliminate sugar - sweetened beverages from the home. 
 Reduce the frequency of eating out and/or fast food. 
 Limit serving sizes by serving onto plates instead of 

self - service and/or switch to smaller plates to make 
servings appear larger. 

 Remove high - calorie snacks from the home and replace 
with fresh fruits and vegetables. 

 Remove television sets from children ’ s bedrooms, budget 
weekly screen time, and set family screen media rules 
limiting when, where, and what can be watched/played. 

 Enroll child in an after - school physical activity. 
 Start a new family tradition/routine involving daily or 

weekly physical activity.  

   Monitor behavior    
 Necessary to recognize where one is 

starting from, set goals, assess 
changes, give and receive feedback, 
and reward success  

  Measures must reliably defi ne a baseline level and 
assess changes over time. 

 Measures should match behavioral goals. 
 Monitoring should be frequent initially and then may 

become less frequent as the new behaviors are 
established. 

 May monitor a mix of short -  and long - term behavioral 
goals, including weight changes. 

 If any doubt about continued progress or relapse, 
reinstitute frequent monitoring.  

   Individual behavior  
 Number of sugar - sweetened beverages consumed daily. 
 Number of meals eaten outside the home and/or fast food 

meals/week. 
 Number of servings of fruits and vegetables eaten daily. 
 Hours of television watched weekly. 
 Number of days meeting physical activity goals. 
 Weekly measurement of weight. 
  Environmental changes  
 Number of sugar - sweetened beverages in the home. 
 Frequency of eating out and/or fast food. 
 Days/week food served to plates and/or use of small plates. 
 Days per week with fruit and vegetables in home. 
 Presence/absence of television in child ’ s bedroom 

and established screen time limit and family screen 
time rules.  

   Set goals     Help family set shorter - term behavior change goals 
and longer - term weight change goals. 

 To enhance motivation, goals should be challenging 
but achievable. 

 Goals should be agreed upon by the patient, not set 
by the provider. Allow the child and family to 
choose from a selection of possible goals. 

 Limit new goals to one or two at a time. 
 The parent/guardian may set goals for behaviors of 

their own to help their child lose weight. 
 Goal behaviors must be specifi c, explicit, 

unambiguous, and capable of being self - monitored 
(i.e. if you can ’ t count it, you can ’ t change it).  

   Child Individual - level goals  
 I will drink no more sugar - sweetened beverages. 
 I will eat no more than 1 fast food meal/week. 
 I will eat fresh fruit and vegetables for my after - school 

snack. 
 I will watch and play less than 7 hours per week of 

television, videos or DVDs and computer and video 
games, and only after dinner and all my school work 
and chores are completed. 

 I will get at least 10,000 steps on my pedometer 
every day. 

  Parent individual - level goals  
 I will praise my child every day he/she achieves a 

daily goal. 
 I will review behavior monitoring records with my child for 

30 minutes every evening. 
 I will walk my child to school at least 3 days/week. 
  Family environmental goals  
 Our home will be free of sugar - sweetened beverages 

in 14 days. 
 We will go out for dinner no more than 1 night/week. 
 All meals will be served on plates. 
 Fruits and vegetables will be available in our home 

every day. 
 We will remove all televisions from children ’ s bedrooms. 
 We will eat meals without television.  

Continued on p. 412
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   Behavioral strategy     General principles     Examples  

   Reward successful behavior 
change   

  Both positive and negative responses (rewards and 
disapproval) should be tied to specifi c behaviors. 

 Rewards should be given as closely as possible to the 
completion of the goal behavior. 

 Rewards should be frequent when learning a new 
behavior and can become less frequent as the new 
behavior becomes more established. 

 Avoid mixed messages. Rewards and disapproval 
should be used consistently. Rewards should not 
be given if the goal was not achieved. 

 The magnitude and/or value of the reward should be 
consistent with the magnitude of the 
accomplishment. Large or valuable rewards can be 
counterproductive. 

 Praise and attention from a parent can be a powerful 
reward for children. Frequent and specifi c use of 
praise and attention should be encouraged. 

 Parents should choose rewards that they are willing 
and able to give, and also willing and able to not 
give if the goal is not achieved. 

 Consider  “ reciprocal contracting ”  in which parents/
guardians reward children for achieving their goals 
and children reward parents/guardians for 
achieving their goals  [28] .  

   Praise and attention  
  “ I am proud of you for eating the carrots instead of chips 

for your snack. ”  Praise tied to a specifi c behavior is 
better than the nonspecifi c  “ You are such a good child. ”  

  Suggested rewards  
 Activities that the children and the parents/guardians like 

to perform together (e.g. going skating together). 
 Activities related to the goals, such as going on an active, 

outdoor excursion, a trip to pick a favorite fruit or 
vegetables at a local farm, or buying athletic shoes or 
other sports equipment for accomplishing a physical 
activity goal. 

 Extra privileges. 
  Rewards to avoid  
 Food (especially sweets or other high - calorie foods that are 

being limited in the diet). 
 Money or items with a specifi ed value (they often lead to 

expectations and negotiations for greater rewards over 
time). 

 Expensive material items. 
 Items unrelated to the goals.  

   Solve problems     Iterative cycles of identifying barriers, identifying 
potential solutions to overcome the barriers, 
making plans to implement those potential 
solutions, and monitoring their success. 

 With some assistance, children and families can 
identify the most challenging barriers and invent 
their own strategies to overcome them. 

 Group sessions can provide an opportunity for 
families to share strategies, successes, and lessons 
learned with other families facing similar 
challenges.  

   Common barriers requiring problem solving  
 Resistance to change/sabotage by other family members. 
 Family members who express their love with cooking/food. 
 Eating out in restaurants or at others ’  homes. 
 Parties and holidays involving food traditions (e.g. birthday 

parties, Halloween). 
 School meals. 
 After - school hunger. 
 Using eating to cope with stress and anxiety. 
 Neighborhood safety concerns. 
 Transportation diffi culties. 
 Perceived limited community resources and opportunities 

for physical activity. 
 Provider and patient/family have different ideas of what is 

most important to change.  
   Parenting skills     Authoritative parenting instead of authoritarian 

parenting. 
 Support their child ’ s autonomy and self - suffi ciency. 
 Model desired behaviors. 
 Monitor and/or supervise their child ’ s behavior. 
 Communicate expectations and consequences clearly. 
 Provide consistent and contingent feedback. 
 Use praise, attention and other rewards to reinforce 

desired behaviors effectively. Minimize attention for 
undesired behaviors. 

 Say  “ no ”  and set limits when appropriate.  

  Setting family rules and maintaining a household consistent 
with healthful behaviors. 

 Parents choose what is available to eat but children choose 
whether to eat and how much. 

 Saying  “ no ”  and setting limits in the best interest of their 
children ’ s health and well - being. 

 Parents/guardians set their own goals and monitor their 
own behaviors. 

 Modeling both successful behavior change and coping with 
unsuccessful attempts to change behavior. 

 All parents/caregivers communicate a consistent message 
to children. 

 Rewards are provided only when earned. 
 Meeting daily with children to review the day ’ s behaviors, 

show interest in child ’ s progress and provide a regular 
opportunity to praise success.  

Table 30.1 Continued
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cornerstone of the dietary intervention  [24] . This diet classifi es 
foods as green foods which can be consumed freely, yellow foods 
which can be consumed in moderation, and red foods which are 
highest in calories and should be consumed rarely and 
cautiously. 

 The intensity of the earliest behavior modifi cation programs 
and the inability to adapt such programs to primary care settings 
have led to a consideration of other behavior change approaches 
that providers could use in primary care settings. One of the most 
recent and promising techniques is motivational interviewing. 
Motivational interviewing is a technique originally developed for 
the treatment of addictions, and more recently has been adapted 
to the treatment and prevention of obesity  [25,26] . Motivational 
interviewing relies on open - ended questions to assess the degree 
of concern about the child ’ s weight, the child or parent ’ s thoughts 
about what they might change, and their level of confi dence in 
their ability to change. Efforts are made to tie the parent or 
patient ’ s interest in change to more fundamental family values. 
Pediatricians and nutritionists trained in motivational interview-
ing reported high satisfaction with the use of this counseling 
approach, and more than 90% of parents queried reported that 
the pediatrician and nutritionist helped them think about chang-
ing their family ’ s eating habits  [26] . However, randomized trials 
of this approach have only recently begun. 

 A second promising approach is to address parenting style 
directly. A recent study has shown that when compared to 
authoritative parenting styles, authoritarian, permissive, and 
neglectful parenting styles were associated with a higher preva-
lence of obesity in young children  [27] . This fi nding suggests that 
interventions that directly address parenting styles may be an 
effective adjunct to other behavioral interventions. In a study 
targeting parenting styles, both short - term  [28]  and long - term 
 [29]  weight losses were greater among parents treated in groups 
than among children treated in groups. In the only study of its 
type, the Positive Parenting Program  [30] , developed to provide 
parents with the parenting skills necessary to change dysfunc-
tional behaviors, was applied to overweight 6 – 9 - year - old children 
 [31] . A parenting group that focused on parenting plus lifestyle 
modifi cation had a greater decrease in BMI z - score than a wait -
 list control and a parenting alone group.  

  Use of  a ggressive  d ietary  t herapy 
 Although the use of restrictive dietary therapy in severely obese 
patients was cited by the Expert Committee, its use was not 
described in detail. Such diets afford rapid weight loss, and are 
reasonably considered one of the potential therapies employed in 
tertiary care settings. The only low - calorie diet that has been 
studied in the pediatric age group is the carbohydrate - free pro-
tein - modifi ed fast. Because these diets have received only limited 
attention, a full description of the carbohydrate - free protein -
 modifi ed fast is included here to inform tertiary care providers. 
This diet is not appropriate for application in primary care set-
tings because of the specialized care required. However, it seems 
reasonable to include some form of aggressive dietary therapy 

prior to a trial of pharmacotherapy, and certainly before bariatric 
surgery is considered. It should be stressed that much of what 
follows is derived from my research and clinical experience. The 
literature is too sparse to support a systematic review. Finally, as 
will be obvious from the references, few recent studies of these 
diets have been published. 

 The protein - modifi ed fast (PMF) should be considered for the 
treatment of the severely obese adolescent who requires tertiary 
therapy, or for obese children or adolescents for whom rapid 
weight loss is essential. Major complications that require urgent 
weight reduction include sleep apnea, pseudo - tumor cerebri, 
slipped capital femoral epiphysis, and Blount disease. The diet is 
only appropriate after the more conservative approaches outlined 
above have failed. I refer to the diet as the protein - modifi ed fast 
because of the absence of compelling data that a diet free of car-
bohydrate spares protein better than a diet that contains carbo-
hydrate. For example, in our studies, nitrogen balance was 
signifi cantly better during a hypocaloric diet containing carbohy-
drate than an isonitrogenous, isocaloric, carbohydrate - free diet 
 [32,33] . A carbohydrate - free diet and the ketosis that accompa-
nies it putatively blocks hunger, and appears associated with 
better long - term adherence than a diet that contains carbohy-
drate. However, this assumption has not been tested in a rand-
omized clinical trial. 

 Although the elements of the PMF have been described else-
where  [34 – 36] , few articles have described the more practical 
aspects of its application. In our practice, an essential criterion 
for eligibility was the demonstrated ability to maintain a stable 
weight. This stipulation was based on the premise that relapse 
after substantial weight loss would represent a major setback, and 
that weight maintenance prior to the diet represented an oppor-
tunity to determine if relapse would occur. Additional criteria 
included normal cardiac function, and the family ’ s agreement to 
return to the clinic for follow - up visits at 2 - week intervals for a 
5 - month period. We also told families at the outset that rigid 
adherence was essential, and after they started the diet, failure to 
adhere to it meant that they would have to discontinue the diet. 

 Baseline screens included a CBC and differential, electrolytes, 
calcium, phosphorus, albumin, transferrin, liver enzymes and a 
24 - hour Holter monitor. Lymphocyte counts, albumin, and 
transferrin are used to monitor protein nutriture. Liver enzymes 
were obtained at baseline to identify hepatic steatosis. Mildly 
abnormal liver enzymes are not a contraindication to the diet, 
and often normalize after weight loss  [37] . Laboratory studies are 
repeated monthly, except for the Holter monitor, which we 
repeated every 2 months. In our clinical trials we found no change 
in albumin, lymphocyte count or transferrin. If decreases occur, 
protein intake should be increased. A baseline ultrasound of the 
abdomen to exclude gallstones should be considered, and is 
required for all patients with abdominal pain or a family history 
of gallbladder disease. Characteristics of the diet are shown in Box 
 30.1 .   

 In contrast to adults, in whom losses of nitrogen in the fi rst 2 
weeks of the diet are followed by a plateau, approximately 20% 
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of patients that we  [32,33]  and others  [34 – 36]  studied on diets 
that contained 1.5   g protein/kg ideal body weight (IBW) appeared 
to have ongoing nitrogen losses that failed to plateau. Subsequent 
studies in which we used 2.0 – 2.5   g of protein/kg IBW/d (Dietz, 
unpublished observations) were confounded by implausibly pos-
itive nitrogen balances, which were largely a consequence of the 
limitations of the nitrogen balance technique. Additional studies 
of protein turnover are required to establish the optimum diet to 
protect body protein stores for weight reduction. However, the 
lack of careful studies of protein metabolism under hypocaloric 
conditions in children and adolescents emphasizes the fact that 
the application of these diets to any but the most severely affected 
children and adolescents must be considered with care, and they 
must not be used routinely. 

 The protein source is lean meat, poultry or fi sh. In addition, 
to offer patients some variety, we allowed patients to have up to 
3 ounces of cheese or three eggs/day or any combination of the 
two. This approach made it possible for the patients to have eggs 
or an omelette for breakfast or a chef  ’ s salad for lunch. Diets must 
be virtually carbohydrate free to induce and maintain ketosis. We 
also allowed  ad libitum  low - carbohydrate vegetables. However, 
high - carbohydrate foods such as beans, peas, and eggplant cannot 
be included. On average, these diets contain approximately 1000 –
 1100   kcal. Although this intake is not considered a very low - cal-
orie diet by adult standards, it represents approximately 30 – 50% 
of maintenance calories for normal - weight adolescents. The 
advantage of these diets is that they induce rapid weight loss, and 
allow adherence to be monitored through the presence of ketosis. 

 Patients should monitor their progress daily. Ketonuria occurs 
within 48 hours and may be accompanied by abdominal discom-
fort, headache or malaise, but after ketosis develops, these symp-
toms quickly pass. Ketonuria should be measured and recorded 
daily, and records reviewed at clinic visits to assure adherence. 
Constipation occurs in patients with a poor fl uid intake or whose 
vegetable consumption is low. Orthostatic hypotension is also a 
complication of low fl uid intake. When it occurs, supplemental 
sodium in the form of bouillon may be helpful. Cholelithiasis 
should be suspected in any patient with abdominal pain, and 
excluded with an abdominal ultrasound. Despite the absence of 
carbohydrate, no adverse effects on lipid profi les have been 
apparent, perhaps because of the substantial weight loss  [38,39] . 

In the initial week of the diet, weight loss may approach 3 – 4   kg, 
much of which is attributable to the depletion of body glycogen. 
Thereafter, weight loss is generally 1   kg/week, depending on the 
magnitude of the caloric defi cit. 

 The diet should be discontinued in patients who cannot sustain 
ketosis or who fail to consume the recommended quantity of 
protein. Patients who report that they cannot sustain ketosis may 
be consuming excess carbohydrate - containing vegetables or may 
be consuming additional carbohydrate surreptitiously. The theo-
retical risk for patients who go in and out of ketosis is that this 
process may be accompanied by shifts of potassium in and out of 
cells, and such shifts may increase the risk of a cardiac arrhyth-
mia. In practice, we saw no signifi cant complication associated 
with patients whose ketosis was irregular. However, surreptitious 
carbohydrate consumption represents a signifi cant concern, and 
suggests that the patient may not be an appropriate candidate for 
the diet or that they may be ready to discontinue the diet. Inabil-
ity to take either the calcium or potassium supplements is also 
grounds for discontinuation of the diet, because the early deaths 
in adults associated with low - calorie diets may have resulted in 
part from electrolyte abnormalities, as well as a poor source of 
dietary protein  [40 – 42] . 

 Although we observed no adverse functional or physiologic 
effects of these diets in over 100 patients we studied or treated, 
the concern about these early adverse effects as well as the limited 
experience in adolescents emphasizes the caution with which 
these diets should be used and the need for careful follow - up. 
After the successful initiation of the diet, patients should be seen 
every 2 weeks. The focus of the medical visit is to review the 
records, which must be brought to each follow - up examination, 
to assess the patient for complications, and to repeat the bio-
chemical determinations. The history includes a review of adher-
ence, physical activity, ketosis, food and fl uid intake, KCl, calcium, 
and multivitamin intake, weakness, cardiac irregularities, consti-
pation, diarrhea, and abdominal pain. Physical examination 
should include weight, blood pressure, cardiac auscultation, and 
palpation of the abdomen. Visits should also focus on whether 
the family and social environments continue to support this rig-
orous dietary approach. 

 Because we lacked any information on the long - term effects of 
the PMF in adolescents, we were reluctant to continue the PMF 
for more than 5 months. When the patient had completed the 
PMF, they were gradually weaned to a diet that contained carbo-
hydrate. We began weaning with the addition of one carbohy-
drate exchange (approximately 100   kcal) for 2 days, followed by 
additional carbohydrates at 2 – 3 - day intervals. Ketosis ends 
promptly. After ketosis ended, KCl was discontinued. When 3 – 4 
carbohydrate exchanges had been added, protein intake was 
reduced to 1.5   g/kg IBW/day. The gradual weaning approach sus-
tains weight loss after ketosis ends  [38] . Patients were warned to 
anticipate weight maintenance or mild weight gain after the diet 
ended. Weight gain is attributable to glycogen repletion and 
emphasizes the need for gradual reintroduction of carbohydrate 
while a caloric defi cit is maintained. Counseling to prevent 

Box 30.1  Components of the protein - modifi ed fast 

    2.0 – 2.5   g protein/kg IBW per day 

 Carbohydrate free 

 Calcium carbonate, 1000   mg daily 

 KCL, 30   mEq/d 

 Multivitamin with minerals daily 

 48 oz fl uid/day 

 Monitor urine ketones bid  
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relapse must be initiated as the end of the PMF nears, and close 
follow - up is essential thereafter to assure that relapse does not 
occur. 

 Although there have been no long - term randomized trials in 
adolescents, studies in adults have confi rmed that more rapid 
short - term weight loss occurs in low - carbohydrate diets than in 
low - fat diets  [43,44] . However, long - term results of low - fat and 
low - carbohydrate diets do not differ signifi cantly. These results 
indicate that the diet alone is unlikely to have a long - term impact 
on weight without signifi cant attention to weight maintenance 
following weight loss.  

  Pharmacotherapy 
 Although drug therapy plays an increasingly important role in the 
treatment of obesity in adults, few trials of drug therapy have been 
conducted in children and adolescents. Only orlistat and sibu-
tramine have been approved for use in children and adolescents. 
A 12 - month randomized trial of sibutramine in obese adolescents 
demonstrated that its use in combination with behavior therapy 
was associated with a 2.6 BMI unit greater weight loss than a 
placebo in combination with behavior modifi cation  [45] . Signifi -
cant improvements occurred in levels of triglycerides, HDL cho-
lesterol, insulin, and diastolic and systolic blood pressure. 
Although withdrawal from the study because of complications 
was comparable for both drug and placebo groups, dry mouth, 
constipation, dizziness and insomnia occurred more frequently 
in the group treated with sibutramine. 

 A second large randomized trial compared the effect on weight 
loss of 120   mg of orlistat three times daily for 12   months to a 
placebo control in a group of obese adolescents  [46] . Behavior 
modifi cation was employed in both groups to alter diet and exer-
cise patterns. BMI decreased by 0.55 units in the orlistat group, 
but increased by 0.31 BMI units in the control group. Only 
diastolic blood pressure was signifi cantly improved when the orli-
stat group was compared to placebo - treated controls. Six girls 
treated with orlistat who had a mean weight loss of 17.6   kg devel-
oped asymptomatic cholelithiasis identifi ed by ultrasound during 
the course of the study. 

 The results of these two studies are compared in Table  30.2 . As 
the table indicates, greater weight loss, as well as greater numbers 
of adolescents who lost 5% and 10% of their original weight, 

occurred with sibutramine therapy. Modest differences between 
the two trials were also observed in the control groups, perhaps 
because the intensity of the behavioral interventions also 
differed.   

 Several concerns remain with respect to pharmacotherapy. 
Because most of the subjects in this study had BMIs well above 
the 95th percentile, a minority achieved suffi cient weight loss to 
achieve a weight less than the 95th percentile. Therefore, although 
risk factors improved, and more improvement occurred with 
sibutramine than with orlistat, many of these subjects are still at 
risk for long - term complications because they remain obese. In 
order to sustain these weight losses, prolonged drug use for many 
years may be required, but the effi cacy and potential adverse 
effects of long - term drug use in adolescents remain uncertain. 
Whether pharmacotherapy for obesity is a cost - benefi cial treat-
ment remains uncertain.  

  Bariatric  s urgery 
 Criteria for bariatric surgery for severely obese adolescents were 
outlined in the United States by an expert committee in 2004  [47]  
and were reiterated by the Expert Panel on the Assessment, Pre-
vention, and Treatment of Obesity  [13] . The recommended cri-
teria for surgery in pediatric patients are shown in Box  30.2 . In 
addition to these criteria, the Expert Panel emphasized the need 
for such surgery to be performed by surgeons experienced in 
bariatric procedures, in centers where a team of specialists is 
available to provide the long - term follow - up necessary for the 
medical and psychosocial needs of these patients.   

 The results of bariatric surgery in adolescents have been sum-
marized in an evidence - based review conducted for the Washing-
ton State Health Care Authority  [48] . The report reviewed 16 
published studies that enrolled 494 pediatric patients and con-
cluded that there was moderate evidence that Roux - en - Y gastric 
bypass (RYGB) and laparoscopic adjustable gastric banding 
(LAGB) led to sustained and clinically signifi cant weight loss in 
patients less than 21 years old. Evidence was considered insuffi -
cient to provide quantitative estimates of weight loss following 
bariatric surgery. The evidence indicated that there was a large 
effect on co - morbid conditions such as hypertension, dyslipi-
demia, and asthma in some of the studies, but the evidence was 

 Table 30.2     Comparison of 12 - month placebo - controlled randomized trials of 
sibutramine and orlistat in adolescents  [42,43]   

   Variable     Orlistat 
placebo  

   Sibutramine 
placebo  

   Orlistat     Sibutramine  

  Subjects    181    130    352    368  
  BMI change    +0.31     − 1.2     − 0.55     − 9.4  
  5% weight loss    16%    21.5%    26%    70%  
  10% weight loss    4%    6%    10%    46%  

Box 30.2  Criteria for bariatric surgery in pediatric 
patients   [44]   

    Failure of formal 6 - month weight loss program 

 Physical maturity 

 BMI  ≥ 40 with serious co - morbidities or BMI  ≥ 50 with less 
severe co - morbidities 

 Capable of adherence to long - term lifestyle changes 

 Decision capacity and capable of providing assent  
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considered weak because of the moderate quality and limited 
number of studies. Evidence was insuffi cient to estimate the 
impact of surgery on quality of life improvement or survival after 
any bariatric surgical procedure in this age group. No periopera-
tive mortality was reported in the studies reviewed, but one late 
death was reported in a patient with RYGB. LAGB required reop-
eration in 9% of cases, but no data were available on the rate of 
reoperations for RYGB. Protein - calorie malnutrition and micro-
nutrient defi ciency were the most frequently reported postopera-
tive complications of RYGB, whereas the most frequent 
complication of LAGB was band slippage. Severe adverse events 
after RYGB included pulmonary embolism, immediate postop-
erative bleeding, gastrointestinal obstruction, and staple line leak. 

 While promising, these observations indicate that bariatric 
surgery in pediatric patients must still be approached cautiously 
and in the context of a multidisciplinary team, because the long -
 term consequences of surgery remain uncertain.    

  Adverse  e ffects of  r apid  w eight  l oss 

 Approximately 10 – 25% of obese adults develop gallstones after 
the initiation of a low - calorie diet  [49] . The cholelithiasis that 
occurred in adolescents who had substantial weight losses in 
the sibutramine trial suggests that cholelithiasis is also a risk in 
adolescents with substantial weight loss. Whether gallstones 
are a consequence of the low - calorie diet or secondary to weight 
loss remains uncertain. Nonetheless, abdominal pain in adoles-
cents with substantial weight loss from any intervention should 
prompt an abdominal ultrasound to exclude the possibility of 
gallstones. 

 A second important concern that may accompany counseling 
for obesity is that the patient may develop an eating disorder. 
However, a recent review indicated that dietary interventions 
administered by professionals were associated with minimal risks 
of the development of an eating disorder in overweight children 
or adolescents  [50] . In several of the studies reviewed, no change 
was noted in tests such as the Eating Disorder Inventory or the 
Children ’ s Eating Attitudes Test.  

  Weight  m aintenance after  w eight  l oss 

 Only one randomized trial of strategies to achieve weight main-
tenance after weight loss in the pediatric age group has been 
published  [51] . Subjects were 7 – 12 years old and were rand-
omized to receive no contact (control), behavioral skills mainte-
nance or social facilitation maintenance after 5 months of weight 
loss therapy. The behavioral skills management intervention 
focused on a variety of skills such as enhancing motivation, iden-
tifying high - risk situations that contributed to overeating or 
reducing physical activity, and cognitive restructuring. The social 
facilitation management intervention focused on efforts to build 
a supportive social network, such as building opportunities for 

physical activity with friends and dealing with body image con-
cerns that might impair opportunities for children to engage in 
physical activity with peers. Both of the weight maintenance 
intervention groups included weekly 20 - minute family treatment 
and 40 - minute sessions for separate child and parent groups for 
a 16 - week period. Twenty months after the end of the weight 
maintenance interventions, the mean pooled BMI z - scores in the 
two intervention groups were signifi cantly lower than the mean 
BMI z - score in the control group. When examined separately, 
only the social facilitation maintenance group differed signifi -
cantly from the control group. How these intensive approaches 
can be translated into effective interventions in primary care 
remains to be determined.  

  Care  d elivery  s ystems 

 Because obesity among children and adolescents is so prevalent, 
usual approaches to care based on the traditional patient/pro-
vider paradigm are not likely to provide suffi ciently widespread 
solutions to prevention or treatment. As a consequence, attention 
has begun to focus on the Chronic Care Model  [52 – 56] , also 
known as the Care Model. As originally conceived (Fig.  30.2 ), the 
Care Model focused on changes in information systems, decision 
support, delivery system design, self - management, and a pre-
pared, proactive, practice team. The changes needed to make each 
of these domains more effective are considered in the following 
sections.   

  Information  s ystems 
 As electronic medical records (EMR) become more common-
place, information systems can be developed to make the collec-
tion of information relevant to patient care more effi cient. For 
example, the patient ’ s parent could electronically enter their 
child ’ s medical, dietary and physical activity histories, and the 
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 Figure 30.2     The Chronic Care Model [51,52] . Accessed at  www.
improvingchroniccare.org/index.php?p=The_Chronic_Care_model&s=2 ). 
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review of systems, and relevant fi ndings could be fl agged by the 
computer for the provider ’ s review. Measurements of height and 
weight could also be entered, and absolute and percentile BMI 
routinely calculated, displayed with previous measurements on a 
BMI chart and linked to algorithms for care. After the examina-
tion, the provider could use the same system to order and review 
laboratory fi ndings, or provide the family with counseling mate-
rials or a list of local resources such as those for physical activity. 
Few such systems are currently available. 

 The measurement of BMI is the critical fi rst step in manage-
ment of childhood obesity. For example, in 13 pediatric practices 
in Chicago  [57] , less than a third of obese children and only 5% 
of overweight children had been identifi ed in the medical record. 
However, when obese children were identifi ed, screening or refer-
ral for co - morbidities was three times more likely than for chil-
dren whose obesity had not been identifi ed. 

 In the state of Maine, a network of pediatric practices applied 
the Chronic Care Model to their approach to the identifi cation, 
treatment, and prevention of childhood obesity. At the outset of 
their project, BMI was measured less than 40% of the time. After 
a systematic effort to focus on obesity that involved the develop-
ment of an offi ce team, rates of BMI measurement increased to 
94%  [58] . Other studies have demonstrated that BMI measure-
ments prompt appropriate care  [59]   

  Decision  s upport 
 Decision support refers to systems or materials that improve the 
capacity of the provider to deliver care. Lack of demonstrated, 
reproducible, effective strategies to achieve weight loss is a key 
gap in decision support. 

 Two groups have provided novel approaches to support coun-
seling in primary care settings. Kaiser Permanente developed a 
poster for use in their pediatric examining rooms that focused on 
increasing fruit and vegetable intake and physical activity, and 
reducing sugar - sweetened beverage intake and screen time (Fig. 
 30.3 ) to  “ Get more energy. ”  In addition, the poster included a 
question for families that assessed their readiness to  “ get more 
energy. ”  Because weight was not mentioned as a target, the poster 
could be used for both obesity prevention and control.   

 The American Academy of Pediatrics chapter in the state of 
Maine modifi ed this approach in a number of collaborating prac-
tices. Their strategy is called  “ Keep ME healthy: 5 - 2 - 1 - 0 Power 
Up ”  (Fig.  30.4 )  [60] . ME is a play on the abbreviation of Maine, 
and 5 applies to fi ve fruits and vegetables a day, 2 is for 2 hours 
or less of television a day, consistent with the recommendations 
of the American Academy of Pediatrics, 1 is the 1 hour of physical 
activity recommended daily, and 0 is no sugar - sweetened bever-
age consumption.   

 In both cases, these approaches include the strategies recom-
mended by the Expert Panel on the Assessment, Treatment, and 
Prevention of Childhood Obesity  [1,13]  and implicitly suggest 
that multiple targets will be necessary for successful weight 
control. Furthermore, both approaches have been widely adopted 
by pediatric practices in Maine. Analyses of the effects of the 

application of  “ Keep ME Healthy ”  on weight change are in 
progress (S. Gortmaker, personal communication).  

  Delivery  s ystem  d esign 
 The historical care paradigm of patient/provider interaction is 
inadequate to address a problem that affects 18% of children and 
adolescents in the United States and a growing number of chil-
dren and adolescents in other countries. Physicians are not gener-
ally well trained in behavior change techniques, and rarely have 
the time to address chronic diseases such as obesity in primary 
care settings. Although few examples exist, it appears likely that 
the development of other delivery systems will be required to 
prevent or treat obesity in primary care. For example, treating 
children or adolescents in groups rather than individually offers 
one such potentially effi cient approach, as shown in early studies 
of behavior modifi cation  [17,22] . Furthermore, care overseen by 
a physician but delivered by a nutritionist, nurse practitioner, 
trainer or psychologist might provide a more effi cient and effec-
tive use of time for all concerned.  

  Self -  m anagement 
 Because patients spend most of their time in family, school or 
community settings and relatively little time with their medical 
providers, effective family or self - management is essential to care. 
Although the need for self - management seems obvious, only 
recently has therapeutic attention begun to focus on helping 
pediatric patients and families to develop skills necessary to solve 
problems that exist or arise with respect to food intake or physical 
activity. The focus on patient/family self - management also 
requires changes in the paradigm of care delivery  [61] . The role 
of the provider must shift from solving problems for patients to 
providing patients with the skills to solve problems. This shift 
involves changes in the ways providers interact with patients, so 
that patients rather than physicians defi ne the problem, and 
patients are recognized as those with the experience necessary to 
describe and solve the problems that impair success.  

  Prepared,  p roactive,  p ractice  t eam 
 The optimal product of the application of the Care Model is a 
prepared, proactive, practice team. As indicated above, team 
approaches in primary care settings implemented by a group of 
pediatric practices in the state of Maine led to rapid improvements 
in the frequency with which BMI was collected and recorded. 
However, multidisciplinary team approaches to the delivery of care 
are not likely necessary, practical or cost - effective to address over-
weight or more modest levels of obesity in primary care settings. 
In contrast, the complexity of severe pediatric obesity is likely to 
require a practice team for the assessment and delivery of care in 
a tertiary medical setting, and is recommended for the assessment 
and care of pediatric candidates for bariatric surgery  [47] .  

  Limitations of the  o riginal  C  are   M  odel  
 The prevalence of childhood and adolescent obesity makes it 
unlikely that clinical approaches alone will resolve the current 
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 Figure 30.3     The poster used by Kaiser 
Permanente for addressing the prevention and 
treatment of obesity in their primary care settings 
 [59] . 

epidemic. Self -  or family management is central to the ability of 
families to prevent or control childhood obesity. However, 
because the success of weight management depends as much or 
more on environmental supports for weight control, comple-
mentary changes in the family, school, and community environ-
ment are as important as changes in the medical system to achieve 
successful self - management. Therefore, as shown in Figure  30.5 , 
we accorded the environment as much weight as the medical 
system in the success of care.   

 For example, increases in physical activity are more diffi cult to 
achieve without easy access to safe recreational facilities. Children 
are less likely to walk to school if they live in communities that are 
unsafe or lack sidewalks or crosswalks at intersections. Increases 
in fruit and vegetable intake to reduce the caloric density of the 
diet are less likely if neighborhoods lack access to supermarkets or 
other sources of inexpensive fruits and vegetables. Children 
dependent on school meals will not likely lose weight if there are 
no low - calorie choices available in the cafeteria. 
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 Figure 30.4     The Keep ME Healthy poster 
developed by the Maine chapter of the American 
Academy of Pediatrics  [60] . 
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 Figure 30.5     Adaptation of the Chronic Care Model for obesity. Family/patient 
self - management is central to the model. Public health and clinical approaches 
are essential for successful self - management  [61] . 

 The recognition that medical approaches alone represent an 
inadequate approach to resolving childhood obesity has prompted 
a number of managed care organizations or insurers to invest in 
school - based or community interventions to complement their 
medical efforts. For example, Kaiser Permanente and Blue Cross 
Blue Shield of Massachusetts have partnered with community or 
state programs or health departments to foster the environmental 
changes necessary to the success of clinical programs  [62] . Despite 
the promise of such environmental interventions, few high - 
quality studies of the impact of such interventions on the preven-
tion or treatment of childhood obesity have been published  [18] . 
Nonetheless, these innovative programs provide important 
examples of an emerging convergence of clinical and community 
efforts to address childhood obesity.  

  Innovations in  c are 
 The National Initiative for Children ’ s Healthcare Quality formed 
a nonprofi t Childhood Obesity Action Network in 2006 to share 

innovation and advances in care and policy for childhood obesity 
 [59] . One of the fi rst activities of the network was to post the 
recommendations of the Expert Committee on their website. The 
network provides an important resource for sharing clinical 
insights and training.   

  Conclusion 

 Treatment for the overweight or obese child or adolescent is an 
urgent but poorly met need. Few randomized trials of therapy 
exist and as a result, the literature is insuffi cient to support a sys-
tematic review. Recent recommendations of an Expert Committee 
on the Assessment, Prevention, and Treatment of Childhood and 
Adolescent Obesity provide reasonable strategies for treatment, 
but their effi cacy remains uncertain. Even less guidance exists for 
the treatment of the severely obese child or adolescent. In order 
to address this widespread problem, the systems of care delivery 
will need to be improved. Furthermore, successful modifi cation 
of diets, physical activity, and screen time will require public 
health approaches that complement clinical interventions. 

  Disclaimer 
 The fi ndings and conclusions in this chapter are those of the 
author and do not necessarily represent the views of the CDC.   
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   Introduction 

 The World Health Organization (WHO) convened an expert 
consultation in 1997 which documented the development of the 
global epidemic of obesity  [1] . This consultation drew upon 2 
years of preparatory work led by the International Obesity Task 
Force (IOTF), which included scientifi c contributions from all 
continents. Assessing prevalence and trend data available at that 
time, the expert consultation identifi ed the need for obesity pre-
vention and management strategies for all regions of the world. 

 The conclusion that not only the  “ developed ”  or  “ high -
 income ”  countries were affected by the obesity epidemic but 
developed countries undergoing nutrition transition were also 
faced with a double burden of disease was critical, and reinforced 
the general fi nding of the shift in the global burden of disease 
towards noncommunicable diseases as the major causes of death. 
In addition, given that obesity as a nutritional problem related to 
food access, dietary intake and physical activity is mediated by 
distinct metabolic vulnerabilities which predispose certain popu-
lations to greater risk, the consultation emphasized that obesity 
can become prominent as a health concern while undernutrition 
persists as a signifi cant problem. This greatly increases the com-
plexity of addressing both obesity and undernutrition issues. The 
challenge is how to reduce the consumption of excess calories, 
while also maintaining food supplies and food programs to effec-
tively eradicate hunger and promote appropriate proportional 
growth in stature and weight during child development  [2] . 

 Barely a decade later, the obesity problem has worsened sub-
stantially. High levels of obesity threaten the health and longevity 

of populations, as well as the economies of an ever increasing 
number of countries. Figure  31.1  illustrates trends in adult obesity 
in developed countries, with certain limitations.The scale is 
alarming. The WHO estimates that 1.6 billion overweight people 
aged 15 and over are affected, including 400 million who are 
obese, with the projected numbers increasing to 2.3 billion, 
including 700 million obese, by 2015  [3] . As will be discussed, the 
estimates and projections for the numbers affected by diabetes, 
the co - morbidity most closely linked to obesity, are equally 
alarming, particularly for the Asia - Pacifi c region.   

 The characterization of obesity as a  “ pandemic ”   –  a term once 
thought of as applying only to infectious diseases  –  refl ects the 
seeming spread of obesity both within and across countries. The 
key drivers of the epidemic spread are globalization, urbaniza-
tion, and economic development. Globalization results from 
policies that facilitate cross - national interactions by opening 
borders to link countries through markets, including food 
markets, media, capital transfers and dissemination of techno-
logic advances  [4,5] . Globalization and related aspects of eco-
nomic development can potentially improve population nutrition 
and health, e.g. by improving food supplies and helping to eradi-
cate poverty and malnutrition. However, these processes have 
unfolded in a manner that has the unintended effects of fostering 
dietary patterns and levels of physical activity that predispose to 
obesity while not fully addressing issues of food security. The 
conceptual framework in Figure  31.2  highlights the interplay of 
economic and social change on the food supply and dietary prac-
tices in developing countries with the ultimate paradoxical con-
sequences of increasing malnutrition at the overconsumption 
and chronic disease end of the continuum and increasing rather 
than decreasing social inequities  [4] .   

 The WHO consultation report emphasized the need to under-
stand and address obesity as a  population  problem rather than 
one only for individuals, in part because of the scale, with the 
majority of adults in some countries already overweight or obese. 
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Example of trends in adult obesity in developed countries
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 Figure 31.1     Illustrative analysis of trends in obesity in 13 countries.  (From 
Leach R. International Obesity Task Force.  www.iaso.org .)  
 Figure  31.1  is based on available data gathered routinely by the IASO 
International Obesity Taskforce in its ongoing programme to monitor and analyse 
prevalence data in relation to the global burden of disease. Data are derived 
wherever possible from nationally representative measured surveys. Where this is 
not possible, self reported data, which tend to underestimate prevalence, is 

indicated. Not all surveys are directly comparable because of differences in 
methodology, including age ranges. In the case of Norway, limited local data 
were recalculated. The chart indicates prevalance for BMI    ≥    30 only. In Japan a 
lower threshold of BMI    ≥    25 is in use, which would suggest a higher prevalence 
rising from 16.7% in 1976 – 80 to 24% in 2000, thus suggesting a comparable 
trend and prevalence of obesity in a more vulnerable Asian population. 

Changes in food systems

Economic drivers
• Urbanization
• Market liberalization
   and foreign direct investment
• Increase in incomes

Changes in nutritional status towards overweight and obesity
rapidly increasing rates of non-communicable disease

increase in social inequities
loss of biodiversity
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• Rural and urban migration
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• Sedentary lifestyles

Diets
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   sugar, and salt

Impact

Outcome

Food supply
• Food production based
   on intensive agriculture
• Long product shelf-life
• Supermarkets
   replacing wet markets
• Year-round availability
   of food

 Figure 31.2     Changes in food systems.  (From 
Kennedy et al.  [4]  with permission  .)  

Themes related to the need to restore the ability of populations 
to achieve and maintain an appropriate energy balance have not 
only been integrated into broader WHO strategies related to 
improving dietary quality to curb the global increases in cardio-
vascular diseases and cancer, but have also become priority 

aspects of these strategies  [6,7] . In essence the  “ obesogenic ”  envi-
ronment makes it increasingly diffi cult for individuals to avoid 
the kind of foods that lead to the gradual accumulation of excess 
body fat and the same environment makes it diffi cult to lose 
excess body fat once acquired. The environments to which 
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individuals are exposed frame the social, economic and cultural 
parameters which determine how people undertake obligatory as 
well as voluntary choice behaviors related to eating and physical 
activity. Key drivers of the epidemic are not accessible to change 
by individual, community or even national actions in some cases. 
To break the link between social and economic progress and 
adverse changes in diet and physical activity  [8]  will require care-
fully crafted policy and environmental change based on evalua-
tion and research to identify those measures that are effective 
without new unintended adverse consequences. 

 A current or impending scenario in which the majority of 
people are unable to achieve and maintain a healthy weight is now 
the context in which all obesity prevention, management and 
research endeavors occur. In this chapter, we describe further the 
existing and projected global burden of obesity in adults and 
children, and review associated health implications, highlighting 
important methodologic issues related to tracking and under-
standing the epidemic. The section concludes with a discussion 
of the causal pathways of obesity at the population level as a 
framework for subsequent chapters that address specifi c 
approaches to environmental and policy changes (see Chapters 
 32  –  34   ).  

  Scope of the  p roblem 

 High rates of overweight and obesity have emerged against a 
diverse array of demographic, ethnic, and economic scenarios 
and are evident in every region of the world. Awareness of the 
epidemic has led to increased monitoring of obesity prevalence 
and trends across and within countries, and to clarifying meth-
odologic issues that infl uence these comparisons and projecting 
future trends. In adults, the key indicators are a Body Mass Index 
(BMI), calculated as weight in kilograms divided by the square of 
height in meters, of  ≥ 25 (overweight) and  ≥ 30, respectively. The 
WHO obtains and reports country - specifi c data on obesity preva-
lence  [3,9] . Overweight and obesity prevalence data for both 
adults and children are also compiled by the IOTF, using offi cial 
data from published and unpublished studies supplemented by 
national data provided to WHO in some instances  [10] . Such data 
provide an impression of the scope of the problem of obesity, 
although direct comparisons across countries are complicated by 
the use of different data collection methods, years, and age ranges 
for reporting. Note, for example, the footnoted caveats associated 
with the trend data shown in Figure  31.1 . Mean BMI levels are 
also of interest, although the mean can be misleading in circum-
stances where both undernutrition and obesity are prevalent and 
this is the case in some developing countries  [4] . The WHO defi -
nitions of overweight and obesity for children and adolescents are 
in fl ux due to the evolution of reference data that attempt to 
improve the estimation of what constitutes optimal versus excess 
weight for a given age, height, and gender  [11] . Defi nitions of 
obesity in children must take into account the changes in height 
and body composition of children as they mature. 

  Adults 
 The WHO maps in Figures  31.3  and  31.4 , obtained from the WHO 
website, illustrate the scope of the obesity problem worldwide, using 
prevalence estimates for 2005 and projections for 2015 for males 
and females, respectively. Gender differences are evident. The emer-
gence of high obesity prevalence is more evident for females than 
males so that the potential increase by 2015 is less dramatic than on 
the map for males. The highest levels globally are in the island of 
Nauru and other Pacifi c Islands (Micronesia, Tonga, Cook Islands, 
and Niue). Differences in body composition between Pacifi c and 
other populations suggest that BMI may overestimate some related 
disease risk factors for Pacifi c Islanders  [12] . However, rates of 
diabetes are also among the highest in the world so that the need 
for action to address diabetes in Pacifi c populations is beyond 
dispute. Although there are large areas in parts of Africa where there 
are limited data, recent surveys in parts of sub - Saharan Africa indi-
cate that obesity can be a signifi cant factor, and most areas will be 
affected by 2015 if current trends continue. There is currently evi-
dence to suggest that the prevalence of obesity in countries like 
Tanzania is rising, at least among women  [13] . While earlier surveys 
indicated that the burden of obesity in East Africa appears to be low, 
there are rapid changes occurring in urban areas. In South Africa, 
the prevalence of obesity is already comparable to many Western 
countries and among African woman, of whom 28.4% were obese 
in 2003, begins to approach US levels  [14] .   

 Table  31.1 , which uses the IOTF compilation of country - 
specifi c obesity prevalence data, allows a closer look at the situa-
tion in a set of countries selected to give a diverse picture across 
WHO regions. When the data on overweight and obesity preva-
lence are combined, substantial segments of populations are 
obese or at risk of moving into the obese range, even where 
obesity prevalence defi ned at BMI  ≥ 30 is still relatively low. Some 
populations could soon approach a saturation point when almost 
all adults are in the overweight or obese range.   

 Recent trends in the Pacifi c Islands suggest that obesity preva-
lence can continue to rise to exceptionally high proportions. The 
prevalence of obesity among black American women already 
exceeded 50% when measured in the 2003 – 2004 survey  [15] . This 
phenomenon of population BMI distributions shifting to the 
right and becoming wider and fl atter around a higher mean BMI 
was identifi ed by Rose based on groupings of cross - sectional BMI 
data collected from 52 populations in 32 countries in the INTER-
SALT Study (Fig.  31.5 )  [16] . Figure  31.6  shows this rightward 
shift and fl attening of the BMI distribution in data from the US 
population  [17] .   

 Combined overweight and obesity data also characterize the 
percentage of the population at risk or potentially at risk of obes-
ity - related conditions in Asian populations better than do data 
based on obesity alone. The combined percentages describe a 
wider segment of the BMI distribution. Also, there is now a 
wealth of rigorously collected evidence that the BMI 30 cut - off 
markedly underestimates obesity - related health risks in Asian 
populations. At a given BMI level, percentage body fat and the 
occurrence of type 2 diabetes and obesity - related co - morbidities 
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Prevalence of obesity, males, aged 30+, 2005

Prevalence of obesity, males, aged 30+, 2015

Estimated % of population with BMI ≥30, age-standardized to WHO World population.

Estimated % of population with BMI ≥30, age-standardized to WHO World population.  Figure 31.3     Estimated global prevalence of 
obesity in males 30 years and older in the year 
(a)2005 and (b) 2015. 

are higher in Asian - descent populations compared to other pop-
ulations, i.e. the obesity risk threshold is lower  [18 – 21] . Lower 
BMI cut - offs and clinical or public health action levels for Asian -
 descent populations have, therefore, been recommended  [19,22] . 
This is true for Asians living in Asia as well as those who have 
immigrated to or are born in other countries  [23,24] . 

 The BMI - based data do not account for the distribution of 
body fat, and abdominal obesity is more readily assessed by using 
waist circumference. Depending on the population and the risk 
indicator, abdominal obesity may be more indicative of disease 

risk than generalized obesity. At the time of writing, the WHO 
was in the process of developing standardized defi nitions for 
abdominal obesity, which may also need to take into account 
differences in risk among Asian - descent populations and how to 
cope with such ethnic differences for cross - national comparisons 
in tracking the epidemic. 

 The variations in prevalence between countries refl ect different 
starting points for the BMI distributions prevailing at the time 
the obesity epidemic began to take effect, as well as the nature 
and intensity of subsequent infl uences. This differential impact 
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Prevalence of obesity, females, aged 30+, 2005

Estimated % of population with BMI ≥30, age-standardized to WHO World population.

Estimated % of population with BMI ≥30, age-standardized to WHO World population.

Prevalence of obesity, females, aged 30+, 2015

 Figure 31.4     Estimated global prevalence of 
obesity in females 30 years and older in the year 
(a) 2005 and (b) 2015. 

of the epidemic is also observed within countries, with some 
population subgroups having obesity prevalence that is substan-
tially higher than others. Populations sharing the same general 
environment may vary in socio - economic status and heritable 
factors infl uencing exposure to the obesogenic environment and 
its effects. Obesity prevalence in high - risk groups often predates 
recognition of the pandemic  [25,26]  but also shows trends of 
increase in parallel to increases in the country at large. This 
applies to aboriginal populations in the United States (Native 
Americans) and Canada (First Nations), for example  [24,27,28] . 

In the United States, obesity levels in African - American women 
and Mexican - American men and women were higher than in 
their non - Hispanic white counterparts in the 1980s, and have 
tracked upward to remain substantially higher in the most recent 
national survey data reported  [29] . Lower than average risk for 
obesity may also be defi ned by ethnicity, e.g. the relatively lower 
BMI distribution in Asian - descent populations living within the 
United States  [23] , although as noted previously, the susceptibil-
ity to obesity - related diseases is not low commensurate with the 
BMI levels. 
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 Table 31.1     International Obesity Task Force estimates of overweight and 
obesity in adults, selected countries grouped by  WHO  region 

        Year of 
survey  

   Age 
 range  

   Males     Females  

   BMI 
25 – 29.9  

   BMI 
 30+  

   BMI 
25 – 29.9  

   BMI 
 30+  

  WHO Africa Region  
  Ghana    1997    25+    17.1    4.6    26.9    20.2  
  Seychelles    1994    25 – 64    29.8    8.5    31.6    28.2  
  South Africa    1998    15+    21.1    10.1    25.9    27.9  

  WHO Americas Region  
  Bolivia (urban)    1998    15 – 49     –      –     35.2    11.2  
  Brazil    2001    20 – 64    31.2    10.7    29.2    13.9  
  Canada    2004    18+    42.0    22.9    30.2    23.2  
  Chile (urban)    n/a    25 – 64     –     15.7     –     23.0  
  Mexico    2006    20+    42.5    24.4    37.4    34.5  
  Trinidad  &  Tobago    1999    20+    29.6    10.7    32.6    21.1  
  USA    2003 – 4    20+    39.7    31.1    28.6    33.2  

  WHO Eastern Mediterranean Region  
  Bahrain    1998 – 89    19+    36.7    23.3    28.3    34.1  
  Qatar    2003    25 – 65    34.3    34.6    33.0    45.3  
  Saudi Arabia    1995 – 2000    30+    42.4    26.4    31.8    44.0  

  WHO European Region  
   Bulgaria      2001      15+      38.8      11.3      28.8      13.5   
  Cyprus    1999 – 2000    25 – 64    25.1    7.1    26.7    10.2  
  Czech Republic    1997 – 98    25+    48.5    24.7    31.4    26.2  
  England    2006    16+    44.7    24.9    32.9    25.2  
  France    2006    18 – 74    41.0    16.1    23.8    17.6  
  Greece (Attica)    2001 – 02    20 – 89    53.0    20.0    31.0    15.0  
  Iceland    1991 – 96    18+    47.3    17.0    35.2    18.3  
   Italy      2005      n/a      42.5      10.5      26.1      9.1   
  Netherlands    1998 – 02    20 – 59    43.5    10.4    28.5    10.1  
  Poland    2000 – 01    19+    41.0    15.4    28.7    18.9  
  Portugal    2003 – 05    18 – 64    45.2    15.0    34.4    13.4  
  Slovakia (CINDI) 

Trebisov  
  1998    15 – 64    57    22    56    28  

  Spain    1990 – 2000    25 – 60    45.0    13.4    32.2    15.8  
  Sweden 

(Goteborg)  
  2002    25 – 64    43.5    14.8    26.6    11.0  

  Switzerland 
(urban)  

  2000 – 01    35 – 74    45.9    14.1    27.6    10.4  

  Turkey (urban)    2001 – 02    20+    46.5    16.5    28.6    29.4  

  WHO South East Asia Region  
  India    1998    18+    4.4    0.3    4.3    0.6  
  Cambodia    2000    15 – 49     –      –     5.3    0.5  
  WHO Western Pacifi c Region  
  Australia    2000    25+    48.2    19.3    29.9    22.2  
  China    2002    18+    16.7    2.4    15.4    3.4  
  Japan    2000    20+    24.5    2.3    17.8    3.4  
  New Zealand  *      2002 – 03    35 – 74    49.6    21.2    35.5    22.1  

   Italics indicate self - report;  *  indicates IOTF estimate not available.   

Body mass index (kg/m2)Source: Rose, G. (1991).
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 Figure 31.5     The shifting distributions of BMI of fi ve population groups of men 
and women aged 20 – 59 derived from 52 surveys in 32 countries.  (Reprinted 
with permission of Springer from Rose  [16] .  )  
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 Figure 31.6     Changes in the distribution of BMI between 1976 – 1980 and 
2005 – 2006, adults aged 20 – 74 years, United States.  (Source: Ogden et al  [17] .)  

 The clustering of high risk by race/ethnicity does not necessar-
ily imply genetic differences, in part because racial/ethnic catego-
ries have historical and sociopolitical origins and are often 
strongly related to socio - economic and other environmental con-
ditions  [30,31] . Data to support environmental explanations for 
ethnic differences in obesity include comparisons of indigenous 
North American populations living in different circumstances 
 [32]  and comparisons for people of African descent living in 
urban and rural Africa, compared to the Caribbean, the United 
States, and the United Kingdom  [33] . Trends within African -
 American children suggest relatively greater exposure or response 
to recent obesity - promoting environmental changes compared to 
white children  [34] . African - American children did not have a 
higher prevalence of obesity than US white children in the 1960s, 
but rates have risen more steeply in African - American children 
 [35]  and are now notably higher in African - American than in 
white girls  [15] . Gestational environments may be an aspect of 
the relevant changes, e.g. higher weights of mothers during preg-
nancy may lead to  in utero  effects or fetal programming, with 
both genetic and epigenetic infl uences interacting with an 
obesogenic food environment  [36] . 
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 The potential for spread through social norms and interper-
sonal interactions has also become clearer, with a report from the 
Framingham Heart Study cohorts in the United States suggesting 
that social networks defi ning relationships with others who are 
obese can have a remarkable infl uence on one ’ s likelihood of 
becoming obese  [37] . This same concept of social transmission 
can be extended to characterize the person - to - person spread 
through globalization of media and markets, e.g. changes in social 
norms about eating, physical activity, and weight levels resulting 
from cross - border interactions. 

 The clustering of high or low risk by social position and the shifts 
in the direction of associations between social position and BMI 
levels with societal transitions, even in countries that are relatively 
homogenous by ethnicity, support this line of reasoning. Gradients 
of obesity by socio - economic status (SES) were observed, for 
example, in the MONICA studies of cardiovascular disease in Euro-
pean countries, often the inverse gradient in women that is charac-
teristic of developed countries but also a direct association (obesity 
increasing with increasing socio - economic status) in some emerg-
ing economies and among men  [38] . The 10 - year comparison 
showed shifts in these income and education gradients in parallel 
with societal transitions in these countries so that the inverse gradi-
ent  –  with lowest income populations more obese  –  began to pre-
dominate. The higher risk of obesity among the more advantaged 
groups is also characteristic of developing countries at certain stages 
of social and economic transitions, but ultimately also shifts so that 
higher SES groups have lower prevalence while obesity becomes 
more noticeable among the poor  [39] . However, the impact of the 
obesity pandemic may be to fl atten the gradient of difference on 
obesity levels according to social position as obesity affects more and 
more of the population regardless of social position  [40, 41] .  

  Children 
 The societal nature of the obesity pandemic suggests impacts 
across the life course, and this is evident in country - level data for 
overweight and obesity in children  [42] . For example, in the 
United States, although levels of overweight and obesity are lower 
in children than in adults, when plotted together, the slopes of 
increasing adult and child obesity are remarkably similar  [29] . 
Evidence of pandemic spread in children globally is irrefutable. 
The prevalence data in Table  31.2 , from the IOTF compilation 
 [10] , illustrate variation and levels of child obesity by WHO 
region for a selection of countries similar to that in Table  31.1 . 
Relevant caveats are that child obesity prevalence data are limited 
overall, and data available are not always representative of the 
whole country population; as shown, years and age groups 
reported vary as in the adult data. All data shown in the table use 
the IOTF reference standard for assessing childhood overweight 
and obesity and are based on measurements rather than self -
 report. The IOTF standard is based on reference curves, derived 
from ethnically and geographically diverse populations, which 
link child BMI levels to adult obesity cut - off  [43] .   

 In Table  31.2 , the combined prevalence of overweight and 
obesity in the range of 30% or 40% is observed in data from 

 Table 31.2     International Obesity Task Force estimates of childhood overweight 
and obesity, grouped by  WHO  region (combined prevalence) 

        Year of survey     Age range     Boys     Girls  

  WHO Africa Region  
  Algeria    2003    7 – 17    6.0    5.6  
  Seychelles    1999    5,9,12  &  16    9.2    15.8  
  South Africa    2001 – 04    6 – 13    14    17.9  

  WHO Americas Region  
  Bolivia (urban)    2003    14 – 17    15.6    27.5  
  Brazil    2002    7 – 10    23.0    21.1  
  Canada    2004    12 – 17    32.3    25.8  
  Chile    2000    6    26.0    27.1  
  Mexico    2000    10 – 17    17    20.7  
  Trinidad  &  Tobago    1999    5,6,9  &  10    8.1    8.8  
  USA    2003 – 04    6 – 17    35.1    36  

  WHO Eastern Mediterranean Region  
  Bahrain    2000    12 – 17    29.9    42.4  
  Qatar    2003    12 – 17    36.5    23.6  
  Saudi Arabia    2002    5 – 17    16.7    19.4  

  WHO European Region  
  Bulgaria    1998    7 – 17    18.9    16.1  
  Cyprus    1999 – 2000    6 – 17    25.4    22.6  
  Czech Republic    2001    5 – 17    14.7    13.4  
  England    2004    5 – 17    29    29.3  
  France    2000    7 – 9    17.9    18.2  
  Greece    2003    13 – 17    29.6    16.1  
  Iceland    1998    9    22.0    25.5  
  Italy    1993 – 2001    5 – 17    26.6    24.8  
  Netherlands    1997    5 – 17    8.8    11.8  
  Poland    2001    7 – 9    13.6    14.7  
  Portugal    2002 – 03    7 – 9    29.5    34.3  
  Slovakia    1995 – 99    11 – 17    9.8    8.2  
  Spain    2000 – 02    13 – 14    35    32  
  Sweden    2001    6 – 11    17.6    27.4  
  Switzerland    2002    6 – 12    16.6    19.1  
  Turkey    2001    12 – 17    11.4    10.3  

  WHO South East Asia Region  
  India    2002    5 – 17  *      12.9    8.2  
  Sri Lanka    2003    10 – 15    1.7    2.7  

  WHO Western Pacifi c Region  
  Australia    2003 – 04    6 – 11    23.2    30.3  
  China    1999 – 2000    11  &  15    14.9    8.0  
  Japan    1996 – 2000    6 – 14    16.2    14.3  
  New Zealand    2000    11  &  12    30.0  
  Taiwan    2001    6 – 18    26.8    16.5  

    *  5 – 15 years girls.  
  Only reports refl ecting the last 10 years, based on measured rather than 
self - reported data and using the IOTF cut - offs to defi ne overweight and obesity, 
are included here.  © IASO, October 2007.   
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numerous countries. Observed rates in African countries other 
than South Africa are relatively low, as in adults, but this may 
change. Gender differences within countries may be minimal or 
marked. Girls have a notably higher prevalence of obesity than 
boys in Bahrain and Sweden, whereas boys have a higher preva-
lence in Greece and Taiwan. The same subgroup issues that were 
mentioned for adults also apply to data for children. Children in 
indigenous North American and Australian populations, for 
example, are at higher risk than the counterpart European -
 descent populations  [44,45] . African - American and Mexican -
 American children have higher levels of obesity than non - Hispanic 
white children  [15] . 

 Associations of obesity with SES in children have been less 
consistent than those in adults, in part because studies use differ-
ent SES indices. A systematic review of this association in school -
 age children in Western countries, focusing on studies reported 
from 1989 through 2003, concluded that the association of child 
obesity with parental education is usually inverse  [46 ] . McLaren ’ s 
worldwide review of the SES obesity association, cited above, did 
not include studies of child populations  [40] . An analysis of US 
national survey data found that, while obesity increased in both 
low -  and high - income children aged 12 – 17, the increase in 
obesity was greater among low - income relative to high - income 
children among 15 – 17 - year - old but not 12 – 14 - year - old children 
 [47] . Exposure to and uptake of environmental infl uences that 
predispose to excess weight gain differ and may be relatively 
greater for low - income children at certain ages. 

 Wang and Lobstein  [42]  analyzed worldwide trends, based on 
data published before 2005, for school - age children in 25 coun-
tries and preschool children in 42 countries. With some excep-
tions, e.g. young children in lower income countries, the overall 
fi nding was of increased overweight and obesity. This fi nding is 
clear in summary estimates and projections of child overweight 
and obesity prevalence in broad regions for 2006 and 2010 (Fig. 
 31.7 ). The component that is obesity varies by region  –  about 
one - third in the Americas, less in other regions. US data based on 
comparable, successive national health and nutrition surveys show 
striking tripling or quadrupling of obesity prevalence in school -
 age children and adolescents over the past 3 – 4 decades  [29] . An 
IOTF analysis of trend data for European children indicated 
annual increases of 1.3 million per year in the number of over-
weight and obese children, of which 0.3 million will be obese  [48] .     

  Disease  b urden 

 The health consequences of obesity are well established (see 
Chapters  13  –  19 ) and affect adults and children globally. Table 
 31.3 , taken from the extensive consideration of the implications 
of obesity for the global burden of disease  [49] , quantifi es the 
impact of obesity on several conditions using disability - adjusted 
life - years, or DALYs, as the indicator. Each DALY refl ects 1 year 
of  “ healthy life ”  lost, and therefore includes the burden of disease 
attributable to high BMI but not likely to be refl ected in mortality 
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 Figure 31.7     Projected increase in childhood overweight (including obesity) by 
WHO region. Data for children in the WHO African Region were insuffi cient to 
project prevalence rates.  (Adapted with permission from Wang and Lobstein 
 [42] .  )  

data, e.g. arthritis. Cardiovascular diseases and diabetes are the 
major causes of disease and disability attributable to overweight 
and obesity, providing an urgent mandate for controlling the 
global obesity pandemic. The burden of diabetes risk worldwide, 
of which 58% is attributed to increases in BMI  [49] , is quantifi ed 
in Table  31.4  based on estimates generated by the WHO in col-
laboration with the International Diabetes Federation  [50] . As 
shown, the number of people affected is expected to double by 
2030. The Western - Pacifi c region (Asia and Australasia) is a criti-
cal focal point, representing about half of the total both now and 
in the future. The extremely high burden of diabetes in this region 
refl ects the population size of India and China, together with the 
lower BMI risk thresholds for diabetes development and the high 
burden of diabetes in Pacifi c populations. Subnationally, other 
populations with high levels of obesity also require more atten-
tion in relation to diabetes, e.g. the aforementioned aboriginal or 
ethnic minority populations in the United States, Canada, and 
Australia.   

 The impact of obesity on cancer deserves attention as well  [51] . 
Based on a systematic review of the world literature on diet, 
nutrition, and cancer prevention, the World Cancer Research 
Fund (WCRF) has emphasized the importance of body fatness 
as a risk factor for cancer development  [52] . The WCRF 
report explains that deaths attributed to cancer are increasing 
and contribute substantially to the total number of deaths in 
several countries: for example, 29% of deaths in the US, 18% 
in Mexico, 20% in Brazil, 33% in the UK, 30% in Poland, 33% 
in Spain, 44% in Japan, 22% in China, 15% in India, 35% in 
Australia, 20% in South Africa, and 9% in Egypt. The systematic 
review found convincing or probable evidence of an increased 
risk associated with body fatness, abdominal obesity or adult 
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occurrence of type 2 diabetes is compelling evidence of the poten-
tial for obesity to impact lifetime health  [45,53] . Lobstein and 
Jackson - Leach  [54] , based on a comprehensive analysis for Euro-
pean countries, estimated there were more than 20,000 obese 
children with type 2 diabetes among the population of some 5 
million obese children in the European Union, with 20 times that 
many showing evidence of impaired glucose tolerance. Kelishadi 
 [55]  conducted an extensive, systematic review of obesity levels 
in association with metabolic syndrome risk factors in developing 
countries, using studies published between 1950 and 2007. Even 
considering the limited data and the defi nitional and methodo-
logic issues affecting the ability to compare across studies, the 
studies that were identifi ed indicated substantial prevalence of 
elevated blood pressure and dyslipidemias, with millions of chil-
dren affected.   

  Causal  p athways 

 The etiology of obesity involves many factors. Any consideration 
of causes starts with the deceptively simple observation of a 
chronic positive imbalance of energy intake over expenditure that 
is not corrected by metabolism or needed for growth and devel-
opment. The human body is geared to avoiding hunger and 
storing fat  [1] . The way we live, as a whole, challenges our ability 

 Table 31.3     Burden of disease in  DALY  s  (000 s ) from diseases caused by high  BMI  in adults aged  ≥ 30 years, by subregion 

   Subregion     Osteo -
 arthritis  

   Colon 
cancer  

   Postmenopausal 
breast cancer  

   Endometrial 
cancer  

   Type II 
diabetes  

   Stroke     Ischemic heart 
disease  

   Hypertensive 
disease  

   Total  

  Africa  –  D    37    6    2    2    148    110    199    57    564  
  Africa  –  E    55    9    14    5    240    188    282    94    887  
  Americas  –  A    243    104    77    46    1171    400    1243    195    3479  
  Americas  –  B    193    41    40    77    1367    504    892    309    3423  
  Americas  –  D    22    5    5    22    164    51    91    62    422  
  Eastern Mediterranean  –  B    33    7    6    4    273    84    447    136    990  
  Eastern 
 Mediterranean  –  D  

  70    12    17    6    515    217    865    208    1910  

  Europe  –  A    348    185    127    66    876    619    1271    166    3658  
  Europe  –  B    176    46    35    37    401    559    1304    306    2864  
  Europe  –  C    266    95    66    69    526    1291    2741    208    5262  
  Southeast Asia  –  B    85    21    18    7    555    175    406    201    1468  
  Southeast Asia  –  D    95    8    20    5    916    309    1156    117    2626  
  Western Pacifi c  –  A    74    31    11    9    224    135    134    11    629  
  Western Pacifi c  –  B    421    104    45    33    1503    1280    1139    709    5234  
  World    2118    676    486    386    8877    5921    12,170    2780    33,414  

   DALYs, disability - adjusted life - years.  
  Letters indicate the Global Burden of Disease mortality strata, as follows.  
  A. Very low child, very low adult  
  B. Low child, low adult  
  C. Low child, high adult  
  D. High child, high adult  
  E. High child, very high adult    Source: James  [49] . 

 Table 31.4     Prevalence of diabetes worldwide in 2000 and projected for 2030, 
by region (in millions) 

        2000     2030     % change  

  Americas    33    66.8    +202  
  Africa    7    18.2    +260  
  Europe    33    48    +145  
  Middle East    15.2    42    +280  
  Asia and Australasia    82.7    190.5    +230  
  Total    171    366    +214  

  Source: Diabetes Action Now  [50] . 

weight gain for cancers of the breast and colorectum, for example, 
which appear among the top fi ve causes of cancer in these coun-
tries  [52] . 

  Children 
 The consequences of obesity for health and longevity are also 
affecting children worldwide. The potential lifetime impact of 
obesity beginning in childhood may be overall much greater than 
for adult - onset obesity. Obesity in children, especially older chil-
dren, often tracks into adulthood and the adverse health effects 
of obesity are cumulative over time if children remain obese. The 
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to maintain energy balance. One then asks why this energy imbal-
ance occurs in more and more people and is occurring in all age 
cohorts, but only in the last few decades and at different levels in 
different countries and different population groups within 
countries. 

 The answer  –  a conclusion of the 1997 WHO consultation  [1]  
and of numerous subsequent reviews  –  is that only environmental 
infl uences can explain the rapid increases observed in the preva-
lence of obesity, particularly as these increases have been seen 
throughout diverse segments of populations and across many 
different countries worldwide. Obesity levels change as our envi-
ronments change, whether in Indiana or India. That the increases 
in BMI affect the entire distribution highlights the broad envi-
ronmental causation, i.e. the causes are affecting everyone rather 
than a susceptible minority at the obese end of the continuum, 
as shown in the US population data in Figure  31.6 . In addition, 
observations that people who immigrate to countries begin to 
refl ect the obesity levels in their new country of residence over 
time are further evidence for environmental effects  [23,56 – 58] . 
Within and between societies, obesity varies among subgroups. 
However, no societal groups appear to be completely resistant to 
the factors driving body weight levels up over time. 

 Populations are experiencing profound changes in factors that 
are conducive to obesity development, chiefl y through economic 
growth and globalization of food markets  [1,4,5] . There are many 
sectors of our political economy that play a role in establishing 
this causal web of societal infl uences on obesity at levels extending 
from the home or workplace all the way through to global trade 
agreements and the worldwide reach of multinational corpora-
tions. With rising incomes and urbanization, dietary patterns that 
are high in complex carbohydrates and fi ber give way to more 
varied diets that have a higher proportion of fats, saturated fats, 
and sugars  [59 – 62] . Food production has increased, with concur-
rent increases in food marketing. Vegetable oils and fats have 
become cheap commodities, and even people in low - income 
nations have higher fat consumption than previously. Large shifts 
towards less physically demanding work have occurred on a 
worldwide basis in almost all types of occupations, including 
agriculture. People are also less active because of automated 
transportation, technology in the home, and passive leisure activ-
ities. Few people engage in enough exercise during leisure time 
to compensate for being inactive in their overall daily routines. 

 Potential pathways for environment effects and for related 
environmental and policy changes can be considered using the 
IOTF causal web shown in Figure  31.8   [59] . This framework 
illustrates key infl uences across sectors and levels and suggests 
where policy instruments (e.g. taxation, regulation, restrictions, 
subsidies, incentives) can be used to foster changes in these 
spheres. Relevant potential environmental and policy interven-
tions are discussed in Chapters  32  –  34   .   

 One can begin at the left, thinking through the various aspects 
of globalization and trends in development and transnational 
markets and communication channels, how they cross national 
borders to impact upon the social structure and the people who 

are in equilibrium with that structure. The plane representing 
national policy and perspectives recognizes that in any given 
country or region, the effects of global infl uences will depend on 
sociocultural history, political systems and many other factors 
and may permit, dampen or magnify these effects of the societal 
structure. The vertical listing of sectors recognizes that impacts 
include but are not felt primarily by the public health or health-
care system. The key societal domains of transportation, com-
merce, education, social welfare, community development and 
particularly agriculture are major pathways for factors that infl u-
ence eating and physical activity. Depending on the infl uence and 
on the society in question, where these pathways fi nd targets 
varies. Some reach directly into homes, e.g. through media chan-
nels, while others work through bureaucracies or political struc-
tures that have counterparts at national, state or regional, and 
local levels. 

 One can also begin at the right of the causal web, with those 
factors most proximal to the individual (those in the work, 
school, and home environments) and then move outward to 
include infl uences operating at the community level  –  the systems 
of transportation, public safety, sanitation, and food production 
and distribution. The sectors at these fi rst two levels are related, 
with varying levels of autonomy, to national and regional coun-
terparts, and the national and regional levels in turn are increas-
ingly driven by global marketing, development, and media 
infl uences. Working from either direction underscores the criti-
cal links between individuals ’  daily environments for making 
food and activity choices and the multilevel systems that infl u-
ence those choices. Hence, although the public health and health-
care sectors may feel the most responsibility to address the 
problem of obesity, to do this effectively requires working with 
and through the attitudes, practices, and policy options in the 
multiple other relevant sectors. 

 Given the nature, scope, complexity, and inter - related nature 
of these pathways, it is rare or impossible to generate defi nitive 
proof that a particular factor is causally related to obesity. The 
scientifi c model that allows us to uncover causation through 
experiments (randomized controlled trials) in which we manipu-
late one variable at a time is really not applicable to many envi-
ronmental pathways. We cannot experiment with society as such 
 –  with the economy, with culture and with the environment 
infrastructure. And when we can experiment with some factors, 
it is certainly diffi cult to hold constant what happens in the 
 “ control group ”  and in the surrounding context. Other types of 
evidence can be useful, when applied appropriately and with an 
understanding of the limitations  [63]  

 In thinking about evidence that might be informative about 
where to focus initiatives to reduce population levels of obesity, 
we raise questions such as: 
   •      Can this factor be related to weight gain?  
   •      Are there clear trends in the expected direction in parallel to 
changes in obesity?  
   •      Is this factor more prevalent among obese people or population 
groups?  
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 Figure 31.8     International Obesity Task Force causal web of societal infl uences on obesity.  (Reprinted with permission from Kumanyika et al.  [59] .)    

   •      Can you reduce obesity levels by removing or improving this 
factor?    

 Such questions facilitate a logical approach to using the best 
available evidence to determine whether a factor is likely to hold 
promise as a target for addressing the epidemic. The following is 
a brief discussion of three examples that emerge from this thought 
process related to media environments and use, food marketing, 
and options for physical activity. 

  Is the  i ncrease in  o besity  a ttributable to  c hanges in the 
 m edia  e nvironment,  e .g.  t elevision,  c omputer  g ames or 
the  I nternet? 
 Television (TV) access is highly prevalent  [64]  and may be con-
tributing to the obesity pandemic. The theoretical association has 
several potential mechanisms: TV watching, computer use, and 
electronic games are sedentary activities that compete with physi-
cal activity and are probably not offset by additional physical 

activity. TV is a major route for food advertising and may stimu-
late eating of TV - advertised foods or of food in general. A review 
of 13 cross - sectional and seven longitudinal studies found a rela-
tively consistent association of high levels of TV viewing with 
higher obesity or weight gain across gender, in minority groups, 
and in several countries  [65] .  

  Can the  o besity  e pidemic  b e  a ttributed to the  a mount 
of  f ood  b eing  s old and the  w ay  i t  i s  m arketed? 
 No one questions whether food intake  –  specifi cally overcon-
sumption of calories in relation to expenditure  –  is in the causal 
pathway for obesity but it has been quite diffi cult to show 
the effect in populations in a way that is convincing with respect 
to the need for change. It is very diffi cult to assess subtle 
changes in caloric intake, and to discover whether an individual 
is in a prolonged positive energy balance requires simultaneous 
accurate data on energy expenditure. Hence ascertainment of 
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energy balance as such is beyond the capacity of population 
surveys. 

 Explorations of this issue rely heavily on what might be called 
 “ circumstantial evidence ”  to show that people are eating more 
and, especially, more than they need or can offset by additional 
physical activity and that food - marketing patterns are partly 
responsible for this overconsumption  [66] . Data from the US 
Department of Agriculture can be used to demonstrate such cir-
cumstantial evidence. The steady increase in the number of calo-
ries available per capita parallels the rise in obesity  [67] . Even 
after adjustment for waste, the number of calories available per 
person exceeds the daily need for most individuals. Other evi-
dence relates to portion sizes of packaged foods and restaurant 
meals. The upward trend in portion sizes in the US market is 
legendary and readily observable  [68,69] . Consumption of both 
 “ fast foods ”  and soft drinks has received increasing attention in 
the obesity literature, even in the global market  [70 – 72] . 

 Cost of food is another key issue and one that is especially 
relevant to the excess of obesity in lower income populations. The 
food - pricing structure favors high - calorie foods  –  if one is trying 
to maximize calories for the dollar  [61] . Whether one can actually 
consume a healthy diet on a limited budget is continually debated, 
but relates in part to the time available to prepare food and the 
competing economic activities that are relevant to those, prima-
rily women, who prepare food  [4,73] . However, there are ample 
data to demonstrate that many high - fat or high - sugar foods are 
readily accessible and available, at relatively low cost and in ready -
 to - eat forms. Simulations suggest that increases in prices of 
certain foods could result in a decrease in obesity levels  [62] . 
However, it is also possible that increases in the prices of certain 
core, nutritious foods could further aggravate patterns that rely 
on inexpensive, dense sources of calories that may be uninten-
tionally consumed to excess. The potential benefi ts of having 
regulations that would limit the marketing of energy - dense foods 
to children are supported by impressive evidence  [66,74,75] , and 
guidelines for such regulations have been developed by the IOTF 
in collaboration with Consumers International  [76] .  

  Can the  o besity  e pidemic  b e  a ttributed to  c hanges in 
 o ptions for  b eing  p hysically  a ctive? 
 Physical activity patterns across countries are somewhat consist-
ent with patterns of obesity prevalence; overall, they show that 
car use is more prevalent and walking and cycling are in lower 
frequency where obesity levels are higher  [77] . As already noted, 
sedentary behaviors such as TV watching are increasing world-
wide. Unless people are very active, the potential for decreases or 
increases in physical activity to infl uence energy balance is quan-
titatively less than for changes in food consumption  [67] . The 
upper limit of calories that can be consumed in one meal or day 
is much higher relative to the upper limit of possible energy 
expenditure from physical activity on one occasion or per day. 
The ease of caloric overconsumption is markedly greater than the 
ability to compensate for such overconsumption by increasing 
activity. 

 Decreases in physical activity are critical contributors to 
changes in energy balance in countries or regions where people 
may still have relatively high physical activity, e.g. associated with 
social and economic transitions, including rural to urban migra-
tion, but less so where sedentary forms of work and transporta-
tion, as well as recreation, have already become entrenched. In 
such situations, e.g. in high - income countries, changes in the 
food supply are implicated as the main causes of the epidemic. 
For example, an analysis of the relative contribution of food -
 related and activity - related factors to obesity development in 
countries within the Organization of Economic Co - operation 
and Development (OECD) found consistent support for the 
hypothesis that obesity trends in these countries in recent decades 
are primarily related to changes in food availability and con-
sumption  [62] . This does not alter the relevance of attempts to 
increase physical activity levels in sedentary populations, but 
refl ects the evidence that changes in physical activity may have 
relatively less impact than food consumption changes in the 
recent trends. Physical activity can have benefi ts for overall energy 
balance behaviors that go beyond their energy expenditure equiv-
alents, i.e. as part of a general picture of lifestyle changes that 
involve more active pursuits and to displace sedentary pastimes 
that predispose to overconsumption of high - energy foods and 
beverages. 

 The role of sociocultural variables, mentioned earlier in rela-
tion to different national perspectives, is critical. In any society 
or cultural group there may be aspects of traditional foods or 
food - related rituals that predispose to or protect from overeating, 
or inactivity, under various circumstances  [78,79] . Some cultural 
practices may be protective and explain partly the within - region 
variations in the impact of the epidemic on populations living in 
relatively similar environments (e.g. the long - standing culture of 
using bicycles, with a supporting infrastructure, may provide pro-
tective levels of physical activity in The Netherlands). Cultural 
attitudes and practices related to body image may infl uence 
behavior in relation to obesity. Relevant variables include body 
image and body size norms and concerns, attitudes and norms 
about dieting to lose weight, norms about overeating, attitudes 
and practices related to pregnancy weight gain, physical activity 
preferences and norms, concepts of social status, e.g. having a car, 
and social cultural history (or current experience) with hunger 
and deprivation. 

 Often cultural infl uences are invoked as a potential explanation 
for high levels of obesity in populations that are culturally differ-
ent, e.g. ethnic minority populations  [80] . High levels of obesity 
in minority populations may be attributed to cultural preferences 
for high - fat foods or to neutral or positive attitudes about large 
body size. These factors are probably relevant but can only be 
understood in light of the environments in which these popula-
tions live. Culture interacts with and responds to the environ-
mental context. It is, therefore, useful to focus on  interactions  of 
cultural attitudes and practices that permit or encourage overeat-
ing or inactivity with environments that encourage overeating 
and discourage or prevent physical activity. For example, there 
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are substantial differences in the environments of African - Amer-
icans compared to US whites related to food access and options 
for physical activity, and the environments of African - Americans 
are less favorable in these respects  [34,81,82] . Food access issues 
have also been raised with respect to obesity in Pacifi c popula-
tions  [83] . Qualitative data from Latinas living in the United 
States indicate awareness of the environmental disadvantages in 
the ability to pursue traditional eating and physical activity 
behaviors that are healthful  [84] . 

 Relatively tolerant or even positive attitudes about large body 
size, which are more common in some populations where high 
obesity prevalence has been observed for decades, are in part a 
reaction to perceptions of thinness as indicative of wasting dis-
eases  [85,86] . Being somewhat heavy may be considered prefer-
able to being too thin, and healthier, and dieting may seem 
unnecessary or even risky, leaving one  “ without anything to fall 
back on ”  in case of illness or a food shortage  [86,87] . Further-
more, in a population where the prevalence of obesity is long -
 standing and is very high, e.g. Pacifi c Island populations, 
aboriginal populations or African - American women where prev-
alence of obesity (BMI 30+) among adults may be in the 50 – 80% 
range, perceptions of  “ normal ”  weight may diverge substantially 
from clinical or public health standards. 

 Cultural infl uences change slowly. Given that all our current 
eating and physical activity patterns are culturally supported, 
these infl uences must be understood in formulating initiatives to 
reduce population obesity levels. The infl uence of culture on 
environment is bidirectional. Cultural attitudes and practices 
respond to changes in various aspects of the environment. Con-
sider the changes in cultural attitudes and social norms that have 
followed technologic advances. In this sense, cultural infl uences 
are generally not variables to be targeted for interventions but are 
important to consider when designing initiatives to effect change 
and for understanding how people respond to interventions.   

  Conclusion 

 Obesity considerations now include elements that extend far 
beyond the clinical domain. Obesity has become a societal 
problem of populations, not merely of individuals, and has 
spread to children as well as adults in populations globally. This 
does not mean that hunger and undernutrition have been con-
quered. Quite the contrary. These still persist as major nutrition 
problems in certain regions of the world but co - exist with obesity 
and chronic disease, which have become the major contributors 
to the overall global disease burden. 

 Attempts to ascertain and track trends in obesity prevalence 
have increased since the global pandemic was recognized by 
WHO approximately 10 years ago. Although there are many 
methodologic problems still to be addressed with respect to com-
paring populations, the available data for adults and children 
clearly establish that obesity levels are high in some countries in 
every region of the world, are increasing, and are associated with 

alarming levels of diabetes and cardiovascular disease. Perhaps 
surprising to some, the Asia - Pacifi c region is the most affected by 
obesity and diabetes in terms of numbers, and intensifi ed obesity 
prevention and control initiatives are especially needed in that 
region. 

 The reasons for the trends of increased obesity are environ-
mental factors such as globalization, economic changes, and 
urbanization that have changed the types and quantities of food 
available and the typical levels of physical activity, resulting in 
chronic positive energy balance and increases in average body 
weights. Hence, solutions will involve environmental and policy 
changes  –  in multiple sectors of society and at multiple levels  –  
and a greater focus on prevention to provide the supportive envi-
ronments that may assist individuals to avoid gaining excess 
weight in the fi rst place. Even with the best treatment strategies, 
the numbers becoming overweight or obese will overwhelm our 
capacity for primary care even of secondary conditions such as 
type 2 diabetes. Thus effective prevention strategies provide the 
only option for an ultimate long - term solution to the global 
pandemic.  
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   The  o besogenic  e nvironment 

 Throughout history there have been obese individuals who were 
often the rich and powerful who could display their wealth as 
corpulence. What is new about the modern epidemic of obesity 
is that excessive weight is becoming a mass phenomenon affecting 
a large and growing proportion of the world ’ s population. This 
trend started earliest and has gone furthest in affl uent societies 
such as the United States, the United Kingdom and Australia but 
the direction of travel is unmistakable, with most countries for 
which reliable data exist showing an increase in obesity  [1] . 

 At its most basic, the explanation for these unprecedented 
trends is beguilingly simply. Hill et al.  [1]  point out that the 
increase in weight is the result of a positive shift in the balance 
between energy intake and expenditure for a substantial number 
of individuals in the population. They go on to show that sub-
stantial increases in weight can result from apparently modest 
changes in positive energy balance, as long as these are persistent 
over time. Their study examines high - quality data on body weight 
for representative samples of the US population at different 
points in time. This enables them to plot the frequency distribu-
tion of weight gain. Some individuals lost weight but more 
showed an increase which in some cases was very large. What is 
perhaps surprising is that the average gain over 8 years was only 
about 2 pounds per year which the authors calculate could be 
accounted for by a 15 kilocalories per day positive energy balance 
whilst 90% of the population is gaining 50 or fewer kcal/day. This 
leads them to the challenging conclusion that relatively modest 
reductions in food intake or small increases in physical activity 
would be suffi cient to halt the increase in obesity in the US. 

 Decisions about food intake and physical activity are taken by 
individuals who show large differences in attitudes and behavior. 
These differences, interacting powerfully with genetic factors, 
exert a major infl uence on the risk that any individual will become 
obese  [2] . But the increase in obesity has been far too rapid to be 
accounted for by changes in human nature or genetics which 
change only slowly. Instead we must look to some widespread, 
deep - rooted and powerful forces that have tipped the balance of 
individual behavior towards positive energy balance for much of 
the world ’ s population. 

 Our main focus is on the effects of the built environment but 
we begin by setting this in the context of some broader forces that 
are key elements of what has been called the obesogenic environ-
ment  [3] . We begin with a review of how the environment in 
which humans evolved molded their genetics and physiology and 
how problems have arisen with the rapid shift to a very different 
modern world. Next we consider the implications of recent 
changes in food demand and supply. We go on to review how 
changes in work, transport and leisure have affected levels of 
physical activity and thereby energy expenditure. Finally, we look 
in greater detail at the role of the built environment.  

  Thrifty  g enes 

 Studies of twins and of familial aggregation show the importance 
of genetic factors in determining individual susceptibility to 
obesity  [4] . Within a given population, genetic factors will exert 
a major infl uence on which individuals are obese. However, the 
increases in obesity that have occurred in many populations have 
been too rapid to be accounted for by changes in human genetics 
and must have been the result of changes in the environment 
interacting with a susceptible genome. A number of commenta-
tors  [5 – 8]  have sought an explanation for this susceptibility in 
the contrast between the conditions of life in modern affl uent 
societies and those under which humans as a species have evolved. 
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 Eaton and Eaton  [6]  emphasize that for most of their evolu-
tionary history, humans have lived as hunter/gatherers acquiring 
food by hunting animals, fi shing and gathering of diverse types 
of edible materials from the natural environment. Possessing only 
simple tools, acquisition of the quantities of food necessary for 
survival would have required high levels of physical activity and 
therefore of energy expenditure. It is clear that for our ancestors 
there was a close, obligatory relationship between food energy 
intake and energy expenditure and that they were typically lean 
and physically fi t. This is in stark contrast to modern affl uent 
societies where abundant quantities of food are available for 
minimal energy expenditure as physical activity. 

 Writing more than 40 years ago, Neel  [5]  was one of the fi rst 
to recognize that the relationship between our Paleolithic ances-
tors and their environment may continue to exert an important 
infl uence on the health of the modern population. Neel points 
out that the availability of food would fl uctuate with times of 
abundance and times of scarcity related to factors such as varia-
bility in the climate. In times of scarcity, increased levels of physi-
cal activity might be needed to acquire a dwindling quantity of 
food, leading to a state of negative energy balance and an increased 
risk of malnutrition and death. During these times individuals 
would become increasingly reliant on their body stores of energy 
and those with greater stores would tend to have a better chance 
of survival, especially during famines when those with greater 
reserves of body fat might be less likely to die of starvation. 
However, selection might also have been important under less 
severe, but more common (for example, seasonal) conditions of 
food shortage  [8] . There would have been selection acting via 
differences in fertility as well as mortality  [7] . Famines lead to 
precipitate declines in conceptions and birth rates but even more 
modest seasonal variations in food availability are associated with 
signifi cant reductions in fertility. There would hence be selection 
for genetic traits that allowed some women to conceive under 
such conditions when others could not. Acting via both mortality 
and fertility, there would therefore be selection for genes associ-
ated with the tendency to store excess energy as body fat during 
times of plenty. Neel refers to these as  “ thrifty genes ”  and argues 
that there would be strong selection for such genes during the 
human species ’  long evolutionary history as hunter gatherers. 

 With the development of agriculture from about 12,000 years 
ago, human control over food supply increased but periodic food 
crises related to climate, disease, pests and war remained common 
and so, consequentially, did food crises and the risk of starvation. 
It is possible that selection pressures may even have intensifi ed. 
Wells  [8]  argues that the diversity of sources of food and the 
ability to migrate in search of food probably made outright 
famine relatively rare amongst hunter/gatherers. Instead, selec-
tion pressures would have been dominated by less severe condi-
tions of food shortage such as those associated with seasonal 
factors. However, the increased dependence on a narrower range 
of staple crops and animals and decreased mobility may have 
served to increase the risk of famine in societies based on 
agriculture. 

 Selection for  “ thrifty ”  genes has probably been a powerful 
factor for most of human evolutionary history. However, condi-
tions are very different in modern, affl uent societies where the 
reduction of risk of serious food shortage means that  “ thrifty ”  
genes no longer provide the biologic advantages they have offered 
over most of human evolutionary history. Instead, such genes 
become harmful because they predispose towards obesity in an 
environment of abundant food available for minimal physical 
activity and energy expenditure. Neel  [5]  refers to  “ A thrifty 
genotype rendered detrimental by progress. ”  Chakravarty and 
Booth  [9]  talk of  “  …  a dissonance between  ‘ Stone Age ’  genes and 
 ‘ Space Age ’  circumstances. ”   

  The  f ood  e nvironment 

 Individuals have likes and dislikes that affect what food is con-
sumed but it is a mistake to think of food preferences as being 
simply a personal matter. The very large differences in diets 
between countries with similar levels of economic development 
are testimony to the profound infl uence of history and culture 
on what food is regarded as normal. Equally, the changes that 
have taken place in food - related behavior, such as the increased 
consumption of convenience food, have their roots in deep -
 seated social and economic trends as well as in changing personal 
preferences. What we eat is clearly profoundly affected by what 
is going on in our society, pointing to important sociologic and 
economic dimensions of customary diet. 

 A simple misconception is that obesity has increased because 
people are eating more. For some individuals this may be the case 
but for the population as a whole, this appears not to be so. Heini 
and Weinsier  [10]  compare changes over time in diet and physi-
cal activity using data from a series of large nationally representa-
tive samples of the US population. During the period since the 
1970s when there has been a large increase in obesity, total energy 
intake has actually declined. During the same period average fat 
intake adjusted for total calorie intake has declined signifi cantly. 
Furthermore, the proportion of the US population consuming 
low - calorie products increased dramatically from 19% in 1978 to 
76% in 1991. They refer to these divergent trends in obesity and 
fat intake patterns as  “ the American paradox. ”  Similar evidence 
of a decline in total calorie intake during a period of rapidly rising 
obesity has also been shown for Britain  [11] . The proportion of 
fat in the modern British diet has increased compared to 50 years 
earlier but this rise halted in the 1980s since when there has been 
evidence of a decrease. Data on trends over time in physical activ-
ity are much less complete but nevertheless, both studies con-
clude that the rise in obesity has been driven mainly by a decline 
in energy expenditure because of reduced physical activity and 
more sedentary lifestyles. This does not mean that food intake is 
irrelevant but the issue is not that we are eating more; it is that 
we have failed to reduce food consumption by enough to com-
pensate for the decline in energy expenditure, with a resulting 
shift towards positive energy balance and obesity. 
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 The evidence on the dietary determinants of obesity remains 
controversial  [12]  but it points to two factors as important con-
tributors to the observed breakdown of the innate regulation of 
body weight. These are the energy density of food and portion 
size, both of which appear to be increasing in the modern diet. 
Energy density is a measure of the amount of energy in a given 
weight of food. In an experiment when energy density was 
manipulated but portion size was held constant, subjects ate 
similar amounts of food (by weight), irrespective of energy 
density  [13] . Over a 2 - day period the energy intake of those 
offered lower energy - density food was about 30% less than those 
consuming higher energy - density food, with both groups report-
ing similar levels of satiety. A number of other studies have pro-
duced similar results  [14] . Fat content makes an important 
contribution to the overall energy density of food. Dietary fat is 
readily stored as body fat and is less satiating than isoenergetic 
quantities of other nutrients  [12] . Combined with the palatability 
of high - fat food, there is an obvious potential for overconsump-
tion. However, the obesogenicity may not be a product of the fat 
 per se  but of its high energy density. Sugar is another important 
contributor to energy density and is commonly added to proc-
essed food to increase palatability and improve stability and shelf -
 life. On the other hand, energy density tends to be lower in foods 
with more fi ber and higher water content. Since food processing 
often involves a reduction in fi ber and water, it can lead to an 
increase in energy density. 

 A separate but related issue is that of portion size. For children 
over 3 years of age and for adults, there is clear evidence that 
offering large portions leads to eating more  [14] . It appears that 
despite higher intakes, those presented with larger portions do 
not tend to report increased levels of fullness, suggesting that 
satiety signals are being over - ridden. Furthermore, it appears that 
the portion size and energy - density effects are independent of 
each other, with the highest energy intakes being for those con-
suming the larger portions of higher energy - dense food. 

 If the consumption of large portion sizes of energy - dense food 
does increase the risk of obesity, an important question is why 
such a diet has become so common in countries such as the USA 
and the United Kingdom. The Foresight report  [15]  points to 
some powerful infl uences on dietary choice and Drewnowski and 
Darmon  [16]  emphasize that many of these involve economics. 
Perhaps the most fundamental of these is that as incomes have 
risen, the proportion of total household expenditure devoted to 
food has fallen and this now stands at about 10% for the United 
Kingdom. The result is that the overwhelming majority of the 
population have available to them an abundant supply of palat-
able food that can meet their energy needs at (relative to incomes) 
unprecedently low cost. Within the vast array of food that is 
available to the consumer, it is energy - dense diets characterized 
by refi ned grains, added sugars and added fats that provide energy 
requirements at a lower overall cost than those with larger repre-
sentation of lean meat, fi sh, vegetables and fruit  [16] . Further-
more, the long - term trends are for the costs of items such as fats 
and sugars to fall relative to those for fresh fruits and vegetables 

 [15] . The importance of these economic factors is underlined by 
the results of a national sample survey of adults in the USA  [17]  
which showed that taste and cost were the main factors infl uenc-
ing food choice, especially for those on lower incomes. 

 Another major infl uence on food choice has been the increas-
ing willingness of the population to pay more for the food that 
they consume in return for greater convenience. Part of the back-
ground to this is that rising incomes have allowed an increasing 
number of people to be able to afford the higher prices of more 
convenient food. Another factor has been that more women are 
now in paid employment and thus they have less time available 
for the preparation of food at home  [18] . There are also some 
important drivers on the supply side emanating from the food 
industry. Like any other enterprises in a market economy, food 
companies will seek to expand revenues and profi t. However, the 
severe physiologic constraints on how much food people can 
consume means that simply producing more food is not a viable 
path for growth and profi tability. There is therefore a powerful 
incentive to increase revenues by adding value to food in order 
to persuade consumers to pay more for it. One of the conse-
quences of these diverse forces has been rising sales of conven-
ience foods (ready - meals, take - away food, etc.) that can be 
consumed in the home without the effort required to prepare 
meals from raw ingredients  [15] . Another has been the increasing 
frequency of eating out with especially striking increases in the 
number of meals being consumed in fast - food restaurants  [18] . 
This has important nutritional consequences. Bowman and 
Vinyard  [19]  have shown that in a representative sample of 
American adults, after controlling for age, gender, socio - 
economic and demographic factors, total energy intake and 
energy density increased and micronutrient density decreased 
with frequency of fast - food consumption. Similar results were 
found in a representative sample of American children and ado-
lescents aged 4 – 19 years  [20] . Controlling for demographic and 
socio - economic factors, children who ate fast food (in compari-
son to those who did not) consumed more total energy, more 
energy per gram of food, more added sugars and fewer fruits and 
nonstarchy vegetables. The authors conclude that these dietary 
differences associated with fast - food consumption could plausi-
bly increase the risk of obesity. It has also been shown that portion 
sizes in the USA have increased over time both within the home 
and in fast - food restaurants  [21] . 

 On balance, there seems to be good evidence that affl uent 
countries such as the USA and the UK have shifted towards a 
pattern of food consumption that has probably made the regula-
tion of overall energy balance more diffi cult in the face of a 
decline in energy expenditure.  

  Physical  a ctivity in  w ork,  l eisure and  t ransport 

 Direct evidence on changes over time in physical activity is scarce, 
particularly for comparisons over longer periods of time. In view 
of the evolutionary importance of our hunter/gather origins, an 
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important question is how did levels of physical activity then 
compare with those of typical members of modern, affl uent soci-
eties? To answer this question, archeologic evidence must be 
pieced together with data from contemporary hunter/gather 
populations who are usually restricted to atypical, marginal envi-
ronments. After reviewing this evidence and acknowledging its 
limitations, Eaton and Eaton  [6]  estimate that for Paleolithic 
humans, energy expenditure as physical activity was probably 
about 5.4   MJ per day for a composite (males and females aver-
aged) 57   kg individual. They note that this is in line with what is 
normal for contemporary nonindustrial, physically active popu-
lations such as those in rural Africa. It is, however, strikingly 
higher than the estimate of 2.3   MJ/d for a hypothetic 64   kg male/
female contemporary American. This is closely in line with 
another estimate that energy expenditure from physical activity 
per unit body mass for contemporary Westerners is about 38% 
of that for hunter/gatherer ancestors  [22] . The authors of this 
study calculate that for a typical modern American to approxi-
mate the total energy expenditure/kg/d of hunter/gatherers would 
require the addition of the equivalent of a 19   km walk for a 70   kg 
man to each day ’ s activity level. 

 What about more recent trends? In 1970, which is before the 
major recent increase in obesity, American males were 8.7   kg 
heavier than men measured in 1863 when matched for age and 
height. Food disappearance data are only available from 1909 
onwards but suggest that energy available in the food supply 
remained broadly constant, pointing to a decline in energy 
expenditure by physical activity as a plausible explanation for the 
increase in weight  [6] . A novel perspective on estimating histori-
cal changes in physical activity is provided by a study from 
Australia  [23] . This compared objectively measured physical 
activity in two groups of male Australians aged 30 – 60 years. One 
comprised workers in modern sedentary occupations. The other 
group were actors in an historic theme park near Sydney who 
were employed to play the role of early Australian soldiers, con-
victs and settlers. These were asked to avoid modern technology 
as much as possible when they were not working at the park. Both 
groups wore accelerometers during waking hours for a week and 
mean activity levels were found to be 1.6 times higher in the 
historical than the modern group. This difference was calculated 
to be equivalent to walking an additional 8   km per day. Excluding 
actors for whom there was evidence of dilution of effect by some 
use of modern technologies outside work hours increased the 
contrast in mean activity levels to 2.3 times which is equivalent 
to walking about 16   km per day. This is closely in line with an 
estimate of an average decline in energy expenditure in the United 
Kingdom from World War II to 1995 of about 800   kcal/d  [24] . 
There are no detailed long - term direct measurements to confi rm 
or deny such estimates of a large, and relatively recent, decline in 
energy expenditure. It is, however, possible to examine some 
indirect indicators of change in physical activity for important 
domains such as work, leisure and transport. 

 The energy expenditure in any activity depends on its fre-
quency, duration and intensity. The importance of work for 

overall levels of physical activity of the population arises from the 
involvement of so many people, the long hours and the large 
variations in energy expenditure in different jobs. Ainsworth et 
al.  [25]  give estimates of the rate of energy expenditure for dif-
ferent occupations measured as ratios (MET) of the work meta-
bolic rate to a standard resting metabolic rate. Some examples of 
METs for traditional heavy manual occupations are coal mining 
(6.0), working in a steel mill (8.0), and construction (5.5). These 
are in marked contrast to the estimate of 1.5 MET for typical 
offi ce work, 2.3 for bar or shop work and 3.0 for light/moderate 
assembly work. Given these large differences, changes in the 
occupational structure of the workforce can have a major impact 
on the overall levels of energy expenditure associated arising from 
employment. 

 Reviewing long - term trends in the occupational structure of 
the USA, Sobek  [26]  shows that changes have been profound. In 
1870, 87% of the workforce were in farming or other blue - collar 
jobs likely to involve physical labor but by 1990 this had fallen 
dramatically to only 28%. So in little more than a century America 
had gone from a situation where the overwhelming majority of 
jobs involved signifi cant physical labor to one in which the over-
whelming majority were sedentary. Looking at this in another 
way, the odds for being in a sedentary job versus an active one 
were 17 times higher in 1990 than in 1870. The changes in Great 
Britain have been no less dramatic. In 1950, 54% of employed 
persons were in the industrial sectors of agriculture, fi shing, 
mining, manufacturing and construction which are the ones 
most likely to involve manual labor, whilst in 2006 this had fallen 
to only 17%. It therefore appears that in countries such as the 
USA and Great Britain changes in occupational structure related 
to deep - seated changes in the economy have been suffi cient to 
produce a very marked reduction in the levels of energy expendi-
ture associated with paid employment. 

 However, this is only part of the story. In addition to these 
compositional changes, it is likely that widespread mechanization 
and automation of work will also have produced major reduc-
tions in energy expenditure. Taking farming as an example, Ains-
worth et al.  [25]  give a MET of 8.0 for baling hay but only 2.5 for 
driving a tractor. Milking by hand has a MET of 3.0 whereas 
milking by machine is 1.5. It therefore seems very likely that 
changes in occupational structure together with mechanization 
will have produced very large reductions in energy expenditure 
related to employment. Direct measurements of changes in phys-
ical activity at work are too recent to have been able to capture 
the potentially large longer term declines but they do show a 
continuing fall  [27,28] . 

 In addition to the obvious direct effect on levels of energy 
expenditure, these changes in employment have some other, less 
obvious implications for obesity via their potential interaction 
with diet and leisure - time physical activity. The requirements for 
energy balance dictate that high levels of physical activity at work 
and energy expenditure at work would be accompanied by high 
levels of energy intake from the diet, favoring characteristics such 
as high energy density and large portion sizes. Habituation to this 
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type of diet might make it diffi cult for individuals to adjust to 
the levels of energy intake required following reductions in 
energy expenditure at work. There is also evidence that leisure -
 time physical activity is signifi cantly lower for manual workers 
than for others in less physically demanding jobs  [29,30] . It seems 
plausible that following heavy physical demands at work, there 
might be a preference for more sedentary pursuits during 
leisure hours, although alternative explanations such as income 
and social and cultural attitudes cannot be excluded. If jobs 
making heavy physical demands do indeed discourage involve-
ment in physically active leisure, such attitudes could persist 
even after the levels of physical activity at work have lessened. A 
culture biased towards high intake of energy - dense foods and 
low levels of leisure - time physical activity could persist into a 
new era when energy expenditure in the workplace is much 
reduced. Given the strong relationships between occupation 
and social stratifi cation, this could be a factor in the observed 
association between obesity and social deprivation. There could 
also be a geographical dimension to this with local concentrations 
of obesity in areas which formerly had high concentrations of 
heavy industry such as mining, shipbuilding and steel which then 
suffered major industrial restructuring and loss of manual jobs 
 [31] . 

 Alongside these changes in paid employment, there is also 
evidence of a marked reduction in energy expenditure associated 
with work in the home. Bowers  [32]  traces some remarkable 
changes during the 20th century in the time spent by American 
women on meal preparation and clean - up. In 1900 the average 
woman spent 44 hours per week on food preparation and clean -
 up. By 1950 this had fallen to about 20 hours per week and by 
the end of the century it is estimated that an average of less than 
10 hours per week was devoted to food preparation  [18,32] . The 
increased involvement of women in the workforce has been one 
of the most important infl uences on these trends. In 1900 only 
about 6% of married women were in paid employment whereas 
by 1999 this was over 60%. As the time available for food prepara-
tion in the home has shrunk, the widespread availability of appli-
ances such as freezers, microwave ovens and dishwashers has 
reduced the time and effort needed. The reduction in domestic 
work associated with food preparation has also been intimately 
tied up with the increasing availability of convenience food and 
the growth in eating out. 

 A fascinating insight into the impact of labor - saving devices 
on energy expenditure in everyday domestic tasks is provided 
by data from an experiment by Lanningham - Foster et al.  [33] . 
A sample of healthy men and women were required to carry 
out standardized clothes washing and dishwashing tasks by 
hand and using machines. The amount of time taken to complete 
the task was recorded and energy expenditure was measured 
using indirect calorimetry. No signifi cant difference was found in 
the time taken to complete the tasks but there was a signifi cant 
reduction in energy expenditure when the machines were 
used. It was estimated that subjects would expend an 
additional 44   kcal per day by washing their clothes and dishes 

by hand rather than using typical domestic machines for these 
tasks. 

 As levels of energy expenditure at work have declined, what 
people do during their leisure time has assumed increasing 
importance for overall levels of physical activity. One crucial issue 
is how much time people have for such activities and a recurrent 
complaint is that the other demands on their time make it diffi -
cult for them to take part in physical activities  [1,30] . Time spent 
at work is one important factor and here the trends over time are 
complex. Over the longer term there has been a decline in working 
hours for males but some countries, notably the United States, 
have seen a reversal of this downward trend in recent years  [34] . 
An added complication has been an increasing polarization with 
an increasing proportion of people working very long hours even 
in the context of average declines  [35] . For women the picture 
has been dominated by the increasing numbers entering the 
workforce and for many, increasing hours at work coupled with 
the continuing demands of child care and other domestic respon-
sibilities will constrain the time they can devote to leisure - time 
physical activities. The importance of such factors for leisure -
 time physical activity has been investigated by Burton and Turrell 
 [30] . In a large sample of employed persons aged 18 – 64 in Aus-
tralia, these authors showed that leisure - time physical activity was 
signifi cantly lower for those working longer hours, particularly 
for males. They also showed that leisure - time physical activity 
was signifi cantly lower for those with dependent children, with 
larger effects for women than for men. Consistent with hours at 
work being a constraint on appropriate levels of leisure - time 
physical activity is the observation of a positive association 
between the prevalence of obesity and average hours worked 
across 21 OECD countries  [15] . 

 Notwithstanding questions of time scarcity, another crucial 
issue is the extent to which in modern, affl uent societies such as 
the USA and UK many individuals are choosing to spend their 
leisure time in sedentary pursuits rather than those involving 
more physical activity. Data from the USA show that many Amer-
icans are not physically active on a regular basis, with only a 
minority achieving recommended levels  [36] . Similarly, in the 
UK only about a third of the population are meeting the overall 
levels of physical activity recommended by the Chief Medical 
Offi cer of England  [37] , although there is some evidence of an 
upward trend in sports participation in recent years  [27] . In addi-
tion to the problem of overall low levels of physical activity, there 
has been particular concern about the amount of time spent 
watching television and more recently also on other sedentary 
pursuits such as computer games and time spent online on the 
Internet. A meta - analysis has shown statistically signifi cant posi-
tive associations between body fatness in children and adolescents 
and both TV viewing and video/computer game use and negative 
associations with levels of physical activity  [38] , although the size 
of the effects were estimated to be relatively small. Further evi-
dence of the impact of such sedentary behaviors was found in a 
randomized controlled trial in US elementary school children of 
the effects a 6 - month classroom curriculum to reduce television, 
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videotape and video game use  [39] . This showed that the inter-
vention group had statistically signifi cant decreases in BMI and 
other measures of adiposity relative to the control group. Similar 
positive results for children aged 4 – 7 years were found in a more 
recent randomized controlled trial of the  “ TV Allowance, ”  an 
automated device that controls and monitors the use of televi-
sions or computer monitors  [40] . Children randomized to the 
intervention group showed greater reductions in the targeted 
sedentary behavior, reduced age -  and sex - standardized BMI and 
reduced energy intake than the control group. Positive associa-
tions between TV viewing and the risks of obesity have also been 
found in large prospective cohort studies in both the USA  [41]  
and the United Kingdom  [42] . 

 One of the obvious ways in which television viewing could 
increase the risk of obesity is through its effects on overall levels 
of energy expenditure. Long hours watching television may limit 
the time available for other activities, involving higher levels of 
physical activity, and thereby reduce overall levels of energy 
expenditure. However, there is evidence of an effect on obesity 
even after adjustment for total energy expenditure  [41,42] . A 
plausible explanation for this is that television viewing increases 
the consumption of foods that are associated with increased risk 
of obesity, particularly those that are heavily advertized  [43] . 
Based on an extensive review of the scientifi c evidence, Coon and 
Tucker  [44]  conclude that greater television use is associated with 
higher intakes of energy, fat, snacks and carbonated drinks and 
lower intakes of fruit and vegetables. 

 For most people for most of human history, moving from place 
to place has meant walking. This is still the case for many poor 
people today, particularly in rural areas of Africa and Asia where 
huge numbers of people are on foot collecting water and fi re-
wood, going to work in the fi elds, traveling to market and gener-
ally going about their everyday lives. In addition to many other 
forms of physical exertion, it is estimated that our hunter/gath-
erer ancestors walked and ran for 5 – 10 miles daily as they went 
in search of their food  [45] . The invention of the railway in the 
19th century was a turning point but undoubtedly the most pro-
found change has been the massive growth of availability and use 
of private cars in affl uent countries. The impact on patterns of 
travel has been immense, with the latest National Travel Survey 
for the UK  [46]  showing that 80% of total distance traveled was 
by car or van whereas less than 3% was on foot and less than 1% 
by bicycle. The average distance walked per person fell from 255 
miles in 1975 – 76 to 192 miles in 2003 with the corresponding 
fi gures for cycling being 51 and 34 miles. For short distance trips 
of under 1 mile, walking and cycling are the dominant mode of 
transport, accounting for 79% of the total and for 34% of those 
between 1 and 2 miles. However, this declines rapidly with dis-
tance with very few longer trips being on foot or by bicycle. The 
tendency for average lengths of trips to increase  [46]  is likely to 
be a further constraint on the viability of these forms of active 
travel. This in its turn is closely bound up with aspects of the built 
environment and urban form which are matters to which we now 
turn.  

  The  b uilt  e nvironment 

 Since the end of the 1990s there has been an increasing research 
focus on the role of the built environment as a determinant of 
obesity. This has been partly driven by the development of novel 
models which suggest routes by which environmental character-
istics may infl uence body weight  [47]  as well as the advancement 
of paradigms, such as the social - ecologic theory of health behav-
ior, which proposed that both physical and social environments 
may infl uence obesity via their effect of diet and physical activity 
behaviors  [3] . 

 Whilst much has been written about the potential impact of 
the environment on obesity - related behaviors, existing empiric 
evidence regarding the importance of environmental factors is 
patchy  [48] , with a large amount of the support that is available 
coming from studies focusing on recreational walking in adults. 
In part, this may be to do with the relative ease of measuring 
walking behaviors in an adult population, but the focus ignores 
the signifi cant potential of other forms of activity. Furthermore, 
there is a range of yet to be overcome diffi culties in understanding 
the precise environmental determinants of diet and physical 
activity. One of the most fundamental issues involves the identi-
fi cation of which type of environment, and which components of 
that environment, may be most infl uential. 

 The majority of individuals function in multiple settings, all of 
which may infl uence decisions on food consumption and physi-
cal activity. Different types of environmental infl uences may 
operate across these multiple domains, encompassing not only 
physical characteristics but also those associated with social, cul-
tural, and policy environments. Research has tended to focus on 
the environment of the urban residential neighborhood, in large 
part due to the high availability of data in such localities. As a 
consequence, the ways in which characteristics of rural environ-
ments, or those around workplaces, may be obesogenic is not well 
understood. A further issue is that many environmental and 
social characteristics vary together. For example, deprived neigh-
borhoods often have very different structural characteristics to 
affl uent ones. Failure to adequately account for this risks residual 
confounding whereby apparent associations with environmental 
components may, in fact, be associated with inadequately con-
trolled social factors. Indeed, the problems of confounding may 
be serious enough to explain many of the differences reported 
between published studies. In response, researchers such as Giles -
 Corti et al.  [49]  have called for increased specifi city in studies and 
a move towards the development of models that directly link 
specifi c components of the built and social environments with 
those behaviors which may be most expected to be infl uenced by 
them. 

 Despite the current limitations of this research fi eld, the body 
of evidence suggests that the built environment exerts a clear, 
although relatively modest, effect on behaviors associated with 
obesity. Some of the key evidence from which this conclusion is 
drawn is reviewed here. The studies use a variety of analytic 
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methodologies and are based on data from different sources and 
collected in various ways, and not all studies are of a comparable 
quality. Indeed, most of the evidence published to date comes 
from cross - sectional comparisons where the outcome (for 
example, a measure of body mass) and hypothesized explanatory 
factors (environmental characteristics) are measured at the same 
time. This type of design, whilst the most common, is relatively 
weak as the coincident measurement of hypothesized cause and 
effect means it is not possible to determine if observed associa-
tions are causal or associated with other unmeasured factors. 

  Evidence on the  b uilt  e nvironment and  p hysical  a ctivity 
 It has been widely suggested that an unsupportive environment 
may play a part in the reduction of community levels of physical 
activity and has contributed to the rapid rise of obesity levels. 
Supportive environments have been used as a part of community 
interventions to change and infl uence health behaviors like 
smoking and sexual health; using the environment to promote 
physical activity could contribute to the potential impact of a 
community intervention  [50] . 

 From the results of a 2005 Sport England review  [51] , an evi-
dence - informed model of the potential determinants of physical 
activity was proposed. Key environmental and individual deter-
minants are proposed to interact to achieve two main domains 
of physical activity, namely transport activity and leisure - time 
activity. Key elements of neighborhood variables include parks 
and other green spaces for physical activity, perceived and actual 
safety, land use and residential density, the provision of facilities 
to segregate confl icting road users, and neighborhood attractive-
ness. The model proposes, for example, that increasing opportu-
nities and access to physical activity via safe, high - quality green 
space will be associated with increased physical activity, although 
the existence of an association and how this is modifi ed by indi-
vidual variables requires detailed study. 

 Many authors have used the concept of walkability to defi ne 
the pertinent components of the environment to measure. The 
concept builds upon the work of planners such as Frank Speilberg 
who have proposed that the design of modern suburban areas is 
focused on meeting the needs of those wishing to travel by motor 
vehicle, and they are consequently poorly planned for pedestri-
ans. These ideas have subsequently been developed and empiri-
cally quantifi ed by researchers such as Saelens et al.  [52]  who have 
shown that more  “ walkable ”  neighborhoods, those where more 
walking is reported, can be differentiated from their less walkable 
counterparts by a range of structural characteristics including 
higher residential density, land use mix, street connectivity, 
esthetics, and safety. 

 A large number of studies, the majority from the USA and 
Australia, have examined the associations of environmental per-
ceptions with physical activity. The perceptions of an individual 
may act as a proxy for the true characteristics of their environ-
ment or may be more related to their own underlying attitudes. 
The environmental variables considered include measures of 
safety, availability and access, convenience, local knowledge and 

satisfaction, urban form, esthetics, and the supportiveness of 
neighborhoods. The majority of studies amongst adults that have 
examined the relationship between perceived neighborhood 
safety or crime come from the USA and most have found no 
association with overall physical activity or walking  [53] . Simi-
larly, studies examining the effect of perceived access to facilities 
show no consistent pattern of associations  [54,55] . The concept 
of neighborhood  “ convenience ”  overlaps with perceived access 
and availability but it also adds a dimension of willingness to use 
a facility and hence may indicate, for example, how easily some-
body may fi t a visit to the park into their daily routine. Here there 
is a more consistent pattern, with studies generally reporting 
positive associations for perceived convenience variables with 
walking. Typical of the fi ndings are those of Sallis et al.  [56] , and 
Hovell et al.  [57] , who undertook a longitudinal study examining 
the self - reported neighborhood convenience and physical activity 
status of a random sample of 2053 USA adults. They found a 
strong association between perceptions of convenience of facili-
ties and levels of walking. 

 The concept of  “ urban form ”  encompasses those particular 
attributes of the neighborhood that are related to its structure and 
connectivity  [53] . These include residential density, land use mix, 
connectivity (for example, how easy it is to walk between two 
points in a neighborhood using pavements), and neighborhood 
character. A number of studies have examined the association 
between perceptions of urban form and physical activity although 
no picture of consistent associations emerges from them. For 
example, de Bourdeaudhuij et al.  [54]  found that self - reported 
vigorous and leisure - time physical activity was not associated 
with residential density or land use. Saelens et al.  [58]  constructed 
a summary variable for neighborhood walkability by merging 
data on a variety of perceptions including residential density, land 
use, esthetics, walking/cycling facilities, safety, and crime. They 
characterized neighborhoods as high or low walkability, and 
reported that residents of highly walkable neighborhoods had 
more than 70 minutes of physical activity per week compared to 
their low - walkability counterparts. 

 The concept of a  “ supportive neighborhood environment ”  for 
physical activity suggests that combinations of different compo-
nents of the environment could make it more attractive to physi-
cal activity because of the effect of the sum of its parts, rather than 
the parts alone. This view is supported by ecologic and social 
cognitive psychologic theories of the environment, with certain 
environmental features interacting and reinforcing physical 
activity behavior. However, studies that have attempted to 
produce a summary measure of supportiveness have generally 
not shown consistent positive associations with physical activity 
 [59,60] . Nevertheless, in Perth, Western Australia, Giles - Corti 
and Donovan  [61]  found that adults who perceived that their 
neighborhoods had sidewalks and shops within walking distance 
were more likely to walk for transport and recreation. Amongst 
1936 US adults, Sharpe et al.  [62]  also found that subjects were 
more likely to achieve recommended levels of walking if they 
reported well - maintained sidewalks and the presence of safe areas 
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for exercise in their neighborhood, and a study of children aged 
6 – 11 years in six cities in The Netherlands by de Vries et al.  [63]  
found that the children ’ s perceptions of the  “ activity friendliness ”  
of their neighborhood was the strongest predictor of their overall 
activity level. 

 When physical activity amongst infants and adolescents is con-
sidered, parental environmental perceptions may be even more 
important in determining activity levels than those of the sub-
jects, an issue discussed by Carver et al.  [64] . In their review of 
the environmental correlates of physical activity in youth, Fer-
reira et al.  [65]  found that parental and school indicators were 
strong predictors of activity whilst convincing evidence of other 
environmental factors was not found. Where environmental 
associations have been found, they are most frequently associated 
with safety. For example, Weir et al.  [66]  found that inner - city 
children in New York were less active the more concerned their 
parents were about neighborhood safety, although amongst chil-
dren as young as 10 years of age, Hume et al.  [67]  found that child 
perceptions of the safety of their neighborhood could also be used 
to predict walking frequency. In a sample of children aged 
between 6 and 12 years, Holt et al.  [68]  found that children in 
more walkable areas were more likely to report outdoor play. 

 Compared to studies of perceptions, fewer works have exam-
ined the associations of objectively measured environmental vari-
ables with physical activity. Again, most have been conducted in 
the USA, Australia, and Canada. Environmental variables exam-
ined are diverse and typically derived from on - foot audit or 
observations of the environment, secondary data such as census 
returns, and geographical information systems (GIS). 

 Giles - Corti et al.  [69]  developed an audit tool (POST) to score 
the attractiveness of public open spaces. They found that resi-
dents of Perth with very good access to large, attractive open 
spaces were 50% more likely to achieve high levels of walking. A 
cross - sectional study of 6919 adults from eight European coun-
tries also found that the level of greenery and vegetation around 
the home and surrounding environment was associated with the 
frequency of physical activity  [70] , although Hillsdon et al. [71]  
found no evidence of clear relationships between recreational 
activity and access to green spaces amongst almost 7000 residents 
of a small English city. 

 A limited number of studies have created a summary variable 
for a supportive neighborhood using a combination of secondary 
and GIS variables. In Canada, Craig et al.  [72]  constructed a 
 “ neighborhood supportive environment score ”  for walking using 
18 different variables for walkability. The summary score was 
positively associated with walking to work, after controlling for 
education, income and area poverty. In the USA Pikora et al.  [73]  
also constructed a combined walkability score based on the pres-
ence of features in the local neighborhood including safety, 
esthetics (cleanliness, green space, etc.), function (pavement 
quality, street width, traffi c volume, etc.) and density of destina-
tions such as local amenities and parks. Increased walkability was 
associated with higher odds of walking for recreation and trans-
port after adjustment for potential confounders. Amongst 2650 

Australian adults, Owen et al.  [74]  also reported a strong inde-
pendent positive association between weekly frequency of walking 
for transport and an objectively derived neighborhood walkabil-
ity index. 

 The patterns of associations reported in the literature for other 
objectively measured environmental characteristics such as access 
to built facilities, parks and public open spaces and measures of 
urban form are generally inconsistent, although McCormack et 
al.  [75]  found a dose – response relationship between access to a 
mix of destinations and walking, whereby each additional desti-
nation within 1500   m of individuals ’  residences was associated 
with an additional 11 minutes spent walking per fortnight. 
Coastal proximity and access have also been associated with lei-
sure - time activity in two studies  [61,76] . For example, in Perth, 
Western Australia, Giles - Corti and Donovan  [61]  found that 
access to the beach, assessed at an individual level, was associated 
with an increased likelihood of exercising vigorously and exercis-
ing vigorously at the recommended level. 

 Most research investigating urban design has shown a relatively 
modest but positive association between walking and different 
aspects of design, in particular high land use mix, property 
density, street connectivity and the accessibility of services 
 [77,78] . A limitation shared with studies of perceptions is that 
much evidence comes from the USA where urban structure is 
very different from that found in other countries. Lake and 
Townshend  [79]  also caution that one issue that has not clearly 
emerged from the existing research is whether the mere incon-
venience of owning a car in higher density neighborhoods 
encourages more walking or cycling rather than the driving forces 
being urban structure itself.  

  The  b uilt  e nvironment and  d iet 
 The price and availability of food may mediate the relationship 
between the environment, diet, and obesity. In particular, it could 
be that the local availability of a range of high - quality foods 
improves the quality of diets in local populations. For example, 
Morland et al.  [80]  found that the presence of supermarkets in 
an area was associated with a lower prevalence of obesity, and 
Rose and Richards  [81]  reported a positive association between 
proximity to a supermarket, fruit and vegetable intake and diet 
quality amongst low - income households. However, there are also 
strong associations between foodstuff provision and deprivation, 
making it diffi cult to determine whether any effect of accessibility 
is causal or due to the confounding infl uences of deprivation. 

 Studies in the USA and Canada have generally found that there 
are disparities between neighborhoods in the price and availabil-
ity of food, with lower fat and less energy - dense foods being less 
available and more expensive in poorer communities  [82] . Racial 
differences in the location of supermarkets have also been 
observed, with Zenk et al.  [83]  reporting that supermarkets were, 
on average, 1.15 miles further away for residents of predomi-
nantly black compared to white neighborhoods. Unsurprisingly, 
the diversity of foods available has also been shown to be more 
restricted in rural compared to urban areas  [84] . 
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 Outside the USA, the picture regarding social and environ-
mental equalities in foodstuff provision is less clear. Early studies 
undertaken in the UK during the 1980s and early 1990s suggested 
that inequalities existed, with high prices and poor availability 
being associated with areas of deprivation  [85] . However, many 
of these works were small scale. More recent large and empirically 
robust observational studies have failed to fi nd an independent 
association between neighborhood retail food provision, indi-
vidual diet, and fruit and vegetable intake  [86,87] , differences in 
food price, availability and access to supermarkets between 
deprived and affl uent areas  [88,89] , and reasonable availability of 
a range of  “ healthy ”  foods across contrasting urban areas  [90] . 
Indeed, Pearson et al.  [87]  reported that age, gender and cultural 
factors infl uenced fruit and vegetable intake rather than distance 
to supermarkets. 

 Although much of the evidence concerning the links between 
diet and the retail food environment is cross - sectional, two note-
worthy studies have evaluated the effects of the introduction of 
supermarkets in deprived communities. In Leeds, England, 
Wrigley et al.  [91]  found there were some small improvements 
in fruit and vegetable consumption after supermarket introduc-
tion in an area, with larger improvements being observed in 
individuals initially consuming two or fewer portions per day. 
However, in Glasgow, Scotland, Cummins et al.  [92]  found little 
evidence of any effect; fruit and vegetable consumption increased 
in an area with a new superstore, but notably also increased in a 
control group, suggesting secular changes in consumption may 
have been occurring coincidentally. 

 Eating out accounts for an average of 7.6% of individual energy 
intakes in Western societies  [93] , but foods purchased from fast -
 food outlets and restaurants are up to 65% more energy dense 
than the average diet  [94]  and are associated with lower nutrient 
intakes  [95] . There is evidence that individuals who regularly 
consume these types of foods are heavier than others, even after 
controlling for confounding factors  [96] . Jeffery et al.  [97]  exam-
ined the relationship between access to fast - food restaurants from 
both home and workplace settings using a telephone survey of 
1033 Minnesota residents. They found eating at  “ fastfood ”  (take -
 away) restaurants was positively associated with having children, 
a high - fat diet and high BMI and negatively associated with veg-
etable consumption and physical activity. However, proximity of 
these restaurants to home or work was not associated with eating 
at them or with BMI. 

 A number of studies have shown that the provision of fast - food 
outlets is generally greater in more deprived areas  [98 – 100] . A 
study of the relationship between socio - economic deprivation 
and the location of McDonalds restaurants in England and Scot-
land found that per capita outlet provision was four times higher 
in the most compared to the least deprived census output areas 
 [85] , and Powell et al.  [101]  found that fast - food restaurants were 
more common in predominantly nonwhite areas in the USA. 
Indeed, Maddock  [102]  estimated that the prevalence of such 
outlets explained approximately 6% of the variance in obesity 
levels recorded between residents of American states. 

 Given that obesity, once developed, is diffi cult to rectify, factors 
affecting food choices amongst children are of particular concern. 
Austin et al. [103]  found that fast - food restaurants in Chicago had 
a tendency to be clustered around schools, and Powell et al.  [104]  
reported that adolescents living in areas with high densities of 
convenience stores had an elevated BMI. Nevertheless, the pro-
viders of food to be consumed outside the home have also been 
identifi ed as an important venue for initiatives to improve dietary 
intake, such as increasing intakes of fruit and vegetables  [79] . 
School environments are receiving considerable attention as they 
can shape the eating habits of young people, which may continue 
into adulthood  [105] . In New Zealand, Carter and Swinburn 
 [106]  found that  “ less healthy ”  choices dominated school food 
sales and concluded that the school food environment was not 
generally conducive to healthy eating. In the UK, the campaign 
by television chef Jamie Oliver was one of the driving forces 
behind the introduction of new nutritional standards in schools 
in September 2006  [107] . 

 In summary, evidence from the USA suggests that the availabil-
ity of high - quality and reasonably priced  “ healthy ”  food is con-
strained for those who live in low - income neighborhoods, and 
that there may be associations between this observation and pat-
terns of poor diet and obesity. Similar fi ndings are not consist-
ently observed elsewhere. This may be due to distinctive social 
and racial patterns of segregation present in US neighborhoods, 
particularly if food supplies are particularly sensitive to these 
factors. However, many of the published research papers are of 
poor quality, based on cross - sectional associations. There is a 
need to build the evidence base with high - quality intervention -
 based studies that examine the effect of interventions that modify 
food availability rather than simply examine associations at a 
single point in time.   

  Conclusions on the  i mportance of the 
 e nvironment  a s a  d eterminant of  o besity 

 The evidence presented here illustrates how the environment 
infl uences levels of physical activity and obesity. It appears that 
any infl uences of the environment are critical yet small in mag-
nitude, that the precise mechanisms by which many components 
may operate are as yet unclear, and the exact environmental 
components that affect body weight and activity are yet to be 
identifi ed. At present, it is diffi cult to determine how appropriate 
environmental modifi cation may either prevent further increases 
in the prevalence of obesity or lead to a reversal of trends. Cer-
tainly, the evidence base available is limited by the wide variety 
of study designs, a general reliance on cross - sectional compari-
sons, and the diversity of fi ndings. 

 It is noteworthy that the evidence suggests that when the role 
of the built environment is examined, perceived environmental 
characteristics show a stronger and generally more consistent 
association with body weight and dietary behaviors than those 
that are objectively measured. This suggests that promising future 
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avenues may seek to modify these perceptions so that the envi-
ronment is seen as a positive facilitator rather than a negative 
barrier for healthy eating and an active lifestyle. One important, 
yet unanswered question is whether the environment exerts its 
greatest effect amongst people for whom exercise is already 
important, who have confi dence to take part in it, and are sur-
rounded by like - minded individuals. Or, if the right kind of envi-
ronment is built, will people start to change their beliefs, leading 
to a collective shift in behavior - modifying attitudes? At present, 
there is no evidence as to whether or not the environment might 
have a differential effect on people with different levels of physical 
activity and body weight. Will modifi cations to the environment 
lead to the commencement of physical activity in the sedentary, 
increase activity in the intermittently active or help the already 
active sustain it? These questions have not been answered. 

 A further diffi culty arises as a result of the problems in captur-
ing the concept of the social norm and modifying that norm. As 
illustrated by the evidence presented in this chapter, there are 
evolutionary pressures meaning that humans readily adapt to 
environments that promote sedentary behavior and poor - quality 
food choices, and cultures exist where being active and eating 
 “ healthy ”  foods are not top priorities. No matter how good the 
availability of high - quality food outlets and physical activity 
opportunities may be in an area, certain individuals may not ever 
use them. The behavior of such individuals may be the most dif-
fi cult to modify, yet from a public health point of view such 
modifi cation may have the greatest impact. Changing behavior at 
the community level and creating cultures of participation may 
be the best solution, which raises unanswered questions as to how 
this might best be done. It is certainly the case that changes to the 
environment alone are unlikely to solve the problems of current 
trends in obesity. Successfully tackling these issues will undoubt-
edly require a range of approaches, and complementary strategies 
addressing the individual, social, and environmental determi-
nants of activities may be a solution.  
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   Introduction 

 Although the argument that obesity is a medical and public health 
problem has won credence in public health circles, that it is a 
failure of social, economic or public policy has been less often 
articulated. Taking the example of the UK (although the analysis 
is potentially applicable to many other societies), this chapter 
seeks to redress that imbalance by examining the powerful forces 
engaged in creating obesity within commerce and markets 
(supply chain factors), within government (the role of the state) 
and among individuals, families and communities (as consumers 
or in other capacities). It argues that policy makers must recog-
nize that the rise in obesity represents challenges for all three 
arenas. The chapter concludes by sketching the parameters of a 
new ecologic public health approach, which clarifi es the different 
dimensions of existence  –  physical, physiologic, social and cogni-
tive  –  in which the obesity drivers exposed by research are mani-
fest. It is proposed that tackling obesity will require an immense 
and complex concerted effort, analogous to efforts to combat 
climate change, across all four dimensions by all three sets of 
forces  –  supply chains, government and people themselves. 
Minor adjustments, for example those which appeal solely to 
individual behavior change, will in contrast produce only minor 
effects.  

  Background 

 Like others, we see the recent rise in obesity as the result of past 
decades of societal, technical and ideologic change. The pace and 
scale of change may only now be gaining attention, but the evi-
dence has been strong for decades  [1] . Part of the search for 
solutions must be the investigation not just of what the drivers 
of obesity over time have been but how they interact. Too many 
analyses of obesity are locked into disciplinary  “ boxes ”  when, 
given the complexity and breadth of such drivers  –  what we refer 
to refer to here as  “ interdimensionality ”   –  it ’ s likely that obesity 
requires a broader interdisciplinary analysis and a sustained, 
society - wide response. By implication,  “ quick fi xes ”  or single -
 factor remedies are unlikely to work. 

 On a positive note, political processes, globally, regionally and 
nationally, are beginning to emerge giving due priority to the 
issue and the severity of warnings. In the UK, after a National 
Audit Offi ce report and the Chief Medical Offi cer ’ s clarion call 
about obesity being a  “ timebomb, ”  obesity climbed up the 
national policy agenda  [2,3] . A parliamentary inquiry spelled out 
the complexity of the issues and gave suggestions for direction of 
travel  [4] . All the devolved governments of the UK now have 
commitments to tackle obesity. In England, after an arguably false 
start in seeing obesity solely within the area of individual choice, 
a more integrated obesity strategy  –  a balance of social determi-
nants and calls for individual behavior change  –  has emerged  [5] . 
However, even the briefest review of recent trends shows the scale 
of diffi culties and the measure of the forces arrayed against a 
public health approach to obesity. 

 In Scotland, childhood obesity is rising rapidly, with levels of 
overweight and obesity among younger and older children at 
double the levels that might have been expected on the basis of 
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data for the UK as a whole  [6] . Currently in Scotland, 26% of 
women and 22% of men have a Body Mass Index (BMI) of  > 30 
and 65% of men and 60% of women have a BMI of  > 25  [7] . Data 
from the Scottish Health Survey 2003 reported that people living 
in the most deprived areas were more likely than those in the least 
deprived areas to be obese or morbidly obese, and morbid obesity 
was three times higher among women in the lowest - income 
households than in the highest. 

 In England,  The Health of the Nation , the English national 
strategy for public health introduced by a Conservative govern-
ment, established a target to reduce the proportion of obese men 
aged 16 – 64 in the population from 7% in 1986 – 87 to 6% in 2005, 
and obese women from 12% in 1986 – 87 to 8% in 2005. By 1993, 
a review by the National Audit Offi ce showed that the propor-
tions of obese men and women in the population had risen to 
13% and 16%  [8] . By 2003, 22% of men and 23% of women were 
obese  [9] . Childhood obesity in 2 – 10 year olds has risen from 
9.9% in 1995 to 14.3% in 2004. On current trends, 20% of 2 – 10 
year olds, more than 1 million children, will be obese by 2010. 
The most dramatic predictions for future trends came through 
the Foresight obesity study, under the auspices of the Govern-
ment Offi ce for Science. This predicted that by 2050, 60% of men, 
50% of women, half of primary school boys and a fi fth of primary 
school girls will be obese  [10] . 

 In order to redirect these trends, in 2006 the Labour Govern-
ment in England, through the Department of Health, began by 
promoting a new initiative based on social marketing  –  the use 
of commercial marketing techniques for noncommercial pur-
poses  –  called  “ Small Change, Big Difference. ”  Although this 
differed somewhat from the US approach to social marketing, 
focusing heavily on changing individual behavior, it was never-
theless still framed in terms of the personalization of health 
choices  [11] . The Government in England introduced a new 
obesity target for children but, given the greater sweep of oppor-
tunities for intervention by local government, inserted obesity 
prevention into Local Area Agreements (LAA), the national – local 
framework for service delivery. One example of an LAA obesity 
target is for the northern town of Barnsley. Agreed in July 2005, 
this sets a maximum prevalence target for obesity of 15.5% for 
children aged 2 – 10 years  [12] . This fi gure is all the more striking 
given that the prevalence of obesity in 1984 among 4 – 12 year olds 
in England was 0.6% in boys and 1.3% in girls  [13] . Other LAA 
targets relate to precursors of obesity, such as participation in 
sports or access to free school meals. The implication, perhaps, is 
that an ambitious target would not be likely to be achieved. By 
2007, following the publication of the Foresight report, a revamp-
ing of the strategy occurred  [5] , retaining, in part, an emphasis 
on social marketing but also much more focused on changing the 
determinants of obesity, in the words of the accompanying press 
release, by  “ support(ing) the creation of a healthy society  –  from 
early years, to schools and food, from sport and physical activity 
to planning, transport and the health service ”   [14] . This strategy 
is not considered here, but rather the context in which the strat-
egy has been established. 

 The fi gures for most of Europe are not as alarming as for the 
UK. Nevertheless, they are moving in the same direction. In 
policy terms, there is maneuvering and  “ testing ”  of strength of 
feeling and options, with ministries of health, pediatricians and 
others often worried, but politicians in some countries (like Italy) 
resistant. Targets are also being set but as yet, as in the UK, there 
are few strong interventions to deliver them. Currently evolving 
policy frameworks, including that of the European Commission ’ s 
Obesity Round Table begun in 2004 and subsequently the EU 
Platform on Diet, Physical Activity and Health, draw on the 1996 
Amsterdam Treaty health powers, appear  “ soft ”  rather than 
 “ hard ” , and rely on good will and voluntary action more than 
structural, regulatory or fi scal change  [15] . The UK stands in 
contrast to other European countries because obesity is hardly 
ever out of the headlines and the issue of obesity is taken seriously 
by politicians.  

  The  p roblem of  p olicy  c acophony 

 There are many competing diagnoses of what  “ really ”  matters in 
obesity generation and about the evidence. Different analyses and 
policy solutions have been developed and proffered, each clamor-
ing for support, funding and adoption. The increasing sophistica-
tion of different positions actually adds to the complexity of the 
policy challenge. For policy makers, many now worried about the 
cost of obesity (and the spectrum of ailments linked to it, such as 
diabetes), there is a situation we describe as policy cacophony  –  
noise drowning out the symphony of effort. This cacophony is 
not helpful because policy makers need coherent directions on 
which they feel they can deliver. Obesity policy is already weighed 
down by complexity, accentuated by the multilevel (global, Euro-
pean, national, regional and local) nature of modern systems of 
governance. It is also shrouded by ideologic fears such as inter-
ventions being interpreted as  “ nanny - ish ”  or restricting  “ per-
sonal ”  choices in food and lifestyle. The decline in trust afforded 
to government, the loss of deference and increasing individualism 
have propelled the  “ choice agenda ”  based upon the assumption 
that people should make healthier choices for themselves, rather 
than through government  [16] . 

 Compounding this policy cacophony are three other diffi cul-
ties which this chapter sets out to address. The fi rst is timeframe. 
Obesity is a problem that has taken decades to develop. Bar 
sudden external shocks to society, such as a massive oil shortage 
or steep price rises and food shortages that make eating less or 
walking a necessity, it ’ s likely to take many years to bring it under 
control. Yet the political timetable demands quick results. Sec-
ondly, there is a diffi culty about evidence. What many have 
described as an epidemic has been open to wide interpretation 
 –  and what may seem incontrovertible to many is debated by 
others. To some extent, part of the obesity policy problem is the 
evidence, or lack of it. No country has managed to reverse obesity 
trends, or at least not so far. Yet the rise of obesity is literally 
visible and the explanation and ways forward are hard to 
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pinpoint. This does not mean we favor disregarding evidence, but 
rather that we see obesity as a test case for policy changes in 
advance of perfect evidence. Faint hearts privately muse that 
obesity is too complex but we see obesity as akin to climate 
change  –  complex, yes, and demanding fi rm action, however hard 
that might be. The third diffi culty is public knowledge and belief, 
which set the background to government (or for that matter busi-
ness) confi dence that things can and must change. This is the 
issue of  “ lock in ”  or, as economists might say,  “ path depend-
ency, ”  the tendency for societies to maintain patterns of belief 
and behavior (organizationally and individually) until some 
major event resets the default position. Later we look a number 
of scenarios for how this might occur.  

  What  i s the  p roblem  –  and  w hy? 

 Why is obesity a problem? Who is it a problem for? Where did it 
come from? These simple questions have to be asked. Half a 
century ago, in the years following World War 2, millions of UK 
citizens and other Europeans went hungry, and obesity as a 
medical condition appeared little more than a curiosity. These 
events framed determination on both sides of the Iron Curtain 
to rebuild agriculture (albeit in different ways)  [17 – 19] . Even just 
a decade ago, with most of Europe more than adequately fed and 
EU farming policy consuming almost half of the EU budget, the 
average politician might have remarked that obesity was an irrel-
evance. To fi nd a comparable society suffering from obesity 
meant traveling to the USA. 

 Until just two decades ago, Britons fl attered themselves that 
the UK, even with its constricted food culture, possessed factors 
that immunized it from US trends: smaller food portion sizes, 
cost - conscious purchasing habits, a less car - dominated society, 
and perhaps too the personal resolve among its citizens to main-
tain optimal body shape in a social environment less concerned 
with consumption volume. But the UK, and the rest of Europe, 
appears to be steadily succumbing to what is sometimes unfairly 
called the  “ Americanization ”  of diet and society: the rise and rise 
of car culture and other technical  “ advances ”  marginalizing daily 
physical activity; widening distances between homes and work or 
shops; the overconsumption of food accompanied by its unprec-
edented, plentiful availability; the culture of clever and constant 
advertising fl attering choice; the shift from mealtime eating to 
permanent  “ grazing ” ; the replacement of water or milk by sugary 
soft drinks; the rising infl uence of large commercial concerns 
framing what is available and what sells; and more  [20 – 23] . 

 Today, the rise in population weight in the UK remains behind 
US trends, but only as a matter of degree. Copious evidence exists 
that both adults and children are affected by rising weight. The 
UK is now one of the leading countries for population weight 
gain, although there is still considerable variation in trends across 
the OECD countries, as shown in Table  33.1 .   

 Most worryingly, the biggest national weight increases among 
children have been in countries such as Greece and Spain or in 

 Table 33.1     Obese population, % total population,  BMI     >    30   kg/m 2  

        1980     1990     2005  

  Japan (1980, 1990, 2004)    2    2.3    3  
  Switzerland (1992, 2002)        5.4    7.7  
  Norway (1995, 2005)        5    9  
  France (1990, 2004)        5.8    9.5  
  Italy (1994, 2005)        7    9.9  
  Netherlands (1981, 1990, 2005)    5.1    6.1    10.7  
  Sweden (1989, 1997, 2005)    5.5    7.9    10.7  
  Denmark (1987, 1994, 2005)    5.5    7.6    11.4  
  Iceland (1990, 2002)        7.5    12.4  
  Poland (1996, 2004)        11.4    12.5  
  Belgium (1997, 2004)        11.1    12.7  
  Spain (1987, 1995, 2003)    6.8    10.3    13.1  
  Finland (1980, 1990, 2005)    7.4    8.4    14.1  
  Czech Republic (1993, 2002)        11.3    14.8  
  Slovak Republic (1993, 2003)        18.9    15.4  
  Canada (1994, 2005)        12.1    18  
  Luxembourg (1997, 2005)        14.9    18.6  
  New Zealand (1989, 1997, 2003)    11.1    17    20.9  
  Australia (1980, 1989, 1999)    8.3    10.8    21.7  
  United Kingdom (1980, 1991, 2005)    7    14    23  
  United States (1976 – 80, 1988 – 94, 2003 – 04)    15    23.3    32.2  

  Source:   OECD Health Data 2007  [24] . 

the poorer areas of southern Italy, where rates are close to those 
of the US  [25] , areas previously justly celebrated for their diet, 
high in vegetables, pulses and unrefi ned carbohydrates, culturally 
close to the land  [26,27] . While this needs to be researched, it is 
possible that a transition to a diet composed of energy - dense 
foods (high in fat and low in fi ber) makes speediest headway in 
countries that have had high income growth and exposure to 
more commercialized food pressures. Obesity is emerging in 
places with previously strong and protective food cultures, with 
children most at risk. 

 Although obesity is highly complex, there are some core truths 
on which thinking can be developed. We suggest the following. 
   •      Obesity isn ’ t just a phenomenon of the UK or the USA. Rates 
are rising across Europe but there is a particularly worrying accel-
eration of rates among children  [26,28] .  
   •      Obesity is known to lead to medical problems, long docu-
mented although only formally classifi ed by the World Health 
Organization (WHO) in 1997  [1] .  
   •      Obesity is strongly linked with other social and health inequali-
ties and vulnerabilities, such as social class, ethnicity or genetic 
factors  [29 – 33] .  
   •      There are serious and rising social and fi nancial burdens stem-
ming both directly and indirectly from obesity  [34 – 41] .  
   •      Obesity is linked to other societal trends and risks, such 
as changed food production, falling food prices, motorized 
transportation and work – home and lifestyle patterns 
 [1,4,15,29,38,42 – 47] .    
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 Policy makers have been slow to recognize the seriousness 
of the issue, which suggests the public health movement has 
been slow or ineffective in its advocacy work or that the evidence 
isn ’ t easily translatable into policy or lacks political champions 
 [48,49] . 

 Remedies based on individual action alone, whether diet plans, 
surgery or stigma, have limited effectiveness in population terms 
and often come at a high cost. Part of the diffi culty in generating 
effective policy is having a policy package that will deliver a cor-
rective population - wide shift  [26,50,51] . 

 There is a powerful temptation in government to limit actions 
to a choice - based, personalization approach, in part because this 
style of intervention is aligned to the commercial sector ’ s own 
customer management and marketing methods but also because 
a cross - society approach appears so big in conception that it 
appears unachievable and failure is assumed  [52,53] . 

 Both in the UK and more widely in Europe, and despite some 
welcome initiatives  [11,28] , there are, as yet, no comprehensive 
structures or set of policy models for what to do about obesity. 
There is as yet no Finland or North Karelia project doing for 
obesity what that country did for tackling premature diet - related 
ill health from the 1970s  [54] . Europe - wide, we are generally still 
at the  “ talking stage ”  of policy, albeit with some specifi c initia-
tives, some mild if inconclusive results, and a variety of targets, 
rather than well into implementation. 

 Food companies aren ’ t adequately changing their behavior in 
response to the request to do so by the WHO under its  Global 
Strategy on Diet, Physical Activity and Health . An early review 
showed that the big food companies were for the most part 
unconcerned  [55] . A more recent review of companies involved 
in the European Platform on Diet Physical Activity and Health 
complained that company reporting was  “ barely adequate ”   [56] .  

  The  c omplex  c hallenge that  o besity  r aises 
in  t erms of  g overnance:  w ho  d ecides 
 w hich  p olicies? 

 For all the above reasons, obesity has to be seen as not just a 
technical, food, physical activity or healthcare problem but a 
challenge for what sort of society is being built. This is why 
obesity is beginning to engage social policy interest  [57] . The 
deceptively simple issue of how to encourage physical activity 
across daily life and modify dietary intake in fact raises complex 
questions about the need to reshape public policy across a number 
of areas. These include: 
   •      agriculture:     because policy affects what is produced and how 
much  
   •      manufacturing:     for ingredients, portions and products  
   •      retail:     for planning, prices, availability and location  
   •      education:     for health knowledge and food and physical activity 
skills  
   •      public procurement:     for determining the healthiness of food 
choices in institutional or public settings  

   •      culture:     for the shaping of consciousness around consumption 
and physical activity  
   •      trade:     for product pricing and terms of trade  
   •      economics:     for differential taxation and subsidy of foods  
   •      environment:     for the walkability of neighborhoods.    

 Part of the complexity is how to judge what is the appropriate 
level for policy action and intervention. Who is responsible  –  
local, national or international governance? And how radical or 
limited should policy be? Small, incremental, publicity - driven 
(i.e. social market - based) changes might suit the existing balance 
of policy interests, but what if evidence suggests that a more 
extensive, co - ordinated, cross - sectoral and interdimensional 
framework of action would be more effective? 

 The full extent of the interdimensionality of causation was 
constructed in the Foresight  “ obesity map. ”  This resembles a 
bowl of spaghetti (in fact, a presentation of dynamic fl ows around 
energy balance at the center)  [10] . Such mapping and analysis 
support the view, emphasized here, that there may be little pay -
 off from working on one aspect of obesity without tackling other 
determinants as well  [4] . The challenge is to produce policy anal-
yses and solutions that work  across  policy boxes not just  within  
them. 

 And, again, there is the problem of evidence. Despite the per-
sistent calls for evidence - based policy, obesity illustrates the gap 
between policy and evidence  [58] . How much evidence of preva-
lence and impact will it take for policy to change? How might that 
be accumulated and interpreted? Where is the role model (again, 
Finland ’ s North Karelia project) for obesity that might encourage 
policy makers not to be fatalistic about obesity? (Might it be 
Sweden this time? Certainly the debate around obesity in Sweden, 
contrasted with the UK, suggests that a social consensus for 
action is far more likely  [59] .) Is a  “ beacon country ”  even possible 
in a globalizing world? The Finns tell us they could not do today 
what they undertook 30 years ago; today ’ s policy makers lack the 
control over media (advertising, lifestyle), agriculture and cul-
tural coherence that they had then. And is modern policy reliance 
on consumer choice as a driver of change adequate to deal with 
obesity, especially given the vulnerabilities of social class, sex, age 
and genetics? Will better food labeling, despite all the attention 
given to it, have any sustained, positive effect? Or might prices 
that internalize currently externalized health costs be a better 
option  [60 – 63] ? 

 These and many such questions explain why obesity is a major 
challenge not just for European medicine and public health but 
for governance, the art and practice of government and public as 
well as private decision making, let alone shifting food supply 
patterns. It ’ s also the reason why the appeal for policy makers of 
taking a science - based, though in fact medicalized route of indi-
vidualized treatment through drugs, therapy and, at the most 
extreme, bariatric surgery, is still considerable. If obesity is caused 
by a matrix of factors and policies beyond the health sector, how 
can health policy makers win suffi cient attention to ask other 
ministers to drive change? There is a risk of appearing to be doing 
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something, by announcing targets unconnected to intervention 
processes supplemented by a few limited initiatives or projects or 
providing research grants in pursuit of wonder drugs or technical 
fi xes such as functional foods or nutrigenomics. Obesity preven-
tion could even evolve as a major research and policy intervention 
 “ industry, ”  as with drug misuse or tobacco cessation, with 
mounting expense to the public purse, but unable to deal with 
the fundamentals. It may only endlessly address symbols and 
symptoms rather than causes. 

 Even as the scientifi c understanding of obesity becomes more 
sophisticated, the overall policy situation becomes potentially 
more muddled. The lack of solid evidence can lead to uncertainty 
over what action to take  [4,64,65] . Political leadership in the 
name of public health is sorely needed. It was effective in kick -
 starting debate  [3]  but the extent of change needed requires more 
than heroics or advice from on high and the breadth of policy 
change falls beyond the policy expertise of the current cader of 
public health professionals. It requires an entire culture shift by 
society, markets and supply chains and government. No wonder 
obesity is such a thorny problem for policy makers. The public 
health world ’ s divided and confused messages haven ’ t helped. 
More policy - oriented research and thinking are needed to help 
the policy makers  [50] . More research is also needed to demon-
strate the consequences of leaving the situation to itself.  

  Culture: the  “ Cinderella ”   p ublic  h ealth 
 d imension 

 At its simplest level, obesity policy thinking has to center on the 
need to tackle diet and lack of physical activity. The scientifi c 
endeavor is about unraveling their complex interplay. We have 
argued elsewhere that the resulting policy focus on biology or 
social aspects of diet and physical activity has tended to underplay 
the cultural dimension that bonds diet and physical activity 
 [53,57] . 

 Obesity is the manifestation of inappropriate societal struc-
tures framing what people eat and what they do. Such structures 
are expressed in terms of both physiologic (body) and conscious-
ness (mind) processes, expressed as individual and group behav-
iors. Western societies have hitherto produced powerful cultural 
restraints, including personal stigmatization, against overweight 
or obese people (including the word  “ obesity ”  itself). Body weight 
has therefore risen in defi ance of health and appearance norms 
and media representation  [66,67] . While economists have been 
generally disinclined to value cultural factors, some speculate that 
new norms are being generated which are resulting in a social 
accommodation with increasing weight (through a  “ social mul-
tiplier effect ” ), a situation which is unrelated to food prices  [68] . 
The implication might be that social norms are in confl ict between 
those new norms increasingly accepting of fatness (in the US, 
termed  “ fat acceptance ” ) and mass symbolized social aspirations 
based on social class and celebrity culture which requires thin-
ness. Such a mismatch can occur because while obesity (still) 

retains strongly negative associations, the culture of pervasive 
food marketing, food ubiquity and all - hours snacking and drink-
ing does not  [69,70] . 

 Among the conceptual models around obesity, the insightfully 
termed  “ Nutrition Transition ”   [71 – 77]  appears the strongest. It 
has emerged as a central focus of research and policy thinking in 
the developing world and within the WHO. However, we think 
that, despite its strong merits, it deserves to be unbundled. The 
Nutrition Transition is not one process but, in our opinion, three 
transitions of: 
   •      diet  
   •      management of, and human interface with, the physical 
environment  
   •      culture.    
 These three transitions overlap, combine and amplify each 
other. We see reduced chances of any obesity policy being 
effective unless all three are tackled. We therefore argue that 
policy interventions should be judged from the perspective of 
these transitions, rather than in some isolated or disconnected 
way that has the potential allure of inoffensiveness or apparently 
quick results. The notion of transition implies a strongly histori-
cal perspective.  

  What  w ins the  a ttention of  p olicy  m akers? (Is  i t 
 o nly  m onetary  c osts?) 

 We restate the question: why is obesity a problem, and for whom 
is it a problem? The short answer is that obesity is an individual ’ s 
physiologic and personal problem (which they may see as normal 
rather than as a problem) that becomes society ’ s problem. 
Although the media narrative often promotes tales of uncon-
trolled personal consumption and revels in the sheer visibility of 
obesity, the issue that consistently wins attention in policy circles 
is that of costs. Obesity ’ s burden on healthcare, health insurance 
(in the UK, tax) and pension systems is already under pressure in 
rich societies and is potentially unbearable for less rich societies. 

 The USA, as ever, sets the trend. Overweight and obesity affl ict 
respectively two - thirds and one - third of the US population, but 
a possible one - fi fth of US healthcare expenditures will have to be 
devoted to treating the consequences of obesity in the future  [35] . 
The US Surgeon General notes obesity costing up to 6% of 
healthcare budgets, a fi gure now exceeding $100 billion  [78] . 
Obesity is poised to overtake the toll, and health expenditures, 
associated with tobacco  [35] . Over and above direct costs, there 
is the impact of decreased household incomes, earlier retirement, 
and higher dependence on state benefi ts, which overall are likely 
to exceed the medical costs alone  [37] . These trends will be com-
pounded as the weight problems of children and teenagers 
convert into lifetime disease, mental health and other social costs 
 [79] . 

 Such calculations can be made for Europe too. Obesity was 
estimated to account for 2% of total French healthcare costs by 
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1995, long before obesity became a dramatized narrative  [80] . In 
England, the National Audit Offi ce estimated in 2001 that obesity 
cost the National Health Service (NHS) an annual  £ 480 million 
( € 720 million) and the wider economy a further  £ 2.1 billion ( € 3.2 
billion)  [2] . By 2004, that cost was estimated to have risen to 
 £ 3.3 – 3.7 billion ( € 4.95 – 5.55 billion) for obesity alone and  £ 6.6 –
 7.4 billion ( € 9.9 – 11.1 billion) for obesity plus overweight  [4] . In 
The Netherlands, a 2004 study estimated that the proportion of 
the country ’ s total general practitioner expenditure attributable 
to obesity and overweight was around 3 – 4%  [81] . 

 Alive to these EU member - state trends, in 2003 the former EC 
Commissioner for Health and Consumer Affairs cited US evi-
dence as a warning to Europe, stating on one occasion that  “ [i]t 
will take nothing short of a behavioral revolution to stop this 
epidemic in its tracks ”   [82] . Such statements are welcome signs 
of political interest, but how exactly is Europe ’ s behavior to be 
changed dramatically enough? In these societies, is not the con-
sumer sovereign? This is where social marketing ’ s rising appeal 
lies. It echoes conventional marketing, tailored to socially defi ned 
goals  [83,84] . Nevertheless, if social marketing represents the 
market - friendly approach to obesity, its inability to infl uence the 
statistical momentum of obesity may mean its nostrums are 
short - lived. As existing strategies fail and the need for tougher 
lines of approach becomes more apparent, the advice of the 
RAND Corporation, the American think tank created by hard -
 nosed military advisers, which favors stricter controls, such as the 
restriction and licensing of food outlets, may gain a wider hearing 
 [69,70] .  

  Policy  a dvice:  c hoose  y our  t heories  c arefully 

 Part of the diffi culty of translating evidence into policy stems 
from cacophony. Obesity can be theorized in various ways and 
is fi ssured by signifi cant ideologic distinctions: individual/
societal, physiologic/psychologic, economic/cultural, short - /long - 
termism, and more. 

 Governments subscribing to the power of individualism tend 
to propose public health strategies nuanced around consumerist 
ethics. Hence, again, the attraction of social marketing. Social 
marketing, which has its core precepts in faulty individual behav-
iors and beliefs, contains the rhetorically uncomplicated appeal 
to consumers to make  “ healthy choices ”  in the marketplace. 
While having considerable appeal  –  using market mechanisms 
rather than confronting or critically amending markets fl ows with 
the ideologic times  –  even supporters are aware of limitations to 
its effectiveness  [85] . Social marketing isn ’ t a panacea for inaction 
elsewhere in the policy world. If obesity is framed as an individual 
problem, the  “ solution ”  will be focus on personalized interven-
tions  [86] . In circumstances of free information circulation, 
people  “ choose ”  to be overweight simply because they eat too 
much and do too little  [87] . The implication may be that a vastly 
growing proportion of the population, from their own volition, 
are  “ choosing ”  to gain weight. Indeed, there are US economists 

who heartily approve of this conclusion  [46] . There is also a fl ip 
side to the choice thesis which says that people may indeed be 
choosing to be overweight but why is this a problem? According 
to some, obesity is being wildly exaggerated in its signifi cance and 
anyway is no concern of the state; rather, such  “ obesity monger-
ing ”  represents an attempt to mobilize a moral panic  [88,89] . 

 Both sets of propositions are deeply fl awed. The existence of 
the diet industry (special foods, diet books, clubs, etc.) and vast 
numbers of people who say they wish to lose weight and make 
efforts to do so  –  minimally counted as one - third of women in 
the USA or UK at any one time  –  suggests the very opposite. In 
2001 more than half of all Americans attempted weight loss or 
maintenance through dieting and spent more than $33 billion on 
products and services  [90] . Population weight gain is occurring 
in conditions of increasing  “ health consciousness ”  and enormous 
personal effort to be slim. There are notable differences between 
countries in the expression of this trend. For example, North 
American consumers pay more attention to food labels than their 
European counterparts but this might only indicate that such 
information makes little difference to consumption. The underly-
ing point was made earlier: that in many societies, people have 
gained weight under social and cultural conditions which stress 
the opposite. 

 If the focus on individual choice underlying social marketing 
produces diffi culties in analyzing adult obesity, it fails spectacu-
larly for children. While private choices are necessarily part of the 
total explanatory picture for adults, the well - documented rise in 
childhood obesity  –  nationally, regionally and globally  –  means 
that such a highly individualized perspective cannot be applied 
so simply. Children ’ s choices are, for the most part, determined 
by features of the adult - framed environment encompassing diet, 
physical activity and culture  [91,92] . Of course, there is an answer 
to this reality too: blame the parents, as many in society  –  includ-
ing those who are parents themselves  –  do  [93] . 

 Between individualist perspectives and environmental per-
spectives  –  or what we term the ecologic public health approach, 
discussed later in this chapter  –  lie a number of other theoretical 
approaches  [52] . Some have been devized explicitly to identify 
and help us comprehend the determinants of obesity. Some draw 
on other fi elds of inquiry. Some are heavily ideologically framed, 
even when couched in science. Table  33.2  summarizes some of 
these theories and examines their core arguments, evidence and 
proposed solutions. The problem for policy makers is that no 
single theory offers clear - cut solutions.    

  Policy  c acophony: the  i mplications of 
 d ifferent  m odels 

 We view the policy complexity suggested in Table  33.2  as a critical 
starting place for analysis since the differences between the 
models helps to explain why obesity is so problematic and why 
an alternative, unifi ed model is so necessary. Some of the models 
were devized explicitly to address obesity; others we have imputed 
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 Table 33.2     The policy implications of some key obesity theories 

   Theory     Core argument     Example of evidence     Implied solutions     Comment  

  Genetic 
causation  

  The predisposition to lay 
down fat is an 
evolutionary legacy.  

  Predisposition by phenotypes is 
calculable. [94]  The GAD2 gene (on 
chromosome 10, human genome) 
may interact with and speed up 
brain neurotransmitters, which then 
activate part of the hypothalamus, 
stimulating people to eat  [95] .  

  Genomics, gene mapping and 
nutrigenomics. Functional foods 
might help play a part in 
tailoring diets to individual 
predispositions.  

  There is a danger of searching for 
pharmaceutical or bariatric solutions. 
Technologic solutions are unlikely to 
resolve societal problems. At best, 
they are a  “ sticking plaster ”  and 
unaffordable to poor countries.  

  Economic 
transition  

  Lifestyle change is associated 
with development of a 
post - industrial 
consumerist society.  

  Fatty foods are relatively cheaper than 
healthy foods. [26, 96]  There is a 
spread of US - style fast foods. There 
is oversupply of fats and sugars 
compared to WHO/FAO guidelines 
 [97,98] .  

  Once suffi ciently affl uent, people 
will be able to tackle obesity as 
consumers, choosing or not, as 
they wish. At the micro level, 
fi scal measures such as  “ fat 
taxes ”  could be considered.  [63]   

  There is some fatalism that obesity is an 
inevitable consequence of progress.  

  Technolog - ical 
change  

  Oil as a source of energy is 
replacing food as source 
of energy.  

  Fossil fuels are replacing human/
animal motor power  [99] . Human 
physical activity levels decline with 
societal affl uence  [46] .  

  Build in more physical energy use 
into daily life. Design technology 
to help keep intake in balance 
with expenditure.  

  Food companies selling sugary, fatty 
foods tend to like this theory. They 
sponsor sports and physical activity 
while governments promote sports 
strategies.  

  Cultural 
change  

  Marketing and advertising 
installs new cultural 
norms about what and 
how to eat, and how 
much to eat.  

  There has been a worldwide growth 
in advertising foods and soft drinks. 
Advertising changes food 
cultures. [100]  Snacking dominates 
 [101] .  

  Social marketing can emulate 
 “ business ”  marketing.  

  Public health organizations lack suffi cient 
budgets to compete with the food 
industry. McDonald ’ s and Coca - Cola ’ s 
marketing budgets are each twice the 
WHO ’ s full year budget.  [55] .  

  Psychosocial    Food choice is intensely 
personal. Obesity suggests 
people ’ s well - being is not 
being met.  

  Obesity has grown despite cultural 
obsession with thinness and beauty 
 [66,68,102,103] .  

  Family change. Counselling. This is 
required both individually and 
on a mass scale  [104] .  

  This has a tendency to become a 
solution on individualistic rather than 
population basis.  

  Obesogenic 
environment  

  Obesity is a normal 
physiological response to 
an abnormal or 
inappropriate 
environment.  

  Physiology is developed to cope with 
undersupply, not today ’ s 
coincidence of over - , mal -  and 
under - supply and decline in energy 
expenditure  [44,105] .  

  Change the physical and dietary 
environments to allow normal 
physiologic balance to (re)
emerge  [50,51] .  

  This approach is arguably the most 
attuned to social policy thinking.  

  Nutrition 
Transition  

  Rising income leads to 
dietary changes, leading 
to shifts in disease 
patterns.  

  Many studies in developing countries 
suggest the transition does occur 
 [74 – 76] .  

  It ’ s probably too late to prevent 
rising obesity but education may 
help.  

  The Nutrition Transition is a nutrition 
analysis of cultural, social and 
technical change.  

as shaping the determinants of obesity. Some of the models 
clearly overlap; others, to use Thomas Kuhn ’ s term, are  “ incom-
mensurate ”   [106] . Differences of cause attribution imply differ-
ences of strategy and solutions. And, vice versa, different interests 
are drawn to models that reinforce or suit their predilections. 
Commercial interests often (but don ’ t always) favor individual-
ized models, just as public health practitioners often (but don ’ t 
always) favor population - oriented models. Nevertheless, each of 
the models has a reasoned basis and is backed by different aca-
demic, professional, commercial and civic sources. The net result 
is cacophony, with models competing for policy attention, domi-
nance and funds. This cacophony makes policy makers cautious, 
demanding stronger evidence. This exposes the fact that evidence 

is only part of the problem  –  equally important is the thinking 
guiding how evidence is interpreted. In many cases, as the new-
paper columns lengthen, the quest for dispassionate inquiry and 
critical evidence are often eschewed: opinion is enough. 

 The key question is: which model provides the best, most prac-
tical way ahead? Surprisingly, comprehensive answers are scarce 
 [50] . To expect any might even be premature; strategies haven ’ t 
yet been applied for long enough or extensively enough for evi-
dence of dramatic change to emerge. Even if, for example, a drug 
is proven to work at the individual level, its impact across the 
population can ’ t be assumed. Even if a  “ statin ”  for obesity 
emerges, whose responsibility is it to implement a mass prescrip-
tion: the state, the individual citizen (or civil society as a whole) 
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or companies and the marketplace? Policy viability isn ’ t just a 
matter of what works, but what works in a manner that govern-
ments, business and people will fi nd acceptable.  

  How  g ood  a re  p olicy  r esponses  s o  f ar? 

 Summary of intervention trials suggests that some limited gains 
can be made  [107] . But, at the important population level, policy 
responses to obesity have generally been weak. Standing away 
from the politics, most obesity analysts agree that responses are 
implicitly fatalist (accepting inevitable rises), palliative or single -
 factor focused, or else drawn to crisis intervention ( in extremis , 
recognizing the effi cacy of bariatric surgery)  [48] . Variations 
between countries ’  obesity rates are variations in speed of gener-
ally upward trends, although countries with signifi cant regula-
tion, especially of the food industry, appear to have had less of an 
increase. While a few societies  –  again Finland might be men-
tioned  –  have made signifi cant efforts to intervene in heart disease 
 [108] , so far, obesity has received no such startling population -
 wide success. While Nordic countries, with their capacity to forge 
a consensus around a plan of action  [59] , may be able to mitigate 
the determinants of obesity, it may take decades for such evidence 
to emerge. In any case, the social and cultural conditions which 
might promote success in these countries are not so evident 
elsewhere. 

 The few intervention trials in prevention of obesity that focus 
on children or schools (in Crete, Agita, Sao Paulo, Singapore, 
Minnesota  [26] ) give few grounds for unalloyed optimism. 
Although there is a literature of action on different factors such 
as price, marketing, education and supply  [39] , no mass societal 
policy intervention has taken a  “ full spectrum ”  approach  [108] . 
Yet most policy overviews suggest that efforts to combat the 
epidemic have to be society - wide, extensive and deep  [26,107] . 
In any terms, refurbishment of health promotion and health 
development is required, demanding signifi cant alteration of 
supply chains, the routines of daily existence, indeed whole 
cultures. 

 The International Obesity Task Force has reviewed possible 
preventive measures  [1,26] . The thinking appears to be that 
actions can be useful but without overall policy coherence and 
political drivers, fragmented and atomized initiatives are unlikely 
to deliver requisite change. What, for example, is the point of a 
Ministry of Health recommending change in fat consumption if 
agriculture continues to pour out excess fat, if transport policies 
make it hard to build exercise into daily life, if trade and eco-
nomic ministries have policies that cut across or even work 
against public health efforts? 

 No wonder health professionals  –  who are not trained in eco-
nomics, agriculture or transport policy  –  feel beleaguered by the 
subject of obesity. If farm policies produce copious fat and sugar, 
how can their health promotion (which emerges from the prin-
ciple of doing what you know and avoiding what you don ’ t know) 
compensate? If heavy advertising associates soft drinks with fun 

and sports, how can social marketing funded by restricted state 
sources compensate for, let alone defeat, it? And what is the point 
of forging policy directed mainly (or solely) through governmen-
tal agencies such as schools or hospitals (i.e. by public procure-
ment) if no serious obligations are placed on business, or if there 
is a framework of mutual recrimination? In societies where com-
mercial drivers are deemed of higher value than state action, this 
policy focus looks myopic; the state sector is being used as a policy 
 “ sink. ”  Public health specialists, even ministries, are driven to 
overglamorize the results of their efforts in order to establish 
relevance in the debate (and continued funding).  

  Obesity  p olicy  r efl ects  d isciplinary and 
 s ocietal  f ragmentation 

 European Union member states, like nation - states worldwide, are 
justly jealous of retaining control over their own public health 
systems. And some governments are fearful of neoliberal accusa-
tions that health interventions constitute what the neoconserva-
tive press refers to as the  “ nanny state, ”  a state that treats its 
citizens as though they were infants  [109] . Yet even in individu-
alistic Britain, where blame is often pointed at parents for having 
fat children, the parents themselves state that they want support 
and protection for their children  [110] . If the state refuses to 
apply some protectionist principles, dietary choices will increas-
ingly be set by the rhythm of the marketplace, and this is domi-
nated by large players with massive marketing budgets. 

 The most heavily marketed foods are those typically associated 
with weight gain. Key role models in sports, like the Olympics 
themselves, are sponsored by fast - food and soft drink companies. 
Coca - Cola and PepsiCo spent respectively $2.2 billion and $1.7 
billion on worldwide advertising in 2004, a combined level of 
spending exceeding the WHO biennial budget for the same 
period. Put differently, those two companies each spend annually 
on marketing their products and services about what the WHO 
spends annually on its entire health work globally  [55,111] . This 
is the fi nancial context for the WHO ’ s  Global Strategy on Diet, 
Physical Activity and Health   [112,113] . The food industry has long 
been judged to be collectively enormous, politically well net-
worked, a subtle lobbyist, and major employer. So what chance 
have public health agencies and arguments with their levers for 
health? Again, social marketers have an answer: use the weapons 
of the enemies  [114] , as if the outcome of the battle of David and 
Goliath did not depend upon a lucky shot.  

  The  f ailures of the  s tate,  b usiness 
and  c onsumers 

 The analysis we have presented so far doesn ’ t single out any one 
key causal factor. Rather, we have sought to depict a collective, 
systemic, failure. In Table  33.3 , we set out an analysis that links 
these failures with obesity and the three broad transitions shaping 
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 Table 33.3     Failures and factors shaping obesity in  “ wealthy societies ”  

   Factors shaping obesity  

              …  alter the two domains shaping obesity      …  alter the three transitions shaping obesity  

    Body      Mind     Diet     Physical activity     Culture  

  Focus of 
failure  

   Markets fail 
because 
they  …    

  Highlight and 
oversupply particular 
taste receptors 
(sweet and fat) 

 Invest in technical fi xes 
and single - factor 
solutions  

  Appeal to pleasure 
 Build brand value over 

nutritional value 
 Exploit vulnerable 

groups (e.g. 
children and low 
income)  

  Produce an excess of 
inappropriate, 
energy - dense foods 
cheaply 

 Offer only limited 
investments in 
workforce training  

  Promote fossil - based 
fuels 

 Glamorize private motor 
transport rather than 
expenditure of 
food - as - energy  

  Market and mold mass 
consciousness 

 Overwhelm consumers with 
energy - dense food and drink 
as entertainment  

   Governments 
fail because 
they  …    

  Adopt inconsistent 
modes of protection 
(interventions on 
sexual protection 
but not nutrition) 

 Are unwilling to 
modernize public 
health scope and 
capacity  

  Limit health education 
to become a minor 
partner of market 
information, 
generating 
asymmetry of 
information fl ow 
and education  

  Subsidize overproduction 
of fat and sugar 
compared with 
micronutrient - rich 
foods 

 Emphasize food safety 
while semi -
 abandoning nutrition 

 De - emphasise nutrition 
and food education  

  Oversee decline of 
physical activity 
(transport, public 
spaces, sports 
facilities) 

 Prioritize car use in 
retail and transport 
planning  

  Permit genderized and inadequate 
food literacy and skills 

 Promote rights of individualized 
choice 

 Facilitate media transmission by 
paid marketing 

 Confuse citizenship with 
marketplace meritocracy 
(everyone is equal in the 
market)  

   Consumers 
fail because 
they  …    

  Disconnect appetite 
from need and 
satiety  

  Adopt distorted 
images of body 
acceptability 

 Accept temporality 
(short - termism) of 
choice  

  Eat a price - led rather 
than nutrition - led diet 

 Respond individually 
rather than  en masse  
to identity crises 
about meaning and 
values  

  Bow to the ubiquity of 
the nonenergy -
 expending material 
world (e.g. in travel 
to work/shop/school) 

 Are disinclined to build 
exercise into daily life  

  Consume rather than expend 
energy as the norm of 
consumer culture 

 Participate in physical activity by 
proxy (TV sports) 

 Accept inequalities or indulge in 
victim blaming  

it. Table  33.3  conceptually unravels the three interlocking, if dif-
ferentially paced, transitions suggested earlier in the domains of 
diet, the physical environment and culture  [53] . It represents the 
distal (distant) forces shaping obesity as, fi rstly, physiologic (the 
body) and in consciousness (the mind), alongside the three broad 
transitions grouped here as changes in diet, physical activity and 
culture. Policy makers might fi nd it useful to acknowledge three 
kinds of failure  –  of markets (all actors throughout the supply 
chain), government (at all levels and across the range of instru-
ments) and of society or consumers themselves, who ultimately 
are the actors who eat the food or undertake the activity  –  recog-
nizing too that individuals who construct their behaviors are 
members of social groups and in socially regulated settings. Table 
 33.3  acts as a broad checklist for the range and focus that any 
policy actions must seek to address.   

 However, Table  33.3  is a simplifi cation. Failures in the supply 
chain have occurred due to both market and extra - market factors. 
In the case of foods, a battery of policy measures that made sense 
in the 1940s and 1950s (subsidies and policy encouragement to 
increase output, measured by output per unit of capital or labor) 
today help create price signals that are inappropriate for health. 
The Common Agricultural Policy, for instance, has led EU 

countries into delivering excessive fats and destruction of fruit 
 [115] . The policy of encouraging the marketization of food supply 
has been a boon for processed product development and the crea-
tion of multiple  “ niche ”  food items, but it hasn ’ t built health into 
the heart of supply  [116,117] . Studies have shown how, if agricul-
ture was to meet the dietary guidelines such as those of the WHO 
or Eurodiet, there would have to be considerable change in what 
is produced: less sugar, fat, meat, oils, etc. The good news is that 
northern European societies are emulating southern countries in 
consuming more fruit and vegetables; the bad news is that the 
countries of the south are now consuming the fattier, more sugary 
diets of the north  [118,119] . The expansion of the EU eastwards 
means that the marketing power of the food industry is now 
focused on these potential growth markets  [120] . 

 Governance failure has occurred mainly because public health 
policy has been marginalized in the face of other priorities (e.g. 
promoting a successful food industry, raising private funds for 
education). To some extent, obesity is a jolt to the state about its 
priorities, just as food safety crises were in the late 1980s. This led 
to considerable efforts to improve food safety, with some success. 
A similar push is now required with nutritional health. Children 
are being exposed to low - quality foods in institutional settings 
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and by the insertion of food marketing and advertising into the 
interstices of their everyday lives, sometimes in government -
 approved cause - related marketing projects, although work is now 
ongoing to address this  [121] . On the one hand, there is advice 
to take more exercise but on the other, transport policies still 
center on car use. The normalization of car transport to school 
in place of walking illustrates the point  [4] . Walking to school 
remains in decline, despite  “ walking bus ”  initiatives. In its 
defence, government  –  and health professionals within it  –  face a 
signifi cant delivery challenge compared to food industry advertis-
ing or marketing budgets  [100] . 

 Turning to consumers, failure here also has to be acknowl-
edged, as it is in many popular explanations for obesity  [93] .  “ No 
one forces people to eat ”  can slip into blaming the obese for their 
obesity and blaming parents for their fat children. An obesity 
strategy can easily become a problem families (fat families) strat-
egy. People choose the wrong foods and therefore, in effect, 
choose to be overweight. However, consumer failure might prop-
erly be seen as a consequence, at least in part, of the two other 
forms of failure already considered. That said, there appear to be 
additionally genetic/evolutionary, social and psychologic dimen-
sions, some of which were considered in several of the models 
presented in Table  33.2 . These might go under the heading of 
informational, cognitive and behavioral failure, attributes like 
time - inconsistent preferences, ambivalence, bounded rationality, 
and projection bias  [63] . This is the world of  ‘ treat culture ’ , peer 
pressure, and pleasure followed by guilt. In such conditions only 
individuals having higher levels of  “ social power ”  are likely to be 
able to make consistently healthy choices. As noted earlier, pat-
terns of obesity are linked to other societal inequalities and vul-
nerabilities, whatever the genetic factors  [29 – 31,33] . But that 
said, and mindful of the dangers of victim blaming, policy makers 
have to acknowledge that for adults, at least, there is some level 
of volition involved. 

 Consumer failure requires policy to re - emphasize both rights 
and responsibilities within a social framework of action and 
knowledge. For example, the 19th century witnessed the spread 
of new behavior rules and shame - based behavior cues linked to 
the campaigns against infectious (although also  “ lifestyle - based ” ) 
diseases of the day. Ordinances against spitting, for example, or 
the promotion of hand washing occurred in concert with the 
science - based hygiene revolution. Success did not result from 
offi cial action or the word of science alone  –  indeed, it was 
decades before new hygiene practices were fully accepted by 
doctors  –  but through new cheap hygiene products (soap, disin-
fectants) and their associated marketing  [122] . Today obesity 
policy and practice could usefully draw on the debate about 
behavior change to promote sustainable consumption  [123]  or 
the  “ happiness ”  or well - being debate  [124] . What is clear is that 
society is not at a stage whereby antiobesogenic forces outnumber 
those pulling in the opposite direction: manufacturers ’  and retail-
ers ’  messages to eat healthy foods  –  which should be acknowl-
edged  –  are drowned out by the bigger budgets (associated with 
higher margins) devoted to less healthy ranges.  

  A  n ew  p olicy  f ramework  i s  n eeded 

 Having explored why obesity is rising so fast and suggesting that, 
powerful though it is, the Nutrition Transition is, on its own, 
inadequate, and that in fact there are three transitions and three 
forms of failure, what would a new policy framework guiding 
prevention implementation look like? 

 We propose that if obesity prevention becomes a genuine 
policy, engaged with and delivered across government, society 
and markets and supply chain, its accomplishment will require a 
paradigm shift, based on principles  [125]  designed to: 
   •      take a whole - system rather than a partial approach  
   •      reshape not just the physical and dietary environment but also 
the social and cultural environments  
   •      adopt a long - term strategy by asking what an antiobesogenic 
environment might look like and then draw out the policy 
changes needed to deliver it  
   •      recognize the fundamental nature of the challenge posed and 
give due political priority to building alliances that could over-
come the obesogenic social forces (as was done for tobacco in a 
long 50 - year process)  
   •      reformulate the roles of government, markets and consumers 
to shift them away from reinforcing obesity  
   •      deliver a situation where prevention is the norm, where victim 
blaming is unacceptable but responsibility not avoided  
   •      engage multisector, multiagency action within and beyond the 
public health professional discourse.    
 This combination requires vision with pragmatism, leadership 
with collective action, along with a new sensibility towards the 
consumer by the food industry, the media and others; in other 
words, a new, more  “ grown - up ”  perspective on obesity.  

  What  n eeds to  h appen in  o rder to  d eliver this 
 p olicy  f ramework? 

 As with climate change, pessimists argue that only a  “ system 
shock ”  such as an oil crisis might shake people out of their cars 
 [99,126] . But even with such  “ tipping points ”   –  moments when 
societies agree that enough is enough  –  strategies are needed to 
cushion the impact. In place of current  “ unmanaged ”  transitions 
in diet, physical activity and culture,  “ managed ”  transitions  –  as 
are proposed with climate change policy  –  are preferable and 
possible  [127,128] . Planning for systemic change requires politi-
cal will, good evidence, alliances of pro - public health bodies com-
mitted to the long - term reorientation of societies, superb 
organization and commitment, and a long - term perspective. In 
part, the groundwork for such thinking has already been tabled 
in the UK by Sir Derek Wanless in his reviews for the Treasury 
of national healthcare funding and of public health  [129,130] . 
The Wanless reviews presented a  “ fully engaged ”  scenario as the 
optimal basis for action. Carefully couched, this is more radical 
than it appeared because it actually made the case for demand 
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management in place of  “ laissez faire. ”  Obesity is nothing if not 
a problem requiring demand management.  

  Scenario  p lanning 

 No one can foretell the future. Britons may start increasing 
physical activity  –  following the Dutch, for example  –  just as they 
earlier adopted aspects of US - style fast - food and car culture. 
Escalating oil prices may shock societies into change, as peak oil 
analysis predicts. Walking or cycling long distances to work 
and school might become fashionable. Societies and individual 
citizens might decide to narrow the gap between the very fi t 
and the very fat. If such change does happen, it ’ s likely to be helped 
by society - wide coalitions pushing, publicizing, researching, 
sharing successes and failures, and organizing that change. 
Although some such public health coalitions have emerged, they 
currently lack momentum and tend to be locked into the profes-
sional mode of policy discourse or fascination with one - shot 
methods (again, social marketing comes to mind) when broad-
sides are needed. 

 Scenario planning might help galvanize the necessary intersec-
toral thinking and work. Taking the current prognosis that 
obesity is rising, below we present a number of different but 
plausible policy scenarios. Each of these to some degree implies 
failure in that it will either perpetuate current obesity levels or 
marginalize routes to success or result in further complexity. At 
the end of this review, we present another, more ideal, scenario. 
It too requires a managed transition. 

  Policy  a s  u sual 
 This scenario offers continuation of today ’ s small - scale, incre-
mental, piecemeal change. There is investment in endless short -
 term projects. These offer tantalizing visions of change, building 
expertise but not transferring to society at large. The result is 
palliative. Initiatives are encouraged, such as local health and 
physical education programs, rather than a national advertising 
moratorium. There are once - a - year sporting activities (fun - runs) 
rather than policy delivering daily physical activity (biking to 
school or work daily, subject to weather). Ministers are able to 
produce reports showing they fund this or that  “ success ”  
(projects), but society continues to produce divided obesity rates. 
The paradigm is individualized, personalized, health.  

  External  s hock 
 In this scenario, we envisage extensive and radical change follow-
ing external shock to society. This comes from an oil crisis or a 
fi scal crisis over rising healthcare costs. Or an international outcry 
emerges over childhood obesity. Any of these can deliver a tipping 
point, and car transport has to be reduced, people use bicycles 
daily, etc. Policy making requires co - ordinated, cross - cutting 
themes. Existing institutions are audited for their obesity (health) 
impact. The drive is for food to be  “ fuel ”  rather than using fossil 
fuels to drive food around the continent of Europe.  

  Targeting  “  a t -  r isk ”   g roups 
 In this scenario, policy makers, for example, abandon any pre-
tence at population health, instead aiming to tackle  “ at - risk ”  
groups. The poor, the already fat, those with a predisposition, are 
given ( “ offered ” ) special programs  –  therapy, drugs, exercise regi-
mens, Weightwatchers schemes, one - to - one trainers, etc.  –  medi-
ated, for instance, by healthcare professionals. The incentive to 
enter such programs is either hard (shame) or soft (enticement 
and encouragement, in the style of private physical fi tness men-
toring). The value of this policy scenario is that it focuses preven-
tive expenditure on the social groups that cost most. The problem 
is that few measures show more than limited success and don ’ t 
tackle the underlying reasons why these groups are at a higher 
risk, and therefore don ’ t prevent other people from joining the 
 “ high - risk ”  groups.  

  Generational  f ocus 
 In this scenario, policy makers judge that the ideologic complica-
tions of tackling adult obesity are too great, despite the emerging 
focus in government reports on health among the 50 - plus. There 
isn ’ t enough political support. Instead, they focus on children 
only, assuming that parents are more likely to do things for their 
children than for others. Radical  “ walk to school ”  programs and 
bans on children ’ s food advertising (and other marketing, e.g. 
websites, short message texting, product placement) are gained 
at the European level because they are undertaken in the name 
of children. In half a century ’ s time, obesity rates fall and the new 
generation ’ s norms are worked through in a new demographic 
transition.  

  Business ( a lmost)  a s  u sual 
 In this scenario, governments abandon state responsibility to 
shape responses to obesity. The focus here is on individual solu-
tions, serviced by the food and sports industries. Cultural indus-
tries sponsor achievers, backing sports  “ winners, ”  presenting 
physical activity as something an  é lite undertakes. Society splits 
into watchers and doers. Corporate social responsibility becomes 
the core policy ethos, a substitute for government leadership. 
Commercial bodies take a lead in offering new product  “ choices. ”  
For example, governments encourage industry - partnered public 
advertising or social marketing and companies agree only to 
market what they defi ne as their healthier product ranges. 

 These are all plausible future scenarios but they all have more or 
less undesirable features and consequences. More ideal would be 
a scenario that genuinely delivered population health improve-
ment based upon the principle that healthy food and active 
society were the mainstream. The problem is that policy makers 
and public health practitioners are not all that clear about what 
this might be or even, for that matter, what public health is. In 
his speech on public health on 26 July 2006, former Prime Min-
ister Tony Blair stated what is possibly the catechism of the 
modern politician that  “ questions of individual lifestyle  –  obesity, 
smoking, alcohol abuse, diabetes, sexually transmitted disease ”  
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were  “ not, strictly speaking, public health problems at all ”   [131] . 
In effect, health was due to lifestyle and choice of lifestyle was 
personal and individual. It was still important for society to inter-
vene, said Blair, but any intervention had to recognize that every 
individual was a single point of causation.   

  Re -  s pecifying  w hat  i s  m eant by  p ublic  h ealth 
for  o besity  p olicy 

 Obesity, as Mr Blair ’ s statement showed, exposes the weaknesses 
of public health as a scientifi c and political force. In large part, it 
is caused by social change and an image of public health as 
collective measures of the past. Advances in medical science 
mean that far more is known about disease, including the role 
of genetic factors, and more can be done to treat them. Single -
 factor classifi cations of disease have given way to multifactoral 
theories, emphasizing multiple, cross - cutting factors. In part, this 
acknowledges the fact that the disease burden has shifted. Infec-
tious diseases, while recently undergoing signs of resurgence, 
have given way to chronic diseases not just among the older part 
of the population (as predicted by Omran ’ s theory of Epidemio-
logic Transition  [132 – 134] ) but in younger age groups too, with 
signifi cant growth of noncommunicable diseases (NCD). Even in 
the case of infectious diseases (HIV and other sexually transmit-
ted infections come to mind), some of the old mechanisms for 
control and disease management have broken down. If we know 
more now about disease and disease causation, we appear less 
able to stop its spread. The dilemma for public health is not just 
what it doesn ’ t know, but not knowing what it needs to do. 

 Indeed, much of the contemporary policy debate about obesity 
is framed by the state supposedly being powerless to know what 
to do. The litany of arguments about restrictions on governance 
adds to the policy cacophony. In an age of globalization, it is said, 
how can levers of infl uence be pulled? Obesity, being a multifac-
tor disease, is so complex to address. And so on. This analysis is, 
of course, partly true. Proponents of public health (including 
Blair in the earlier mentioned speech) tend to look back fondly 
on eras like the 19th century, when grand social engineering such 
as Sir Joseph Bazalgette ’ s sewage system for London (tackling the 
Great Stink) or individual heroic public health interventions such 
as Dr John Snow at the Broad Street pump (tackling cholera) 
were not only possible but effective  [135,136] . But romance 
shouldn ’ t cloud our judgment  [49] . Even then, the policy context 
was furiously complex, with class interest - led politics deeply 
entrenched, opposition to action immense (as in the case of 
Bazalgette) and citizen rights far fewer. It could even be argued, 
to follow from former Prime Minister Blair ’ s thinking, that these 
measures were not, strictly speaking, public health responsibili-
ties either; rather, they were due to industrialization, population 
growth and urbanization. Much of the problem of thinking about 
public health therefore follows from locking in its meaning to any 
one era, any one set of methods or activities, or any one set of 
professional groups  [137] . 

 We are more optimistic about what can be done today, but it 
means rethinking what public health encompasses, from the 
physical engineering of the environment  –  the principal achieve-
ment of the Victorians  –  to our proposals to reshape the social, 
economic and cultural environment today. Part of our analysis is 
that if the dynamics sketched in Table  33.2  are followed through, 
clear actors can be discerned, with realms of infl uence. The 2001 
National Audit Offi ce, 2003 Health Select Committee and 2007 
Foresight reports all mapped many of them  [2,4] . But the fact 
remains that public health requires a stronger mandate and 
champions. The term  “ public health ”  is used to denote a popula-
tion condition, an activity, a set of disciplines, a profession (or 
rather competing professions), an infrastructure, a set of policies, 
laws, a philosophy, even a movement. Given this fragmentation 
of meaning, methods, institutional forms and profi le, it is not 
surprising that public health is poorly represented in govern-
ment, misunderstood, and only momentarily achieves some 
limited degree of power during perceived emergencies (avian and 
swine fl u being the latest). Advocates of public health as we are, 
we nonetheless think that obesity requires a return to basics. Cur-
rently, public health in the UK can be thought of as composed of 
action on (at least) three essential elements 

  Health protection  encompasses all forms of disease prevention 
in terms of its control and regulatory elements. In the UK health 
protection in its institutional forms was boosted by the creation 
of the Health Protection Agency (HPA). However, the purview 
of the HPA is limited to infectious diseases, hazards or bioterror-
ism preparedness, while health protectionism in terms of NCD is 
diffused through a variety of bodies, some of which don ’ t even 
have health in their remit. The Food Standards Agency does; 
Ofcom, for example, doesn ’ t, yet it regulates advertising which, 
though not a magic bullet, some critics argue is nonetheless a not 
insignifi cant factor in the cultural transition or systematic framing 
of mass consciousness indicated in Table  33.3 . Unsurprisingly, 
from a health perspective, the regulatory aspects of the control of 
the determinants of NCD is poor. 

  Health development  (sometimes called health promotion) is the 
promotion of healthy communities. In professional forms, these 
span school nursing to health visiting. Increasingly, the focus is 
on the role of local authorities in obesity strategy (through, as 
noted, LAAs, but also through healthy schools, health scrutiny 
functions, etc.). In its institutional form, the establishment of a 
national program of health development, with its focus on 
putting good health evidence into practice, occurred through the 
Health Development Agency (HDA), now part of the National 
Institute for Health and Clinical Excellence (NICE). 

  Health education  involves the promotion of what the WHO 
calls  “ health literacy ” ; in other words, the creation of a population 
informed about its health and how to maintain it. Health educa-
tion has been progressively weakened in its institutional forms 
both nationally (the Health Education Council/Authority became 
the HDA and then merged into NICE) and locally (most health 
education departments in NHS primary care trusts have with-
ered). Health education has given way to the rival theory of social 
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marketing  –  to the delight of the advertising industry, which 
switches between formulating campaigns for crisp manufacturers 
to activities on behalf of the Department of Health. Social mar-
keting now has the status of an unquestionable strategy  –  because 
no other option is perceived to be left. 

 These streams have also been conceptualized in terms of the 
 “ three domains of public health ”  by the UK ’ s Faculty of Public 
Health  [138] : 
   •      health protection:     clean air, water, food; infectious diseases; 
radiation; environmental health protection, etc.  
   •      health and social care quality:     service planning, clinical effec-
tives and governance; research, etc.  
   •      health improvement:     reducing inequalities; employment; 
housing; lifestyles; etc.    

 Valuable as this latter model is, it lends itself to a professional -
 centric and NHS/primary care - based approach to public health, 
with the Director of Public Health role at its core. 139]. In 
practice, despite the copious energies of many departments of 
public health, and in some cases the establishment of joint 
local authority/NHS appointments and the shift to a more 
local authority focus of work, it is easier to work within bounda-
ries than across them and far easier to research or document 
problems than to deal with them. The other side of the equation 
has been the relative deskilling of local authorities in public 
health, which in the past has interpreted the term as something 
to do solely with the NHS rather than local government, despite 
the fact that local government, for more than a century,  was  
public health. 

 The deeper reality is that the societal transitions referred to 
earlier  –  diet, the physical environment, and culture  –  which once 
produced, in conditions of erratic but generally spreading eco-
nomic benefi t, a serendipitous relationship with health improve-
ment have now turned against public health. The convergent 
streams of economic, state, science and civil society activities 
which underpinned the hygiene revolution have petered out. 
A conventional model of public health may be adequate for 
many things, but it is quite inadequate to deal with the com-
plexity exposed by obesity, which requires societally systemic, 
population - wide change  [48] . 

 In its place, we propose a more fundamental analysis, which 
addresses the long - term societal transitions in diet, physical activ-
ity and culture, the multilevel nature of causation and the dispa-
rate range of levers needed for change. This model seeks the 
convergence of traditions in natural ecology and human ecology, 
drawing upon an understanding that human health is based upon 
secure foundations in the natural world and, vice - versa, that 
natural ecology requires social institutions and human behavior 
to build in new rules for planetary protection. 

 This approach has the advantage of seeing agents outside con-
ventional public health as key agents for (and barriers to) change. 
Too often, obesity interventions are conceived of as the respon-
sibility of a few public health professionals, when in fact it requires 
much wider, cross - sectoral, interdimensional and concerted 

action  [3] . This doesn ’ t mean that local actors are irrelevant. On 
the contrary, we suggest they need more power and resources. 
People won ’ t be able to alter diets or take more exercise unless 
these goals are primary drivers at the local level. It also means 
that local actions cannot merely be  “ commissioned ”  from higher 
points in the  “ delivery chain ”  in a downward cascade of govern-
ance but that governance is conceived as inherently multilevel 
and cross - organizational (engaging markets and civil society) 
with correspondingly fl exible frameworks of responsibility and 
action. The box - ticking era of public health must therefore draw 
to a close.  

  Towards an  i deal  s cenario for  p ublic 
 h ealth  s uccess 

 The failures of market, government and consumers presented in 
Table  33.3  need to be recast in order to deliver success by chang-
ing diet and physical activity. At the heart of the obesity problem 
is the simple fact of mismatch between energy input and output. 
As Fogel has pointed out, rapidly industrializing Britain in the 
early 19th century, then the richest country in the world, didn ’ t 
achieve the average calorie supply now present in low - income 
economies until past the middle of the 19th century  [140] . Today, 
calories can be purchased almost infi nitely more cheaply. Fogel 
notes that in 1800 the supply of calories per equivalent adult male 
available for work was about 848 per day; today a Mars  “ Duo ”  
bar provides almost 500 calories for 50 pence ($1). Cheap calorie 
foods and soft drinks are spreading worldwide. Although much 
of the world still suffers dietary insuffi ciency, as the Food and 
Agriculture Organization (FAO) and the WHO have shown, 
there is a systemic oversupply of fat, particularly in Europe and 
North America (see Table  33.4 )  [113] . The rest of the world is 
following behind. Like markets  –  indeed through markets  –  
obesity is being globalized.   

 Re - engineering the world of food  –  merely one component of 
the new task  –  requires, we think, the recategorization of public 
health within four dimensions of human existence: 
   •      the physical world, by which we mean the world of nature and 
transformed nature  –  the built environment, urbanization  –  and 
the extractive relationship with the environment, i.e. nature as 
the reserve on which human existence draws  
   •      the physiologic world, by which we mean the importance of the 
bodily processes that transform food  –  not just calories but 
micronutrients too  –  into bodily manifestation; the food can 
either be expended or translated into  “ thermodynamic overload ” , 
i.e. obesity  
   •      the social world, by which we mean organized human relation-
ships and all the societal institutions (administration, the 
economy) that frame how humans live  
   •      the cognitive world, by which we mean the interpretive struc-
tures within the human mind  –  what European philosophy calls 
the  “ lifeworld ”   –  that are necessarily personally experienced and 
yet have meanings that others may share.    
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 Table 33.4     Trends in the dietary supply of fat 

   Region     Supply of fat (g per capita per day)  

   1967 –
 1969  

   1977 –
 1979  

   1987 –
 1989  

   1997 –
 1999  

   Change 
between 
1967 – 1969 and 
1997 – 1999  

  World    53    57    67    73    20  
  North Africa    44    58    65    64    20  
  Sub - Saharan Africa  a      41    43    41    45    4  
  North America    117    125    138    143    26  
  Latin America and 

the Caribbean  
  54    65    73    79    25  

  China    24    27    48    79    55  
  East and South - East 

Asia  
  28    32    44    52    24  

  South Asia    29    32    39    45    16  
  European Community    117    128    143    148    31  
  Eastern Europe    90    111    116    104    14  
  Near Est    51    62    73    70    19  
  Oceania    102    102    113    113    11  

    a Exctudes South Africa.   
 Source:   WHO/FAO  [86].  

 This four - part distinction helps reform what is meant by public 
health. The oft - quoted modern defi nition of public health is that 
it is:  “ [t]he science and art of preventing disease, prolonging life 
and promoting, protecting and improving health through the 
organized efforts of society ”   [141] . 

 We propose a modifi cation. In an era that is having to face the 
consequences of mining nature, the material infrastructure for 
human health has to be recognized. In an era of massive culture 
shifts, when product marketing saturates the human conscious-
ness, health education is largely the domain of the private, self -
 interested forces. 

 So, in place of the common defi nition of public health, we 
believe that the true art and science of what we would rather term 
 “ ecologic public health ”  is: 

    “ to comprehend the composite interactions between the physical, 

physiologic, social and cognitive worlds that determine health out-

comes in order to intervene, alter and ameliorate the population ’ s 

health by shaping society and framing public and private choices to 

deliver sustainable planetary, economic, societal and human health. ”    

 This approach allows policy makers in  “ health ”  to link actions 
with others focused on apparently different policy problems and 
objectives. This  “ ecologic public health ”  perspective, drawing 
upon thinking in natural ecology and human ecology, is closely 
aligned to the policy goal of sustainable development, grouped 
around the core foci of society, economy and environment  [142] . 

 In Table  33.5 , we present a forward - looking set of indicative 
goals for each of the three domains indicated in Table  33.3 : 

markets (supply chains), government (state) and the public (con-
sumers). Each of these needs to be translated into practical terms, 
which is a separate task. Whereas in Table  33.3  we linked the 
failures in terms of three transitions of diet, physical activity and 
culture representing the evolution and interpretation of obesity 
as a policy problem to date, we now propose that future policy 
might more usefully be cast around the four, more fundamental, 
dimensions of existence emerging from our discussion of the 
dimensions underpinning what is meant by public health: the 
physical, physiologic, social and cognitive. For each of these, 
policy makers must consider which actors  –  in supply chain, 
society and government  –  are needed to deliver change both 
within the four dimensions and across them, and on what terms 
they could deliver change across the other sectors.   

 The criticism of this approach is that it might take public health 
policy away from practicality into abstraction. We would argue, 
conversely, that the test of practical strategies and interventions, 
 in toto , is the capacity to address these different dimensions of 
existence. Ecologic public health is not just a perspective but a 
framework for policy testing. Current policies are failing because 
they don ’ t cover the range and depth of interventions needed. 
Policy making has to move beyond the realm of tick boxes and 
unrealistic targets and, instead, face the world of real power, 
culture, consumption and the well - springs of consumption. 
More realistic targets should promote cultural change processes 
and other change processes linked to more sophisticated target 
setting. Similarly, the determinants of health must also be under-
stood as working at multiple levels and dimensions and across 
multiple policy terrains. 

 Policy about obesity must engage with economic drivers, not 
just the costs of obesity. Dietary change is shaped as much by the 
affordability of and mixed messages on a healthy diet as it is by 
the fi nancial implications of national (or European) farming 
policy that currently troubles government. The Treasury ’ s desire 
to reform the Common Agricultural Policy is likely to win more 
support if other member states see it as health oriented, tapping 
into the WHO European Region ’ s summits on obesity, which 
culminated at Istanbul in November 2006  [143] . 

 Our point is that the new policy on obesity has to cover the 
entire terrain, or continued drivers in one dimension might 
undermine positive action in others. Thus, children should not 
only be provided with school meals (tackling the physiologic 
dimension directly) but also introduced to the culture of food 
and the means by which food is produced (the social dimensions 
of institutions which produce and manufacture foods and the 
cognitive dimension of norms and expectations about food). 
Equally, social marketing, more correctly seen as more rigorously 
applied health education (oriented at the cognitive), should not 
disseminate  “ healthy ”  beliefs about food or physical activity 
without allowing  “ regulators ”  (who might be schools as well as 
parents) to have the power and the incentives to block  “ antisocial 
marketing. ”  Of course, policies have to address the means of 
access to healthier, affordable food or promote the normalization 
of physical activity into everyday life; but this aim, if taken 
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 Table 33.5     Ideal indicative actions to shape healthy and sustainable futures 

              …  altering the four dimensions of existence to reshape diet and physical activity  

   Material world (nature)     Physiologic world (body)     Social world (human 
relationships)  

   Cognitive world (mind 
and experience)  

  Focus of 
success  

   Making markets 
work for 
health by  …    

  Linking profi tability to healthier 
food ranges 

 Making food acquisition costs 
refl ect environmental 
externalities 

 Reducing reliance on fossil fuels 
to encourage physical activity 
in daily life 

 Ensuring health targets are built 
into wastage reduction 
targets 

 Making environmental indicators 
meaningful for obesity policy  

  Changing price signals of food 
to favor fruit and vegetables 

 Shopping more often for less 
to burn energy from food 
rather fuel 

 Promoting smaller portion sizes 
 Farmers producing less fat/

sugar/meat/dairy products  

  Promoting good, wholesome 
food to all, but especially to 
low - income social groups 

 Aligning companies ’  success 
with consumer health 

 Accepting restrictions on the 
commoditization of 
relationships in food 
marketing 

 Promoting only self - regulation 
that works for health  

  Agreeing not to target 
children 

 Supporting honest consumer 
information 

 Promoting more fl exible and 
diverse social role models  

   Making 
governments 
work for 
health by  …    

  Making it secure to walk or 
bicycle to work/school/leisure 

 Aligning sustainable 
consumption targets with 
public health targets 

 Incorporating health into food 
industry sustainability 
strategy targets 

 Using planning functions to 
routinize physical activity  

  Setting incentives for 
better - quality food for all 
socio - economic groups and 
ethnic minorities 

 Focusing subsidies to promote 
healthier food ranges 

 Using public procurement and 
other fi scal measures to 
manage demand 

 Setting and paying for high 
standards of public sector 
catering 

 Ensuring Public Service 
Agreements and Local Area 
Agreements fully refl ect 
government obesity targets  

  Setting minimum income 
standards for a sustainably 
produced, wholesome diet 

 Ensuring all citizens have a 
requisite level of food 
choosing, sourcing and 
preparation, and general 
food literacy 

 Supporting the strengthening 
of social rituals when people 
bond through food 

 Redefi ning what is acceptable 
and unacceptable (norms)  

  Setting clear, long - term 
cultural goals 

 Helping educate  “ taste ”  to 
be more discriminatory 

 Changing desirability of 
foods and behavior by 
fi scal measures such as 
aligning taxation of 
marketing expenditures 
with the health properties 
of food and drink 

 Providing more remedial 
support for overweight 
people  

   Making the 
public live 
healthily by  …    

  Demanding an extension of 
 “ defensible ”  public space 
beyond home and protected 
malls, etc. 

 Enabling children to play in 
streets and parks 

 Getting out of their homes more 
to reclaim civic space 

 Accepting fewer parking spaces 
for cars  

  Altering the composition of 
their diets 

 Building exercise into daily life 
to promote energy balance 

 Creating new cultures of daily 
activity, e.g. accepting less 
car use  

  Using food as an affi rmative 
social engagement 

 Eating together 
 Establishing overt social norms 

that support people to be of 
health - desirable weight and 
incentivize healthy weight  

  Accepting the need to eat 
less unless they exercise 
more 

 Being more health - discerning 
about when, how often 
and what to eat 

 Being prepared to redefi ne 
parental responsibility for 
long - term benefi t rather 
than short - term  “ peace ”   

seriously, implies a radical move away from the ideology of 
 “ choice ”  (i.e. to establish a life consumption pattern based upon 
heavily advertized foods), particularly in the case of children. 

 Who should be responsible for policy and process co - 
ordination? The rapid and continuous upward trend of obesity 
exposed by Foresight might demand that new policy is led from 
the higher reaches of government but, if so, it should also be 
 “ owned ”  by everyone. It is a long - term vision that requires 
copious political resources and some fi nancial resources. The 

point must be to catalyze new forms of leadership but of the many 
rather than the few, engaging people who currently feel powerless 
or who don ’ t understand that obesity is a shared societal problem 
( “ everyone ’ s business ” ) that breaks down policy segmentation 
and genuinely seeks the participation of the public. If recent 
policy making around smoking (which does, for the most part, 
pass the ecologic public health test) provides a model, it also 
provides a warning. Addressing obesity in British society also 
runs up against intransigent social and economic divisions.  
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  Conclusion 

 The argument presented here is the need to tackle not just the 
manifestations of obesity but the forces that shape it. This chapter 
has tried to reconceptualize the basis on which attempts to tackle 
obesity are and could be made. We have suggested that obesity is 
the public health equivalent of climate change. This is a striking 
analog in at least fi ve respects. First, failure to act at an early stage 
is already having immense and undesirable consequences. Second, 
the policy discourse about obesity  –  vibrant though it is among 
the problem - watchers  –  is not yet being matched by requisite, 
measurable changed direction of travel by society, governments 
and economy. Third, obesity is being normalized, even as the 
trends accelerate and the evidence grows. Fourth, as Jain has 
remarked, the environmental determinants remain misunder-
stood and under - researched, while policy drifts towards individu-
alized responsibility  [48] . Fifth, there is a danger that the political 
moment to act radically and coherently will be missed, and that 
the possibility of reversing population obesity will be lost. A 
tipping point will have passed  –  both adiposally and metaphori-
cally. Already too many actors and institutions feel powerless. 

 In sum, we think it highly unlikely that obesity rates in any 
society will be reversed by small steps, reliance on single solutions 
being offered in conditions of policy cacophony, as outlined 
earlier, or by unwarranted emphasis on either community change 
or individualized change with limited societal support. From our 
analysis, obesity change is more likely to be delivered by  “ big 
thinking, many changes. ”  Coherence and optimism are needed, 
with fi rm political leadership across government, supply chains 
and civil society. 

 On an optimistic note, it should be stressed that many govern-
ments worldwide, led by health ministries, are beginning to 
realize the scale of the obesity challenge. The climate change 
analogy has been accepted by the Foresight Obesity Report  [10]  
and subsequently by the UK Secretary of Health prior to the 
publication of the government ’ s new cross - governmental obesity 
strategy  [144] . However, as this chapter has noted, while elected 
health offi cials may  “ get the point, ”  other departments of govern-
ment may not. Indeed, they may see themselves as partners to, 
and indeed defenders of, industries which are implicated in pro-
ducing the problem. Economic departments have, until recently, 
had a tendency to see  “ health ”  as expenditure on healthcare, but 
this refl ex is beginning to be shifted by initiatives such as Wan-
less ’ s  “ fully engaged scenario, ”  by the costing of the impact of 
climate change  [145]  and the realization that food supply chains 
must be rebuilt around sustainable development  [146] . 

 Obesity is hardly the only challenge in the early 21st century. 
From the ecologic public health perspective offered here, invest-
ment in prevention and building capacity will have pay - offs not 
just in massive reductions to healthcare costs but also by turning 
broader societal costs into higher well - being and quality of life, 
including the capacity to address the bigger questions of climate 
change. However, the resolution of policy cacophony does not, 

in the fi nal analysis, depend on new research, new information 
or even new strategy. The biggest challenge for politicians, public 
health and for society at large is to know the sort of future they 
collectively want to construct and then apply a coherent strategy 
to achieve it.  
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   The  o besity  e pidemic 

  Treating  o besity  a s an  e pidemic 
 Taking a step back from people with obesity problems to look at 
populations with obesity problems gives one a very different view 
of the likely causes of and solutions to this major health challenge. 
For populations, the role of genes fades into the background and 
the role of the economic, environmental and social changes 
becomes dominant. The patterns of change of obesity prevalence 
within a population over time and between populations tell us a 
great deal about the nature of the epidemic. 

 In the high - income countries of Western Europe, North 
America and Australasia, the epidemic started to increase rapidly 
over the 1980s and 1990s, whereas in middle - income countries, 
it has increased more recently. Even in some of the poorer coun-
tries, it is overtaking undernutrition in prevalence rates  [1] . In 
the early stages of the epidemic, the effects are seen predomi-
nantly in middle - aged people, women, urban dwellers, and the 
higher socio - economic (SES) groups. These are the fi rst popula-
tion subgroups infl uenced by the environmental drivers of obesity 
 –  cars, labor - saving devices, passive entertainment and recreation 
choices, high - fat foods, and high - sugar drinks. 

 As the time passes (and the population ’ s economic prosperity 
increases), the obesity prevalence rates in men increase to match 
those in women in parallel with reductions in occupational physi-
cal activity due to mechanization. The SES gradient reverses 
(especially in women) as lower - income people gain access to the 
 “ obesogenic ”  forces in the environment and education about the 

need for healthy eating and regular physical activity slows the rate 
of weight gain in the higher SES groups. The urban/rural gradient 
also reverses as agriculture and horticulture become mechanized 
and the urban populations take on healthier eating and activity 
patterns. 

 The major trend now being seen in many countries is increas-
ing prevalence rates among children  [2] . The specifi c obesogenic 
factors for children that are on the increase include marketing of 
energy - dense foods and beverages to children, concerns about the 
safety of neighborhoods, both parents (or the solo parent) 
working so that children spend their after - school time inside the 
house (so - called  “ latchkey ”  kids), and electronic and computer 
games. 

 One way of viewing obesity at a population level is through the 
classic epidemiologic triad. The triad was originally used as a 
model for combating infectious diseases and was later applied to 
injuries and some noncommunicable diseases  [3] . It is eminently 
applicable to obesity and helps to defi ne the different nature of 
the determinants of obesity and potential strategies for action  [4] . 
All corners of the triad are, of course, interconnected. 

 The  “ Agent ”  is the fi nal common pathway and for infectious 
diseases it is the infecting organism. For obesity, it is chronic 
positive energy imbalance. The energy intake  “ vectors ”  or carriers 
of passive overconsumption of total energy  [5]  are largely energy -
 dense foods (mainly high - fat foods), energy - dense beverages 
(high sugar, fat or alcohol), and large portion sizes  [6] . The 
vectors of low energy expenditure are two types of machines  –  
those that reduce the energy cost of work or transport (e.g. elec-
tric appliances, cars) and those that promote passive recreation 
(e.g. television, computers). 

 The  “ host ”  factors include age, gender, genetic make - up, phys-
iologic factors (e.g. hormonal status, metabolic rate), behaviors, 
and personal attitudes and beliefs. The  “ environmental ”  factors 
can be considered in four different categories  –  the physical envi-
ronment (what is available), the economic environment (the 
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fi nancial factors, both income and costs), the policy environment 
(the rules), and the sociocultural (society ’ s attitudes, beliefs, per-
ceptions and values)  [7] . 

 The real drivers of the current obesity epidemic are economic 
 –  the profi t generated from changing environments and vectors 
in such a way as to make life easier, more convenient, and more 
enjoyable for people. Obesity has, therefore, been described as a 
 “ commercial success ”  but an  “ economic failure ”  because the 
market is giving people short - term gratifi cation and long - term 
obesity, making it a market failure in classic economic terms  [8] . 
This model helps to explain the changing obesity prevalence in 
the following way: changes in the environments and vectors are 
driven by powerful motives of improving people ’ s lives and 
making money. People respond to these changes by largely 
changing their  “ default ”  behavior choices based on what is easy, 
what is desirable (which is infl uenced by marketing) and what 
everyone else is doing. These changes are creating the increasing 
prevalence of obesity over time. On top of that, the natural vari-
ation in host characteristics (mainly biology and behavior) creates 
most of the differences between individuals and on top of that, 
the natural variation in different cultures and physical environ-
ments probably creates most of the differences in obesity preva-
lence between populations. 

 The concept of genetic susceptibility to weight gain would 
be familiar to most people  –  a person with a  “ high dose of fat 
genes ”  will gain more weight than a person with more  “ lean 
genes ”  in an obesogenic environment. The classic experiment 
that demonstrated this was the Quebec overfeeding study in iden-
tical twins  [9] . Over a period of 3 months, participants were 
overfed by 1000   kcal/day for 6 days a week for 3 months. Under 
these identical, closely controlled obesogenic conditions, all par-
ticipants gained weight (not surprisingly) but some gained much 
more than others (the range was +4.3   kg to +13.3   kg, Fig.  34.1 ). 

Identical twins tended to gain similar amounts of weight, suggest-
ing that much of this variation in weight gain could be genetically 
based.   

 Building on this concept of susceptible individuals in 
obesogenic environments, one could also consider some cultures 
to be more susceptible (or resilient) than others. A particular 
culture might have hospitality traditions that place a high value 
on hosts overproviding foods (especially high - status, fatty foods) 
and on guests overeating the offered food. There may also be a 
low cultural value placed on adults (especially women) being 
physically active. Therefore, a person from this cultural back-
ground would be more predisposed to weight gain than someone 
from another culture with different traditions such as a high 
vegetable - based diet and belief systems about the benefi ts of 
regular physical activity and overall balance in life. 

 Furthermore, people may be socio - economically predisposed 
to weight gain. In high - income countries, there is a consistent 
trend, especially in women, for people with low income or low 
educational attainment to have higher prevalence rates of obesity 
 [10] . In addition, there is some evidence for a vicious cycle 
between SES and obesity such that one begets the other  [11] . So 
people from low - income families could be considered economi-
cally and/or educationally predisposed to obesity. 

 These broader concepts of predisposition to obesity (genetic, 
cultural, economic, educational) help to explain the wide varia-
tion in body sizes between individuals when they all seem to have 
dietary and physical activity habits that are not particularly 
extreme. People generally make similar default behavioral choices 
to those around them, but put on weight at different rates. This 
is why it is important to tackle both the behaviors and the wider 
environment in its broadest sense. 

 To reverse the obesity epidemic, therefore, will require both 
individual -  and population - based approaches. The individual 
approaches focus on the host and are largely educational, with 
some medical and surgical options for those with established 
obesity. The population - based approaches also try to infl uence 
the hosts (mainly through health education and social marketing 
campaigns), but in addition try to infl uence the vectors and envi-
ronments as well. 

 What are the main drivers for making the environment 
less obesogenic? The economic driver of making a profi t can 
make some aspects of the environment less obesogenic such 
as making low - fat food items and private gyms more readily 
available. However, this will only achieve so much. For more 
major and sustained changes, the drivers will need to be enlight-
ened policy and public attitudes and beliefs. Indeed,  “ market 
failure ”  is a well - recognized trigger for government intervention 
to use policies to change the ground rules and hopefully tip 
the balance back in favor of population well - being  [8] . Policies 
that promote active transport over car transport, reduce 
the heavy marketing of energy - dense foods to young children, 
change the foods available at school canteens, and increase the 
recreation space in neighborhoods will create sustainable 
environmental changes. 
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 Figure 34.1     Weight gain in response to an identical overfeeding dose 
(6000   kcal/week for 3 months) in identical twins.  (From Bouchard et al.  [9] .)  
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 Changes in the public ’ s knowledge, attitudes and beliefs will 
translate into consumer demands for less energy - dense foods and 
beverages, housing in neighborhoods with good public transport 
and recreation spaces, improved school food and so on. Such 
changes in public demand may take a long time but when they 
do occur, they tend to be long - lasting and powerful. A parallel 
example has been the increasing public demand and expectations 
for smoke - free public environments.  

  Lessons from  o ther  e pidemics 
 A degree of success has been achieved in controlling several epi-
demics of infectious and noninfectious causes of death in many 
high - income countries and some general principles can be 
extracted and applied to the obesity epidemic  [12] . The key com-
ponents of the control of these epidemics can be classifi ed as host 
(h), vector (v) and environment (e). 

 Reductions in morbidity and mortality from tobacco have 
been achieved through a multipronged approach including taxa-
tion (e), smoke - free legislation (e), education and quitlines (h), 
regulations (e) on labeling and warnings (v). Cardiovascular dis-
eases have also decreased in response to improved healthcare (h), 
reduced saturated fat content of meats and low - fat dairy options 
(v), education on diet and physical activity (h), regulatory frame-
work (e) for nutrient labeling on foods (v), and tobacco control 
(above). 

 The road toll has been reduced by social marketing campaigns 
and driver education (h), regulations and laws on drink driving, 
seat belts, driver licenses (e), median barriers and improved roads 
(e), improved car safety (v), and changes in public attitudes (e). 
Reduced mortality from cervical cancer has mainly involved 
population - screening programs and surgical treatment (h). 
Reductions in sudden infant death syndrome (SIDS) have been 
achieved mainly through education (h). Control of the HIV AIDS 
epidemic has involved substantial education (h), medical care (h 
 &  v), changes in social attitudes (e), increased availability of 
condoms and needle exchange/disposal systems (v), and blood 
screening (v). The melanoma mortality rates are no longer rising 
in countries like Australia, probably due to the increased aware-
ness of the need for sun protection (h), local authority policies 
on shade provision (e), school policies on hats (e) and the wide-
spread availability of devices like sunscreen, hats with neck pro-
tection, and shade cloth to block UV light (v). 

 The successes in controlling these epidemics have been achieved 
in the face of substantial barriers including: strong commercial 
interests (tobacco, dairy industries), social taboos (social market-
ing about sex), fashion (suntanned skin), unknown cause (SIDS), 
huge and increasing rates (heart disease), addiction (smoking), 
traditions and habits (butter and full - fat milk), and social attitude 
norms (drinking and driving, smoking in enclosed public spaces) 
 [13] . The barriers for preventing obesity are no less formidable, 
but the strategies for surmounting them have been well tested in 
these other epidemics. 

 The main lessons learned from these prevention programs that 
could be applied to the obesity/diabetes epidemic are: taking a 

more comprehensive approach by addressing all corners of the 
triad; increasing the environmental (mainly policy - based) initia-
tives; increasing the  “ dose ”  of interventions through greater 
investment in programs; exploring opportunities to further infl u-
ence the energy density of manufactured foods (one of the main 
vectors for increased energy intake); developing and communi-
cating specifi c, action messages; and developing a stronger advo-
cacy voice so that there is greater professional, public and political 
support for action.   

  A  c omprehensive  a pproach to 
 o besity  p revention 

  What  i s a  c omprehensive  a pproach? 
 A comprehensive approach to obesity prevention is one that 
simultaneously addresses as many of the underlying behavioral 
and environmental causes of obesity as possible. The underlying 
premise is that single - strategy approaches such as public educa-
tion about healthy choices  [14]  or single - setting approaches such 
as a school - based program  [15,16]  will be insuffi cient to achieve 
the  “ intervention ”  dose required to reverse the current trends in 
obesity. Theoretically, the approach with the greatest likelihood 
of effect is one that encompasses multiple strategies (such as 
social marketing, policy change, environmental change, manage-
ment of current overweight and obesity), in multiple settings and 
sectors, across both sides of the energy balance equation  [17] . 

 Within such a comprehensive approach, infl uencing the envi-
ronment to make healthy choices the easy choices has to be 
central. The environmental causes of obesity are often diffi cult to 
conceptualize and therefore infl uence. To support this process, 
we have previously described a systematic approach to classifying 
and scanning obesogenic environments  [7,18] . The ANGELO 
framework (Analysis Grid for Elements Linked to Obesity) for 
dissecting environments is shown in Figure  34.2 .   

 Large or macroenvironments that can infl uence obesity include 
industries, services or infrastructures such as transport systems, 
the media, and food production, manufacturing, distribution and 
marketing industries. Microenvironments are the settings where 
people gather, particularly those involving food and/or physical 
activity. Examples include homes, schools, churches, clubs and 
neighborhoods. Within both macro -  and microenvironments, 
different types of environment can be identifi ed. We defi ne these 
environments as physical (what is or is not available), economic 
(the fi nancial factors), policy (the rules) and sociocultural (soci-
ety ’ s attitudes, perceptions, beliefs and values). Using this 
ANGELO framework, a group of informed stakeholders can 
readily  “ scan ”  the relevant environments and identify specifi c 
elements for prevention strategies. 

 The combination of these potential interventions should be 
included in a multisetting, multistrategy prevention program 
determined by local relevance, likely impact, changeability and 
resource constraints. Setting - specifi c delivery is also pragmatic 
and needs to be guided by those with the relevant expertise. For 
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example, teachers know most about schools and what they can 
deliver, parents know about home - based strategies and their local 
environment. 

 To be effective, obesity prevention strategies require govern-
ment support at a national level to combat macroenvironmental 
infl uences that are obesity promoting and to encourage those that 
are obesity preventing. For example, countries such as China (Fig. 
 34.3 ) and The Netherlands (Figs  34.4 ,  34.5 ) have a tradition of 
active transport with a transport infrastructure and culture that 
promotes bicycles and public transport as well as cities with 
mixed land use and high population densities  [19] . Their chal-
lenge is to preserve and extend these structures and cultures in 
the face of an increasing pressure for private car transport.   

 Countries like the US and Australia, on the other hand, are 
faced with the monumental long - term task of trying to retro - fi t 
their current car - dominated culture and infrastructure towards 
an environment that is more conducive to active transport 

 [20,21] . For example, most suburbs that have been built in the 
last 50 years have been designed for car travel almost exclusively 
with poorly interconnected looping street patterns (Fig.  34.6 ).   

 The characteristics of a comprehensive approach thus include 
support for obesity prevention at a macroenvironment level (in 
most cases through international, national, and state initiatives), 
engaging multiple settings at a community level, applying multi-
ple strategies within each setting and focusing on populations 
who have most to gain from prevention efforts (e.g. children) and 
the most to lose from nonintervention (e.g. low - income and 
other high - risk groups). Supporting activities for interventions 
are also needed, such as: ongoing monitoring of overweight and 
obesity and its determinants; training programs to increase the 
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 Figure 34.2     The ANGELO framework (Analysis Grid for Elements Linked to 
Obesity) used to  “ scan ”  the environment for barriers and facilitators to healthy 
eating and physical activity (PA). 

 Figure 34.3     A Beijing street, showing wide footpaths and a separate lane for 
bicycles and parked cars only. 

 Figure 34.4     An Amsterdam street showing the majority of the lanes are for 
 “ active transport ”   –  walking, cycling, public transport  –  with only one lane for 
cars. 

 Figure 34.5     Bicycle parking in Amsterdam, showing large areas and multilevel 
parking building next to the railway station for parking bicycles. 
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capacity of the public health workforce to manage obesity preven-
tion; co - ordination of activities and demonstration projects; and 
a national communication campaign to promote consistent 
action - orientated messages to the public. 

 One way of creating action at a community level is through the 
development of community demonstration programs where 
obesity prevention efforts can be concentrated and quantifi ed. 
The selection of communities for demonstration sites is impor-
tant. The community needs to be large enough to contain suffi -
cient population and settings for population, yet small enough to 
be manageable. Ideally, the involved community organizations 
should have good, functioning relationships between them and 
have some infl uential champions who can spearhead the efforts. 
Having good access to communications channels (e.g. local paper 
and radio, school newsletters, etc.), intervention expertise (e.g. in 
nutrition, health promotion, social marketing) and evaluation 
expertise is important. 

 Within communities or demonstration areas, schools, early 
childhood care centers, neighborhoods, fast - food environments, 
sport and recreation clubs, religious organizations and individual 
households are settings that can make changes to their policy, 
economic, physical or sociocultural environment to prevent 
obesity. Because we are still at the stage of demonstrating the 
impact of this type of approach, the effect and cost - effectiveness 
of each of these actions need to be closely evaluated. Health serv-
ices need to complement these community setting activities with 
a range of obesity management options for those children who 
are already overweight and obese (see below). These services are 
in short supply in Australia and other developed countries and 
urgent investment is needed.  

  Priority  t arget  g roups 
 Who should be the priority groups for obesity prevention action? 
Once obesity becomes well established in the adult population, 
one could argue that it is too late for prevention efforts. However, 

these people will be contributing the most to the obesity - related 
burden in the short and medium term, and obesity management 
should be focused on the high - risk individuals and subpopula-
tions (such as those at risk of diabetes)  [22] . The primary preven-
tion efforts, on the other hand, should be targeted to populations 
prior to the expected large increases in obesity prevalence. This 
includes those living in low - income countries  [23]  and children 
and adolescents  [24] . Additional reasons for focusing on children 
include: they have less control over their own food and physical 
activity choices; they are more dependent on their environments 
and are more susceptible to its infl uences (e.g. television advertiz-
ing); they are at the formative stage of life where many lifelong 
habits are being developed; there is a duty of care for adults and 
society to provide the best possible environment for children. 
This last point is an important argument for gaining political and 
community support for obesity prevention programs and is 
central to the Sydney Principles  –  a set of principles to guide 
national and transnational action on changing food and beverage 
marketing practices that target children  [25] .  

  Role of  c linical  m anagement  p rograms in  r educing 
 o besity  p revalence 
 The evidence for the effectiveness of obesity management pro-
grams, particularly for children, has not kept up with the obesity 
epidemic. Available studies in school and clinical settings suggest 
conventional behavioral modifi cation approaches to reducing 
energy intake (dietary changes) and increasing energy expendi-
ture (physical activity) that involve the child ’ s family have the best 
chance of success  [26,27] . Pharmacologic treatment may be an 
option in some situations but experience is understandably 
limited in this area. Theoretically, if an obesity management 
program is integrated into a comprehensive community - based 
program (as outlined above) it should increase the chances of 
long - term success, but this has not been tested. The constraints 
of the systems that govern clinical care (especially the funding 
systems) usually do not allow clinicians suffi cient time to measure, 
let alone fully manage overweight children and their families even 
if they have the skills and training to do so. Community - based 
management programs run by other health professionals could 
provide clinicians with the  “ effector arm ”  to deliver much of the 
education, counseling and follow - up. 

 Rose and Day  [28]  have suggested that the best way to reduce 
the prevalence of conditions like obesity is to shift the whole 
distribution curve of the Body Mass Index (BMI) to the left. 
Evidence that such a population approach works comes from 
efforts to reduce blood cholesterol levels in North Karelia, 
Finland, between 1972 and 1992  [29] . The whole distribution 
curve of cholesterol levels shifted to the left and corresponded 
with substantial declines in coronary heart disease mortality. 
Since 1992 and the advent of widespread prescribing of lipid -
 lowering drugs, the high cholesterol end of the distribution 
has been remarkably fl attened, further shifting the population 
mean levels to the left. This indicates the potential of combined 
population approaches and effective clinical management to 

 Figure 34.6     Suburban planning designed for car transport. Very few 
intersections or cross - connections between streets means that a pedestrian has 
to walk long distances between places that are relatively close. 
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  Demonstration  s ite  c ase  s tudy  –  the  C olac  B e  A ctive, 
 E at  W ell  p rogram 
 By focusing funding, training programs, management programs, 
research expertise and other resources into a whole community 
as a demonstration site, programs can be developed and evidence 
gathered about effectiveness and sustainability. This protects the 
intervention activities from becoming so big that they are 
unwieldy and diffi cult to manage and maximizes the chances of 
achieving a suffi cient intervention dose. Such a demonstration 
site for childhood obesity prevention was established in Colac, 
South - Western Victoria, Australia, a rural township with a popu-
lation of approximately 11,000 people, 2 hours by car from 
Melbourne. The Victorian Department of Human Services 
funded the implementation program over 4 years as well as 
the support and evaluation components run by Deakin Univer-
sity. The philosophy behind the intervention was one of com-
munity capacity building which builds the structures, resources 
and skills within the community to develop and implement their 
own programs to promote healthy eating and physical activity 
 [32,33] . 

 The formative parts of the project, from the establishment of 
a working group to starting the implementation of an action and 
marketing plan, took about a year. The fi rst step was to establish 
networks between community workers, teachers, health profes-
sionals, local government and others with an interest in obesity 
prevention. These networks took shape around a local steering 
committee which included representatives from local govern-
ment, Colac Area Health and Deakin University which was pro-
viding intervention and evaluation support. A series of training 
workshops was held to build the knowledge and skills of physical 
activity and nutrition promotion in the networks and increasing 
their capacity to plan, market, run and evaluate intervention 
programs. A key feature of the planning process was using the 
ANGELO framework to help members of the community identify 
opportunities for change in their own settings and prioritize these 
based on likely impact, relevance and changeability. This formed 
the basis of a 10 - point action plan which included objectives 
around capacity building and communications as well as specifi c 
behavioral changes such as reducing television viewing and 
increasing fruit consumption  [34] . 

 Having reached a critical mass of  “ obesity prevention ”  capacity 
(resources secured, key stakeholders engaged and trained, a com-
munity action group operating successfully), the action plan 
could be progressed. The target population selected was children 
aged 2 – 12 years and their parents and carers and the target set-
tings were homes, schools, preschools, neighborhoods, primary 
care and fast - food outlets. A social marketing plan was developed 
following a specifi c training workshop on the topic. The program 
brand  “ Be Active, Eat Well ”  with its by - line  “ Making it easy ”  
(Fig.  34.8 ) provided the umbrella under which four linked mes-
sages were developed to coincide with the action plan  –  more 
active play after school, less TV; more fruit every day, fewer pack-
aged snacks; more water, fewer sweet drinks; more active trans-
port to and from school, less car transport. The strategies to 
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 Figure 34.7     Multiple sources of information and support for overweight 
patients and their families. 

substantially reduce the incident rates of disease. Unfortunately, 
tackling obesity is at about the same stage that tackling high 
cholesterol levels was 30 years ago  –  few proven long - term strate-
gies at both population and clinical levels. 

 We are therefore at the stage where research into effective 
prevention and treatment options is paramount. However, there 
are already many people with overweight and obesity who are in 
need of treatment. This is particularly true for two groups of 
patients: those who already have (or are at high risk of) obesity 
complications such as diabetes and sleep apnea, and children and 
adolescents because of the associated psychosocial problems, 
strong tracking of obesity into adulthood  [30]  and long - term 
health outcomes associated with obesity  [27] . 

 There are multiple potential sources of information and 
support for weight management (Fig.  34.7 ). Apart from com-
mercial organizations, most options are not well developed. 
Settings - based promotion of nutrition and physical activity (in 
schools, workplace, etc.) and communication programs (social 
marketing) from government agencies, which would form the 
basis of a comprehensive obesity prevention program, are in their 
infancy. Community - based weight management programs led by 
trained professionals such as school nurses, practice nurses or 
teachers are also an option that needs to be developed, especially 
for the management of overweight and obesity in children and 
adolescents where there is a reluctance by parents to medicalize 
the problem  [31] . As the prevention programs and community -
 based management options develop, the need for strong links 
between the provider groups will become paramount (see Fig. 
 34.3 ). In particular, general practitioners will need to link with 
community - based management programs as part of their referral 
network. Specialist services are clearly important for diffi cult 
cases where signifi cant medical or psychologic problems are part 
of the cause or consequence of obesity.    
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publicize the messages included paid and unpaid coverage in 
the local paper, school newsletters, local radio, posters around 
town, and so on.   

 Close evaluation is essential for demonstration programs. Each 
objective of the action plan had an associated evaluation outcome 
and each strategy was linked with process evaluation measures. 
There were four linked surveys undertaken before and after 3 
years of intervention. 
   •      Children:     weight, height, waist and lunchbox contents  
   •      Parents:     computer - assisted telephone interview on the child ’ s 
eating and physical activity patterns, aspects of the home environ-
ment (e.g. family television viewing patterns), aspects of the local 
neighborhood (e.g. perceived safety for children riding bikes and 
walking)  
   •      School:     an environmental audit of the school in relation to 
physical activity and nutrition  
   •      Town:     an environmental audit of the town in relation to physi-
cal activity and nutrition (e.g. fat content of hot chips, available 
playgrounds, etc.).    
 The comparison group was a group of similar schools randomly 
selected from the rest of the Barwon - South Western region as 
part of a regional monitoring program (see section on monitor-
ing). Reinforcing the value of a comprehensive approach to 
obesity prevention with a full evaluation, we found after 3 years 
of community - based action in Colac that the intervention 
had signifi cantly reduced unhealthy weight gain  [35] . Children 
from Colac gained about a kilogram less in weight and 3   cm less 
in waist circumference compared with the comparison group. 
Interventions included reducing sweetened drinks, increasing 
active play after school and increasing the healthiness of foods 
available at school canteens and interestingly, there did not 
appear to be a particular behavioral change that stood out 

as being primarily responsible for the impact on weight and 
waist measurement.  

  Collaborative  n etworks for  c ommunity -  b ased  a ction 
 Several other whole - community interventions have been estab-
lished in Victoria  [36] , New South Wales  [37] , South Australia 
 [38]  and Queensland  [39] . These sites are linked into a collabora-
tive network across the country to share knowledge, experience, 
measurement tools and so on in an effort to maximize the learn-
ing and knowledge translation from these demonstration projects. 
The advantages of such a network lie not just in economies of 
scale but in getting the necessary variation across communities to 
measure effectiveness, ensuring it is the local experts who are the 
main contributors to the design and implementation of the inter-
ventions and achieving broader monitoring of secular trends in 
obesity prevalence. Other advantages are that it allows local inno-
vative ideas to be evaluated and it contributes to a groundswell 
of public action to reduce childhood obesity. Within a country, 
therefore, a set of networked whole - community demonstration 
projects could be a vital catalyst and advocate for broader national 
action on reducing childhood obesity.   

  Specifi c  s ettings and  s ectors 

  Infl uencing  h omes and  p arents 
 Many of a child ’ s physical activity and eating behaviors are 
learned in the home, making the home or family environment a 
vital setting for preventing childhood obesity. Children ’ s eating 
patterns are shaped in the family environment by food availability 
and accessibility, parental role modeling, television viewing and 
child – parent interactions  [40] . Children ’ s activity patterns and 
sedentary behaviors are also shaped by the family environment 
 [41] . For example, parent participation in physical activity has 
signifi cant positive infl uences on physical activity in children 
 [42] . Children in Australia watch an average of 23 hours of televi-
sion per week at home  [43]  and other studies have shown that 
the home environment, especially having television sets in chil-
dren ’ s bedrooms and the lack of family rules, is associated with 
higher television viewing hours  [44] . 

 Opportunities for infl uencing the family environment are 
limited, however, because it is diffi cult to access. There is also a 
danger that interventions directed only at the home may encour-
age the prevailing but counterproductive attitude that parents 
and children should be held solely responsible for childhood 
obesity. The mass media are probably the most important way to 
access parents and families and to deliver action messages in 
relation to making the home environment less obesogenic  [45] . 
Other opportunities to infl uence homes are through the contact 
that schools, preschools, sports clubs, churches and other settings 
have with parents and families. Small trials which targeted reduc-
tions in television viewing showed signifi cant reductions in 
unhealthy weight gain  [46,47]  but these have yet to be replicated 
across populations.  

 Figure 34.8     Logo from the  “ Be Active, Eat Well ”  project in Colac, Victoria. 
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  The  s chool (and  p reschool)  s ettings 
 Schools, and increasingly preschools and daycare, are key settings 
for promoting healthy weight because they have contact with 
virtually all children throughout a substantial part of childhood 
and adolescence. This includes children at the highest risk of 
obesity, for example those from low - income families. One 
approach that can be used for school - based obesity prevention is 
the Health - Promoting Schools model  [48]  that employs multiple 
strategies across the whole school environment. For obesity pre-
vention, this could include: policies on physical activity and 
nutrition; physical structures and spaces that promote active play 
and sport; incorporating nutrition and expanding physical edu-
cation in the curriculum; teacher training; parent and commu-
nity support; linking with local government to promote active 
play; increased availability of healthy choices in school food serv-
ices; water fountain provision; and an expanded use of specialist 
teachers, especially for physical education in primary schools. 

 Many studies contribute to the evidence for school - based 
obesity prevention, including a limited number of randomized 
controlled trials  [49] . In general, school - based programs are emi-
nently achievable, are well received by stakeholders, and have 
proven successful in infl uencing dietary and physical activity 
knowledge and behavior as well as health behaviors beyond those 
that were originally planned. Few, however, have demonstrated 
any long - term impact on weight. Some of the earlier short -  to 
medium - term studies produced decreases in childhood obesity 
 [46,50,51] . More recently, school - based approaches with a 
stronger community base have shown promising results  [52,53] . 

 An explanation for some studies showing changes in physical 
activity and eating behavior but little change in weight is likely to 
be that children do not spend all their time in school. A signifi cant 
proportion of their energy intake and energy expenditure occurs 
in other settings. For example, in Australia, 37% of children ’ s 
daily energy intake is consumed in the school environment on a 
school day, but only 16% of energy is consumed in the school 
environment over the period of a year when holidays and week-
ends are taken into account  [54] . 

 Schools are attractive as a setting for interventions for a variety 
of reasons: they provide access to most children for an extended 
period; synergies are possible between education goals and health 
promotion; they provide an avenue through which parents can 
be reached; and they are highly symbolic for the community and 
can take a lead in creating healthy behavior patterns in children 
 [55] . The limitations are that schools often have enough on their 
plates without stretching their resources to accommodate inter-
ventions, the contribution health can make to helping staff 
achieve education outcomes is often not well articulated and 
therefore underestimated, and they are only one of many settings 
that infl uence children ’ s weight.  

  Active  n eighborhoods 
 The available trend data for children in North America, Europe 
and Australia indicate that there has been little change or modest 
increases in moderate or vigorous activity, sports participation, 

and physical education at school  [56 – 59] . The only area of physi-
cal activity with clear decreases over the last couple of decades is 
in active transport  –  particularly to and from school. Neverthe-
less, ongoing efforts are needed to ensure that the local environ-
ments are conducive to physical activity and that these are 
promoted, because the potential benefi ts are substantial. One 
estimate from a systematic review  [60]  indicates that exposure to 
an environment that is supportive of physical activity could 
produce a 20 – 25% increase in the number of people exercising 
for at least 30 minutes three or more times each week. 

 Environmental factors that infl uence physical activity at a 
neighborhood level include access to and density of recreation 
facilities (and the upkeep of the facilities), safety, street design, 
housing density, land use mix, availability of public transport and 
pedestrian and bicycle facilities  [61] . Interventions focusing on 
these areas may include policies, regulations and guidelines that 
support and promote active recreation and transportation, 
awards and funding support for local governments, facility 
improvements, monitoring programs and communications to 
increase active transport, active play and recreation. With appro-
priate support, local governments have the structures, skills and 
experience in working with the community and the environment 
to be able to action many of these activities  [62] . 

 In Britain, 50% of children aged 4 – 11 years were driven less 
than a mile to school on a regular basis, a distance that is easily 
walked  [63] . Similarly, most children at a New Zealand school 
traveled to school by car even though their preferred method of 
travel was walking  [64] . Therefore, one strategy that can be 
adopted relatively quickly is promoting active transport (walking, 
cycling), especially to and from school  [65] .  

  Fast -  f ood  o utlets and  v ending  m achines 
 A growing body of evidence links rising obesity prevalence with 
increasing fast - food consumption  [66] . Australian household 
expenditure on take - aways and snacks increased from 10.5% to 
18% between 1984 and 1994  [67]  and increasing alongside 
expenditure has been the size of the fast - food meal. Chain outlets 
practice  “ Supersizing ”  which is likely to promote overconsump-
tion of high - fat foods and high - sugar drinks (a large Big Mac 
meal (4796   kJ) contains 37.6 % more energy and 29% more fat 
than a small Big Mac meal (3485   kJ) but only costs 20.6% more). 
Moreover, fast - food outlets tend to cluster in low - income areas, 
potentially promoting increased consumption among those most 
at risk of obesity. Reidpath et al found the density of fast - food 
outlets in low - income neighborhoods to be 2 – 3 times that of 
high - income neighborhoods  [68] . Fast food also has a higher 
total fat and saturated fat content than food prepared at home 
 [69,70] . In Australia this is largely because the deep - frying oils 
that are high in saturated fatty acids (SFAs) (tallow and palm oil) 
are the least expensive. 

 Signifi cant reductions in fat intake can be achieved simply by 
modifying deep - frying practices, and this has important implica-
tions at a population level  [71] . Components of interventions 
aimed at reducing saturated and total fat consumption include 
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training programs for best practice deep frying, regulations on 
training as well as monitoring the amount and type of fat in fast 
foods (similar to food safety regulations), communication of the 
nutrition content of fast food to customers (i.e. extending food 
labeling regulations to include fast food), levying of the SFA 
content of frying fats (to neutralize the price incentive of high 
SFA fats), collaboration with industry to reduce supersizing and 
increase healthy options, and, limiting the density of fast - food 
outlets. Some of the large fast - food chains are now offering a 
range of healthier choices, but many of these are still under trial 
to see if they are commercially viable. Other chains, unfortu-
nately, are not making any real effort to improve the healthiness 
of their products. 

 Of course, fast - food outlets are not the only source of energy -
 dense foods outside the home. A typical 362 - item vending 
machine, for example, contains 5.5   kg of sugar, 4.4   kg of fat and 
more than 380   MJ. The vast majority of items in vending machines 
are high in sugar and/or fat and for those vending machines 
sited within healthcare facilities or in sports and recreation 
centers, there is a clear dissonance between the  raison d ’ etre  of 
those facilities and the food environments they provide in the way 
of vending machines. Another example of  “ nutritional disso-
nance ”  is graphically illustrated at a zoo where the Western 
lowland gorilla consumes an appropriate diet of fruit, leafy green 
veg, skim milk and protein - rich  “ primate ”  cake (grains, cereals, 
peanuts) while the primates visiting the zoo are served an inap-
propriate diet of energy - dense snacks and fried foods at the zoo 
cafeteria (Figs  34.9 ,  34.10 ). Government food and nutrition 
policies which require healthy food environments in those facili-
ties under government control or government funded would 
provide tangible leadership, much in the same way that hospitals 
and government offi ces were among the fi rst places to go smoke 
free. The Health Department in NSW has heeded this call and is 
progressively rolling out policy requiring healthier choices in 
health facilities.    

  Other  c ommunity  s ettings 
 A comprehensive approach to obesity prevention should also 
encompass interventions in other settings or areas, as appropri-
ate. These include early childhood care and education settings, 
clubs, and churches or other religious communities. 

 Interventions in early childhood care settings aim to provide 
environments and education activities that promote healthy food 
choices and regular active play and to increase parents ’  and 
carers ’  knowledge and skills in nutrition and physical activity. 
Components of the intervention may include policies on food 
and active play, curricula on nutrition and motor skills, staff 
training, and guidelines and monitoring on food service and 
environments for active play. In a recent review, two of fi ve pre-
vention programs in preschool children showed anthropometric 
changes, with suggestions that longer term, multicomponent 
approaches might be more successful  [72] . The effect of food 
policy improvements on behavior change has not been quantifi ed 
but curriculum - based approaches have been associated with 

 Figure 34.9     Gorilla in a zoo eating a specially tailored diet to ensure optimal 
health. 

increased familiarity with and consumption of fruits and vegeta-
bles  [73] . 

 For many people, churches and other religious institutions are 
the center of community life and have been successfully used as 
a setting for weight loss in Pacifi c Islands and African - American 
communities  [74,75] . We found that a nutrition and exercise 
intervention program was successful in arresting weight gain in 
adult members of a Samoan church community in New Zealand 
but that in the absence of wider environmental change, the weight 
was regained in the long term  [76] . 

 The settings that support antenatal/postnatal care are impor-
tant for promoting breast feeding which may be protective against 
unhealthy weight gain and a number of other childhood illnesses 
 [77] . Several large - scale, longitudinal studies have suggested a 
protective effect of exclusive breast feeding against the develop-
ment of obesity in later childhood  [78,79]  with an estimated 
population attributable fraction of 15% for breast feeding in the 
development of obesity. However, some of this effect size may be 
due to confounding factors such as the body size and SES of the 
mothers and this now appears to be the case as a recent large 
randomized controlled trial in which substantially increased 
breast feeding made no difference to childhood adiposity  [80] .  
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  The  b uilt  e nvironment 
 Within the built environment, the land development patterns 
(i.e. public transport and pedestrian oriented versus car orien-
tated) and the mode of transport investment (i.e. public trans-
port, walking and cycling paths versus highways) are closely 
inter - related and between them they have a profound effect on 
physical activity levels  [81] . Public transport can be categorized 
with walking and cycling as  “ active transport ”  because of the 
regular short walking trips included in the use of public transport. 
In car - dominated societies, only a minority of trips are walking 
or cycling (for example, in the US it is about 10%) and most of 
them are for recreation purposes rather than transportation to a 
destination, whereas in several European countries, walking plus 
cycling trips equal or exceed car trips  [81] . This probably explains 
part of the differences in obesity prevalence rates between the 
continents. In a study from China, where cycling is still the most 
common form of transportation, the acquisition of a motorized 
vehicle doubled the odds of becoming obese  [19] . 

 While there is an opportunity (largely unrealized) to ensure that 
new urban/suburban developments are conducive to active trans-
port and active recreation, so much of the current built environ-
ment is car orientated. For these existing communities, a long and 
expensive process of  “ retro - fi tting ”  the appropriate structures and 
urban forms to promote physical activity will be needed. Higher 
density developments, greater mix of land use (a balance between 
residential and commercial), pedestrian -  and cycle - friendly street 
design, greater investment in public transport, and the designation 
of streets and areas in the central business districts as car free are 
all options to achieve this  [81,82] . Infl uencing attitudes towards 
active transport is also an important part of gaining shifts in 
modes of transport use because attitudes may be as strongly asso-
ciated with car transport as land use characteristics  [83] . 

 If the environment is conducive to active transport, a mass 
marketing approach appears to be able to infl uence long - term 

behaviors. In Perth, Australia, simple marketing of the active 
transport options to each household in a suburb resulted in 14% 
less car travel and increased use of walking, cycling and public 
transport  [84] . Changes were most marked for short journeys and 
were sustained over 2 years. Modest shifts in transport mode 
multiplied by the large volumes of short journeys where active 
transport is an option can result in important increases in physi-
cal activity for the population. 

 The design of buildings also infl uences incidental activity. In 
particular, stairs seem to have evolved from a design feature 
(often with central prominence) and a means of moving between 
fl oors to a hidden, locked security risk for use as a fi re escape only. 
Several studies have shown that when stairs are a viable option to 
taking a lift or an escalator, a prompt sign at the bottom increases 
the use of the stairs  [85] .  

  The  f ood  s upply 
  Food  d istribution and  p ricing 
 Food supply interventions aim to increase or decrease the avail-
ability and accessibility of certain types of foods. Some programs, 
such as the school fruit and vegetable scheme in the UK, have 
been evaluated and found to have some effect on increasing con-
sumption (about a half a serving per day) on the targeted stu-
dents, although this higher intake was not sustained in the 
children after they became ineligible for the program  [86] . 
The wider development and promotion of energy - dilute, 
micronutrient - dense products, or the gradual reformulation of 
existing high - volume, energy - dense snack foods, such as potato 
crisps, are options for promoting healthy eating that are under 
the control of the food industry. Small changes in the fat content 
of high - volume products have signifi cant potential to provide 
health benefi ts at a population level. 

 Fiscal strategies such as levies can be used to modify prices to 
infl uence consumption. Levies are rarely applied to improve 
population health but this potential exists. Theoretical models 
have been developed to predict changes in consumption and 
health outcomes  [87,88]  but what is really needed is empirical 
data to demonstrate an effect. Eighteen states in the US apply soft 
drink levies, which are too small to affect consumption but raise 
substantial revenue  [89]  and in Australia, levies currently apply 
to milk and sugar to raise revenue to support primary producers 
in the dairy and sugar cane industries  [90] . Revenue raised 
through levies could potentially be used to fund public health 
nutrition programs.  

  Food  l abeling  i nterventions 
 Full nutrition information panels on foods have been or are being 
introduced by regulation in many countries. In the US, about 
two - thirds of people report using nutrition panels  [91]  and this 
appears to signifi cantly infl uence food choices  [92] . The impact 
of mandatory nutrition panels on the formulation and reformu-
lation of manufactured foods may also be signifi cant but it is 
not well documented. Mandatory nutrition information panels 
are a key strategy to improve the nutrition status of populations; 

 Figure 34.10     Cafeteria menu in the zoo to feed the visiting primates with 
high - fat, unhealthy food. 
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however, they need to be complemented by other strategies that 
will infl uence the food choices of low - income and less educated 
consumers  [93] . 

 Nutrition  “ signposts ”  are signals (such as logos) at point of 
choice which indicate to the consumer that a food meets certain 
nutrition standards. An example is the  “ Pick the Tick ”  symbol 
program run by the National Heart Foundations in Australia and 
New Zealand. They make identifying healthier food choices 
simpler for consumers and are frequently used by shoppers when 
choosing products  [94] . In addition, the nutrition criteria for the 
products serve as  de facto  standards for product formulation and 
many manufacturers will formulate or reformulate products to 
meet those standards  [95] . Energy density criteria are needed for 
low - fat products. 

 Health and nutrition claims are closely regulated because of the 
potential for misleading information and need to be backed by 
appropriate scientifi c evidence  [96] . About a quarter to a third of 
new products launched into the market each year in the US carry 
a nutrition claim  [92]  but the consumer understanding of these 
claims is clearly mixed  [97]  and for some restrained eaters,  “ low -
 fat ”  or  “ low - calorie ”  claims can become an unconscious message 
to eat more of the product  [98] . In some manufactured products, 
the fat is removed so that a low - fat claim can be made but it is 
replaced with sugar such that the energy density remains 
unchanged  [99] . This negates the impact of low - fat products for 
preventing weight gain.  

  Food  m arketing  t argeting  y oung  c hildren 
 Heavy marketing of energy - dense foods and beverages to chil-
dren, especially through television advertizing, has been impli-
cated as a causal factor in increasing obesity. The fat, sugar and 
energy content of foods advertized to children is extremely high 
compared to their daily needs and most of the foods advertized 
fall into the  “ eat least ”  sections of the recommended dietary 
guidelines  [100,101] . Exposure to advertizing has been shown to 
increase children ’ s requests for advertised products  [102,103]  and 
that young children have a limited ability to understand advertiz-
ing intent  [104] . 

 Television advertizing to children under 12 years has not been 
permitted in Sweden since commercial television began over a 
decade ago although television channels broadcast into Sweden 
from elsewhere have diluted the impact of the ban in Sweden. 
Norway, Quebec and now the UK also have signifi cant restric-
tions on television advertizing to children  [105] . A set of princi-
ples (the Sydney Principles) has been developed to guide action 
on restricting food and beverage marketing of all forms to chil-
dren under 16 years and there is a growing call for an interna-
tional enforceable code to implement such regulations  [25] . 

 The justifi cation for policies or regulations to restrict food 
marketing directed at young children cannot rest on a proven 
cause and effect link between such marketing and childhood 
obesity because no such direct evidence exists. There is, however, 
a substantial amount of indirect evidence of an important linkage, 
including the continued huge investment in marketing (especially 

through television advertizing) by companies selling fast food, 
soft drinks and other energy - dense products  [106] . The potential 
impact of 13 childhood obesity interventions has been modeled 
to provide a sense of their relative population health impacts and 
cost - effectiveness  [107] . Bans on television advertizing turned 
out to be the most effective and cost - effective of the interventions 
and this was because of its wide reach (all children affected rather 
than just a few from program - based interventions) and the regu-
lations would be very inexpensive to implement.   

  Role of the  m edia 
  Mass  m edia  c ampaigns 
 Social marketing of healthy eating and physical activity lifestyles 
is an essential element of any comprehensive program for obesity 
prevention. Although information, education and communica-
tion strategies alone generally do not change behavior over the 
long term, they are vital for raising awareness, increasing knowl-
edge, and changing intentions  [108] . Some changes in behavior 
can be seen from mass media campaigns in certain circumstances, 
such as during a campaign on physical activity participation  [109]  
or if the message is highly specifi c and action oriented, such as 
changing from high - fat to low - fat milk  [110] . 

 A sustained media campaign backed by programs, policies and 
other sources of information and support would be a central 
component of a comprehensive approach to obesity prevention. 
Experience from campaigns on road safety campaigns, quitting 
smoking, sun protection, safe sex and the like can be translated 
into a similar program for obesity prevention.  

  Unpaid  m edia,  l obbying 
 The most cost - effective way to infl uence change is through lobby-
ing decision makers (usually politicians). Lobbying is big business 
in the corporate world and comparatively, public health advocates 
are neophytes with tiny budgets. However, the issues promoted 
by public health advocates often resonate with the community and 
the opportunities to get signifi cant unpaid press coverage are often 
substantial. A well - organized public lobby group can keep an issue 
bubbling in the media and put pressure on decision makers in this 
way. For childhood obesity, there is little in the way of such public 
movements, although individually most parents are anxious to 
provide healthy environments for children (including safer streets, 
less advertizing of junk foods, and better school food). Advocacy 
groups such as the Center for Science in the Public Interest  [111]  
now have a strong focus on food, and an innovative Internet -
 based parents ’  advocacy group called the Parents ’  Jury  [112]  is 
now a strong voice for parents calling for improved food and 
physical activity environments for Australian children.    

  Building the  e vidence 

  What  t ype of  e vidence  i s  n eeded? 
 There is no shortage of evidence on obesity. Unfortunately, most 
of it is related to genes, metabolism, and biochemistry or it is 
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descriptive epidemiology. The evidence that is desperately needed 
is around the effectiveness of interventions. There appears to be 
almost an inverse relationship between the volume of evidence 
available and its utility to decision makers (Fig.  34.11 ). Monitor-
ing data to show comparative trends in obesity and its determi-
nants plus data on cost - effectiveness or cost utility (i.e. the cost 
per disability - adjusted life - year saved), to show where future 
investments should be made, are probably the two most useful 
types of information for decision makers.    

  How  m uch  e vidence  i s  n eeded for  a ction? 
 Evidence - based medicine (EBM) has been developed as an aid to 
decision making at the clinical level by making the evidence upon 
which decisions are made explicit, transparent and as unbiased as 
possible. The EBM movement has moved into other areas so that 
evidence - based health promotion, health policy, and health com-
munication are now being demanded but the processes and models 
for reaching the population equivalent of EBM are not well devel-
oped. Randomized controlled trials (the backbone of EBM) are 
rarely available or even possible at the population level. Other 
frameworks have been developed that take account of the broader 
types of evidence needed for obesity prevention  [113] . The proc-
esses for taking the evidence and adding in other issues such as 
feasibility, cost, acceptability, and equity to develop priorities for 
action are also being developed  [107] . These are the equivalent 
processes for clinical medicine that take place inside the doctor ’ s 
head (the evidence is weighed up with other patient factors, costs, 
and external factors to reach a clinical action decision). 

 In many instances, action is needed before suffi cient evidence 
of effectiveness is available and in these instances, it is extremely 
important to fully evaluate any programs or policies. With a 
vulnerable population, such as children, there is a strong case 
for taking a highly precautionary approach so that there is a 
low threshold for action to prevent harm. The precautionary 
principle has been borrowed from environmental action when 

considering potential action to protect the environment in cir-
cumstances of high uncertainty of outcome  [114] . The battle over 
the high volume of television advertizing for junk foods that is 
targeted at children is a classic case for invoking the precautionary 
principle so that regulations are put in place to reduce the adver-
tizing even in the absence of unequivocal evidence that it is doing 
any harm.  

  Role of  m onitoring in  o besity  p revention 
 Monitoring is crucial for assessing prevalence and showing 
trends. In addition to providing trend data, monitoring also 
allows appropriate benchmarking where a jurisdiction, such as a 
local government authority, can compare its results with other 
similar jurisdictions. Monitoring data can also be used to evaluate 
the impact of community interventions and health promotion 
programs in demonstration areas. This would, in the long term, 
be a key strategy for the sustainability of programs and actions 
by schools, local governments, regions, states and other partici-
pants. For obesity prevention, the key indicators should include 
obesity prevalence data and where possible, determinants at the 
individual level (such as knowledge, attitudes, and behaviors) and 
the environmental level (such as school food policies and canteen 
sales, funding for active transport options, and the presence of 
footpaths and bike tracks). 

 However, very few countries have systems in place for regularly 
monitoring the height and weight of children and most rely on 
widely spaced national surveys or occasional local surveys for 
trend information. Only three national or state monitoring 
systems have been described. As part of a broad set of obesity 
prevention programs, the State of Arkansas legislated a BMI 
measurement program in 2003 – 04 for school students that 
included an individual report card that went to parents and 
aggregate report cards for schools and districts  [115] . Texas has 
a monitoring system for fourth, eighth and 11th graders  [116] , 
and the UK began a national monitoring system in 2005  [117] . 
Lack of strong policy backing and funding partly explains the 
relative absence of monitoring but there are other explanations. 
In Australia, sensitivities related to taking the measurements, 
consent processes, diffi culties in providing appropriate feedback 
to children or parents about body size, uncertainty around BMI 
defi nitions of overweight and the lack of clinical interventions 
with demonstrated effectiveness for overweight and obese chil-
dren also play a role and are currently being debated  [118] .  

  Research  n eeded to  b uild the  e vidence on  p revention 
 The research base underpinning population - based obesity pre-
vention is very small. A substantial investment is needed to boost 
knowledge in this area so that strategies are much better informed. 
The foundational research needs to be evaluation of community -
 based demonstration programs that test multiple prevention 
strategies in varied environments. The outcome of interest should 
be BMI, and other individual characteristics and behaviors along 
with household, neighborhood, school and community factors 
should be measured as explanatory variables. Recognizing that 
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 Figure 34.11     The inverse relationship between the volume of evidence 
available and its value to policy makers. 
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factors beyond the control of the community also infl uence 
obesity, policy - relevant research on the macroenvironmental and 
sociocultural infl uences is also needed. For example, we don ’ t 
fully understand the infl uence of food advertizing on obesity. 
Neither are we well informed about how cultural practices in the 
home, community or business may infl uence food choice or 
physical activity. The economic case for obesity prevention needs 
to be researched in a much more complete way so that we are 
able to present a balance sheet to government that outlines the 
cost of the obesity epidemic and also the savings if particular 
interventions are introduced. We also need to carefully consider 
how to fund this type of evidence building and taxing energy -
 dense foods and technology that promotes sedentary behavior 
should be considered a realistic option. 

 Other key areas of research include the relationships between 
social and environmental factors (including SES) and physical 
activity and nutrition behaviors, the needs and issues of at - risk 
populations (such as low - income groups, indigenous communi-
ties) and effective options for management of currently over-
weight children.   

  Conclusion 

 Multiple strategies (educational, policy, fi scal, environmental 
changes, social marketing) in multiple settings (homes, schools, 
workplaces, neighborhoods, etc.) will be needed along with 
enlightened policies at the macro level (regulations of television 
adverting directed at young children, policies promoting active 
transport, etc.) to reduce the burden of obesity. Integrating 
obesity management programs with prevention programs is also 
likely to achieve the synergies needed to deal with both the 
current and future problem of overweight and obesity.  
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abdominal pain 383, 396, 402

adverse effects of rapid weight loss 416

African–American 430

anthropometric measures 376, 384

anxiety 403

assessment 381–7, 410

asthma 399

bariatric surgery 415–16

belonging to obese family 392–3

benign intracranial hypertension 402

beta cell defects 213

BMI 93, 376–7

centiles 377, 378

cut-offs 377

reference populations 378–80

BMI-for-age

assessment 384

growth charts 377, 378–9, 380

body fat measures 375–6

body image 403

body size preference 45

body weight loss maintenance 416

breathlessness 396

bronchospasm 399

cardiac abnormalities 397

cardiovascular disease 397–8

risk 394, 397–8

care delivery systems 416–19

central adiposity measures 384
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slipped capital femoral epiphysis 401

small bowel bypass 339, 340

smallness, preference for 43–4

smoking

maternal during pregnancy 95, 98

obstructive sleep apnea 256

snack foods, energy-dense 480

snoring 251

sleep-related stroke 254

social constructs 48

social context 50–2

medicalized obesity 49–50

social fi tness 51–2

social marketing 453, 457, 459, 465

community demonstration programs 476–7

epidemic control 473

prevention of obesity 481

social networks 431

social position 431

social power 461

social responsibility, corporate 462

social support, body weight loss 356–7

social world 464, 466
socialization, body weight loss/reduction 358

societal fragmentation 459

societal structures, inappropriate 456

societal transitions 464

sociocultural factors 11

epidemic of obesity 51–2

socio-economic status

children 432

developed world 44

developing countries 44

epidemic of obesity 471

gradients of obesity 431

reversal 471

predisposition to weight gain 472

stigma 29

women 44

Nordic countries 58, 59
soft drink companies 459

soft drinks, levies 480

specifi c dynamic action 151

spermatogenesis, impairment 240, 243

spontaneous physical activity (SPA) 70, 76, 77

sports

participation trends 444

sponsorship 459

statins 231

stigma of obesity 25–34

children 402

consequences 26–33

education 26–7

employment 27–8

gender differences 61–2

healthcare 29–30

reasons for 26

reduction strategies 33–4

socio-economic status 29

stillbirth, risk 62

stimulus control techniques 303

stomach stapling 339–40

outcomes 342

stress, body weight loss 356–7

stretch-receptors, gastrointestinal tract 72

stroke 235

obstructive sleep apnea 251, 254

subcutaneous fat accumulation 201

sucrose, visceral fat accumulation 205

sudden death

children 399

Pickwickian syndrome 399

risk 229–30

sugar, energy density of food 442

suicidal ideation, weight stigma 31
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supermarkets, deprived communities 447, 448

supply chain failures 460

supportive neighborhood environment 446–7

suppressor of cytokine signalling 3 (SOC-3) 188

surgery see bariatric surgery

sustainable futures 466
Swedish Obese Subjects (SOS) study 344–5

weight trajectory 352

Swedish plate model 360

Sydney Principles 475

sympathetic nerve overactivity 229

sympathetic nervous system (SNS)

activation in obesity 232

thermogenesis mechanisms 77–8, 79, 160–1

sympathomimetic drugs 329–30

syndrome Z see metabolic syndrome

tallness 43, 44

tea consumption, thermic effect of food 158

teasing, weight-related 33

television (TV)

advertising to children 481

watching 435, 444–5

temperature-controlled radiofrequency ablation to 

the tongue base and palate (TCRFTA) 258

tertiary care, childhood interventions 409–10, 

411–12, 413–16

testes, leptin receptors 243

testosterone

male obesity 243

visceral adiposity 205

thermic effect of food 76, 151, 157–8

obesity 161

thermodynamics, laws of 67–8

thermogenesis 69–70, 160–1

adaptive 76–7, 79

adaptive reduction 76

brown adipose tissue 78, 79, 104

cold-induced 70

drug-induced 70

dynamic 69

isometric 69

mechanisms 77–9

non-exercise activity 70, 77, 126, 159

nonshivering 70, 157

peripheral effectors 78

psychologic 69

shivering 70, 157

sympathetic nervous system 77–8, 79, 160–1

see also diet-induced thermogenesis

thermogenic stimuli 160

thermogenin see uncoupling protein-1 (UCP1)

thiazolidinediones, diabetes treatment 222

thigh

circumference 3, 18

subcutaneous adipose tissue 17–19

thinness preference 48

Three Factor Eating Questionnaire (TFEQ) 355

three-dimensional imaging 6

thrifty genes 440–1

thrifty genotype hypothesis 42

thrifty phenotype 94

thyroid hormone

resting metabolic rate 157

see also hypothyroidism

thyroid-stimulating hormone (TSH)

leptin defi ciency 87

plasma levels 270

tiredness, children 396

tissue inhibitors of metalloproteinase (TIMP) 204

topiramate 333

drug combinations 335

tracheostomy 258

training of healthcare professionals 366–72

assessment skills 371–2

behavior modifi cation 371

continuing professional development 368–9

counseling skills 371

diet 370–1

knowledge of obesity 370

management of overweight/obese patients 369

nutrition 370–1

physical activity 371–2

postgraduate 368–9

postregistration 368–9

pre-registration 368

therapeutic intervention 372

undergraduate 368

understanding of obesity 370

transport

active 474

behavior modifi cation 480

treatment of obesity 221–2

children 408–19

intervention training of healthcare professionals 

372

see also body weight loss/reduction

trends in obesity 426

triacylglycerol

adipose tissue

regulation of concentrations 119

role in removal 122

breakdown 106

fatty acid oxidation 117–18

intramuscular store 117, 124

muscle content 124

oxidative fuel metabolism during exercise 125

postprandial clearance 121

release 105

skeletal muscle content 125
storage 105

triglycerides 167, 168

adipose tissue accumulation 175

exercise training effects 319

substrate utilization during exercise 317, 318

visceral obesity 172

see also hypertriglyceridemia

TrkB defi ciency 85

tumor necrosis factor alpha (TNF-alpha) 106, 177, 

213, 214, 215

adipocyte stimulation 109

adipose tissue secretion 202

cardiovascular risk 231

insulin resistance 187

nonalcoholic steatohepatitis 221

twin studies, fat mass heritability 83

uncoupling protein(s) (UCPs) 157

uncoupling protein-1 (UCP1) 78, 79, 103, 104, 

120

uncoupling protein-2 (UCP2) 120

uncoupling protein-3 (UCP3) 120

upper airway

collapse 247

muscle function 248

narrowing 248

obstruction 246, 252

surgery 258–9

upper body segment obesity 200

urban form 446

urban populations 42

uvulopalatopharyngoplasty (UPPP) 258–9

vascular disease 230–1

children 397

infl ammation 231

vascular endothelial growth factor (VEGF) 109

VCO2 152, 154

vending machines 479

ventricular hypertrophy 233–4

ventricular remodeling 233

vertical banded gastroplasty 340

very low calorie/energy diets (VLCDs/

VLEDs) 272–3, 275, 

277–9

bariatric surgery 285

body weight maintenance 279

children 277

complications 277
contraindications 277, 278
recommendations for use 278

weight regain 355

very low density lipoprotein (VLDL) 167, 168

hepatic production 120

hepatic synthesis 175

visceral obesity 178

video games 444–5

vildagliptin 195

visceral fat accumulation

factors inducing 205, 206

nonobese subjects 201

visceral fat syndrome 201–2

molecular mechanism 202–5

visceral obesity

adipocyte size 175

age differences 169–71

behavioral modifi cation 179

cardiometabolic risk 216

cardiovascular disease 200–2

circulatory disorders 201

coronary heart disease 202

hypertriglyceridemia 175

insulin resistance 201

metabolic alterations 171–3, 177

metabolic disorders 200–2

metabolic interactions 178

metabolic syndrome determinant 174

pathophysiology 200–2

sex differences 169–71

sleep apnea syndrome 201

therapeutic implications 177, 179

visfatin 108, 213–14, 215

vitalism theory 151

VO2 152, 153–4

VO2 max 321, 322
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Voit, Carl von 151, 152
volume overload, left ventricle 233

vomiting, bariatric surgery 285

von Willebrand factor 172–3

waist circumference 3, 4–5, 5–6

assessment by imaging techniques 21

cardiovascular risk 11

central obesity 216

cut-offs 7–8

morbidity/mortality risk 8

patient examination 270

waist-to-hip circumference ratio (WHR) 3, 216

adipose tissue distribution 200

coronary event risk 230

visceral adipose tissue accumulation 169

waist-to-hip ratio 3, 4, 6

assessment by imaging techniques 21

wakefulness 246

walkability 446, 447

walking 445, 462

active transport 480

built environment 446

recreational 447

to school 461, 462, 478

transport 447

wanting constructs for food 143–4

weight see body weight

weight bias see bias against obesity; stigma of obesity

Weight Locus of Control Scale 357–8

Weight Loss Readiness Test 357

Weight Watchers 286, 309

weight-for-height index, children 376–7

weight-for-length measurement, infants 92–3

weight-for-stature 377

weight–height (W-H) index 377

westernization 45, 82

white adipose tissue (WAT) 103

characteristics 104–5

distribution 116

fat deposition/mobilization routes 125

fat storage regulation 123

infl ammation-related proteins 108–9

secretory role 106

whole-body postprandial metabolism 

120–1

women

bodies as objects 46–7

body size preference 43, 46
cultural predictors of ideal body shape 

44

infertility 241–2

object construct 46–7

poverty 44, 45

slim ideal 46–7

socio-economic status 44

westernization 45

work environment 434

automation/mechanization 443

physical activity 443–4

World Health Organization (WHO)

child growth standards 380

global pandemic 425–7

zonisamide 333

drug combinations 335
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