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 Preface 

 The chan ging diet of humans through our history is subject to a great deal of conten-
tion. However, what is not in dispute is that our diet has changed signi fic antly in both 
a qual it at ive and quant it at ive sense as we have moved through periods as hunter- 
gather ers or subsist ence farmers to a situ ation today where we are now consumers 
of highly processed and ready- prepared foods. At the same time our patterns of 
phys ical activ ity have also changed from the demands of high activ ity neces sary for 
survival and strenu ous occu pa tions to those of limited phys ical burdens and sedent ary 
occu pa tions or leisure pursuits. For most of history, humans have exper i enced food 
short ages, hunger and under- nutri tion as they struggled each day to secure suffi cient 
food to meet their needs. However, with improved agri cul tural processes, mech an-
isa tion, improved storage and processing of foods we are now in a situ ation where 
a signi fic ant propor tion of the world’s popu la tion now has more food energy than is 
neces sary to meet their reduced require ments. As a consequence condi tions asso ci-
ated with over- nutri tion and excess weight gain are now domin at ing human health 
and well- being. 

 Obesity has become a major public health and economic problem of global 
signi fic ance. According to World Health Organization (WHO) estim ates, more than 
1.4 billion adults aged 20 and older (or 35% of the world’s popu la tion),were over-
weight in 2008. Of these over 200 million men and nearly 300 million women were 
obese. Prevalence rates continue to rise rapidly in all areas of the world, includ ing 
low- income coun tries, and obesity asso ci ated illness is now so common that it has 
replaced the more estab lished public health concerns, such as under- nutri tion and 
infec tious disease, as the most signi fic ant contrib utor to global ill health. 

 Obesity impacts on both quality and length of life and is asso ci ated with a wide 
range of chronic condi tions such as diabetes, hyper ten sion, cardi ovas cu lar disease 
and many cancers, as well as non- life-threatening but debil it at ing condi tions such 
as arth ritis, back pain and breath less ness. Obesity also places enorm ous finan cial 
burdens on govern ments and indi vidu als and accounts for a signi fic ant propor tion of 
total health care expendit ure in developed coun tries. Obesity is now the sixth most 
import ant contrib utor to prema ture death in the world. 

 In recent years, our know ledge of the epidemi ology and caus a tion of obesity has 
improved dramat ic ally but we still have an incom plete under stand ing of the drivers 
of obesity. We know that obesity results from a prolonged period of energy imbal-
ance where the energy intake from food and drink exceeds energy expendit ure for 
meta bolic processes and phys ical activ ity. However, there are many aspects of our 
current diet and life style that have poten tial to contrib ute to this energy imbal ance 
that leads to weight gain and the devel op ment of obesity. Overconsumption of food 
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energy may poten tially be facil it ated by the compos i tion of the diet, by serving sizes, 
by where, when or how we eat, as a response to external cues or driven by the appeal 
of price, market ing or nutri tion guid ance. Understanding these issues is import ant in 
formu lat ing appro pri ate dietary strategies to assist with weight loss or the preven tion 
of weight gain in the community. 

 Whilst there has been much written about the aeti ology of obesity in recent years, 
most books that examine the problem of obesity provide only limited cover age of 
dietary aspects, because they need to address the wide- ranging aspects of the issue. 
Therefore, in plan ning this book it was decided that there would be great merit in 
examin ing in more detail the broad range of dietary issues that may receive only 
cursory atten tion in more general texts. Authors were reques ted to prepare short 
chapters which focused on a single aspect of the rela tion ship between diet and the 
preven tion and manage ment of obesity. 

 This is not a text book or encyc lo pae dia, but rather an edited collec tion of short, 
relev ant (and some times personal) review chapters by experts on the most import ant 
devel op ments and topics in obesity manage ment. These chapters are arranged in five 
sections that deal with differ ent aspects of the rela tion ship between diet and obesity:

    Part One deals with general issues and back ground to the problem of obesity, its devel op-
ment and strategies for its manage ment.  

   Part Two exam ines the role of differ ent dietary compon ents in obesity manage ment and 
weight control.  

   Part Three explores the role of eating patterns and other beha vi oural factors in obesity 
manage ment.  

   Part Four addresses struc tured dietary inter ven tions in the treat ment of obesity  
   Part Five tackles the diffi cult issues around govern ment and industry inter ven tions in the 

preven tion of obesity.    

 The focus of each chapter means that authors cannot explore all the inter re lated 
aspects of their topic. To ensure each chapter is complete, there may be some overlap 
between chapters. In addi tion, given the scale and complex ity of the subject, there 
are many poten tial issues which are not addressed in depth. However, we hope that 
the breadth and scope of the contents help ensure that most of the import ant topics 
relat ing to dietary aspects of obesity are covered. It is likely that as research evid ence 
builds in this area over time, that some of the insights and conclu sions presen ted 
within these chapters may be chal lenged and replaced. However, the concepts and 
prin ciples are likely to stand the test of time. 

 Timothy P Gill 
 Boden Institute, University of Sydney, NSW, Australia 
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                 Introduction: an over view of the key 
drivers of obesity and their influ ence 
on diet  
    T. P.   Gill  
 University of Sydney, NSW, Australia    

    1  Introduction 

 Obesity results from a prolonged period of energy imbal ance where the energy intake 
from food and drink exceeds energy expendit ure for meta bolic processes and phys ical 
activ ity. Excess energy is stored as fat within the body and is asso ci ated with a wide 
range of health, social and psycho lo gical prob lems. 

 Energy balance within the body is usually well regu lated by a range of physio  -
lo gical responses which monitor food intake, meta bol ism and storage and send 
signals to influ ence appet ite and to a lesser extent energy expendit ure. Physiological 
energy regu la tion mech an isms operate within each person to keep weight and body 
fat stores stable in the long term (Schutz 1995). However, power ful soci etal and 
envir on mental forces influ ence energy intake and expendit ure through effects on 
dietary and phys ical activ ity patterns, and may over whelm the physiolo gical control 
of body weight. The suscept ib il ity of indi vidu als to these forces is influ enced by 
genetic and other biolo gical factors such as gender, age and hormonal activ it ies, over 
which they have little or no control. 

 The breadth of these ‘drivers of weight gain’ is addressed in this chapter but 
discussed in more detail in later chapters. 

   1.1  Key influ ences on energy balance and weight gain 

 A number of analyses have attemp ted to define the key determ in ants of obesity 
and there remains a degree of contro versy over which factors have made the 
greatest contri bu tion to the recent rise in the rates of obesity through out the world. 
Comprehensive assess ment of the situ ation has been under taken by the World 
Health Organization in the  Expert Report on Diet, Nutrition and the Prevention of 
Chronic Disease  (WHO 2003) and the World Cancer Research Fund report  Food, 
Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective  
(WCRF 2007). 

 These reports examined the current liter at ure and iden ti fied a range of key factors 
which either increase or decrease the risk of weight gain and the devel op ment of 
obesity. The results of both assess ments are summar ised in Table I.1. 
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 Table 1    Summary of the strengths of evid ence on beha viours 
that might promote or protect against weight gain and obesity – 
agree ment from WHO 2003 and WCRF 2007 reports  

  Evidence    Decreases risk    Increases risk  

 Rated convin cing or 
likely in both reports. 

 Regular phys ical activ ity. 
 High intake of low energy- 
dense foods.* 

 Sedentary life styles. 
 High intake of energy- dense 
foods.* 

 Rated prob able or 
possible in both 
reports. 

 High dietary fibre intake. 
 Promoting linear growth. 
 Breastfeeding. 

 Sugar- sweetened soft drinks and 
juices. 
 High propor tion of food prepared 
outside of homes. 
 High expos ure to tele vi sion 
(market ing). 

 Rated possible in one 
report only. 

 Low glycaemic index foods.  Adverse social and economic 
condi tions in developed coun tries 
(espe cially for women). 
 Large portion sizes. 
 Rigid restraint/peri odic 
disin hib i tion eating patterns. 

 Rated insuf fi cient.  Increased eating frequency.  Alcohol. 

   * Energy- dense foods are high in fat/sugar, and energy- dilute foods are high in fibre and water such as veget ables, fruits, 
legumes and whole grain cereals.  
   Source:  Developed from WHO 2003 and WCRF 2007.   

    1.2  The complex web of influ ences on the aeti ology of obesity 

 Although the WHO and WCRF reviews touched upon the array of beha vi oural and 
envir on mental influ ences in the aeti ology of obesity at an indi vidual and popu la tion 
level, they did not capture the inter play of these factors and how they operate at a 
soci etal level. One of the first attempts to repres ent the nature of the prevail ing, multi- 
layered envir on mental factors that influ ence energy balance in the modern world was 
the International Obesity Task Force ‘causal web’ (Kumanyika  et al. , 2002). The 
causal web illus trated that although food intake and energy expendit ure ulti mately 
influ ence energy balance, there are an array of forces oper at ing at differ ent layers of 
society that impact directly or indir ectly upon these beha viours. The implic a tions of 
this repres ent a tion are appar ent. Addressing obesity preven tion will require action at 
many levels and must include a focus on many of the distal factors that influ ence our 
food and activ ity envir on ment. 

 Although the causal web suggests that the genesis of and thus, the solu tion to 
obesity is complic ated, its linear format does not clearly illus trate the complex ity 
of the inter ac tions between the various layers. The Foresight Programme of the UK 
Government Office for Science expan ded on the causal web approach by using a 
systems approach to produce a complex concep tual model with 108 vari ables known 
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as the ‘obesity systems map’ (Vandenbroek  et al. , 2007). The rela tion ships between 
the vari ables are illus trated with more than 300 solid or dashed lines to indic ate posi-
t ive and negat ive influ ences. All the vari ables are inter con nec ted and these connec-
tions give rise to feed back loops. At the core (or engine) of the map is energy balance, 
surroun ded by vari ables that directly or indir ectly influ ence this key process. The 
rela tion ships between each factor and their influ ence on the energy balance core is 
repres en ted by a complex array of multi- direc tional arrows that illus trate the complex 
inter ac tion between envir on ment, beha viour and physiology. The original spaghetti- 
like, causal loop map has been simpli fied by divid ing the factors repres en ted into 
seven cross- cutting, prin cipal themes (Figure 1): 
   ●   Biology: an indi vidu als start ing point – the influ ence of genet ics and physiology.  
  ●   Food consump tion patterns and beha viours: the quality, quant ity and frequency of an indi-

vidual’s food intake.  
  ●   Food envir on ment: the influ ence of the food envir on ment on an indi vidual’s food choices.  
  ●   Physical activ ity beha viours: the type, frequency and intens ity of an indi vidual’s phys ical 

activ it ies.  
  ●   Activity envir on ment: the influ ence of the envir on ment on an indi vidual’s activ ity 

beha viour.  
  ●   Individual psycho logy: psycho lo gical influ ences food intake and consump tion patterns, or 

phys ical activ ity patterns or pref er ences.  
  ●   Societal norms and influ ences: the impact of how society views and responds to the issue of 

obesity.   

   Figure 1     A simpli fied version of the Foresight obesity system map identi fy ing main sectors 
of influ ence    
  Source:  Vandenbroeck  et al.  2007.  
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 A complete version of the Foresight Obesity System Map can be found at https://
www.gov.uk/govern ment/uploads/system/uploads/attach ment_data/file/296290/
obesity- map-full- hi-res.pdf 

 The Foresight map approach to defin ing the broad- ranging drivers of obesity 
and the inter- rela tion ships between these factors has not met with univer sal approval. 
It has been criti cised for being overly complex to the extent that it creates a sense 
of confu sion and despair, when clarity is what is needed to effect ively address this 
problem (Finegood  et al. , 2010). Others have also ques tioned how compre hens ive 
such a map could be, in that it implies that all poten tial drivers of obesity are captured 
within the map. It is prob ably true that very few people completely under stand all 
the intric a cies of the system it describes and that the map is not truly complete, 
as it reflects only the percep tions of the stake hold ers engaged in its devel op ment. 
However, it has served some useful object ives in improv ing our percep tion of the 
nature of the obesity problem and the approach that will be required to success fully 
address it. Some of the prin ciples that the Foresight map and process have rein forced 
are:
   ●   the wide range of polit ical, social, envir on mental, beha vi oural and physiolo gical factors 

that influ ence indi vidu als’ and society’s capa city to achieve energy balance, and the 
complex, multi factorial nature of the systems that give rise to obesity;  

  ●   the breadth of action that will be required to restore energy balance;  
  ●   the futil ity of attempt ing to address obesity by focus ing atten tion solely on indi vidual beha-

viour change or within one domain of action;  
  ●   the need to consider the inter ac tion between factors that either enable or amplify, or 

conversely, inhibit the beha viour change process required to achieve energy balance;  
  ●   the inter ac tion between factors within the system, which is currently driving energy accre tion 

and disrupt ing indi vidual efforts to achieve energy balance.      

   2  Behavioural factors 

 Food intake and phys ical activ ity beha viours are the two key factors that have 
poten tial to directly influ ence energy balance and weight status. Historically 
they have been considered a product of free will under the direct cognit ive control 
of the indi vidual. However, as previ ous sections have indic ated, there are a range 
of biolo gical as well as social and envir on mental forces that constrain these 
beha viours in indi vidu als. However, an appre ci ation of the dietary and activ ity 
beha viours that have been linked to weight gain and the devel op ment of obesity is 
import ant if we are to usefully define these prob lems and decide how best to address 
them. 

 Both energy expendit ure and energy intake contrib ute to weight gain and the 
devel op ment of obesity, and it is not possible to clearly appor tion the contri bu tion 
that each makes to the problem. There has been a lot of unne ces sary debate over 
which factor is more import ant in the genesis of obesity. Attempts to select ively 
promote one factor over the other as the major cause are coun ter pro duct ive, as both 
will need to be addressed in tack ling the problem. 
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   2.1  The form a tion of habits 

 When a beha viour relat ing to food intake or activ ity is repeated often for a long 
period of time, it becomes a habit, meaning that it becomes almost an auto matic 
response to certain cues or situ ations. Habits often remain well after the original 
reason for adop tion of the beha viour has passed, making them diffi cult to change. 
Often, people pass ively adopt or continue a beha viour rather than making an active 
decision to do so. Once habits are formed, indi vidu als show little inclin a tion to 
change them. In addi tion, atti tudes and inten tions have less of an impact when a habit 
has been estab lished, making changes to inap pro pri ate food and activ ity beha viours 
less likely even when the need for such a change is accep ted (Vandenbroeck  et al. , 
2007). 

 Food and activ ity habits are often asso ci ated with an increased energy intake, and 
as envir on ments become more ‘obeso genic’ (obesity- promot ing), the beha viours that 
lead to obesity are increas ingly the default or auto matic ones.  

   2.2   Dietary beha viours 

 A number of dietary factors have been iden ti fied as poten tial contrib ut ors to 
weight gain and obesity by under min ing the innate regu lat ory control of body 
weight. There are multiple mech an isms by which this can occur, includ ing satiety, 
palat ab il ity, food avail ab il ity or low energy needs as a consequence of phys ical 
inactiv ity. Despite great interest in this area, evid ence linking specific dietary beha-
viours to weight gain is limited and is largely restric ted to obser va tional and inter-
ven tion studies. 

 Although surplus energy intake is an obvious cause of weight gain, there is little 
evid ence to link high kilo joule intake directly to obesity. This may be the result of 
large indi vidual vari ab il ity in energy require ments, with higher require ments often 
being asso ci ated with higher levels of activ ity. In addi tion, total kilo joule intake is 
not repor ted accur ately or consist ently in most dietary surveys (Willett and Stampfer 
1986). This has led to the explor a tion of the role of a range of dietary beha viours 
asso ci ated with weight gain and obesity. The key elements of these beha viours are 
addressed in separ ate chapters within this book includ ing:
   ●   Energy density of the diet  
  ●   Fat compos i tion of the diet  
  ●   Protein intake  
  ●   Carbohydrate intake and glycaemic index of the diet  
  ●   Fibre  
  ●   Alcohol  
  ●   Fruit and veget able consump tion  
  ●   Consumption of sugar- sweetened bever ages  
  ●   Portion size  
  ●   Increased consump tion of takeaway foods and foods prepared away from home  
  ●   Eating frequency.     
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   2.3  Physical activ ity beha viours 

 Although it may appear obvious that inact ive people will gain more weight over 
time than active people, the true impact of reduced activ ity on weight gain is not 
easy to clarify for a number of reasons (WHO Euro 2007, Wareham 2007, Fox and 
Hilsdon 2007). 

 Unfortunately, we do not have high quality data on the amount of phys ical activ-
ity under taken over time and most of the data we do have is self- repor ted, with 
little object ive valid a tion. In addi tion, the rela tion ship between phys ical inactiv ity/
sedent ary beha viour and obesity is complex and is subject to a wide array of con-
found ing factors which are diffi cult to exclude. 

 Although data is now avail able from large prospect ive studies, it is diffi cult to 
exclude the possible influ ence of reverse caus al ity; that is, a high BMI at the start of 
the study may be a cause of decreas ing phys ical activ ity and may also be inde pend-
ently asso ci ated with an increased risk of weight gain. In addi tion, most studies 
have examined only leisure time phys ical activ ity and have ignored the impact of 
occu pa tional and incid ental activ ity. 

 Despite these limit a tions, most reviews of research consist ently show the expec-
ted inverse rela tion ship between leisure time phys ical activ ity and obesity in all but 
the young est chil dren (Fogelholm and Kukkonen-Harjula 2000, Summerbell  et al. , 
2009).  

   2.4  Sedentary beha viours 

 Sedentary beha viours are not merely the inverse of being phys ic ally active. They 
are differ ent but inter linked beha viours and there is a growing body of evid ence that 
sedent ary beha viour may be a distinct risk factor, inde pend ent of phys ical inactiv ity, 
for multiple adverse health outcomes includ ing obesity in adults (Thorp  et al. , 2011). 
The most commonly util ised indic ator of sedent ary beha viour is tele vi sion viewing 
time and many (but not all) studies have found a posit ive asso ci ation between hours 
of TV watched and increased body weight. A study by Hardy  et al.  (2009) indic ated 
that more than two hours a day of screen time was asso ci ated with reduced fitness, 
increased weight and a greater risk of ill health in school chil dren. A number of studies 
have examined the level of sitting time among workers and have found that sitting 
for more than six hours a day doubles a person’s risk of being over weight compared 
to those who spend less than one hour a day sitting (Brown  et al. , 2003, Mummery 
 et al. , 2005).   

   3  Environmental and struc tural factors 

 The external social, polit ical and economic envir on ment in which people live has 
a profound effect on the way people behave. Each day, people inter act with a wide 
range of services, systems and pres sures in settings such as schools, the work-
place, home, restaur ants and takeaway food outlets. In addi tion, these settings are 
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influ enced by laws, policies, economic imper at ives and atti tudes of govern ments, 
industry and society as a whole. Each of the features of this complex system, which 
shapes the envir on ment we live in, has the capa city to inhibit or encour age appro pri-
ate dietary and phys ical activ ity patterns. This has led some research ers to term the 
envir on ment in most developed coun tries today as ‘obeso genic’ or ‘toxic’ because 
it inhib its appro pri ate dietary and phys ical activ ity patterns and encour ages energy 
imbal ance (Egger and Swinburn 1997). 

   3.1  Changing phys ical activ ity envir on ment 

 The avail ab il ity of open space and access to public trans port, the design of suburbs, 
access to build ings, perceived levels of safety, provi sion of light ing and many other 
factors influ ence our capa city and desire to be more phys ic ally active in our daily 
lives (Ding and Gebel 2012). In recent years, changes in the occu pa tional struc ture, 
urban and build ing design and tech no logy have contrib uted to a situ ation where 
oppor tun it ies to be more phys ic ally active are now more limited. 

 The built envir on ment encom passes a range of phys ical and social elements that 
make up the struc ture of a community and may influ ence obesity- related beha viours. 
Several char ac ter ist ics of the urban form (natural and built envir on ment) tend to be 
asso ci ated with increased phys ical activ ity, and possibly with nutri tion beha viours. 
These include:
   ●   mixed land use and density;  
  ●   foot paths, cycle ways and other facil it ies for phys ical activ ity;  
  ●   street connectiv ity and design;  
  ●   trans port infra struc ture and systems linking resid en tial, commer cial and busi ness areas.    

 A number of studies have found that access to prox im ate and large public open space 
with attract ive attrib utes such as trees, water features and bird life is asso ci ated with 
higher levels of walking (Gebel  et al. , 2005). The char ac ter ist ics of the neigh bour hood 
also have an impact on phys ical activ ity. For instance, street layout and the level of 
connectiv ity of streets (suburban or more tradi tional layout) determ ine route choices 
and distances, thereby making walking or cycling more or less prac tic able. Urban 
design features such as the loca tion of resid en tial, busi ness and commer cial areas, in 
combin a tion with trans port services, influ ence people’s access to food. 

 Recent research has found that people who drove to work were more likely to be 
over weight or obese than those who walked, cycled or used public trans port, regard-
less of their income level. Additionally, the further people had to drive each day, the 
greater their weight increase (Wen  et al. , 2006, Basset  et al. , 2008).  

   3.2  Changing food envir on ment 

 Access to appro pri ate food outlets, advert ising pres sures, school food policies, nutri-
tion inform a tion and labelling all poten tially influ ence food selec tion. In past years, 
the usual envir on ment through out much of the world allowed only a limited food 
choice, while today, we have access to a wide variety of cheap, high fat/energy- dense 
foods that are aggress ively marketed. 
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 There is wide spread accept ance that the current food supply is not condu cive to 
the main ten ance of energy balance. The widely avail able processed foods have levels 
of trans fats, satur ated fats, salt and sugar well above those recom men ded for good 
health and weight control, and provide excess kilo joules. Short- term exper i mental 
studies have shown that larger portions of energy- dense food are asso ci ated with 
increased energy intake (Rolls  et al. , 2007). Specifically, they have shown that both 
chil dren and adults consume more at a single eating episode when offered larger 
portions of energy- dense food. Studies from Denmark (Matthiessen 2003) and the 
USA (Neilsen and Popkin 2003) indic ate that:
   ●   the portion sizes of many (but not all) commer cial energy- dense foods and bever ages and 

fast food meals seem to have increased over time, partic u larly in the last 10 years;  
  ●   the number of super- sized food items avail able in grocery stores and super mar kets seems to 

have increased substan tially;  
  ●   conven tional and fast food restaur ants serve larger so- called value meals and offer all- you-

can- eat buffets in the compet i tion for custom ers.    

 Consumers now spend a signi fic ant propor tion of their house hold food expendit ure 
on food consumed away from the home and many people under es tim ate the number 
of kilo joules in fast food meals and they tend to consume more kilo joules and fat, and 
fewer veget ables, fruits and fibre when eating out (Rudd Center 2008). 

 Access to the right foods at the right price also appears to influ ence the quality of 
our diet. The major ity of studies that have examined the rela tion ship between store 
access and dietary intake find that better access to a super mar ket or large grocery 
store is asso ci ated with health ier food intakes (Larson  et al. , 2009). Economic theory 
suggests that food prices affect food intake. Therefore, manip u lat ing the price of 
food is likely to have both short- and long- term consequences for body weight 
(Goldman  et al. , 2009). Some research ers suggest that the relat ive cheapness of high 
energy- dense foods is a major driver of their consump tion by less afflu ent consumers 
(Drewnowski 2004). Conversely, the high relat ive cost of low energy- dense foods, 
such as fruit and veget ables, is seen as a barrier to their increased consump tion. 

 Numerous system atic reviews have concluded that the market ing of unhealthy (or 
energy- dense, nutri ent- poor) foods and bever ages to chil dren negat ively influ ences 
chil dren’s eating beha viour, dietary intake and beliefs, and purchase requests to their 
parents (Cairns  et al. , 2009, IOM 2006). Much of this liter at ure has focused on the 
effects of market ing energy- dense, nutri ent- poor (EDNP) foods on tele vi sion, given 
that this is the main media outlet to which chil dren are exposed. However, market ing 
has now spread to multiple media plat forms includ ing print, the Internet, sports (via 
spon sor ship) and outdoors (IOM 2006).  

   3.3  Changed living and working envir on ment 

 Some of the most profound changes to our way of life in recent decades have occurred 
around the living and working envir on ment. Not only have occu pa tional struc tures 
changed but so have working hours and the gender balance within the work force. 
Longer working hours, living further from work and the involve ment of both part ners 
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or parents in the work force have led to a situ ation where indi vidu als and famil ies 
have less time to devote to planned nutri tion and phys ical activ ity beha viours. As a 
consequence, certain changes have occurred, which research has iden ti fied as having 
had a negat ive impact on weight control, and which may have contrib uted to the rise 
in obesity (Vandenbroeck  et al. , 2007, NPHT 2009, Keith  et al. , 2006). These changes 
include:
   ●   reduced time for personal phys ical activ ity and unavail ab il ity to super vise the play and 

active pursuits of chil dren;  
  ●   a greater reli ance on sedent ary leisure time pursuits;  
  ●   the loss of regular meal patterns and family meals, which has been shown to result in greater 

snack ing and a higher kilo joule intake;  
  ●   disrup ted sleep patterns (short sleep dura tion has been shown to create meta bolic disturb-

ance that inter feres with the body’s systems for appet ite control and has been asso ci ated with 
weight gain, espe cially in chil dren).      

   4  Biological factors 

 Most of the exist ing scientific inform a tion suggests that the increas ing rate of obesity 
within popu la tions is a result of changes in our food intake and phys ical activ ity beha-
viours driven by social, polit ical and economic envir on ments which promote over con-
sump tion of food and limit oppor tun it ies for phys ical activ ity. However, it is also clear 
that herit able biolo gical factors explain why some indi vidu als or groups are more at 
risk of devel op ing obesity compared to others within the community. In partic u lar, our 
genes and the nutri tion and phys ical activ ity envir on ment we are exposed to  in utero  
and early in life have profound effects on our regu la tion of energy balance and how 
and where we store fat gener ated by excess kilo joules. 

   4.1  Genetic influ ences 

 One of the strongest predict ors of a child’s weight status is the weight status of their 
parents. Overweight parents are more likely to have over weight chil dren. This could 
be a result of the shared family envir on ment, but the fact that adopted chil dren have a 
weight status closer to their biolo gical rather than adopt ive parents suggests a strong 
role of genet ics in weight status. This rela tion ship has been confirmed by examin ing 
the close ness in body weight of mono zy gotic (identical) twins, who have exactly the 
same genes and very similar weight status, versus dizy gotic (non- identical) twins, 
who share only 50% of their genes on average and have much greater vari ab il ity in 
weight status (Bouchard 2007). This does not imply that a certain genetic makeup 
inev it ably leads to obesity but rather, that the propensity to gain weight and become 
obese is increased. Estimates of how much of the differ ence in weight status between 
indi vidu als can be explained by their genes vary depend ing on what group is being 
studied and what aspect of weight is being meas ured – it can be as low as 5% and as 
high as 70% (Yang and Kelly 2007). 
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 Unlike other inher ited condi tions, it is extremely rare for a single gene 
differ ence to result in obesity. Rather, the inher it ance of obesity is thought to 
be the result of a wide number of genetic vari ations which result in a series of 
small but import ant disrup tions to our energy balance regu lat ory systems (Farooqi 
and O’Rahilly 2007). So far, around 30,000 genes have been iden ti fied in the 
human genome, and a large number of these have the poten tial to influ ence factors 
asso ci ated with energy balance regu la tion. However, research does not support the 
commonly held view that genet ics endows some people with slow meta bol isms, 
meaning that they can eat hardly anything without gaining weight, and deliv ers 
others with a super meta bol ism, allow ing them to expend signi fic antly more energy 
than others just by exist ing. Most of the common gene defects that have thus far 
been asso ci ated with obesity influ ence appet ite and satiety regu la tion or the way the 
body handles food and stores fat. Some of these genes may have been asso ci ated 
with posit ive outcomes in past times when food was scarce and work was hard but 
now, with our changed envir on ment, they contrib ute to a negat ive outcome of weight 
gain.  

   4.2  Epigenetic influ ences on weight gain 

 It is now under stood that inher it ing a partic u lar gene does not mean that it will always 
result in the same outcome in differ ent indi vidu als. Part of the reason for this is that it 
is possible to alter the way the gene is expressed, or trans lated into action within the 
body, by subtle changes to that gene. This process is called epigen et ics and is a result 
of small chem ical modi fic a tions to the DNA mater ial which can result from a range 
of factors, such as poor nutri tion, a lack of phys ical activ ity, smoking, expos ure to 
certain toxins and ageing (Bird 2007). It is thought that these epigen etic changes can 
predis pose indi vidu als to obesity by influ en cing the way food is handled or energy 
balance is regu lated (Campion  et al. , 2009). It is unclear whether these epigen etic 
modi fic a tions can be reversed but they are clearly herit able and are passed on to the 
next gener a tion, leading to poor health outcomes. Epigenetic changes in response to 
poor nutri tion and phys ical activ ity envir on ments may explain why rates of obesity 
have increased so rapidly in recent gener a tions, who have inher ited physiolo gical 
traits that exacer bate weight gain as a result of their own expos ure to the obeso genic 
envir on ment (Campion  et al. , 2010).  

   4.3   In utero  and early life influ ences 

 It has long been known that good nutri tion during preg nancy is import ant for 
the growth and devel op ment of the foetus, and the health and well being of the 
mother as well as the ease of deliv ery. However, recent evid ence has revealed that 
 in utero  expos ures, together with early life exper i ences, have profound effects on 
the weight status and health of the infant that last well into adult hood. Some of the 
key peri natal nutri tion factors that influ ence later devel op ment of obesity include 
the follow ing.  
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   4.4  Low birth weight and smoking during preg nancy 

 Low birth weight infants exper i ence a range of health prob lems usually asso ci ated 
with under- nutri tion and failure to thrive, but it is also clear now that low birth weight 
infants are at higher risk of a range of chronic condi tions later in life (Barker 2004). 
Such chil dren are more prone to develop abdom inal obesity and early meta bolic 
disease, espe cially if exposed to over- nutri tion in child hood. Low birth weight is 
common among babies born to women who smoke during preg nancy, but smoking 
is also asso ci ated with a 50% increase in the risk of child hood obesity (Oken  et al. , 
2008).  

   4.5  Excessive weight gain during preg nancy 

 Women who gain more than the recom men ded levels of weight during preg nancy 
are at greater risk of gest a tional diabetes and having a high birth weight child. Such 
chil dren have a greater rate of obesity later in child hood (Gillman  et al. , 2003). 
Women who enter preg nancy with an exist ing weight problem and have excess ive 
weight gain during preg nancy further increase their risk of gest a tional diabetes and 
the obstet ric complic a tions asso ci ated with high birth weight chil dren (Whittaker 
2004). 

 Accelerated weight gain during the first weeks or months of life is asso ci ated with 
higher BMI or obesity later in life. A system atic review by Baird  et al.  (2005) found 
that infants with more rapid early growth had a higher risk of later obesity than infants 
with normal growth.  

   4.6  Breastfeeding 

 A number of reviews have concluded that exclus ive breast feed ing for a period 
of at least six months is asso ci ated with a reduced level of obesity later in child-
hood. A meta- analysis of 17 studies of breast feed ing dura tion found that each addi-
tional month infants were breast fed was asso ci ated with a 4% lower risk of later- life 
obesity (Harder  et al. , 2005). However, there remains some contro versy around 
the role of breast feed ing as results of studies have been incon sist ent and it is hard 
to separ ate asso ci ated factors socio- economic status and cultural factors in any 
analysis.  

   4.7  Short sleep dura tion in infancy 

 There is some indic a tion from a small number of studies of an asso ci ation between 
short sleep dura tion in infants and higher levels of over weight in later child hood 
(Taveras  et al. , 2008). However, separ at ing the effect of sleep from the wide range of 
poten tial confounders in this rela tion ship is diffi cult. 

 Other research shows that short sleep times appear to have no rela tion ship with 
obesity in teen agers aged 10–16 years, and it is unclear whether longer sleep times 
are bene fi cial for obese teen agers (Sung  et al. , 2011).   
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   5  Summary and conclu sions 

 Although there has been substan tial effort inves ted in identi fy ing the determ in ants 
of obesity we still have an incom plete under stand ing all the drivers of obesity. It is 
clear that diet and phys ical activ ity beha viours are the central elements of the energy 
balance equa tion. However, in contrast to popular belief, obesity is not solely caused 
by a lack of cognit ive control over personal dietary and phys ical activ ity beha viours. 
It is now under stood that physiology and genet ics have a crit ical role in driving or 
atten u at ing these beha viours and the phys ical, social and polit ical envir on ment in 
which we live greatly influ ences out ability to main tain beha viours appro pri ate to 
weight control. 

 A number of analyses have attemp ted to define the key determ in ants of obesity 
and there remains a degree of contro versy over which factors have made the greatest 
contri bu tion to the recent rise in the rates of obesity. What is accep ted is that there 
is no simple single cause of obesity and that complex array of inter act ing factors is 
driving changes in weight status at a soci etal level.   
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    1.1  Introduction 

 Although obesity has been described in liter at ure and depic ted in paint ings for many 
centur ies it is very clear that excess ive weight gain in adult hood on a popu la tion 
level is of recent origin and really became of medical and public health concern only 
in the late 1970s. At that stage the crude defin i tions of over weight and obesity set 
out as the body mass index (BMI) were derived from mortal ity data taken from the 
pre-Second World War U.S.A.-based Metropolitan Life insur ance stat ist ics. BMIs 
of 25 and 30 are still taken for the clin ical and epidemi olo gical clas si fic a tion cut- 
offs of over weight and obesity in adults despite sugges tions to the contrary from 
Flegal (Flegal  et al. , 2007, 2013). Her analyses are based, however, on relat ively 
short term US studies which were known since the 1970s as not being a suit able 
basis for demon strat ing the incre mental effect of modest increases in BMI; they also 
fail to take account adequately of several other major issues includ ing the effect of 
smoking and unin ten tional weight loss asso ci ated with pre- exist ing disease. A series 
of integ rated cohort studies involving well over a million subjects with long follow 
up periods from across the globe has confirmed the value of BMI 25 as a reas on-
able limit in terms of all- cause mortal ity and ischaemic heart disease mortal ity rates 
(Batty  et al. , 2006; Prospective Studies Collaboration 2009; Adams  et al. , 2006) with 
only death rates from haem or rhagic strokes suggest ing that a higher BMI, e.g. of 30, 
might be more reas on able (Asia Pacific Cohort Studies Collaboration, 2004). Indeed 
the 57 prospect ive studies analyses with nearly a million subjects found that in both 
sexes mortal ity was lowest at about 22.5–25 kg/m and each 5 kg/m 2  higher BMI was 
asso ci ated with about a 30% higher overall mortal ity. As usual the first three years 
of follow up had to be discarded because those who were already ill had lower BMIs 
and early deaths so without this adjust ment the curves were J shaped. These data have 
recently been ampli fied with data from 97 cohort studies demon strat ing clearly that 
over weight (BMI 25–29.9) as well as obesity is a predictor of both coron ary artery 
disease and stroke in Caucasians and Asians, with only 50% of the excess risk being 

   1 
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attrib ut able to changes in the classic risk factors of blood pres sure, choles terol and 
glucose (Lu  et al. , 2014). 

 It is clear that BMI is only a crude predictor because the pres ence of co- morbid it ies 
such as hyper ten sion and diabetes are far more power fully predict ive of an early death 
than BMI alone, prob ably because they reflect ongoing processes of cellu lar and organ 
damage (Padwal  et al. , 2011). The Asian criteria of a lower BMI of 23 were not based 
on mortal ity data at all but on the accep ted greater morbid ity of many Asian groups 
as weight increases, albeit that in Caucasians it has also been known for decades 
that the co- morbid it ies of diabetes, hyper ten sion, coron ary heart disease and some 
cancers increase progress ively from a BMI of about 20. Nevertheless, inter na tion ally 
adult over weight and obesity continue to be considered in terms of the World Health 
Organization (WHO) accep ted BMIs of 25 and 30.  

   1.2  The import ance of abdom inal obesity 

 It has been known for decades that the distri bu tion of body fat is asso ci ated with 
differ ent levels of co- morbid ity and a specific emphasis on fat accu mu la tion in the 
abdomen was made by Vague in the early post second world war years (Vague 1956). 
Since then global studies have confirmed the greater sens it iv ity of meas ures of 
waist circum fer ence or waist/ hip ratios in predict ing cardi ovas cu lar events (Yusuf 
 et al. , 2005). Waist/height ratios (W/HtR) have also been advoc ated (Ashwell  et al. , 
2012) and found to be applic able in chil dren as well as adults with some sugges-
tion that it might be super ior to waist or waist/hip ratios alone. Other system atic 
analyses emphas ise the value of adding waist meas ures to BMI in eval u at ing the 
risk of disease or mortal ity (Carmienke  et al. , 2013) and in Asian subjects the use of 
both waist and W/HtR has been proposed for predict ing risk (Wakabayashi 2013). 
There seems general agree ment that waist meas ure ment is a better measure than 
BMI and the simpli city of the waist measure is easy for both the public and 
profes sion als to under stand and certainly over comes the need to measure the hip 
circum fer ence, which in some soci et ies is a cultur ally prob lem atic measure to 
make except with female phys i cians taking consid er able care. The original Scottish 
SIGN guideline and the subsequent WHO choices of waist circum fer ence meas ure-
ments (WHO 2000) were made simply on the basis that the waist meas ures chosen 
would corres pond with the BMI cut- offs for over weight and obesity, i.e. 25 and 30. 
Then the International Diabetes Federation proposed other levels of waist meas ure-
ment for differ ent ethnic groups but based on very differ ent and non- stand ard ized 
criteria (Zimmet  et al. , 2005). 

 Waist values do not auto mat ic ally increase in line with BMI increases: strong 
genetic factors influ ence fat distri bu tion but smoking and alcohol consump tion 
also amplify the propensity to abdom inal obesity. Early nutri tional and other 
handi caps, often inferred from evid ence of low birth weights, are also asso ci ated 
with later abdom inal obesity when even modest weight is gained in adult hood. 
Thus, Japanese, Chinese, Indian, and Hispanic popu la tions with a marked history 
of early child hood malnu tri tion are partic u larly prone to abdom inal obesity with a 
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high waist circum fer ence even when the BMIs are in the ‘normal’ range. Then the 
increased waist values still signify increased risks. Nevertheless, despite all the atten-
tion given to waist meas ure ments the BMI is still the measure used for inter na tional 
compar is ons.  

   1.3  Global trends in obesity 

 We are witness ing a complex evol u tion in the preval ence of adult over weight and 
perhaps it is concep tu ally easier to consider a country such as China or Japan where 
from the point of view of limit ing mortal ity from either under weight or over weight 
the mean BMI was 20–21 and the distri bu tion of BMI was Gaussian in the 1970s – 
1980s with negli gible numbers of either obese or severely under weight (BMI < 17.0) 
subjects. However as the average BMI increases the Gaussian distri bu tion changes 
to a markedly skewed one where there is a very big increase in those with very high 
BMIs for only modest further increases in the median value ( Figure 1.1 ). This feature 
is repro duced in repres ent at ive US and UK data and signi fies an alarm ing increase 

   Figure 1.1     The skewed distri bu tion of BMI with increases in the average popu la tion BMI. 
Cross- sectional data taken from the INTERSALT study to illus trate the progress ive marked 
increase in obesity rates for modest increases in mean BMI. Those in the upper BMI range 
for each popu la tion distri bu tion repres ent the genet ic ally suscept ible indi vidu als to weight 
gain. The usual Caucasian cut- offs for over weight and obesity are shown together with the 
Asian upper limit of ‘normal’ BMI. Adapted from Rose (1991).     
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in the preval ence of morbid obesity with its huge health risks and costs. The reasons 
are explic able in ener getic terms because as excess body energy is stored then there 
is a maximum to which the expan sion of energy consum ing lean tissues (normally 
25% of initial weight increases) can contrib ute to the weight gain, i.e. there is a limit 
to skeletal and visceral meta bolic tissue expan sion. So if excess intake contin ues 
then all the energy has to be stored as fat and little further increase in energy output 
can be achieved to coun ter bal ance this excess intake. The excess energy slowly but 
progress ively accu mu lates as fat and the subject then becomes enorm ously obese as 
seen so frequently now in the US. 

 The Chinese data can be ampli fied by refer ence to the magni fi cent China/Oxford/
Cornell study (Chen  et al. , 1990) where a range of BMIs in differ ent communit ies 
(average 20.5 in 1983) within China were observed in asso ci ation with differ ent 
diets and activ it ies and partic u larly where the average fat and sugar intakes were 
14.8% and about 3% respect ively. The Japanese fat intakes studied by Keys and 
colleagues (Keys 1970) were similar but in China there has been a delib er ate policy 
of import ing fat despite advice to the contrary. As fat intakes increased by a quarter 
to 18.3% within six years the average BMI rose by 0.8 units to 21.3. Fat intakes have 
subsequently reached >30% in cities such as Beijing with sugar intakes also rising 
markedly and obesity, diabetes and hyper ten sion rates escal at ing rapidly.  

   1.4  Economic devel op ment and obesity 

 The economic devel op ment of coun tries and partic u larly the urban isa tion of popu la-
tions is asso ci ated with major increases in obesity preval ences (Popkin 2006). Stark 
changes are seen when relat ively isol ated rural popu la tions migrate into towns as seen 
origin ally with army recruits in Kenya trans fer ring to Nairobi – within 10 weeks their 
body weights were increas ing as their diets changed from an African cereal and root 
based diet to a more Western British Army diet. More recently relat ives studied in 
both Bangalore India and villages 100–150 km away showed in 2003 BMIs of 19.9 
in the villages of Karnataka but BMIs of 25.6 in Bangalore with threefold intake 
increases in dietary fat, a 6 fold increase in sugar intake and a quad rupling of salt 
intakes. Little wonder there fore that the corres pond ing diabetes rates were 9-fold 
higher (Vas 2003). The isol a tion of rural communit ies determ ines the contrast as the 
nutri tion trans ition proceeds, so where the rural communit ies have been blessed by 
good infra struc ture and medical facil it ies as in the Communist run state of Kerala 
in Southern India (one of the poorest states in India) the obesity rates were so high 
in middle- aged adults that their type 2 diabetes rates were already 30–40% in those 
50–70 years old (Soman 2007). 

 The preval ence of obesity and over weight has been increas ing rapidly in all 
regions of the world as very clearly shown by global analyses under taken by Ezzati 
and colleagues (Finucaine  et al. , 2011) prior to the new global burden analyses by the 
IHME group (Lim  et al. , 2012) These analyses showed that there have been progress-
ive increases in obesity rates in all regions of the world but we need to remem ber that 
in afflu ent coun tries there are marked contrasts between the coun tries, as illus trated 
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by  Figure 1.2 , which presents an ampli fic a tion of Wang  et al. ,’s (2011) analyses 
There seems to have been an unre mit ting increase in over weight and obesity rates for 
the last 30 years, albeit at differ ent rates.  Table 1.1  summar ises the regional preval-
ences of adult over weight and obesity. These preval ences high light the progress ive 
increase in weight in the first two decades of adult life and also that men tend to have 
higher preval ences of over weight but lower preval ences of obesity than women. This 
again prob ably reflects the greater lean body mass of men and that women reach 
the biolo gical limits of lean body mass expan sion as they gain weight before men 
and there fore they have to store far more energy as fat before they achieve energy 
balance.  

   1.5  Social class differ ences in obesity 

 The evol u tion of over weight in Latin America, and indeed in many coun tries, first 
affects relat ively afflu ent middle- aged women. Then middle- aged men start to become 
heavier and this is often seen as clear evid ence of economic success and substan tial 
achieve ments within many African soci et ies. In due course the whole popu la tion is 
affected, includ ing chil dren. However as afflu ence evolves, the more afflu ent women 
(as in Brazil) start to become thinner presum ably in part as they became more aware 

   Figure 1.2      Increasing preval ence of adult obesity in differ ent regions of the world.    
  Source:  Wang  et al.  2011.  



    Table 1.1     The male and female preval ence (%) in the differ ent WHO clas si fied regions of the world at 
each age group  

  18–29 yrs    30–44 yrs    45–59 yrs    60–69 yrs    70+ yrs  

      O/W    Ob    O/W    Ob    O/W    Ob    O/W    Ob    O/W    Ob  

 Africa  Males  18.1  4.4  23.6  7.8  29.5  11.1  27.8  10.7  18.3  6.5 
 Females  13.6  5.1  18.7  10.7  20.5  14.5  30.0  24.3  19.0  16.0 

 Americas  Males  31.7  18.8  39.2  23.8  41.4  27.8  40.1  27.5  38.5  24.7 
 Females  23.4  18.6  28.4  26.1  31.2  31.7  34.8  30.3  34.3  26.9 

 EMRO  Males  16.3  5.2  27.4  10.2  28.7  12.7  20.6  6.5  21.8  6.6 
 Females  19.0  9.7  25.5  24.3  25.2  31.5  21.9  15.9  23.0  12.3 

 Europe  Males  25.1  6.0  42.0  14.9  45.6  22.3  47.2  26.2  47.6  21.7 
 Females  16.6  7.2  28.0  18.1  35.2  30.3  38.8  35.8  37.8  29.8 

 SEARO  Males  5.1  0.7  11.8  1.9  13.6  2.4  1.7  0.3  3.4  0.6 
 Females  7.0  1.5  18.9  4.9  18.2  6.0  5.0  0.9  10.3  1.5 

 WPRO  Males  16.4  1.7  24.4  4.8  27.1  6.4  27.3  7.1  12.7  1.3 
  Females  11.7  2.3  18.3  6.4  22.5  4.9  23.2  9.5  26.0  3.8 

   O/W signi fies BMIs of 25–29.9 and O/b BMIs ≥30.  
  EMRO – Eastern Meditteranean Region.  
  SEARO – South East Asia Region.  
  WPRO – Western Pacific Region.     
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of external cultural pres sures. So they seem to become determ ined to be slimmer for 
cosmetic as well as health reasons. 

 Early studies of middle- aged men (assessed in the famous Seven Countries studies 
of 16 communit ies) showed on re- analysis of both their diets and an index of phys ical 
activ ity based on the differ ences in the average occu pa tional activ it ies, that differ-
ences in phys ical activ ity and the dietary fibre intake proved to be more power ful 
predict ors of weight gain than their fat intakes (Kromhout  et al. , 2001). This is in 
accord ance with WHO’s first appraisal in 2000 of the global obesity problem (WHO 
2000): substan tial phys ical activ ity as well as dietary fibre were both seen as protect-
ive. The weight- promot ing effect of dietary fat (Hooper  et al. , 2012) was incor por ated 
as a determ in ant of the energy density of the diet with the water- retain ing fibre- rich 
carbo hydrate nature of foods contrib ut ing to offset substan tially the energy density of 
the fat as well as sugar. Sugar has now been shown to be inde pend ently respons ible 
for weight gain (Morenga  et al. , 2012). 

 If one takes a global approach to the emer gence of obesity, then in poorer 
communit ies the average BMI of the popu la tion was about 21 but by 1980 was 
increas ing progress ively as national incomes rose until a slowing of the increase 
was seen when GDPs reached about $5,000 with a final peak in women at $15,000 
whereas men showed a later peak at $17,000 (Ezzati  et al. , 2005). Then as soci et ies’ 
econom ies improved there appeared to be a modest reduc tion in average BMIs. A new 
reana lysis, however, now shows that in 2008 the epidemic of over weight/obesity had 
increased so much in lower income coun tries that the rela tion ship resembled an inver-
ted U for women, peaking at middle- income levels. BMI increased as the percent age 
of the popu la tion living in urban communit ies increased and this was evident in both 
1980 and 2008. These urban ising effects reflect the impact of the dramatic changes 
in both phys ical activ ity and diet (Danaei  et al. , 2013).  

   1.6   Obesity in women and its implic a tions for mater nal 
and infant health 

 Traditionally the main concern about weight gain has related to the devel op ment 
of phys ical handi caps such as arth ritis and respir at ory insuf fi ciency and the meta-
bolic co- morbid it ies of diabetes and hyper ten sion which typic ally occur in middle 
age. However, although it has been recog nised for decades that over weight and 
then obesity begins to increase partic u larly in the 20–40 year old age range, 
now a major concern is emer ging relat ing to the risk of increas ing infer til ity as 
excess weight devel ops. However, the handi caps of mater nal over weight and 
obesity are much greater than those of infer til ity as set out by Oteng-Ntim and 
Doyle (2012) from a colla tion of system atic reviews and major obser va tional 
studies. Pre- eclamp sia and many other complic a tions of preg nancy are increased 
with greater risks of mater nal deaths, as well as diffi culties in deliv ery. There are 
also increased rates of birth defect and the like li hood of macro so mia (i.e. birth 
weights ≥ 4.5 kg). 
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 The devel op ment of glucose intol er ance and gest a tional diabetes is of major 
concern with gest a tional diabetes now affect ing up to 20% of preg nan cies in some 
coun tries, e.g. Singapore. This condi tion now affects about 10% of preg nan cies 
in Western Europe and an average of 15% of preg nan cies in Eastern Europe, the 
Middle East and Asia on the basis of WHO criteria (Jenum  et al. , 2012). On the 
basis of the modi fied International Diabetes Federation criteria, however, nearly 
40% of South Asian, Middle East, African and South American women are clas-
si fied as having gest a tional diabetes with long term consequences not only for the 
mothers them selves – who are far more likely to develop diabetes a decade or more 
later – but also the risk for their chil dren becom ing obese is ten times greater than 
normal. The Institute of Medicine (Rassmussen and Yaktine 2009), in their focus 
on preg nancy outcomes, high lighted the import ance of the mother’s pre- preg nancy 
weight in predict ing the baby’s subsequent birth weight and now cohort studies from 
Southampton (Gale  et al. , 2007) show that increases in BMIs within the normal 
BMI range predict marked increased risks of adipos ity in their 9-year- old offspring, 
partic u larly in girls. At present there are no inter na tion ally collated data which would 
specify the optimum levels of BMI in preg nancy and the preval ence of preg nancy 
over weight and obesity, but  Table 1.1  clearly shows that women under the age of 44 
years have already extraordin ar ily high preval ences of over weight and obesity. 

 Current find ings re- emphasis that there is a U-shaped curve in the bene fits of having 
babies born within the middle weight range – babies born too small, i.e. <2.5 kg, have 
a much greater risk of devel op ing the meta bolic syndrome as they gain weight later in 
life but macro so mia (birth weights ≥4.5 kg) is also a power ful predictor of early child-
hood obesity and the early incid ence of diabetes. On this basis we should be regard ing 
the nutri tional well- being of young women before and during preg nancy as one of the 
highest public health prior it ies. So without early soci etal inter ven tions we may well 
see an intergen er a tional ampli fic a tion of the prob lems of obesity and an escal at ing 
incid ence of much earlier diabetes, hyper ten sion and cardi ovas cu lar disease which 
will then become much more diffi cult to prevent as well as treat.  

   1.7  Childhood obesity 

 Childhood obesity was recog nised to be a problem when the WHO Expert Technical 
group on obesity met in 1997 and indeed WHO had already published in 1995 an 
analysis specify ing, on a stand ard stat ist ical basis relat ing to decades long studies 
on child hood malnu tri tion, that a child was not really a problem in public health 
terms until (s)he was outside the two stand ard devi ation unit limits. These limits had 
been set on the basis of data from a refer ence popu la tion which in prac tice had been 
derived from a US popu la tion of bottle fed babies (WHO 1995). At that stage there 
was no real focus by WHO on the obesity problem in chil dren because there was still 
pandemic malnu tri tion affect ing many regions, if not the whole of the lower income 
world. The International Obesity Task Force (IOTF) group there fore, aware that this 
problem had not been considered suffi ciently, developed an inter na tional clas si fic-
a tion system for over weight and obesity in chil dren based again on the BMI index 
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with cut- offs derived by taking the adult cut- offs of 25 and 30 and finding the percent-
iles of growth of collated repres ent at ive data from six coun tries in the Americas, 
Europe and Asia (Cole  et al. , 2000). It was then assumed that these percent ile could 
be used from aged 2 upwards on the basis that chil dren usually grow accord ing to 
their percent ile posi tion in a popu la tion unless they are ill or becom ing over weight 
on a weight for height basis. Recently a simpler, more robust analysis of these 
IOTF criteria of over weight and obesity have been published (Cole and Lobstein 
2012) but now there are also new WHO criteria based in part on a remark able study 
of healthy singleton babies from California, Norway, India, Oman, Ghana and Brazil. 
Carefully chosen mothers had babies who were born at full term and exclus ively 
breast fed with appro pri ate comple ment ary feeding, immun isa tions, etc. and studied 
for three years with similar babies monitored until they were 6 years old. A truly 
‘stand ard’ growth curve for 0–5-year- olds could then be obtained. To the experts’ 
surprise the chil dren’s growth in each country was almost identical and the vari-
ab il ity in growth was excep tion ally small and not influ enced at all by their ethnic 
back ground. These growth patterns are very differ ent from those which apply on 
a national basis in most coun tries and indic ates the remark able chal lenge in public 
health terms to achieve these presumed optimum levels of growth. However, to these 
stand ard data WHO then added adjus ted data from the original US growth curves 
to produce their ‘refer ence’ values (WHO 2007) which roughly corres pond to the 
IOTF BMI percent ile vales of 25 and 30 when aged 18. These WHO refer ence 
curves for chil dren from 5 to 20 years of age have now been accep ted by govern-
ments (de Onis 2013) even though paedi at ri cians find them in prac tice unreal istic 
and confus ing (Cole and Lobstein 2012). Children with BMIs >1SD for their 
age show a greater propensity to develop hyper ten sion, higher insulin and uric 
acid levels and other indices of insulin resist ance (de Onis  et al. , 2013) so this is 
clearly an unac cept able level of risk of what corres ponds approx im ately to the BMI 
over weight criteria. 

 When consid er ing over weight and obesity in chil dren one issue is whether they 
grow out of their problem so that a finding of over weight can be considered tempor-
ary. For chil dren over five years of age, being over weight incurs at least a 40% risk 
of this over weight/obesity persist ing into adult life, but by the mid- teenage years the 
risk is increased to 60–75% (Power  et al. , 1997).  Table 1.2  summar ises an up- to-
date colla tion of both the preval ences and the huge numbers of both over weight and 
obese chil dren in differ ent regions of the world using the latest IOTF clas si fic a tion 
system. The differ ent age groups chosen allow one to see how in the poorer regions 
of the world, e.g. Africa and the Middle East/North African region where data are 
often limited, over weight and obesity clearly becomes prom in ent in late adoles cence 
whereas in the Americas, Europe and even the Asian and Pacific regions the primary 
school chil dren are already showing marked preval ences of over weight. Furthermore, 
when the abso lute numbers are calcu lated it becomes clear that we are dealing with 
hundreds of millions of affected chil dren with no evid ence of a lower preval ence 
in later youth so there is also little evid ence that chil dren on a popu la tion level will 
grow out of their problem. Indeed these adoles cent chil dren will soon amplify the 
preval ences of over weight and obese young adults. Boys are partic u larly affected 



    Table 1.2     The preval ence and numbers of over weight and obesity in chil dren in the preschool years aged 
5–9 yrs and second ary school 10–17 yrs glob ally  

  Region based on 
WHO clas si fic a tion  

  Overweight %    Obese %    Total 
O/W + Ob %  

  O/W number 
(thou sands)  

  Obese 
(thou sands)  

  Total: O/W + Ob 
numbers (thou sands)  

  M    F    M    F    M    F    M    F    M    F    M    F  

  Africa  
   5–9 yrs   7.9.  8.0.  2.6  1.0  10.5  9.0  4,630  4,519  1,508  580  6,138  5,099 
   10–13 yrs   7.9  8.0  2.6  1.0  10.5  9.0  3,253  3,190  1,062  415  4,315  3,606 
   14–17 yrs   9.3  15.5  4.1  4.5  13.4.  20.0  3,515  5,693  1,550  1,653  5,065  7,346 
  Americas  
   5–9 yrs   15.9  13.9  7.5  9.3  23.4.  23.2  6,272  5,274  2,976  3,533  9,249  8,807 
   10–13 yrs   21.3  20.8  11.4  13.3  32.7  34.2  6,732  6,339  3,602  4,054  10,334  10,393 
   14–17 yrs   18.7  18.7  13.7  13.1  32.4  31.8  5,907  5,716  4,346  4,020  10,253  9,736 
  Eastern Mediterranean  
   5–9 yrs   3.3  4.1  4.3  5.1  7.6  9.2  1,153  1,365  1,502  1,698  2,655  3,063 
   10–13 yrs   3.3  4.1  4.3  5.1  7.6  9.2  860  1,019  1,120  1,267  1,980  2,286 
   14–17 yrs   20.0  21.1  8.5  6.7  28.5  27.8  5,106  5,142  2,170  1,633  7,276  6,774 
  Europe  
   5–9 yrs   13.3  16.8  5.3  6.0  18.6  22.8  3,493  4,178  1,392  1,492  4,885  5,670 
   10–13 yrs   19.7  18.1  5.2  5.5  24.9  23.6  4,168  3,648  1,096  1,111  5,264  4,759 
   14–17 yrs   17.7  15.5  5.6  6.1  23.3  21.5  4,067  3,402  1,296  1,333  5,364  4,736 
  South East Asia  
   5–9 yrs   12.6  12.6  5.3  3.9  17.9  16.5  11,707  10,936  4,940  3,385  16,647  14,320 
   10–13 yrs   19.1  18.0  5.7  3.7  24.8  21.7  14,045  12,318  4,191  2,532  18,236  14,850 
   14–17 yrs   17.0  14.7  5.7  4.7  22.7  19.4  12,401  9,969  4,158  3,187  16,559  13,157 
  Western Pacific/Oceania  
   5–9 yrs   11.0  6.7  10.6  8.6  21.6  15.4  7,179  3,748  6,931  4,812  14,110  8,560 
   10–13 yrs   10.2  9.1  5.3  3.5  15.5  12.5  5,695  4,377  2,965  1,668  8,660  6,045 
   14–17 yrs   10.5  3.5  3.0  1.9  13.4  5.5  6,224  1,853  1,755  1,014  7,979  2,867 

   Data based on the use of the IOTF cut- off points with obesity numbers not included in the over weight group.     
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   Figure 1.3     Changes in child hood obesity preval ence over time.    
  Source:  (a) Norton  et al.  2006; (b) Wang and Lobstein 2006.  

in the Asian/Pacific region whereas boys and girls else where have roughly the same 
preval ences; only in Africa is there a sugges tion that the domin ant problem is in girls.  

 Traditionally the focus has been on chil dren over 3 years of age but there is now 
evid ence of a worry ing preval ence of over weight and obesity in the under 5 age 
group with increases in the preval ence of both high birth weight babies and obesity 
in 1–5-year- olds. The major ity of 1–5-year- old chil dren with BMIs >1SD of the 
new WHO limits are in lower income coun tries with marked increases in these 
preval ences having occurred since 1990 (de Onis  et al. , 2010). The era when over-
weight and obesity in chil dren emerged as a substan tial issue is beau ti fully illus trated 
by the re- analyses of the growth patterns of Australian chil dren monitored in multiple 
surveys through out the twen ti eth century (see  Figure 1.3 ). Numerous studies have 
demon strated that child hood obesity emerged as a major public health problem in the 
early 1980s in afflu ent soci et ies and then affected lower income coun tries about five 
years later. This is roughly in paral lel with the surge in adult over weight and obesity 
preval ences so this must signify some major changes in the envir on mental factors. 

    1.8  Conclusions 

 Now the epidemic of obesity is predicted to be unsus tain able in cost terms for any 
society, however afflu ent. Not only will there be the obvious escal at ing health costs 
but also the little- recog nised indir ect costs of work absent ee ism. The major effect 
of reduced productiv ity when at work as well as the need for early retire ment will 
also add immensely to the soci etal burden. It is there fore an excep tion ally import ant 
economic prior ity to identify the envir on mental factors respons ible and then control 
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or counter these factors on a society- wide system atic basis. It is to these issues that 
the rest of this book is devoted   
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                 2  Overview of the key current 
population-level strategies 
used to prevent obesity  
    C. D.   Economos,     D. P.   Hatfield  
 Tufts University, Medford, MA, USA    

    2.1  Introduction 

 Obesity remains a global public health chal lenge with unques tion able impacts at 
all levels of society (Swinburn  et al. , 2011). Although excess weight accu mu la-
tion affects people of all ages, races, ethni cit ies, and income levels, avail able data 
from coun tries world wide gener ally reflect dispar it ies in obesity preval ence. These 
dispar it ies may in part be a func tion of envir on mental determ in ants of obesity, which 
influ ence popu la tion subgroups differ ently. In the United States (US), for example, 
some evid ence suggests that low- income and racial/ethnic minor ity popu la tions are 
dispro por tion ately exposed to envir on ments that promote excess energy intakes or 
limit phys ical activ ity. Such factors may partially explain dispro por tion ate rates of 
obesity in these popu la tions (Sallis and Glanz, 2009). A growing under stand ing of the 
envir on mental determ in ants of obesity has led to an increased focus on envir on mental 
and policy- oriented obesity- preven tion efforts, which may reduce overall obesity 
preval ence and help close dispar it ies. 

 The US Institute of Medicine’s 2012 report  Accelerating Progress in Obesity 
Prevention  (APOP) (IOM, 2012) synthes ized the best avail able evid ence and issued 
recom mend a tions for envir on mental and policy- oriented obesity- preven tion efforts. 
The report iden ti fied strategies that had demon strated poten tial, to varying degrees, 
for rapidly stem ming the epidemic.  Figure 2.1  provides a visual summary of the areas 
on which the report focused. 

 Using the APOP report’s find ings as a guiding struc ture, this chapter stresses 
evid ence- based approaches for prevent ing obesity through community-, social-, and 
policy- level strategies, which offer partic u lar promise for broad- scale popu la tion 
impact. It also touches upon emer ging approaches still being tested. While primary 
and second ary preven tion of obesity is the main focus of this chapter, many of these 
strategies may also benefit those who are already obese. Individual- level efforts, 
includ ing more intens ive approaches to treat ment of obese indi vidu als, are deferred to 
later chapters.  
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   2.2  Physical activ ity strategies 

 Decreasing phys ical activ ity (PA) is one factor under ly ing the increase in obesity 
preval ence world wide. While the concept of ‘phys ical activ ity’ commonly conjures 
recre ational exer cise and sport, the major ity of activity energy expendit ure (AEE) 
is in fact attrib ut able to routine activ it ies like work, trans port a tion, and house hold 
chores. As coun tries develop econom ic ally, shifts in these daily activ it ies repres ent 
the primary decreases in PA; for example, employ ment tends to shift from phys ical 
to sedent ary work, and active transit decreases as people gain access to auto mo biles 
(Ng and Popkin, 2012). Comprehensive strategies to increase AEE incor por ate efforts 
to increase PA in these routine activ it ies of daily living in addi tion to address ing 
recre ation and exer cise (Sallis and Glanz, 2009). 

   Figure 2.1     Five inter act ing envir on ments for obesity preven tion. Reprinted with permis-
sion from  Accelerating Progress in Obesity Prevention: Solving the Weight of the Nation , 
2012, by the National Academy of Sciences, cour tesy of the National Academies Press, 
Washington, D.C.     
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 The built envir on ment – that is, the phys ical struc tures in which people perform 
their daily activ it ies – is a key determ in ant of PA. For example, struc tures like side-
walks and bike lanes, or traffic- calming mech an isms that make those struc tures safer 
to use, increase the like li hood that people will bike or walk to work or school rather 
than commut ing in auto mo biles (Boarnet  et al. , 2005). Enhancements to public 
transit, to which commuters must typic ally walk or bike, can also lead to increases in 
PA; in fact, public transit users take on average 30% more steps per day than those 
who prin cip ally use cars (Edwards, 2008). Zoning laws and urban plan ning prac tices 
may also help promote PA. For example, mixed commer cial and resid en tial designs 
increase the like li hood that resid ents will actively commute to do shop ping or other 
tasks (Ding  et al. , 2011). Recognizing such poten tial, the US’s 2010 National Physical 
Activity Plan recom men ded that new build ing projects include Health Impact 
Assessments, which help ensure that new devel op ments facil it ate rather than impede 
PA (NPAPCC, 2010). 

 Increasing access to safe recre ational spaces may also increase leisure- time PA, 
partic u larly among chil dren in low- income communit ies where such spaces tend to 
be limited (Gordon-Larsen  et al. , 2006). Governments may promote devel op ment of 
recre ational facil it ies by offer ing economic incent ives (IOM, 2009). Other strategies 
facil it ate util iz a tion of exist ing spaces. Shared- use agree ments, for example, can 
increase PA by allow ing chil dren and community organ iz a tions to access schools or 
other public facil it ies during off- peak hours (Lafleur  et al. , 2013). Potential levers for 
encour aging shared- use prac tices include mandat ing part ner ships between schools 
and recre ational groups and reform ing liab il ity laws for school districts that parti cip-
ate in shared- use agree ments; however, the effect ive ness of such approaches requires 
further research (IOM, 2012). 

 Expanding access to recre ational facil it ies may require comple ment ary efforts to 
make using those facil it ies safe and easy to use. For example, increas ing light ing or 
police pres ence can make spaces safer and, in turn, drive util iz a tion (Heath,  et al. , 
2006). Sport and recre ation programs may also increase PA, partic u larly when they are 
tailored to the needs and pref er ences of the target popu la tion (Ransdell,  et al. , 2009).  

   2.3  Food and bever age strategies 

 Individuals’ dietary beha vi ors – controlling portion sizes, for example, or choos-
ing nutri ent- dense foods like fruits and veget ables over foods high in added fats 
and sugars – play an import ant role in determ in ing their weight status (USDA and 
DHHS, 2010). However, shift ing dietary beha vi ors at the popu la tion level requires 
atten tion not only to indi vidu als, but also to the food and bever age envir on ments they 
occupy. Efforts to improve food and bever age envir on ments may include strategies to 
increase access to nutri ent- dense products or to reduce access to energy- dense foods 
and bever ages. 

 Government entit ies can have a direct and power ful influ ence on the food envir-
on ment by setting strong nutri tion stand ards for foods and bever ages avail able 
in schools and other public facil it ies. Efforts to restrict access to sugar- sweetened 
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bever ages (SSBs) in such facil it ies hold partic u lar promise for obesity- preven tion, 
given the strong evid ence base linking SSBs with obesity (Woodward-Lopez  et al. , 
2011). For example, school- based policies that reduce access to SSBs have been 
shown to decrease the percent age of chil dren consum ing sugary drinks as well as the 
total calor ies chil dren consume (Levy  et al. , 2011). Evidence also supports the effect-
ive ness of expand ing access to health ier options. For example, increas ing the number 
of water foun tains in schools has been shown to reduce the incid ence and preval ence 
of obesity (Muckelbauer  et al. , 2009). 

 The types of foods and bever ages avail able to consumers in the broader retail space 
are also import ant predict ors of dietary beha vior. Consumers who live in areas with 
greater access to healthy foods, like fruits and veget ables, tend to have higher- quality 
diets than consumers with compar at ively lower access (Larson  et al. , 2009), while 
those with high access to conveni ence stores and fast- food restaur ants, where healthy 
options are often not avail able, tend to have lower- quality diets (Boone-Heinonen 
 et al. , 2011). In the US, insuf fi cient access to healthy foods, and abund ant access to 
less healthy options, tends to be partic u larly common in low- income and minor ity 
communit ies and may there fore perpetu ate dispar it ies in obesity preval ence (Larson 
 et al. , 2009). 

 Zoning or tax policies may encour age expan sion of food retail ers, like grocery 
stores, into such envir on ments, or, conversely, prevent expan sion of fast- food outlets 
or other retail ers deemed less healthy. However, the impact of such efforts on obesity 
preval ence is unclear. Some evid ence suggests that increas ing phys ical access to 
health ier foods will only impact consump tion if combined with efforts to promote 
and ensure the afford ab il ity of those options (IOM, 2012). 

 Other strategies may impact consump tion by increas ing prices of unhealthy foods 
or redu cing prices of healthy items. For example, some research estim ates that taxes 
on SSBs would substan tially decrease consump tion of these bever ages (Wang  et al. , 
2012a), though the extent to which such policies would reduce overall caloric intakes 
and obesity requires further research. The impact of govern ment agri cul tural policies 
on food produc tion patterns and food prices have like wise been scru tin ized; some 
experts have argued, for example, that govern ment subsidies for commod ity crops 
like corn and soybeans contrib ute to obesity by depress ing prices of energy- dense 
processed foods (Wallinga  et al. , 2009). However, others note that govern ment 
subsidies repres ent a small propor tion of the retail food dollar and that their impact 
on consumer beha vior is there fore limited (Alston  et al. , 2008).  

   2.4  School strategies 

 Public- health recom mend a tions in the United States and world wide place prior ity on 
obesity- preven tion efforts target ing chil dren. Since child hood weight status tends to 
track into adult hood (Serdula  et al. , 1993) and preven tion is favored over treat ment, 
aggress ive efforts are needed to reverse the popu la tion- level energy imbal ance under-
ly ing the child hood obesity epidemic (Wang  et al. , 2012b). Schools are a partic u larly 
import ant focal point for obesity- preven tion efforts; in the US, chil dren spend up to 
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half of their time in school and consume on average about 35% of their daily calor ies 
there (Briefel  et al. , 2009). Given that chil dren’s attend ance in school is mandated by 
law in the US and most other developed coun tries, the poten tial reach of school- based 
efforts, partic u larly state- or national- level policy changes, is consid er able. 

   2.4.1  School foods 

 Nutrition stand ards for the National School Breakfast and National School Lunch 
Programs have been developed in the US. One study found that indi vidual states 
with more strin gent school nutri tion require ments demon strated less dispar ity in the 
preval ence of obesity among school- lunch parti cipants versus nonpar ti cipants (Taber 
 et al. , 2013). In many schools, competitive foods – that is, school foods that are not 
part of the federal nutrition programs – are available through vending machines, 
school stores, a la carte lines, and other outlets. Comprehensive policies that restrict 
sales of unhealthy options in all environments, including competitive foods, have 
been linked with reduced intakes of energy- dense foods and beverages among 
schoolchildren (Mendoza  et al. , 2010). 

 Food- and bever age- related messaging and advert ising in schools have also come 
under scru tiny, given their poten tial to influ ence purchase and consump tion patterns 
in chil dren (IOM, 2005). Despite some evid ence of a decreased pres ence of food/
bever age commer cial messages in schools, a major ity of students in the US remain 
exposed to at least some messages (Terry-McElrath  et al. , 2014).  

   2.4.2  School phys ical activ ity 

 While US public- health recom mend a tions suggest that chil dren should accrue at 
least 30 minutes of daily PA in school (IOM, 2013), chil dren gener ally fall far short 
of that goal. Efforts are under way to increase oppor tun it ies for quality PA through 
a variety of creat ive strategies. One review study found that recess provided up to 
40% of chil dren’s total daily PA time, though the amount of active recess time varied 
consid er ably by the popu la tion studied (Ridgers  et al. , 2006). Some research has 
sugges ted that levels of PA during recess can be increased through provi sion of PA 
equip ment, activ ity zones, or trained recess staff (Verstraete  et al. , 2006). Short activ-
ity breaks built into class time may further increase oppor tun it ies for in- school PA 
without redu cing classroom time (Mahar  et al. , 2006).  

   2.4.3  Nutrition/health educa tion 

 The current level of nutri tion educa tion provided in schools is limited, on average 
reach ing just five hours per year in the US (Kann, 2007). By compar ison, nutri tion 
experts recom mend more intens ive and compre hens ive approaches, given evid ence 
that at least 50 hours per year of nutri tion educa tion are required to facil it ate beha-
vior change (Briggs, 2010). It is recom men ded that state and local educa tion agen cies 
ensure the imple ment a tion and monit or ing of sequen tial food liter acy and nutri tion 
science educa tion, span ning grades K-12, based on author it at ive food and nutri tion 
recom mend a tions (IOM, 2012).   
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   2.5  Healthcare and work place strategies 

 The health care community, includ ing indi vidual clini cians and health insti tu tions, 
play an import ant role in prevent ing and treat ing obesity. For example, a US survey 
showed that over weight adults were more likely to be aware of their weight status 
and also to have attemp ted weight loss if their phys i cians had discussed their weight 
status with them (Post  et al. , 2011). However, this same study found that fewer than 
half of over weight patients and one- third of obese patients had been told by their 
phys i cians about their weight status. Other research in pedi at ric settings has found 
that only 50% of pedi at ri cians and 22% of general prac ti tion ers used BMI-for- age to 
screen for obesity at every well- child visit (Wethington  et al. , 2011). 

 Training phys i cians and other health profes sion als to prop erly diagnose over weight 
and obesity, and to effect ively counsel both over weight/obese and healthy- weight 
patients on healthy eating and PA, may enable such prac ti tion ers to promote healthy 
weight in their patients (DHHS, 2010). Effective coun sel ing of preg nant women 
and new mothers also has the poten tial to impact child hood obesity; healthy preg-
nancy weight gain (Rasmussen  et al. , 2009) and breast feed ing prac tices (Monasta 
 et al. , 2010), for example, have both been asso ci ated with decreased like li hood of 
later child hood obesity (DHHS, 2011). At the insti tu tional level, hospit als and other 
health care providers can also develop strong nutri tion stand ards for the foods made 
avail able in their facil it ies. These policies may influ ence not just imme di ate but also 
longer- term dietary beha vi ors, since consumers tend to perceive items served in 
health care envir on ments as being healthy (Sahud  et al. , 2006). 

 Insurance providers also play an import ant role in enabling and motiv at ing patients 
to achieve or main tain a healthy weight. For example, providers may make no- or 
low- cost obesity- preven tion programs avail able to all subscribers or ensure obesity- 
preven tion and obesity- treat ment programs are covered under patients’ policies. Since 
obese indi vidu als in the US gener ate greater health care costs per year than do healthy- 
weight indi vidu als, such efforts may ulti mately be win- win propos i tions that both 
serve patients’ health interests and reduce longer- term costs of care (Dietz  et al. , 2007). 

 Worksite- based obesity- preven tion efforts offer the poten tial to reach a large propor-
tion of the adult popu la tion and, like insurer- based policies, may benefit both employ-
ers and employ ees. Programs that increase access to healthy foods at work s ites, for 
example, have been shown to favor ably impact employ ees’ dietary intakes (Backman 
 et al. , 2011), and work s ite- based nutri tion and PA programs appear to promote improve-
ments in employee weight status (Anderson  et al. , 2009). Such programs have the 
poten tial to yield posit ive returns on invest ment for employ ers, since healthy- weight 
employ ees tend to have not only lower health care costs but also lower absent ee ism and 
higher productiv ity than do over weight and obese employ ees (Goetzel  et al. , 2010).  

   2.6  Messaging strategies 

 Evidence suggests that high volumes of advert ising expos ure among chil dren (Harris 
 et al. , 2009) may impact their health beha vi ors and weight status. For example, a 



Overview of the key current population-level strategies used to prevent obesity 37

2005 Institute of Medicine report found strong evid ence of a longit ud inal asso ci-
ation between expos ure to food advert ising and adipos ity in chil dren and adoles-
cents (IOM, 2005). Given commer cial rights to free speech, most efforts to address 
food advert ising to date have entailed industry self- regu la tion programs, such as the 
Children’s Food and Beverage Advertising Initiative (CFBAI) in the US. Results 
have been some what success ful for compan ies that have signed on to parti cip ate. 
However, enforce able stand ards that restrict market ing to chil dren may be required 
for wide spread impact (Terry-McElrath  et al. , 2014). 

 Conversely, promot ing health ful beha vi ors is an import ant strategy to coun ter act 
and displace unhealthy messages and market ing. Social market ing campaigns, which 
apply commer cial market ing tech niques to achieve socially desir able outcomes, have 
been shown to have a moder ate effect on nutri tion and PA beha vi ors (Wakefield  et al. , 
2010). The VERB campaign is an example of a social market ing effort that posit ively 
influ enced PA outcomes in chil dren, with results that persisted into the adoles cent 
years (Huhman  et al. , 2010). 

 There is some evid ence from controlled studies that labeling menus with calorie 
inform a tion may reduce the number of calor ies purchased and consumed, but evid-
ence in real- world settings is more mixed and requires further invest ig a tion (Swartz 
 et al. , 2011).  

   2.7  Conclusion: integ rat ing approaches 

 Interventions focused on the above- noted domains indi vidu ally appear to have an 
impact. Multilevel strategies may have further syner gistic effects. Recognition of 
inter re lated ness between factors influ en cing obesity has motiv ated a shift toward 
community- level obesity- preven tion inter ven tions, through which multiple stake-
hold ers and systems can be brought into play with relat ively high levels of control 
(Economos and Tovar, 2012). Such inter ven tions serve as models for what can be 
accom plished at the state, region, province, and country levels with suffi cient lead-
er ship and engage ment. A 2013 system atic review synthes iz ing emer ging find ings 
from multi- level, community- based child hood obesity- preven tion studies assessed 
the current strength of evid ence support ing such efforts as ‘moder ate’ (Bleich  et al. , 
2013). One success ful example is Shape Up Somerville (SUS), a community- 
engaged inter ven tion that aimed to reduce undesir able weight gain among chil dren 
by imple ment ing multi level changes to promote healthy eating and phys ical activ ity. 
Evaluation of SUS found decreases in BMI z-scores over two years among chil dren 
in the inter ven tion community compared to control communit ies, as well as decreases 
in the preval ence, and increases in remis sion, of over weight/obesity among both boys 
and girls (Economos  et al. , 2013). Further find ings include reduced consump tion of 
SSBs, increased parti cip a tion in organ ized sports and phys ical activ it ies, and reduced 
screen time in inter ven tion chil dren compared with controls (Folta  et al. , 2013). 
Future work should not only take into account the effect ive ness of single envir on-
mental or policy strategies, but also use systems meth od o lo gies to address how the 



38 Managing and Preventing Obesity

most prom ising strategies fit together and rein force each other’s effect ive ness (IOM, 
2012). Implementation of multi- level, multi- sector strategies will require engage ment 
at all levels of society, includ ing indi vidu als, house holds, communit ies, the public 
sector, the busi ness community and private sector, health care, work s ites and employ-
ers, and citizens and civic organ iz a tions. These inter re lated and mutu ally- influ en cing 
groups must all be engaged to achieve collect ive action and maxim ize impact.  

   2.8  Sources of further inform a tion and advice 

 The follow ing resources provide addi tional inform a tion on evid ence- based strategies 
for obesity preven tion, with a partic u lar emphasis on envir on mental and policy 
approaches: 
 www.active liv in gre search.org 
 www.healthyeat in gre search.org 
 www.gov.uk/govern ment/public a tions/redu cing- obesity-future- choices 
 www.iom.edu/Reports/2012/Accelerating-Progress- in-Obesity-Prevention.aspx 
 www.nccor.org/   
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      3.1  Introduction 

 A conflu ence of factors based on scientific find ings over the past two decades have 
led to a growing greater concern about the role of sugar in our diet, partic u larly 
in bever ages. At the same time, there appears to be an increas ing push to promote 
sugar in both foods and bever ages glob ally and certainly there are large increases in 
consump tion of sugar- sweetened bever ages (SSB) across the world. 

 The role of sugar in our history and in our diet certainly is not new. Scholars such 
as Yudkin discussed its role decades ago and warned of its poten tial health effects 
(Yudkin, 1964, 1972). Similarly, sugar has had a long complex role in global history 
(Mintz 1979, 1986). However, it is more recent devel op ments that have led to much 
greater atten tion to sugar as it has affected the risk of obesity. 

 The path break ing work of Mattes and Rolls have been partic u larly import ant in 
high light ing a major issue – we do not adequately compensate by redu cing food 
calor ies when we consume bever age calor ies (Mattes, 1996, 2006; DiMeglio and 
Mattes, 2000; DellaValle  et al. , 2005, Flood  et al. , 2006). This led to dozens of 
clin ical and epidemi olo gical studies and finally to a series of random ized, controlled 
clin ical trials in adults and adoles cents. 

 At the same time Bray  et al.  (2004) and Havel (Elliott  et al. , 2002) first raised 
concerns that dietary fructose was meta bol ized primar ily in the liver and in contrast 
with glucose might have import ant detri mental effects of lipo gen esis in this organ 
(Bray  et al. , 2004; Bray, 2007, 2010). This early work showed that the rise in the 
consump tion of high fructose corn syrup paralleled the increase in obesity and 
provided a signi fic ant amount of free fructose in the diet. It spec u lated that the 
consump tion of high- fructose corn syrup (HFCS) in bever ages may play a role in the 
epidemic of obesity. HFCS in sugar- sweetened bever ages might also play a role in 
the risk for diabetes and other cardio meta bolic prob lems. Subsequent research has 
shown that fructose coming from any sugar has the same effects and that it is the 
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fructose  per se  and not its form of a caloric sweetener that poses the serious cardio 
meta bolic threat. 

 In the follow ing sections of this paper, we review the current patterns of use 
and consump tion of sugar in food and partic u larly SSBs, the biolo gical effects of 
fructose and sugar, and know ledge about the health effects of sugar- sweetened 
bever ages.  

   3.2  Sugar in our food supply 

   3.2.1  Sugar in foods 

 First we provide a picture of the general use of added sugars in the food supply 
using data from the one country for which we have the details on ingredi ents and can 
figure out the food items that contain caloric sweeten ers. Then we proceed to 
present data for a few coun tries on trends in consump tion of sugar- sweetened 
bever ages (SSBs). 

 The only country for which we have data on the extent of added sugar in the food 
supply is the United States, where scanned data on food purchases can be linked 
with nutri tion facts panels and full ingredi ent lists to identify all foods and the 
calor ies from these foods and bever ages with and without caloric sweeten ers 
(Ng  et al. , 2012). Of the 85,451 uniquely formu lated foods purchased during 
2005–2009 (sold in many differ ent package sizes), 74% contain caloric sweeten ers 
(68% with caloric sweeten ers, 6% with both caloric and non- caloric sweeten ers). 
Caloric sweeten ers are in >95% of cakes/cookies/pies, granola/protein/energy bars, 
ready- to-eat cereals, sweet snacks, and sugar- sweetened bever ages. Across unique 
products, corn syrup is the most commonly listed sweetener, followed by sorghum, 
cane sugar, high fructose corn syrup and fruit juice concen trate. Also, 77% of all 
calor ies purchased in the US in 2005–2009 contained caloric sweeten ers.  Figure 3.1  
provides the trends over this period in propor tion of calor ies from bever ages with 
caloric sweeten ers. 

 Generally speak ing, there are no data on added sugar in the food supply of 
most coun tries. The United States estim ates this using a complex estim a tion proced-
ure but does this based on recipes rather than using ingredi ents (Westrich  et al. , 
1994, 1998; U.S. Department of Agriculture, 2012). Furthermore, in the US, fruit 
juice concen trate, is recog nized and used as a caloric sweetener; however, fruit 
juice concen trate used as a sweetener is not meas ured as one in neither the USDA 
calcu la tions of added sugars [termed the MPED (My Pyramid Equivant Database)] 
nor national aggreg ates of consump tion of sweeten ers (U.S. Department of 
Agriculture, 2012). Yet this study shows that fruit juice concen trate is used as a 
sweetener in 7% of the 85,451 unique consumer pack aged goods (CPG) products, and 
is used frequently in juices, sugar- sweetened bever ages, diet sweetened bever ages, 
salad dress ings, yogurt, granola/energy bars, ready- to-eat cereals and baby food. It 
is also the fifth most commonly listed sweetener. We included fruit juice concen trate 
in our analysis  
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   3.2.2  The sweeten ers provided by bever ages 

 Globally there looks like a marked shift toward market ing sugar- sweetened bever-
ages mainly in low and middle income coun tries and promot ing noncal oric or diet 
bever ages in higher income coun tries (Kleiman  et al. , 2011). We explored patterns 
and trends of carbon ated soft drinks and other bever ages. In one case study using the 
two largest and most influ en tial produ cers of sweetened bever ages, the Coca-Cola 
Company and PepsiCo, who together control 34% of the global soft drink market, we 
examined their product port fo lios glob ally in three crit ical markets (the US, Brazil, 
and China) from 2000 to 2010 (see  Figure 3.2 ). On a global basis, total reven ues 
and energy per capita sold increased, yet the average energy density (kilo joules per 
100 milli liters) sold declined slightly, suggest ing a shift to lower- calorie products. 
In the US, both total energy per capita and average energy density of bever ages sold 
decreased signi fic antly, while the oppos ite was true in the devel op ing markets of 
Brazil and China, with total per capita energy increas ing greatly in China and, to a 
lesser extent, in Brazil (see  Figure 3.2 ). 

 What is most strik ing in looking at coun tries across the globe (unre por ted results) 
is that in the US and selec ted European coun tries diet and low caloric sweetener 
bever ages increased as a propor tion of sales. Among high income coun tries UK and 
US data stand out as showing the largest shift toward increased use of low calorie or 

   Figure 3.1     Total calor ies and volume of consumer pack aged food and bever ages purchased 
in the United States contain ing caloric sweeten ers (CS) and non- caloric sweeten ers (NCS), 
2005–2009 (%).    
  Sources:  Nielsen Homescan 2005–2009, Gladson Nutrition Database 2007 and 2010 
 Ng  et al.  (2012). Copyright © 2012, with permis sion from Elsevier  
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diet bever ages with mainly non- nutrit ive sweeten ers, although there is a new category 
of bever ages emer ging that combine caloric and diet sweeten ers (Piernas C, 2013). 
In both the UK and the US we have seen marked increases in consump tion of diet 
bever ages (Ng  et al. , 2011; Piernas C, 2013) and in the US we showed a marked 
decline in kcal/ml of all these diet and sugar- sweetened bever ages (Kleiman  et al. , 
2011). For example US adults aver aged 176 ml/day of diet bever ages in 2007–8 while 
US chil dren aver aged 43 ml/day in the same year. Among higher income coun tries, 
only South Korea seems to have emerged from the last three decades with a very low 
intake of sugar- sweetened bever ages (Lee, 2012). In contrast in both Europe among 
adoles cents 13–16.9 years (e.g., 227 kcal/d) and in the US and UK, we have found 
very high levels of intake (Duffey  et al. , 2011; Ng  et al. , 2011). 

 The most strik ing change is the huge increase in sugar- sweetened bever ages across 
low income coun tries. We only have trends data for limited coun tries such as Mexico 
at the indi vidual level and China and Brazil at the aggreg ate level. In  Figure 3.3  we 
show for China and Brazil the shift upwards in sales of these bever ages by the two 
major global SSB compan ies – PepsiCo and Coca Cola – in the past decade. These 
increases are also seen in studies on indi vidual intake in Brazil. 

 Elsewhere we have presen ted data which have explored in depth trends in caloric 
bever age intake for Mexico (Barquera  et al. , 2008, 2010). In these studies we found 
Mexicans consumed over 21% of daily calor ies from bever ages. For chil dren, whole 
milk domin ated along with sugar- sweetened bever ages and juices with added sugars 
while the latter two domin ated with adults. These results showed a doub ling of calor-
ies from 1999–2006. More recently we have examined trends in sales of SSBs in 

   Figure 3.2     Trends 2000–2010 in calor ies per ounce sold: global, the US, Brazil, and China.    
  Sources:  Kleiman  et al.  (2011)  Obesity Reviews . (© 2011 The Authors.  Obesity Reviews  © 
2011 International Association for the Study of Obesity.)  



The role of high sugar foods and sugar-sweetened beverages in weight gain and obesity 49

Mexico from 1999 to 2011–12 and find intake has increased over time. Commercial 
data show sales of sugar- sweetened bever ages of $66/capita/yr in 1998 that almost 
quad rupled to $240/capita/yr in 2011. The increase actu ally accel er ated in the 
2005–11 period over the earlier period.   

   3.3   Biological mech an isms for some effects of sugar 
in bever ages 

 Water is an essen tial compon ent of the human body, and the thirst mech an ism is 
designed to provide inform a tion about bodily needs for water. Human pref er ences for 
sweet tastes has led to a profu sion of bever ages in which sugar and related sweeten-
ers were added to make them more palat able. For a long time, the sugar in bever ages 
was viewed as similar to sugar added to solid foods. A revolu tion in our think ing 
has occurred in the past several decades as we learned that bever age calor ies were 
not completely compensated for by redu cing the intake of solid foods (Mattes, 1996, 
2006; DiMeglio and Mattes, 2000; DellaValle  et al. ,005; Flood  et al. , 2006; Rolls 
 et al. , 1990). Whether the calor ies in bever ages are in the form of a fat, protein or 
carbo hydrate, we now know that caloric compens a tion is incom plete (Mourao  et al. , 

   Figure 3.3     Brazilian and Chinese trends 2000–2010 in daily calor ies.    
  Sources:  Kleiman  et al. ,  Obesity Reviews  (10 Nov 2011). (© 2011 The Authors.  Obesity 
Reviews  © 2011 International Association for the Study of Obesity.)  
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2007). Over the past 50 years there has been a marked shift in our consump tion of 
added sugar from foods toward bever ages. Added sugar in solid food was relat-
ively constant from 1977–78 until 2003–4 while sugar added in bever ages increased 
remark ably (Duffey and Popkin, 2008). Furthermore, as noted earlier, much of this 
was repres en ted by an increase in sugar sweetened bever ages, fruit drinks and fruit 
juices. This resul ted in an extens ive liter at ure that has explored both the mech an isms 
and effects of consum ing these bever ages. 

 The mech an isms by which added sugar and hence energy in a liquid form may 
affect energy intake and weight gain are complex and part of a larger impact of 
bever ages with extens ive sugar on our entire meta bol ism and ulti mately our health. 
 Figure 3.4  lays out some of the mech an isms. One recent animal study provides in 
an animal model one poten tial pathway – namely that fructose produces a smaller 
increase in satiety than glucose; however this hypo thalamic brain signal pathway 
would need to be followed with human studies to under stand the implic a tions of this 
research for humans (Page  et al. , 2013). 

 In addi tion to the effect of passive over con sump tion of calor ies in bever ages, 
because there is inad equate compens a tion by redu cing other foods there is concern 
that the fructose in bever ages which comes from the fructose or high fructose corn 
syrup may have addi tional detri mental effects. A new and emer ging liter at ure, first 

   Figure 3.4     Model showing some poten tial consequences of increas ing fructose and energy 
intake from sugar or high fructose corn syrup in bever ages.     
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pushed by Bray  et al. , (2004), has focused on the fructose in sugar and high fructose 
corn syrup as having separ able meta bolic consequences, from the glucose which also 
comes in sugar and HFCS. Fructose intake may affect cardio meta bolic health as well 
as the liver and kidney. 

 Several short term clin ical studies have provided insights into the meta bolic 
consequences of ingest ing fructose in sugar- sweetened bever ages. Schall and Cohen 
showed in early studies compar ing fructose, glucose, and sucrose that it is the 
fructose alone or in sucrose that increased trigly cerides follow ing a meal, but 
not glucose (Cohen and Schall, 1988). In another study there was an increase in 
body weight, blood pres sure and inflam mat ory markers; in another an increase 
in trigly cerides levels, partic u larly at night, a stim u la tion of de novo lipo gen esis 
and an increase in visceral fat (Sorensen  et al. , 2005). Stanhope and Havel 
have been two of those who have led research on this topic (Stanhope and Havel, 
2008; Stanhope, 2009, 2012; Teff  et al. , 2009; Stanhope  et al. , 2011a, 2011b). In 
the final short term study, which compared milk, diet cola, a sugar- sweetened 
cola and water, the sugar- sweetened bever age increased liver fat, visceral fat, and 
trigly cerides over the six months of bever age intake (Maersk  et al. , 2012). This 
study suggests that consum ing two 16 ounce sugar- contain ing bever ages per day 
for six months can mimic many of the features of the meta bolic syndrome and 
the non- alco holic fatty liver disease (Maersk  et al. , 2012). Many others have added 
to this liter at ure that shows impact of fructose in initi at ing liver dysfunc tion and 
possibly leading to non- alco holic fatty liver disease and the meta bolic syndrome 
(Aeberli  et al. , 2011). 

  Although studies on sugar sweetened bever ages have shown in adequate caloric 
compens a tion this same conclu sion, it applies equally to fruit juice. When sugar is 
consumed in solid food, caloric compens a tion appears to occur, but the effects of 
fructose are still present. It is the calor ies and fructose provided by HFCS and sucrose 
(table sugar) that create the cardio meta bolic effects. Part of this meta bolic response 
may be the fact that fructose, unlike glucose, does not stim u late insulin secre tion or 
enhance leptin produc tion. 

   3.4   Randomized clin ical trials and longit ud inal cohort 
studies link intake of sugar- sweetened bever ages to 
the risk of obesity 

 Three recent public a tions – two random ized controlled trials (RCTs) and one longit-
ud inal study – strongly suggest that calor ies from sugar- sweetened bever ages do 
enhance weight gain. The two most note worthy are the Boston (Ebbeling  et al. , 
2012) and Amsterdam (de Ruyter  et al. , 2012) studies among chil dren. In a study 
conduc ted in Boston, Ebbeling and colleagues showed that inter ven tions designed 
to reduce consump tion of sugar- sweetened bever ages reduced weight gain mainly in 
the Hispanic subgroup of adoles cents. After one year the control group in the Boston 
study gained signi fic antly less weight than the group receiv ing the sugar- sweetened 
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bever ages. When the inter ven tion was discon tin ued, the bene fits on weight gain 
disap peared during an addi tional year of follow- up. A second random ized clin ical 
trial was conduc ted on adoles cents in The Netherlands. This study by de Ruyter and 
colleagues was unique in its double- blind design, large sample of normal- weight 
school chil dren from 4 years 10 months to 11 years 11 months of age, and meas ure-
ment of sucralose in urine as an addi tional compli ance marker. One limit a tion was a 
26% dropout rate. Nevertheless, the results clearly show that masked replace ment of a 
sugar- contain ing bever age (104 kcal) with a sugar- free bever age signi fic antly reduced 
weight gain and fat accu mu la tion in normal- weight adoles cents. This study went 
further than the Boston study and provided either 250 ml of low caloric sweetened 
bever age or a sugar- contain ing bever age provid ing 104 kcal to 641 youths over an 18 
month period. The BMI, weight, and skin fold- thick ness and fat mass showed signi fic-
antly less increase in the low caloric bever age group. A third six- month random ized 
clin ical trial in adults study had three treat ment groups – low calorie bever age, water 
and normal bever age intake. It found a signi fic antly greater like li hood of a 5% weight 
loss among the first two groups compared to the normal bever age group but all lost 
weight as this was part of an active weight loss regime (Tate  et al. , 2012). 

 A final study in this group (Qi  et al. , 2012) examined the inter ac tion between the 
intake of sugar- sweetened bever ages and a genetic- predis pos i tion score that was 
calcu lated on the basis of 32 body- mass index (BMI) loci asso ci ated with obesity in 
women and men from two large prospect ive cohorts and in an inde pend ent replic a-
tion cohort. This study provides strong evid ence that there is a signi fic ant inter ac tion 
between an import ant dietary factor – intake of sugar sweetened bever ages – and a 
genetic- predis pos i tion score, obesity, and the risk of obesity. But since they used a 
score calcu lated from multiple genetic vari ants, it is diffi cult to apply this to indi-
vidu als. 

 Several meta- analyses have been under taken on the effects of sugar- sweetened 
bever ages on weight gain and risk of obesity. All were conduc ted prior to the random-
ized clin ical trials described above. Two high lighted an import ant issue – the role 
of source of funding in affect ing the results (Lesser  et al. , 2007; Vartanian  et al. , 
2007). Hu and colleagues conduc ted a meta- analysis eval u at ing change in BMI per 
one- serving increase of sugar- sweetened bever ages per day and found a signi fic ant 
posit ive asso ci ation between bever age intake and weight gain (0.08, 95% CI: 0.03, 
−0.13 kg) (Malik  et al. , 2009) among studies that did not adjust for total energy intake 
(Ludwig  et al. , 2001; Berkey  et al. , 2004; James  et al. , 2004; Phillips  et al. , 2004; 
Ebbeling  et al. , 2006). Given the medi at ing role of sugar- sweetened bever ages on 
caloric intake, many studies that control for SSB energy intake are likely to provide 
mislead ing results. In studies in adults, the effect was strongest in larger studies with 
longer dura tions of follow- up that used robust dietary assess ment methods such as 
food frequency ques tion naires rather than a single 24-hour diet recall, which is not 
able to capture patterns in dietary intake (Berkey  et al. , 2004; Ludwig  et al. , 2001). 
A variety of reviews support these results (Malik  et al. , 2006; Olsen and Heitmann, 
2009; Vartanian  et al. , 2007). 

 Among adults, more epidemi olo gical work has been under taken. Cross- sectional 
studies are not optimal because of the high poten tial for intract able confound ing 
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and reverse caus a tion. Prospective cohort studies tend to provide the most robust 
evid ence despite a large degree of diversity between studies in terms of outcome 
meas ure ments, size and dura tion of follow- up. Therefore greater emphasis should 
be placed on larger studies of longer dura tion which are better powered to detect an 
effect. In this liter at ure, the longest and largest studies (Schulze  et al. , 2004; Palmer 
 et al. , 2008) show stronger and more consist ent asso ci ations compared to smaller and 
shorter studies (Kvaavik  et al. , 2004; French  et al. , 1994). For example, in the study 
by Schulze  et al.  (2004) with over 50,000 nurses followed for two four- year periods 
(1991–1995 and 1995–1999), a higher consump tion of sugar sweetened bever ages 
was asso ci ated with a greater magnitude of weight gain. After adjust ment for poten-
tial confounders, women who increased their bever age consump tion from 1991 to 
1995 and main tained a high level of intake gained on average 8.0 kg over the two 
periods while women who decreased SSB intake between 1991 and 1995 and main-
tained a low level of intake gained on average 2.8 kg over the two periods.  

   3.5  Fruit juice and weight gain 

 There are few large- scale studies with fruit juice, in contrast to the larger liter at ure on 
sugar- sweetened bever ages, and there have been no random ized clin ical trials. The 
limited set of studies suggests that fruit juices are asso ci ated with the same cardio 
meta bolic and weight prob lems as the sugar- sweetened bever age and provide virtu-
ally no health bene fits except in unique, rare circum stances (Bazzano  et al. , 2008; 
Sanigorski  et al. , 2007; Mueller  et al. , 2010). Fruit juice is the new focal point for 
some coun tries. As found in one study (Ng  et al. , 2012), fruit juice concen trate is not 
subject to the same trade barri ers and quotas as other sugars and carries a natural, 
healthy aura. Thus a large number of sugar- sweetened bever ages are now sweetened 
with fruit juice concen trate, and fruit juices them selves are being pushed very hard as 
a natural healthy drink. In fact, in this same study, an explor a tion of detailed ingredi-
ents in the 400,000-plus products sold by consumer pack aged goods compan ies in 
the United States found that 31% of sugar- sweetened bever ages contained fruit juice 
concen trate and even 29% of so- called diet- sweetened bever ages contained fruit juice 
concen trate.  

   3.6  Future trends 

 Scientific evid ence of the adverse effects of sugar- sweetened bever ages on weight 
gain and risk of obesity will increase stead ily as more and more random ized 
controlled trials and other studies on this topic are completed. The mech an isms 
behind the effect of sugar- sweetened bever ages on body weight and cardio meta bolic 
risk will also grow with the coming years. The role of fructose in risk for cardio meta-
bolic and hepatic injury will become clearer. Nevertheless, any caloric sweetener will 
carry risks for obesity and be partic u larly prob lem atic when consumed as a bever age. 



54 Managing and Preventing Obesity

The food industry might begin to try to find ways to use glucose and other caloric 
sweeten ers that are low in fructose but this will not affect the rela tion ship between 
body weight sugar- sweetened bever ages but might minim ize some of the related 
cardio meta bolic effects. However this is not the preferred option and the public 
health and medical community will increas ingly promote water as the key hydrat ing 
bever age. 

 Limiting intake of SSBs is seen as the simplest first step in address ing global 
obesity. Several dozen coun tries have banned sugar- sweetened bever ages in schools 
and a smaller number have banned fruit juice. A few coun tries have also limited 
use of mass media to promote sugar- sweetened bever ages, partic u larly on TV. 
Importation is even limited in selec ted coun tries. In the public health world there is 
close to univer sal accept ance in the Americas and Europe of the need to limit sugar 
sweetened bever ages. This is spread ing to the Middle East and Africa and slowly to 
Asia. Ministries of Health in Israel, the Gulf States, selec ted Western European coun-
tries and else where have promoted taxes on sugar- sweetened bever ages. In the future 
we expect to see some success ful taxes imple men ted and other regu la tions such as 
the portion size imple men ted in NYC focused on redu cing intake of sugar- sweetened 
bever ages. It will take many years before there is adequate evid ence and success ful 
educa tion to begin to reduce fruit juice intake the way the push for sugar- sweetened 
bever age limit a tions are taking hold glob ally.  

   3.7  Sources of further inform a tion and advice 

 Knowledge is growing most rapidly in this area so there is no one refer ence book that 
will suffice. For data on sales country by country and by major bever age and food 
compan ies, there is the Euromonitor International data base (Euromonitor, 2011). 
Individual country data come from various indi vidual dietary intake surveys. A useful 
schol arly work on sugar, its sources, roles, and health effects is Goran (2014).   
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                 4  The impact of fruit and veget able 
intake on weight manage ment  
    C. S.   Diep,     J.   Baranowski,     T.   Baranowski  
 Baylor College of Medicine, Houston, TX, USA    

    4.1  Introduction 

 Fruit and veget ables (FV) are import ant sources of phyto chem ic als (Liu, 2003), 
dietary fiber (Slavin, 2005), and low energy density (Drewnowski  et al. , 2004), and 
their consump tion may be protect ive against obesity (Alinia  et al. , 2009; Boeing 
 et al. , 2012; Ledoux  et al. , 2011; Newby, 2007, 2009; Rolls  et al. , 2004; Tohill  et al. , 
2004). Despite these poten tial bene fits of FV consump tion on human health, rates of 
FV intake remain low through out the world. This chapter reviews studies published 
in the past ten years on the effect of FV intake on weight manage ment in obesity 
preven tion research. Recommendations for future research on fruit, veget able, and 
weight outcomes are offered.  

   4.2  Importance of fruits and veget ables (FV) 

 FV are essen tial compon ents of a healthy diet. Increasing FV consump tion reduces 
risk of hyper ten sion, coron ary heart disease, stroke, and other chronic diseases 
(Boeing  et al. , 2012), and may protect against obesity (Alinia  et al. , 2009; Boeing 
 et al. , 2012; Ledoux  et al. , 2011; Newby, 2007, 2009; Rolls  et al. , 2004; Tohill  et al. , 
2004). In order to prevent chronic disease, the World Health Organization and Food 
and Agriculture Organization recom men ded daily consump tion of 400 grams of FV, 
not includ ing starchy tubers (World Health Organization, 2003). Unfortunately, 78% 
of respond ents from 52 coun tries did not meet this recom mend a tion in 2002–2003 
(Hall  et al. , 2009). 

 Many FV prop er ties, includ ing micronu tri ents and non- nutrit ive food constitu ents, 
make FV bene fi cial to promot ing health and prevent ing chronic diseases (Boeing 
 et al. , 2012). Some prop er ties have been specific ally linked to weight manage-
ment and obesity preven tion, includ ing phyto chem ic als (Mirmiran  et al. , 2012; 
Murthy  et al. , 2009; Tucci, 2010; Vincent  et al. , 2010; Williams  et al. , 2013), fiber 
(Anderson  et al. , 2009; Babio  et al. , 2010; Slavin, 2005), and low energy density 
(Drewnowski  et al. , 2004; Ledikwe  et al. , 2006; Pérez-Escamilla  et al. , 2012; Rolls 
 et al. , 2004). 
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   4.2.1  Phytochemicals 

 Phytochemicals, or ‘plant chem ic als’, are bioact ive non- nutri ent plant compounds 
that provide a range of activ it ies from inhib it ing cancer cell prolif er a tion to protect ing 
against oxid at ive damage that prevent cardi ovas cu lar disease and multiple cancers 
(Gullett  et al. , 2010; Heber, 2004; Johnson, 2007; Liu, 2003, 2004; Surh, 2003). For 
example, lycopene, found in cooked toma toes, has anti ox id ant prop er ties linked to 
decreased risk of some cancers (Heber, 2004). More than 5,000 phyto chem ic als have 
been iden ti fied, and many are still unknown (Liu, 2003). 

 Some phyto chem ic als (e.g.,  β -carotene,  β -cryptox anthin) have been linked to 
obesity preven tion, although the evid ence is not as strong (Mirmiran  et al. , 2012; 
Murthy  et al. , 2009; Tucci, 2010; Vincent  et al. , 2010; Williams  et al. , 2013). Higher 
dietary phyto chem ical indexes and some phyto chem ic als showed poten tially prom-
ising effects on appet ite and weight control (Mirmiran  et al. , 2012; Tucci, 2010). For 
example, pinolenic acid, found in Korean pine nuts, may suppress appet ite by trig ger-
ing release of the satiety hormone cholecys tokinin (Pasman  et al. , 2008; Tucci, 2010). 
Research is needed to determ ine mech an isms, magnitude of effects, and confounders 
in the rela tion ship between phyto chem ic als and weight.  

   4.2.2  Fiber 

 Fiber has been strongly linked to reduced risk of coron ary heart disease, stroke, 
hyper ten sion, diabetes, and obesity (Anderson  et al. , 2009; Slavin, 2005). Fiber 
includes both dietary and func tional fibers. The former are the indi gest ible carbo-
hydrates and lignin intrinsic in plants (e.g., fruct ans in foods), while the latter are 
the isol ated, indi gest ible carbo hydrates that physiolo gic ally benefit humans and are 
added or provided as supple ments (e.g., isol ated, manu fac tured, or synthetic oligosac-
char ides) (Anderson  et al. , 2009; Slavin, 2005). Based on recom mend a tions from the 
Institute of Medicine of the U.S. National Academy of Sciences, adequate total fiber 
intake ranges from 19–38 grams per day depend ing on age, gender, and energy intake 
(Anderson  et al. , 2009; Institute of Medicine, 2005; Slavin, 2005). However, fiber 
intake was consist ently low in the United States, where mean dietary fiber intake in 
2007–2008 was 15.9 grams per day (King  et al. , 2012). 

 Dietary fiber intake is thought to protect against obesity by increas ing satiety 
(Anderson  et al. , 2009; Babio  et al. , 2010; Slavin, 2005), espe cially with diets high 
in fruit, veget ables, nuts, legumes, and whole grains. This link was strongly suppor-
ted by obser va tional and epidemi olo gical studies, although exper i mental and clin ical 
trials had mixed find ings (Babio  et al. , 2010). The mech an isms of action remain 
debated and may be related to hormonal, intrinsic, and/or colonic effects (Slavin, 
2005).  

   4.2.3  Energy density 

 Energy density is the amount of energy in a given weight of food, usually meas ured 
as kilo c al or ies per gram or kilo joules per gram (Drewnowski  et al. , 2004; Ledikwe 
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 et al. , 2006; Pérez-Escamilla  et al. , 2012). Foods with higher energy density provide 
more energy per gram than do foods with lower energy density. Water content 
decreases energy density by adding weight to food without adding calor ies. Dietary 
fiber also decreases energy density by adding weight, but little energy. Dietary fat, on 
the other hand, increases energy density. Most FV have high water and fiber and low 
fat contents, making them low in energy density. 

 When added to diets (without sauces and added fats), FV reduce energy density 
and likely influ ence satiety, energy intake, and weight manage ment (Drewnowski 
 et al. , 2004; Ledikwe  et al. , 2006; Pérez-Escamilla  et al. , 2012; Rolls  et al. , 2004). 
Laboratory and clin ical studies showed a posit ive asso ci ation among dietary energy 
density, energy intake, and weight gain in both adults and chil dren (Drewnowski 
 et al. , 2004; Pérez-Escamilla  et al. , 2012), but longit ud inal research is needed to 
strengthen these find ings (Drewnowski  et al. , 2004).   

   4.3  FV and obesity preven tion 

 Many obesity preven tion inter ven tions have targeted FV intake. This section invest ig-
ates the extent to which FV intake increased and enhanced obesity preven tion. 

   4.3.1  Literature search methods 

 We searched elec tronic data bases of Medline, CINAHL Plus with Full Text, and 
PubMed for English- language, peer- reviewed journal articles on FV and obesity 
preven tion. Per editors’ request, only articles published within the last ten years were 
included. Search terms included fruit, veget able, and vari ations of obesity preven tion 
terms (e.g., weight manage ment). We also examined refer ences of included articles 
for addi tional studies. 

 Inclusionary criteria were (a) written in English, (b) peer- reviewed research article 
published between 2003 and April 2013, (c) include FV consump tion as a compon-
ent of the program, and (d) present weight- related and FV find ings on an obesity 
preven tion or healthy weight manage ment program. Studies were excluded if they 
(a) presen ted find ings from an obesity treat ment or weight manage ment program for 
indi vidu als who were over weight or obese or (b) were liter at ure reviews. 

 For each article, we extrac ted inform a tion on research design, sample, country, 
program name, program dura tion, diet meas ure ments, anthro po met ric meas ure ments, 
analyses, effects on FV consump tion, effects on weight outcomes, and FV by weight 
outcome inter ac tions. We also assessed risk of bias in the studies based on Cochrane 
(Higgins and Altman, 2008) and PRISMA guidelines (Jüni  et al. , 2001). Risk of bias 
items included random sequence gener a tion (adequacy of random iz a tion), alloc a-
tion conceal ment, blind ing of patients and data collect ors, incom plete outcome data, 
select ive outcome report ing, and other sources of bias. All articles were inde pend-
ently abstrac ted by two abstract ors (CD and TB). Interabstractor agree ment was 84%. 
All disagree ments were discussed and/or rechecked by CD.  
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   4.3.2  Literature search results 

 We screened 158 articles, of which 25 met inclu sion ary and exclu sion ary criteria and 
were included in the final sample (Figure 4.1). Over 40% of screened studies were 
excluded because they did not test an obesity preven tion or healthy weight manage-
ment program. An addi tional 30.4% did not present data on FV consump tion or a 
weight- related outcome. Study details and find ings of the final sample are provided 
in Table 4.1. 

 Of the included studies, a major ity ( n  = 18) were conduc ted in the United States, 
but there was also repres ent a tion from Germany ( n  = 2), England ( n  = 2), New Zealand 
( n  = 1), the Netherlands ( n  = 1), and Australia ( n  = 1). Included programs lasted 
between three weeks to 2.5 years, and targeted chil dren or adoles cents ( n  = 11), adults 
( n  = 8), or both chil dren and adults ( n  = 6). Each study tested a differ ent program, 
although two programs were similar for differ ent age groups. Most studies ( n  = 23) 
employed a random ized controlled design. One had a one- group nonex per i mental 
design and another had a nonran dom ized control design. 

   Figure 4.1     Literature search selec tion process for retriev ing articles on FV and weight 
manage ment.     



    Table 4.1     Summary of research studies’ find ings  

  First author    Pub Year    Title Primary    Effects on FV consump tion    Effects on weight outcomes  

  Bayer, O   2009  Short- and mid- term effects of a 
setting based preven tion program 
to reduce obesity risk factors in 
chil dren: a cluster- random ized 
trial 

 (1)  There was greater FV consump tion 
in the inter ven tion group both six 
and 18 months after initi ation of 
the program. Significant adjustable 
odds ratios for high fruit consump-
tion was 1.64 for sample 1, and for 
high fruit and veget able consump-
tion were 1.59 and 1.48, respect-
ively, for sample 2 after 18 months. 

 (2)  Program’s effects on FV consump-
tion for normal weight versus over-
weight chil dren were similar. 

 There was a strong trend to less 
over weight and obesity in the 
inter ven tion group, but this was 
not stat ist ic ally signi fic ant. 

  Branscum, P   2013  A true chal lenge for any super-
hero: an eval u ation of a comic 
book obesity preven tion program 

 FV consump tion (in servings) signi fic-
antly improved over time from pretest 
to post test to follow- up for exper i mental 
(3.41 to 4.68 to 4.62 servings, respect-
ively) and compar ison (3.35 to 4.15 to 
4.91 servings, respect ively). The repor-
ted effect size (Cohen’s f) was 0.20. 

 There were no signi fic ant differ-
ences for BMI percent ile for the 
inter ac tion (group- by- time). 

  Chen, JL   2010  Efficacy of a child- centered 
and family- based program in 
promot ing healthy weight and 
healthy beha vi ors in Chinese 
American chil dren: a random ized 
controlled study 

 Significantly more of the chil dren in 
the inter ven tion group increased FV 
intake over time (effect = 0.306) than in 
the control group. 

 (1)  Significantly more of the chil-
dren in the inter ven tion group 
decreased their BMI over time 
(effect = −0.150) than in the 
control group. 

 (2)  There were no stat ist ical 
differ ences in waist- to- hip ratio 
between inter ven tion and control. 

(Continued overleaf )



  Chen, JL   2011  The effic acy of the web- based 
child hood obesity preven tion 
program in Chinese American 
adoles cents (Web ABC study) 

 Significantly more adoles cents in 
inter ven tion group increased FV intake 
(effect size = 0.14). 

 Significantly more adoles cents 
in inter ven tion group decreased 
their waist- to- hip ratio (effect 
size = −0.01). 

  De Bock, F   2012  Positive impact of a pre- school- 
based nutri tional inter ven tion 
on chil dren’s fruit and veget-
able intake: results of a cluster- 
random ized trial 

 There was a signi fic ant change in FV 
intake between pre- inter ven tion and 
post- inter ven tion (mean increase of 
0.17 points on the 6-point ordinal scale 
for fruit consump tion frequency and 
0.22 points in veget able consump tion), 
unad jus ted for other char ac ter ist ics. 

 There were no signi fic ant effects 
on BMI, waist- to- height- ratio, or 
skin fold sum. 

  Foster, GD   2008  A policy- based school inter ven-
tion to prevent over weight and 
obesity 

 Students in both inter ven tion and con-
trol schools showed similar decreases 
in FV consump tion after 2 years 
(unad jus ted change = −1.05 FV per day 
for control and −1.09 for inter ven tion); 
thus there was no differ ence between 
inter ven tion and control. 

 (1)  Significantly fewer chil dren in 
the inter ven tion schools than 
in control schools became 
over weight after 2 years (odds 
ratio = 0.67). 

 (2)  There were no differ ences 
between inter ven tion and control 
schools in obesity incid ence. 

 (3)  Prevalence of over weight was 
lower in the inter ven tion schools 
(odds ratio = 0.65). 

  French, SA  

 

 2010  Worksite envir on ment inter ven-
tion to prevent obesity among 
metro pol itan transit workers 

 FV intake increased signi fic antly 
in inter ven tion garages when com-
pared to control garages (inter ven tion 
effect = 0.25). 

 Intervention effect on garage mean 
BMI change was not signi fic ant. 
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  Gentile, DA   2009  Evaluation of a multiple 
ecolo gical level child obesity 
preven tion program: switch 
what you Do, View, and Chew 

 (1)  There were signi fic ant differ ences 
in exper i mental and control for 
parent- repor ted FV servings per 
day at imme di ate post- inter ven tion 
(Cohen’s d  = 1.36) and 6-months 
post inter ven tion (Cohen’s d = 1.01). 

 (2)  There were margin ally signi fic ant 
differ ences in exper i mental and 
control for child- repor ted FV 
servings per day at imme di ate 
post- inter ven tion (Cohen’s 
d = 0.52) and signi fic ant differ-
ences at 6-months post inter ven tion 
(Cohen’s d = 0.26). 

 At both post- inter ven tion and 6 
months post- inter ven tion, the mean 
BMI values were not signi fic antly 
differ ent between the treat ment and 
control groups. 

  Gephart, EF   2013  Use of preven tion and preven tion 
plus weight manage ment 
guidelines for youth with 
devel op mental disab il it ies 
living in group homes 

 The mean number of FV servings 
consumed daily increased signi fic antly 
across the study period (2.92 at base-
line to 4.13 at month 4). 

 There was a signi fic ant decrease in 
mean BMI percent ile (56.39 at 
baseline to 52.23 at month 4), 
primar ily from change in the healthy 
weight category (57.39 at baseline 
to 50.43 at month 4). 

  Gow, RW   2010  Preventing weight gain in first 
year college students: an online 
inter ven tion to prevent the 
‘fresh man fifteen’ 

 There were no differ ences among 
groups in FV intake. 

 The combined inter ven tion group 
had signi fic antly lower BMI scores 
than the control group (means = 
24.13 versus 24.56, respect ively), 
but there were no differ ences 
between inter ven tion, feed back, 
and control groups. 

(Continued overleaf )



  Haire-Joshu, D   2008  High 5 for Kids: the impact of a 
home visit ing program on fruit 
and veget able intake of parents 
and their preschool chil dren 

 (1)  H5-KIDS parents signi fic antly 
improved FV intake when 
compared to controls (adjus ted 
inter ven tion effect = 0.20). 

 (2)  For preschool ers, combined FV 
servings increased in normal 
weight (adjus ted inter ven tion 
effect = 0.34) but not over weight 
chil dren relat ive to controls. 
Normal weight inter ven tion 
chil dren were more likely than 
controls to increase their FV 
intake. 

  Hoffman, JA   2011  Decaying beha vi oral effects in a 
random ized, multi- year fruit and 
veget able intake inter ven tion 

 Children in the exper i mental group 
consumed more fruit compared with 
chil dren in the control in Year 1 (mean 
of 45 grams versus 27, respect ively) 
and Year 2 (34 vs. 23), and chil dren 
in the exper i mental group consumed 
more veget ables than chil dren in the 
control in Year 1 (17 grams versus 8), 
Year 2 (15 vs. 8), and Year 3 (16 
versus 11). There were no differ ences 
in FV consump tion at follow- up. 

 BMI did not differ between 
exper i mental and control group 
chil dren during any post- inter ven tion 
year. 
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  Kennedy, BM   2009  The ‘Rolling Store’. an 
econom ical and envir on mental 
approach to the preven tion of 
weight gain in African American 
women 

 In the inter ven tion group, number of 
FV servings signi fic antly increased 
(mean change of 1.0 fruit/fruit juice 
servings per day and 0.9 veget able 
servings). There was also a signi fic ant 
mean differ ence between control and 
treat ment groups in FV change. The 
control did not change mean fruit/fruit 
juice servings per day, and decreased 
0.2 in veget able servings. 

 Participants in inter ven tion group, 
when compared to the control, lost 
signi fic antly more weight (mean 
change of 1.1 kg in the control vs. 
−2.0 in the inter ven tion) and BMI 
(0.4 in the control vs. −0.7 in the 
inter ven tion). 

  Kim, Y   2010  Telephone inter ven tion promot ing 
weight- related health beha vi ors 

 Those in the SH+C group increased 
FV consump tion from baseline to 
6-month follow- up more than those in 
the SH group (mean change of 1.13 
servings of FV per day for SH+C vs. 
0.88 for SH). 

 (1)  There was no signi fic ant differ-
ence in weight manage ment 
between the SH and SH+C 
groups. 

 (2)  Among the over weight and 
obese parti cipants, weight loss 
was signi fic ant in both SH and 
SH+C groups (1.23 kg change 
among over weight and 2.85 kg 
change among obese). 

  LaChausse, RG   2012  My Student Body: effects of 
an inter net- based preven tion 
program to decrease obesity 
among college students 

 Frequency of FV consump tion 
increased for the online (MSB-
Nutrition) group (mean of 2.67 to 3.37 
for fruit and 2.40 to 2.80 for veget able) 
but not for the other groups. 

 There was no change in BMI among 
parti cipants in any group. 
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  Luszczynska, A   2009  Changing nutri tion, phys ical 
activ ity and body weight 
among student nurses and 
midwives: effects of a plan ning 
inter ven tion and self- effic acy 
beliefs 

 The inter ven tion had a medium 
effect on FV consump tion (Cohen’s 
d = 0.51). 

 Study groups did not differ in their 
BMI, but there were signi fic ant 
effects among over weight or obese 
parti cipants in the treat ment group 
( η  2  = 0.06). 

  Neumark-
Sztainer, D  

 2009  ‘Ready. Set. ACTION!’ A theater- 
based obesity preven tion program 
for chil dren: a feas ib il ity study 

 According to prelim in ary analyses 
for impact eval u ation, there were no 
stat ist ical differ ences in FV consump-
tion between inter ven tion and control 
groups. 

 According to prelim in ary analyses 
for impact eval u ation, there were 
no stat ist ical differ ences in BMI 
between inter ven tion and control 
groups. 

  Østbye, T   2012  Parent- focused change to prevent 
obesity in preschool ers: results 
from the KAN-DO study 

 The percent age of mothers eating 
5 or more FV a day increased in the 
inter ven tion when compared to the 
control (mean change of 8.4% vs. 
0.0%, respect ively). 

 Change in mater nal weight was 
not stat ist ic ally differ ent between 
groups. 

  Rosenkranz, 
RR  

 2010  A group- random ized control-
led trial for health promo tion in 
Girl Scouts: health ier troops in 
a SNAP (Scouting Nutrition & 
Activity Program) 

 There were no signi fic ant main inter-
ven tion effects for FV consump tion. 

 There were no signi fic ant main 
inter ven tion effects for girl or parent 
BMI. 
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  Siegel, JM   2010  A work s ite obesity inter ven tion: 
results from a group- random ized 
trial 

 There was no signi fic ant differ ence 
between inter ven tion and control 
groups for FV consump tion. 

 (1)  The inter ven tion resul ted in 
a signi fic ant change in BMI: 
school employ ees reduced their 
BMI in inter ven tion schools 
(−0.14), whereas employ ees in 
control schools increased their 
BMI (+0.42). 

 (2)  There was no signi fic ant differ-
ence between inter ven tion and 
control groups for waist- hip 
ratio. 

  Spiegel, SA   2006  Reducing over weight through a 
multidiscip lin ary school- based 
inter ven tion 

 There was an increase in FV consump-
tion in both groups, with a notably 
higher increase in the inter ven tion 
group. 

 There were signi fic ant shifts in 
BMI in the inter ven tion group, 
partic u larly a 2% reduc tion in 
over weight youth in the 
inter ven tion group. 

  Taylor, RW   2007  APPLE Project: 2-y find ings 
of a community- based obesity 
preven tion program in primary 
school age chil dren 

 Intervention chil dren, when compared 
to control, consumed more servings 
of fruit (differ ence = 0.8 servings), but 
there was no effect on veget ables. 

 Mean BMI z score was 
signi fic antly lower in inter ven tion 
chil dren than in control chil dren 
by 0.09. However, preval ence 
of over weight was not differ ent 
between groups. 

(Continued overleaf )



  van Wier, MF   2009  Phone and e- mail coun selling are 
effect ive for weight manage ment 
in an over weight working 
popu la tion: a random ized 
controlled trial 

 There were no inter ven tion effects on 
FV consump tion. 

 The completers in the phone 
group and inter net group had a 
signi fic ant weight loss (1.6 kg and 
1.1 kg, respect ively) and waist 
circum fer ence loss (1.9 cm and 
1.2 cm, respect ively) in compar ison 
to the control group. The phone 
group appeared to have larger 
changes than the inter net group, 
but there were no stat ist ic ally 
signi fic ant differ ences. 

  Warren, JM   2003  Evaluation of a pilot school 
programme aimed at the 
preven tion of obesity in chil dren 

 Overall, there was a signi fic ant 
increase in FV consump tion. By 
group, there was a signi fic ant increase 
in fruit consump tion in the Eat Smart 
(nutri tion) (from 5.9 average weekly 
frequency to 6.6) and Be Smart 
(control) (from 5.1 to 6.6) groups. 

 There were no signi fic ant changes 
in over weight or obesity rates. There 
were also no signi fic ant differ ences 
in BMI between groups. 

  Zask, A   2012  Tooty Fruity Vegie: an obesity 
preven tion inter ven tion eval u ation 
in Australian preschools 

 In compar ison to controls, chil dren in 
inter ven tion preschools signi fic antly 
had more FV serves in their lunch 
boxes (differ ence = 0.61 serves). 

 In compar ison to controls, chil dren 
in inter ven tion preschools 
signi fic antly had decrease in 
waist circum fer ence growth 
(differ ence = −0.80) and reduc tion in 
BMI Z scores (differ ence = −0.15). 
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  4.3.2.1 Risk of bias 

 For numer ous studies, risk of bias and quality were diffi cult to measure because of 
unavail able or unclear inform a tion. Based on the inform a tion avail able, 10 studies 
were considered to have low risk of bias (Chen  et al. , 2010, 2011; Gow  et al. , 
2010; Kennedy  et al. , 2009; Kim  et al. , 2010; LaChausse, 2012; Luszczynska and 
Haynes, 2009; Østbye  et al. , 2012; Rosenkranz  et al. , 2010; Zask  et al. , 2012), nine 
had moder ate risk (Bayer  et al. , 2009; De Bock  et al. , 2012; Gentile  et al. , 2009; 
Gephart and Loman, 2013; Haire-Joshu  et al. , 2008; Hoffman  et al. , 2011; Neumark-
Sztainer  et al. , 2009; Siegel  et al. , 2010; van Wier  et al. , 2009), and six had high risk 
(Branscum  et al. , 2013; Foster  et al. , 2008; French  et al. , 2010; Spiegel and Foulk, 
2006; Taylor  et al. , 2007; Warren  et al. , 2003). 

 Nine studies repor ted random iz a tion by a computer, random number tables, or 
permuted blocks. Of these nine studies, conceal ment of alloc a tion sequence was 
unclear in six studies (making risk of selec tion bias unclear), was performed in one 
study (making risk of selec tion bias low), and was not performed in two studies 
(making risk of selec tion bias moder ate). Fourteen studies did not specify their 
method of random sequence gener a tion, of which five studies did not conceal alloc-
a tion sequence (making risk of selec tion bias high) and nine studies did not specify 
conceal ing alloc a tion sequence (making risk of selec tion bias unclear). One study 
was nonran dom ized and did not conceal alloc a tion sequence, so risk of selec tion bias 
was high. The remain ing study had only one group, so alloc a tion conceal ment was 
not applic able. Most studies with no conceal ment of alloc a tion sequence random ized 
their sample at the group (e.g., school) level, so recruit ers were aware of parti cipants’ 
alloc a tion during recruit ment. 

 Thirteen studies did not specify whether data collect ors or parti cipants were 
blinded, so risks of perform ance and detec tion bias were unclear. Aside from 
these, three studies repor ted not blind ing parti cipants to group alloc a tion, so risk of 
perform ance bias was high. In two of these three studies, the non- blinded parti cipants 
provided outcome meas ures so risk of detec tion bias was also high, and in the third 
study, risk of detec tion bias was unclear. Two studies had low risk of perform ance 
bias because there was an object ive outcome measure (e.g., lunch box audits) or parti-
cipants were blinded, and detec tion bias was also low in both studies. Five studies 
indic ated that study staff were blinded or that a third party (e.g., a research assist ant) 
collec ted data, so risk of detec tion bias was low. Risk of perform ance bias in these 
studies was unclear. One study had an unclear risk of perform ance bias and a high risk 
of detec tion bias (the research team was not blinded). Lastly, in the remain ing study, 
there was only one group, and blind ing was not applic able. 

 Most studies repor ted missing data at follow- up. Eleven studies were judged to 
have low risk of attri tion bias because reten tion rates were high (i.e., above 80%). 
Twelve studies had low reten tion rates, so they were considered to have high risk of 
attri tion bias. In the remain ing two studies, attri tion rates were unclear. In addi tion, 
most studies appeared to report complete data, so there was low risk of report ing bias. 
For two studies, there was insuf fi cient evid ence to determ ine if there was select ive 
report ing. 
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 Other poten tial sources of bias were iden ti fied. In all but one study, the method 
of diet and/or weight assess ment was self report. In addi tion, ten studies had limited 
stat ist ical power because of small sample sizes. Other poten tial sources of bias were 
inter ven tion and control groups not being equally matched at baseline, analyses not 
account ing for clus ter ing at group levels in group random ized studies, and some 
studies not having a control group.  

  4.3.2.2 Effects on FV consump tion 

 Nineteen of 25 studies repor ted posit ive effects on increas ing fruit and/or veget able 
consump tion (Bayer  et al. , 2009; Branscum  et al. , 2013; Chen  et al. , 2010, 2011; 
De Bock  et al. , 2012; French  et al. , 2010; Gentile  et al. , 2009; Gephart and Loman, 
2013; Haire-Joshu  et al. , 2008; Hoffman  et al. , 2011; Kennedy  et al. , 2009; Kim 
 et al. , 2010; LaChausse, 2012; Luszczynska and Haynes, 2009; Østbye  et al. , 2012; 
Spiegel and Foulk, 2006; Taylor  et al. , 2007; Warren  et al. , 2003; Zask  et al. , 2012), 
while five revealed no FV effects (Gow  et al. , 2010; Neumark-Sztainer  et al. , 2009; 
Rosenkranz  et al. , 2010; Siegel  et al. , 2010; van Wier  et al. , 2009). One study detec-
ted decreased FV consump tion (Foster  et al. , 2008). There appeared to be simil ar it ies 
in FV consump tion effects between studies with low risk, moder ate risk, and high 
risk of bias. 

 When separ ated by target popu la tion (i.e., chil dren or adoles cents versus adults), 
there appeared to be more success in increas ing FV consump tion in chil dren and 
adoles cents than adults. Of the 17 chil dren or adoles cent inter ven tions, 70.6% ( n  
= 12) repor ted posit ive effects on FV consump tion in chil dren (Bayer  et al. , 2009; 
Branscum  et al. , 2013; Chen  et al. , 2010; 2011; De Bock  et al. , 2012; Gentile  et al. , 
2009; Gephart and Loman, 2013; Hoffman  et al. , 2011; Spiegel and Foulk, 2006; 
Taylor  et al. , 2007; Warren  et al. , 2003; Zask  et al. , 2012). Of the 14 inter ven tions 
with adults, 57.1% ( n  = 8) repor ted posit ive effects in adults (French  et al. , 2010; 
Gentile  et al. , 2009; Haire-Joshu  et al. , 2008; Kennedy  et al. , 2009; Kim  et al. , 2010; 
LaChausse, 2012; Luszczynska and Haynes, 2009; Østbye  et al. , 2012).  

  4.3.2.3 Effects on weight outcomes 

 There were mixed results regard ing effects on BMI, weight, or similar weight 
outcome. Thirteen studies (52.0%) repor ted stat ist ic ally signi fic ant decreases in a 
weight outcome (Chen  et al. , 2010, 2011; Foster  et al. , 2008; Gephart and Loman, 
2013; Gow  et al. , 2010; Kennedy  et al. , 2009; Kim  et al. , 2010; Luszczynska and 
Haynes, 2009; Siegel  et al. , 2010; Spiegel and Foulk, 2006; Taylor  et al. , 2007; van 
Wier  et al. , 2009; Zask  et al. , 2012). There appeared to be similar weight outcome 
effects in chil dren and adults. 

 When separ ated by risk of bias, there appeared to be most success in improv-
ing weight outcomes in studies with low risk of bias and least success in studies 
with moder ate risk of bias. Seventy percent ( n  = 7) of studies with low risk of bias 
(Chen  et al. , 2010, 2011; Gow  et al. , 2010; Kennedy  et al. , 2009; Kim  et al. , 2010; 
Luszczynska and Haynes, 2009; Zask  et al. , 2012), 33.3% ( n  = 3) with moder ate 
risk (Gephart and Loman, 2013; Siegel  et al. , 2010; van Wier  et al. , 2009), and 50% 
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( n  = 3) with high risk (Foster  et al. , 2008; Spiegel and Foulk, 2006; Taylor  et al. , 
2007) repor ted stat ist ic ally signi fic ant decreases in weight outcome.  

  4.3.2.4 Interaction between FV consump tion and weight outcomes 

 Two studies stat ist ic ally tested inter ac tions between FV intake and weight outcomes. 
One study (Bayer  et al. , 2009) performed cluster- random ized multivari ate analysis 
to determ ine inter ven tion effects in normal versus over weight subgroups. The study 
found similar effects on FV consump tion for non- over weight and over weight chil-
dren, suggest ing that change in FV intake did not influ ence change in adipos ity. In 
contrast, another study (Haire-Joshu  et al. , 2008) found that normal weight inter ven-
tion, when compared to control chil dren, were 1.49 times more likely to increase their 
FV intake by at least half a serving per day (based on logistic regres sion analysis and 
baseline BMI). No results were repor ted on changes in weight outcomes. 

 Although none of the studies specific ally tested whether the extent to which FV 
change contrib uted to adipos ity change, for FV to have contrib uted to weight control, 
a study would have had to docu ment a change in FV intake and enhanced weight 
control. Nine studies had effects on both FV consump tion and weight outcomes 
(Chen  et al. , 2010, 2011; Gephart and Loman, 2013; Kennedy  et al. , 2009; Kim  et al. , 
2010; Luszczynska and Haynes, 2009; Spiegel and Foulk, 2006; Taylor  et al. , 2007; 
Zask  et al. , 2012); another ten studies repor ted effects on FV consump tion, but not 
on weight outcomes (Bayer  et al. , 2009; Branscum  et al. , 2013; De Bock  et al. , 2012; 
French  et al. , 2010; Gentile  et al. , 2009; Haire-Joshu  et al. , 2008; Hoffman  et al. , 
2011; LaChausse, 2012; Østbye  et al. , 2012; Warren  et al. , 2003); and four repor ted 
effects on weight outcomes, but not FV consump tion (Foster  et al. , 2008; Gow  et al. , 
2010; Siegel  et al. , 2010; van Wier  et al. , 2009). Because none of the studies that 
repor ted changes in FV and weight used medi at ing vari able analysis (Fairchild and 
MacKinnon, 2009) or controlled for other confounders to determ ine the overall effect 
of FV on weight, there are no clear, causal conclu sions that can be made about the 
rela tion ship between FV and weight manage ment.    

   4.4  Future trends 

 This chapter aimed to identify studies of the impact of increased FV intake on 
weight manage ment in obesity preven tion research. Twenty- five articles were iden ti-
fied. No study specific ally tested (as in a medi at ing vari able analysis (Fairchild and 
MacKinnon, 2009)) whether increased FV intake contrib uted to obesity preven tion 
or weight manage ment. Only 36% of programs had effects on both FV consump tion 
and a weight outcome. An addi tional 56% repor ted effects on either weight outcomes 
or FV consump tion, but not both. Eight percent affected neither FV intake nor weight 
manage ment. 

 Based on these find ings, it is unclear whether increas ing FV intake enhanced 
obesity preven tion, which is consist ent with prior reviews on FV and body weight/
weight manage ment (Alinia  et al. , 2009; Boeing  et al. , 2012; Ledoux  et al. , 2011; 
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Rolls  et al. , 2004; Sherry, 2005; Tohill  et al. , 2004). Most of the programs detect-
ing an effect on weight also targeted factors other than FV (e.g., phys ical activ ity or 
other food consump tion), so the effects on weight outcomes may have been related 
to multiple beha vior changes. Isolating the specific effects of FV on weight outcomes 
from these studies was diffi cult, if not impossible. Thus, although it is import ant to 
have compre hens ive and holistic programs, more research is needed on programs 
focused solely on FV to determ ine if target ing FV is effect ive in weight manage ment 
programs. Relatedly, only two studies repor ted inter ac tions between FV intake and 
weight outcomes, so it is unclear what the rela tion ship is between FV and weight. 
Analyses are needed to examine this rela tion ship by controlling for other aspects of 
diet or life style. 

 Increased atten tion to reduced risk of bias is needed in future such studies. 
Although random iz a tion was performed in most studies, the methods of random 
sequence gener a tion and alloc a tion conceal ment were not specified, making risk of 
selec tion bias unclear. In addi tion, more than half of studies did not indic ate whether 
data collect ors or parti cipants were blinded, which has implic a tions for detec tion and 
perform ance biases. Blinding study staff should be done whenever possible. Lastly, 
all but one study relied primar ily on self- repor ted meas ures of diet and/or weight 
manage ment. These sources of data may not be valid. More effort is needed to 
comple ment self- repor ted data with obser va tions, biomark ers, or other more object-
ive meas ures (Jia  et al. , 2012). 

 Although this chapter and other similar reviews revealed weak evid ence support-
ing the rela tion ship between FV and weight manage ment, it is import ant for future 
research, espe cially longit ud inal studies, to continue invest ig at ing the specific 
effects of FV on weight, either through controlled exper i ments on only FV or using 
analyses that control for other confounders. Such research should clarify the role of 
FV in weight manage ment, thus inform ing future obesity- related inter ven tions and 
the extent to which they should target FV consump tion. In addi tion, find ings from 
this review do not negate the import ant contri bu tion of FV to a healthy diet, and FV 
should continue to be a major focus in public health and medical efforts.   

    4.5  Sources of further inform a tion 

 Prior liter at ure reviews have examined the rela tion ship between FV and body weight/
weight manage ment. For further inform a tion and advice, please consult these reviews. 
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manage ment and weight control  
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    5.1  Introduction 

 There is no single diet that will help, or suit the life style, of every indi vidual. Some 
weight manage ment diets are however much better than others because they are nutri-
tion ally balanced and produce sustained weight loss that is asso ci ated with greater 
meta bolic improve ments, includ ing the substan tial lower ing of blood pres sure and 
blood glucose, insulin, bad (i.e. low- density lipo pro tein) choles terol and trigly cerides 
levels. In fact, some diets provide meta bolic bene fits that can be seen with as little 
as 5–10% loss of initial weight, proving that you do not have to become ‘skinny’ to 
enjoy better phys ical and mental health. 

 A persist ing ques tion, often asked, is what nutri tion ally balanced dietary pattern 
can help you to control your weight and improve your meta bolic health? Research 
suggests a protein- rich (i.e. ~25–35% of daily energy require ments from mixed 
protein sources includ ing plants, lean red and/or white meat, fish and dairy), low- 
fat, moder ate carbo hydrate eating plan is effect ive for the manage ment of obesity, 
heart health and Type 2 diabetes. Much of this evid ence has been under pinned 
by a program of high- quality research that has been performed at the Australian 
Commonwealth Scientific and Industrial Organisation (CSIRO) and backed by an 
extens ive review of the scientific liter at ure in this field. Many of these research 
find ings have helped define the prin ciples of the publicly acclaimed CSIRO Total 
Wellbeing Diet book series includ ing  The CSIRO Total Wellbeing Diet  books 1 
(Noakes, 2005) and 2 (Noakes, 2006) and the recipe book (CSIRO, 2010) which have 
been embraced by more than 800,000 Australians. As such, the find ings from CSIRO 
scient ists as well as others from inter na tional research teams from across Europe and 
the USA are influ en cing global manage ment strategies for condi tions related to over-
weight/obesity. 

 This chapter provides a brief back ground of popular higher- protein diets that are 
commonly used by the inter na tional dieting public and intro duces the basic prin-
ciples of the CSIRO Total Wellbeing Diet. It is also based on the latest inter na tional 
scientific evid ence that demon strates that small but consist ent clin ical bene fits are 
achiev able using dietary patterns that contain higher amounts of protein. Safety 
concerns that are often raised by clini cians about higher- protein dietary patterns are 
addressed briefly. The object ive is to provide readers with the latest inform a tion to 

                 5 
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shape their own opinion regard ing the effic acy of a higher- protein dietary pattern for 
weight control and the manage ment over weight/obesity and its asso ci ated disease.  

   5.2  Internationally popular higher- protein diets 

 Higher- protein diets have a long history (Denke, 2001) and the resur gence of their 
popular ity in modern society presum ably has been influ enced by the market ing of 
books that promote varying types of higher- protein diets that promise rapid weight 
loss within seven days. Many people have also been encour aged to try higher- protein 
diets due to their poor exper i ences in failing to achieve and main tain clin ic ally 
relev ant weight loss using the more tradi tional modern stand ard- protein, high- carbo-
hydrate, low- fat diets (Roberts, 2001). A major issue with the high- carbo hydrate, 
low- fat diets is that people thought they could eat as much low- fat food as possible 
and still lose weight – they did not under stand that a reduc tion in total energy intake 
was also crit ical. Moreover, high- carbo hydrate diets are becom ing increas ingly 
contro ver sial to use for the manage ment of over weight/obesity, Type 2 diabetes and 
heart disease because a large propor tion of people in Westernised coun tries typic-
ally consume refined carbo hydrates that are quickly released into the blood stream 
causing large spikes in blood glucose levels and high trigly ceride levels (a form of 
blood fat); refined carbo hydrates also are not as rich in other vital nutri ents and tend 
to be combined with fat. These issues have led many in the scientific community to 
seri ously ques tion the valid ity of higher- carbo hydrate diets for managing over weight/
obesity and its asso ci ated condi tions. As such, there has been renewed interest in 
testing the effect ive ness of altern at ive approaches such as higher- protein diets that 
replace varying amounts of carbo hydrate. 

 The philo sophy and prin ciples of the several higher- protein diets that have been 
popular with the inter na tional dieting public over that last 40 years are summar ised 
in Table 5.1. The listed diets fall into two differ ent categor ies of higher- protein, low- 
carbo hydrate diets that are referred to as: (i) very low- carbo hydrate, high- protein 
concom it antly high in satur ated fat (eg The ‘Atkins’ and ‘Protein Power’ diets; 
also termed  keto genic  diets), and (ii) reduced- carbo hydrate, high- protein diets that 
emphas ise fat restric tion (eg The ‘Zone’ and ‘Sugar Busters’). While each of these 
higher- protein diets can assist people to lose weight, partic u larly those who are very 
discip lined with their food intake, several import ant points should be considered 
before recom mend ing such diets to patients: (i) the initial weight loss achieved is 
predom in ately from the loss of water and lean muscle mass rather than from the loss 
of fat which is required for redu cing disease risk factors; (ii) each of these partic u lar 
dietary patterns rigidly restricts certain food groups and promotes the avoid ance of 
many nutri tious foods and do not achieve recom men ded allow ances for all neces sary 
macro- and micro- nutri ents; and (iii) Atkins, Protein Power and the Stillman diets 
promote higher than recom men ded intakes of satur ated fat (i.e. < 10% of total daily 
energy should come from satur ated fat) which is asso ci ated strongly with increased 
risk factors (eg high trigly cerides, total and low- density lipo pro tein choles terol, and 



    Table 5.1     Internationally popular higher- protein, low- to moder ate- carbo hydrate diets  

   Atkins    Protein Power    Zone    Sugar Busters    Stillman  

 Philosophy  Too many carbo hydrate 
causes obesity; ketosis 
leads to decreased hunger 

 Carbohydrates releases 
insulin in large quant it ies 
which contrib utes to 
obesity 

 Right food combin a tions 
leads to state at which 
body func tions at peak 
perform ance; decreases 
hunger; increases weight 
loss and energy 

 Sugar is toxic and 
causes increased 
insulin levels which 
promotes fat 
storage 

 High- protein foods burn 
body fat; carbo hydrates 
cause fat storage 

 Principle  Eat meat, fish, poultry, 
eggs, cheese, low- carb 
veget ables, butter, oil; no 
alcohol 

 Eat meat, fish, poultry, 
eggs, cheese, low- carb 
veget ables, butter, oil, 
salad dress ing, moder ate 
alcohol intake 

 Protein, fat and carbo-
hydrates must be eaten in 
exact propor tions at every 
meal (40/30/30); low 
glycaemic index foods; 
moder ate alcohol intake 

 Eat protein and fat; 
low glycaemic index 
foods; olive oil, canola 
oil; moder ate alcohol 
intake 

 Eat lean meats, skin less 
poultry, lean fish, eggs, 
cottage cheese, skim- 
milk cheeses; no alcohol 

 Composition  Protein 27%; carbo hydrate 
5%; fat 68% (satur ated fat 
26%) 

 Protein 26%; carbo hydrate 
16%; fat 54% (satur ated 
fat 18%); alcohol 4% 

 Protein 34%; carbo hydrate 
36%; fat 29% (satur ated 
fat 9%); alcohol 1% 

 Protein 27%; carbo-
hydrate 52%; fat 21% 
(satur ated fat 4%) 

 Protein 64%; carbo-
hydrate 3%; fat 33% 
(satur ated fat 13%) 

 Lose and 
main tain 
weight? 

 Yes but initial loss is mostly 
water. Promotes negat ive 
atti tude to food groups. 
Difficult to main tain 

 Yes, via caloric restric-
tion. Limited food 
choices; not prac tical for 
long term 

 Yes, via caloric restric-
tion. Could achieve 
main ten ance if followed 
care fully. Diet rigid 

 Yes, via caloric 
restric tion. Limited 
food choices; not 
prac tical for long term 

 Yes, but mainly water 
lost; strict calorie count-
ing; limited food choices; 
not prac tical for long term 

 Scientific 
evid ence 

 No long- term valid ated 
studies 

 No long- term 
valid ated studies 

 No long- term valid ated 
studies 

 No long- term valid ated 
studies 

 No long- term valid ated 
studies 

 Compliance 
with AHA* 
protein criteria 

 No; does not achieve 
recom men ded allow ance 
for macro- or micro- 
nutri ents 

 No; does not achieve 
recom men ded allow ance 
for macro- or micro- 
nutri ents 

 Yes, but may be low in 
copper 

 No; does not achieve 
recom men ded 
allow ance for 
micro- nutri ents 

 No; does not achieve 
recom men ded allow ance 
for macro- or micro- 
nutri ents 

   *AHA denotes American Heart Association.  
  Source: Modified with permis sion from St. Jeor  et al. , 2001.     
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reduced high- density lipo pro tein choles terol and endothelial func tion). Despite the 
numer ous limit a tions of diets like Atkins, Protein Power and Stillman, many people 
still insist on using them. Evidence regard ing the effic acy and safety of higher- protein 
diets, partic u larly the very- low carbo hydrate keto genic style diets, for long- term 
manage ment of obesity will be examined in section 5.4. 

    5.3   The Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) Total Wellbeing Diet 

 The CSIRO Total Wellbeing Diet (TWD) is a higher- protein, nutri tion ally balanced 
12 week weight- loss program (i.e. 30% energy restric tion) followed by weight- main-
ten ance program that can be applied through out all life stages. It is not a ‘one diet 
fits all’ program – rather, it is designed so it can be easily tailored to an indi vidual’s 
daily energy require ments to assist with achiev ing their personal weight- loss goals. 
The carbo hydrate content and source are the common factors that differ en ti ates the 
TWD from the more popular low- to- moder ate carbo hydrate and more tradi tional, 
high- carbo hydrate, diets (Table 5.2); the diet contains low- to- moder ate amounts of 
carbo hydrates that release their energy slowly and main tain a lower blood glucose 
profile (i.e. low glycaemic index carbo hydrates) (Barclay  et al. , 2005). 

 Of course a reduc tion in the amount of carbo hydrate must be offset by a moder-
ate increase in another nutri ent, and for the TWD approach, about 15% of the total 
energy origin ally derived from carbo hydrate is replaced with protein. The rationale 
for increas ing protein to assist with weight control is based on a range of research 
find ings. Acute meal and short- term clin ical studies have demon strated that protein 
provides a greater feeling of full ness (or satis fac tion) and reduces the feel ings of 
hunger compared to a similar calorie load of carbo hydrates, and energy intake at 
the next meal is reduced when indi vidu als are allowed to eat freely (Westerterp-
Plantenga  et al. , 2009; Leidy and Racki, 2010). In addi tion, the energy cost of digest-
ing, absorb ing and storing protein in the body (termed the thermic effect of feeding) 
is much higher than that of either carbo hydrate or fat (Westerterp-Plantenga  et al. , 
1999) and thus a higher- protein diet may result in a small increase in the energy 
being lost during this process. Higher- protein diets have also been asso ci ated with 
better reten tion of lean tissue mass (which includes muscle) during energy restric-
tion (Piatti  et al. , 1994) which has import ant implic a tions for main tain ing muscle 
mass and strength. Finally, protein- rich foods that come from mixed sources (i.e. 
lean red and white meat, seafood, dairy, eggs, nuts, seed and legumes) also provide 
many essen tial nutri ents and miner als that are pivotal for the main ten ance of health 
and vital ity. For example, lean red meat (beef, pork and veal) is the richest source 
of highly- absorbed iron, and are also rich in zinc and good sources of omega-3 and 
vitamin B12 which play a key role in haemo globin and anti ox id ant enzyme form a tion 
as well as immunity and protect ing cognit ive health. Seafood is an import ant source 
of omega-3 fats which protect the heart, and low- fat dairy is also rich in ribo flavin 
(vitamin B2) and calcium. Eggs are also rich in essen tial vitam ins (i.e. A, D, E and 



    Table 5.2     Amount and type of carbo hydrate consumed in differ ent diets  

  Diet    Amount of 
carbo hydrate (g)  

  % energy (kj) from 
carbo hydrate  

  Main type of 
carbo hydrate  

  Amount of 
protein (g)  

  % energy (kj) 
from protein  

 High- carbo hydrate diet 
(e.g. tradi tional weight- loss/
manage ment diet) 

 >200  >55  Complex, low- 
glycaemic index 

 70–120  ~15–20 

 Very- low carbo hydrate 
(e.g. Atkins) 

 < 100  <20  No guideline  No guideline  No guideline 

 Moderate to low- carbo hydrate 
diet (e.g. TWD) 

 100–200  20–40  Complex, low- 
glycaemic index 

 90–140  ~25–35 

 Average non- diet  ~245  ~45  Mixed  ~70–120  ~15–20 
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B-group) as well as iron, phos phorus and zinc, and are a good source of anti ox id ants 
and low in satur ated fat. 

 While the TWD uses a highly- prescript ive daily meal plan that is designed around 
meeting the indi vidu als’ daily protein require ments first and fore most, it also includes 
plenty of whole grains, fruits and veget ables, and good fats (i.e. poly- and mono- 
unsat ur ated fats). The TWD approach also advoc ates that the dietary plan is followed 
in conjunc tion with about 30 minutes of moder ate intens ity phys ical activ ity, three 
times per week (this can be as simple as brisk walking). Evidence regard ing the effic-
acy and safety of high- protein diets, includ ing the TWD, for long- term manage ment 
of obesity will be examined in section 5.4.  

   5.4   Evidence from meta- analyses and selec ted 
random ised control trials for the effic acy of 
higher- protein diets for weight control and 
meta bolic health 

   5.4.1   Findings from meta- analyses of higher- protein diets 
followed for ≥ 1 year 

 Three recent meta- analyses have examined the short- term (i.e. < 1 year) effects of 
energy- restric ted and/or ad- libitum, higher compared with lower protein diets (i.e. 
16–45% vs. 5–23% of total energy from protein) on body weight manage ment and 
cardio- meta bolic outcomes (Santesso  et al. , 2012; Wycherley  et al. , 2012; Dong  et al. , 
2013). While these meta- analyses demon strated that the magnitude of weight loss as 
well as improve ments in several cardio- meta bolic risk factors includ ing trigyl cerides, 
HbA1c and blood pres sure were of clin ical relev ance in obesity manage ment, the true 
bene fits of higher- protein diets should really be judged on their ability to sustain clin-
ic ally signi fic ant weight loss over the longer- term – that is they must be able to prevent 
weight re- gain. The follow ing discus sion will there fore focus on the current evid-
ence explor ing whether increased dietary protein is a signi fic ant factor for long- term 
success in achiev ing and main tain ing weight loss and cardio- meta bolic risk reduc tion. 

 A recent meta- analysis that examined the effects of low fat diets (< 30% of intake 
as fat) that contained either higher- or lower- protein (≥ 25% vs. ≤ 20% of energy 
as protein) on long- term (i.e. ≥ 12 months) changes in body weight, body compos-
i tion, and cardio- meta bolic risk factors was performed by Schwingshackl and 
Hoffman (2013) and included fifteen high- quality RCTs. While the differ ent dietary 
approaches achieved compar able improve ments in weight, waist circum fer ence, fat 
mass, blood lipids (i.e. total choles terol, LDL-cholesterol, HDL-cholesterol, trigly-
cerides), C-reactive protein, diastolic and systolic blood pres sure, fasting glucose and 
glyc osylated haemo globin, the higher protein diet reduced fasting insulin concen-
tra tions more than the lower- protein diet. Furthermore, exclu sion of studies that 
included people with Type 2 diabetes demon strated that the high protein diet yielded 
a greater improve ment in HDL-cholesterol (Schwingshackl and Hoffmann, 2013). 
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 A second and more compre hens ive meta- analysis was recently published by 
Clifton and cowork ers (Clifton  et al. , 2014). This analysis included 32 RCTs with 
3492 indi vidu als who were random ised to diets that differed in the percent age of 
protein and who were followed for more than 12 months. Very low- carbo hydrate, 
keto genic (i.e. Atkins style) and also low- to moder ate- carbo hydrate, higher- protein 
diets were included. The recom mend a tion to consume a lower- carbo hydrate, higher- 
protein diet when compared to the recom mend a tion to consume a high- carbo hydrate, 
lower- protein diet, was asso ci ated with better weight loss, but the effect size was 
small (i.e. ~0.4 kg). Of clin ical import ance, the weight loss was predom in ately loss of 
fat whereas changes in lean mass were not differ ent between the two diets. Moreover, 
increas ing protein intake by 5% or more was asso ci ated with a 3-fold greater reduc-
tion in fat mass (mean differ ence 0.9 kg vs. 0.3 kg) at 12 months when compared to 
diets with change in protein of < 5%. Triglyceride and insulin concen tra tions were 
also reduced more potently follow ing higher- protein diets, whereas improve ments in 
fasting glucose concen tra tions, HbA1c, blood pres sure and C-reactive protein were 
compar able for both diet patterns regard less of whether studies with or without Type 
2 diabetes were included.  

   5.4.2   Findings from selec ted random ised control trials of 
higher- protein diets 

 It must be noted that neither of the previ ous meta- analyses included the find ings from 
the pan-European multi- center, Diogenes study, which is the largest study to compare 
lower- versus higher- protein diets for weight- loss main ten ance (Larsen  et al. , 2010a, 
2010b; Damsgaard  et al. , 2013). This study included 938 adults and 253 chil dren of 
these adults. The parents completed an initial 8-week energy restric tion period. In the 
famil ies where at least one parent lost 8% of their initial body weight (mean differ-
ence of −11.0 kg), their chil dren were invited to join the parent to complete 26 weeks 
of weight main ten ance on either a higher- or lower- protein (25% vs. 13% of daily 
energy as protein), ad libitum diet (Larsen  et al. , 2010a, 2010b). In the adults who 
completed the study, the higher- protein diet led to less weight regain (mean differ-
ence of −0.93 kg) than the lower- protein diet (Larsen  et al. , 2010b). The chil dren who 
followed the higher- protein compared to lower- protein regimen displayed a greater 
reduc tion in waist circum fer ence (mean differ ence of 2.7 cm) and LDL choles terol 
(−0.25 mmol/L) (Damsgaard  et al. , 2013). This study also demon strated that the 
adults who consumed a diet with a combin a tion of an increased protein- to- 
carbo hydrate ratio with low- glycaemic index foods had bene fi cial effects on risk 
factors of the meta bolic syndrome (Papadaki  et al. , 2014).  

   5.4.3  Limitations in the current scientific liter at ure 

 Limitations in the current scientific liter at ure must be considered when decid ing 
whether to recom mend a higher- protein diet to a specific indi vidual/patient popu-
la tion. Within the studies included in the various meta- analyses, the dropout rates 
ranged from 7–55% (average 30 ± 12%). This contrib uted to large amounts of missing 
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data, but since only about half of these studies repor ted inten tion to treat analyses 
along with more complete results there was a high risk of bias in the inter pret a tion 
of data. In addi tion, after the first six months, most of the studies displayed poor 
compli ance to the prescribed programs regard less of dietary pattern. For example, 
Schwingshackl and colleagues found the higher protein diet groups reduced their 
protein content through out the study, whereas the lower protein diet groups increased 
their protein content, meaning that both diet groups tended to turn back towards 
their habitual protein intakes recor ded at baseline (Schwingshackl and Hoffmann, 
2013). The lack of protein differ en tial between diets was also suppor ted by the 
urinary biomarker data repor ted in 9 of the 15 studies included in the Schwingshackl 
meta- analysis, and in 8 of the 32 included in the meta- analysis by Clifton  et al. , 
(Schwingshackl and Hoffmann, 2013; Clifton, 2014). Despite the limit a tions, an 
import ant finding from both the Diogenes study (Larsen  et al. , 2010a, 2010b) and 
Clifton and colleagues meta- analysis (Clifton, 2014) was that they are both indicata-
tive that an abso lute increase in protein intake by as little as 5% has impact, albeit 
small, on the clin ical manage ment of body weight and cardio- meta bolic health in the 
over weight and obese indi vidu als.   

   5.5  Potential risks of high protein dietary patterns 

 Concern is often expressed by many people includ ing general phys i cians and dieti-
tians that higher- protein diets should not be advoc ated, partic u larly to people with 
pre- exist ing health condi tions. Much of the concern is based on low- quality scientific 
evid ence from cross sectional asso ci ation studies have that have linked high animal 
protein intakes to higher risks for coron ary heart (McGee  et al. , 1984) and renal (Pan 
 et al. , 2008; Fouque and Laville, 2009), disease, osteo porosis (Misra  et al. , 2011), 
and cancer (Cross  et al. , 2007; Alaejos  et al. , 2008; Hu  et al. , 2011), as well as with 
increased mortal ity (Noto  et al. , 2013). However, the number of high- quality RCTs 
is increas ing and the evid ence indic ates that higher- protein dietary patterns are safe 
for people without pre- exist ing disease, espe cially when they contain plenty of whole 
grains, fruits and veget ables, lean cuts of meat, nuts/seeds and oils/fat that are high 
in poly- and mono- unsat ur ated fatty acids. For example, Clifton and colleagues 
compared the effects of a moder ate- and stand ard- protein weight loss diet, over 12 
months, on changes in renal func tion in 76 over weight and obese people with Type 2 
diabetes with early stage renal disease (i.e. patients with an albumin : creat in ine ratio 
from 3 to 30 mg/mmol) (Jesudason  et al. , 2013). The average differ ence in protein 
intake between diets was 19 ± 6 g/d and there was a compar able improve ment in renal 
func tion with both diets (Jesudason  et al. , 2013). In addi tion, in healthy obese indi-
vidu als, no dele ter i ous effects of higher- protein diets were found over 1 to 2 years on 
any markers of inflam ma tion, or renal, vascu lar or bone func tion (Brinkworth et al., 
2010, Friedman et al., 2012). While no RCTs are avail able in humans to alle vi ate the 
concern that eating red meat, or increas ing the total amount of protein in the diet, 
causes the onset and devel op ment of many types of cancers, other factors includ ing 
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age, smoking, being over weight/obese, having a family history of cancer, and being 
phys ic ally inact ive, remain the strongest predict ors for devel op ing cancer (ASCO, 
2012).  

   5.6   Strategies to improve compli ance to higher 
protein diets 

 The find ings from the meta- analyses discussed above also revealed multiple beha-
vi oral factors contrib ute to the adher ence rate observed in dietary inter ven tions. 
One factor that has been strongly iden ti fied as a predictor of high compli ance with 
weight- loss and weight- main ten ance programs is the attend ance to dietary face- to- 
face struc tured, coun selling sessions. For example, Layman  et al.  (2009), the studies 
conduc ted by CSIRO (Brinkworth  et al. , 2004, 2009; Luscombe-Marsh  et al. , 2005; 
Wycherley  et al. , 2010) and studies conduc ted by Foster  et al.  (2010), all incor por ated 
regular weekly/fort nightly/monthly dietary coun selling sessions in their 12-month 
studies. While some studies repor ted a lower drop- out rate in the higher- compared 
with lower- protein group (ie 36 vs 55%, respect ively) (Layman  et al. , 2009), others 
have repor ted compar able drop- out rates of ~30% and attrib ute this to the intens-
ive coun selling program received by both groups (Brinkworth  et al. , 2004, 2009; 
Luscombe-Marsh  et al. , 2005; Wycherley  et al. , 2010). Another factor that seems to 
improve adher ence to long- term higher- protein diets is the incor por a tion of family- 
based dietary strategies which were incor por ated in the Diogenes study (Larsen  et al. , 
2010a, 2010b; Damsgaard  et al. , 2013). Additionally, the inclu sion of regular phys-
ical activ ity into the program may amplify the bene fi cial effects of the diet, but to 
what extend remains unclear (Foster  et al. , 2010; Friedman  et al. , 2012).  

   5.7  Conclusions 

 The latest scientific evid ence indic ates that weight- loss and weight- main ten ance diets 
contain ing 25–35% of daily energy from protein, and when followed for 1 to 2 years, 
may provide small but consist ent improve ments on body weight, body compos i-
tion (i.e. enhance fat loss and preserve lean mass) as well as several key cardio- 
meta bolic risk factors. These improve ments are above those that are seen with 
altern at ive lower- protein diets but notably the protein intakes consumed by many 
parti cipants during research studies were on average only 5% greater than some 
people’s habitual intakes at baseline. Also of signi fic ance, the bene fi cial effects 
observed with either of the dietary patterns were greater when highly- prescript ive 
daily meal plans were used (partic u larly over the initial 3 to 6 months), and when 
regular support was provided by a medical phys i cian and dieti tians. In conclu sion, 
higher- protein diets contain ing mixed sources of protein (includ ing lean red meat 
and limited process meat), in combin a tion with plenty of whole grains, fruits, and 
veget ables, nuts/seeds and oils/fat that are high in poly- and mono- unsat ur ated fatty 
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acids, repres ent a safe and effect ive dietary strategy to manage obesity, partic u larly in 
those without substan tial exist ing disease. Supervision from a medical phys i cian and 
an accred ited dieti tian should always be part of the manage ment program.   
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    6.1   Introduction: over view of dietary fat and 
body weight 

 In the last part of the twen ti eth century, novel labor at ory research convin cingly 
demon strated that a high- fat diet was extremely success ful at fatten ing lab animals. 
As a consequence, there was a general move ment towards fat- reduced diets and 
low- fat food products in anti cip a tion of multiple health bene fits includ ing weight 
manage ment. Counter intu it ively, as low- fat products were increas ingly consumed, 
the obesity epidemic accelerated, leading to wide spec u la tions that the fat- reduced 
diet could actu ally have been a  cause  of the epidemic. Examination of the epidemi-
olo gic evid ence avail able at the time, ranging from ecolo gical to longit ud inal studies 
in various popu la tions, provided some support for the hypo thesis that fat intake was 
posit ively asso ci ated with over weight, rather than the reverse. This chapter will 
present evid ence, including animal studies, human trials and observational studies, 
that total dietary fat and specific subtypes may be asso ci ated with energy balance. 
Based on the large accu mu la tion of early and recent liter at ure on amount and type 
of fat intake in this context, our aim is to consider whether low- fat diets are a useful 
compon ent of weight loss and main ten ance.  

   6.2   Total fat: mech an isms for asso ci ation with body 
weight regu la tion 

 The idea that dietary fat intake might be posit ively related to body weight is primar-
ily based on the fact that fat is the most energy dense macronu tri ent. The energy 
density of high-fat food is thus believed to be a key mech an ism for passive over con-
sump tion and weight gain when compared to low- fat diets with higher propor tions 
of carbo hydrate and protein (Blundell, 1999). The poten tial impact of fatty foods 
on energy intake is not only attrib uted to energy density but also to the partic u larly 
palat able sensa tion fat stim u lates in the mouth, some times referred to as mouth 
feel (Drewnowski, 1997). The above- mentioned super mar ket or cafet eria diet, first 
described by Sclafani, supports this notion of fatty foods leading to over con sump tion, 
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as the cafet eria diet’s palat ab il ity induces animals to forsake their animal chow in 
favor of this exper i mental diet (Sclafani, 1976). Specifically, in an attempt to fatten 
adult rats in a manner that mimicked human accu mu la tion of body fat, animals were 
fed two differ ent diets; the control group received rat chow and the exper i mental 
group received in addi tion to chow, Crisco fat (a brand of solid baking fat popular 
in the United States, intro duced in 1911 by Proctor & Gamble Co., made entirely of 
veget able oil), sweetened condensed milk, and a variety of readily avail able human 
foods such as chocol ate chip cookies, salami, cheese, milk chocol ate, and peanut 
butter. This 60 day exper i ment proved to be extremely effect ive in produ cing obesity, 
showing a 53% increase in weight. It may be noted that many of these foods were also 
high in sugar, salt, or both. In subsequent years, this type of diet has been widely used 
as a model to induce obesity in lab animals (Tschöp, 2001). Furthermore, a number 
of studies have indic ated that fat is less sati at ing than carbo hydrate and protein when 
compared on a calorie for calorie basis. However, it has also been demon strated that 
passive over con sump tion is not unique to high-fat diets despite other macronu tri-
ents being less sati at ing. When subjects are offered high-fat or high carbo hydrate 
foods that have been altered to be equally energy dense, the fat- specific over eat ing 
phenomenon is elim in ated (Astrup, 2001). Thus, through various mech an isms that 
are not all specific to dietary fat  per se , over con sump tion of palat able, fatty foods has 
been widely docu mented. 

 Another reason that dietary fat consump tion might be asso ci ated with body fat 
is pref er en tial storage. The prior ity between macronu tri ent oxid a tion and storage is 
determ ined by how much energy must be spent to either oxidize or store the nutri-
ent in the fat tissue as well as by the avail ab il ity of nutri ent- specific body storage 
sites (Franz, 2000). In order to be stored in the adipose tissue, fatty acids need to be 
assembled into trigly cerides with minimal energy cost. Conversely, alcohol, carbo-
hydrates and proteins need to be oxid ized to pyruvate, conver ted into fatty acids and 
then assembled into trigly cerides, before being stored in the adipose tissue (Nelson 
and Cox, 2008). Alcohol and proteins have no specific body storage site while, 
albeit to a limited degree, carbo hydrates can be stored as glyco gen in both liver and 
muscle tissue with a limited impact on body fatness in part due to the highly hydrated 
nature of glyco gen. Based on these consid er a tions, alcohol has the highest prior-
ity for oxid a tion, followed by proteins and carbo hydrates and finally fat. When a 
person fails to consume adequate protein, or is in negat ive nitro gen balance, lean 
tissue can be broken down for energy and one could consider this a storage site in 
times of inad equate calor ies but it is by no means the energy reser voir provided by 
body fat. In the context of obesity and weight regu la tion, it has been proposed that 
dietary fat is more likely to be stored as adipose tissue if there is an excess energy 
intake (Flatt, 1995). 

   6.2.1  Evidence from obser va tional epidemi ology 

 The obser va tional evid ence that dietary fat is related to obesity in human popu la-
tions has been examined using a variety of epidemi olo gical designs, from ecolo-
gical studies in which a whole popu la tion is the unit of obser va tion, to prospect ive 
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studies of asso ci ations between dietary fat and subsequent weight gain in indi vidu-
als (reviewed by Lissner and Heitmann, 1995). For instance, ecolo gical studies 
often show a posit ive asso ci ation between per- capita fat intake and national obesity 
preval ence. Other ecolo gical studies have shown an oppos ite trend. In the United 
States over weight rose by 31% from 1976 to 1991 while fat intake adjus ted for 
total calor ies dropped by 11% based on data extrac ted from five adult popu la-
tion surveys (Heini and Weinsier, 1997). More recently, a popu la tion study of US 
adults aged 20–74 years of age extrac ted from the National Health and Nutrition 
Examination Survey span ning 1971–2006 repor ted the preval ence of obesity 
increased from 11.9% to 33.4% in men and from 16.6% to 36.5% in women (Austin 
 et al. , 2011). During this same period the percent age of energy from total fat and 
protein decreased while the percent age of total energy from carbo hydrates increased 
(Austin  et al. , 2011). This trend in macronu tri ent consump tion was the same across 
all BMI groups (normal, over weight, and obese) (Austin  et al. , 2011). These data 
have been inter preted as support for the notion that decreas ing fat intake may be 
driving the obesity epidemic. However, these observations may be driven by the 
pres ence of other under ly ing factors that differ system at ic ally between popu la-
tions and may be the driving factors, a phenomenon some times referred to as the 
“ecolo gical fallacy”. 

 The next level of evid ence is based on analyses of indi vidual data, but only correl-
at ing obesity with dietary data at a single point in time. As previ ously mentioned, the 
liter at ure has yielded a number of such cross- sectional studies suggest ing that dietary 
fat intake is posit ively correl ated with body weight. In contrast, prospect ive studies, 
in which a chro no logy is estab lished between fat intake and subsequent weight gain, 
do not consist ently confirm the posit ive asso ci ation often seen in cross- sectional 
studies. It should be noted that prospect ive as well as cross- sectional obser va tional 
data relat ing diet to obesity are fraught with meas ure ment errors, and in this context 
it is acknow ledged that observed asso ci ations are likely to be affected by a variety of 
report ing biases. This has made it diffi cult to use epidemi olo gical data as a basis for 
determ in ing the dietary fat content that is optimal for weight manage ment. 

 Epidemiological studies have also been used to consider whether familial or 
genetic predis pos i tion may explain some of the incon sist en cies described above. 
Specifically the suscept ib il ity to weight gain may be influ enced by dietary factors 
such as fat intake partic u larly in those who are genet ic ally predis posed to 
obesity (Heitmann  et al , 2001). However, results from the Nurses’ Health Study 
and the European Youth Heart Study showed no clear evid ence that the asso ci ation 
between dietary fat and weight gain was stronger among offspring of over weight 
parents, suggest ing that familial or genetic suscept ib il ity may not be the full explan-
a tion for diver gent epidemi olo gical evid ence (Field  et al. , 2007; Brixval  et al , 2009). 
One possible mech an ism for suscept ib il ity to weight gain on a high-fat-diet may 
involve taste sens it iv ity which has a genetic basis (Reed  et al. , 1997); genes regu-
lat ing uncoup ling proteins have also been sugges ted in this context (Fleury  et al. , 
1997). Nonetheless, it must be concluded that the epidemi olo gical evid ence that 
genetic factors modify the asso ci ation between dietary fat and weight status remain 
incon clus ive.  
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   6.2.2   Evidence from random ized controlled feeding studies 
and dietary trials 

 A number of early short term feeding trials demon strated that low- fat diets consumed 
on an  ad libitum  basis could promote weight loss. In contrast to the epidemi olo-
gical approach, these studies were based on direct obser va tion of energy intake and/
or expendit ure under controlled condi tions. Among these, two feeding studies from 
Cornell University random iz ing fat-ma nip u lated diets showed prom ising results on 
energy balance (Lissner  et al. , 1987; Kendall  et al. , 1991); in one of these studies 
the subjects even preferred the seemingly similar low- fat diet (15–20% fat) over 
the high-fat diet (45–50% fat) on which they lost and gained weight respect ively 
(Lissner  et al. , 1987). Subsequent studies from Cambridge University strengthened 
the evid ence for effects of fat- manip u lated diets on energy balance, further implic at-
ing energy density as the specific mech an ism, and also suggest ing a possible synergy 
between the high- or low- fat and sedent ary living condi tions (Stubbs  et al. , 1995a, 
1995b, 1996). 

 To date, the largest trial explor ing the rela tion ship between fat intake and body 
weight is the Women’s Health Initiative (WHI) (Howard  et al. , 2006), which included 
more than 48,000 post men o pausal women followed for over seven years. Women 
were random ized to either a control or inter ven tion group. The inter ven tion group 
was encour aged to reduce total dietary fat intake to 20% while increas ing intake of 
veget ables and fruit to five or more servings and grains (whole grains encour aged) 
to six or more servings daily. This group was further informed that the diet was not 
inten ded to promote weight loss and they were encour aged to main tain energy intake 
by repla cing dietary fat with mainly carbo hydrate (Howard  et al , 2006). Women in 
the inter ven tion group lost more weight in the first year (1.9 kg differ ence) and main-
tained a greater weight reduc tion than controls during an average 7.5 years follow- up, 
although the size of the differ ence dimin ished over time. Importantly, a signi fic ant 
dose- response between dietary fat intake and body weight change was demon strated, 
in which the propor tion of fat in the diet increased propor tion ally with body weight 
changes in both control and inter ven tion subjects (Figure 6.1). While the authors did 
not expli citly conclude from their data that a reduc tion in fat is asso ci ated with weight 
loss, they did emphas ize that the low- fat diet did not result in weight gain. 

 A great number of other studies have been published on this subject, as summar-
ized in a recent system atic review and meta- analysis of random ized controlled trials 
as well as cohort studies (Hooper  et al. , 2012). This compre hens ive review included 
33 random ized controlled trials (73,589 parti cipants, most of who parti cip ated in the 
WHI study) and 10 cohort studies (107,756 parti cipants) in adults as well as four 
trials in chil dren and young people. The authors concluded that there is consist ent 
evid ence that reduc tion of total fat intake leads to small but stat ist ic ally signi fic ant 
sustained reduc tions in body weight in adults and evid ence suggests a similar result 
in chil dren and young people. The exclu sion of the WHI results from the system atic 
analysis did not elim in ate the overall protect ive effect of a fat reduced diet. These 
studies demon strate that reduc tions in caloric intake, partic u larly dietary fat, can 
assist with weight main ten ance.   
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   6.3   Type of fat: biolo gical mech an isms for effects on 
energy balance 

 Most of the research described above has considered all types and sources of fat 
equally for their poten tial effects on energy regu la tion. As a preface to the next 
sections, we note that research ers have defined fat type differ ently in their invest-
ig a tions. These include specific fatty acid content, satur a tion or chain length 
char ac ter ist ics, animal versus plant origins, and specific food sources. At the food 
level, the complex nature of fatty acid compos i tion may be exem pli fied by pork 
fat which consists of 40% satur ated fatty acids (SFA), 45% mono- unsat ur ated fatty 
acids (MUFA), and 15% poly un sat ur ated fatty acids (PUFA). This may be compared 
with olive oil which is 14% SFA, 74% MUFA, and 12% PUFA. Like other animal 
fats that are solid at room temper at ure, pork fat is often considered to be highly satur-
ated when in fact MUFA is most predom in ant. In inter pret ing the emer ging evid ence 
on the role of dietary fat subtypes in rela tion to meta bol ism and weight regu la tion, it 
should be kept in mind that oper a tion al iz a tion of the concept of fat quality has been 
highly vari able in the avail able liter at ure. 

 To assess the role of types of dietary fat in accu mu la tion of adipose tissue or body 
fatness, it is useful to first review the biolo gical mech an isms that regu late fat util iz-
a tion and storage in the body and how unsat ur ated fats might differ from satur ated 

   Figure 6.1     Dose- response between dietary fat intake and body weight change.     
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fats biolo gic ally. Unsaturated fatty acids are, in general, more readily oxid ized than 
SFA of similar chain length while chain length tends to be inversely asso ci ated to the 
oxid a tion rate (DeLany  et al. , 2000). SFA has been shown to reduce lipoly tic activ ity 
in adipo cytes due to its impact on membrane fluid ity thus limit ing the ability to utilize 
stored fat (Awad and Chattopadhyay, 1986; Matsuo  et al , 1995). Characteristics of 
fatty acid satur a tion also play a role in determ in ing the differ ences in oxid a tion rates, 
includ ing polar ity, whereas poly un sat ur ated fats are more readily hydro lyzed (Perona 
 et al. , 2000), with possible influ ences on expres sion of genes which encode for lipo-
genic enzymes, lipid oxid a tion proteins, fatty acid trans port, and adipokines (Kersten, 
2002; Khan and Vanden Heuvel, 2003; Sampath and Ntambi, 2005). Unsaturated fats 
also appear to be more effect ive than SFA in stim u lat ing perox i some prolif er ator- 
activ ated receptor α ( PPARα ), a ligand- activ ated tran scrip tion factor that regu lates 
energy meta bol ism (Kliewer  et al. , 1997). 

 Animal studies show that specific fatty acids differ en tially affect lipid meta bol ism 
and can influ ence the expres sion of genes related to lipo gen esis (Moussavi  et al , 
2008; Hariri and Thibault, 2010; Lottenberg  et al. , 2012). Studies of animal obesity 
have confirmed that consump tion of differ ent types of fat evoke differ ent rates of 
weight change (Storlien  et al , 1998) with differ en tial impacts on fat distri bu tion 
and body compos i tion (Matsuo  et al , 1995; Takeuchi  et al. , 1995; Bell and Sherriff, 
1997). In rodent models it has been shown that long- chain n-3 PUFA may reduce 
body fat mass by alter ing the expres sion of genes promot ing fat oxid a tion and energy 
expendit ure (Buckley and Howe, 2009). Moreover, a recent review summar iz ing 
studies on the asso ci ation between n-6 fatty acid intake and obesity suggests that n-6 
fatty acids might have pro- adipo genic prop er ties (shown in both  in vitro  and in animal 
studies) as well as a possible role in the fetal program ming of obesity (Muhlhauslera 
and Ailhaud, 2013). 

 Trans fatty acids (TFA) are unsat ur ated fatty acids (either MUFA or PUFA) 
contain ing at least one double bond in the  trans  config ur a tion, while the usual config-
ur a tion is the  cis . TFA can be gener ated in the rumen, the first chamber of the stomach 
in rumin ant animals, due to micro bial ferment a tion (thus dairy products and meat 
natur ally contain them) or through the indus trial process of oil hydro gen a tion 
(Bhardwaj  et al , 2011). The poten tial role of these fatty acids in weight gain has been 
the topic of a recent review (Thompson  et al , 2011). However, results from both 
cell and rodent exper i mental studies concern ing TFA’s effects on glucose and lipid 
oxid a tion as well as body weight and body compos i tion are conflict ing (Thompson 
 et al , 2011; Ochiai  et al. , 2013). One random ized controlled trial in green monkeys, 
fed a diet contain ing 8% of energy from either TFA or MUFA for six years, resul-
ted in a higher weight gain in the animals eating the TFA-rich diet when compared 
to the MUFA-rich diet (Kavanagh  et al. , 2007). Moreover, computed tomo graphy 
scan demon strated that the differ en tial gain in weight was due to a higher visceral 
fat depos ition. 

 Special mention may be given to a partic u lar class of TFA, the conjug ated linoleic 
acids (CLA). CLA refer to a group of conjug ated octa decadi en oic acid isomers 
derived from linoleic acid, a fatty acid that contains 18 carbons and two double bonds 
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in the  cis  config ur a tion at the 9th and 12th carbons (Pariza  et al , 2001). In addi tion 
to the natural pres ence in rumin ant- derived products, supple ments contain ing these 
fatty acids are also commer cially avail able. Although chem ic ally related, accord-
ing to the Codex Alimentarius (www.codexalimentarius.org). What is commonly 
referred to as TFA does not include CLA (Wang, 2013). CLA was excluded due to its 
poten tial to reduce body weight and its anti- athero genic prop er ties (Kennedy  et al. , 
2010). 

 A full descrip tion of the differ ent fat types that have been implic ated in energy 
balance and imbal ance is beyond the scope of this chapter. However, with this back-
ground, the next section will present selec ted evid ence that fat type, as opposed to 
total fat intake, may be relev ant for weight regu la tion in humans. 

   6.3.1  Evidence from studies in humans 

 Although the role of dietary fat subtypes on weight regu la tion in humans is not 
conclus ive several human studies support the posit ive asso ci ation between unsat ur-
ated fatty acids and fat oxid a tion. A short term inter ven tion trial examined fat oxid-
a tion rates after a meal high in MUFA rather than SFA in men and found those on 
the high-MUFA diet exper i enced greater post pran dial fatty acid oxid a tion rates (Piers 
 et al. , 2002). Conversely, post pran dial carbo hydrate oxid a tion rate was signi fic antly 
lower follow ing the high-MUFA meals (Piers  et al. , 2002). In another study of obese 
post- meno pausal women, olive oil signi fic antly promoted post pran dial fat oxid a tion 
and stim u lated dietary ther mo gen esis in abdom in ally obese post- meno pausal women 
(Soares  et al. , 2004). One inter pret a tion of this finding was that this source of fat may 
be partic u larly bene fi cial to obese indi vidu als. 

 In a 4-week trial with male subjects which examined replace ment of dietary SFA 
with MUFA and PUFA, small but signi fic ant loss of body weight and fat mass were 
achieved without signi fic ant changes in total energy or fat intake (Piers  et al. , 2003). 
Men on the SFA-rich diet gained fat mass partic u larly on the trunk rather than on the 
limbs, while on the MUFA-rich diet similar amounts of body fat were lost both from 
the trunk and from the limbs. Other studies using indir ect calor i metry have indic ated 
that PUFA is better oxid ized than SFA in both normal weight and obese men (Jones 
 et al. , 1992). Omega-3 fatty acids are a special type of PUFA essen tial to humans. 
While there are few studies of omega-3 and weight change, a recent review of the 
evid ence in adults found that in four of the five studies that met inclu sion criteria for 
review no change in body weight by dietary supple ment a tion with n-3 PUFA was 
shown (Martinéz-Victoria and Yago, 2012). Interestingly though, in a study of chil-
dren in the Project Viva cohort, a higher omega-6 to omega-3 ratio in umbil ical cord 
blood phos phol ipids was asso ci ated with a higher subscap u lar skin fold thick ness at 
the age of 3 suggest ing that imbal ances in omega-6 to omega-3 may alter adipose 
depos ition (Donahue  et al. , 2011). 

 TFA should also be considered for its role in energy balance and weight main-
ten ance in humans; however, due to the cardi ovas cu lar risk that has been asso ci ated 
with TFA intake (Mozaffarian, 2006), assess ing long- term effects in human trials is 
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not possible for ethical reasons. Observational studies where TFA consump tion was 
estim ated through a food frequency ques tion naire (FFQ) or food records have been 
performed and provide limited but consist ent evid ence of an asso ci ation between TFA 
consump tion and small weight gain and increases in waist circum fer ence (Colditz 
 et al. , 1990; Koh-Banerjee  et al. , 2003; Wannamethee  et al. , 2004; Field  et al. , 2007; 
Oken  et al. , 2007). It is import ant to note care must be taken when indir ectly estim at-
ing TFA intake because of the poten tially large vari ations in similar foods (Innis  et al   
1999) coupled with incon sist ent find ings. A recent Danish study found a weak inverse 
asso ci ation with weight change and no asso ci ation with changes in waist circum fer-
ence (Hansen  et al. , 2012). A small number of feeding studies invest ig at ing possible 
meta bolic effects of TFA compared with SFA and MUFA repor ted conflict ing results 
on possible effects on oxid a tion rate and appet ite (Thompson and Williams, 2011). 
The lack of plaus ible biolo gical mech an isms explain ing differ ent energy oxid a tion or 
depos ition makes the asso ci ation between TFA consump tion and weight status at least 
ques tion able. The evid ence supporting CLA health claims for the general popu la tion 
is lacking (EFSA, 2010). 

 While data on long- term asso ci ations between dietary fat compos i tion and change 
in weight and/or body compos i tion are limited, a recent study with parti cip a tion from 
five European coun tries sugges ted that fish consump tion (a source of PUFA) has 
no appre ciable asso ci ation with body- weight gain (Jakobsen  et al. , 2013). Although 
changes in body compos i tion and shape may occur without changes in weight, fish 
consump tion was not asso ci ated with change in waist circum fer ence (Jakobsen  et al. , 
2012). 

 In conclu sion, there is evid ence from  in vitro , animal, and human studies that the 
fatty acid types are playing a role in energy balance but the complex nature of fatty 
acid compos i tion makes it diffi cult to nuance the contri bu tion of specific subtypes. 
One poten tial aspect confound ing the evid ence is the subtypes of unsat ur ated fats 
(e.g. n-6 vs. n-3 fatty acids and CLA) may play contrast ing roles in energy regu la-
tion. In addi tion, there is a growing body of evid ence that both type of fat and total 
fat intake play a role in adipose tissue depos ition and by implic a tion weight loss and 
main ten ance, but to what extent is diffi cult to estim ate.   

   6.4   Sustainability of weight loss on low-fat diets 

 Low- fat diets can poten tially induce weight loss, but the evid ence that they are the 
best way for an over weight person to lose weight and keep weight off is limited. 
Reducing energy for weight loss can be achieved through many strategies besides 
dietary fat reduc tion while the optimal propor tion of fat for weight loss is not clear. In 
addi tion, there is not an estab lished defin i tion for ‘low-fat’, although several inter ven-
tion studies have defined low-fat as 15–20% of energy from fat (Howard  et al. , 2006; 
Hooper  et al. , 2012). In fact, by their own defin i tion, the WHI inter ven tion group 
did not consume a ‘low-fat diet’ (Howard  et al. , 2006). The WHI inter ven tion did 
show a small but signi fic ant weight loss effect by lower ing fat intake from a baseline 
average of 38.8% to 29.8% at follow- up, and by most accounts approx im ately 30% of 
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calor ies from dietary fat would not be considered ‘low- fat’. Particularly, the fact that 
there was an unmis tak able dose- response between fat reduc tion and weight reduc tion 
in both WHI groups (Figure 6.1) under scores the notion that there can be bene fits of 
a fat reduced diet that is not neces sar ily ‘low-fat’ by most defin i tions. 

 As noted previ ously, evid ence indic ates that diets high in energy density, inde-
pend ent of their fat content, are asso ci ated with greater intakes of energy (Vernarelli 
 et al. , 2011). However, simply repla cing dietary fat with another macronu tri ent does 
not neces sar ily decrease the density of the diet. If dietary fat is replaced by high 
sugar foods and drinks it is unlikely that these changes will lead to weight main-
ten ance (Malik  et al. , 2010). Today’s highly processed fast foods provide a prime 
example of a modern diet that is both high in energy density and fat which might 
over come the innate human ability to regu late food intake (Prentice and Jabb, 
2003). Avoidance of this type of diet may have more import ant implic a tions for 
weight manage ment over long periods of time than fat reduc tion  per se . However, 
even if differ ences in storage poten tial and oxid a tion rates prob ably exist between 
each macronu tri ent and the others, it is ques tion able whether they are relev ant from 
a public health point of view or not. For instance, evid ence that total energy is 
more import ant than redu cing fat energy is provided by the ‘Pounds Lost’ trial 
where a reduc tion in total energy intake, rather than a partic u lar macronu tri ent 
content of the diet, was the most import ant determ in ant of fat loss (de Souza  et al. , 
2012). For the purpose of weight loss, the low- fat diet consist ing of 15–20% of calor-
ies from fat may even be detri mental to energy expendit ure (Ebbeling  et al. , 2012). 
In another study, the low- fat group had no weight loss advant age but higher attri tion 
(Hession  et al. , 2009). These find ings may have import ant implic a tions for long-term 
main ten ance. 

 One source of evid ence on weight main ten ance comes from the National 
Weight Control Registry (NWCR) estab lished in 1994 by Rena Wing and James 
O. Hill (NWCR, 2013). NWCR tracks greater than 10,000 people who have 
lost signi fic ant body weight and kept it off for long periods of time. A defin i tion of 
weight main ten ance proposed by Hill and Wing defines main tain ers as ‘indi vidu-
als who have inten tion ally lost at least 10% of their body weight and kept it off at 
least one year’ (Klem  et al. , 1997). The NWCR reports that 98% of Registry 
parti cipants report that they have modi fied their dietary intake in some way (NWCR, 
2013). In an earlier public a tion, the most common dietary strategies for weight 
loss repor ted by Registry parti cipants were to restrict certain foods (87.6%), limit 
quant it ies (44%), and count calor ies (43%) (Klem  et al. , 1997; Wing and Phelan, 
2005). To main tain weight loss the strategies included; consum ing a low- calorie, low- 
fat diet, doing high levels of phys ical activ ity, weigh ing them selves frequently, and 
consum ing break fast daily (Wing and Phelan, 2005; Wyatt  et al. , 2002). On average, 
members repor ted consum ing 24% of their calor ies from fat (Wing and Phelan, 
2005), a percent age that is in line with the United States Dietary Recommendations 
which advise adults aged 19 years and older to consume 20–35% of calor ies from fat 
(USDA, 2010). Restricting calor ies is import ant to weight loss, and restrict ing dietary 
fat can assist in redu cing calor ies, yet 24% of calor ies from fat is not neces sar ily a 
low- fat diet. 
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 A compre hens ive meta- analysis provides further evid ence. Based on studies from 
1966 to 2008 examin ing the long- term effect ive ness of diet- plus- exer cise vs. diet- 
only inter ven tions on weight loss, this meta- analysis repor ted weight loss after two 
or more years aver aged 1.64 kg when a combin a tion of dietary changes and increased 
phys ical activ ity were achieved (Wu  et al. , 2009). Some of the dietary approaches 
cited include: calorie restric tion to as low as 1000 calor ies; fat restric tion to less 
than 30% of total intake; and increased fish, fruit, veget ables and fiber consump-
tion while redu cing satur ated fat and sugar, although not an exhaust ive list. Dropout 
rates ranged from 0% to 50% in the diet and exer cise inter ven tion groups and 0% to 
65% in a diet- only inter ven tion groups (Wu  et al. , 2009). The highest dropout was 
exper i enced on the  Help Your Heart Eating Plan , a United States study (Skender 
 et al. , 1996). This diet consists of a low- choles terol eating plan with energy intake 
of 30% from fat, 50% from carbo hydrate, and 20% from protein with weekly brisk 
walking for 45 minutes 4–5 times per week at a level of vigor ous but not strenu-
ous activ ity (Skender  et al. , 1996). The most severe dietary restric tion included a 
low- calorie (800–1000 kcal/day), low- fat regimen (20% of calor ies from fat) during 
weeks one to eight; adjust ing gradu ally up to 1200–1500 kcal/day at week sixteen 
(Wing  et al. , 1998). Over the 14.5 month study dura tion, parti cipants in the diet and 
exer cise group lost an average of 7.9 kg whereas in the diet only group parti cipants 
lost an average of 3.8 kg (Wing  et al. , 1998). Findings from the Wu  et al.  (2009) 
meta- analysis demon strate that long- term weight loss appears to be minimal across 
many years and many studies and the indi vidu als that were most success ful exer cised 
in addi tion to controlling their dietary intake. Surprisingly, the study with the greatest 
dropout rate was one in which the dietary restric tion was moder ate and the phys ical 
activ ity included only vigor ous walking (Skender  et al. , 1996). From the current 
evid ence it seems unlikely that that a low- fat diet alone or a low- fat diet combined 
exer cise would promote long term weight loss.  

   6.5  Conclusions 

 Given the total ity of the evid ence, it may be concluded that fat- reduced diets are 
prob ably not causing weight gain and repres ent one of many actions that could 
contrib ute to obesity preven tion. However, low- fat diets alone do not repres ent a 
long- term solu tion for the major ity of indi vidu als. In light of what we know about 
low- fat diets, most indi vidu als main tain a diet that falls within the recom men ded 
dietary guideline of 20–35% of dietary intake from fat. Therefore, on the basis of 
avail able evid ence, it may be more appro pri ate to discuss fat- reduced diets rather 
than low- fat diets. 

 We do not know if there is an optimal level of fat in the diet, or the optimal 
type of dietary fat for weight control, but evid ence from both the National Weight 
Control Registry and the WHI cohort study suggest that fat intake in the range 
of 24–29% may be appro pri ate; this level is suppor ted by the current US Dietary 
Recommendations (Howard  et al. , 2006; USDA, 2010 NWCR, 2013). While not 
conclus ive, current evid ence suggests that fat quality may also be import ant. Fats 
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are oxid ized at differ ent rates by differ ent path ways and, for example, SFA may be 
oxid ized less readily than MUFA and PUFA. However, the relev ance to energy regu-
la tion or fat depos ition is unclear. In the context of weight loss and main ten ance, 
fat cannot be considered in isol a tion of other dietary, life style, and envir on mental 
factors that may contrib ute inde pend ently and syner gist ic ally to energy balance in 
both the short- and long- term. In fact, an over sim pli fied energy balance model may 
be contrib ut ing to the confu sion about low- fat diets and dietary fat in general. In 
light of this, public health scient ists should consider the science of energy regu la tion 
more crit ic ally when making recom mend a tions. Although dietary fat reduc tion at the 
popu la tion level occurred simul tan eously with the surge in the obesity epidemic it 
cannot be concluded that they are caus ally related and more evid ence points in the 
oppos ite direc tion. Fat and energy- reduced diets are clearly relev ant to both weight 
loss and weight main ten ance, but it is uncer tain whether low- fat diets are neces sary 
or sustain able over a life time.  

   6.6  Future trends 

 Trends in macronu tri ent intake have changed over time in response to public health 
messaging, food avail ab il ity and advert ising. This trend is visible in much of the 
Western world as an increas ing number of indi vidu als follow diets rich in lean 
protein, low in carbo hydrate, and moder ate to high in dietary fat. For instance, the 
diet known as hunter- gather, also known as Paleo or Caveman, is growing in popular-
ity. A mid-2013 Google Trends search indic ated that Paleo is surpass ing low- carbo-
hydrate, high- fat diets (also referred to as LCHF) (Google Trends, 2013). Both LCHF 
and Paleo are far more popular than low- carbo hydrate or low- fat diets when interest 
over time is compared. 

 Given the growing evid ence that focus ing on specific types of fat rather than 
total fat may be helpful in under stand ing the mech an isms and long- term effects on 
weight loss and main ten ance, it should be pointed out that the current popular ity of 
the hunter- gatherer- like diets, which are asso ci ated with a greater intake of animal 
proteins, seem to have resul ted in moving the popu la tion’s animal fat intake and 
hence satur ated fat intake in a direc tion that goes against current recom mend a tions. 
The possible consequences of this shift towards more animal protein on cardi ovas cu-
lar diseases are being debated and over time will be docu mented in future epidemi-
olo gical studies. 

 It must be emphas ized that dietary fat cannot be considered in isol a tion. There is 
growing evid ence that the fat–sugar combin a tion and the fat–salt combin a tion, as 
well as the salt, sugar, and fat combin a tion, may be as highly palat able in humans as 
it was in the original cafet eria diet. 

 For instance, exper i mental studies in young chil dren who are over weight have 
observed an enhanced pref er ence for sweet, fat, and in partic u lar both sweet and 
fat in combin a tion (Lanfer  et al. , 2011). It has been proposed that an abund ance of 
modern foods are formu lated not to satisfy hunger but instead to stim u late the reward 
path ways in the brain (Kessler, 2009). In his book, Kessler (2009), the former 
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commis sioner of the Food and Drug Administration and the person respons ible for 
heading the charge against big tobacco companies, iden ti fied salt, sugar and fat as 
the foods primar ily respons ible for indu cing over eat ing and causing excess ive weight 
gain. He describes these foods as hyper stim u lat ing and theor izes that some indi vidu-
als are condi tioned to be  hyper eat ers , over rid ing the biolo gical mech an isms, and 
eating for appet ite rather than hunger (Kessler, 2009). Michael Moss, an invest ig at ive 
reporter with the  New York Times , builds on the ideas presen ted by Kessler in his book 
 Fat, Sugar, Salt: How the Food Companies Hooked Us  (Moss, 2013). Moss discusses 
the food indus tries manip u la tion of foods that capit al ize on consumers’ crav ings, 
essen tially produ cing addict ive foods. Therefore, our current food supply may make 
it diffi cult to sustain the type of low- fat and low- sugar diets that could poten tially 
prevent excess calorie intake. 

 In response to concerns about over consump tion, some govern ments are discuss ing 
or imple ment ing taxes on foods and beverages. France, Finland, Denmark, Britain, 
Ireland, and Romania have all either insti tuted food taxes or are in discus sions (Daley, 
2013). Hungary has imposed taxes on salt, sugar and the ingredi ents in energy drinks 
in an effort to raise revenue and raise public aware ness regard ing unhealthy foods 
(Holt, 2011). We will likely see further food taxa tion, however it is notable that 
Denmark quickly aban doned its fat tax on food stuffs exceed ing 2.3% satur ated fat 
content. The consequence of the Danish policy not only led to purchas ing of cheaper, 
lower quality, and occa sion ally less fatty altern at ives but also drove some consumers 
to neigh bor ing coun tries (Germany and Sweden) to shop for their favor ite foods 
(Bomsdorf, 2012).  

   6.7  Sources of further inform a tion and advice 

 Resources that may be of interest to readers include the United States Dietary 
Guidelines issued by the United States Department of Agriculture with a most recent 
release in 2010 (avail able at:  http://www.cnpp.usda.gov/diet ary guidelines.htm ) and 
the new Nordic Nutrition Recommendations, released in 2013, which focus on 
the whole diet (avail able at  http://www.norden.org/en/news- and- events/news/new- 
nordic- nutri tion- recommendations-2013-focus- on- the- whole- diet ). 

 To learn more about the Women’s Health Initiative we refer readers to  https://
cleo.whi.org/SitePages/Home.aspx  and the National Weight Council Registry (USA) 
 http://www.nwcr.ws/ ; both of which are discussed in the text. 

 Readers looking for dietary trends may be inter ested in search ing Google Trends 
them selves for inter na tional and national diet trends (at  http://www.google.com/
trends ), explor ing trends in the United States at the Economic Resource Service 
( http://www.ers.usda.gov/data- products.aspx ) and European trends at the European 
Food Safety Authority ( http://www.efsa.europa.eu/ ). 

 Further, with the popular ity of Apps for iPhone and Android, readers may find 
value in knowing three of the most popular dietary track ing tools: The Eatery, My 
Fitness Pal and My Plate Calorie Tracker by Livestrong. The Eatery is avail able free 
of charge for iPhone and iPod touch and works using a built- in camera and notes. 
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Users take a photo of every meal eaten and add an optional note about the meal and 
then rate it on a scale from fit to fat. Each meal, along with the user rating, is then 
added to what has been eaten. My Fitness Pal is free and compat ible with iPhone, 
Android, BlackBerry, and Windows phones. My Fitness Pal remem bers what users 
have eaten and have done most often in the past, and makes it easy for users to add 
those foods and activ it ies again to a log. My Plate Calorie Tracker by Livestrong 
offers a free version and an upgraded version for 2.99 USD which is compat ible with 
iPhone, Android, BlackBerry, and Windows phones. My Plate includes both foods 
and fitness items for track ing calorie intake and calor ies expen ded. It also remem bers 
both recently eaten and frequently eaten foods.   
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    7.1   Introduction: the Mediterranean diet and other 
dietary patterns in the context of obesity 

 In recent years, scientific soci et ies and insti tu tional reviews have recom men ded 
low- fat- diets as the most suit able approach to promote both health and weight loss [1]. 

 Long- term adher ence to low- fat diets tends to be very limited [2], and a weight 
gain relapse usually occurs after 6–12 months of follow- up [3, 4]. In addi tion, with 
low- fat diets, long- term veget able intake is reduced in paral lel with the asso ci ated 
restric tion in use of veget able oils usually recom men ded for achiev ing a low- fat 
intake. Low- fat diets are also poor in several micronu tri ents and may require multiv-
it amin supple ments [5, 6]. 

 Alternative clas sical approaches for weight loss in obesity are those restrict-
ing carbo hydrates. Low- carbo hydrate, high- protein, high- fat diets (referred to as 
low- carbo hydrate diets) have been compared to low- fat, energy- restric ted diets. A 
meta- analysis of five trials with 447 parti cipants sugges ted that a low- carbo hydrate 
diet is a feas ible altern at ive to a low- fat diet for achiev ing weight loss, and may 
also have favor able meta bolic effects after a 6-month follow- up [7]. However, the 
weight loss capa city of low- carbo hydrate diets, as well as the improve ments they 
induce in blood pres sure, glucose meta bol ism, and the lipid profile were lost after 
a 12-month follow- up [7]. Only one random ized controlled trial has been conduc-
ted compar ing weight loss and meta bolic outcomes after a 2-year follow- up with 
a low- carbo hydrate diet or a low- fat diet, and no between- group differ ences in 
weight, body compos i tion or bone mineral density were found [8]. Low- carbo hydrate 
diets are usually rich in satur ated fatty acids, which explain why these diets are 
asso ci ated with LDL choles terol elev a tions [7]. Usually, low- carbo hydrate diets 
are low in fiber, poor in calcium, potassium, magnesium, and iron, and defi cient 
in some vitam ins [9]. Subjects on these diets frequently report halitosis and constip-
a tion, which are linked to their poor intake of whole- grain cereals, pota toes, 
veget ables, legumes, and fruits [9]. 

 The relat ive success of a dietary pattern to induce a loss of body weight has been 
more frequently ascribed to calorie restric tion, length of treat ment, and, espe cially to 
parti cipant compli ance and long- term adher ence to the prescribed diet. These aspects 
are more relev ant than the relat ive propor tion of macronu tri ents in the diet [10–12]. 
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For this reason, weight reduc tion diets that differ substan tially from the usual dietary 
pattern in the propor tion of macronu tri ent contents are: (1) diffi cult to follow for 
years and (2) their safety has not been well docu mented. Due to these facts, they 
seem unsuit able for the preven tion of chronic diseases. The poten tial long- term risks 
asso ci ated with low- fat diets and low- carbo hydrate diets are unknown. Moreover 
the effic acy of these dietary patterns has never been tested in long- term random ized 
controlled trials assess ing hard clin ical endpoints (i.e., the incid ence or mortal ity 
from cardi ovas cu lar events or cancer). 

 The sole random ized trial that has addressed the long- term effect of an intens ive 
weight- loss life style program in obese adults on cardi ovas cu lar disease and mortal-
ity is the Look AHEAD trial [13]. This study included only diabetic subjects and 
used a low- fat diet (<30% of total energy intake with <10% from satur ated fat) 
combined with a phys ical activ ity program. The study was stopped after 9.6 years of 
median follow- up because of the lack of effect of the inter ven tion on cardi ovas cu-
lar events. Although parti cipants in the inter ven tion group of the Look AHEAD trial 
lost an average of 5% of total body weight, they regained weight, and the differ ences 
compared to control progress ively waned during the long follow- up period. These 
results support the view that long- term compli ance and sustain ab il ity of low- fat diets 
are subop timal and that nutri tional quality should be a higher prior ity than redu cing 
fat intake [14]. 

 In light of these find ings, the dietary control of over weight and obesity for cardi o-
vas cu lar disease preven tion should be based on long- estab lished, healthy, and palat-
able dietary patterns. One dietary paradigm that may be bene fi cial when imple men ted 
within an intens ive weight- loss inter ven tion is a tradi tional Mediterranean- type diet 
(MeDiet), relat ively rich in fat from natural veget able sources (virgin olive oil, nuts), 
and includ ing an abund ance of minim ally processed plant- foods (veget ables, fruits, 
whole grains, legumes), low meat consump tion, but moder ate amounts of fish and 
wine, usually consumed with meals.  

   7.2   Definition of a Mediterranean dietary pattern 

 A dietary pattern based on the tradi tional Mediterranean diet is becom ing increas ingly 
recog nized for its health bene fits, partic u larly in rela tion to cardi ovas cu lar diseases 
[15, 16]. A Mediterranean diet encour ages consump tion of plant- based foods and is 
rich in olive oil. The variety of palat able foods in this dietary pattern fosters adher-
ence and long- term sustain ab il ity. In contrast to low- fat diets, the Mediterranean diet 
has passed the tests of long- term sustain ab il ity, effect ive ness [15] and nutri tional 
quality [17, 18]. Even if other dietary approaches prove effic a cious in achiev ing 
weight loss, a low- calorie Mediterranean diet may still be considered the most appro-
pri ate approach for achiev ing weight loss and redu cing cardi ovas cu lar disease risk at 
the same time. 

 The term ‘Mediterranean diet’ is commonly defined as the histor ical dietary pattern 
consumed by the popu la tion of the Mediterranean regions in the 1950s and 1960s. It 
came to prom in ence because it was asso ci ated with extremely low rates of coron ary 
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heart disease and mortal ity in the Seven Countries Study; an ecolo gical study under-
taken in the 1950s by Professor Ancel Keys. Many addi tional epidemi olo gical assess-
ments since this pioneer study have iden ti fied the health bene fits asso ci ated with this 
dietary pattern. 

 Although there is not a unique ‘Mediterranean diet’ and there are vari ations 
in the compon ents of the tradi tional Mediterranean diet both between and within 
Mediterranean coun tries, a commonly tradi tional ‘Mediterranean diet’ consists of:
   ●   high consump tion of plant- based foods: fruit, veget ables, legumes, nuts and seeds, and 

whole grain cereals;  
  ●   olive oil as the main source of dietary lipids used to cook, to fry, to dress salads, etc.;  
  ●   frequent but moder ate consump tion of wine (espe cially red), usually with meals;  
  ●   consump tion of fresh fish and seafood;  
  ●   moder ate to low consump tion of dairy products (espe cially yogurt and cheese), poultry, and 

eggs;  
  ●   low consump tion of red and processed meat.    

 Another typical char ac ter istic is the use of season ally fresh and locally grown foods, 
which are minim ally processed. 

 The produc tion of the MeDiet pyramid in 1995 which graph ic ally high lighted the 
frequency of consump tion of each food group has helped increase public recog ni tion 
of this dietary approach [19]. Recently, a group of scient ists presen ted a consen sual 
renewed commu nic a tion tool for the general public, health profes sion als and stake-
hold ers incor por at ing others aspects of the Mediterranean diet culture and life style 
elements such as moder a tion, social iz a tion, season ab il ity, phys ical activ ity, and 
adequate rest [20]. In 2010 the Mediterranean Diet was recog nized as an Intangible 
Cultural Heritage of Humanity by UNESCO [21]. 

 There are several food scores or indices that have been developed to help eval-
u ate the adher ence of a popu la tion to the MeDiet pattern of eating [22]. The most 
commonly used measure in epidemi olo gical studies is the Mediterranean Dietary 
Score (MDS) proposed by Professor Trichopoulou. Originally, this MDS included 
only eight compon ents to define MeDiet: high ratio of mono- unsat ur ated/satur ated 
fatty acids, high intake of grains, high intake of fruit and nuts, high intake of veget-
ables, low intake of meat and meat products, and moder ate intake of milk and dairy 
products. Subsequently, the same group of research ers added high intake of fish into 
the MDS [23]. The MDS currently used assigns a score of 0 or 1 accord ing to the 
daily intake of each of the nine compon ents. Sex- specific medians of the sample are 
used to define cut- off points against which indi vidual consump tion is compared. For 
each of the six protect ive compon ents (fatty acid ratio, legumes, grains, fruits, veget-
ables, or fish) parti cipants receive one point if their intake is over the sample median. 
Participants received one point if the intake is below the median for the two non- 
protect ive compon ents (dairy products or meat). For alcohol the median consump-
tion levels are not used but instead one point is scored if consump tion is 10–50 g/
day for men or 5–25 g/day for women. If parti cipants meet all the char ac ter ist ics of 
the Mediterranean diet, their MDS is the highest (nine points), reflect ing maximum 
adher ence. If they met none of the char ac ter ist ics the MDS is the minimum (zero), 
reflect ing no adher ence at all. 
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 In order to have a feas ible, reli able and fast tool to eval u ate adher ence to the 
Mediterranean diet, the PREDIMED group developed a 14-item score for rapid 
estim a tion of adher ence to the Mediterranean diet which is also very useful in clin-
ical prac tice [24]. The PREDIMED 14-item score was an adapt a tion of a previ ously 
valid ated 9-item index [25]. This tool is useful to assess adher ence to the MeDiet 
and to allow for imme di ate feed back to parti cipants. It is composed of the ques tions 
shown in Table 7.1. 

 The 14-score PREDIMED screener shows reas on able agree ment with the inform-
a tion gathered from the full- length food- frequency ques tion naire and it is a good 
predictor for meta bolic syndrome and its compon ents [26], cardi ovas cu lar risk factors 
[27], or obesity indexes such as body mass index, waist circum fer ence, and waist- to- 
height ratio [28].  

    Table 7.1     Defining adher ence to the Mediterranean diet: 
PREDIMED 14-item score  

   Frequency*  

  1.  Do you use olive oil as the prin cipal source of fat for cooking?  Yes 
  2.  How much olive oil do you consume per day (includ ing that used in 

frying, salads, meals eaten away from home, etc.)? 
 ≥ 4 Tablespoon† 

  3.  How many servings of veget ables do you consume per day? Count 
garnish and side servings as ½ point; a full serving is 200 g. 

 ≥ 2 

  4.  How many pieces of fruit (includ ing fresh- squeezed juice) do you 
consume per day? 

 ≥ 3 

  5.  How many servings of red meat, hamburger, or saus ages do you 
consume per day? A full serving is 100–150 g. 

 < 1 

  6.  How many servings (12 g) of butter, margar ine, or cream do you 
consume per day? 

 < 1 

  7.  How many carbon ated and/or sugar- sweetened bever ages do you 
consume per day? 

 < 1 

  8.  Do you drink wine? How much do you consume per week?  ≥ 7 glasses ‡ 
  9.  How many servings (150 g) of pulses do you consume per week?  ≥ 3 
 10.  How many servings of fish/seafood do you consume per week?  >= 3 
 11.  How many times do you consume commer cial (not homemade) 

pastry such as cookies or cake per week? 
 < 2 

 12.  How many times do you consume nuts per week? (1 serving = 30 g)  >= 3 
 13.  Do you prefer to eat chicken, turkey, or rabbit instead of beef, pork, 

hamburgers, or saus ages? 
 Yes 

 14.  How many times per week do you consume boiled veget ables, 
pasta, rice, or other dishes with ‘sofrito’ (a sauce of tomato, garlic, 
onion, and leeks sauted in olive oil? 

 >= 2 

   * Criterion to score 1 point. Otherwise, 0 recor ded  
  † 1 table spoon = 13.5 g  
  ‡ 1 glass = 100 ml  
  Source: Predimed web page (www.pred imed.es) in the sections: Investigators Tools ( http://www.pred imed.es/invest ig at-
ors- tools.html ); Quantitative score of adher ence to the Mediterranean diet ( http://www.unav.es/departa mento/preventiva/
files/file/docu mentos/pred imed/14puntos.pdf ).     
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   7.3   Epidemiological evid ence on Mediterranean diet 
and weight manage ment 

 Taking into account the high percent age of energy from fat in the MeDiet, the promo-
tion of this dietary pattern has gener ated some concerns about the possible risks of 
weight gain or obesity. However, the results of meta- analyses support the oppos ite 
conclu sion, suggest ing that a MeDiet might have a poten tial role in prevent ing weight 
gain and obesity in the long- term [29, 30]. 

 Since cross- sectional studies do not define caus al ity, we will focus on the results 
from large prospect ive epidemi olo gic studies with adequate control of confound ing 
together with random ized trials. 

   7.3.1  Prospective obser va tional studies 

 One of the first prospect ive studies was conduc ted as a compon ent of the SUN Project 
in 2006 [31]. In a cohort of 6,319 Spanish univer sity gradu ates, those with the highest 
adher ence to the MeDiet exhib ited a lower weight gain during an average follow- up 
of two years, although differ ences did not remain stat ist ic ally signi fic ant after adjust-
ing for poten tial confounders. In a more recent and updated analysis [32] conduc ted 
also with the SUN Project includ ing 10,376 parti cipants followed- up for a mean 
period of 5.7 years (sd: 2.2) (there fore with higher stat ist ical power), adher ence to 
the MeDiet was signi fic antly asso ci ated with reduced weight gain: those parti cipants 
with the highest baseline adher ence exhib ited the lowest weight gain (adjus ted odds 
ratio of gaining 5 kg or more during the first four years of follow- up was 0.76; 95% 
CI: 0.64–0.90). In addi tion, when the asso ci ation between a MeDiet and meta bolic 
syndrome was assessed in the SUN cohort, those parti cipants with the highest MeDiet 
adher ence exhib ited the lowest waist circum fer ence after 6 years of follow- up [33]. 

 Results from the EPIC-Spain cohort in 2006 [34] with a sample of 17,238 women 
and 10,589 men free of obesity at baseline showed that a higher adher ence to the 
MeDiet was asso ci ated with lower risk of devel op ing obesity after an average 
follow- up of 3.3 years. For women the risk was reduced by 31% (odds ratio: 0.69; 
95% CI: 0.54–0.89), and for men by 32% (odds ratio: 0.68; 95% CI: 0.53–0.89). 

 In 2009, invest ig at ors from the ATTICA Study [35] did not find any signi fic ant 
asso ci ation between adher ence to the MeDiet and the incid ence of over weight/obesity 
after assess ing 1,528 women and 1,514 men in Greece. Similar non- signi fic ant results 
were found in a Chinese general popu la tion (n = 1,010) followed- up for 5.9 years 
[36]. By contrast, also in 2009 results from the Framinghan Heart Study Offspring 
revealed that a higher adher ence to a Mediterranean- style dietary pattern was asso-
ci ated with lower waist circum fer ence in 2,730 parti cipants with a median age of 
54 years followed- up for a mean time of 7 years [37]. 

 One year later, in 2010, results from the EPIC-PANACEA cohort [38] with a very 
large sample size of 270,384 women and 373,803 men aged between 25 and 70 years 
showed that indi vidu als with a high adher ence to the MeDiet were 10% (95% CI: 
4–18%) less likely to develop over weight or obesity than those with a low adher ence 
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to the MeDiet. The authors concluded that promot ing a MeDiet as a model of healthy 
eating may help to slow down weight gain and prevent the devel op ment of obesity. 

 Results from the SUVIMAX study [39] repor ted that male parti cipants with higher 
adher ence to a MeDiet presen ted lower weight gain after 13 years of follow- up (the 
odds ratio for obesity for 1 stand ard devi ation increase in MeDiet was 0.72; 95% CI: 
0.59–0.88). However, for women the inverse asso ci ation was not stat ist ic ally signi-
fic ant. 

 More recently, data from a popu la tion- based survey conduc ted in Girona (Spain) 
(n = 3,058 men and women aged 25–74 years) showed that a high adher ence to the 
MeDiet was asso ci ated with a stat ist ic ally signi fic ant lower fat gain and lower incid-
ence of abdom inal obesity within 10 years, although the last asso ci ation was not 
stat ist ic ally signi fic ant [40].  

   7.3.2  Intervention studies 

 In 2001 McManus and colleagues [2] published the results of a random ized prospect-
ive 18-month trial in a free- living sample of 101 over weight men and women eval-
u at ing a MeDiet with moder ate fat intake (35% of energy) versus a stand ard low- fat 
diet for weight loss. Those alloc ated to a MeDiet reduced body weight to a greater 
extent (between- group differ ence in weight change was 7.0 kg (95% CI: 5.3–8.7)) and 
achieved better adher ence to the prescribed diet than those alloc ated to the low- fat 
diet (p < 0.002). 

 Two years later, Esposito  et al.  [41] found that 120 obese pre- meno pausal patients 
on a low- energy Mediterranean- style diet with increased phys ical activ ity, attained 
a greater body weight reduc tion after two years than the control group which only 
received general inform a tion. Similarly, 279 post- meno pausal women with type 2 
diabetes in the USA alloc ated to a Mediterranean Lifestyle Program had a larger 
decrease in BMI compared to those in the control group after 6 months of follow- up 
[42]. Results from 34 Spanish over weight patients (18–63 years) with hyper cho les ter-
olemia showed that the isocal oric substi tu tion of a diet rich in satur ated fat by a diet 
high in mono- unsat ur ated fat produced a stat ist ic ally signi fic ant reduc tion in body fat, 
although there were no differ ences in BMI, weight, or waist to hip ratio [43]. Around 
the same time, Esposito and colleagues [44] published the results of a random ized 
trial conduc ted in 180 Italian patients with meta bolic syndrome (defined accord-
ing to ATPIII criteria) to assess the effect of a Mediterranean- style diet compared 
to a control group that followed a prudent diet (50–60% of carbo hydrates, 15–20% 
proteins, < 30% total fat). They found that body weight decreased more in patients 
in the inter ven tion group (−4 kg vs −1.2 kg; p < 0.001) after two years of follow- up. 

 In 2005, results from the Medi-RIVAGE study in France [45] (n = 212 patients with 
at least one CVD risk factor) showed a reduc tion in BMI after the 3-month dietary 
inter ven tion with a MeDiet, however the differ ences versus a low- fat diet were not 
stat ist ic ally signi fic ant. Similarly, results from a study of 101 German patients with 
coron ary artery disease showed no differ ences in BMI after one year of inter ven-
tion when compared to those in the control group who received written inform a tion 
about a healthy diet [46]. Results from the first three months follow- up of the larger 
PREDIMED trial (with 772 parti cipants) showed that those alloc ated to a MeDiet, 
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rich in virgin olive oil or nuts, exhib ited no differ ences in body weight or BMI in 
compar ison to those alloc ated to low- fat diet [47]. 

 In 2008, Shai and colleagues [48] repor ted the results of their 2-year trial of 322 
obese subjects random ized to three groups: a restric ted- calorie low- fat diet, restric ted- 
calorie MeDiet and non- restric ted- calorie low- carbo hydrate diet. They repor ted that 
a low- carbo hydrate or a MeDiet restric ted in calor ies were effect ive altern at ives to a 
low- fat diet for weight loss. However, a trial with 202 surviv ors of myocar dial infarc-
tion who were random ized to either a MeDiet or a low- fat diet (with a control group 
of usual- care) found that an active inter ven tion with either a low- fat or a MeDiet 
signi fic antly benefited these patients [49]. Elhayany and others [50] repor ted the 
results of a trial with 259 over weight diabetic patients alloc ated to one of three diets: 
low- carbo hydrate Mediterranean, a tradi tional MeDiet, and 2003 American Diabetes 
Association (ADA) guidelines. After a 12-month follow- up they found signi fic antly 
better weight losses and improved HDL levels among those alloc ated to a low- 
carbo hydrate Mediterranean diet compared to the tradi tional MeDiet and ADA diet. 

 The consist ent finding is that inter ven tion studies that used a MeDiet with an 
energy restric tion showed a reduc tion in body weight and bene fi cial effects regard ing 
cardi ovas cu lar risk factors. 

 There are several mech an isms that may explain the bene fi cial effects of MeDiet on 
weight gain. The MeDiet provides a large quant ity of dietary fiber increas ing satiety 
and sati ation through mech an isms, such as prolonged mastic a tion and increased 
gastric reten tion [51]. At the same time the MeDiet has a low- energy density [51] 
and a low glycaemic load [29] compared with many other dietary patterns. These 
char ac ter ist ics, together with its high water content, are likely to play a role in the 
preven tion of weight gain. 

 So far, there has not been a meta- analysis that summar izes all the presen ted 
results, prob ably due to the hetero gen eity between studies. Inconsistent results might 
be explained by the use of differ ent scores to eval u ate MeDiet, the adjust ment for 
differ ent confound ing factors, lack of stat ist ical power in some studies, and the use 
of differ ent popu la tions. It is import ant to note that no study concluded that a MeDiet 
was asso ci ated with higher weight gain or increased risk of obesity. All the results 
pointed towards an inverse asso ci ation. Therefore, it seems that the high levels of 
obesity in the European Mediterranean coun tries might be explained by the recent 
depar tures from the tradi tional MeDiet in these coun tries [52], as well as a tend ency 
to adopt more sedent ary life styles [53]. Therefore, this dietary pattern should be 
promoted as it has many poten tial health bene fits, includ ing weight control.   

   7.4   Dietary and life style inter ven tion based on 
Mediterranean diet 

 Most experts agree that a feas ible weight loss object ive is a 10% reduc tion of body 
weight in 6 months, with weight losses of 0.5–1 kg per week. This should be based on 
a caloric restric tion of 500–1000 kcal per day in compar ison to the usual diet. 

 The European Research Council (ERC) has funded the ongoing PREDIMED-Plus 
trial [54] and the protocol of the PREDIMED-Plus (see www.pred imed plus.com) 
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is presen ted below as an example of how to insti tute an energy- restric ted MeDiet 
in prac tice. Many aspects of diet quality may affect body weight and risk of 
obesity- related disease to a greater extent than might be expec ted on the basis of 
macronu tri ent quant ity [55, 56]. Two groups of foods (A and B) should be clearly 
differ en ti ated in the educa tion of parti cipants:

   A.   Traditional eating patterns based on whole or minim ally processed foods, such as the 
Mediterranean diet, incor por ate most of the protect ive but few of the adverse indi vidual 
dietary factors. The consump tion of virgin olive oil, tree nuts, fruits and veget ables, salads, 
whole grains, fiber- rich foods and low- fat yogurts have been consist ently related to weight 
loss or lower weight gain [55, 57].  

  B.   On the contrary, sugar- sweetened bever ages, fast food, refined grain products (espe cially 
white bread), white rice, pasta (exclud ing whole- grain pasta), French fries, pota toes, trans- 
fat (often present in commer cial bakery goods), sweets, cakes, pies, sugar, precooked 
meals, saus ages or cold cuts of processed meats, and patés have been consist ently asso ci-
ated with weight gain [55, 58].    

 Therefore, the main focus of the intens ive inter ven tion will be in the overall quality 
of the diet aiming to avoid foods of the B group and to replace them with foods of 
the A group. 

 In addi tion, a reduc tion of 600 kcal in energy intake (or about 30% of estim ated 
energy require ments) from the estim ated energy require ments (based on the calcu-
lated basal meta bolic rate of each indi vidual and his/her phys ical activ ity) can be 
incor por ated into the plan. 

   7.4.1  Energy- restric ted Mediterranean diet 

 The energy- restric ted Mediterranean diet should be planned by consid er ing a reduc-
tion in the level of meat, carbo hydrates, fruit juices, and sugary bever ages and other 
foods of the B group as shown in Table 7.2 and expan ded upon below. 

    1.    A reduc tion in calor ies of 500 to 1,000 kcal/ day will help achieve a weight loss of 0.5 to 
1 kg/week. Alcohol provides unneeded calor ies and displaces more nutri tious foods. Alcohol 
consump tion not only increases the number of calor ies in a diet but has been asso ci ated with 
obesity in epidemi olo gical studies as well as in exper i mental studies. The impact of alcohol 
calor ies on a person’s overall caloric intake needs to be assessed and appro pri ately controlled.  

   2.    Fat restric tion should focus on animal foods. Olive oil and nuts should be the preferred 
sources of fat.  

   3.    Alcohol consump tion will be no more than 2 glasses of wine/day for males and 1 glass for 
females.  

   4.    Protein should be derived from plant sources and lean sources of animal protein.  
   5.    Solid, minim ally processed and fiber- rich carbo hydrates with low glycemic index from differ-

ent veget ables, fruits, and whole grains are good sources of vitam ins, miner als, and fiber. A 
diet rich in soluble fiber, includ ing oat bran, legumes, barley, and most fruits and veget ables 
may be effect ive in redu cing blood choles terol levels. A diet high in all types of fiber may also 
aid in weight manage ment by promot ing satiety at lower levels of calorie and fat intake.  

   6.    During weight loss, atten tion should be given to main tain ing an adequate intake of vitam ins 
and miner als. Maintenance of the recom men ded calcium intakes of 1,000 to 1,500 mg/day 
is espe cially import ant for women who may be at risk of osteo porosis.   
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 Participants should receive coun selling to progress ively increase their compli ance 
with the follow ing dietary goals:

     1.    Use of virgin olive oil (exclus ively the virgin variety) for cooking, dress ing salads and as 
a spread.  

    2.    Consumption of fruits ≥ 2 portions per day.  
    3.    Consumption of veget ables ≥ 2 portions per day (at least 1 portion raw or as salad).  
    4.    Reduction of white bread to ≤ 1 serving/day (1 serving = 75 g).  
    5.    Use of whole grain products ≥5 times per week.  
    6.    Less than one serving (1 serving = 100–150 g) of red meat, hamburger, or meat products 

(ham, sausage, etc.) per week.  
    7.    Less than 1 serving of butter or cream per week (1 serving = 12 g).  
    8.    Consumption of less than one sweet/carbon ated bever age per week.  
    9.    Consumption of three or more servings of legumes per week (1 serving = 150 g).  
   10.    Consumption of 3 or more servings of fish or shell fish per week (1 serving: 100–150 g fish, 

or 4–5 units or 200 g shell fish).  
   11.    Consumption of less than 3 commer cial sweets or pastries (not homemade), such as cakes, 

cookies, biscuits, or custard per week.  
   12.    Consumption of one or more servings of nuts (includ ing peanuts) per week (1 serving

 = 30 g).  
   13.    Consumption of chicken, turkey or rabbit meat instead of veal, pork, hamburger or sausage.  
   14.    Use of  sofrito  (sauce made with tomato and onion, leek, and garlic, simmered with olive 

oil) more than 2 times per week.  
   15.    Not adding sugar to bever ages (coffee, tea), but replace it with non- caloric arti fi cial 

sweeten ers.  

    Table 7.2     Energy- restric ted Mediterranean diet  

  Nutrient    Recommended intake  

 Calories 1   Approximately 600 kcal/day (about 30%) reduc tion from 
usual intake 

 Total fat 2   35–40 percent of total calor ies 
 Saturated fatty acids  8 to 10 percent of total calor ies 
 Mono- unsat ur ated fatty acids  Up to 20 percent of total calor ies 
 Polyunsaturated fatty acids  Up to 10 percent of total calor ies 
 Cholesterol  < 300 mg/day 
 Protein 4   Approximately 20 percent of total calor ies 
 Carbohydrate 5   >40–45 percent or more of total calor ies of low glycemic 

index 
 Sodium chlor ide  No more than 100 mmol per day (approx im ately 2.4 g of 

sodium or approx im ately 6 g of sodium chlor ide) 
 Calcium 6   1,000 to 1,500 mg 
 Dietary fiber 5   30–35 g 

   Note: super script numbers refer to the text.     
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   16.    Consumption of pasta or rice less than 3 servings per week (unless they are whole grain 
products).  

   17.    Consumption of wine with meals: 7–14 glasses (100 mL) per week in men and 4–8 glasses 
per week in women.     

   7.4.2  Exercise recom mend a tions 

 Participants should be encour aged to gradu ally increase their level of phys ical activ-
ity to reach at least 45 minutes per day after 6 months of inter ven tion. This phys ical 
activ ity inter ven tion should include both aerobic activ it ies, mainly brisk walking (or 
any equi val ent phys ical activ ity of moder ate intens ity), and resist ance train ing. These 
recom mend a tions can be adapted to the pref er ences and conveni ence of the parti-
cipant using replace ments based on the same amount of METS-h/day.   

   7.5  Conclusions and future trends 

 In summary, a MeDiet is char ac ter ized by abund ance of veget arian foods, fresh and 
minim ally processed, fresh fruit as the daily typical dessert, and only occa sion ally 
consump tion of sweets. Numerous studies have shown that this is a healthy eating 
pattern that success fully combines pleas ant taste and quality food with posit ive health 
bene fits and has a large poten tial for long- term sustain ab il ity. However, there is a 
need of large random ized trials of longer dura tion to assess the effect of a MeDiet 
restric ted in calor ies on weight manage ment and its effect on hard clin ical endpoints. 
This is the object ive of the PREDIMED-Plus, a multi cen ter random ized trial in Spain 
which aims to recruit 6,000 parti cipants. Its final results are expec ted in 2020.  

   7.6  Sources of further inform a tion and advice 

  Websites  
 Web of the PREDIMED clin ical trial: www.pred imed.es (with lists of public a tions, 

and educa tional tools used in the study). 
 Web of the PREDIMED-Plus clin ical trial: www.pred imed plus.com (with the protocol 

of the PREDIMED-Plus clin ical trial). 
 Web Fundación Dieta Mediterránea: www.dieta medi ter ranea.com (with the updated 

pyramid of the Mediterranean Diet and weekly MeDiet recipes in Spanish). 
 Web of Oldways: www.oldwayspt.org (a nonprofit food and nutri tion educa tion 

organ iz a tion, inspir ing good health through herit age by promot ing tradi tional 
foods). 

  Books  
 Hu FB.  Obesity Epidemiology . New York: Oxford University Press, 2008. 
 Zacharias E.  The Mediterranean Diet: a clini cian’s guide for patient care . New York: 

Springer-Verlag Gmbh, 2012. 
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 Willett WC, Skerret PJ. Eat,  Drink, and Be Healthy: The Harvard Medical School 
Guide to Healthy Eating . New York: Free Press, 2005.   
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 Breastfeeding and weight in 
mothers and infants  
    J. L.   Baker  
 Institute of Preventive Medicine and University of Copenhagen, Denmark    

    8.1   Introduction 

 The world wide obesity epidemic means that too many women enter into preg nancy 
carry ing extra weight which puts their health and that of their unborn child at risk. 1,2  
The risks asso ci ated with pregravid over weight and obesity (body mass index [BMI] 
25.0–29.9 kg/m 2  and ≥ 30 kg/m 2 , respect ively) are further exacer bated by excess ive 
gest a tional weight gain, which is partic u larly common in women from Australia, 3  
Europe 4–6  and North America. 7–9  Furthermore, excess ive gest a tional weight gain 
increases the risk of devel op ing over weight and obesity in women who were at a 
healthy weight prior to preg nancy. 10,11  Overall, repro duc tion is asso ci ated with a net 
weight gain, aver aging 0.5 to 4.0 kg at one year post partum. 12  Nonetheless, there is 
great vari ab il ity with 14–20% of women retain ing >4.5 kg one year post partum. 12  
Returning to prepreg nancy weight is a goal that most women have. 12,13  Although this 
goal is achiev able for many women, the optimal inter ven tion to help them succeed 
has yet to be iden ti fied. 12,13  

 One attract ive inter ven tion is the promo tion of breast feed ing as it provides 
numer ous health bene fits for the mother–infant dyad. 14,15  Breastfeeding is the 
optimal form of infant nutri tion, 16  and its ener getic cost to the mother theor et ic ally 
contributes to mater nal post partum weight loss. 14  Additionally, evid ence suggests that 
breast fed infants have a lower risk of being obese through out life as compared with 
formula- fed infants. 15  This chapter will focus on the poten tial effects of breast feed-
ing on mater nal post partum weight change and upon on the infants’ risk of obesity 
across the lifespan. 

   8.1.1  Definition of breast feed ing 

 Breastfeeding varies in its intens ity, how it is prac ticed and in its dura tion. 
Breastfeeding is char ac ter ized by the degree to which the infant receives human milk 
as the sole source of nutri tion. It ranges from exclus ive (human milk only) to none 
(non- human milk only). Within this spec trum lies the categor ies of predom in ant/
full (human milk is the primary form of nutri tion) to any/partial (the infant receives 
human milk to any degree). 17  Milk expres sion for use by bottle or cup feeding is 
another method (breast milk feeding) and it is gaining in popular ity in America and 
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Australia in partic u lar. 18  It is worth remem ber ing that even exclus ively breast fed 
infants will, at some point, trans ition away from human milk as the primary source 
of nutri tion. Since 2001, the World Health Organization (WHO) has recom men ded 
six months of exclus ive breast feed ing and at least two years of partial breast feed ing. 19  
Worldwide, however, few women achieve this target. 20   

   8.1.2  Predictors of breast feed ing success 

 Social, psychoso cial and biolo gical factors contrib ute to breast feed ing success. 
Women with higher socio- economic status, older age, higher levels of educa tion, 
support ive part ners and who do not smoke are more likely to succeed. 14  Several 
psychoso cial constructs also predict which women will be success ful at breast-
feed ing. Success is asso ci ated with express ing an inten tion to breast feed, having 
confid ence in the ability to breast feed, and believ ing that breast feed ing has health 
bene fits. 14,21  Further, the biolo gical factor of a woman’s prepreg nant weight is 
also asso ci ated with breast feed ing success. Compared with normal- weight women, 
women who are over weight or obese prior to concep tion are less success ful at 
initi at ing breast feed ing and continue to do so for shorter dura tions. 22–24  In a large 
study of Danish women Baker  et al. , 25  found that the risk of termin at ing any 
breast feed ing sooner than a normal- weight woman was 12% higher among over-
weight women and was 24 to 39% higher across class I to class III obesity (BMI 
30.0–34.9 kg/m 2  and ≥ 40.0 kg/m 2 , respectivlely). It is note worthy that this study 
was conduc ted among women who had success fully initi ated breast feed ing and were 
living in a social context that is support ive of breast feed ing. These find ings have also 
been iden ti fied in other popu la tions and ethnic groups. 23,24,26    

   8.2  Energetic cost of breast feed ing 

 During preg nancy, a woman’s body under goes physiolo gical and meta bolic 
changes that lead to the accu mu la tion of energy stores, partic u larly as visceral (intra- 
abdom inal) fat. 27  After child birth, shifts in hormone concen tra tions permit lacta tion 
to occur. Until 4 to 5 months of age, exclus ively breast fed infants consume 750 to 
800 g/day of human milk (range: 450 to 1200 g/day). 14  Thereafter, milk intakes vary 
even more due to changes in how the infants are fed once exclus ive breast feed ing 
ceases. The ener getic costs of milk produc tion by the mother are estim ated at 2021 
to 2250 kJ/day. 28  

 Breastfeeding women can compensate for the increased energy needs by increas-
ing their energy intake, redu cing their phys ical activ ity and/or mobil ising body fat 
reserves. 28  Available evid ence from afflu ent coun tries suggests that fat mobil isa tion 
is not the primary method used to cover the extra energy demands, partic u larly in 
the early post partum period (through approx im ately 12 weeks). 29  Even though fat 
reserves can be mobil ised during breast feed ing, the amount is highly vari able among 
women and across its dura tion. 30  Breastfeeding has a modest ener getic cost, and a 
plaus ible biolo gical rela tion with weight loss, but it is a beha viour that occurs in 
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the context of a wide range of envir on mental factors that influ ence its poten tial for 
enhan cing the return to prepreg nancy weight.  

   8.3  Postpartum weight change 

 Postpartum weight change is the differ ence between a woman’s prepreg nancy weight 
and her weight at some point after child birth. A consensus is lacking on which is the 
appro pri ate time point to focus on. Some studies examine weight change within a 
few weeks after the birth whereas others examine it decades later. In partic u lar with 
longer term follow- ups, disen tangling the effects of age- related weight gain versus 
preg nancy weight reten tion is a chal lenge. Postpartum weight change has many 
determ in ants which differ in terms of if and when they are modi fi able (i.e. ante-, 
peri- or post partum). Of the iden ti fied risk factors, gest a tional weight gain has one 
of the strongest asso ci ations with post partum weight reten tion. 10  Simply put, the 
more a woman gains, the more she is likely to retain. Additionally it is known that 
the effects of gest a tional weight gain vary by a woman’s prepreg nancy BMI, with 
over weight and obese women having the highest risk of retain ing this weight. 31  
Other factors of import ance include a woman’s age, ethni city, parity, socioeco nomic 
status, educa tional level, psychoso cial burden, diet and phys ical activ ity levels. 10,31,32  
The beha viour of breast feed ing, which has the advant age of being modi fied post-
partum, also has asso ci ations with post partum weight change, although the results 
are conflict ing. 14  

   8.3.1  Very short term weight change (0 to 3 months) 

 Studies examin ing asso ci ations between breast feed ing and weight change in the very 
short term typic ally find small or no asso ci ations. 29,33  During this period, weight loss 
has a physiolo gic basis as the woman’s body loses the fluids gained during preg nancy 
(intra- and extra- cellu lar water, blood, plasma). 10  The rela tion ship among energy 
intake, phys ical activ ity and body fat mobil isa tion constantly shifts during these 
months, and this affects how much weight women can poten tially lose through breast-
feed ing. 29  In these early months, formula feeding mothers often lose more weight 
than breast feed ing mothers. Several studies have shown that compared to mothers 
who breast feed, mothers who feed formula consume approx im ately 2931 kJ/day less 
during these early post partum months, which may partially explain this finding. 34  
Additionally when the breast feed ing demands are high in these early months, phys-
ical activ ity levels may be reduced. 29  The combin a tion of energy intake and phys ical 
activ ity levels may explain why breast feed ing does not help reduce weight during 
this period.  

   8.3.2  Short term weight change (0 to 6 months) 

 When weight change during the first 6 months post partum is examined, some, but 
not all, studies find that breast feed ing is asso ci ated with weight loss. 33  The rates of 
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weight loss are gener ally higher in the first 4–6 months among breast feed ing women 
than during subsequent months. 14  Typically women from developed coun tries lose 
approx im ately 0.8 kg/month during these first 6 months. 30  In a study of Danish 
women, the asso ci ation between breast feed ing and post partum weight change at 
6 months was invest ig ated in the context of prepreg nancy BMI, gest a tional weight 
gain and breast feed ing (using a scaled measure that captured its intens ity and dura-
tion). 35  In this invest ig a tion Baker  et al. , 35  found post partum weight reten tion was 
reduced by 0.06 to 0.09 kg per week of breast feed ing among all women except those 
with prepreg nancy BMI values ≥ 35.0 kg/m 2 . Another large study on Norwegian 
women that accoun ted for similar factors found that each addi tional month of 
full breast feed ing reduced mater nal weight at 6 months by 0.05 kg per month. 36  
Interestingly, this study found that the greatest benefit for this weight loss occurred 
among women with low incomes. 36   

   8.3.3  Long term weight change (6 months to 3 years) 

 In studies that examine the effects of breast feed ing on weight reten tion in this 
period post partum, the results are again incon sist ent. 33  In American popu la tions, 
breast feed ing has been asso ci ated with reduced weight loss at 1 year post partum 
in Michigan, 37  and rural upstate New York, 38  but it showed no asso ci ation with 
weight loss in a study of over weight and obese women from a more racially 
diverse popu la tion in North Carolina. 39  In the North Carolina study, however, 
‘junk food’ intake and a lack of phys ical activ ity were the strongest predict ors of 
weight reten tion and gain, high light ing the import ance of diet and activ ity in weight 
change. In an Australian popu la tion, invest ig at ors found that each addi tional week 
of breast feed ing (irre spect ive of the intens ity) reduced weight reten tion at 1 year 
by 0.04 kg. 40  

 At 18 months post partum, an effect of breast feed ing was detec ted only for 
women who had fully breast fed for 6 months and then contin ued with any breast feed-
ing for an addi tion 6 months in the aforementioned Danish study. 35  Similar results 
were found in the previously described Norwegian study; each addi tional month of full 
breast feed ing reduced mater nal weight at 18 months by 0.1 kg per month; partial 
breast feed ing did not have an effect. 36  These results suggest that breast feed ing 
needs to be intense and sustained to have a lasting effect. A 3-year follow up study 
of American women did not detect an effect. 41   

   8.3.4  Very long- term weight change (beyond 3 years) 

 Further, some studies have invest ig ated very long term effects, and the results are 
equi vocal as well. Among Brazilian women, compared to those who breast fed for 
6 to 11.9 months, those who breast fed for < 1 month or for ≥ 12 months had less 
favour able anthro po met ric meas ures when followed- up 5 or more years later. 42  These 
asso ci ations suggest that char ac ter ist ics asso ci ated with the reasons for continu ing 
or termin at ing breast feed ing under lie the asso ci ation. A study of American women 
found that compared to women who breast fed to any extent ≥ 12 weeks, women 
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who never breast fed had a 3.73 kg greater weight change between 6 months post-
partum and 5 or more years later. 43  A Danish study that examined weight change 
at 7 years post partum found that the dura tion of breast feed ing had a small effect 
on weight loss, suggest ing that the effects of breast feed ing may persist. 44  In a 
Swedish study, compared to women who remained normal- weight 15 years post-
partum, those who became over weight had breast fed for shorter dura tions and/or less 
intens ively. 45    

   8.4  Breastfeeding bene fits for infants 

 The period from birth to one year of age is the most rapid time of growth among 
humans; healthy infants gener ally triple their birth weight and settle into a post natal 
growth traject ory. 46  Given this rapid growth, infants are vulner able to nutri tional and 
envir on mental influ ences. 47,48  Breastfeeding confers numer ous health bene fits to 
the infant during this time includ ing a reduc tion in the risk of certain infec tions and 
diseases. 15  Further, a large body of evid ence indic ates that breast feed ing may reduce 
the risk of devel op ing over weight and obesity during child hood, adoles cence and 
even adult hood. 15,49–53  Therefore, breast feed ing may also help with prevent ing over-
weight and obesity in the next gener a tion. 

   8.4.1  Breastfeeding and infant growth 

 During infancy, it is well- estab lished that breast fed infants in developed coun tries 
are leaner than those who were formula fed at one year of age. 54  Breastfeeding 
may contrib ute to differ ences in growth through several path ways. Breast milk 
compos i tion changes during a single feed, 55  it contains a wide range of bioact ive 
constitu ents (which are still being iden ti fied), 56  and it changes through out the first 
year of infant life. 56–58  Formula cannot mimic the constantly chan ging compos i-
tion of human milk. Formula has a higher protein concen tra tion than breast milk, 
and this may result in greater accu mu la tion of weight during the first years of 
life as compared with breast fed infants. 59  Evidence from several studies suggests 
that breast- fed infants eat to satiety. 46,47  In contrast, formula- fed infants are often 
encour aged to finish the bottle and to eat beyond satiety, and thus consume more 
energy. 60  Additionally, formula fed infants are likely to receive comple ment ary 
foods sooner than breast fed infants. 61–63  Once an infant receives one type of solid 
(or semi- solid) food, others follow quickly there after. 61  The result is that breast fed 
and formula- fed infants are also exposed to entirely differ ent feeding patterns. 60,64,65  
Further, breast feed ing is dynamic; mothers continue breast feed ing infants if they 
are growing well and provide signals that they are satis fied whereas women 
are likely to discon tinue it if these needs are not met. Studies may attrib ute the 
faster rate of growth to formula feeding rather than to the faster growth in the child 
that led to the end of breast feed ing in the first place (so- called ‘reverse caus al ity’). 66  
The total ity of these differ ences in milk compos i tion, bioact ive factors, feeding 
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patterns and the reasons for mater nal feeding choices may contrib ute to differ ences 
in growth between breast fed and formula- fed infants.  

   8.4.2  Breastfeeding and later obesity 

 In the infancy period, many studies find that breast fed infants grow faster than 
formula fed infants during certain months, 51  but by one year of age there are often no 
differ ences between the groups. 51,54,67  In this period, the other factors that contrib ute 
to breast feed ing and infant growth must be considered simul tan eously to disen tangle 
the effects of breast feed ing. In a study of Danish mothers and infants it was found 
that higher mater nal prepreg nancy BMI values, shorter dura tions of any breast feed-
ing, and the earlier intro duc tion of comple ment ary foods were jointly asso ci ated 
with increased infant weight gain during the first year of life. 68  This study by Baker 
 et al. , 25  estim ated that compared to the infant of a woman who was normal- weight 
before preg nancy, breast fed for longer than 20 weeks and intro duced to comple ment-
ary foods after 16 weeks (govern ment recom mend a tions at the time) the infant of a 
woman who was obese before preg nancy, breast fed for < 20 weeks and intro duced 
to comple ment ary foods at < 16 weeks would gain 10 % (726 g) more weight during 
the first year of life. It is plaus ible that these effects may persist and trans late into an 
increased risk of obesity later in child hood. 

 An invest ig a tion by Arenz  et al. , 53  combined results from nine studies on breast-
feed ing and child hood obesity (baseline measure at > 1 year of age) that adjus ted 
for other factors and found a reduced odds of obesity among chil dren who had been 
breast fed compared with those who had not (adjus ted odds ratio [OR]: 0.78, 95% 
confid ence inter val [CI]: 0.71, 0.85). A differ ent invest ig a tion by Owen  et al. , 51  that 
combined results from 28 published studies (baseline meas ures primar ily in chil-
dren) found that there was a lower odds of obesity among those who had ever been 
breast fed compared to those who were formula- fed (OR = 0.87, 95% CI: 0.85, 0.89). 
When these analyses accoun ted for socioeco nomic status, parental BMI and mater nal 
smoking, the odds of obesity between ever breast fed and formula- fed were reduced to 
0.93 (95% CI: 0.88, 0.99), 51  thus demon strat ing the import ance of these other factors 
on the devel op ment of obesity. 

 Although the major ity of studies focus on the effects of breast feed ing in redu cing 
obesity in chil dren, there is evid ence that the effects may persist into adoles cence 
and adult hood. The invest ig a tion by Owen  et al. , 51  iden ti fied that the odds of obesity 
among breast fed versus formula fed changed little across age; the ORs were 0.50 
(95% CI: 0.26, 0.94) among infants, 0.90 (95% CI: 0.87, 0.92) among young chil dren, 
0.66 (95% CI: 0.60, 0.72) among older chil dren and 0.80 (95% CI: 0.71, 0.91) among 
adults. From these studies it is evident that breast feed ing, no matter what the extent, 
is asso ci ated with a reduced odds of obesity, espe cially in chil dren and adoles cents. 

 Of interest, however, are the effects of the dura tion and exclus iv ity of breast  -
feed ing as ‘ever breast fed’ encom passes a wide range of beha viours. When the 
dura tion of breast feed ing was examined in rela tion to the later risk of obesity, Harder 
 et al. , 69  combined results from 17 studies (baseline meas ure ments from infancy 
through adoles cence) and iden ti fied a dose–response rela tion ship. The dura tion of 
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breast feed ing was inversely related with the risk of later over weight and the effect 
was present from 1 through 9 months of breast feed ing, after which the effect levelled 
off. 69  When the degree of exclus iv ity was examined, the dose–response asso ci ation 
strengthened, although it was limited to estim ates from only two original studies. 69  
Similarly, Owen  et al. , 51  found that exclus ive breast feed ing had a stronger protect ive 
against later obesity compared with formula feeding (OR: 0.76, 95% CI: 0.70, 0.83).   

   8.5   Commentary on studies into the effect of 
breast feed ing on the weight of mothers 
and infants 

 Results from the studies described here and else where 33  suggest that although breast-
feed ing has the capa city to contrib ute to post partum weight loss in women, the effect 
sizes are incon sist ent and modest. Similarly, the avail able evid ence suggests that 
breast feed ing has a consist ent but a very modest protect ive effect against devel op ing 
obesity through out the life course. 

 The poten tial impact of breast feed ing on post partum weight change and obesity 
through out the life course of the infant must be considered in the context of the other 
factors that contrib ute to breast feed ing. For example, it remains a possib il ity that the 
link between breast feed ing and mater nal weight loss is not due to breast feed ing  per 
se  but to the weight- loss promot ing effects of the other factors that breast feed ing is 
asso ci ated with (e.g. lower prepreg nancy BMI, higher socioeco nomic status, etc.). 
Further, as few studies account for the influ ence of inten tional dieting and phys ical 
activ ity, the effects of these beha viours are inter twined with the effects attrib uted to 
the method of feeding used. Similarly, the link between breast feed ing and a reduced 
risk of obesity in the life time of the infant may be attrib ut able to the envir on ment 
asso ci ated with breast feed ing mothers that has many other factors that are protect-
ive against obesity. 70  Additionally, few studies in this area account for the entirety 
of the infant feeding pattern and rely upon reports of breast feed ing exclus iv ity to 
indic ate when comple ment ary foods are intro duced; this is not neces sar ily precise. 
Nonetheless, as breast feed ing has numer ous other health bene fits for the mother 
and infant, 31  it is a healthy beha viour to promote. The caveat is that women must be 
coun selled as to what effects of weight loss they can real ist ic ally expect.  

   8.6  Future trends 

 Evidence is begin ning to emerge that effects of breast feed ing on post partum weight 
change are only part of the picture; it is becom ing appar ent that breast feed ing has 
favour able effects on mater nal body compos i tion. In a follow- up of women on an 
average of seven years post partum, it was found that compared to women who had 
breast fed their infant(s) for ≥3  months after every birth, women who had never 
breast fed had a greater amount of visceral adipos ity. 71  These results tie in with a body 
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of emer ging evid ence that breast feed ing has a posit ive impact on a woman’s future 
meta bolic profile. 72  

 Similarly, long- term invest ig a tions are begin ning to reveal whether breast feed ing 
favour ably impacts the meta bolic profile and body compos i tion through out the life 
of the infant. To date, the find ings are largely equi vocal, 15  but as follow- up periods 
are exten ded and invest ig a tions occur among infants from prospect ive birth cohorts 
in the 1990s and 2000s, these may become better elucid ated. Additionally, there is 
an emer ging aware ness of the import ance of the overall feeding pattern for later 
health. Studies are begin ning to invest ig ate the effects of comple ment ary foods in 
addi tion to breast feed ing on the later risk of obesity. 73,74  And finally, invest ig a tions 
are now expli citly consid er ing whether infants receive milk directly from the breast 
or expressed milk and the subsequent effects on infant health and growth, which is 
import ant given the increase in this mode of feeding. 75   

   8.7  Sources of further inform a tion and advice 

 Two reports from the United States Institute of Medicine (‘Nutrition during lacta-
tion’ 14  and ‘Weight gain during preg nancy: re- examin ing the guidelines’ 10 ) are a 
substan tial source of refer ence mater ial for the topics covered in this chapter. With 
regards to the effects of breast feed ing on post partum weight change, the excel lent 
review by Neville  et al. , 33  is recom men ded reading. Although not expli citly addressed 
in this chapter, a descrip tion of the effect ive ness of differ ent inter ven tions for post-
partum weight loss can be found in the most recent Cochrane review on this topic. 12  A 
useful and concise over view of the bene fits of breast feed ing for infant health (includ-
ing the later risks of obesity) is provided in the report by Ip  et al. , 15  And finally, 
the studies by Arenz  et al. , 53  and Owen  et al. , 51  provide the best summary of the 
asso ci ations between breast feed ing and obesity across the life course.   
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    9.1  Introduction 

 Effective dietary therapy for weight manage ment should include strategies that match 
energy intake to energy needs while provid ing optimal nutri tion and controlling 
hunger. The ready avail ab il ity of palat able, energy- dense foods makes it diffi cult to 
match energy intake and energy expendit ure and is likely contrib ut ing to the preval-
ence of over weight and obesity. An evid ence- based review by the 2010 US Dietary 
Guidelines Advisory Committee found ‘a rela tion ship between energy density and 
body weight in adults and in chil dren and adoles cents such that consum ing diets 
lower in energy density may be an effect ive strategy for managing body weight’. 1  
Although an under stand ing of the role that energy density (ED) plays in energy 
balance is quite recent, there have been a number of relev ant labor at ory- based 
studies, longit ud inal popu la tion- based studies, and random ized controlled trials to 
inform this rela tion ship. 2–4  These studies indic ate that people eat a fairly consist ent 
amount (weight or volume) of food on a day- to-day basis. 3,5,6  This holds true whether 
the amount of food eaten contains many or few calor ies. Therefore, the number of 
calor ies in a partic u lar amount or weight of food, or the food’s ED, has an impact on 
the total number of calor ies a person consumes. This review will summar ize evid ence 
related to the influ ence of ED on satiety, energy intake, and body weight and will 
provide prac tical approaches for using ED to manage obesity.  

   9.2  Energy density explained 

 Energy density is the amount of energy in a partic u lar weight of food (calor ies 
per gram), and it ranges from 0 kcal/g to 9 kcal/g. The largest influ ence on ED is 
water, which contrib utes weight and volume to a food without supply ing any energy 
(0 kcal/g). The macronu tri ent with the greatest influ ence on ED is fat, which is high 
in ED with around 9 kcal/g. Carbohydrate and protein are moder ate in ED and each 
provides around 4 kcal/g. A food’s ED depends upon its mix of macronu tri ents and 
water; the incor por a tion of water lowers ED, and remov ing water increases ED. 

 Modest changes in ED can have a signi fic ant impact on energy intake. For 
example, on a typical day an adult might consume 1,200 g of food with an average 
ED of 1.8 kcal/g, giving an energy intake of 2,160 kcal. If the average ED of the diet 

    9 
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was decreased by 0.1 kcal/g while the same weight of food was consumed, then the 
indi vidual would ingest 2,040 kcal. Thus, a relat ively small change in overall ED of 
the diet would reduce daily energy intake by 120 kcal. The funda ment als of using ED 
for weight manage ment are summar ized in  Table 9.1 . 

    9.3   Controlled studies demon strate the influ ence of 
dietary energy density on satiety, sati ation, and 
energy intake 

 Dietary ED has emerged in recent years as one of the most consist ent influ ences 
on satiety and energy intake. A number of system atic studies show that when the 
macronu tri ent content of foods was varied, but the ED was kept constant, the effects 
of fat, carbo hydrate, and protein on satiety were similar. 3–6  On the other hand, the ED 
of foods is a robust and signi fic ant determ in ant of satiety and energy intake regard less 
of macronu tri ent compos i tion. 3, 7  Clearly the macronu tri ent compos i tion of the diet is 
import ant for optimal nutri tion and it can influ ence energy intake through effects on 
regu lat ory systems and on a food’s sensory attrib utes; however, the ED of food has 
more robust effects on energy intake than the propor tion of macronu tri ents. 

 Many of the studies on the effects of ED have been relat ively short- term, examin-
ing indi vidual meals or effects over several days. To show that ED affects satiety, a 
fixed amount of a defined food (a preload) is consumed and the effect of the preload 
on subsequent intake of a test meal is meas ured. 8  In one study, decreas ing the ED of 
a milk- based preload by adding water, and thus increas ing the volume, was shown 
to enhance satiety in that it led to a signi fic ant reduc tion in subsequent energy 
intake. 3  Other water- rich foods that are low in ED, such as soup, salad, or fruit, also 
signi fic antly enhanced satiety and reduced energy intake at a meal when consumed 
as a preload. 9–12  Of partic u lar interest is that drink ing water as a bever age along with 
a food affected satiety less than incor por at ing the same amount of water into the food 
to lower the ED. 9  

  Table 9.1     Essential inform a tion for under stand ing why a diet low 
in energy density can be effect ive for enhan cing satiety and 
facil it at ing weight manage ment  

 •  A high- energy-dense food has lots of calor ies in a small weight, while a low- 
energy-dense food has fewer calor ies for the same weight. 

 •  For the same number of calor ies, a larger portion of a low- energy-dense food can be 
eaten than of a food higher in energy density. 

 • On a day- to-day basis, people tend to eat a similar amount of food by weight. 
 •  Choosing foods with a lower energy density allows indi vidu als to eat their usual amount 

(weight) of food while redu cing their energy intake. 
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 ED can influ ence energy intake not only by enhan cing satiety, but also through 
effects on  ad libitum  intake.  Ad libitum  intake is an indic ator of sati ation, or the 
processes leading to the termin a tion of eating during a meal. 8  When the ED of meals 
was reduced by increas ing the propor tion of veget ables, it was found that adults who 
were offered  ad libitum  access ate a consist ent weight of food. 3,5,6  This meant that 
energy intake varied directly with changes in ED. Participants repor ted similar ratings 
of hunger and full ness even when reduc tions in ED led to a decrease in energy intake 
of approx im ately 25% over two days. 6  Practical applic a tions of this research that 
show how to use reduc tions in ED to prevent excess energy intake will be presen ted 
later.  

   9.4  Dietary energy density and weight manage ment 

 The robust effects of ED on satiety, sati ation, and energy intake indic ate that ED could 
play a role in the control of body weight; however, until recently few studies have 
examined this rela tion ship. Instead, much of the emphasis in the dietary manage ment 
of obesity has been on how chan ging the propor tion of macronu tri ents affects energy 
intake and body weight. Popular diets urge consumers to eat less fat or carbo hydrates 
or to increase their protein intake. The results of random ized controlled trials aimed 
at determ in ing whether such advice is effect ive have been mixed. 13–17  Even when a 
partic u lar macronu tri ent was asso ci ated with the amount of weight lost during the 
active treat ment phase, signi fic ant differ ences across diets were not sustained during 
the main ten ance phase. 13,17  With similar results coming from several recent large 
trials, health policy recom mend a tions for weight manage ment have shifted away 
from macronu tri ent- based advice to a food- based approach emphas iz ing control of 
portion size, ED, and total energy intake. 18  

 In the interest of identi fy ing factors that contrib ute both to excess weight gain and 
to weight manage ment, the 2010 Dietary Guidelines Advisory Committee conduc-
ted a system atic evid ence- based review of the rela tion ship between ED and body 
weight. 1  Their review included 17 studies (seven random ized controlled trials, one 
nonran dom ized controlled trial, and nine cohort studies) in adults. The commit-
tee concluded ‘that strong and consist ent evid ence in adults indic ates that dietary 
patterns relat ively low in energy density improve weight loss and weight main ten-
ance’. In the rest of this review, rather than reit er at ing this evid ence, we will provide 
a brief summary of the types of studies that have led to these recom mend a tions and 
offer prac tical advice on apply ing these find ings to weight manage ment in clin ical 
popu la tions. 

 A number of studies in the US and Europe have examined the rela tion ship between 
dietary ED and body weight. 1,19–22  Population- based studies have shown that normal- 
weight adults report consum ing diets with a lower ED than obese indi vidu als. 19,20  
ED was also asso ci ated with the amount of weight gained over an eight- year period 
in a prospect ive study of over 50,000 middle- aged women in the US Nurses’ Health 
Study. 21  While these data suggest that ED could be a determ in ant of weight status, 
results from epidemi olo gic studies have not been consist ent, prob ably because of 
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differ ences in dietary assess ment methods. For example, some large popu la tion- based 
studies rely on food frequency ques tion naires to determ ine intake, 21  and it is not clear 
that these adequately assess amounts of food consumed. Furthermore, the asso ci ation 
between ED and weight status can be influ enced by whether or not differ ent types of 
bever ages are included in the calcu la tion of ED. 22–24  Beverages can have a dispro por-
tion ate impact on ED because of their high water content. Agreement is needed upon 
the appro pri ate methods for calcu lat ing ED and assess ing its rela tion ship to energy 
intake and body weight. 

 Strong support for a rela tion ship between the ED of the diet, exclud ing bever ages, 
and body weight comes from several longit ud inal studies that have tracked body 
weight and energy intake via dietary recalls which provide the best tool for captur ing 
reports from free- living indi vidu als. 1  In a six- year longit ud inal study, it was observed 
that young women who repor ted a diet higher in ED gained two- and-a- half times as 
much weight as those report ing a lower-ED diet. 25  A second ary analysis of the results 
in the multi- center PREMIER trial that included three differ ent life style inter ven tions 
found that changes in ED after six months were related to changes in body weight in 
658 men and women. In addi tion to weight loss, reduc tions in ED were asso ci ated 
with improved diet quality. 26  

 Several random ized controlled trials, the most rigor ous test for dietary effects, confirm 
that consum ing low-ED foods influ ences weight loss. 1,27–29  In one trial, daily incor por-
a tion of a low-ED food (soup) into a reduced- energy diet increased the magnitude of 
the weight loss and helped parti cipants to main tain this loss. 28  In another trial, the effect 
of two strategies to reduce dietary ED on weight loss in obese women was tested. 29  
One group was counseled to increase their intake of water- rich foods, such as fruits 
and veget ables, and to reduce dietary fat. A compar ison group was counseled to restrict 
portions and to reduce dietary fat. Both groups reduced the ED of their diets, and both 
groups lost weight; however, after 12 months, the group counseled to eat more fruits and 
veget ables had a greater reduc tion in dietary ED and lost more weight (17.4 vs. 14.1 lb). 
Over the course of the year, parti cipants who ate the lower-ED diet repor ted consum ing 
25% more food and repor ted less hunger than those in the compar ison group. 29  

 Additional clin ical weight loss trials indic ate that low-ED diets can also help 
patients main tain their weight loss. Greene and colleagues 30  examined dietary ED 
two years after parti cip a tion in a hospital- based weight loss program that encour aged 
consump tion of lower-ED foods. They found that weight loss main tain ers repor-
ted eating a lower-ED diet than those who regained body weight. A second ary data 
analysis aimed at determ in ing which dietary strategies were asso ci ated with weight 
loss main ten ance found that consump tion of a lower-ED diet, char ac ter ized by greater 
intake of veget ables and whole grains, was the most effect ive. 31  Several studies 
suggest that low-ED diets could be used to counsel patients attend ing outpa tient 
clinics. One non- random ized inter ven tion conduc ted without a control group in an 
outpa tient clinic found that dietary coun sel ing based primar ily on food ED was asso-
ci ated with main ten ance of weight lost after the treat ment was termin ated. 32  More 
recently Lowe and colleagues conduc ted a random ized controlled trial specific ally to 
test the influ ence of an ED inter ven tion on main ten ance of weight loss. 33  Participants, 
who were recruited from a primary care clinic, lost weight over 12 weeks and were 
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then random ized to one of four main ten ance condi tions: no inter ven tion, meal 
replace ments, instruc tion on lower-ED eating, or meal replace ments and instruc tion 
on lower-ED eating. Instruction on how to lower dietary ED was the only condi tion 
asso ci ated with sustained weight loss 36 months after the start of the inter ven tion. 33  
Therefore, advising patients on how to lower the ED of their diet shows promise for 
weight- loss main ten ance, and its utility to be widely dissem in ated in primary care 
settings should be explored further. 

 While data suggest that redu cing dietary energy density can facil it ate weight 
manage ment, more long- term studies are needed to under stand how to imple ment 
this approach and facil it ate the main ten ance of low-ED eating habits. If people were 
to adopt lower-ED eating patterns, they would be able to eat more satis fy ing amounts 
of food appro pri ate to meet both energy and nutri ent needs.  

   9.5  Strategies to reduce dietary energy density 

 A goal for weight manage ment is to provide dietary strategies that are sustain able and 
have moder ate energy intake. Consuming a low-ED diet is one strategy that emphas-
izes intake of nutri ent- dense foods like fruits and veget ables and allows indi vidu-
als to control hunger, feel full, and eat a satis fy ing amount of food while lower ing 
energy intake. A low-ED diet is versat ile and does not restrict food groups; instead, its 
emphasis is on consum ing larger portions of low-ED foods and controlling portions of 
higher-ED foods.  Figure 9.1  shows how foods can be divided into four categor ies based 
on their ED, ranging from Category 1, very- low-ED foods, to Category 4, high-ED 
foods. 34  Foods in Category 1 can be eaten in satis fy ing portions, but as ED goes up in 
Categories 2, 3 and 4, the need to manage portions increases. Use of these categor ies 
can help with meal plan ning and provide ideas for simple swaps that can be made in 
order to choose lower-ED foods and decrease energy intake. 34  In addi tion to choos ing 
foods that are lower in ED, indi vidu als can use other strategies such as redu cing the ED 
of mixed dishes 5,6  and stra tegic ally using low-ED foods as a first course at a meal. 9–12  

 A number of well- controlled studies have invest ig ated differ ent methods for redu-
cing ED, such as decreas ing fat, increas ing fruits and veget ables, adding water, and 
using fat or sugar substi tutes. 3–6  Although the sensory and biolo gical effects of these 
methods differ, they are all asso ci ated with decreased energy intake. In order to 
determ ine if there is an optimal way to reduce ED and influ ence energy intake, three 
methods of ED reduc tion (decreas ing fat, increas ing fruits and veget ables, and adding 
water) were compared. 7  Commonly consumed foods such as oatmeal, a pasta dish, 
and a chicken rice casser ole were reduced in ED. Although there were some differ-
ences in energy intake across condi tions, all three methods of ED reduc tion decreased 
daily energy intake relat ive to no ED reduc tion. This suggests that indi vidu als can 
use a variety of methods to reduce ED, all of which can effect ively decrease energy 
intake. Furthermore, a combin a tion of methods can be used in order to modify foods 
for a more person al ized and flex ible dietary approach.  Table 9.2  demon strates how 
simple swaps can be made at meals in order to reduce ED using a combin a tion of 
methods. 
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 While there contin ues to be debate about the optimal diet compos i tion for weight 
manage ment, there is agree ment that most people should eat more veget ables. Recent 
research shows that some approaches to increas ing veget able intake to lower ED for 
weight manage ment are likely to be more effect ive than others. Vegetables can be 
incor por ated into meals in a variety of ways; for example, they can be served whole, 
chopped, shred ded, or puréed, depend ing on whether they are provided as a side dish 

   Figure 9.1     Four categor ies of energy density can be used to guide food choices and portion 
sizes:    
 Category 1: Satisfying portions can be consumed without many calor ies 
 Category 2: Start portion control at the upper end 
 Category 3: Manage portions as these foods can be easy to overeat 
 Category 4: Carefully manage portions and frequency of eating 
  Source : modi fied from Rolls (2012). 34   



    Table 9.2     Sample menus varying in energy density  

  Original version    Energy    Weight    Energy 
density  

  Lower- energy-dense 
version  

  Energy    Weight    Energy 
density  

  Breakfast   Oatmeal made with whole 
milk, dried cran ber ries 

 401  315  1.27  Oatmeal made with skim 
milk, blue ber ries 

 268  334  0.80 

  Lunch   Sandwich (roll, fried chicken, 
cheese, mayon naise), cream 
soup 

 686  438  1.57  Sandwich (roll, grilled 
chicken, cheese, 
veget ables, mustard), 
mines trone soup 

 533  509  1.05 

  Snack   Celery with peanut butter  190  110  1.73  Celery with hummus  90  112  0.80 
  Dinner   Pasta dish (pasta, regular 

minced beef, parmesan 
cheese, Alfredo sauce), 
tossed salad, creamy Italian 
salad dress ing, regular 
chocol ate ice cream 

 790  481  1.64  Pasta dish (pasta, extra 
lean minced beef, 
parmesan cheese, tomato 
sauce), tossed salad with 
extra veget ables, Italian 
salad dress ing, light 
chocol ate ice cream 

 650  640  1.02 

  Total    2067  1344  1.54   1541  1595  0.97 

    Note : This table shows how lower-ED foods and ingredi ents can be exchanged for higher-ED foods and ingredi ents to achieve a reduc tion in total energy of nearly 500 calor ies over the day. 
The lower-ED menu on the right was developed with a combin a tion of strategies, includ ing decreas ing fat (e.g. ice cream) and increas ing water- rich foods includ ing veget ables and broth- based 
soup. About 25% of the energy contained in the original version was elim in ated, yet the amount of food consumed in the lower-ED version was increased.     
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or incor por ated into a main dish. In order to reduce energy intake, however, veget ables 
should be substi tuted for higher-ED compon ents of the meal. Previous research has 
shown that simply adding more veget ables to the meal while main tain ing the portion 
of grain and meat did not reduce overall meal energy intake. 35  In contrast, increas ing 
the portion of veget ables while decreas ing the grain and meat compon ents of the meal 
led to a reduc tion in meal energy intake. The substi tu tion of veget ables for higher-ED 
meal compon ents is crit ical for the reduc tion in energy intake but this strategy may not 
work if indi vidu als dislike veget ables. One way to over come this barrier is to incor-
por ate puréed veget ables into mixed dishes to lower ED. The covert incor por a tion of 
puréed veget ables into the entrées served at all meals across a day signi fic antly reduced 
daily energy intake, even in people who repor ted not liking veget ables. 36  Together, 
these find ings indic ate that substi tut ing low-ED veget ables for either higher-ED meal 
compon ents or higher-ED ingredi ents in mixed dishes can moder ate energy intake. 

 Another approach to encour aging consump tion of low-ED foods is to provide them 
at the start of a meal when hunger is elev ated and there are no compet ing foods. 9–12  
‘Filling up first’ by consum ing a large portion of a low-ED food such as salad with 
low- calorie dress ing, 11  an apple, 12  or a broth- based soup 10  has been shown to reduce 
energy intake from the main course and over the entire meal compared to not consum-
ing these foods as a first course. This strategy is most effect ive if the first course 
is a large portion of very- low-ED food that is less than 100 calor ies total. A recent 
study also emphas ized that the utility of a low-ED first course to reduce meal energy 
intake depends upon what is served at the rest of the meal. For example, if a large, 
low-ED salad is followed by large portions of high-ED foods, people are still at risk 
of eating excess energy. 37  Although most studies that have shown the satiety enhan-
cing effect of a low-ED first course have been short- term, a recent small study found 
that consum ing a low-ED first course of salad and yogurt prior to the main course at 
both lunch and dinner reduced body weight over three months compared to consum-
ing these foods with the main course. 38  

 A low-ED diet is not restrict ive and can be tailored to accom mod ate indi vidual 
pref er ences. There are four ED categor ies, ranging from very- low-ED to high-ED; as 
the ED category increases, greater atten tion to portion control is needed ( Figure 9.1 ). 
In order to lower dietary ED, meals should contain a larger propor tion of very- 
low- and low-ED foods than of higher-ED foods. Decreases in energy intake can be 
achieved by swap ping higher-ED foods for lower-ED foods, incor por at ing lower-ED 
ingredi ents into mixed dishes to reduce ED, and ‘filling up first’ with a low-ED first 
course. Since a range of eating patterns can be reduced in ED, this type of diet has 
wide applic ab il ity and thus can be a key compon ent of a life style that encour ages a 
healthy well- balanced diet for weight manage ment.  

   9.6  Future trends 

 Low-ED diets are now widely recog nized as versat ile, nutri tious, and effect ive for 
managing energy intake and body weight. Nevertheless, greater under stand ing is 
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needed on how consumers can lower ED afford ably and sustain ably without sacri fi-
cing palat ab il ity and enjoy ment. The  optimal strategies  for lower ing ED to promote 
satiety and persist ently reduce energy intake are not known. For example, is it import-
ant to lower the ED of all foods or are there some foods, meals, or meal compon ents 
that are partic u larly effect ive for satiety- enhance ment and intake reduc tion? Does 
‘filling up first’ with a low-ED food lower energy intake more than redu cing the ED 
of the main course? Little research has been conduc ted to determ ine which ED reduc-
tion strategies are the most sustain able for weight loss and weight loss main ten ance 
over the long- term. Such well- controlled longer- term studies could lead to the devel-
op ment of programs and products that will help consumers to main tain consump tion 
of a lower-ED diet that meets their energy and nutri ent require ments. 39  

 If lower-ED foods become more widely avail able and are more frequently 
consumed than higher-ED foods, it will be import ant to determ ine whether this leads 
to the preven tion of over weight and obesity. Over time people who are not actively 
trying to manage their weight may compensate for reduc tions in their energy intake 
asso ci ated with lower-ED foods. Biological regu lat ory systems may sense an accu-
mu lat ing energy deficit which leads to increased hunger and energy intake. Thus, 
well- controlled studies are needed to eval u ate the persist ence of the effects of ED 
reduc tion. In addi tion, innov at ive trans la tional research should invest ig ate the impact 
of lower ing dietary ED in a person’s every day eating envir on ment. Even small reduc-
tions in ED of frequently consumed foods could impact daily energy intake. A ques-
tion of interest is whether such reduc tions will be most effect ive if done covertly or 
more overtly. Such research might identify new strategies that will help patients to 
more success fully navig ate the current obeso genic envir on ment and main tain healthy 
body weights.  

   9.7  Sources of further inform a tion and advice 

 A number of resources are avail able that enhance under stand ing of the science 
behind the impact of ED on satiety and weight manage ment. The system atic evid-
ence- based review from the 2010 Dietary Guidelines Advisory Committee summar-
izes the clin ical trials and cohort studies published before May 2011. 1  Several other 
reviews provide an over view of the labor at ory- based controlled studies that have 
been conduc ted on ED and energy intake 3,4  and describe mech an isms under ly ing 
the effects of ED. 2  Practical advice on to how to commu nic ate ED to consumers is 
provided by health organ iz a tions. 40,41  A weight- loss program based on ED research 
is avail able for consumers. 34   
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 Controlling appet ite and food 
intake by regu lat ing eating 
frequency and timing  
    R. J.   Stubbs  
 University of Derby, Derby, UK    

    10.1  Introduction 

 Eating is a beha viour influ enced by numer ous genetic, physiolo gical, psycho lo gical, 
cultural, social and situ ational factors. This beha viour can be described or meas ured 
in terms of subject ive motiv a tion to eat (appet ite, hunger, sati ation and satiety), as 
amount and type of food and energy inges ted, struc ture of dietary pattern, macro-
nu tri ent profile and the frequency and timing of eating (Blundell and Stubbs, 2004; 
Stubbs and Blundell, 2011). The beha viours of interest in this current chapter are 
eating frequency (EF) and timing and how they may influ ence appet ite and energy 
balance (EB). EF and timing are often tangled up with other issues such as type and 
compos i tion of foods, how foods and bever ages affect appet ite, energy density (ED), 
portion size, envir on mental cues, cognit ive processes, emotion regu la tion and circa-
dian rhythms (de Castro, 2010; Stubbs  et al. , 2012). Several of these issues are dealt 
with in other chapters, but in the real world these issues inter act to determ ine patterns 
of eating beha viour and EB. Disentangling differ ent sources of scientific evid ence 
and their various limit a tions can be diffi cult.  

   10.2   The rela tion ship between motiv a tion to eat 
and eating beha viour 

   10.2.1  Patterns of intake 

 Mammalian (and human) feeding occurs regu larly and inter mit tently and despite a 
general lack of conscious nutri tional know ledge on the part of the animal, approx im-
ately matches energy intake (EI) and nutri ent intakes with require ments (Stubbs and 
Blundell, 2011). This does not mean that we regu late our intake with great preci sion 
or accur acy in rela tion to energy require ments. Appetite regu la tion appears to be 
impre cise and numer ous factors disrupt the rela tion ship between eating beha viour 
and appet ite (Mattes  et al. , 2005). It is likely that our feeding beha viour is designed 
to protect us from defi cien cies in energy and nutri ents to ensure that physiolo gical 
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require ments are met (or at least defi cien cies that produce func tional impair ments 
are avoided). It would appear that evol u tion has designed our beha viour and physio -
lo gical systems to ‘bank’ surplus energy during times of abund ance to protect us 
from times of uncer tainty. Such a design would have a conveyed survival advant age 
in our ancient past because we frequently exper i enced seasonal food short ages and 
famines (Prentice, 2005; Prentice  et al. , 2008). 

 Over the millen nia we have become so success ful at adapt ing to poten tial food short-
ages that in many parts of the world we now face unpre ced en ted levels of disease asso-
ci ated with having too much food. Technological progress has shaped our envir on ment 
faster than the envir on ment can shape our genes, leaving humans with the biolo gical 
design constraints of an optimal forager but an envir on ment where food is ubiquit ous 
(Stubbs and Tolkamp, 2006; Stubbs  et al. , 2012). Many humans find it hard to resist 
weight gain when surroun ded by an abund ance of inex pens ive, palat able and energy 
dense foods that can be obtained for minimal energy expendit ure (Mattes  et al. , 2005; 
Stubbs  et al. , 2012). Being over weight has become a highly prob able consequence of 
modern life styles. The char ac ter ist ics of human feeding beha viour that were adapt ive 
in resource- limit ing envir on ments appear to have become ‘malad apt ive’ with refer ence 
to weight control and health in modern envir on ments (Stubbs and Tolkamp, 2006). 

 Rather than being regu lated, appet ite and feeding beha viour might be said to be 
anti cip at ory or react ive since patterns of food intake (FI) are flex ible and respons-
ive to the state of the internal and external envir on ment. Hunger and satiety have a 
large learned compon ent rather than being the direct consequences of uncon di tioned 
physiolo gical signals  per se , such as reduced gastrointest inal content or circu lat ing 
peptides. Such physiolo gical events can act as import ant cues for feeding but they 
do not neces sar ily directly determ ine that beha viour (Stubbs and Blundell, 2011). 
Hence envir on mental factors can have a major impact on eating beha viour and EB 
(Mattes  et al. , 2005; de Castro, 2010). The process of learn ing links feeding beha-
viour to physiolo gical, sensory, nutri tional, situ ational and other cues. This is import-
ant because meal timing and frequency for most indi vidu als form part of patterns of 
learned beha viour. While there are consid er able inter- indi vidual differ ences in the 
timing and frequency of ingest ive events, it is likely that intra- indi vidual differ ences 
are some what less. In other words we are creatures of habit, although such habits are 
easier to demon strate for patterns of mobil ity (Gonzalez  et al. , 2008) than for patterns 
of EI (Blundell, 2000). 

 The rela tion ship between a meal and a snack relates to timing and size of ingest-
ive events in meal feeding animals and there is no univer sally accep ted defin i tion 
of either in the scientific liter at ure. In non- human species (and indeed humans) that 
engage in numer ous small feeding bouts through out their diurnal cycle there is little 
if any distinc tion between a meal and a snack. Meal feeding animals are condi tioned 
to ingest the major ity of their EI in a few large ingest ive events in their diurnal 
cycle, at approx im ately the same time points. Under these condi tions, a snack can be 
defined as an ener get ic ally small, inter- meal ingest ive event. To avoid confu sion with 
a common use of the word to describe a certain type of commer cially avail able food, 
it is useful to use the phrase ‘commer cially avail able snack foods’ to describe those 
specific foods (Stubbs and Blundell, 2011).  
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   10.2.2  Patterns of hunger, satiety and energy intake 

 Typically, hunger and appet ite rise and fall in anti cip a tion/response to FI. A scheme 
illus trat ing the rela tion ship between hunger, appet ite, sati ation and satiety and FI 
is illus trated in  Figure 10.1  (Blundell and Stubbs, 2004; Mattes  et al. , 2005). It is 
import ant that we try to under stand the impact of EF and timing on appet ite, food and 
EI in the context of EB. In other words, we are subject to the laws of ther mo dy nam ics 
and if alter a tions in EF or timing have a signi fic ant impact on appet ite control, they 
must influ ence EI or EE in a quant it at ively signi fic ant manner. 

 Typically EI increases from earlier to later ingest ive events across the day, such 
that EI at lunch exceeds that at break fast and EI in the evening meal exceeds that 
at lunch (de Castro, 2004b; McCrory  et al. , 2011). There appears to have been a 
secular trend of increased frequency of ingest ive events over the last few decades. 
The more tradi tional 3–4 meals per day pattern has been replaced by one of an 
average of 5 ingest ive events per day, in Americans at least (Leidy  et al. , 2010).  

   10.2.3  How food compos i tion impacts on satiety 

 The dietary macronu tri ents protein, carbo hydrate, fat and alcohol together make up 
our total EI. ED is the energy per unit weight of a ready to eat food, and is usually 
expressed as kilo c al or ies [kcal] per gram [kcal/g]. Macronutrients contrib ute 4, 4, 

   Figure 10.1     A schem atic repres ent a tion (not to scale) of the rela tion ship between the 
subject ively expressed constructs of motiv a tion in rela tion to feeding, and their rela tion ship 
to quant it at ive and qual it at ive feeding beha viour.     
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7 and 9 kcal/g for carbo hydrate, protein, alcohol and fat respect ively, while water 
contains 0 kcal/g. Although the ED of foods can range from 0 [water] to 9 kcal/g [pure 
fat], for most of the frequently consumed indi vidual foods it is around 0.5–2.4 kcal/g 
(Royal Society of Chemistry, 2002). Some foods are less energy dense, such as fruits 
and veget ables (0.25–0.5 kcal/g), and some consid er ably more so – savoury snack 
products are approx im ately 5.3 kcal/g (Royal Society of Chemistry, 2002). 

 Macronutrients are not all equal when it comes to how satis fied one feels after 
eating them. Protein has the greatest effect on satiety, followed by carbo hydrate, 
followed by fat (Blundell and Stubbs, 2004; Stubbs  et al. , 2008). Thus while fat is 
the most energy dense food- based macronu tri ent it is also the least satis fy ing. Alcohol 
is the only macronu tri ent known to stim u late appet ite (Caton  et al. , 2005; Yeomans, 
2010a, 2010b). Because of the relat ive impre ci sion of appet ite control, changes in 
dietary ED do not have a large effect on FI and so ED of foods has a lever age effect 
on EI such that high ED foods elevate EI (de Castro, 2004a) and low energy dense 
foods tend to lower EI (Ello-Martin  et al. , 2007; Ledikwe  et al. , 2007). 

 There is consid er able confu sion in both the scientific and popular liter at ure about 
the role of EF and timing in appet ite control and weight manage ment (Mattson, 
2005). The follow ing sections consider current evid ence on EF appet ite regu la tion 
and weight control.   

   10.3   Eating frequency and energy balance – 
obser va tional studies of free- living adults 
consum ing self- selec ted diets 

 In 1997 Bellisle and Colleagues criti cised early cross- sectional asso ci ations between 
meal frequency and adipos ity with convin cing argu ments that (i) the inverse asso ci-
ation between meal frequency and adipos ity disap pears when repor ted dietary intakes 
are adjus ted for prob able mis- report ing of EI and (ii) these asso ci ations are also likely 
to be affected by reverse caus al ity, i.e. that more over weight people may omit more 
meals in an attempt to control their weight (Bellisle  et al. , 1997). 

 McCrory  et al.  (2011) have extens ively reviewed evid ence of EF and adipos ity 
in free- living adults consum ing self- selec ted diets in 19 cross- sectional studies (20 
analyses). In 16 (10 signi fic ant) analyses, indi vidu als who repor ted eating more 
frequently where leaner than those who repor ted eating less frequently. Four analyses 
(3 signi fic ant) showed the oppos ite effect. The differ ent studies used differ ent 
meas ures of EF and adipos ity, and sample sizes ranged from 82 to 14,666. Taking 
up the argu ments made by Bellisle  et al.  (1997), McCrory  et al.  (2011) examined 
data from the Continuing Survey of FIs by Individuals 1994–96 (n = 6,499). The 
rela tion ship between self- repor ted EF and BMI was not signi fic ant. However, they 
then applied commonly used methods to estim ate mis- report ing by compar ing EI to 
estim ated energy require ments to split the sample into those deemed to have plaus-
ible or implaus ible self- repor ted EIs (McCrory  et al. , 2002; Huang  et al. , 2004, 
2005). Analysis of the ‘plaus ible’ sub- sample (n = 2,658) showed that the rela tion ship 
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between repor ted EF and BMI changed from non- signi fic ant to signi fic ant and posit-
ive. Similar patterns were seen for the rela tion ship between EI and BMI ( Figure 10.2 ). 

 They confirmed these results by repeat ing the analysis in the Nationwide Food 
Consumption Survey 1977–78 (n = 13,750) and the Continuing Survey of FIs by 
Individuals 1989–91 (n = 2,474). These analyses suggest that in cross- sectional 
studies the rela tion ship between EF, EI and adipos ity is confoun ded by under re port-
ing (McCrory  et al. , 2011). Comparing results obtained in the total sample with plaus-
ible samples provided an indic a tion that both break fast and snacks may be select ively 
under- repor ted and that EF is asso ci ated with increased adipos ity in cross- sectional 
studies when the effect of under- report ing has been correc ted. Such correc tions are 
based on a number of approx im ate assump tions (i.e. that subjects should be in EB, 
phys ical activ ity is a fixed multiple of basal meta bolic rate and that basal meta bolic 
rate can be predicted with linear regres sion equa tions) (Livingstone and Black, 2003).  

   10.4   Eating frequency and energy balance – 
inter ven tion studies 

 Palmer (2009) iden ti fied (from 176 studies conduc ted between 1980 and 2009) 
25 weight loss/main ten ance inter ven tions examin ing the impact of varying EF on 

   Figure 10.2     Energy intake from break fast, lunch, dinner, and snacks (aggreg ate) in rela-
tion to weight status in 20–59 year olds from a total sample (n = 6499): (a) from Continuing 
Survey of Food Intake by Individuals 1994–96 (n = 6499); and (b) the ‘plaus ible’ sub- sample 
(n = 2685), i.e. having excluded those records deemed to exhibit implaus ibly low energy 
intakes relat ive to expec ted energy require ments. Within each eating occa sion, labelled means 
without a common letter differ at P < 0.05 (McCrory  et al. , 2011).     
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weight outcomes in studies lasting between 2–8 weeks, with sample sizes between 
5–38. For weight loss 1–9 eating occa sions/day were studied and for weight main ten-
ance 1–17 eating occa sions/day. Palmer found no asso ci ation between EF and weight 
status. A meta- analysis of the rela tion ship between weight outcomes and EF was 
precluded by between- study differ ences in defin i tions of meals and snacks. Only two 
of the studies examined the impact of EF on hunger, one of which showed a tran si ent 
effect over a single meal, but no differ ences over a whole day (Palmer, 2009). 

 McCrory  et al.  (2011) have also reviewed 5 studies in which high and low EF was 
prescribed. The studies lasted between 2–4 weeks per inter ven tion in samples ranging 
between 10–19 adults. EF ranged from 3 to 9 ingest ive events/day. Only one of the 
studies showed a signi fic ant change in body weight where parti cipants lost slightly 
more weight when eating 6 versus 3 times/day. However, the differ ence in weight 
amoun ted to 0.3 kg over 4 weeks. In 5 studies EI increased (albeit slightly) with 
increased EF (McCrory  et al. , 2011).  

   10.5    Eating frequency and energy balance – controlled 
feeding studies 

 Leidy  et al.  (2010) reviewed current controlled feeding studies examin ing the effects 
of EF on appet ite control and FI, whether increased EF improves appet ite control, 
subsequently reduces EI or vice versa. They found minimal/no improve ments in 
appet ite control and regu la tion of FI with increased EF, beyond the typical 3 meals/
day (Leidy  et al. , 2010). Reduced EF, i.e. less than 3 meals/day appeared to negat-
ively affect appet ite control (i.e. subjects felt hungrier, see for example Smeets and 
Westerterp-Plantenga (2008). As with the Palmer review, the limited number of 
studies, small sample sizes and short dura tion of studies constrained gener al iz ab il ity 
of conclu sions (Leidy  et al. , 2010). 

 Parenthetically it is worth mention ing that controlled studies have also examined 
the effect of altered EF on energy expendit ure and substrate util isa tion. The studies 
have gener ally found little/no impact of altered EF per se on energy on nutri ent 
meta bol ism beyond an increased peri od icity of substrate util isa tion and the thermic 
effect of food, which gener ally does not impact on 24-hour EB (Bellisle  et al. , 
1997). Significant changes in EE may however affect eating frequency (Westerterp-
Plantenga  et al. , 2003). 

 The effect of eating frequency (EF) on appet ite and EB is still not entirely resolved. 
Evidence is indir ect and frag ment ary. Ostensibly cross- sectional studies tend to 
support no or a negat ive rela tion ship between meal frequency and BMI (McCrory 
 et al. , 2011). Current evid ence suggests that increased EF of modern foods is asso-
ci ated with greater adipos ity once the effects of mis- report ing have been estim ated 
(McCrory  et al. , 2011). However, the assump tions behind such estim ates may in them-
selves create an arti fact. These methods are essen tially a means of veri fy ing dietary 
intakes relat ive to an assumed habitual EB, rather than a direct means of meas ur ing 
mis- report ing of food, energy or nutri ent intakes. The defin i tion of ingest ive events 
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in these studies is both arbit rary and vari able between studies and meas ures of intake 
also vary between studies. It is there fore import ant to compare such analyses to 
controlled labor at ory inter ven tions over a number of weeks in humans, but there are 
not enough controlled studies to draw firm conclu sions.  

   10.6  Small inter- meal ingest ive events 

 Caloric bever ages and commer cial snack foods have the poten tial to be consumed 
with greater frequency than other foods at various points in the diurnal cycle. Calories 
contained in drinks appear to be poorly compensated for compared to the same calor-
ies contained in solid foods (McKiernan  et al. , 2009; Cassady  et al. , 2012; Mattes, 
2010). Mattes has conduc ted an analysis of patterns of hunger and thirst and their 
rela tion ships to eating and drink ing in a conveni ence sample of 53 healthy adults 
(Mattes, 2010). He has considered the results in the context of evid ence regard ing 
bever ages, satiety and weight control (McKiernan  et al. , 2009; Mattes, 2010, Cassady 
 et al. , 2012). Mattes sugges ted:

   (i)   thirst sensa tions are higher than hunger and more stable over the day;  
  (ii)   the health consequence of drink ing in excess of needs are minimal;  
  (iii)   there are strong envir on mental influ ences on drink ing;  
  (iv)   bever ages are highly palat able inex pens ive and conveni ent;  
  (v)   it is socially accept able to drink in many social and profes sional settings;  
  (vi)   bever ages have minimal impact on satiety and inas much are an ideal vehicle the deliv ery 

of nutri ents (Mattes, 2010).    

 Commercially avail able snack foods tend to differ from the rest of the diet as 
they are more energy dense, high in fat and carbo hydrate, low in protein and usually 
contain a large frac tion of their edible mass as dry matter. They are by no means 
the only food eaten as a snack by many people at large. Like soft drinks, commer-
cial snack foods are also attract ively pack aged, produ cing strong envir on mental 
influ ences on consum ing them. They are highly palat able, inex pens ive and conveni-
ent, and it is socially accept able to consume them in many social and profes sional 
settings. Also they have minimal impact on satiety and inas much are also an ideal 
vehicle for the deliv ery of energy outside of a clear temporal pattern, or even perhaps 
below the threshold for strong detec tion by satiety mech an isms. Energy dense, high- 
carbo hydrate and high- fat snacks have similar effects in increas ing El, under labor-
at ory (Mazlan  et al. , 2006) and free- living condi tions (Whybrow  et al. , 2007; Tey 
 et al. , 2012), but not when of identical ED and compos i tion to the rest of an  ad libitum  
diet (Johnstone  et al. , 2000). These effects are most pronounced in subjects who do 
not habitu ally eat snack foods between meals and least pronounced in subjects who 
incor por ate such foods in their learned (habitual) patterns of beha viour (Westerterp-
Plantenga  et al. , 2002; Whybrow  et al. , 2007). 

 While there is consid er able research (albeit meth od o lo gic ally limited) on EF and 
indices of EB, there is less published research on the role of alter ing the timing of 
eating  per se  on these outcomes.  
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   10.7  Timing of eating within a habitual diurnal rhythm 

   10.7.1  Observational studies 

 De Castro and colleagues have examined a number of correl ates of self- repor ted Fl in 
free- living humans ingest ing their usual diets, using 7-day food diaries and concom it-
ant meas ures of motiv a tion to eat, mood and envir on mental circum stances (de Castro, 
2004b). They found that meal sizes increase, whereas the after- meal inter vals and 
satiety ratios decrease over the day. They then hypo thes ised that the time of day of 
Fl would be related to total El such that intake early in the day would tend to reduce 
overall El, whereas intake later in the day would tend to increase EI over the entire 
day. This hypo thesis was tested in a reana lysis of 7-day food diaries in 375 male 
and 492 female free- living indi vidu als. The amounts of the macronu tri ents inges ted 
and the density of intake occur ring during five 4-h periods (0600–0959, 1000–1359, 
1400–1759, 1800–2159 and 2200–0159 h) were iden ti fied and related to overall daily 
El and meal intakes during the entire day. The propor tion of intake in the morning 
was negat ively correl ated with daily El ( r  = −0.13,  P  < 0.01), whereas the propor tion 
inges ted late in the evening was posit ively correl ated with daily El ( r  = 0.14,  P  < 0.01) 
(de Castro, 2004b) ( Figure 10.3 ). 

 Els were then analysed by split ting days for each parti cipant into those 
where intake during the morning, after noon or evening were above or below each 

   Figure 10.3     Correlations between the propor tions of food energy inges ted by humans 
self- repor ted in 7-day diet diaries during each of the five time periods and the total amount of 
energy inges ted during the day for all subjects, for subjects iden ti fied as adequate report ers, 
for men only and for women only. *Different from zero,  P  < 0.01 (de Castro, 2004b).     
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indi vidual’s mean daily intake for those periods and then relat ing propor tion ate 
intake in the morning, after noon or evening to total daily El. Correlation analysis 
sugges ted that high propor tional intake during the morning was asso ci ated with low 
overall daily El and high propor tional intake during the evening was asso ci ated with 
high overall daily El. The energy dens it ies of intake during all periods of the day 
were posit ively related to overall intake (range,  r  = 0.13–0.23,  P  < 0.01). De Castro 
sugges ted that circa dian and diurnal rhythms affect Fl such that eating more earlier 
in the day can help limit El and eating more late in the day may predis pose people 
to over con sump tion (de Castro, 2004b). Subsequent analysis sugges ted there was a 
macronu tri ent specificity to these effects. When a higher propor tion of carbo hydrate 
was inges ted in the morning, less total energy and carbo hydrate was inges ted over the 
whole day. When the propor tion of daily fat inges ted in the morning was high, less 
energy, carbo hydrate and fat were inges ted over the whole day. When the propor tion 
of protein intake was high in the morning protein intake was lower over the whole 
day. The oppos ite effects were also seen. When the propor tion ate intakes of carbo-
hydrate, fat or energy were higher in the evening total daily Els tended to be higher 
(de Castro, 2007). 

 De Castro argued that the problem of mis- report ing (under- report ing) of El was 
correc ted for by:

   (i)   analys ing abso lute values and also the propor tions of intake that are magnitude inde pend-
ent;  

  (ii)   using within- subject compar is ons;  
  (iii)   examin ing data repor ted above and below a cut- off of 1.1 × BMR;  
  (iv)   acknow ledging that unsys tem atic, random, errors of meas ure ment likely remain ‘which 

should obfus cate rela tion ships rather than produce them’ (de Castro, 2004b, 2007).    

 There are poten tial limit a tions to this research:

   (i)   rela tion ships are correl a tional, cause and effect are hard to dist entangle;  
  (ii)   these are real world effects and rela tion ships could be due to other (unmeas ured) phenom-

ena;  
  (iii)   the cut- off of 1.1 × BMR for estim ated mis- report ing is low;  
  (iv)   it is possible that misre port ing could be select ive, the McCrory analysis of EF suggests 

break fasts are specific ally under- repor ted (McCrory  et al. , 2011), which if present in the 
de Castro analysis would create an arte fact;  

  (v)   the correl a tions were relat ively small produ cing effect sizes on total EI of ~0.5 MJ/d;  
  (vi)   these effects have not been replic ated in other inde pend ent data- sets, which should be a 

research prior ity.     

   10.7.2  Intervention studies of free- living adults consum ing 
self- selec ted diets 

 Recently, a prospect ive longit ud inal study examin ing how timing of Fl relates to 
weight loss effect ive ness in humans has been repor ted in indi vidu als follow ing a 
20 week diet and life style weight loss treat ment (49.5% female; mean age 42; mean 
BMl 31.4). Those who tended to eat lunch later lost less weight (7.7 versus 9.9 kg) 
and had a slower rate of weight loss, than those who tended to eat lunch earlier. 
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Those who ate lunch later tended to be more evening types, consumed less energy at 
break fast and skipped break fast more frequently than those who tended to eat lunch 
earlier (Garaulet  et al. , 2013). This study did not detect any differ ences in El, diet 
compos i tion, estim ated EE, appet ite hormones or sleep patterns between the two 
groups, which is not surpris ing given the magnitude of weight differ ences observed 
over 20 weeks. 

 In the context of weight manage ment it is inter est ing that in addi tion to current 
interest in the timing of eating beha viour  per se  as a factor that can affect appet ite and 
weight control, the regu lar ity and stabil ity of eating beha viour may also be import-
ant. Eating patterns are a form of learned beha viour and evid ence suggests that more 
chaotic, impuls ive and unpre dict able patterns in the frequency and timing of ingest ive 
events are asso ci ated with less control over EI and body weight (Stubbs  et al. , 2011, 
Stubbs and Lavin, 2013).  

   10.7.3  Intermittent fasting, appet ite and weight control 

 The timing of eating is also altered during inter mit tent fasting, the most extens ively 
studied example of which is Ramadan. A recent meta- analysis of self- controlled 
cohort studies compar ing body weights, blood levels of lipids and fasting blood 
glucose levels before and after Ramadan showed that after Ramadan fasting, low- 
density lipo pro tein and fasting blood glucose levels were decreased. In women 
weight remained unchanged and men lost a small amount of weight (Kul  et al. , 2014). 
Haljek and Co- workers noted that 202 observ ers of Ramadan lost on average about a 
kilo gram of weight over four weeks, and the lost weight was quickly regained (Hajek 
 et al. , 2012). Roky  et al.  (2004) reviewed the effects of Ramadan fasting on physiolo-
gical and beha vi oural vari ables in healthy subjects. They found that Ramadan fasting 
did not dramat ic ally affect the meta bol ism of lipids, carbo hydrates and proteins, or 
the daily mean of hormonal serum levels. Some bene fi cial changes (increased HDL, 
apopro tein A1, decreased LDL) were noted along with changes in the circa dian 
distri bu tion of body temper at ure, cortisol, melatonin and glycemia. Nocturnal sleep, 
daytime alert ness and psycho mo tor perform ance were decreased (Roky  et al. , 2004). 
Finch  et al.  (1998) studied hourly ratings of hunger ( Figure 10.4 ), mood and thirst, 
food and drink intake on specified days before, during and after Ramadan in 15 men 
and 26 women. 

 Hunger increased substan tially during the daily fast and was higher for the 
women than the men during the earlier days of Ramadan. On average, fasting levels 
of hunger were similar for both sexes as Ramadan progressed. Despite these marked 
changes, there were no signi fic ant changes in body weight over Ramadan (Finch 
 et al. , 1998). What is most remark able about the complete fast during the hours of 
sunrise to sunset during Ramadan is that it has minimal effect on body weight in a 
popu la tion who are not fasting for the purpose of losing weight. It is worth noting that 
inter mit tent fasting (i.e. between days) is becom ing increas ingly popular as a means 
of weight manage ment. A recent review (Varady, 2011) found inter mit tent fasting in 
seven studies had a similar impact to caloric restric tion (11 studies) on weight loss 
and fat loss.   
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   10.8  Timing of eating and disrup tion of diurnal rhythms 

 It is possible that an altered eating pattern, shorter sleep dura tion, inter na tional travel 
across time- zones, expos ure to bright lights at night or shift work could impact on 
meta bolic outcomes, health (de Castro, 2007, 2009; Garaulet  et al. , 2010, 2013), and 
(in animal models at least), lifespans (Froy, 2010). The role of chrono- disrup tion 
in health and well- being is an emer ging area with relev ance for modern life styles 
although evid ence in rela tion to appet ite control humans is currently limited. There 
is a growing liter at ure relat ing circa dian disrup tion to the devel op ment of certain 
diseases or the impair ment of exist ing patho lo gies includ ing prema ture aging, 
cancer, cardi ovas cu lar diseases, cognit ive impair ment, mood disorders, obesity and 
meta bolic syndrome (Garaulet  et al. , 2010; Froy, 2010). On the other hand there is 
consid er able plas ti city in feeding beha viour. Despite large changes in the pattern of 
feeding, El can poten tially be adjus ted to satisfy require ments (see below). But appe-
t ite and feeding beha viour are biased towards over- rather than under- consump tion, 
which suggests circa dian disrup tion could poten tially uncouple the normal phase 
rela tion ships between internal circa dian rhythms (i.e. appet ite and satiety signals) and 
24-hour envir on mental cycles (feeding and activ ity sched ules) (Froy, 2010; Garaulet 
 et al. , 2010). 

 To date very few controlled studies in humans have examined how chrono- disrup tion 
 per se  influ ence appet ite control when El is controlled, or under  ad libitum  condi-
tions. It is there fore useful to examine this issue in the context of rodent models. 
Fonken  et al.  (2010) have conduc ted a series of studies in rodents showing that 
night time light expos ure increases body mass, body fatness and reduces glucose 

   Figure 10.4     Mean hourly hunger ratings (100 mm line scale) during Ramadan for males 
(a), and females (b) for day 3 (squares), day 10 (diamonds), day 17 (circles) and day 24 
(triangles), and mean hourly hunger ratings for the period after Ramadan (*). (Reprinted 
from Finch  et al. , 1998, copy right © 1998, with permis sion from Elsevier.)     
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toler ance over 8 weeks compared with mice living under a stand ard light/dark cycle. 
Their results sugges ted that low levels of light at night disrup ted the timing of Fl and 
other meta bolic signals leading to excess weight gain. Similarly, Arble  et al.  (2009) 
showed that nocturnal mice fed a high- fat diet only during the 12 hour light phase 
gained signi fic antly more weight than mice fed only during the 12 hour dark phase. 
In these studies there were no stat ist ic ally signi fic ant differ ences in caloric intake and 
loco motor activ ity between groups. However, in the study by Arble and colleagues 
the light fed group were consist ently less active and ate slightly more than the dark 
fed group–effects which might summate to influ ence EB. Subsequent studies have 
begun to char ac ter ize the molecu lar mech an isms by which shifts in light/dark patterns 
disrupt molecu lar clocks in rodent models e.g. (Fonken  et al. , 2013a, 2013b, 2013c). 
It is not yet clear if disrup tions of light/dark cycles have equally pronounced effects 
in humans. 

 The neuro physiology of eating beha viour and sleep/activ ity profiles are inter-
con nec ted and co- ordin ated in that hunger and vigil ance are paired during daylight 
hours and sleep/satiety are paired during the hours of dark ness (Vanitallie, 2006). 
The inter con nec ted nature of chro n o bi o logy, eating beha viour, EB and obesity 
illus trates the complex ity of mech an isms at play (Froy, 2010; Garaulet  et al. , 2010; 
Fonken and Nelson, 2011). Chrono- disrup tion may influ ence health and well- being 
but it is not clear if this oper ates through any changes in meal timing or frequency. 
Perhaps the real life inter ven tion in humans that is closest to switch ing the light/dark 
cycle of rodents is shift work. Zhao  et al.  (2012) found that night- only shift work 
was asso ci ated with obesity in 2,086 nurses and midwives, but the relat ive risk was 
slight (1.02). A study by Itani  et al.  (2011) sugges ted that the rela tion ship between 
shift work and obesity may be medi ated through sleep- loss in 21,693 Japanese men 
and 2,109 women. Analysis using both engage ment in shift work and sleep dura tion 
as depend ent vari ables showed that the relat ive risks of new- onset obesity for those 
with a sleep dura tion of less than 5 h were 1.20 (95% Cl, 1.09–1.32) for men and 1.7 
(95% Cl, 1.11–2.87) for women (Itani  et al. , 2011). A system atic review by Antunes 
 et al.  (2010) sugges ted that shift workers seem to gain weight more often than 
those workers submit ted to a usual work day and that shift work is asso ci ated with 
increased risk for obesity, diabetes and CVD. In a system atic review of 10 articles 
(Canuto  et al.  2013), 8 found a posit ive asso ci ation between shift work and the meta-
bolic syndrome after controlling for socio- demo graphic and beha vi oural factors, 
although only 3 studies included sleep dura tion as a confounder (Canuto  et al. , 2013). 
Vyas  et al.  (2012) conduc ted a system atic review and meta- analysis of 34 studies in 
2,011,935 people. They found that: ‘On the basis of the Canadian preval ence of shift 
work of 32.8%, the popu la tion attrib ut able risks related to shift work were 7.0% for 
myocar dial infarc tion, 7.3% for all coron ary events, and 1.6% for ischaemic stroke’ 
(Vyas  et al. , 2012). Van Drongelen  et al.  (2011) conduc ted a system atic review of 
8 articles examin ing the longit ud inal effects of shift work on body weight change 
and found strong evid ence for a crude rela tion ship between shift work and body 
weight increase. 

 Appetite control is far less clearly studied in rela tion to shift work. Crispim  et al.  
(2011) found that shift workers on an early morning shift had lower appet ites and 
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concen tra tions of leptin and nonacyl ated and acyl ated ghrelin than the workers on 
other shifts in very small samples of 6-9 subjects. 

 The balance of evid ence suggests some asso ci ation between shift work, weight 
gain, the meta bolic syndrome and cardi ovas cu lar risk, which may be medi ated by 
lack of sleep, asso ci ated circa dian disturb ances, psychoso cial stress or other factors. 
Evidence relat ing shift work patterns to appet ite control and eating beha viour 
barely exists. There is much work yet to be done in under stand ing how the timing 
of eating asso ci ated with altered diurnal patterns affects human appet ite and energy 
balance.  

   10.9  Summary and future trends 

 Eating frequency and timing can be inter re lated both with each other and a range 
of other vari ables that can impact on appet ite and EB. This suggests that EF and 
timing operate in a complex matrix of influ ences and the studies reviewed here may 
often be affected by unmeas ured vari ables. The defin i tions of EF and timing differ 
between studies as do meas ures of EF, timing and indices of EB. It is import ant 
to under stand the limit a tions to current data and hetero gen eity in the rela tion ship 
between eating patterns, appet ite and EB control. Current evid ence suggests EF is 
asso ci ated with higher Els and a posit ive EB. Foods eaten as small inter- meal ingest-
ive events often tend to be differ ent in ED and compos i tion to foods eaten at main 
meals, which raises issues of the impact of food compos i tion, ED and pre- pack-
aged foods on El and EB. There is very little evid ence that eating less frequently 
promotes a posit ive or negat ive EB. The size and compos i tion of meals eaten appears 
to change across the day. These find ings take into account mis- report ing of El and 
current correc tions for this phenomenon make approx im ate assump tions that may 
create arte facts. There is little evid ence that EF affects appet ite except that decreas ing 
eating frequency below three meals/day elev ates hunger (Leidy  et al. , 2010). Gross 
changes in the timing of eating appears to have little impact on body weight with the 
possible excep tion of shift work, where evid ence indic ates some risk of weight gain 
although mech an isms are far from clear. EF and timing in rela tion to shift work are 
largely unstud ied. Examinations of appet ite control during shift work appear limited 
to pilot work. The rela tion ship between EF and timing, appet ite and EB requires a 
consid er a tion of nutri tional and non- nutri tional prop er ties of foods, the social and 
envir on mental context and that human eating beha viour is biased toward over- rather 
than under- consump tion. 

 Future work should address the current lack of controlled studies on EF and timing, 
move towards stand ard ising defin i tions of ingest ive events and meas ures of food 
intake and reduce the consid er able hetero gen eity in meas ures made. Mis- report ing 
of food intake is an area that requires urgent atten tion for EF and timing, and rela-
tion ships between diet and health in general. Many authors state the need for reli able 
biomark ers of energy and nutri ent intake, but there is little sign that such tech niques 
will be developed for large- scale or indi vidual level assess ments in the near future. 
Attempting to replic ate the real- world correl ates of EF and timing produced by de 
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Castro (2004a, 2004b, 2007, 2009, 2010) should also be a research prior ity, using 
more incis ive meas ures of EB and mis- report ing, as the find ings of this work are 
tantal ising. The area of chrono- disrup tion requires struc tured invest ig a tion in terms 
of the mech an isms by which specific compon ents of altered diurnal rhythms impact 
on overall patterns of eating beha viour, EB, health and well- being.   
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    11.1  Introduction: trends in food portion sizes 

 Research shows that food portion sizes have increased during the past decades. 
Studies have been conduc ted in the USA (Nielsen and Popkin, 2003; Smiciklas-
Wright  et al. , 2003; Young and Nestle, 2002, 2007, 2012), the UK (Wrieden  et al. , 
2008; Benson, 2009), Denmark (Matthiessen  et al. , 2003) and the Netherlands 
(Steenhuis  et al. , 2010). Young and Nestle (2002) showed that the portion sizes 
of numer ous foods offered in the USA have increased, and that current sizes of, 
for example, French fries, hamburgers or soda are two to five times larger than 
the original sizes (Young and Nestle, 2002). They also illus trated that since the 
1970s, there has been a tremend ous increase in the number of avail able ‘large’ 
and ‘super’ sizes. This trend has contin ued during the first decade of this century 
(Young and Nestle, 2012). Although food portions in the USA tend to be larger 
than in Europe, portion sizes have also increased in Europe. A study conduc ted 
in Denmark showed that portion sizes of partic u larly high- energy dense foods 
and bever ages such as chocol ate bars, ice creams, and sugar- sweetened bever ages 
have increased during the past decades (Matthiessen  et al. , 2003). A study conduc-
ted in the UK confirmed the increased avail ab il ity of king and giant sizes, and 
increas ing portion sizes, espe cially in fast- food chains (Wrieden  et al. , 2008). The 
increase in portion sizes in the UK was also demon strated by Benson and colleagues 
(2009) who concluded that the most signi fic ant increases in portion sizes in Britain 
occurred during the last two decades (Benson, 2009). Research conduc ted in the 
Netherlands demon strated also a trend of increased portion sizes. Three major trends 
were iden ti fied (Steenhuis  et al. , 2010). First, original sizes of products have enlarged, 
with the smaller original size being no longer avail able on the market; second, larger 
sizes have been added to the portion size port fo lio; and third, multi- pack ages have 
been intro duced, with an increased number of sub items within a multi- package since 
their intro duc tion. 

 Portion sizes as well as the portion size port fo lio are chan ging continu ously. The 
reason why portion sizes keep chan ging is that they form an import ant market ing tool 
to increase market share. Larger portion sizes can be offered by food compan ies at a 
relat ively low cost, since the costs of the food are relat ively cheap compared to other 
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costs such as labor (Young and Nestle, 2012). Besides the above mentioned studies 
conduc ted in the USA, UK, Denmark and the Netherlands, virtu ally no data on chan-
ging portion size are avail able. In order to be able to monitor the changes in portion 
sizes system at ic ally, it is advis able to set up a consist ent monit or ing system across 
coun tries. A first step to provide insight in such changes over time is already being 
under taken as in 2011 the Global Food Monitoring Group was estab lished. This initi-
at ive currently exists in 31 coun tries and seeks to monitor and report the nutri tional 
compos i tion of processed foods avail able in differ ent coun tries, includ ing data on the 
pack ages and portion sizes (Dunford  et al. , 2012).  

   11.2  Effects of food portion size on energy intake 

 Numerous studies have proved that a person’s energy intake increases when being 
offered a larger portion (Zlatevska  et al. , 2014). This also accounts for food with a 
perceived unfa vor able taste, e.g. stale popcorn (Wansink and Kim, 2005). The effects 
have been shown for a variety of foods, such as macar oni (Rolls  et al. , 2002), pre- 
pack aged snacks (Rolls  et al. , 2004), and bever ages (Flood  et al. , 2006). Effects of at 
least 30% higher consump tion levels due to portion size are frequently repor ted (e.g. 
Diliberti  et al. , 2004; Raynor and Wing, 2007; Rolls  et al. , 2002, 2004; Wansink and 
Park, 2001; Wansink and Kim, 2005; Wansink  et al. , 2005), with larger effects for 
larger portion sizes. In a meta- analytic review, Zlatevska and colleagues showed that 
doub ling a portion led on average to an increase in consump tion of 35% (Zlatevska 
 et al. , 2014). Furthermore, research has shown that the effects of portion size can 
persist at least over several days, with no indic a tion of meal to meal compens a tion 
(Rolls  et al. , 2006, 2007). Rolls and co- workers showed that the average increase in 
caloric intake, owing to 50% larger portions, did not decline over a period of eleven 
days. This resul ted in a cumu lat ive increase of, on average, more than 4600 kcal 
during the research period (Rolls  et al. , 2007).  

   11.3   Explanations for the effects of portion size on 
energy intake 

 Important factors found in the liter at ure, explain ing why people buy and eat larger 
portion sizes than they actu ally need, are the notions of ‘value for money’ and 
‘portion distor tion’. Larger portions are made attract ive by offer ing more value for 
money, i.e. having a lower price per unit. Lower unit costs also explain why larger 
package or portion sizes lead to a higher user volume (French, 2005; Swinburn  et al. , 
2004; Wansink, 1996). Based on focus group inter views, it seems that consumers 
exper i ence the lower price per unit in the case of larger portions as a natural pattern 
that they are used to and expect to occur (Vermeer  et al. , 2010b). 

 Next, continu ous expos ure to larger food portion sizes contrib utes to ‘portion 
distor tion’ among consumers (Matthiessen  et al. , 2013; Penisten and Litchfield, 
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2004). People exper i en cing portion distor tion perceive larger portion sizes than 
recom men ded by nutri tional guidelines as an appro pri ate amount to consume at a 
single occa sion (Schwartz and Byrd-Bredbenner, 2006). It also refers to the fact that 
indi vidu als do not realize that their portion size commonly exceeds the serving size 
(Bryant and Dundes, 2005). With respect to portion distor tion, a number of aspects 
are relev ant. First, larger portions have become stand ard and, as a consequence, 
consumers have diffi culty select ing amounts of food that are appro pri ate for their 
weight and activ ity levels (Young and Nestle, 2003). Second, market- place portions 
differ increas ingly from recom men ded stand ard portion sizes defined by federal 
agen cies (Young and Nestle, 2003). In fact, market- place portions are often three 
to four times larger than the recom men ded portion size, while consumers perceive 
market- place portions as stand ard portions (Hogbin and Hess, 1999). Several studies 
have shown that people tend to select substan tially larger portions than the recom-
men ded portion sizes (Bryant and Dundes, 2005; Burger  et al. , 2007; Condrasky 
 et al. , 2007; Schwartz and Byrd-Bredbenner, 2006). Third, labels on food pack aging 
are not always clear with respect to the serving size. Sometimes, unreal istic small 
serving sizes are used on food pack ages in order to give consumers a posit ive impres-
sion about the number of servings in one package and the caloric content (Bryant and 
Dundes, 2005). Similarly, using the terms ‘small’, ‘medium’ and ‘large’ also creates 
confu sion, as people’s inter pret a tion of these terms differs (Young and Nestle, 1998). 
Moreover, the abso lute amounts for a ‘small’, ‘medium’ or ‘large’ also vary greatly 
and may also create confu sion (unpub lished data). A fourth factor relev ant in portion 
distor tion is the ‘unit bias’ people might exper i ence. Geier  et al.  (2006) define unit 
bias as ‘a sense that a single entity is the appro pri ate amount to engage, consume or 
consider’. The size of the unit or package sets a consump tion norm for consumers, 
which might not be an appro pri ate norm in accord ance with food recom mend a tions 
(Geier  et al. , 2006; Wansink, 2004). Many people inter pret package size as a single 
serving size and are unaware of the fact that a package contains multiple servings 
(Pelletier  et al. , 2004). Fifth, table ware also contrib utes to portion distor tion. It seems 
that people serve them selves more food if using a larger dinner ware such as a bowl, 
glass, plate or spoon (Pelletier  et al. , 2004; Ittersum and Wansink, 2012; Wansink 
and Cheney, 2005; Wansink  et al. , 2006). Sixth, and finally, the exten ded portion 
size port fo lio (see section 11.2) leads to a shift in the percep tion of what the ‘normal’ 
size is. The larger the portion sizes avail able in the portion size port fo lio, the larger 
the selec ted portion (Vermeer  et al. , 2010a). This might be caused by people’s so- 
called ‘pref er ence for the middle’; when adding larger sizes to the portion size port-
fo lio consumers will shift up their choice to select a portion size more in the middle 
(Sharpe  et al. , 2008). 

 Once larger portions have been selec ted because of the value for money and portion 
distor tion prin ciple, passive over- consump tion is likely to occur. In partic u lar, people 
tend to overeat palat able, high energy- dense (e.g. high in fat) foods, without delib-
er ate inten tion (Blundell and MacDiarmid, 1997). This mind less eating occurs espe-
cially in situ ations in which indi vidu als are distrac ted during eating and when they 
are not focused on the food they are consum ing. When eating mind lessly, indi vidu als 
are at risk of consum ing surplus amounts when enough food is avail able (Stroebele 
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and de Castro, 2004). Watching tele vi sion, playing a computer game, listen ing to the 
radio and dining with others are factors that typic ally lead to mind lessly eating larger 
amounts than inten ded (Bellisle  et al. , 2004; Blass  et al. , 2006; Hetherington  et al. , 
2006; Higgs and Woodward, 2009; Oldham-Cooper  et al. , 2011). Mindless eating 
might also reduce indi vidu als’ sensory- specific satiety, meaning that perceived pleas-
ant ness from the food declines less gradu ally and there fore post pones meal termin a-
tion. When eating mind lessly, people have diffi culty memor iz ing the amount of food 
consumed recently. These consequences of mind less eating result in an increase in 
the quant ity consumed (Bellisle  et al. , 2004; Blass  et al. , 2006; (Hetherington  et al. , 
2006), and also the amount of food consumed later that day (Higgs and Woodward, 
2009; Oldham-Cooper  et al. , 2011).  

   11.4   Environmental strategies influ en cing portion 
control beha vi ors 

 Since increased portion sizes are part of a changed food envir on ment, it is a chal-
lenge to change this into an envir on ment that makes it easier to not overeat. Physical, 
economic, polit ical and socio- cultural aspects of the envir on ment can be distin-
guished accord ing to the ANGELO-grid (ANalysis Grid for Environments Linked 
to Obesity) (Swinburn  et al. , 1999). The phys ical envir on ment refers to avail able 
options to make a healthy choice; the economic envir on ment refers to the cost of 
healthy choices; the polit ical envir on ment refers to rules and regu la tions that may 
influ ence healthy choices; and the socio- cultural envir on ment refers to social and 
cultural norms influ en cing healthy choices (Swinburn  et al. , 1999). Interventions 
aimed at portion size can be put in place in all four types of envir on ment. In the 
follow ing, inter ven tion oppor tun it ies within the phys ical, economic and polit ical 
envir on ment will be iden ti fied. 
  
  Physical envir on ment . Decreasing portion sizes, or the option to order half a portion, 
are examples of inter ven tions aimed at the phys ical envir on ment (Schwartz  et al. , 
2012; Steenhuis and Vermeer, 2009; Wansink and Huckabee, 2005). An exper i-
ment conduc ted in 26 work s ite cafet er ias showed that around 10% of custom ers 
who normally ordered a stand ard sized hot meal switched to a smaller size (which 
was about two- thirds of the original stand ard avail able size) when made avail able 
(Vermeer  et al. , 2011b). Schwartz  et al.  (2012) demon strated that this percent age can 
be increased to a third, if consumers are actively offered to downs ize their order. After 
offer ing a smaller snack, people did not report more feel ings of hunger and craving 
compared to a larger snack (van Kleef  et al. , 2013). Visual segment a tion cues in 
pack ages appears to promote a reduc tion in consump tion as well (Geier  et al. , 2012; 
Wansink and Huckabee, 2005). Segmentation cues enhance monit or ing of consump-
tion, can set a consump tion norm, and can inter rupt auto matic eating (Geier  et al. , 
2012). Smaller servings in multi- packs, for example mini candy bars, can also be 
regarded as a segment a tion cue. However, it is also recog nized that these smaller 
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servings might under mine self- control mech an isms (Vale  et al. , 2008). As the number 
of sub items in multi- pack ages has increased (see before), offer ing smaller servings in 
larger multi- pack ages might not be the solu tion to control energy intake adequately. 
More research is needed into the optimum size of products, when people are still 
satis fied with the product and do not opt for more than one unit as a serving size. 
  
  Economic envir on ment . Since the value for money prin ciple is a quite strong 
mech an ism, and price remains an import ant determ in ant in food choice, pricing 
strategies to make smaller portions more attract ive can be put in place (Steenhuis 
 et al. , 2011; Steenhuis and Vermeer, 2009; Young and Nestle, 2012. Only very few 
exper i ments have been conduc ted with respect to remov ing the value size pricing and 
using propor tional pricing instead. Harnack  et al.  (2008) and Vermeer  et al.  (2011a) 
applied value size pricing for fast food meal choices in a research setting and hot 
meal choices in work s ite cafet er ias respect ively (Harnack  et al. , 2008; Vermeer  et al. , 
2011b). They found no effects of propor tional pricing, possibly due to a minimal 
expos ure to the inter ven tion (Harnack  et al. , 2008) or the relat ively small differ ences 
in abso lute price between the differ ent portion sizes (Harnack  et al. , 2008; Vermeer 
 et al. , 2011b). More studies into attract ive pricing strategies for smaller portions 
are needed, since inter ven tion effects of pricing strategies in general are prom ising 
(Epstein  et al. , 2012). 
  
  Political envir on ment . It might be some what unreal istic to expect the food industry 
to volun tar ily reduce portion sizes. There are some good start ing points for policy 
meas ures with respect to portion sizes (Steenhuis and Vermeer, 2009; Young and 
Nestle, 2012). Clear and real istic serving size stand ards should be defined. The same 
accounts for the expres sions ‘small’, ‘medium’, ‘large’ et cetera (Just and Wansink, 
2014). Package labels should be in accord ance with the defined stand ards. Although 
portion size labeling has not convin cingly proven to be effect ive in chan ging 
consumers’ beha vior (e.g. Vermeer  et al. , 2011a), portion size inform a tion should 
be clear and consist ent which is not the case right now (see before). Other poten tial 
policy meas ures include actual limit a tions on the amount of food marketed or sold 
as single servings (Young and Nestle, 2012). This might be easier to accom plish in, 
for example, a school setting (Hartstein  et al. , 2008), but should be studied further 
on feas ib il ity and effect ive ness for all differ ent kinds of point of purchase settings.  

   11.5   Self- regu la tion strategies to control portion sizes 

 Environmental inter ven tions in the phys ical, economic and polit ical envir on ment as 
described above are neces sary in order to help consumers to control their portion 
sizes. However, the envir on ment with respect to portion sizes will not change back to 
the sixties of the last century. For example, the attempt of New York’s former major 
Bloomberg to ban the sale of single- serve sugar- sweetened bever ages larger than 
16 oz in New York restaur ants, movie theat ers and mobile food vendors was stopped 
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by the New York Country Supreme Court shortly before the regu la tion would be 
imple men ted (March 2013) because the regu la tion was judged to be ‘arbit rary and 
capri cious because it applies to some but not all food estab lish ments in the city’ 

 Therefore, comple ment ary to the envir on mental inter ven tions, consumers need to 
learn to cope with an obeso genic envir on ment with food in large amounts and portion 
sizes avail able. Educational inter ven tions should address aware ness to decrease 
portion distor tion and teach beha vi oral strategies for portion control. Self- regu la-
tion might be helpful in this. Self- regu la tion refers to all efforts to steer atten tion, 
emotions and beha vi ors to reach bene fi cial long- term goals (i.e. weight loss), even 
when there are short- term tempta tions (i.e. a tasty cookie) or conflict ing long- term 
goals (de Ridder and de Wit, 2006). In the context of controlling portion sizes, self- 
regu la tion refers to efforts to control and main tain adequate selec tion and intake of 
the amount of food, thereby resist ing or adapt ing tempta tions and situ ations by which 
one is triggered to overeat (Poelman  et al. , 2014). 

 To support self- regu la tion to resist ing large portion sizes, educa tional inter ven-
tions might offer so- called ‘portion control strategies’. These are simple beha vi oral 
strategies to elim in ate the risk of  select ing  large food portions or  consum ing  surplus 
servings/portions/amounts The strategies are derived from studies explain ing why 
larger portions lead to an increased energy intake (see also section 11.3). Portion 
control strategies can help indi vidu als decrease their energy intake. Moreover, a 
higher usage of such strategies are asso ci ated with a healthy body weight, indic at-
ing the effic acy of such strategies in weight- manage ment (Poelman  et al. , 2014). 
 Table 11.1  provides some examples of portion control strategies. 

   11.5.1   Integrated inter ven tions aimed at portion 
control beha vior 

 To encour age the use of portion control beha vior among indi vidu als, compre hens-
ive inter ven tions are needed. Interventions need to focus on the aware ness about 
appro pri ate normal- size portions and the use of beha vi oral strategies. Because eating 
beha vior is such a strong habitual process, educa tional inter ven tions need to incor-
por ate several general self- regu lat ory strategies aimed at apply ing the portion control 
beha vior (Verplanken, 2006). Goal setting, action plan ning, coping plan ning and 
self- monit or ing are general self- regu la tion strategies that have been found effect ive 
in archiv ing health beha vi oral changes (Sniehotta  et al. , 2005).   

   11.6  Summary and conclu sions 

 In general, portion sizes have (been) increased over the past decades, extra portion 
sizes have (been) added to the portion size port fo lio, super- and jumbo- size portions 
and multi- packs have become avail able. From a public health perspect ive this is 
unfa vor able as larger portions lead to an increased energy intake. Explanations for 
increased energy intake levels due to portion sizes are the value for money prin ciple 
and the portion distor tion phenomenon. In order to reverse the trend of large portions, 
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    Table 11.1     Examples of drivers of portion size selec tion and 
consump tion and portion control strategies to elim in ate 
these factors  

  Examples of drivers of portion size selec tion 
and intake  

  Examples of portion control 
strategies  

  Purchase beha viour during grocery shop ping  

 Increased purchases might be driven by several 
price market ing strategies that stim u late 
indi vidu als to increase the amount of food 
purchased. Relevant price market ing strategies 
used to persuade consumers to buy larger 
amounts and more products are value size 
pricing (Wansink, 1996), bundle promot ing 
(Foubert and Gijsbrechts, 2007) and free 
sampling (Heilman  et al.  2011), as 
consumers will select a larger package 
or quant ity that maxim izes utility (Wansink, 
1996). 

  When grocery shop ping, make a list 
in advance and do not deviate from 
it when you are in the super mar ket. 
Do not be tempted by special deals 
and offers (bundle promo tions such 
as buy- two-get-$1-off or buy- one-
get- one-free).  

  Do not taste free samples at shops.  

  Don’t buy jumbo- sized pack ages 
(e.g. 30% extra or the largest 
package) and do not buy large 
quant it ies at once.  

  Food expos ure and stock pil ing   

 Individuals’ desire to consume larger amounts 
and also the actual portion size that they 
consume is actual intake evoked by food 
expos ure (Fedoroff  et al. , 1997; Ferriday and 
Brunstrom, 2008; Marcelino  et al. , 2001). 
When exposed to easily access ible foods (e.g. 
snacks within reach), indi vidu als perceive that 
obtain ing these foods requires less effort to 
consume (Wansink  et al. , 2006). Moreover, 
easily access ible foods are perceived as more 
diffi cult to resist and are more atten tion- grabbing 
(Engell  et al. , 1996; Maas  et al. , 2012; Wansink 
 et al. , 2006). An import ant factor that can 
contrib ute to in- home food expos ure is the 
quant ity and manner of stock pil ing. The incid ence 
of the consump tion of high- conveni ence foods 
increases when the foods are stock piled more 
visibly. For both high- and low- conveni ence 
foods, large amounts of stock piled foods also 
induce increased usage, the intake of larger 
amounts (Chandon and Wansink, 2002) and 
thus greater energy intake (Raynor and Wing, 
2007). 

  Store tempt ing foods (such as sweets 
and candies) well pack aged, out of 
sight and out of reach.  

  When at a party put your self out of 
reach of tempt ing foods.  

  Don’t store (tempt ing) foods in 
several places such as in the glove 
compart ment of the car or the desk 
drawer at work. Keep these places 
snack- free!  
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  Package size   

 People consume more from large pack ages than 
out of small pack ages (Flood  et al. , 2006; Rolls 
 et al. , 2004). This phenomenon arises for 
pack ages of high- conveni ence foods (e.g. chips) 
(Rolls  et al. , 2004), as well as for pack ages of 
low- conveni ence food that requires prepar a-
tion before consump tion (e.g. spaghetti strings) 
(Wansink, 1996). Moreover, large pack ages 
influ ences food intake for high- energy food even 
when the portion size is the same but served in a 
smaller package (Machiori  et al. , 2012). 

  When eating palat able and tempt ing 
foods, determ ine a normal serving in 
advance and store the rest of the 
package out of sight and reach.  

  When prepar ing a meal, decide 
what a normal serving size of the 
ingredi ents per person is before hand. 
Do not use the whole package 
auto mat ic ally, but take the number 
of people who will be eating into 
account.  

  Food estab lish ments and takeaway food   

 Participants are driven by several aspects to select 
larger portions when eating out. In addi tion to 
‘stand ard’ restaur ants or fast- food outlets, most 
buffet- style restaur ants offer an ‘all- you-can- eat’ 
system where visit ors are respons ible for the 
amount they serve to them selves. Because such 
restaur ants offer of a great variety of food, people 
might exper i ence more hedonic prop er ties of the 
foods offered and consequently are promp ted to 
serve them selves with surplus amounts (Rolls 
 et al. , 1981). Moreover, since most buffet- style 
restaur ants have fixed- price offers, most 
visit ors are motiv ated by the desire to get 
their money’s worth and consume as much 
as possible. Consequently, the more people 
pay for their all- you-can- eat deal, the more 
they consume (Just, 2008). 

  When eating out, only order a 
maximum of two dishes or share 
one or more dishes with someone 
else.  

  When there is a choice of portion size, 
pick the smal lest one.  

  When going to a buffet, serve your self 
small amounts of the dishes. Take into 
account that the total amount you are 
taking should fit on one plate.  

  Mindless eating   

 This mind less eating occurs espe cially in 
situ ations in which indi vidu als are distrac ted 
during eating and when they are not focused 
on the food they are consum ing. When eating 
mind lessly, indi vidu als are at risk of consum ing 
surplus amounts when enough food is avail able 
(Stroebele and de Castro, 2004). Individuals 
should avoid eat mind lessly to elim in ate the 
influ ence of this phenomenon on 
over con sump tion. 

  Avoid other activ it ies such as 
watch ing tele vi sion, reading or 
driving a car when eating.  

  Avoid eating during work- related 
activ it ies such as meet ings, working 
at your desk or making tele phone 
calls.  
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the phys ical, economic as well as the polit ical envir on ment should be changed with 
respect to portion sizes. Nevertheless, it is unreal istic to expect the desired change 
to come from self- regu lat ory efforts from the food industry only and govern mental 
action should also be considered to realize change. At the same time, consumers 
need to be educated how they can apply portion control strategies, in order to deal 
adequately with an obeso genic envir on ment filled with super sized food.  
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    12.1  Introduction 

 There is currently a paradox in Western soci et ies: the thin ideal for body shape that 
domin ates our culture makes dieting norm at ive, but at the same time, obesity has 
become ‘epidemic’. Given the extent of dieting to lose weight, support ing a multi- 
billion-dollar diet industry, with millions of parti cipants in diet programs, not to 
mention the never- ending stream of best- selling diet books – many of them repeat 
best- sellers, as new gener a tions discover them – given the myriad of pills, devices, 
fitness regimes and medical ‘break throughs’ offered in the last 45 years, North 
Americans should be the thin nest, most phys ic ally fit humans on the planet! But 
we all know that that is not the case. We have managed to produce record numbers 
of eating disorders, includ ing several whole new categor ies, while obesity is more 
preval ent than it has ever been. 

 Several relat ively recent soci etal devel op ments have been iden ti fied as contrib ut-
ors to the increased preval ence of obesity, as was discussed earlier in this volume. To 
recap briefly, portion sizes have grown inor din ately large (e.g., Nielsen and Popkin, 
2003), food cues have gener ally prolif er ated, and there appears to be gener ally greater 
access to appeal ing, high calorie foods (Brownell and Horgen, 2003; Polivy  et al. , 
2008). Brownell describes this constant expos ure to food cues as a ‘toxic food envir-
on ment’ that contrib utes to the preval ence of over weight (Brownell, 2002).  

   12.2  Effects of food cues 

 Evolutionarily, food cues are useful, indic at ing when, where, and what food is 
avail able for us to eat. Thus, food cues should trigger appet ite and eating beha vior. 
Exposure to attract ive food cues has been shown to elicit the urge to eat (Loxton 
 et al. , 2011), and merely reading a list of foods and rating their nutri tional values 
caused students to report increases in hunger, desire to eat, and number of foods 
currently hungry for, as well as reduced full ness (Oakes and Slotterback, 2000). The 
sight and smell of salient food cues do seem to increase food intake (Coelho  et al. , 
2009a), as do the smell and thought of food (Fedoroff  et al. , 1997; Jansen and Van 
den Hout, 1991). In fact, such cues can operate in a highly specific manner, such 
that after expos ure to food cues for one partic u lar food (such as cookies, or pizza), 
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people craved and ate more of only the food that they had been exposed to (i.e., those 
exposed to pizza craved and ate pizza more whereas those exposed to cookies craved 
and ate cookies more) (Fedoroff  et al. , 2003). One might even argue that the well- 
docu mented increased eating in response to larger portion sizes (e.g., Rolls  et al. , 
2002) reflects an effect of expos ure to increased food cues. 

 Large- scale correl a tional studies also indic ate that expos ure to food cues through 
tele vi sion viewing is asso ci ated with increased food intake and weight in chil dren 
(Crespo  et al. , 2001; Halford and Boyland, 2013; Wiecha  et al. , 2006) and even 
predicts adult obesity (Viner and Cole, 2005). Moreover, girls who viewed more 
tele vi sion each day also ate more energy dense snacks (Francis  et al. , 2003). A 
labor at ory test of these find ings showed that chil dren exposed to the sorts of food 
advert ise ments seen on tele vi sion ate more than did chil dren shown non- food- related 
ads (Halford  et al. , 2004), demon strat ing that these food cues do promote eating 
in chil dren. Similarly, Folkvord  et al. , (2013) had chil dren play food- or non- food- 
related advergames (free online games that integ rate advert ising messages and 
logos) and found that they ate more after playing an advergame contain ing food 
cues regard less of what brand or product type (energy- dense snacks or fruit) was 
displayed. Moreover, such games promoted increased eating of energy- dense snack 
foods, even when fruits were the food depic ted in the game (fruit consump tion did 
not increase).  

   12.3   Potential moder at ors influ en cing respond ing 
to food cues 

 Studies on the effects of food cues often find that every one responds to the cues by 
eating more, but this is not always the case. Ever since Stanley Schachter pointed 
out that obese people are hyper- respons ive to external cues, partic u larly food cues 
(Schachter, 1971), research has focused first on differ ences between obese and 
normal people in their responses to food, and then between those who are concerned 
about their weight (restrained eaters) and those who are not (e.g., Herman and Polivy, 
1988; Polivy and Herman, 1987). Our research on chronic dieting, or as we some what 
iron ic ally called it, restrained eating, over the past three decades has demon strated 
that such dieting is common among young women, and has what appear to be para-
dox ical effects. Nondieters (or unres trained eaters) often eat a lot when they are given 
nothing to eat initially, but they eat very little if you ‘preload’ them with 16 ounces 
of rich chocol ate milk shake. Chronic on- again off- again dieters, or restrained eaters, 
on the other hand, eat some what less in labor at ory situ ations under ‘normal’ (i.e., no 
preload) circum stances, main tain ing their diets, but after a fatten ing milk shake or 
other food, they tend to eat more. We (and others) have found over the years that a 
disturb ingly large variety of manip u la tions results in restrained eaters eating signi-
fic antly more than do either their nonma nip u lated restrained eater peers, or than do 
unres trained eaters in a similar situ ation. In other words, in almost any situ ation other 
than a calm, neutral envir on ment, restrained eaters are more likely to ‘break’ their 
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diets than to stick to them. It is thus not surpris ing that restrained eaters also have 
been found not to lose weight over six months or a year, and in the short term, their 
weight fluc tu ates signi fic antly more than does that of unres trained eaters (Heatherton 
 et al. , 1991).  

   12.4   How plen ti ful food cues affect dieters/
over weight indi vidu als 

 So how do obese people and restrained eaters respond to food cues? Apparently quite 
strongly. Overweight chil dren respon ded more strongly than did normal weight chil-
dren to food words on a Stroop test (Braet and Crombez, 2003). More import antly, 
over weight chil dren overate after being exposed to the smell and taste of palat able 
food, whereas normal weight chil dren ate less after such expos ure (Jansen  et al. , 
2003). Halford and colleagues (Halford  et al. , 2008) showed that although all chil-
dren ate more after viewing food advert ise ments than after viewing non- food ads, the 
increase was signi fic antly greater in obese chil dren and the amount eaten after the 
food ads was signi fic antly correl ated with degree of fatness. 

 Similarly, over weight adults respond more strongly to food cues by order ing cued 
desserts in restaur ants (Herman  et al. , 1983). Overweight adults also report increased 
urges to eat and increases in desired portion size of a cued food (Tetley  et al. , 2009), 
as well as increased saliv a tion (Ferriday and Brunstrom, 2011). Tetley and colleagues 
concluded that such elev ated react iv ity to food cues could signal a risk for over eat ing 
and becom ing over weight, and/or main tain ing an over weight status. These authors 
replic ated this work in female parti cipants who differed with respect to depriva tion 
level (hungry vs non- hungry), impuls iv ity, and sens it iv ity to reward, finding results 
similar to those found with over weight versus normal parti cipants (Tetley  et al. , 
2010). The women with higher levels of trait impuls iv ity exper i enced greater changes 
in appet ite ratings in response to expos ure to food cues whether food- deprived or not. 
Moreover, these indi vidu als repor ted wanting larger portions of a cued food when 
food deprived. The parti cipants with a high sens it iv ity to reward also desired larger 
portions of the cued food, but only when they were not food- deprived. The authors 
inter preted these results as indic at ing that indi vidual differ ences in food- cue react iv-
ity could be related to an inab il ity to exer cise suffi cient self- control in the pres ence 
of tempt ing envir on mental stimuli in general, suggest ing that over weight indi vidu als 
should show greater impuls iv ity than normal. 

 Talmi  et al.  (2013) found that hungry indi vidu als had a differ en tial bias toward 
recall of food- related words, not evident in sated indi vidu als. Looking at atten tional 
focus meas ures as well as food intake, Nijs  et al.  (2010) found an atten tional bias 
towards food pictures in all parti cipants, hungry, sated, obese, and normal weight. 
Hungry people, however, showed greater auto matic atten tion to food cues than did 
sati ated indi vidu als, as did over weight/obese as compared to normal- weight indi-
vidu als. Other meas ures of atten tional bias toward food pictures were less clear and 
consist ent, but what was clear was that it was the hungry over weight parti cipants 
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who ate the most food in a taste test. The authors concluded that ‘over weight/obese 
indi vidu als appear to auto mat ic ally direct their atten tion to food-related stimuli, to 
a greater extent than normal- weight indi vidu als, partic u larly when food- deprived’ 
(p. 243). 

 Tetley  et al.  (2009) included the DEBQ measure of restrained eating (van Strien 
 et al. , 1986) in their exam in a tion of responses to food cues and found no effects of 
restraint on responses to food cues, but Ouwehand and Papies (2010) found that 
expos ure to attract ive food cues differ en tially affected restrained eaters (meas ured 
with the Herman – Polivy Restraint Scale, 1980), and did so in conjunc tion with 
obesity. They found a decrease in desire for high- calorie food in normal- weight 
restrained eaters who were primed with attract ive food cues, but increased desire 
for the food in over weight restrained eaters. Unrestrained eaters all respon ded to 
the priming manip u la tion regard less of weight. The measure of restraint used does 
seem to matter; heightened respond ing to food cues by restrained eaters seems to be 
found primar ily in studies using the Herman – Polivy Restraint Scale, rather than the 
DEBQ or TFEQ (Stunkard and Messick, 1985). As has been discussed previ ously 
(Heatherton  et al. , 1988; van Strein, 1999), the RS measure of restrained eating seems 
to identify a popu la tion differ ent from that iden ti fied by the DEBQ and TFEQ. Thus 
it is the reac tion to food cues of RS restrained eaters that we will be discuss ing in 
this chapter, as they are the restrained eaters who seem to behave like over weight and 
obese indi vidu als, despite being of normal weight (Heatherton  et al. , 1988). 

 For some time, it has been noted that restrained eaters respond more strongly to 
food cues than do unres trained eaters. Rogers and Hill (1989) found that restrained 
eaters exposed to attract ive photo graphs of food and the actual food itself (‘to study’ 
rather than to eat) report more hunger and desire to eat, and do indeed eat more than 
do unres trained eaters or restrained eaters exposed to neutral cues. Fedoroff  et al.  
(1997, 2003) showed that restrained eaters report more craving and desire to eat, and 
also eat more than do unres trained eaters in response to olfact ory and cognit ive food 
cues. 

 Cognitive responses to food cues show similar results. Restrained eaters were 
found to respond faster than unres trained eaters in a visual search task, when asked 
to detect a food word within a neutral group of words or when asked to detect a 
neutral word in a group of food words compared to a group of neutral words (Hollit 
 et al. , 2010). Using a go/no- go task, Meule  et al. , (2011) found restrained eaters to 
be gener ally better at the task, but signi fic antly slowed by food words, indic at ing an 
atten tional bias to food words. Finally, restrained eaters perceived attract ive foods 
as larger after priming with tempt ing food cues (van Koningsbruggen  et al. , 2011). 

 An innov at ive study of responses to food cues manip u lated food cue expos ure 
and then meas ured hand grip force (which presum ably would allow parti cipants to 
acquire the object depic ted) while present ing parti cipants with pictures of healthy 
food objects (van Koningsbruggen  et al. , 2012). Exposure to tempt ing food cues led 
restrained eaters, but not unres trained eaters, to exert less force ful grip strength in 
response to (and as an attempt to acquire) healthy food objects. The authors point 
out that this sort of finding adds to our under stand ing of why restrained eaters are so 
suscept ible to the tempta tions of food- rich envir on ments.  
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   12.5   Factors influ en cing over weight/obese people 
and restrained eaters to respond more to 
salient food cues 

 Not every study shows hyper- react iv ity to food cues by either over weight (e.g., 
Legoff and Spigelman, 1987) or restrained indi vidu als (e.g., Coelho  et al. , 2009b; 
Oakes and Slotterback, 2001). This failure to over- react might indic ate a weak ness of 
the tend ency, or it might suggest some thing about when such hyper- respons ive ness is 
more likely to occur. As Coelho  et al.  (2009b) point out, highly salient food cues may 
over whelm attempts to diet and resist tempta tion, but less obtrus ive, less salient food 
cues might serve to trigger or bolster dietary restraint. Coelho  et al.  (2009a) tested this 
possib il ity directly by expos ing weight concerned and non- concerned parti cipants to 
salient food cues to which they were forced to attend, or to less salient incid ental food 
cues, or to no food cues. Only the highly weight concerned parti cipants ate more after 
expos ure to the salient cues, and those exposed to the incid ental food cues did not 
differ from controls exposed to no food cues. The sali ence or potency of the food cues 
present thus seems to determ ine whether they will elicit more eating from over weight 
or restrained indi vidu als. 

 With the increased avail ab il ity of fMRI equip ment, the brains of restrained eaters 
have been scru tin ized to see if their fMRI responses to food cues differ from those of 
unres trained eaters. The short answer is that they do. The longer answer is that differ-
ent studies find activ a tion in differ ent brain regions, but there is agree ment on the fact 
that restrained eaters’ brains light up more reli ably in response to food intake (Burger 
and Stice, 2011) and food cues than do the brains of unres trained eaters (e.g., Shur 
 et al. , 2012). Shur and colleagues conclude that decid ing to restrain one’s eating beha-
vior alters the brain’s response to food cues, which may be what makes restrained 
eaters more suscept ible to salient, tempt ing food cues. 

 Another source of enhanced response to food cues is craving, which might also 
be related to restrain ing one’s food intake, specific ally restrain ing one’s intake 
of highly palat able but high calorie preferred foods. Fedoroff  et al.  (1997, 2003) 
found that restrained eaters repor ted more crav ings for cued foods, and that 
the crav ings (like the increased consump tion) were specific to the food cues presen-
ted. Restrained eaters deprived of chocol ate (Polivy  et al. , 2005) or carbo hydrates 
more gener ally (Coelho  et al. , 2006) repor ted increased craving for the missing 
food, and when confron ted with it, ate more than did equally deprived unres-
trained eaters or non- deprived restrained eaters. Even if one simply eats less of 
a favor ite food rather than avoid ing it alto gether, one may feel subject ively deprived, 
which may contrib ute to exper i en cing crav ings, or strong desires, for the avoided 
food (Herman  et al. , 2005). The enhanced craving stim u lated by food cues exper-
i enced by people restrain ing their intake of attract ive foods may make it harder 
to resist the tempta tion to eat larger amounts of those foods when they become 
avail able.  
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   12.6  Psychological processes govern ing eating beha vior 

 We need to fully under stand the psycho lo gical processes that govern eating beha vior 
in general if we want to learn to control the excess eating induced by envir on mental 
food cues in over weight and restrained indi vidu als. Eating beha vior is influ enced by 
aspects of both indi vidual differ ences among people, as we have seen in the discus-
sion of restrained eating and over weight/obesity (but which also include other person-
al ity traits such as impuls iv ity, memory, degree of depriva tion, and beliefs about 
food), and the situ ation. Food cues are one aspect of the situ ation, but other factors 
such as social influ ence (the beha vior of other people present), portion size, the palat-
ab il ity of the food, and the variety of foods avail able all affect eating beha vior (e.g., 
Herman  et al. , 2005). We cannot review all of these liter at ures here, but will give a 
brief summary of the salient find ings. 

   12.6.1  The psycho logy of the person 

 We have seen that obese and over weight people seem to respond more strongly to 
food cues, as do restrained eaters. There is also evid ence that trait impuls iv ity is simil-
arly predict ive of a cognit ive bias toward food cues (Hou  et al. , 2011), is asso ci ated 
with increases in appet ite ratings and desired portion sizes after food- cue expos ure 
(Tetley  et al. , 2010), and is asso ci ated with weight gain over a 10-year period and 
with a tend ency to give in to tempta tion (Sutin  et al. , 2013). 

 Other aspects of the person, such as memory about recent eating and beliefs about 
the food that one has eaten or is about to eat, have also been shown to influ ence food 
intake (Higgs, 2008). Moreover, lesions to the hippo cam pus, which is the area of the 
brain thought to be respons ible for learn ing and memory, produce excess ive eating in 
the lesioned animals (Higgs, 2008). 

 It is clear that visceral factors such as hunger due to food depriva tion affect 
people’s beha vi ors, and as such factors become more intense or increase, they focus 
beha vior more and more toward the relief of visceral discom fort (Loewenstein, 1996). 
Thus, food depriva tion has been shown to affect the rein for cing value of food and to 
influ ence intake (Epstein and Leddy, 2006), as well as to shift people’s food choices 
from preferred, palat able foods to anything that is imme di ately avail able to be eaten 
(Hoefling and Strack, 2010). Simply anti cip at ing being food deprived by having 
to go on a diet later produces over eat ing in restrained eaters (Urbszat  et al. , 2002). 
Mere perceived depriva tion, or the feeling that one has been deprived or cannot eat 
as much as one would like, seems to be as influ en tial as actual food depriva tion. This 
percep tion correl ates strongly with restrained eating and suscept ib il ity to weight gain 
(Markowitz  et al. , 2008).  

   12.6.2  The psycho logy of the situ ation 

 As we have seen, food cues in the envir on ment affect eating in every one, but espe-
cially in over weight and restrained eaters. Other aspects of the situ ation exert strong 
influ ences on food intake. Social influ ences (i.e., responses to the pres ence and/or 
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beha vior of other people) are partic u larly potent; for example, model ing of another 
person’s intake (or even just a piece of paper indic at ing how much other people in 
the situ ation have eaten) produces match ing in people exposed to the model (Herman 
 et al. , 2003). The pres ence of others also affects how much people eat; social facil it-
a tion makes us eat more the more people present at the meal (Herman  et al. , 2003). 
Both model ing and social facil it a tion may operate by setting social norms for what is 
appro pri ate in a given eating situ ation. A differ ent social factor is impres sion manage-
ment; people eat differ ent foods or differ ent amounts of food in order to project a 
partic u lar image of them selves (Herman  et al. , 2003). For example, when trying to 
impress an attract ive male, females will eat less or will eat a salad rather than some-
thing more ‘mascu line’ such as a burger and French fries. The pres ence of other 
people thus exerts power ful effects on eating by those with them. 

 Other situ ational factors can be equally power ful. The amount of food presen ted 
as a portion dictates how much people eat; those served large portions eat more than 
do those served small portions (e.g., Rolls  et al. , 2002). Similarly, palat ab il ity is a 
power ful determ in ant of intake; not surpris ingly, people eat more good- tasting food 
than bad- tasting food, and the better the food tastes, the more people eat (Pliner  et al. , 
1990). Other aspects of the envir on ment such as the variety of foods avail able, plate 
or package size, and even light ing have much greater influ ences on how much indi-
vidu als eat than most people realize (Wansink, 2004). As Wansink points out, these 
sorts of envir on mental elements inter fere with people’s attempts to monitor their 
intake and also set social norms that dictate how much to eat.  

   12.6.3  The inter ac tion between person and situ ation 

 It should be clear by this point that eating and over eat ing are not simply responses to 
hunger or even the simple pres ence of food cues. Both person vari ables and aspects 
of the situ ation have strong effects on eating beha vior. The next ques tion is how 
these two sorts of influ ences inter act with each other. We have proposed that differ ent 
people respond to the same food-related envir on mental cues in differ ent but predict-
able ways (Herman and Polivy, 2008). Some cues are sensory in nature; these cues 
relate to sensory aspects of the food such as appear ance, smell, taste, or even texture/
feeling. Even think ing about food can be sensory- based if the thoughts are about how 
good the food tastes, smells, looks or feels. Other envir on mental cues are not directly 
connec ted to the food itself, but provide inform a tion about norms concern ing food 
intake, such as how much one should eat, or when and where it is appro pri ate to eat 
the food (e.g., break fast foods vs dinner foods). Reviewing the research on responses 
to such cues, we found that norm at ive food cues seem to have a univer sal effect, 
influ en cing every one exposed to them. If the norm set is a low one, people gener-
ally do not violate the norm and eat a lot; but if the norm is high then every one eats 
more heart ily. Sensory food cues, however, are the cues to which over weight/obese 
people and restrained eaters respond more strongly than do their normal- weight or 
unres trained coun ter parts (Herman and Polivy, 2008). So it follows that an increase 
in sensory food cues in the envir on ment (such as smells of attract ive cinna mon rolls, 
pictures of fatten ing foods in advert ise ments on tele vi sion or bill boards, etc.) will 
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have a stronger effect on over weight and restrained eaters than on normal weight, 
non- diet-conscious people.   

   12.7  Implications for obesity manage ment 

 If people who are over weight, obese, or weight- conscious restrained eaters are more 
suscept ible to the abund ant food cues char ac ter iz ing Western society, then perhaps 
controlling their expos ure to such cues or even teach ing them to react less to the cues 
might help curb their over eat ing (Jansen, 1998). Fifteen years ago, Jansen reviewed 
several prom ising pilot studies using cue expos ure and response preven tion to get 
binge eaters to stop binge ing. Unfortunately, this treat ment does not seem to have 
been effect ive, and there are no recent reports (in the last decade) of its success ful use 
to control eating beha vior and reduce weight. 

 Another possible inter ven tion might be making people aware of the factors that 
influ ence their eating, as Wansink (2004) suggests. We tried some thing along these 
lines, inform ing parti cipants about the impact of portion sizes on intake, or giving 
them a series of mind ful ness exer cises designed to make them aware of how portion 
size influ ences their eating (Cavanagh  et al. , in press). Neither of these inter ven-
tions was success ful at prevent ing parti cipants from eating more when given larger 
portions, however. Similarly, aware ness inter ven tions that entail making people 
aware of the calor ies in the food they are about to order at fast- food restaur ants have 
also failed to reduce the amount of food ordered, and in one study, made restrained 
eaters switch from order ing salads more often to order ing pasta, when they are told 
that the actual calorie counts in the two dishes are compar able (Girz  et al. , 2012). 

 Thus an inter ven tion aimed at sensory food cues (expos ure to them combined 
with response preven tion so that people cannot eat after expos ure) and others aimed 
at norm at ive cues (portion size) have both failed to change people’s responses to 
food cues. Chronic on- again-off- again dieting such as that prac ticed by restrained 
eaters has also been shown over the last 30 plus years to be a fruit less endeavor—the 
‘obesity epidemic’ that purportedly began around 1980 (Brownell and Horgen, 2003) 
coin cided with an upsurge in dieting that began in the 1970s (Polivy and Herman, 
1987). Some might see this correl a tion as indic at ing that dieting increased as a 
means of dealing with the increased over weight in the popu la tion, but we suggest 
that the correl a tion reflects the reverse process; dieting is not only not a solu tion to 
the problem of over eat ing and over weight, but in many cases it makes the problem 
worse (Polivy and Herman, 1987, 2002). As we have just shown, restrained eaters 
are the ones who resemble the obese in their heightened response to external, sensory 
food cues. It seems that if we want to change people’s eating beha vior in response 
to envir on mental food cues, whether sensory or norm at ive, we must recog nize the 
complex ity of the endeavor. Ideally, we might recom mend a reduc tion in the preval-
ence of attract ive food cues and norm at ive messages promot ing inflated intake. 
Given the power of the food industry, however, it seems unlikely that the ubiquity 
of food cues is going to decrease anytime soon. Telling people to disreg ard food 
cues and/or to eat less regard less of the pres ence of food cues seems like wise to 
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be a strategy doomed to failure. Removing food and eating cues from the envir on-
ment and/or getting vulner able people to ignore them might be helpful, but the odds 
against success fully imple ment ing such strategies are steep. Obesity is a complic ated 
phenomenon; elim in at ing it will not be easily accom plished in the current food- 
abund ant envir on ment.   

     References 

    Braet ,  C.   and   Crombez ,  G.   ( 2003 ).  Cognitive inter fer ence due to food cues in child hood 
obesity .   Journal of Clinical Child and Adolescent Psychology  ,   32  ,  32 – 39 .  

    Brownell ,  K.D.   ( 2002 ).  The envir on ment and obesity . In   C.G.   Fairburn   and   K.D.   Brownell   
(eds).   Eating Disorders and Obesity: A Comprehensive Handbook  .  New York :  Guilford , 
pp.  433 – 438 .  

    Brownell ,  K.D.   and   K.B.   Horgen   ( 2003 ).   Food Fight: The inside story of the food industry, 
America’s obesity crisis, and what we can do about it  .  New York :  McGraw-Hill .  

    Burger ,  K.S.   and   Stice ,  E.   ( 2011 ).  Relation of dietary restraint scores to activ a tion of reward- 
related brain regions in response to food intake, anti cip ated intake, and food pictures . 
  Neuroimage  ,   55  ,  233 – 239 .  

    Cavanagh ,  K.  ,   Vartanian ,  L. R.  ,   Herman ,  C. P.   and   Polivy ,  J.   (in press).  The effect of portion 
size on food intake is robust to brief educa tion and mind ful ness exer cises .   Journal of 
Health Psychology  .  

    Coelho ,  J.  ,   Polivy ,  J.  , and   Herman ,  C.P.   ( 2006 ).  Selective carbo hydrate or protein restric tion: 
effects on subsequent food intake and crav ings .   Appetite  ,  47 ,  352 – 360 .  

    Coelho ,  J.S.  ,   Jansen ,  A.  ,   Roefs ,  A.   and   Nederkoorn ,  C.   ( 2009 a).  Eating beha vior in response 
to food- cue expos ure: examin ing the cue- react iv ity and coun ter act ive- control models . 
  Psychology of Addictive Behaviors  ,   23  ,  131 – 139 .  

    Coelho ,  J.  ,   Polivy ,  J.  ,   Herman ,  C.P.   and   Pliner ,  P.   ( 2009 b).  Wake up and smell the cookies: the 
effects of olfact ory food cue expos ure in restrained and unres trained eaters .   Appetite  ,   52  , 
 517 – 520 .  

    Crespo ,  C.J.  ,   Smit ,  E.  ,   Troiano ,  R.P.  ,   Bartlett ,  S.J.  ,   Macera ,  C.A.  , and   Andersen ,  R.E.   ( 2001 ). 
 Television watch ing, energy intake and obesity in US chil dren ,   Archives of Pediatrics and 
Adolescent Medicine  ,  360 – 365 .  

    Epstein ,  L.   and   Leddy ,  J.J.   ( 2006 ).  Food rein force ment .   Appetite  ,   46  ,  22 – 25 .  
    Fedoroff ,  I.  ,   Polivy ,  J.   and   Herman ,  C.P.   ( 1997 ).  The effect of pre- expos ure to food cues on the 

eating beha vior of restrained and unres trained eaters .   Appetite  ,   28  ,  33 – 47 .  
    Fedoroff ,  I.  ,   Polivy ,  J.   and   Herman ,  C.P.   ( 2003 ).  The specificity of restrained versus unres-

trained eaters’ responses to food cues: general desire to eat, or craving for the cued food?  
  Appetite  ,   41  ,  7 – 13 .  

    Ferriday ,  D.   and   Brunstrom ,  J.   ( 2011 ). ‘ I just can’t help myself’: effects of food- cue expos ure 
in over weight and lean indi vidu als .   International Journal of Obesity  ,   35  ,  142 – 149 .  

    Folkvord ,  F.  ,   Anschutz ,  D.J.  ,   Buijzen ,  M.   and   Valkenburg ,  P.M.   ( 2013 ).  The effect of playing 
advergames that promote energy- dense snacks or fruit on actual food intake among chil-
dren .   American Journal of Clinical Nutrition  ,   97  ,  239 – 245 .  

    Francis ,  L.A.  ,   Lee ,  Y.   and   Birch ,  L.L.   ( 2003 ).  Parental weight status and girls’ tele vi sion 
viewing, snack ing, and body mass indexes .   Obesity Research  ,   11  ,  143 – 51 .  

    Girz ,  L.  ,   Polivy ,  J.  ,   Herman ,  C.P.   and   Lee ,  H.H.   ( 2012 ).  The effects of calorie inform a tion on 
food selec tion and intake .   International Journal of Obesity  ,   36  ,  1340 – 1345 .  



190 Managing and Preventing Obesity

    Halford ,  J.C.G.  ,   Boyland ,  E.J.  ,   Hughes ,  G.M.  ,   Stacey ,  L.  ,   McKean ,  S.   and   Dovey ,  T.M.   ( 2008 ). 
 Beyond- brand effect of tele vi sion food advert ise ments on food choice in chil dren: The 
effects of weight status .   Public Health Nutrition  ,   11  ,  897 – 904 .  

    Halford ,  J.S.C.  ,   Gillespie ,  J.  ,   Brown ,  V.  ,   Pontin ,  E.E.   and   Dovey ,  T.M.   ( 2004 ).  Effect of tele-
vi sion advert ise ments for foods on food consump tion in chil dren .   Appetite  ,   42  ,  221 – 225 .  

    Halford ,  J.C.G.   and   Boyland ,  E.J.   ( 2013 ).  Television advert ising and brand ing. Effects on 
eating beha viour and food pref er ences in chil dren .   Appetite  ,  62 ,  236 – 241 .  

    Heatherton ,  T.  ,   Herman ,  C.P.  ,   Polivy ,  J.  ,   King ,  G.A.   and   McGree ,  T.   ( 1988 ).  The (mis)meas ure-
ment of restraint: an analysis of concep tual and psycho met ric issues .   Journal of Abnormal 
Psychology  ,   97  ,  19 – 28 .  

    Heatherton ,  T.F.  ,   Polivy ,  J.   and   Herman ,  C.P.   ( 1991 ).  Restraint, weight loss, and vari ab il ity of 
body weight .   Journal of Abnormal Psychology  ,   100  ,  78 – 83 .  

    Herman ,  C.P.  ,   Olmsted ,  M.P.   and   Polivy ,  J.   ( 1983 ).  Obesity, extern al ity, and suscept ib il ity to 
social influ ence: an integ rated analysis .   Journal of Personality & Social Psychology  ,   45  , 
 926 – 934 .  

    Herman ,  C.P.   and   Polivy ,  J.   ( 1980 ).  Experimental and clin ical aspects of restrained eating . In   
A.   Stunkard   (ed.),   Obesity: Basic mech an isms and treat ment  .  Philadelphia :  W.B. Saunders , 
pp.  208 – 225 .  

    Herman ,  C.P.   and   Polivy ,  J.   ( l988 ).  Studies of eating in normal dieters . In   B.T.   Walsh   
(ed.),   Eating Behavior in Eating Disorders  .  Washington, D.C. :  American Psychiatric 
Association Press , pp.  95 – 112 .  

    Herman ,  C.P.   and   Polivy ,  J.   ( 2008 ).  External cues in the control of food intake in humans: the 
sensory- norm at ive distinc tion .   Physiology & Behavior  ,   94  ,  722 – 728 .  

    Herman ,  C.P.  ,   Polivy ,  J.   and   Leone ,  T.   ( 2005 ).  The psycho logy of over eat ing . In   D.   Mela   (ed.). 
  Food, Diet, and Obesity  , pp.  115 – 136 ,  Cambridge, UK :  Woodhead Publishing .  

    Herman ,  C.P.  ,   Roth ,  D.   and   Polivy ,  J.   ( 2003 ).  Effects of the pres ence of others on food intake: 
a norm at ive inter pret a tion .   Psychological Bulletin  ,   129  ,  873 – 886 .  

    Higgs ,  S.   ( 2008 ).  Cognitive influ ences on food intake: the effects of manip u lat ing memory for 
recent eating .   Physiology & Behavior  ,   94  ,  734 – 739 .  

    Hoefling ,  A.   and   Strack ,  F.   ( 2010 ).  Hunger induced changes in food choice. When beggars 
cannot be choosers even if they are allowed to choose .   Appetite  ,   54  ,  603 – 606 .  

    Hollitt ,  S.  ,   Kemps ,  E.  ,   Tiggemann ,  M.  ,   Smeets ,  E.   and   Mills ,  J.S.   ( 2010 ).  Components of atten-
tional bias for food cues among restrained eaters .   Appetite  ,   54  ,  309 – 313 .  

    Hou ,  R.  ,   Mogg ,  K.  ,   Bradley ,  B.P.  ,   Moss-Morris ,  R.  ,   Peveler ,  R.   and   Roefs ,  A.   ( 2011 ).  External 
eating, impuls iv ity and atten tional bias to food cues .   Appetite  ,   57  ,  424 – 427 .  

    Jansen ,  A.   ( 1998 ).  A learn ing model of binge eating: cue react iv ity and cue expos ure . 
  Behaviour Research and Therapy  ,   36  ,  257 – 272 .  

    Jansen ,  A.   and   Van den Hout ,  M.   ( 1991 ).  On being led into tempta tion: ‘Counterregulation’ of 
dieters after smelling a preload .   Addictive Behaviors  ,  16 ,  247 – 253 .  

    Jansen ,  A.  ,   Theunissen ,  N.  ,   Slechten ,  K.  ,   Nederkoorn ,  C.  ,   Boon ,  B.  ,   Mulkens ,  S.   and   Roefs , 
 A.   ( 2003 ).  Overweight chil dren overeat after expos ure to food cues .   Eating Behaviors  , 
  4  ,  197 – 209 .  

    Legoff ,  D.B.   and   Spigelman ,  M.N.   ( 1987 ).  Salivary response to olfact ory food stimuli as a 
func tion of dietary restraint and body weight .   Appetite  ,   8  ,  29 – 36 .  

    Loewenstein ,  G.   ( 1996 ).  Out of control: visceral influ ences on beha vior .   Organizational 
Behavior and Human Decision Processes  ,  65 ,  272 – 292 .  

    Loxton ,  N.J.  ,   Dawe ,  S.   and   Cahill ,  A.   ( 2011 ).  Does negat ive mood drive the urge to eat? The 
contri bu tion of negat ive mood, expos ure to food cues and eating style .   Appetite  ,   56  , 
 368 – 374 .  



Eating in response to external cues 191

    Markowitz ,  J.T.  ,   Butryn ,  M.L.   and   Lowe ,  M.   ( 2008 ).  Perceived depriva tion, restrained eating 
and suscept ib il ity to weight gain .   Appetite  ,   51  ,  720 – 722 .  

    Meule ,  A.  ,   Lukito ,  S.  ,   Vogele ,  C.   and   Kubler ,  A.   ( 2011 ).  Enhanced beha vi oral inhib i tion in 
restrained eaters .   Eating Behavior  ,   12  ,  152 – 155 .  

    Nielsen ,  S.J.   and   Popkin ,  B.M.   ( 2003 ).  Patterns and trends in food portion sizes, 1977–1998 . 
  Journal of the American Medical Association  ,   289  ,  450 – 453 .  

    Nijs ,  I.M.T.  ,   Muris ,  P.  ,   Euser ,  A.S.   and   Franken ,  I.H.A.   ( 2010 ).  Differences in atten tion to food 
and food intake between over weight/obese and normal- weight females under condi tions 
of hunger and satiety .   Appetite  ,  54 ,  243 – 254 .  

    Oakes ,  M.E.   and   Slotterback ,  C.S.   ( 2000 ).  Self- repor ted meas ures of appet ite in rela tion to 
verbal cues about many foods .   Current Psychology  ,   19  ,  137 – 142 .  

    Oakes ,  M.E.   and   Slotterback ,  C.S.   ( 2001 ).  The effects of a list of food items on motiv a tions 
to eat in dieters and nondi eters .   Journal of Applied Social Psychology  ,   31  ,  1939 – 1950 .  

    Ouwehand ,  C.   and   Papies ,  E.K.   ( 2010 ).  Eat it or beat it. The differ en tial effects of food tempta-
tions on over weight and normal- weight restrained eaters .   Appetite  ,   55  ,  56 – 60 .  

    Pliner ,  P.  ,   Herman ,  C.P.   and   Polivy ,  J.   ( 1990 ).  Palatability as a determ in ant of eating: 
Finickiness as a func tion of taste, hunger, and the prospect of good food . In   E.   Capaldi   and 
  T.   Powley   (eds.),   The Role of Experience in Modifying Taste and its Effects on Feeding  . 
 American Psychological Association ,  Washington, D.C. , pp.  210 – 226 .  

    Polivy ,  J.   and   Herman ,  C.P.   ( 1987 ).  The diagnosis and treat ment of normal eating .   Journal of 
Consulting and Clinical Psychology  ,   55  ,  635 – 644 .  

    Polivy ,  J.   and   Herman ,  C.P.   ( 2002 ).  If at first you don’t succeed: false hopes of self- change . 
  American Psychologist  ,   57  ,  677 – 689 .  

    Polivy ,  J.  ,   Coleman ,  J.   and   Herman ,  C.P.   ( 2005 ).  The effect of depriva tion on food crav ings 
and eating beha vior in restrained and unres trained eaters .   International Journal of Eating 
Disorders  ,  38 ,  301 – 309 .  

    Polivy ,  J.  ,   Herman ,  C.P.   and   Coelho ,  J.   ( 2008 ).  Caloric restric tion in the pres ence of attract ive 
food cues: external cues, eating, and weight .   Physiology & Behavior  ,   94  ,  729 – 733 .  

    Rogers ,  P.J.   and   Hill ,  A.   ( 1989 ).  Breakdown of dietary restraint follow ing mere expos ure to 
food stimuli: inter re la tion ships between restraint, hunger, saliv a tion and food intake . 
  Addictive Behaviors  ,   14  ,  387 – 397 .  

    Rolls ,  B.J.  ,   Morris ,  E.L.   and   Roe ,  L.S.   ( 2002 ).  Portion size of food affects energy intake in 
normal- weight and over weight men and women .   American Journal of Clinical Nutrition  , 
  76  ,  1207 – 1213 .  

    Schachter ,  S.   ( 1971 ).  Some extraordin ary facts about obese humans and rats .   American 
Psychologist  ,   26  ,  129 – 144 .  

    Shur ,  E A.  ,   Kleinhans ,  N.M.  ,   Goldberg ,  J.  ,   Buchwald ,  D.S.  ,   Polivy ,  J.  ,    et al.    ( 2012 ).  Acquired 
differ ences in brain responses among mono zy gotic twins discord ant for restrained eating . 
  Physiology & Behavior  ,   105  ,  560 – 567 .  

    Stunkard ,  A.J.   and   Messick ,  S.   ( 1985 ).  The Three-Factor Eating Questionnaire to measure 
restraint, disin hib i tion, and hunger .   Journal of Psychosomatic Research  ,   29  ,  71 – 83 .  

    Sutin ,  A.R.  ,   Costa ,  P.T.   Jr.,   Chan ,  W.  ,   Milaneschi ,  Y.  ,   Eaton ,  W.W.  ,    et al.    ( 2013 ).  I know not 
to, but I can’t help it: weight gain and changes in impuls iv ity- related person al ity traits . 
  Psychological Science  ,   24  ,  1323 – 1328 .  

    Talmi ,  D.  ,   Ziegler ,  M.  ,   Hawksworth ,  J.  ,   Lalani ,  S.  ,   Herman ,  C.P.   and   Moscovitch ,  M.   ( 2013 ). 
 Emotional stimuli exert paral lel effects on atten tion and memory .   Cognition and Emotion  , 
  27  ,  530 – 538 .  

    Tetley ,  A.C.  ,   Brunstrom ,  J.M.   and   Griffiths ,  P.   ( 2009 ).  Individual differ ences in food- cue 
react iv ity. The role of BMI and every day portion- size selec tions .   Appetite  ,   52  ,  614 – 620 .  



192 Managing and Preventing Obesity

    Tetley ,  A.C.  ,   Brunstrom ,  J.M.   and   Griffiths ,  P.   ( 2010 ).  The role of sens it iv ity to reward and 
impuls iv ity in food- cue react iv ity .   Eating Behaviors  ,   11  ,  138 – 143 .  

    Urbszat ,  D.  ,   Herman ,  C.P.   and   Polivy ,  J.   ( 2002 ).  Eat, drink, and be merry, for tomor row we 
diet: effects of anti cip ated depriva tion on food intake in restrained and unres trained eaters . 
  Journal of Abnormal Psychology  ,   111  ,  396 – 401 .  

    van Koningsbruggen ,  G.M.  ,   Stroebe ,  W.   and   Aarts ,  H.   ( 2011 ).  Through the eyes of dieters: 
biased size percep tion of food follow ing tempt ing food primes .   Journal of Experimental 
Social Psychology  ,   47  ,  293 – 299 .  

    van Koningsbruggen ,  G.M.  ,   Stroebe ,  W.   and   Aarts ,  H.   ( 2012 ).  Mere expos ure to palat able 
food cues reduces restrained eaters’ phys ical effort to obtain healthy food .   Appetite  ,   58  , 
 593 – 596 .  

    van Strien ,  T.   ( 1999 ).  Success and failure in the meas ure ment of restraint: Notes and data . 
  International Journal of Eating Disorders  ,  25 ,  441 – 449 .  

    van Strien ,  T.  ,   Frijters ,  J.E.  ,   van Staveran ,  W.A.  ,   Defares ,  P.B.   and   Deurenberg ,  P.   ( 1986 ).  The 
predict ive valid ity of the Dutch Restrained Eating Scale .   International Journal of Eating 
Disorders  ,   5  ,  747 – 755 .  

    Viner ,  R.M.   and   Cole ,  T.J.   ( 2005 ).  Television viewing in early child hood predicts adult body 
mass index .   Journal of Pediatrics  ,   147  ,  429 – 435 .  

    Wansink ,  B.   ( 2004 ).  Environmental factors that increase the food intake and consump tion 
volume of unknow ing consumers .   Annual Review of Nutrition  ,   24  ,  455 – 479 .  

    Wiecha ,  J.L.  ,   Peterson ,  K.E.  ,   Ludwig ,  D.S.  ,   Kim ,  J.  ,   Sobol ,  A.   and   Gortmaker ,  S.L.   ( 2006 ). 
 When chil dren eat what they watch. impact of tele vi sion viewing on dietary intake in 
youth .   Archives of Pediatrics & Adolescent Medicine  ,   160  ,  436 – 442 .          



Managing and Preventing Obesity. http://dx.doi.org/10.1533/9781782420996.3.193
Copyright © 2015 Elsevier Ltd. All rights reserved.

 The inter ac tion of diet 
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    13.1  Introduction 

 Since managing and prevent ing obesity is related to energy balance, it is natural to 
consider both sides of the equa tion, that is, energy expendit ure (phys ical activ ity) and 
energy intake (diet). But how do these two together affect or asso ci ate with obesity? 

 This chapter focuses on the poten tial inter ac tion between diet and phys ical activ ity 
in prevent ing and managing obesity. Interaction exists when the effect of one modi-
fi able factor (i.e. phys ical activ ity or diet) upon the outcome (e.g. obesity, weight 
change, obesity- related risk factors, etc.) is differ ent at differ ent levels of the other 
factor (i.e. diet or phys ical activ ity) (Woodward, 1999). The illus trat ive term ‘effect 
modi fic a tion’ is also used instead of inter ac tion. 

  Figure 13.1  illus trates the poten tial inter ac tions relev ant for this book. An arbit rary 
outcome is used to indic ate the magnitude of change in, e.g., weight or risk- factors for 
chronic diseases. Both phys ical activ ity and the general diet are dicho tom ized in this 
illus tra tion: people are thought to follow one of the two phys ical activ ity programmes 
(e.g. no activ ity vs. increase activ ity, or activ ity programme 1 vs. activ ity programme 
2), and simil arly for the diet programme. It should be noted that the examples are only 
illus trat ive and they are not based on actual research data. 

 In  Figure 13.1(a) , the effects of phys ical activ ity are similar for both diet groups, 
and vice versa. Although diet and phys ical activ ity have addit ive effects, they do not 
really inter act. In  Figure 13.1(b) , the differ ent phys ical activ ity programs have no 
addi tional effects if the parti cipants are follow ing one of the diets (e.g. a weight- redu-
cing diet), whereas the effect is clear for those follow ing the other diet (e.g. unres-
tric ted energy intake). This is called unilat er al ism.  Figure 13.1(c)  shows the cases of 
syner gism, when both diet and phys ical activ ity have a posit ive effect, but the effects 
of phys ical activ ity are stronger together with the other diet. 

 It is also import ant to consider the possib il ity of confound ing effects, that is, 
whether phys ical activ ity and diet are simply confounders. A confounder is a factor 
that totally or partially accounts for the observed effects of another risk factor and 
disease (Woodward, 1999). If, for instance, dietary habits are related both to phys ical 
activ ity and obesity, diet may also be considered a confounder. 

                 13 



194 Managing and Preventing Obesity

 The aim of this chapter is to examine the possib il ity of real inter ac tion between 
diet, phys ical activ ity and obesity. Moreover, the case of confounder effects is also 
discussed. One of the main object ives is to give ‘food for thought’ to research ers and 
to stim u late new study ideas and analyt ical designs. 

 The ques tions are approached from four differ ent settings: (1) preven tion of weight 
gain and/or obesity; (2) weight reduc tion inter ven tion; (3) preven tion of weight regain 
after weight reduc tion; (4) manage ment of obesity- related diseases and risk- factors 
without change in weight. Contrary to the simple example in  Figure 13.1 , phys ical 
activ ity is much more than a dicho tom ous (yes/no) vari able. In this chapter, the 
main views are on energy expendit ure (quant ity) and intens ity (quality) of phys ical 
activ ity. 

 Diet is even more complic ated than phys ical activ ity. In weight- reduc tion studies, 
the main factor is often energy intake or the level of reduc tion in energy intake. 
Recently there has been increas ing interest in the effects of differ ent types of diets 
during weight reduc tion, e.g., low- carbo hydrate or high- protein diets (Brinkworth 
 et al. , 2009; Josse  et al. , 2011). Moreover, epidemi olo gical studies have started to use 
foods, food- groups and total diets as the risk- factor (Fogelholm  et al. , 2012) more 
often than earlier. Here ‘total diets’ may refer to scores given accord ing to a theor et-
ical premise (e.g. dietary recom mend a tions) or to data- driven dietary analyses (e.g. 
prin cipal compon ent analysis) (Barbaresko  et al. , 2013).  

   Figure 13.1     Examples of poten tial inter ac tions of diet and phys ical activ ity in managing and 
prevent ing obesity. The scale on the Y-axis is arbit rary unit.     
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   13.2   The inde pend ent and combined roles of phys ical 
activ ity and diet in preven tion of weight gain 

 Primary preven tion of weight gain is most often studied by using large popu la-
tion cohorts, with several years’ follow- ups (Fogelholm  et al. , 2012). Some studies 
(e.g. Nurse’s Health Study) have repeated meas ure ments (e.g. every 3 to 4 years) 
(Mozaffarian  et al. , 2011), but most rely on baseline assess ment as the sole predictor 
of weight change. Typically the beha vi oural compon ents, includ ing diet and phys-
ical activ ity, are assessed at baseline. The change in weight or waist circum fer ence 
is used as the main outcome; data on body compos i tion are rare. The term ‘weight 
gain’ in this chapter includes also waist circum fer ence and body fat, if not indic ated 
other wise. 

 Cohort studies on the asso ci ation between phys ical activ ity and weight gain have 
been system at ic ally reviewed by several authors during the last ten years (Fogelholm 
and Kukkonen-Harjula, 2000; Summerbell  et al. , 2009; Wareham  et al. , 2005). All of 
there three system atic reviews came to a similar conclu sion: there is suggest ive evid-
ence that low levels of phys ical activ ity at baseline predict future weight gain, but the 
magnitude of effect is modest. There seems to be a trend that the most recent reports 
are more posit ive on phys ical activ ity as a prevent ive measure (Summerbell  et al. , 
2009), but whether this is due to improved meth od o logy (e.g. larger data sets, more 
precise eval u ation of phys ical activ ity) or to public a tion bias is uncer tain. 

 There are several meth od o lo gical chal lenges in study ing the asso ci ations between 
phys ical activ ity and weight change in large cohorts. An appar ent problem is 
what the precise expos ure should be and how to measure it. Daily phys ical activ ity 
is a sum of several kinds of activ it ies which take place in differ ent settings (work, 
home, commut ing) and have varying intens it ies and energy expendit ures. Moreover, 
part of the time spent in low phys ical activ ity can be clas si fied as totally sedent ary 
(sitting or lying) and this compon ent has also recently been asso ci ated with, e.g., 
obesity (Summerbell  et al. , 2009; Wareham  et al. , 2005) and mortal ity (Petersen 
 et al. , 2014). 

 Since weight gain is a func tion of energy balance, it would be natural to try to 
assess total daily energy expendit ure (Summerbell  et al. , 2009). However, in past 
studies, this has not been possible, since most of the subject ive meas ures only assess 
one or two compon ents of phys ical activ ity. Hence, the data even today are restric ted 
by incom plete descrip tion of total phys ical activ ity, and of inac cur ate assess ment of 
the compon ent which was assessed. The recent increased used of accel er o met ers may 
provide new insights by giving simul tan eously object ive data for total activ ity and for 
differ ent intens it ies, includ ing time for total sedent ar i ness (Rich  et al. , 2012). 

 The above reviews also concluded that the asso ci ations between higher phys ical 
activ ity and less weight gain are stronger if phys ical activ ity is meas ured at the end 
of the follow- up, or if the change in phys ical activ ity from baseline is used as the 
expos ure vari able (Fogelholm and Kukkonen-Harjula, 2000; Summerbell  et al. , 
2009; Wareham  et al. , 2005). However, these analyt ical designs are in fact cross- 
sectional (retro spect ive) in their design, not prospect ive. Therefore, reverse caus al ity 
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(weight gain and obesity leads to decreased phys ical activ ity) is at least partly a likely 
explan a tion for these stronger asso ci ations. 

 Numerous cohort studies have data with diet as the expos ure and weight or waist 
circum fer ence gain as the outcome (Fogelholm  et al. , 2012; Summerbell  et al. , 2009). 
In these studies, the choice of expos ure vari able could be considered even more 
diffi cult than for studies with phys ical activ ity. Namely, diet could be described by 
using, e.g., total energy intake, energy density (kJ/kg) propor tion of macronu tri ents in 
total energy intake, dietary glycaemic index (GI), several food groups, the entire diet 
(Fogelholm  et al. , 2012) or differ ent dietary patters (Fuglestad  et al. , 2012). Also the 
assess ment of food consump tion and dietary intake is demand ing, and the results are 
often both biased (under es tim ated) and inac cur ate. 

 In our system atic review on diet and weight gain (Fogelholm  et al. , 2012), we 
found prob able evid ence for high intake of dietary fibre and nuts predict ing less 
weight gain, and for high intake of meat in predict ing more weight gain. Suggestive 
(weaker than ‘prob able’) evid ence was found for a protect ive role against increas ing 
weight from whole grains, cereal fibre, high- fat dairy products and high scores in an 
index describ ing a prudent dietary pattern. Likewise, there was suggest ive evid ence 
for both fibre and fruit intake in protec tion against larger increases in waist circum-
fer ence. Also suggest ive evid ence was found for high intake of refined grains, and 
sweets and desserts in predict ing more weight gain, and for refined (white) bread 
and high energy density in predict ing larger increases in waist circum fer ence. The 
results sugges ted that the propor tion of macronu tri ents in the diet was not import ant 
in predict ing changes in weight or waist circum fer ence. 

 In cohort studies predict ing weight gain by using phys ical activ ity and/or diet 
as the expos ure, age, socio- demo graphic status, baseline obesity, etc. are used as 
confounders. The import ant ques tion for this chapter is if phys ical activ ity and diet 
are confounders for each other – or whether they inter act? How should these two 
vari ables be used in the analyses? 

 A confounder should be related to both the other risk factor (expos ure) and to 
the disease (obesity, in this case), but it should not be a caused by either of these 
(Woodward, 1999). A premise for the next discus sion is that at least some compon-
ents of diet and phys ical activ ity are asso ci ated with weight gain (Fogelholm  et al. , 
2012; Summerbell  et al. , 2009). But are diet and phys ical activ ity asso ci ated with 
each other? Several studies have shown an asso ci ation between lower phys ical activ-
ity and unhealthy eating beha viours (Mesas  et al. , 2012), skip ping break fast (Corder 
 et al. , 2014; Fuglestad  et al. , 2012) and high meat consump tion (Kappeler  et al. , 
2013). Moreover, watch ing TV was posit ively asso ci ated with an excess ive urge to 
eat (Chapman  et al. , 2012). Nevertheless, the asso ci ations between differ ent compon-
ents of diet, phys ical activ ity and health beha viour seem to be complex and very 
incon sist ent (Leech  et al. , 2014). 

 In a recent study, several food groups and a diet- quality score were asso ci ated 
with cardi ores pir at ory fitness, inde pend ent of phys ical activ ity levels (Shikany  et al. , 
2013). The result is inter est ing, although very diffi cult to explain, partic u larly since 
also some unhealthy dietary patterns (e.g. consump tion of processed meat) were 
posit ively related to fitness. 
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 The above data indic ate that high phys ical activ ity and prudent diet go some-
what hand in hand and that by doing so they may support each other’s effects on 
body weight and health. Unfortunately, it is not fully clear which compon ents of 
activ ity and diet show the strongest correl a tions. Given this fact and the prob lems 
we face with assess ment of both diet and phys ical activ ity accur ately, it is very likely 
that the rela tion ships between expos ure (diet or phys ical activ ity) on the outcome 
(obesity or health/disease) are partly explained by resid ual confound ing (Lawlor 
 et al. , 2004). 

 But the ques tion of inter ac tion exists – do phys ical activ ity and diet really inter act? 
Are the asso ci ations between diet and weight change differ ent for differ ent phys ical 
activ ity levels and/or patterns? Data on insulin resist ance as a modi fier of the rela-
tion ship between diet and weight gain (Mosca  et al. , 2004) could offer an explan a tion 
for the hypo thesis of an inter ac tion between diet and phys ical activ ity in predict ing 
weight gain: by improv ing insulin sens it iv ity (Roberts  et al. , 2013), phys ical activ-
ity may make an indi vidual less suscept ible to the fatten ing effects of certain dietary 
compon ents (e.g. fat or carbo hydrates). 

 To the best of my know ledge, this ques tion has only been assessed in papers from 
the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. A 
signi fic ant inter ac tion between diet and phys ical activ ity was repor ted in one study 
(Vergnaud  et al. , 2010): the posit ive rela tion ship between meat consump tion and 
weight gain was stronger in indi vidu als with high phys ical activ ity. The inter ac tion 
between several other dietary factors (not meat), phys ical activ ity and weight gain 
was repor ted to be non- signi fic ant (Romaguera  et al. , 2010; Vergnaud  et al. , 2012). 

 The result on meat, phys ical activ ity and weight (Vergnaud  et al. , 2010) was 
surpris ing, since it could be hypo thes ized that the increased energy expendit ure from 
phys ical activ ity would make it easier to control body weight, even when eating more 
foods which are asso ci ated with weight gain. However, since the rela tion between 
meat and weight gain was stronger in men than in women (Vergnaud  et al. , 2010), 
higher phys ical activ ity in men might explain the inter ac tion between phys ical activ-
ity, meat consump tion and weight change. 

 In conclu sion, certain dietary compon ents may have differ ent asso ci ations with 
weight gain, depend ing on the amount of phys ical activ ity. Unfortunately, the data are 
far too inad equate to make any firm conclu sions. Even less is known about differ ent 
kinds of activ it ies. It could be hypo thes ized that high- intens ity train ing, with more 
emphasis on intra mus cu lar energy sources compared to moder ate- intens ity activ it ies, 
might have an inter ac tion with, e.g., carbo hydrate intake and/or dietary glycaemic 
index.  

   13.3   Physical activ ity and diet during weight 
reduc tion programmes 

 The data from weight reduc tion studies give more insight on the inter ac tion of diet 
and exer cise, compared to data from epidemi olo gical designs. The liter at ure allows 
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assess ment of the hypo thesis that the effects of increased exer cise are depend ent on 
whether obese parti cipants are follow ing an energy- restric ted diet or not. 

  Figure 13.2  combines the results from two earlier, compre hens ive and system-
atic reviews on the effects of exer cise in treat ment of obesity. The figure shows the 
differ ence in weekly weight reduc tion as a func tion of study dura tion in two differ-
ent designs: (1) an exer cise group (mostly aerobic exer cise) is compared to a control 
group (no exer cise) (Ross and Janssen, 2001); (2) a combined exer cise and diet group 
is compared against a diet only group (Wing, 1999). The figure suggests that there is 
appar ently no inter ac tion between exer cise and diet: the addi tional effects of exer cise 
on body weight reduc tion seem to be similar with or without an energy- restric ted diet. 
It should be noted that the figure does not indic ate that the prescribed dose of exer cise 
was really high in two of the included studies (the two dots showing an approx im ately 
600 g weekly weight reduc tion during a 12-week inter ven tion) which is the likely 
explan a tion for the very good result in these studies. 

 A more recent Cochrane- review (Shaw  et al. , 2006) estim ated that adding exer cise 
to a weight- redu cing diet lead to an increased average weight loss of 1.1 kg. Using the 
weighed mean differ ence of the studies compar ing exer cise alone against no treat ment 
sugges ted a larger weight reduc tion as a result of exer cise, namely 2.5 kg. However, 
because of great hetero gen eity between the studies, the authors did not carry out an 
offi cial meta- analysis. In the same review, high intens ity exer cise appeared to lead to 
an average of 1.5 kg greater weight reduc tion, compared to moder ate or low- intens ity 
aerobic exer cise with similar estim ated energy expendit ure. This posit ive effect was 
observed only in trials without a simul tan eous weight- redu cing diet, which indic ates 
an inter ac tion with unilat er al ism (effects of exer cise are only seen without a diet). 

   Figure 13.2     Difference in weight change (kg/week) between exer cise/diet + exer cise vs. 
control/diet only, as a func tion of dura tion of the inter ven tion. Data from Wing (1999) and 
Ross and Janssen (2001).     



The interaction of diet and physical activity in managing obesity 199

 There are rather few studies on the inter ac tion between diet and phys ical activ ity on 
body compos i tion changes during weight reduc tion. The key ques tion from a health 
view- point is how to maxim ize body fat mass loss (FM) and simul tan eously how to 
minim ize loss of fat- free mass (FFM). An earlier review (Garrow and Summerbell, 
1995) was able to give insight on these data ( Figure 13.3 ). According to this review, 
adding exer cise to diet improves weight loss and increases the propor tion of FM loss, 
compared to diet only. However, the posit ive effects of exer cise seemed to be slightly 
better when exer cise without diet was compared to simply no exer cise. This review 
there fore suggests that there is an inter ac tion which is incom pletely direc ted towards 
unilat er al ism. A more recent review (Weinheimer  et al. , 2010) reached an approx-
im ately similar conclu sion. However, this review was restric ted to middle- aged and 
older indi vidu als, and to changes in FFM. 

 In treat ment of obesity, weight reduc tion should not be considered an end in 
itself; the main aim is to reduce risk- factors and to improve health prognosis. The 
inde pend ent and combined effects of diet and exer cise in indi vidu als with obesity 
have been system at ic ally reviewed (Katzmarzyk and Lear, 2012; Shaw  et al. , 2006). 
Both reviews concluded that adding exer cise to a weight- redu cing diet does not lead 
to clin ic ally or stat ist ic ally signi fic ant improve ments in major risk- factors, such as 
systolic and diastolic blood pres sure, fasting blood glucose, serum LDL- and HDL-
cholesterol and serum trigly cerides. The effects of exer cise on risk- factors seem to 
be better observed when exer cise alone is compared against a no treat ment (Shaw 
 et al. , 2006). 

 Again, the above results points towards unilat er al ism, that is, the effects of diet 
on body weight reduc tion and risk- factors are likely to be so marked that there 
simply is not ‘space’ for addi tional effects of phys ical activ ity. The effects may 
also be related to the outcome: Cox  et al.  (2004) did not find an addit ive effect of 

   Figure 13.3     Change in body compos i tion during weight reduc tion with or without phys ical 
exer cise: meta- analytic find ings. Data from Garrow and Summerbell (1995). FM = fat mass, 
FFM = fat- free mass.     
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exer cise on body compos i tion changes, compared to diet only, but a posit ive effect 
on changes in insulin sens it iv ity. It is also possible that a higher exer cise dose than 
used in studies is needed to over come the effects of diet. Typically the exer cise- 
induced energy expendit ure has been 1000–1500 kcal (4.3 to 6.3 MJ) per week, that 
is, no more than 200 kcal (0.8 MJ) per day. In an inter est ing series of studies, Ross 
and colleagues used a very high amount of exer cise (500–700 kcal or 2.1–2.9 MJ 
per day as energy expendit ure) to induce a 6–7 kg weight reduc tion in men 
(Ross  et al. , 2000) and women (Ross  et al. , 2004). The results sugges ted that, 
compared to a similar magnitude of weight reduc tion achieved by diet without 
exer cise, the high- volume exer cise regimen lead to signi fic antly better meta bolic 
results (e.g. more reduc tion in fat and visceral fat mass, greater improve ment in 
insulin sens it iv ity, etc.). 

 Earlier studies on diet and exer cise in weight reduc tion were mostly inter ested 
in compar ing exer cise against no exer cise and an energy- restric ted diet against 
no diet. Typically diets were low in fat and high in carbo hydrates. More recently, 
studies have started to compare differ ent diets, and even leaving a no- diet group out 
of the study. For instance, the role of GI or glycaemic load in prevent ing obesity 
and treat ing Type 2 diabetes has been studied intens ively during recent years 
(Thomas and Elliott, 2010). Varying protein levels are another point of interest. 
Data with obese indi vidu als as parti cipants suggest that, combined with exer cise 
train ing, increas ing dietary protein intake preserves FFM (Josse  et al. , 2011) and that 
redu cing dietary GI improves insulin sens it iv ity (Solomon  et al. , 2010). However, 
since these studies have only one level of exer cise, a true inter ac tion cannot be 
examined. 

 There has been a great interest in the effects of low- carbo hydrate, high- protein 
(LCHP) diets in treat ment of obesity and obesity- related diseases (Hession  et al. , 
2009). It is inter est ing to note that, at least in the major ity of weight reduc tions with 
LCHP diet, phys ical activ ity has not been included in the programme. Deduced from 
the find ings of Josse  et al.  (2011), one could hypo thes ize that resist ance train ing 
combined with LCHP might give an even better effect on the ratio between FM and 
FFM loss during weight reduc tion, compared to LCHP diet only. To really get more 
insight on the inter ac tions, a compar ison with increased aerobic exer cise would also 
be inter est ing. 

 Limited data suggest that an energy- reduced diet may lead to decreased phys-
ical activ ity (Martin  et al. , 2007). This effect could be exacer bated during a LCHP 
diet when reduced muscle glyco gen stores might make phys ical activ ity even more 
diffi cult. Therefore, one unanswered ques tion specific ally related to the LCHP 
diet is whether the lack of carbo hydrates has an effect on phys ical activ ity. One 
study has given indir ect evid ence on this issue (Brinkworth  et al. , 2009). This study 
examined the effects of a low- carbo hydrate diet on maximal oxygen uptake capa city 
(VO 2 max). In contrast to the hypo thesis, the study did not reveal any differ ences 
in change of VO 2 max in low- carbo hydrate vs. low- fat diet groups. Since weight 
reduc tion improves VO 2 max, when expressed as ml/kg per min, this outcome may 
not be the best to study if carbo hydrate restric tion has a long- term effect on phys ical 
activ ity.  
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   13.4   The roles of phys ical activ ity and diet in 
main ten ance of reduced body weight 

 The real chal lenge in treat ing obesity with a life style approach is not weight reduc-
tion  per se , but long- term main ten ance of reduced body weight (Turk  et al. , 2009). 
The National Weight Control Registry (NWCR) gives an inter est ing possib il ity to 
observe determ in ants of success ful weight loss in formerly obese indi vidu als in the 
United States (Phelan  et al. , 2006; Thomas  et al. , 2014). The NWCR is a registry of 
parti cipants who have lost at least 13.6 kg and main tained the loss for at least one 
year. The cross- sectional compar is ons of indi vidu als enter ing the study between years 
1995 and 2003 show that the propor tion of dietary carbo hydrates was relat ively high 
initially, but that the propor tion has been gradu ally decreas ing: in 1995, the propor-
tion of carbo hydrates in total energy intake was 56.0%, whereas the respect ive intake 
in 2003 was 49.3% (Phelan  et al. , 2006). This might be connec ted with the increas-
ing popular ity of low- carbo hydrate diet even among indi vidu als in the NWCR. The 
propor tion of protein intake has remained stable, around 19% in total energy intake. 

 Physical activ ity in indi vidu als of the NWCR was high (mean phys ical activ ity 
corres ponds to >2300 kcal or about 10 MJ per week) and quite stable through out the 
years (Phelan  et al. , 2006). In a recent study, the determ in ants of long- term weight 
change in 2880 NWCR parti cipants (Thomas  et al. , 2014) was studied. About half of 
the parti cipants were followed for ten years. A decrease in phys ical activ ity, dietary 
restraint and weigh ing and an increase in the propor tion of dietary fat were determ-
in ants of higher weight gain. In this study, it appeared that phys ical activ ity and 
follow ing a prudent diet have addit ive effects (or asso ci ations, strictly speak ing). A 
real inter ac tion was not studied. 

 Several weight- reduc tion inter ven tions have included a follow- up of at least six 
months’ dura tion. These studies give addi tional obser va tional evid ence on the asso-
ci ations between phys ical activ ity and main ten ance of reduced body weight. As 
concluded already for primary preven tion of weight gain, the strongest and most 
consist ent evid ence for bene fi cial asso ci ations are from studies meas ur ing phys-
ical activ ity in the end of the study, or as a change from baseline (imme di ately after 
weight reduc tion) to follow- up (Donnelly  et al. , 2009; Fogelholm and Kukkonen-
Harjula, 2000). In these designs, it is not possible to exclude reverse caus a tion. That 
is, main ten ance of body weight by, for example, prudent diet might make higher 
levels of phys ical activ ity easier. 

 Only very few studies have used a random ized design to test the hypo thesis that 
prescribed phys ical activ ity after weight reduc tion improves weight main ten ance, and 
the results are incon clus ive (Curioni and Lourenço, 2005; Fogelholm and Kukkonen-
Harjula, 2000). We have published two earlier studies with a similar design: weight 
loss by a very- low energy diet (3 months), followed by a group- guided weight main-
ten ance inter ven tion (6–9 months) and a 2-yr follow- up. All parti cipants received 
dietary guid ance and some were also random ized to increased phys ical activ ity 
groups during the weight main ten ance inter ven tion. The first study sugges ted that 
a moder ate amount (1000 kcal or 4.2 MJ weekly) of increased phys ical activ ity 
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reduced, but did not prevent, body weight regain in obese women (Fogelholm  et al. , 
2000). A higher exer cise prescrip tion (2000 kcal or 8.4 MJ weekly) did not improve 
weight main ten ance, compared to dietary coun selling only. The other study did 
not find an addi tional effect of adding aerobic or strength train ing to dietary coun-
selling after weight reduc tion in obese men (Kukkonen-Harjula  et al. , 2005). Higher 
prescribed phys ical activ ity levels do not neces sar ily help in main tain ing reduced 
body weight due to poor compli ance with high phys ical activ ity (Fogelholm  et al. , 
2000; Tate  et al. , 2007). 

 Our studies used coun selling for a healthy diet in all parti cipants. Therefore, a true 
inter ac tion with varying dietary expos ure could not be examined. An obser va tional 
analysis showed that control of over eat ing, as indic ated by a lower disin hib i tion 
factor of the TFEQ, and daily phys ical activ ity, as indic ated by a higher number 
of daily steps, were posit ive and inde pend ent predict ors of weight main ten ance 
(Fogelholm  et al. , 1999). The results are similar to those observed recently in the 
NWCR (Thomas  et al. , 2014). 

 There are only a few random ized studies on the effects of differ ent dietary 
macronu tri ent compos i tion on main ten ance of body weight after weight reduc tion. 
In our system atic review (Fogelholm  et al. , 2012), we did not find enough evid-
ence to conclude that a certain macronu tri ent compos i tion would be super ior in 
prevent ing weight regain after prior weight reduc tion. However, one reason may be 
that the number of studies using compar able compar is ons is too limited (typic ally 
no more than two studies for a given design and diet compar ison) to reach any firm 
conclu sions. 

 Nevertheless, one large dietary inter ven tion on weight main ten ance deserves 
mention ing (Larsen  et al. , 2010). Using a large, inter na tional, multi- centre design, the 
DioGenes study examined the effects of four differ ent inter ven tion diets on weight 
main ten ance after a 2-month weight- reduc tion with a low- energy diet. In this study, 
the only diet with almost complete 6-month weight main ten ance had lowered GI 
and increased protein content. As already mentioned for the weight- reduc tion inter-
ven tions, it would be really import ant to combine at least two differ ent diets and at 
least two phys ical activ ity programmes in a large weight- main ten ance inter ven tion, 
in order to study if the effects of diet on body weight main ten ance are modi fied by 
phys ical activ ity.  

   13.5  Conclusions 

 An inter ac tion between diet and exer cise in prevent ing and managing obesity means 
that the effects of diet are depend ent on the chosen phys ical activ ity regimen, or vice- 
versa. In theory, the poten tial inter ac tions may be outlined as shown in  Figure 13.4 . 

 To study an inter ac tion, at least two levels for both diet and phys ical activ ity are 
needed. The simplest approach is to have a ‘no diet, no exer cise’ group in the design. 
However, it has become evident that there are many poten tial inter ac tions related 
to the macronu tri ent compos i tion of the diet or to choice of food items. Particularly 
the inter ac tions between dietary compos i tion of carbo hydrates and proteins have 
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theor et ic ally import ant inter ac tions with both the intens ity (moder ate vs. vigor ous) 
and type (aerobic vs. strength) of phys ical activ ity. 

 Weight as an outcome is simple and often used, but it tells obvi ously very little 
about the real health- related effects and inter ac tions of phys ical activ ity and diet in 
prevent ing and managing obesity. Intervention studies suggest that adding exer cise to a 
weight- redu cing diet improves weight reduc tion, but that the addit ive (posit ive) effects 
of exer cise are less than without diet (Shaw  et al. , 2006). It is hard to find a physiolo-
gical explan a tion for this finding, but one explan a tion could be that the compli ance to 
an exer cise programme is worse during a simul tan eous energy- restric ted diet. Hence, 
in this case the effects of diet on phys ical activ ity may cause a true inter ac tion. 

 Body weight changes are related to changes in body compos i tion, but the effects 
are modi fied by phys ical activ ity (Garrow and Summerbell, 1995; Weinheimer  et al. , 
2010). Similar to what was already concluded for weight change, it seems that the 
addit ive effects of aerobic exer cise on the propor tions of FM and FFM losses in total 
weight reduc tion are more posit ive (meaning propor tion ally more FM and less FFM 
lost) without a concom it ant energy- restric ted diet. Apparently some of the meta bolic 
effects of an energy- reduced diet on body compos i tion changes are too strong to be 
over come by added exer cise. It would be import ant to study the inter ac tions between 
differ ent dietary macronu tri ents and differ ent types of exer cise programmes on body 
compos i tion. 

   Figure 13.4     An outline of possible mech an isms for poten tial inter ac tions of diet and phys-
ical activ ity in managing and prevent ing obesity. Cho = carbo hydrates; Prot = proteins; PA = 
phys ical activ ity, FM = fat mass, FFM = fat- free mass.     
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 The general conclu sion when using meta bolic- risk factors as outcomes is direc ted 
towards unilat er al ism: examin ing the inter ac tion shows that in most cases adding 
exer cise to a weight- redu cing diet has no addi tional effects on the outcome (Shaw 
 et al. , 2006). While the random ized inter ven tions give some, albeit limited, insight 
on the inter ac tion between diet and phys ical activ ity in managing obesity, hardly 
anything is known about this in connec tion to primary preven tion of weight gain. As 
pointed out earlier in this chapter, most popu la tion studies have only used phys ical 
activ ity and diet as confounder vari ables. Studies show inde pend ent, reverse asso ci-
ations between phys ical activ ity and weight gain. The evid ence is not very strong, 
however, and the magnitude of the poten tial effect is modest (Summerbell  et al. , 
2009). Similarly, inde pend ent from phys ical activ ity levels, some dietary compon-
ents and patterns (e.g. high consump tion of meat, refined grains and sugary products) 
are posit ively related to weight gain, while some others (e.g. fibre- rich foods) have a 
reverse asso ci ation (Fogelholm  et al. , 2012). How phys ical activ ity and diet inter act 
is not known. 

 It would be very import ant to under stand how differ ent diets and phys ical activ ity 
programmes really inter act in prevent ing and managing obesity. For instance, if we 
recom mend a low- carbo hydrate diet for weight loss, should we include a phys ical 
activ ity programme or not? If yes, what kind of activ ity? Are people with health-
ier diets less depend ent on phys ical activ ity levels for preven tion of weight gain, 
compared to indi vidu als with less prudent diets? New designs are needed to tackle 
these kinds of ques tions.   
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    14.1  Introduction 

 Defined energy prescrip tions are an evid ence- based dietary treat ment option which 
can be used to guide indi vidu als towards an improved under stand ing of their likely 
energy needs for weight loss, and import antly what this means in terms of food 
choices and portion sizes. They are not, as is some times sugges ted, a precise indi-
vidual prescrip tion for weight loss due to the limit a tions in predict ing resting meta-
bol ism and phys ical activ ity energy expendit ure in the clin ical setting. Nevertheless 
they provide a useful start ing point for the patient and prac ti tioner to explore possible 
dietary changes and clin ical trials support their value in achiev ing mean ing ful 
clin ical outcomes in the short to medium term. There are a number of inter est ing 
ques tions and chal lenges which arise in their clin ical use includ ing the choice of 
regres sion equa tion for predict ing resting meta bol ism, the advised energy deficit 
and the best estim ate of phys ical activ ity level. This chapter defines energy prescrip-
tion approaches, considers their prac tical applic a tion, outlines the evid ence for their 
effect ive ness and considers some of the common chal lenges faced by prac ti tion ers 
in clin ical prac tice.  

   14.2  History of defined energy prescrip tions 

 Traditionally dietary advice was formu lated follow ing a diet history in which the 
patient would recall their usual food intake and the prac ti tioner would aim to support 
the patient in identi fy ing areas amen able to subsequent modi fic a tion. However, this 
proved an unhelp ful approach given the substan tial under- report ing of energy intake 
by many obese indi vidu als [1]. Frequently prac ti tion ers would be left in the predic-
a ment of how best to guide indi vidu als strug gling to lose weight while report ing an 
energy intake well below their estim ated energy require ment. This led to the recom-
mend a tion to base advised dietary changes on an estim ate of the indi vidual’s energy 
require ments for weight loss and the subsequent devel op ment of defined energy 
prescrip tions for the treat ment of obesity.  

    14 
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   14.3  Terminology and defin i tions 

 Defined energy prescrip tions for weight loss can be broadly divided into two categor ies. 

   14.3.1  Fixed energy prescrip tions 

 For many years fixed energy prescrip tions, often 1500 kcal for women and 1800 kcal 
for men, were advised regard less of an indi vidual’s start ing weight. Although this 
may be helpful for some indi vidu als, for the heavier patient this may pose a poten-
tially greater chal lenge as the magnitude of the advised energy deficit is higher given 
greater levels of energy expendit ure. This led to the devel op ment of tailored energy 
prescrip tions.  

   14.3.2  Tailored energy prescrip tions 

 Limited evid ence suggests this approach may be easier to adhere to compared to 
fixed energy diets [2] although more research is required to clarify this issue. Tailored 
energy prescrip tions are often used by dieti tians as a found a tion for dietary plans 
and as a start ing point for discus sions on energy require ments and food choices. 
This approach calcu lates an indi vidual’s energy require ments for weight loss by first 
estim at ing resting meta bol ism using predic tion equa tions and multiply ing this result 
by a factor that accounts for phys ical activ ity. A daily number of calor ies, which often 
equates to a theor et ical weekly loss of 0.5–1 kg, can then be subtrac ted. Subsequent 
dietary plans will be based on this energy prescrip tion with the aim of achiev ing 
dietary guidelines for macronu tri ent compos i tion.   

   14.4  Estimating total energy require ments 

   14.4.1  Predicting resting meta bolic rate 

 Measuring resting meta bolic rate using indir ect calor i metry is the gold stand ard 
in determ in ing energy require ments in obese indi vidu als in clin ical settings [3]. 
However in most clin ical situ ations partic u larly outpa tient settings, this is not feas ible 
and using predict ive equa tions is a prac tical altern at ive. Resting meta bolic rate gener-
ally accounts for ∼70% of total daily energy expendit ure, partic u larly in sedent ary 
indi vidu als [4] and given it is such a major contrib utor making an accur ate estim a tion 
is import ant. Predictive equa tions are developed from a refer ence popu la tion and are 
based on a regres sion analysis of weight, height, gender and age as inde pend ent vari-
ables and RMR meas ured by indir ect calor i metry as the depend ant vari able. 

  14.4.1.1 Derivation of predic tion equa tions 

 There are a number of differ ent predic tion equa tions avail able and vari ab il ity is 
known to exist in the choice of equa tion used by prac ti tion ers [5]. Many studies 



Defined energy deficit diets for the treat ment of obesity 213

on energy require ments in the obese have come from crit ic ally ill obese patients 
rather than those attend ing outpa tients for support with weight manage ment. 
Determining energy require ments in the acute setting is beyond the scope of this 
chapter, however compre hens ive reviews have been published which summar ize 
current know ledge [6] with consid er a tion given to the consequences of under and 
over feed ing. 

 For prac ti tion ers to be confid ent in the use of predict ive equa tions a low margin of 
error is needed to reduce the poten tial effects on treat ment outcomes. Although this 
is partic u larly import ant in crit ical care patients it is also relev ant to those indi vidu als 
in weight manage ment programmes where the energy prescrip tion forms the basis of 
their dietary plan. 

 Understanding the deriv a tion of the predic a tion equa tions is import ant as it high-
lights poten tial differ ences between the refer ence popu la tion from which the equa-
tion has been developed and the indi vidual/popu la tion in which energy require ment 
is being predicted. Some equa tions have been derived from predom in antly white 
popu la tions and it is uncer tain how accur ate these will be when used in other ethnic 
groups where vari ation in body compos i tion is known to exist. For example, studies 
have found altered body compos i tion and lower resting meta bol ism, of up to 15% 
(∼274 kcal/day) in African American women [7]. Little is also known about the 
predic tion accur acy of commonly used equa tions in older age groups [8]. Likewise 
although over weight and obese indi vidu als have been included in some refer ence 
popu la tions it is unclear how much of a contri bu tion their data has made to the final 
equa tion. These limit a tions have import ant implic a tions for the use of equa tions, 
partic u larly with indi vidu als, and high light the import ance of using clin ical judge-
ment as well as appro pri ate monit or ing and response to treat ment.  

  14.4.1.2 Choosing a predic tion equa tion 

 Predictive equa tions are less accur ate when used to estim ate resting meta bol ism 
in obese compared to non obese indi vidu als and this may be even greater in those 
with severe obesity. One valid a tion study found 70% of obese indi vidu als had meta-
bolic rates accur ately predicted compared to 82% in non- obese indi vidu als, when 
accur acy was defined as the predicted value within 10% of the meas ured [9]. Part 
of the diffi culty in accur ately predict ing resting meta bol ism in obese indi vidu als 
relates to chan ging body compos i tion with weight gain. As obesity devel ops, fat 
tissue increases dispro por tion ally and what is unclear is the extent to which this 
excess weight is meta bol ic ally active. Debate contin ues on the appro pri ate ness 
of using adjus ted versus actual weight to modu late for these body compos i tion 
changes [10]. 

 Although there is undoubtedly vari ation in the accur acy of predic tion equa tions 
in the obese, a system atic review and recent report by the Academy of Nutrition 
and Dietetics concluded that the Mifflin-St Jeor equa tion [11] ( Table 14.1 ) was 
the most accur ate in determ in ing RMR for US indi vidu als when compared against 
three other common equa tions (Harris Benedict, Owen and Schofield equa tions) 
[12–14]. A valid a tion study in Belgian compar ing normal weight to obese women 
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also found the Mifflin equa tion to be one of the most accur ate in the over weight 
group although in severe obesity the Siervo equa tion performed best [15]. The 
American Dietetic Association has recom men ded the Mifflin-St Jeor equa tion 
as the most suit able for use with obese indi vidu als and this has been adopted by 
their Nutrition Care Manual [12]. A recent review by the British Dietetic Association 
also sugges ted the Mifflin equa tion predicted resting meta bolic rate more accur-
ately in more obese indi vidu als than other equa tions (Madden  et al. , personal 
commu nic a tion). 

 The Mifflin-St Jeor equa tion was derived from a popu la tion that included healthy 
weight, over weight and obese indi vidu als although there was limited repres ent a tion 
from older age groups and ethni city was not repor ted [11]. It produced fewer inac cur-
ate predic tions in obese indi vidu als compared to other equa tions although there are 
likely to be limit a tions asso ci ated with its use in older indi vidu als and certain ethnic 
groups [13]. 

 The equa tion produces more under es tim ates of RMR than over es tim ates, with a 
maximum under es tim ate of 20% and maximum over es tim ate of 15% of meas ured 
RMR [9]. It is import ant to consider the impact this may have on treat ment outcomes 
although given its tend ency to under rather than over es tim ate energy require ments 
this lessens concerns about advising an energy prescrip tion above energy needs. 

 It is import ant to recog nize that, even using the most accur ate predic tion equa tion, 
approx im ately 20% of patients are likely to have a predicted RMR below the accep-
ted level of accur acy [13] and there fore monit or ing treat ment response and adjust ing 
dietary plans accord ingly will be crit ical. In eval u at ing treat ment response consid er-
a tion should also be given to the range and complex ity of factors which influ ence an 
indi vidual’s ability to change their eating beha viour of which know ledge and under-
stand ing of energy require ments for weight loss and asso ci ated food changes is only 
one aspect.   

   14.4.2  Determining phys ical activ ity level [PAL] 

 The term phys ical activ ity describes a complex set of beha viours which encom-
pass routine life style activ it ies as well as struc tured exer cise [16]. Measuring 
such complex beha viours in a research setting is chal len ging and estim at ing in 
clin ical prac tice is even more diffi cult. Given there are currently no precise meas-
ures of activ ity energy expendit ure which can be used in the outpa tient setting this 
repres ents a substan tial source of error in estim at ing energy needs for some obese 
indi vidu als. 

    Table 14.1     Mifflin-St Jeor Equations  

 Men: RMR = (9.99 × weight) + (6.25 × height) − (4.92 × age) + 5 
 Women: RMR = (9.99 × weight) + (6.25 × height) − (4.92 × age) − 161 
 Equations use weight in kilo grams (kg), height in centi meters (cm). 
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 Physical activ ity is the most vari able compon ent of total energy expendit ure with 
estim ates in the free living popu la tion suggest ing contri bu tions ranging from 20–50% 
[17]. Some of this vari ab il ity may be accoun ted for by factors such as body weight 
and fitness levels with obese indi vidu als gener ally having a higher energy cost for a 
given activ ity [18]. A compre hens ive summary of the energy costs of indi vidual activ-
it ies have been previ ously published [19]. 

 The  P hysical  A ctivity  L evel or PAL ascribes a numer ical value to activ ity which 
repres ents multiples of BMR such that PAL=TEE/RMR. These values have been 
formu lated from studies where meas ures of resting meta bol ism using indir ect calor-
i metry are combined with total energy expendit ure from doubly labelled water. The 
range of PAL values for the general popu la tion ranges from 1.38 in the most sedent-
ary (immob ile) groups to 2.5 in the very active groups [20]. Recent evid ence from a 
contem por ary US popu la tion, which included 60% of subjects defined as over weight 
or obese, found a median PAL value of 1.63 and prob ably repres ents a light activ ity 
popu la tion. The group with below- average activ ity had a PAL value of 1.49 and those 
with above average activ ity a PAL of 1.78 [21–23] ( Table 14.2 ). Interestingly, mean 
PAL values in differ ent BMI categor ies have not been found to differ signi fic antly 
and BMI was not a signi fic ant explan at ory factor in the vari ation of PAL [21]. It is 
import ant to remem ber these are popu la tion- derived PAL values and although these 
repres ent the best current estim ate, using with indi vidu als will inev it ably intro duce 
errors of unknown magnitude. 

 Increasing activ ity in line with recent recom mend a tions for health improve ment 
would increase PAL by 0.15 if 30 minutes of moder ate intens ity activ ity on 5 or more 
days a week was under taken and by 0.3 with 60 minutes of active sport [24].   

   14.5  Magnitude of energy deficit 

 Various factors may influ ence the level of energy deficit chosen includ ing start ing 
BMI, co- morbid it ies and risk factors, previ ous dieting exper i ence, patient pref er ence 
and perceived capa city to imple ment various changes. One of the key factors influ-
en cing the chosen energy deficit is the target weight loss outcome. In those with a 
BMI below 35 kg/m2, where asso ci ated co- morbid it ies are less likely, and a 5–10% 
weight loss target is appro pri ate, a modest energy deficit of 500–600 kcal/day may 
be suffi cient. However for those with severe and complex obesity a greater energy 
deficit of 600–1000 kcal/day may be more appro pri ate given the like li hood of asso ci-
ated co- morbid it ies and the need to reduce weight beyond 10% to see improve ment 
in asso ci ated disease or dysfunc tion.  

    Table 14.2     Distribution of Physical Activity Level [21]  

 Typical activ ity (median) = 1.63 
 Less active (25th centile) = 1.49 
 More active (75th centile) = 1.78 
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   14.6   Practical worked example of prescribed 
energy calcu la tions 

  Table 14.3  shows a prac tical worked example of how to calcu late energy require-
ments for weight loss in a theor ectical case. It is assumed that redu cing daily 
calorie intake by 500–600 kcal below estim ated energy require ment will equate to a 
3500 kcal deficit over 7 days equi val ent to a theor et ical 0.5 kg/1 lb weekly weight loss 
[36]. Although there are clearly limit a tions to this assump tion due to the meta bolic 
adap tion asso ci ated with weight loss it does provide a baseline energy prescrip tion 
from which adjust ments can be made depend ing on treat ment response. 

 Sharing inform a tion with patients on their calcu lated energy prescrip tion may be 
helpful in improv ing their under stand ing of daily energy needs for weight loss and 
putting food choices and portion size changes into perspect ive. The skill of the prac ti-
tioner is crit ical in collab or at ively convey ing this inform a tion in a helpful and prac tical 
way which the patient can under stand and which takes account of their pref er ences 
and needs. It is common for this energy prescrip tion to be divided into allow ances/
portions/points from various food groups so a detailed food plan can be developed 
between the patient and prac ti tioner. This can form the basis of discus sions regard ing 
portion sizes and their contri bu tion to energy intake and with the aid of food photo-
graphs can help patients visu al ise the limit a tions needed to the daily energy intake. 

  Table 14.4  converts the calorie prescrip tion into food portions from the six food 
groups (some times referred to as exchanges/points/units/servings). Using the previ ous 
worked example a dietary plan of 2400 kcal would trans late into

     10 starch  
    9 fruit and veget ables  
    3 meat or other protein foods  
    4 milk and dairy  
    4 fats  
   260 kcal/day allow ance for high fat and/or high sugar foods or alco holic drinks    

 Lists are then provided which describe what one serving/unit/point from each food 
group consists of and ideally food photo graphs are incor por ated to provide a visual 

    Table 14.3     Worked example  

 Male aged 45, BMI = 42, weight = 135 kg, height = 1.8 m. Presents with severe osteoarth ritis 
with poor mobil ity 

  1. Predict RMR [Mifflin-St Jeor equa tion used] 
   RMR = (1349) + (1125) − (221) + 5 = 2258 kcal/day 
  2. Calculate total daily energy needs 
   TEE = RMR × PAL 
   TEE = 2258 × 1.49 = 3364 kcal/day 
  3. Minus energy deficit ∼ 600–1000 kcal/day 

 Energy prescrip tion for weight loss ∼ 2400 kcal/day 
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guide to food servings. A compre hens ive food portion picture guide is avail able from 
nutri tion and diet resources ( www.ndr- uk.org ). Using a beha vi oural approach, a prac-
ti tioner can work with indi vidu als to develop indi vidu al ized meal plans and strategies 
to monitor and change long- term eating habits. 

   14.6.1   Recognising the differ ence between predicted and 
actual weight loss 

 According to the calcu la tions above, a 600 kcal deficit diet should result in weekly 
0.5 kg weight loss leading to 6-month losses of 10–12 kg. However in reality the 
observed weight loss is well below predicted values, with indi vidu als typic ally 
losing less than half their predicted weight [25]. It has been well docu mented that 
conven tional dietary treat ments includ ing the 600 kcal deficit diet are asso ci ated with 
modest, albeit clin ic ally import ant, weight loss. Studies consist ently show weight 
losses over a 12-month treat ment programme are rarely beyond 5–10 kg [26,27], with 
lowest weights observed between 26–52 weeks [28,29] often followed by partial or 
complete weight regain. 

    Table 14.4     Food group alloc a tion based on daily energy prescrip tion  

  Daily 
energy 
prescrip tion  

  Starch 
(80 kcal)  

  Fruit/veg 
(40 kcal)  

  Protein 
foods 
(140 kcal)  

  Fats 
(50 kcal)  

  Dairy 
foods 
(90 kcal)  

  Extras 
(kcal/day)  

 1200  5  5  2  1  3  0 
 1300  5  5  2  2  3  50 
 1400  5  5  2  2  3  150 
 1500  6  6  2  2  3  130 
 1600  6  6  2  3  3  180 
 1700  7  7  2  3  3  160 
 1800  8  7  2  3  3  180 
 1900  8  8  2  3  3  240 
 2000  8  8  3  3  3  200 
 2100  9  8  3  3  3  220 
 2200  9  9  3  3  3  280 
 2300  9  9  3  3  4  290 
 2400  10  9  3  4  4  260 
 2500  10  10  3  4  4  320 
 2600  11  10  3  4  4  340 
 2700  12  11  3  4  4  320 
 2800  13  11  3  4  4  340 
 2900  14  12  3  4  4  320 
 3000  15  12  3  4  4  340 

   Adapted and repro duced with kind permis sion from NDR-UK Ref: 9262  www.ndr- uk.org      
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 The reasons for such a discrep ancy between predicted and actual weight losses are 
import ant, should be considered in the ongoing adjust ment of dietary plans, and high-
light the complex ity of factors that influ ence weight change. It is import ant to recog-
nize the physiolo gical mech an isms linked with energy restric tion, with compens at ory 
energy conser va tion negat ively affect ing weight loss outcomes. Such mech an isms 
include a decline in resting energy expendit ure mainly due to loss of meta bol ic ally 
active tissue [30], a fall in the energy cost of activ ity as the size of the body decreases 
[31] and an increase in appet ite. Although a 600 kcal deficit may produce ongoing 
weight loss for a number of weeks, in time a new energy balance equi lib rium will be 
reached, as energy expendit ure falls in response to dieting and may require energy 
prescrip tions to be recal cu lated and adjus ted to account for this decline [32]. Likewise 
if there is poor weight loss in response to an advised energy prescrip tion it may be 
helpful to increase the magnitude of the advised energy deficit given the known inac-
curacies in energy require ment predic tions for some indi vidu als.  

   14.6.2  Evidence from use of defined energy diets in prac tice 

 In a system atic review of obesity treat ments in adults, with at least 12 months 
follow- up, 600 kcal deficit diets were asso ci ated with a weight loss of 5.31 kg after 
one year with improve ments in risk factors and weight loss continu ing for three years 
[26]. These find ings are markedly differ ent from those observed in anti- obesity drug 
trials where the 600 kcal deficit diet forms part of the placebo treat ment but is not the 
primary inter ven tion. Higher dropout rates and poorer weight loss outcomes in these 
placebo groups may reflect differ ences in the type of parti cipant recruited to such 
studies with greater numbers of severe and complex indi vidu als suggest ing differ-
ences in respons ive ness to this inter ven tion [33,34]. 

 Limited evid ence is avail able on the compar at ive effect ive ness of defined versus 
fixed energy diets although there may be some effect on adher ence. In a hospital 
dietetic clinic greater weight losses were found in the tailored energy prescrip tion group 
compared to those advised on a 1200 kcal diet [2], however this study was limited by 
its non random ized design and short treat ment dura tion. Fewer programme drop outs 
and better adher ence have been observed in a work place random ized controlled trial 
compar ing a fixed 1500 kcal diet with tailored energy prescrip tions, although no signi-
fic ant differ ence in weight loss between the groups was observed [35].   

   14.7  Conclusion 

 Defined energy prescrip tions provide a useful start ing point for discus sion on portion 
control and may help patients visu al ize the extent of dietary change required. They 
will not suit every one but may be partic u larly helpful in those who have tried  ad 
libitum  dietary approaches with limited success and who need addi tional guid-
ance on portion size and quant it ies of food to choose from differ ent food groups. 
More research is needed to under stand the relat ive effect ive ness of defined energy 
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prescrip tions versus other dietary treat ments and to improve under stand ing of who 
does best with this dietary treat ment.   
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 Meal replace ments for the 
treat ment of obesity  
    P.   Clifton  
 University of South Australia, Adelaide, SA, Australia    

    15.1  Introduction 

 A meal replace ment is defined as a commer cially avail able, over the counter product 
(either liquid, powder or snack bar), forti fied with miner als and vitam ins designed to 
replace one or two meals per day with at least one meal consumed as normal food, 
for example meat and veget ables and consumed as part of an energy restric ted diet 
(4200–6600 kJ). 

 Very low calorie diets (VLCD) or very low energy diets (VLED) are defined as 
total diet replace ments with less than 800 kcal and more than 400 to 450 kcal/d (about 
3400–4000 kJ). Diets consist ing of between 800 and 1200 kcal/d are clas si fied as low 
calorie diets or low energy diets (LCD or LED). A variant of the LED is to use 3 
meal replace ments/day plus 2 snacks as well as 5 serves of fruit and veget ables with 
no ‘normal meals’. For total replace ment of normal nutri tion one needs to ensure the 
products contain all the vitam ins, miner als and protein required each day. In most 
coun tries these are tightly regu lated. 

 VLCDs have been widely used since the 1970s, usually under medical super -
vi sion in the USA, but a much more common approach now is the use of partial meal 
replace ment which has been promoted by wide spread direct to consumer market ing. 
This chapter will examine the evid ence for the use of VLCDs versus LCDs or partial 
meal replace ment for long- term weight loss with or without intens ive follow up, 
their role in people with Type 2 diabetes and meta bolic syndrome and whether the 
compos i tion and timing of the meal replace ment matters.  

   15.2   Very low calorie diet (VLCD) versus partial meal 
replace ment or controlled diet 

 The National Institutes of Health National Task Force on the Prevention and 
Treatment of Obesity in 1991 [1] concluded that VLCD long term was no better 
than any other form of weight loss method despite initial weight losses of 20 kg over 
12–16 weeks but Wim Saris in 2001 [2] wrote after a review of 9 random ised trials: 
‘There is evid ence that a greater initial weight loss using VLCDs with an active 

                 15 
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follow- up weight- main ten ance program, includ ing beha vior therapy, nutri tional 
educa tion and exer cise, improves weight main ten ance’ but he found no differ ence 
in weight loss between diets contain ing 400 and 800 kcal. However Tsai and Wadden 
in 2006 [3] examined trials that compared VLCDs and LCDs and found VLCDs 
induced greater initial weight loss (16% versus 9.75% of initial weight) but long- 
term results (>1 year after maximum weight loss) were not stat ist ic ally differ ent 
(6.3% vs 5.2%). 

 In the STOP Regain trial, 186 volun teers who had achieved at least a 10% weight 
loss over the last 2 years were enrolled in an 18 month trial of face to face, inter net or 
news let ter support. The approaches used were very low calorie diet (VLCD; n = 24), 
commer cial program (n = 95), or self- guided approach (n = 67). At baseline, indi vidu-
als who had used a VLCD had achieved a weight loss of 24% of their maximum 
weight within the past 2 years compared to 17% achieved by those who had used the 
other approaches (P < 0.001). However, indi vidu als who had used a VLCD regained 
signi fic antly more weight than the other two groups and by 6 months there were 
no signi fic ant differ ences in overall percent weight loss. In contrast, indi vidu als who 
had used a self- guided approach main tained their weight losses from baseline through 
18 months [4]. 

 In a primary care trial in Sweden 20 men and 57 women completed a VLCD 
with weight loss of 20 kg and 15.7 kg respect ively. At 1 year weight loss was 10.5 kg 
and after 2 years 5.2 kg with 22 dropouts in total [5]. Vogels and colleagues [6] 
followed 103 subjects for 2 years after VLCD. Weight loss was relat ively small 
with the VLCD at 7 kg and at 2 years weight loss was only 2 kg but the study had no 
contrast ing control group. Weight regain occurred mostly in those with lower initial 
fat mass. 

 In conclu sion there has been no recent data to over turn the 1991 NIH conclu-
sion that the cost and incon veni ence of VLCD outweigh the long- term benefit in 
most people and that similar results at 2 years can be achieved with less restrict ive 
methods. In the USA VLCD is usually closely medic ally super vised whereas in 
Europe and Australia this does not need to occur and thus VLCD is less costly than 
in the USA.  

   15.3   Meal replace ment as part of a low calorie diet 
(LCD) versus conven tional diet 

 We reviewed this area in 2005 [7]. Heysmfield and colleagues [8] pooled 6 
studies that compared partial meal replace ment with a conven tional reduced 
calorie diet of the same energy level. Body weight reduc tion was 7–8% in the 
meal replace ment group at 1 year and this was 2.5 kg greater than the recom men ded 
diet. 

 In a general prac tice setting Wadden and co- workers [9] compared usual care 
(4 visits/year to discuss weight manage ment) with life style coach ing which added 
monthly coun selling to usual care and enhanced life style coun selling which added 
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meal replace ments or sibut ram ine or orlistat to the life style coach ing. Those using 
meal replace ments with no expos ure to sibut ram ine (n = 67) had a weight loss 
of 4.4 kg at 2 years which was not stat ist ic ally differ ent from the life style coach-
ing group which had a weight loss of 2.9 kg (n = 131). The meal replace ments were 
substi tuted for 2 meals and one snack for 4 months and then one meal and one snack 
there after. 

 A variant of the LED is to use 3 meal replace ments/day plus 2 snacks as well as 
5 serves of fruit and veget ables. With this regime, along with beha vi oural therapy 
and exer cise a weight loss of 13.7 kg can be achieved at 24 weeks (n = 18) compared 
with 0.7 kg in the control group (n = 13) [10]. Long- term data is required for this 
approach in adults. 

 In adoles cents, use of a regime that incor por ates 3 shakes/day plus 1 prepack aged 
meal and 5 serves of fruit and veget ables/day led to a weight loss of 6.3% compared 
to 3.8% for a control diet for 4 months, but contin ued use for the next 8 months 
did not main tain this differ ence and at 12 months weight loss was only 3.4% in 
both [11].  

   15.4  Type 2 diabetes 

 There are few studies of meal replace ment LCD or VLCD avail able in this group with 
or without compar ator control groups with follow up for 2 years or more. Both Wing 
and colleagues [12] and Henry and Gumbiner [13] noted that despite weight regain 
long- term glucose bene fits were seen in people with diabetes using VLCD while 
Wing and co- workers did not feel the benefit of inter mit tent VLCD over one year in 
diabetes justi fied the cost [14]. People with diabetes however may lose less fat with 
VLCD than non diabetic subjects even though the same weight loss over 6 months 
(8.5–9.4 kg) has been achieved [15]. 

   15.4.1  VLCD 

 Snel and colleagues [16] conduc ted a 16 week VLCD and VLCD plus exer cise 
study in 27 obese (BMI 37) insulin treated people with type 2 diabetes and followed 
them up for 18 months. Short- term weight loss was 23–27 kg with more fat mass lost 
in the exer cise group. Insulin- stim u lated glucose disposal was more than doubled 
in both groups and HbA1c fell by 1.3%. Quality of life improved in both groups 
and in the exer cise group at 18 months was no differ ent from lean or obese controls 
but in the VLCD only group most of the scales were inferior to the controls [17]. 
At 18 months there was a 12 and 14 kg weight regain with no differ ence between 
groups, although IL10 and IL8 remained lower than baseline levels as did peri car dial 
fat volumes [18,19]. In a 5 year study Paisey [20] compared a conven tional diet to 
VLCD and found a weight loss of 8.9 k in the conven tional diet group versus 4.8 kg in 
the VLCD group but the numbers were small (15 in each group commenced–number 
at 5 years not stated).  
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   15.4.2  LCD 

 Foster and co- workers [21] compared the effect of a portion controlled diet with 
9 sessions of diabetes self manage ment advice to the advice alone and found 
indi vidu als on the portion controlled diet lost 7.3 kg and their Hba1c was lowered by 
0.7% compared with 2.2 kg and 0.4% respect ively over a 6 month period. Cheskins 
and colleagues [22] tested 199 parti cipants with Type 2 diabetes with meal replace-
ments or controlled diet (both with frequent educa tional sessions) at 75% of estim-
ated energy require ments for 34 weeks with 1 year follow up there after. At 34 weeks 
about 40% achieved >5% weight loss on the meal replace ment diet and 12% on 
the controlled diet (weight loss of 7.3 kg vs 4.7 kg with only 40% still in the study) 
with better reten tion and ease of use with the meal replace ments. Weight loss at 86 
weeks was 5.6 and 4.7 kg but only 20% of parti cipants remained in the study. We 
performed a 6 month study [23] and found a disap point ing result with meal replace-
ments without profes sional assist ance. Consumption of 2 meal replace ments for 3 
months and 1 meal replace ment for the subsequent 3 months led to weight loss of 
5.5 kg (5%) and a 0.26% decrease in HbA1c while a diet book group had a weight 
loss of 3 kg (3%) (p = 0.027 for differ ence between groups) and a decrease in HbA1c 
of 0.15% (between group ns) in those who completed the 6-month study. There was 
a high dropout rate in both groups (30%). In a 12-month study [24], in 104 subjects 
weight loss was 4.6% with meal replace ments and 2.3% in the indi vidual diet plan 
(p < 0.05). HbA1c was 0.5% lower in the meal replace ment group (p < 0.05) and a 
greater number of subjects in this group reduced their medic a tion. Using one meal 
replace ment plus monthly life style advice for 12-months was relat ively inef fect ive 
with a 1.6 kg weight loss versus 0.6 kg weight loss in the control group in 84 Chinese 
subjects with abnor mal glucose toler ance, although normal glucose toler ance was 
achieved more often in the meal replace ment group [25]. Dichsuneit [26] repor ted 
on his group’s exper i ence in patients with Type 2 diabetes. After 6 and 12 months, 
patients in the meal replace ment group achieved on average a weight loss of 5.24 and 
4.35% of their initial body weight, respect ively. In contrast, after 6 and 12 months, 
patients on the indi vidu al ised diet plan achieved on average a weight loss of 2.85 and 
2.36% of their initial body weight, respect ively. 

 Meal replace ments were used in the LOOK Ahead study, (5145 parti cipants 
with Type 2 diabetes) along with exer cise and beha vi oural modi fic a tion. Intensive 
life style parti cipants lost 8.6% of initial weight, compared to 0.7% for stand ard 
treat ment (p < 0.001). For the year, intens ive life style parti cipants atten ded an 
average of 35.4 treat ment sessions and repor ted exer cising a mean of 136.6 min/
week and consum ing a total of 361 meal replace ment products. Greater self- repor ted 
phys ical activ ity was the strongest correl ate of weight loss, followed by treat ment 
attend ance and consump tion of meal replace ments. After 9.6 years weight loss was 
6% compared with 3.5% [27]. Overall there was no differ ence in cardiac endpoints 
in the two groups [28]. 

 Meal replace ments seem to be useful over 6 months in Type 2 diabetes but 
apart from the LOOK Ahead study there is little long term data. LOOK 
Ahead required intens ive inter ven tion and would not be replic ated in usual care. 
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VLCD may have persist ent effects on glucose meta bol ism at 2 years despite weight 
regain.   

   15.5  Composition of meal replace ments 

   15.5.1  High protein vs normal protein 

 Meal replace ments that deliver 2.2 kg of protein/kg of lean body mass per day were 
no differ ent in effect ive ness compared with isocal oric replace ments deliv er ing 1.1 g/
kg with a weight loss of 4.3 vs 4.7 kg at 12 months with 1 meal replace ment and 1 
snack for 3 months followed by 1 meal replace ment for 9 months [29]. A similar result 
was found by Flechtner-Mors and colleagues [30] who delivered 1.34 g/kg/d over 12 
months in protein- enriched meal replace ments and bars which produced a weight loss 
of 11.8 kg (n = 31). The control group (n = 43) used conven tional diet for 3 months and 
1 stand ard meal replace ment for 9 months with a protein intake of 0.8 g/kg/d with 
a differ ence in protein intake of about 30 g/d. The weight loss over 12 months was 
6.9 kg. The weight change from 3 to 12 months when both groups were using 1 meal 
replace ment was 3 kg in the protein- enriched arm and 2.7 kg in the normal protein 
arm. Soenen and co- workers [31] also demon strated similar results over 6 months.  

   15.5.2  Protein type 

 In short term studies the protein compos i tion of the meal replace ment, i.e. whether 
soy versus casein, did not matter over 16 weeks [32]. Subjects were instruc ted to 
consume 3 shakes, 1 prepack aged entrée, and 5 servings of fruits or veget ables daily 
to achieve an energy intake of 4.5 to 5.0 MJ/d. Weight loss was 12.8% vs 14%. No 
differ ence was seen between milk- based and soy- based meal replace ments [33].  

   15.5.3  Frequency 

 Williams and colleagues [34] compared a complic ated regime of 1 day of VLCD 
every week for 15 weeks versus 5 days of VLCD every 5 weeks with a 1500–
1800 kcal diet at other times versus 1500–1800 kcal continu ously in people with Type 
2 DM. Greater weight loss occurred in the VLCD groups and better glucose control 
was obtained in the 5-day VLCD group. There was no long term follow- up after the 
20 weeks to see if the advant ages persisted.   

   15.6  Summary 

 Although the short- term effects of VLCD are excel lent with weight losses of 23–27 kg 
even in people with Type 2 diabetes with sustained reduc tions in blood glucose, in 
the latter group long- term results are no differ ent from less intens ive regimes of 
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partial meal replace ment. However the LOOK Ahead study would suggest that the 
use of meal replace ments leads to better long- term weight loss, espe cially when 
combined with exer cise, compared with stand ard dietary advice so meal replace ments 
could be used liber ally to aid compli ance to a reduced energy diet.   

     References 

   1.   [ No authors listed] Very low- calorie diets .  National Task Force on the Prevention and 
Treatment of Obesity, National Institutes of Health .   JAMA    1993 ;  270 ( 8 ):  967 – 74 .  

   2.     Saris   WH  .  Very- low-calorie diets and sustained weight loss .   Obes Res.    2001 ;  9  ( Suppl 4 ): 
 S295 – 301 .  Review .  

   3.     Tsai   AG  ,   Wadden   TA  .  The evol u tion of very- low-calorie diets: an update and meta- 
analysis .   Obesity (Silver Spring)    2006 ;  14 ( 8 ):  1283 – 93 .  

   4.     Marinilli   Pinto A  ,   Gorin   AA  ,   Raynor   HA  ,   Tate   DF  ,   Fava   JL  ,   Wing   RR  .  Successful 
weight- loss main ten ance in rela tion to method of weight loss .   Obesity (Silver Spring)   
 2008   16 ( 11 ):  2456 – 61 .  doi: 10.1038/oby.2008.364 . Epub  14   Aug   2008 .  

   5.     Wikstrand   I  ,   Torgerson   J  ,   Boström   KB  .  Very low calorie diet (VLCD) followed by a 
random ized trial of corset treat ment for obesity in primary care .   Scand J Prim Health Care   
 2010 ;  28 ( 2 ):  89 – 94 .  doi: 10.3109/02813431003778540 .  

   6.     Vogels   N  ,   Westerterp-Plantenga   MS  .  Successful long- term weight main ten ance: a 2-year 
follow- up .   Obesity (Silver Spring)    2007 ;  15 ( 5 ):  1258 – 66 .  

   7.     Keogh   JB  ,   Clifton   PM  .  The role of meal replace ments in obesity treat ment .   Obes Rev   
 2005 ;  6 ( 3 ):  229 – 34 .  Review .  

   8.     Heymsfield   SB  ,   van   Mierlo CA  ,   van   der Knaap HC  ,   Heo   M  ,   Frier   HI  .  Weight manage ment 
using a meal replace ment strategy: meta and pooling analysis from six studies .   Int J Obes 
Relat Metab Disord    2003 ;  5 :  537 – 49 .  

   9.     Wadden   TA  ,   Volger   S  ,   Sarwer   DB  ,   Vetter   ML  ,   Tsai   AG  ,   Berkowitz   RI  ,   Kumanyika   S  , 
  Schmitz   KH  ,   Diewald   LK  ,   Barg   R  ,   Chittams   J  ,   Moore   RH  .  A two- year random ized trial 
of obesity treat ment in primary care prac tice .   N Engl J Med    2011 ;  365 ( 21 ):  1969 – 79 .  doi: 
10.1056/NEJMoa1109220 . Epub  14   Nov   2011 .  

  10.     Anderson   JW  ,   Reynolds   LR  ,   Bush   HM  ,   Rinsky   JL  ,   Washnock   C  .  Effect of a beha vi oral/
nutri tional inter ven tion program on weight loss in obese adults: a random ized controlled 
trial .   Postgrad Med    2011   123 ( 5 ):  205 – 13 .  doi: 10.3810/pgm.2011.09.2476 .  

  11.     Berkowitz   RI  ,   Wadden   TA  ,   Gehrman   CA  ,   Bishop-Gilyard   CT  ,   Moore   RH  ,   Womble   LG  , 
  Cronquist   JL  ,   Trumpikas   NL  ,   Levitt   Katz LE  ,   Xanthopoulos   MS  .  Meal replace ments in 
the treat ment of adoles cent obesity: a random ized controlled trial .   Obesity (Silver Spring)   
 2011 ;  19 ( 6 ):  1193 – 9 .  doi: 10.1038/oby.2010.288 . Epub  9   Dec   2010 .  

  12.     Wing   RR  ,   Marcus   MD  ,   Salata   R  ,   Epstein   LH  ,   Miaskiewicz   S  ,   Blair   EH  .  Effects of a very- 
low-calorie diet on long- term glycemic control in obese type 2 diabetic subjects .   Arch 
Intern Med    1991 ;  151 ( 7 ):  1334 – 40   

  13.     Henry   RR  ,   Gumbiner   B  .  Benefits and limit a tions of very- low-calorie diet therapy in obese 
NIDDM .   Diabetes Care    1991 ;  14 ( 9 ):  802 – 23 .  Review .  

  14.     Wing   RR  ,   Blair   E  ,   Marcus   M  ,   Epstein   LH  ,   Harvey   J  .  Year- long weight loss treat ment for 
obese patients with type II diabetes: does includ ing an inter mit tent very- low-calorie diet 
improve outcome?    Am J Med    1994 ;  97 ( 4 ):  354 – 62 .  

  15.     Baker   ST  ,   Jerums   G  ,   Prendergast   LA  ,   Panagiotopoulos   S  ,   Strauss   BJ  ,   Proietto   J  .  Less 
fat reduc tion per unit weight loss in type 2 diabetic compared with nondia betic obese 



Meal replacements for the treatment of obesity 229

indi vidu als complet ing a very- low-calorie diet program .   Metabolism    2012 ;  61 ( 6 ):  873 – 82 . 
 doi: 10.1016/j.metabol.2011.10.017 . Epub  5   Dec   2011 .  

  16.     Snel   M  ,   Gastaldelli   A  ,   Ouwens   DM  ,   Hesselink   MK  ,   Schaart   G  ,    et al.     Effects of adding 
exer cise to a 16-week very low-calorie diet in obese, insulin- depend ent type 2 diabetes 
mellitus patients .   J Clin Endocrinol Metab    2012 ;  97 ( 7 ):  2512 – 20 .  doi: 10.1210/jc.2011-
3178 . Epub  8   May   2012 .  

  17.     Snel   M  ,   Sleddering   MA  ,   Vd   Peijl ID  ,   Romijn   JA  ,   Pijl   H  ,    et al.     Quality of life in type 
2 diabetes mellitus after a very low calorie diet and exer cise .   Eur J Intern Med    2012 , 
 23 ( 2 ):  143 – 9 .  doi: 10.1016/j.ejim.2011.07.004 . Epub  17   Aug   2011 .  

  18.     Snel   M  ,   van   Diepen JA  ,   Stijnen   T  ,   Pijl   H  ,   Romijn   JA  ,    et al.     Immediate and long- term 
effects of addi tion of exer cise to a 16-week very low calorie diet on low- grade inflam-
ma tion in obese, insulin- depend ent type 2 diabetic patients .   Food Chem Toxicol    2011 ; 
 49 ( 12 ):  3104 – 11 .  doi: 10.1016/j.fct.2011.09.032 . Epub  5   Oct   2011 .  

  19.     Snel   M  ,   Jonker   JT  ,   Hammer   S  ,   Kerpershoek   G  ,   Lamb   HJ  ,    et al.     Long- term bene fi cial effect 
of a 16-week very low calorie diet on peri car dial fat in obese type 2 diabetes mellitus 
patients .   Obesity  ( Silver Spring ) .  2012 ;  20 ( 8 ):  1572 – 6 .  doi: 10.1038/oby.2011.390 . Epub 
 26   Jan   2012  .  

  20.     Paisey   RB  ,   Frost   J  ,   Harvey   P  ,   Paisey   A  ,   Bower   L  ,    et al.     Five year results of a prospect ive 
very low calorie diet or conven tional weight loss programme in type 2 diabetes .   J Hum 
Nutr Diet    2002 ;  15 ( 2 ):  121 – 7 .  

  21.     Foster   GD  ,   Wadden   TA  ,   Lagrotte   CA  ,   Vander   Veur SS  ,   Hesson   LA  ,    et al.     A random ized 
compar ison of a commer cially avail able portion- controlled weight- loss inter ven tion with 
a diabetes self- manage ment educa tion program .   Nutr Diabetes    2013 ;  3 :  e63 .  doi: 10.1038/
nutd.2013.3   

  22.   .  Cheskin   LJ  ,   Mitchell   AM  ,   Jhaveri   AD  ,   Mitola   AH  ,   Davis   LM  ,    et al.     Efficacy of meal replace-
ments versus a stand ard food- based diet for weight loss in type 2 diabetes: a controlled 
clin ical trial .   Diabetes Educ    2008 ;  34 ( 1 ):  118 – 27 .  doi: 10.1177/0145721707312463 .  

  23.     Keogh   JB  ,   Clifton   PM    Meal replace ments for weight loss in type 2 diabetes in a 
community setting .   J Nutr Metab    2012 ;  2012 :  918571 .  doi: 10.1155/2012/918571 . Epub 
 2   Oct   2012 .  

  24.     Li   Z  ,   Hong   K  ,   Saltsman   P  ,   DeShields   S  ,   Bellman   M  ,    et al.     Long- term effic acy of soy- 
based meal replace ments vs an indi vidu al ized diet plan in obese type II DM patients: 
relat ive effects on weight loss, meta bolic para met ers, and C-reactive protein .   Eur J Clin 
Nutr    2005 ;  59 ( 3 ):  411 – 8 .  

  25.     Xu   DF  ,   Sun   JQ  ,   Chen   M  ,   Chen   YQ  ,   Xie   H  ,    et al.     Effects of life style inter ven tion and meal 
replace ment on glycaemic and body- weight control in Chinese subjects with impaired 
glucose regu la tion: a 1-year random ised controlled trial .   Br J Nutr    2012 ;  5 :  1 – 6   (Epub 
ahead of print) .  

  26.     Ditschuneit   HH    Do meal replace ment drinks have a role in diabetes manage ment?  
  Nestle Nutr Workshop Ser Clin Perform Programme    2006 ;  11 :  171 – 9 ; discus sion 
 179 – 81 .  

  27.     Wadden   TA  ,   West   DS  ,   Neiberg   RH  ,   Wing   RR  ,   Ryan   DH  ,    et al.   ,  for the Look AHEAD 
Research Group. One- year weight losses in the Look AHEAD study: factors asso ci ated 
with success .   Obesity (Silver Spring)    2009 ;  17 ( 4 ):  713 – 22 .  doi: 10.1038/oby.2008.637 . 
Epub  29   Jan   2009 .  

  28.    The Look AHEAD Research Group:    Wing   RR  ,   Bolin   P  ,   Brancati   FL  ,   Bray   GA  ,   Clark  
 JM  ,   Coday   M      et al.     Cardiovascular effects of intens ive life style inter ven tion in Type 
2 diabetes .   N Engl J Med    2013 ;  369 ( 2 ):  145 – 54 .  doi: 10.1056/NEJMoa1212914 . Epub  
24   Jun   2013 .  



230 Managing and Preventing Obesity

  29.     Li   Z  ,   Treyzon   L  ,   Chen   S  ,   Yan   E  ,   Thames   G  ,   Carpenter   CL  .  Protein- enriched meal replace-
ments do not adversely affect liver, kidney or bone density: an outpa tient random ized 
controlled trial .   Nutr J.    2010 ;  9 :  72 .  doi: 10.1186/1475-2891-9-72   

  30.     Flechtner-Mors   M  ,   Boehm   BO  ,   Wittmann   R  ,   Thoma   U  ,   Ditschuneit   HH  .  Enhanced weight 
loss with protein- enriched meal replace ments in subjects with the meta bolic syndrome . 
  Diabetes Metab Res Rev    2010 ;  26 ( 5 ):  393 – 405 .  doi: 10.1002/dmrr.1097 .  

  31.     Soenen   S  ,   Hochstenbach-Waelen   A  ,   Westerterp-Plantenga   MS  .  Efficacy of α-lactalbumin 
and milk protein on weight loss and body compos i tion during energy restric tion .   Obesity 
(Silver Spring)    2011 ;  19 ( 2 ):  370 – 9 .  doi: 10.1038/oby.2010.146 . Epub  24   Jun   2010 .  

  32.     Anderson   JW  ,   Fuller   J  ,   Patterson   K  ,   Blair   R  ,   Tabor   A  .  Soy compared to casein meal 
replace ment shakes with energy- restric ted diets for obese women: random ized controlled 
trial .   Metabolism    2007 ;  56 ( 2 ):  280 – 8 .  

  33.     Anderson   JW  ,   Hoie   LH  .  Weight loss and lipid changes with low-energy diets: compar ator 
study of milk- based versus soy- based liquid meal replace ment inter ven tions .   J Am Coll 
Nutr    2005 ;  24 ( 3 ):  210 – 6 .  

  34.     Williams   KV  ,   Mullen   ML  ,   Kelley   DE  ,   Wing   RR  .  The effect of short periods of caloric 
restric tion on weight loss and glycemic control in type 2 diabetes .   Diabetes Care    1998 ; 
 21 ( 1 ):  2 – 8 .      



Managing and Preventing Obesity. http://dx.doi.org/10.1533/9781782420996.4.231
Copyright © 2015 Elsevier Ltd. All rights reserved.

 Very- low- calorie diets (VLCDs) 
for the treat ment of obesity  
    P.   Sumithran,     J.   Proietto  
 University of Melbourne, Melbourne, VIC, Australia    

    16.1  Introduction 

 Very- low- calorie diets (VLCDs) are diets contain ing 3350 kilo joules (800 kilo -
 c al or ies) or less per day (National Task Force on the Prevention and Treatment of 
Obesity, 1993). They gener ally take the form of meal replace ment formu la tions, 
which may be used as the sole source of nutri tion during a weight loss programme, 
and provide between 1700–3350 kilo joules (450–800 kilo c al or ies) per day. The 
purpose of VLCDs is to enable rapid, substan tial weight loss while main tain ing 
an adequate intake of required nutri ents. As such, they should contain at least 
0.8–1.0 gram per kilo gram of ideal body weight per day of high- quality protein, as 
well as the recom men ded daily allow ances of essen tial vitam ins, miner als, elec tro-
lytes and fatty acids. A daily minimum of 50 g protein and 55 g carbo hydrate has 
been sugges ted to minim ise loss of lean mass during weight loss (SCOOP-VLCD 
Task 7.3, 2002).  

   16.2   Indications and contrain dic a tions for the use 
of very- low-calorie diets (VLCDs) 

   16.2.1  Indications 

 VLCDs may be used for the treat ment of obesity (body mass index [BMI] ≥30 kg/
m 2 ) in adults, when less restrict ive dietary approaches have not been success ful. 
They may also be considered in people with BMI > 27 kg/m 2  who have medical 
condi tions likely to improve with weight loss, such as Type 2 diabetes or obstruct-
ive sleep apnoea. Although in many coun tries the products are widely avail able in 
phar ma cies without prescrip tion, expert panels and clin ical prac tice guidelines 
recom mend that VLCDs only be used under medical super vi sion, as part of an 
obesity treat ment programme, which includes nutri tional educa tion and 
modi fic a tion of life style and beha viour (NH&MRC 2003, SCOOP-VLCD Task 7.3, 
2002, National Task Force on the Prevention and Treatment of Obesity, 1993; Tsigos 
 et al. , 2008).  

                 16 
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   16.2.2  Contraindications 

 VLCDs are contrain dic ated in people with increased nutri tional require ments, includ-
ing preg nant or lactat ing women, or those with a signi fic ant illness, such as systemic 
infec tion, active malig nancy or severe renal or hepatic impair ment. They should not 
be used within 3 months of major cardi ovas cu lar events, or in people with malig nant 
arrhythmias, cerebrovas cu lar disease, elec tro lyte disorders, porphyria or hered it ary 
meta bolic diseases, unstable psychi at ric disorders, alcohol or drug depend ence, or a 
history of anor exia nervosa (Mustajoki and Pekkarinen, 2001, National Task Force 
on the Prevention and Treatment of Obesity, 1993). VLCDs should not be used by 
normal weight people, as excess ive lean body mass may be lost. 

 Relative contrain dic a tions to VLCDs include use in people with Type 1 diabetes, 
chole lith i asis, renal stones or gout. They are also not recom men ded for persons under 
18 years, as chil dren and adoles cents have increased nutri tional require ments. There 
is little inform a tion about the safety of VLCDs in people aged over 65 years, who 
may be at risk of losing excess ive lean body mass. Furthermore, the relat ive increase 
in health risks asso ci ated with excess weight declines with age (Stevens  et al. , 1998; 
Diehr  et al. , 1998; Dey  et al. , 2001), and it is uncer tain whether weight loss is bene-
fi cial in older adults, partic u larly those without severe obesity (Wannamethee  et al. , 
2005). The posi tion state ment of the American Society of Nutrition and NAASO 
recom mends against the use of VLCDs in persons ≥65 years (Villareal  et al. , 2005). 
However, if the bene fits of rapid weight loss are thought to outweigh the poten tial 
risks for people in the above- mentioned situ ations, VLCDs may be used with caution, 
under the super vi sion of a medical prac ti tioner exper i enced in their use (National 
Task Force on the Prevention and Treatment of Obesity, 1993; Pi-Sunyer, 1992).   

   16.3  How to use VLCDs 

 VLCD products are commonly formu lated as a powder to be mixed with water to make 
a ‘milk shake’, but various other present a tions, includ ing bars, soups and desserts are 
avail able. A full VLCD programme usually consists of 3 sequen tial phases:

    1.    During the  intens ive  phase, the formu la tion is taken in place of break fast, lunch and dinner, 
with an addi tional 2 cups per day of low- starch veget ables, to provide fibre and help satisfy 
the social aspect of eating. The addi tion of 7–10 grams of fat per day is recom men ded, to 
stim u late gall blad der contrac tion and reduce the risk of gall stone form a tion (Saris, 2001; 
SCOOP-VLCD TASK 7.3, 2002), and at least 2 litres of water (or calorie- free fluids) daily 
is advised.  

   2.    The intens ive phase is followed by a  trans ition , in which regular foods are gradu ally re -
in tro duced, ideally under the super vi sion of a dieti cian. Initially, 1 meal is rein tro duced 
and 2 VLCD products contin ued, followed by 2 meals and one VLCD product per day.  

   3.    The VLCD treat ment is completed by rein tro du cing a third daily meal ( main ten ance  phase).    

 The dura tion of VLCD treat ment is vari able, but typic ally ranges from 8–16 weeks 
for the intens ive phase, and 3–8 weeks for the trans ition (Mustajoki and Pekkarinen, 
2001; Tsai and Wadden, 2005). 
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 In our clin ical exper i ence, patients rarely adhere to a prolonged VLCD regimen 
which replaces all 3 meals, and our usual prac tice is to use VLCD products to replace 
2 meals, with a third daily meal consist ing of lean protein and 2 cups of low- starch 
veget ables. 

   16.3.1  Concomitant medic a tions 

 In people with Type 2 diabetes, careful self- monit or ing of blood glucose is recom-
men ded, and for those treated with sulf onylur eas or insulin, we usually advise a 
dose reduc tion of 50% upon commence ment of the VLCD, to reduce the risk of 
hypoglycaemia. To minim ise the risk of hypo ten sion and elec tro lyte disturb ances, 
it is recom men ded that diur et ics are discon tin ued for the dura tion of the VLCD 
(Mustajoki and Pekkarinen, 2001; National Task Force on the Prevention and 
Treatment of Obesity, 1993).   

   16.4  Efficacy of VLCDs 

   16.4.1  Short term 

 Several liter at ure reviews and meta- analyses have shown that compared with low-
calorie diets (LCDs, usually contain ing 3350–5000 kJ (800–1200 kcal/d)), VLCDs 
are asso ci ated with greater initial weight loss, in the order of 1.5–2.5 kg per week 
(compared to 0.4–0.5 kg per week with LCDs), equat ing to around 12–35 kg during 
an 8–16 week treat ment period (Mustajoki and Pekkarinen, 2001; National Task 
Force on the Prevention and Treatment of Obesity, 1993; NH&MRC, 2003; Tsai and 
Wadden 2006; Anderson  et al. , 1992). Since VLCDs provide a fixed energy content, 
there is signi fic ant inter- indi vidual vari ation in the amount of weight lost, as differ-
ences in energy require ments, gender, body mass and compos i tion are not taken into 
account. The major ity (≥75%) of weight lost using either VLCDs or LCDs is fat 
mass (Barrows and Snook, 1987; Burgess, 1991; Rossner and Flaten, 1997; SCOOP-
VLCD TASK 7.3, 2002). There appears to be no clin ical advant age in redu cing the 
daily energy content of a VLCD below 3350 kJ (800 kcal) (Foster  et al.  1992; Lin 
 et al. , 2009).  

   16.4.2  Long term 

 In the long- term, diet- induced weight loss is poorly main tained. There are conflict-
ing reports regard ing the relat ive success of VLCDs compared with other dietary 
approaches. In its 1998 report (NHLBI, 1998) (currently being updated), the 
National Heart Lung and Blood Institute expert panel recom men ded the use 
of LCDs for the treat ment of obesity, based on data from 4 random ised controlled 
trials which showed no differ ence between VLCDs and LCDs in weight loss 
beyond 1 year, despite greater initial weight loss on VLCDs. This is suppor ted by 
the conclu sion of a more recent meta- analysis of 6 random ised controlled trials, 
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some of which were included in the NHLBI expert panel report, compar ing 
VLCDs and LCDs with at least 1 year follow- up after maximum weight loss (Tsai 
and Wadden, 2006). Studies were conduc ted in the US (4) and Scandinavia (2), 
and published between 1989 and 1997. Participants used VLCDs for 8–24 weeks 
followed by LCDs, or LCDs alone (contain ing 4200–7500 kJ (1000–1800 kcal)/d), 
and all programmes included beha viour therapy, with or without exer cise, for 6 to 26 
months. Attrition was not differ ent between the VLCD and LCD groups. Participants 
lost signi fic antly more weight using VLCDs (mean differ ence 6.4 kg over 12.7 
weeks), but after an average of 1.9 years follow- up, weight loss was not signi fic-
antly differ ent between groups (mean 6.3 ± 3.2 vs. 5.0 ± 4.0% for VLCDs and LCDs 
respect ively). 

 In contrast, a number of reviews of the published data have concluded that greater 
initial weight loss, includ ing that induced by VLCDs, is asso ci ated with better main-
ten ance of weight loss (Anderson  et al. , 2001; Astrup and Rossner, 2000), provided 
that there is a subsequent programme of beha vi oural modi fic a tion and support ive 
follow- up (Ayyad and Andersen, 2000). In a meta- analysis examin ing 29 predom-
in antly non- random ised studies of struc tured weight loss programme involving a 
VLCD (13 studies), low-calorie diet (14 studies) or both (2 studies), with follow- up 
of at least 2 years, parti cipants main tained greater weight loss after a VLCD compared 
with a LCD (16.1 vs. 7.2% weight loss at 1 year, and 6.2 vs. 2% at 5 years for VLCDs 
and LCDs respect ively) (Anderson  et al. , 2001).  

   16.4.3  Benefits of VLCDs 

 VLCD-induced weight loss has bene fi cial effects on several obesity- related condi-
tions, includ ing dyslip id aemia (reduc tion in total choles terol, low- density lipo pro tein 
and trigly cerides), hyper ten sion, insulin resist ance, Type 2 diabetes, hepatic steatosis 
and obstruct ive sleep apnoea (Anderson  et al. , 1992; Lewis  et al. , 2006; Suratt  et al. , 
1987). Although these bene fits are common to most methods of weight reduc tion, 
there may be certain advant ages in using a VLCD. In one study (Wing  et al. , 1991), 
obese parti cipants with Type 2 diabetes under went a 20-week programme of beha-
viour modi fic a tion and a hypo cal oric diet 4200–6300 kJ (1000–1500 kcal)/d, and 
were randomly assigned to include a VLCD or not from weeks 5–12. They were 
instruc ted to continue the hypo cal oric diet for a further 52 weeks, unless goal weight 
was reached prior. The VLCD group lost signi fic antly more weight during the first 
20 weeks (18.6 ± 9.5 vs. 10.1 ± 4.3 kg). At one year, although there was no signi fic-
ant differ ence in weight loss between groups (8.6 ± 9.2 vs. 6.8 ± 6.9 kg), the VLCD 
group had signi fic antly greater improve ments in fasting glucose and HbA1c (Wing 
 et al. , 1991). Other advant ages of VLCDs include the motiv at ing effect of rapid 
weight loss, the conveni ence of meal replace ment formu la tions, which may improve 
dietary adher ence compared with a conven tional diet (Noakes  et al. , 2004), and a 
mild ketosis due to the relat ively low carbo hydrate intake, which may reduce appet-
ite (Sumithran  et al. , 2013). In one study, parti cipants repor ted less hunger, despite 
a signi fic antly lower energy intake, on a VLCD compared with a balanced LCD 
(Wadden  et al. , 1985).   
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   16.5  Safety of VLCDs 

 Minor adverse effects commonly exper i enced while using VLCDs are gener ally 
self- limit ing and tran si ent, and include cold intol er ance, dry skin, hair loss, constip-
a tion, dizzi ness, head aches, and fatigue (National Task Force on the Prevention and 
Treatment of Obesity, 1993). 

 More serious adverse effects are less common, and can include gall stones, hyper-
uri cemia, and reduc tion in bone mineral density. Obesity itself is a risk factor 
for chole lith i asis and gout. The risk of chole lith i asis is further increased by rapid 
weight loss, whether induced by VLCDs or other means, such as bari at ric surgery 
(Everhart, 1993), and may be mitig ated by slowing the rate of weight loss to <1.5 kg/
wk (Weinsier  et al. , 1995), admin is tra tion of ursodeoxy cholic acid (Shiffman  et al. , 
1995), or increas ing the fat content of the diet (Festi  et al. , 1998). 

 Weight loss is gener ally accom pan ied by a reduc tion in serum uric acid (Zhu  et al. , 
2010), but levels may increase during VLCD treat ment, and rarely, gout may be 
precip it ated, usually in persons previ ously affected. Liberalisation of carbo hydrate 
intake or treat ment with allop urinol has been sugges ted for patients with marked 
hyper uri cemia (>590 pmol/L) or symp to matic gout (National Task Force on the 
Prevention and Treatment of Obesity, 1993). 

 Weight loss of 5% or more is asso ci ated with a reduc tion in bone mineral density 
and increased frac ture risk (Langlois  et al. , 2001; Meyer  et al. , 1995). The reduc-
tion in BMD is propor tional to the amount of weight loss (Schwartz  et al. , 2012; 
Villalon  et al. , 2011), and has been demon strated follow ing mild to moder ate dietary 
restric tion (3800 to 6700 kJ/d), VLCDs, and bari at ric surgery (Andersen  et al. , 1997; 
Schwartz  et al. , 2012; Hinton  et al. , 2012; Fleischer  et al. , 2008) in middle- aged and 
older men and women (Ensrud  et al. , 2005; Langlois  et al. , 2001; Salamone  et al. , 
1999), but has not been consist ently found in younger people (Redman  et al. , 2008; 
Hamilton  et al. , 2013; Shapses  et al. , 2001; Hinton  et al. , 2012; Fogelholm  et al. , 
2001). Exercise may help ameli or ate bone loss in the elderly during dietary weight 
loss (Shah  et al. , 2011), but seems not to affect changes in BMD and bone turnover 
markers during diet- induced weight loss in younger people (Hamilton  et al. , 2013; 
Hinton  et al. , 2012; Fogelholm  et al. , 2001). Increasing dietary intake of calcium, 
vitamin D and protein have been repor ted to atten u ate changes in bone density or 
turnover markers during weight reduc tion in some (Thorpe  et al. , 2008; Sukumar 
 et al. , 2011; Josse  et al. , 2012) but not all (Hinton  et al. , 2010) studies. 

 Rarely, elec tro lyte disturb ances (partic u larly in people taking diur et ics), a tran si ent 
increase in liver func tion tests, or mild hepatic portal inflam ma tion and fibrosis may 
occur during VLCD use (Andersen  et al. , 1991). 

 Concern about the cardi ovas cu lar safety of VLCDs arose after the occur rence 
of more than 60 sudden deaths in the 1970s among users of a liquid protein diet 
composed of colla gen or gelat ine hydro lys ates (Wadden  et al. , 1983). Many of 
the deaths occurred in people with pre- exist ing medical condi tions (Wadden  et al. , 
1983), however, 17 people who died (16 of whom were women), were relat ively 
young (median age 35 years) and healthy apart from their severe obesity (mean BMI 
40.6 kg/m 2 ). They had lost a mean of 35% initial weight over an average of 5 (range 
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2–8) months on diets contain ing 1250–1700 kJ (300–400 kcal/d) (Sours  et al. , 1981), 
and post- mortem find ings were consist ent with the cardiac effects of protein- calorie 
malnu tri tion, which include myocar dial atrophy, QT prolong a tion and ventricu lar 
arrhythmias (Isner  et al. , 1979). Of note, 4 of the 17 deceased had supple men ted 
or replaced the liquid protein diet with a dairy- or egg- based protein source, there-
fore although the precise mech an ism of death is not certain, it cannot be attrib uted 
solely to the use of low- quality protein products (Sours  et al. , 1981). In 1984, the 
FDA concluded that the level of energy restric tion was likely to be of greater import-
ance than the protein quality, and estab lished label warning require ments alert ing 
consumers of poten tial hazards of using protein- based VLCDs contain ing 1700 kJ 
(400 kcal) or less per day (FDA, 1984). 

 Newer VLCDs are required to provide at least 1880 kJ (450 kcal) per day (SCOOP-
VLCD TASK 7.3, 2002) and include high- quality protein (gener ally dairy-, soy- or 
egg- based), and appear to be safe (Mustajoki and Pekkarinen, 2001; Moyer  et al. , 
1989). A review of the scientific liter at ure as well as reports in the public domain 
regard ing nutri tion ally complete VLCDs found no fatal it ies which could be attrib-
uted to the VLCD (SCOOP-VLCD TASK 7.3, 2002), although there is a paucity of 
data regard ing the safety of prolonged (>16 weeks) exclus ive use of a VLCD. We 
have repor ted the case of a severely obese man (BMI 47 kg/m2) who replaced all 3 
daily meals with a VLCD for 5 months under medical super vi sion, and contin ued on 
a modi fied VLCD for 12 months with no appar ent adverse effects (Sumithran and 
Proietto, 2008), and Rossner repor ted a patient who consumed only a VLCD prepar-
a tion for 46 weeks without medical super vi sion, in whom no adverse events occurred 
other than chole lith i asis and one episode of palpit a tions with no docu mented ECG 
abnor mal ity (Rossner, 1998). Greenway and colleagues repor ted no changes in QT 
inter val in obese men and women who under took VLCDs contain ing 1700–2500 kJ 
(400–600 kcal)/d for up to 20 weeks (Greenway  et al. , 1994), and others have repor ted 
no signi fic ant abnor mal it ies during cardiac monit or ing in patients on VLCDs contain-
ing 2700–3350 kJ (660–800 kcal)/d for 6 to 12 weeks (Moyer  et al. , 1989; Seim  et al. , 
1995). However, a recent case report described the occur rence of recur rent epis odes 
of torsades de pointes in an obese, other wise well woman under 40 years of age, who 
had lost 57 kg over the preced ing 6 months using a nutri tion ally complete VLCD, 
provid ing 2210 kJ (530 kcal)/day, includ ing 50 g each of carbo hydrate and high- 
quality protein, under medical super vi sion (Crawford and Cochran, 2009).  

   16.6  Monitoring required during the diet 

 Everyone who under takes a VLCD should have an initial eval u ation by a medical 
prac ti tioner famil iar with its use, includ ing a medical history, phys ical exam in a tion, 
and assess ment of weight- related health risks. Thereafter, review should occur at 
least fort nightly during the VLCD and re- feeding for assess ment of weight, pulse 
and blood pres sure, along with glycaemic control in people with diabetes (National 
Task Force on the Prevention and Treatment of Obesity, 1993). We and others advoc-
ate baseline testing of full blood count, elec tro lytes, renal and liver func tion, fasting 
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glucose and lipids, iron studies and uric acid (National Task Force on the Prevention 
and Treatment of Obesity, 1993). We suggest repeat ing elec tro lyte and creat in ine 
levels after 6 weeks on the VLCD, or earlier in people who require more careful 
monit or ing (such as those with renal impair ment or who are taking diur et ics). In 
people who continue the VLCD for more than 12 weeks, we advise repeat ing the 
baseline tests at least every 2 months. There is minimal inform a tion on which to 
base recom mend a tions for biochem ical monit or ing before and during VLCD treat-
ment, and some phys i cians suggest that blood tests are only neces sary if indic ated 
by clin ical eval u ation, or in the pres ence of a specific condi tion which requires 
monit or ing (Mustajoki and Pekkarinen, 2001). Increased frequency of monit or ing of 
blood levels/para met ers is required in people taking medic a tions whose meta bol ism 
may be affected by VLCD treat ment, such as lithium or warfarin. (Mustajoki and 
Pekkarinen, 2001, National Task Force on the Prevention and Treatment of Obesity, 
1993). The National Task Force on the Prevention and Treatment of Obesity recom-
mends perform ing an ECG at baseline, consid er ing cardi ology consulta tion for 
patients with QTc > 0.44 msec prior to start ing a VLCD, regular monit or ing of ECG 
and elec tro lytes during the VLCD and re- feeding periods, and that medic a tions which 
lengthen QT inter vals (such as phenothiazines and tricyc lic anti de press ants) be used 
with extreme caution in patients on VLCDs (National Task Force on the Prevention 
and Treatment of Obesity, 1993).  

   16.7  Future trends 

 The major ity of obese people who lose weight by dietary restric tion regain weight over 
the long- term. Diet- induced weight loss is accom pan ied by numer ous physiolo gical 
changes which encour age weight regain, includ ing alter a tions in energy expendit ure, 
substrate meta bol ism, and hormone path ways involved in appet ite regu la tion, many 
of which are persist ent well beyond the initial weight loss period (Sumithran  et al. , 
2011; Sumithran and Proietto, 2013). It has been shown that over 6 months, people 
using a VLCD can achieve equi val ent weight loss to those under go ing laparo scopic 
adjustable gastric banding (O’Brien  et al. , 2006). However, there are currently no 
non- surgical treat ments avail able which coun ter act these physiolo gical changes, 
and at present, bari at ric surgery is the most effect ive long- term treat ment option for 
people with moder ate to severe obesity (Sjostrom  et al. , 2004; O’Brien  et al. , 2006). 
Studies involving sibut ram ine and rimonabant (which are no longer on the market) 
indic ate that phar ma co ther apy may be at least partially effect ive in facil it at ing main-
ten ance of diet- induced weight loss (Apfelbaum  et al. , 1999; Mathus-Vliegen 2005; 
Pi-Sunyer  et al. , 2006). Two appet ite suppress ants were approved by the U.S. Food 
and Drug Administration in 2012 for the treat ment of obesity: lorcase rin (a sero tonin 
2C receptor agonist) and the combin a tion of phen ter mine and topiram ate. Other phar-
ma co lo gical agents currently under go ing clin ical trials for the treat ment of obesity 
include the GLP-1 analogue lira glu tide and the combin a tion of naltrex one and bupro-
pion (Astrup  et al. , 2009; Greenway  et al. , 2009). Studies examin ing whether these 
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medic a tions can improve main ten ance of VLCD-induced weight loss safely and 
effect ively over the long- term will be of interest.   
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    17.1  Introduction 

 Excess weight and obesity is a global epidemic and is a major public health issue 
in many coun tries, account ing for 44% of the global burden of diabetes, 23% of 
ischemic heart disease and 7–41% of certain cancers (WHO, 2009). A modest weight 
loss of 5–10% (commonly achieved by beha vi oural modi fic a tion programs incor por-
at ing diet and exer cise) is asso ci ated with clin ic ally signi fic ant health bene fits includ-
ing a reduc tion in risk factors for diabetes and cardi ovas cu lar disease (Knowler  et al. , 
2002, Caterson  et al. , 2011), with more improve ment in these risk factors found with 
greater degree of sustained weight loss (Goldstein, 1992). 

 The unfor tu nate truth is that no single approach will bring down over weight and 
obesity rates on its own. Of partic u lar impact in clin ical weight loss manage ment 
are the role of commer cial weight loss programs. The cost of these programs is not 
insub stan tial, with the annual amount spent in Australia on commer cial weight loss 
products and programs $AUD 644 million (IBISWorld, Aug 2013). Commercial 
weight loss programs have, and always will exist, so it is import ant to determ ine not 
only which ones are effic a cious, but also cost- effect ive, partic u larly as these programs 
can carry asso ci ated costs such as program- related food products and endorse ments. 

 Traditionally commer cial weight loss programs aim to educate and motiv ate parti-
cipants to lose weight by promot ing a hypo cal oric diet, balanced eating, increased 
phys ical activ ity, and group support. They often include frequent weekly meet ings 
that focus on intens ive beha vi oural therapy and cognit ive restruc tur ing through 
means of goal setting, problem solving, stim u lus control, and relapse preven tion. 
Such programs can produce clin ic ally signi fic ant weight loss which may reduce the 
risk of chronic diseases such as Type 2 diabetes and cardi ovas cu lar disease. 

 While there are an abund ance of commer cial weight loss programs avail able 
exclus ively online, this chapter will focus on the still popular and tradi tional ‘face to 
face’ programs, with or without an online compon ent.  

                 17 
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   17.2   Commonly avail able commer cial weight 
loss programs 

 There are multi tudes of commer cial weight loss programs avail able world wide. 
Each differs in their program support, staff qual i fic a tions, diet prescrip tion, exer-
cise instruc tion, beha viour modi fic a tion, and country avail ab il ity. Several of these 
programs are also avail able online and there fore poten tially avail able to coun tries 
even where the program has no phys ical pres ence. The inter na tional increase in over-
weight and obesity, coupled with the lack of a strict regu lat ory regimen to oversee 
commer cial weight loss programs has led to the rapid increase in the size of the 
industry. However the focus of this chapter is on the largest and most widely avail able 
programs, which are listed in  Table 17.1 . 

 While not listed in this table, specific mention is warran ted for Overeaters 
Anonymous (OA). OA is among the most widely inter na tion ally avail able programs, 
is aimed at people with disordered food intake and util ises a 12-step, spir itu ally 
orient ated approach. However as OA is a not- for-profit organ isa tion and is not obesity 
focused, it was not included in this review.  

   17.3  Efficacy of commer cial weight loss programs: 
a summary of avail able evid ence 

 As demon strated in  Table 17.2 , there is both a general paucity of clin ical data support-
ing the effic acy of commer cial weight loss programs and even less avail able from 
high quality random ised controlled trials (RCTs). Of clin ical import ance, this lack of 
evid ence contrib utes to the diffi culties faced by health care profes sion als and indi-
vidu als in decid ing on an appro pri ate and effect ive commer cial weight loss program. 

 To date, the major ity of research within the commer cial program sector has been 
conduc ted with Weight Watchers, followed by Slimming World and Rosemary 
Conley respect ively. The results from these studies are discussed below. 

 Four large quality RCTs have been conduc ted inter na tion ally with the Weight 
Watchers program to examine its clin ical effic acy against active compar ator 
weight loss programs ( Table 17.2 ). The most recent multis ite RCT involved 772 
over weight and obese adults and was conduc ted across three coun tries (Australia, 
the United Kingdom and Germany). This RCT demon strated that compared to parti-
cipants who received stand ard care (primary care phys i cian led life style manage ment), 
those random ised to the Weight Watchers program achieved signi fic antly greater 
weight loss over 12 months (5.1 vs. 2.3 kg) (Jebb  et al. , 2011). The results proved 
robust regard less of the method of dealing with drop- out parti cipants and the weight 
loss achieved in all three coun tries was compar able. Between the four published 
RCTs for Weight Watchers, the weight loss results at 12 months for their program are 
similar ( Table 17.2 ). As Weight Watchers is a widely avail able commer cial weight loss 
program offered in 20 coun tries, it stands to reason that the results from these studies 
may broadly be gener al ised to other coun tries where the program is offered. 



    Table 17.1     Structure and content of commonly avail able commer cial weight loss programs  

  Program    Program support    Staff 
qual i fic a tions  

  Diet prescrip tion    Exercise 
instruc tion  

  Behaviour 
modi fic a tion  

  Country avail ab il ity  

 Weight Watchers  Weekly group 
meet ings, online 
support, mobile 
support, optional 
one- on-one 
consulta tions via 
phone or face to 
face contact 

 Successful 
program 
completer 
selec ted 
through inter-
view 
process 

 ProPoints® plan, 
member prepares 
own meals, option 
to purchase Weight 
Watchers super mar ket 
products 

 Recommendations 
provided by 
company trained 
coun sel lors, 
members 
encour aged to 
wear ProPoints® 
pedo meter 

 Behavioural 
weight control 
methods 

 Australia, UK, US, 
Bahamas, Belgium, Brazil, 
Canada, China, Denmark, 
Germany, Spain, France, 
Hong Kong, Ireland, 
Netherlands, NZ, Austria, 
Switzerland, South Africa, 
Sweden 
 Online member ship 
avail able in all coun tries 

 Jenny Craig  Weekly indi vidual 
session with coun-
sel lor, home deliv-
ery of pre- prepared 
Jenny Craig meals, 
online support 

 Company 
trained 
coun sel lor 

 Low calorie diet of 
pre- pack aged Jenny 
Craig meals 

 Recommendations 
provided by 
company trained 
coun sel lors 

 Manual on weight 
loss strategies 
provided 

 Australia, NZ, US, 
Canada, France, UK, 
Puerto Rico 
 Online member ship 
avail able in all coun tries 

 Take off Pounds 
Sensibly 

 Weekly group 
meet ings. online 
support 

 Group leader 
elected by 
local chapter 

 Food Exchange 
System and MyPlate 
model, member 
prepares own meals 

 Members make 
plan with their 
health care provider 

 Included in cur-
riculum 

 Canada, US 

 Lite & Easy  Home deliv ery of 
pre- prepared Lite 
& Easy meals 
supple men ted with 
member’s own food 

 Meals 
designed by 
qual i fied 
dieti tian 

 Members select Lite 
& Easy meals to be 
delivered as part of a 
calorie controlled diet 
plan 

 Recommendations 
from dieti tian 
avail able online 

 None  Australia 

(Continued overleaf  )



 Slimming World  Weekly meet ings, 
online support 

 Successful 
program com-
pleter selec ted 
through inter-
view process 

 Low calorie diet and 
recipes, member 
prepares own meals, 
focus on ‘Food 
Optimising’ where 
energy dense foods 
are replaced with low 
kilo joule options 

 ‘Body Magic’ 
exer cise program 

 Weekly IMAGE 
(Individual 
Motivation And 
Group Experience) 
meet ings, provi-
sion of motiv a-
tional tool kit 
from consult ant, 
motiv at ing articles 
avail able online 

 UK, US 

 Online member ship 
avail able in all coun tries 

 Rosemary Conley  Weekly group 
classes, optional 
home deliv ery of 
pre- pack aged ‘Solo 
Slim’ foods, optional 
weekly group 
exer cise sessions, 
online support 

 Varied, may 
be success ful 
slim mers, exer-
cise classes 
conduc ted 
by qual i fied 
instruct ors 

 ‘Fat Attack Booster 
Diet’, weight loss rec-
ipes avail able online, 
member prepares own 
meals with option of 
having pre- pack aged 
‘Solo Slim’ products 
home delivered 

 Optional weekly 
group exer cise 
sessions 

 Provided by 
company trained 
coun sel lor 

 UK 

 Online member ship 
avail able in all coun tries 

 LA Weight Loss  Weekly indi vidual 
sessions, optional 
home deliv ery of 
LA Weight Loss 
food products 

 Company 
trained 
coun sel lor 

 Low calorie diet, 
member prepares own 
meals 

 Optional walking 
video tape 

 Included in coun-
selling sessions, 
provi sion of food 
diary and support 
mater i als 

 US 

 Online member ship 
avail able in all coun tries 

   US – United States; UK – United Kingdom; NZ – New Zealand  
  Adapted from Tsai and Wadden (2005) as published in  Annals of Internal Medicine      

  Table 17.1     Continued  
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modi fic a tion  
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    Table 17.2     Efficacy of commer cial weight loss programs  

  Commercial 
weight loss 
program  

  Evidence 
support ing 
effic acy  

  Type of 
evid ence  

  Weight loss outcomes at 12 months (unless other wise 
specified)  

  Weight loss outcomes at 
24 months  

  kg    %    cm    kg    %  

 Weight Watchers  Yes  RCT (Jebb  et al. , 
2011; Holzapfel 
 et al. , 2013) 

 −5.1 LOCF 

 −4.1 BOCF 

 −6.7 completers 

 −5.8 LOCF 

 −4.7 BOCF 

 −7.7 completers 

 −5.6 LOCF 

 −4.1 BOCF 

 −6.9 completers 

 −4.1 LOCF 

 −1.3 BOCF 

 −4.8 completers 

 −4.8 LOCF 

 −1.5 BOCF 

 −5.5 completers 

 RCT (Jolly 
 et al. , 2010) 

 −4.4 LOCF 

 −3.5 BOCF 

 −4.4 completers 

 −4.7 LOCF 

 −3.7 BOCF 

 −4.7 completers 

 N/A  N/A  N/A 

 RCT (Truby 
 et al. , 2006) 

 −6.6 BOCF at 6 
months 

 −9.1 at 12 months 
completers 

 −7.3 BOCF 

 At 6 months 

 −10.3 at 12 months 
completers 

 −8.3 BOCF at 6 
months 

 N/A  N/A 

 RCT (Heshka 
 et al. , 2003) 

 −4.3 LOCF 

 −5.0 completers 

 −4.6 LOCF 

 −5.3 completers 

 −4.1 LOCF 

 −4.9 completers 

 −2.9 LOCF 

 −3.0 completers 

 −3.1 LOCF 

 −3.2 completers 

 Jenny Craig  Yes  RCT (Rock 
 et al. , 2007) 

 −6.6 BOCF 

 −7.3 completers 

 −7.1 BOCF 

 −7.8 completers 

 −8.2 BOCF 

 −9.0 completers 

 N/A  N/A 

(Continued overleaf  )



 Take off Pounds 
Sensibly 

 Yes  Retrospective 
cohort analysis 

 (Mitchell  et al. , 
2011) 

 −6.7 completers  −6.1 completers  N/A  −7.6 completers 

 (−7.3 at 36 
months for com-
pleters) 

 −6.9 completers 

 (−6.7 at 36 
months for 
completers) 

 Lite & Easy  No  N/A  N/A  N/A  N/A  N/A  N/A 

 Slimming World  Yes  Retrospective 
cohort analysis 
(Stubbs  et al. , 
2012) 

 −8.9 LOCF at 24 
weeks 

 −6.3 LOCF non 
completers only at 
24 weeks 

 −9.6 completers at 
24 weeks 

 −8.6 LOCF at 24 
weeks 

 −6.2 LOCF non 
completers only at 
24 weeks 

 −9.3 completers at 
24 weeks 

 N/A  N/A  N/A 

 RCT (Jolly 
 et al. , 2010) 

 −3.3 LOCF 

 −1.9 BOCF 

 −3.1 completers 

 −3.5 LOCF 

 −2.0 BOCF 

 −3.3 completers 

 N/A  N/A  N/A 

 Simple inter-
ven tion (Lavin 
 et al. , 2006) 

 −5.4 completers at 
12 weeks 

 −11.1 completers 
at 24 weeks 

 −6.4 completers at 
12 weeks 

 −11.3 completers 
at 24 weeks 

 N/A  N/A  N/A 

  Table 17.2     Continued  

  Commercial 
weight loss 
program  

  Evidence 
support ing 
effic acy  

  Type of 
evid ence  

  Weight loss outcomes at 12 months (unless other wise 
specified)  

  Weight loss outcomes at 
24 months  

  kg    %    cm    kg    %  



 Rosemary 
Conley 

 Yes  RCT (Jolly 
 et al. , 2010) 

 −3.2 LOCF 

 −2.1 BOCF 

 −3.3 completers 

 −3.4 LOCF 

 −2.3 BOCF 

 −3.5 completers 

 N/A  N/A  N/A 

   RCT (Truby 
 et al. , 2006) 

 −6.3 BOCF at 6 
months 

 −10.9 completers 
at 12 months 

 −7.0 BOCF at 6 
months 

 −13.1 completers 
at 12 months 

 N/A  N/A  N/A 

 LA Weight Loss  No  N/A  N/A  N/A  N/A  N/A  N/A 

   RCT – Randomised controlled trial; LOCF – last obser va tion carried forward; BOCF – baseline obser va tion carried forward; N/A – no data avail able     
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 Weight Watchers is one of the few commer cial programs to have published any 
longer- term follow- up data. Participants followed up one year after a 12 month inter-
ven tion (i.e. to two years) were shown to still weigh 3 to 4 kg less than their baseline 
weight, depend ing on the stat ist ical method adopted to deal with drop- out parti cipants 
(Holzapfel  et al. , 2013). These 24-month results were also similar to that repor ted by 
Heshka and colleagues where a 2.9 kg weight loss was repor ted after two years of 
Weight Watchers inter ven tion (Heshka  et al. , 2003). 

 Interestingly, the inter na tional RCT of the Weight Watchers program (Jebb  et al. , 
2011) util ised a shared care approach, whereby parti cipants were initially recruited 
into the study by their primary care phys i cians before being random ised into the 
Weight Watchers or stand ard care groups. These results suggest that refer ral by 
primary health- care phys i cians to commer cial weight loss programs can be a clin-
ic ally effect ive and real istic inter ven tion for weight manage ment in over weight and 
obese people and can be delivered at scale. 

 A large amount of research surround ing the effic acy of the Slimming World 
program has also been published. However, the major ity of these studies were 
descript ive retro spect ive cohort analyses of the Slimming World program, util ising 
routine data collec ted within the program’s refer ral path ways. A single prospect-
ive study was iden ti fied, which invest ig ated the feas ib il ity of build ing commer cial 
weight manage ment refer ral into primary care. This showed that parti cipants who 
completed 12 and 24 weeks of the Slimming World program lost signi fic ant amounts 
of weight (5.4 kg and 11.1 kg at 12 and 24 weeks, respect ively) (Lavin  et al. , 2006). 
Only one single RCT that used this program was iden ti fied and this is discussed 
below. There is a lack of long- term follow- up of the Slimming World programs’ effic-
acy, so it remains unclear how much weight loss is achieved or main tained in these 
parti cipants beyond one year. 

 Although effic a cious, the afore men tioned weight loss programs rely on their 
clients having a certain level of cooking liter acy and suffi cient time to prepare meals. 
To over come issues of poor cooking liter acy and time constraints, there are a number 
of programs that offer home deliv ery of calorie controlled meals. These programs 
have been shown to produce greater weight loss than stand ard care, as seen in a small 
RCT (n = 70) conduc ted by Rock  et al.  (2007). Participants alloc ated to the commer-
cial program were provided with pre- prepared Jenny Craig meals as part of a reduced 
calorie diet and also encour aged to increase their phys ical activ ity. At 12 months, 
those in the Jenny Craig group lost 6.6 kg, or 7.1% of their start ing body weight, 
which is greater than that repor ted for all the other commer cial programs. The larger 
weight loss with the Jenny Craig program may be attrib uted to the prescript ive nature 
of meal deliv ery weight loss programs. Reducing food choice and controlling meal 
portions may help to create the energy deficit required for weight loss. 

 There is data from RCTs that have compared commer cial weight loss programs to 
stand ard treat ments. The BBC ‘diet trials’ study random ised over weight and obese 
parti cipants to the Weight Watchers or Rosemary Conley’s commer cial programs, 
to the Akins diet, to a commer cial low calorie meal replace ment program, or to a 
clini cian- run life style orient ated weight loss program (Truby  et al. , 2006). While all 
treat ment groups lost weight, for the primary outcome, weight loss at six months 
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program’s end, there were no differ ences between groups. Twelve- month data was 
limited by drop out but parti cipants from all programs main tained clin ic ally signi fic-
ant weight loss. 

 The Lighten Up study is the second RCT that compared the effic acy of multiple 
commer cial weight loss programs with other weight loss strategies (Jolly  et al. , 
2010). In contrast to Truby and colleagues, this RCT involved more programs 
and had a greater number of over weight and obese parti cipants. Participants were 
recruited through their primary care phys i cians and random ised to one of eight 
groups: one of three commer cial weight loss programs (Weight Watchers, Slimming 
World or Rosemary Conley), a community run weight loss group (Size Down) that 
was based on a national program, two primary care programs (general prac tise or 
community phar macy), a ‘self select’ group where parti cipants chose their treat ments, 
or a minimal inter ven tion ‘exer cise only’ compar ator group. All programs achieved 
weight loss at 12 weeks but only parti cipants in the Weight Watchers and Rosemary 
Conley programs achieved stat ist ic ally greater weight loss than the compar ator 
program. By 12 months, all programs except the two primary care programs had 
main tained weight loss. There were no differ ences in weight loss between those 
randomly alloc ated to a weight loss program or those who had a choice. However, 
only parti cipants from the Weight Watchers group still had signi fic antly greater weight 
loss than the compar ator group. Furthermore, the primary care based programs were 
the most costly to run (Jolly  et al. , 2010). 

 It has been noted that attend ance rate is higher in commer cial weight loss groups 
compared to those receiv ing stand ard care (Jolly  et al. , 2010), and there fore the effic-
acy of a commer cial program may lie simply in the ongoing and regular support that 
is offered (Truby  et al. , 2006). With respect to weight loss main ten ance, future studies 
should compare commer cial programs with other methods of weight loss such as the 
work done by Pinto and colleagues, who assessed the effects of the methods of weight 
loss (very low calorie diet, commer cial programs and self- direc ted life style modi fic a-
tion) on long term weight loss and main ten ance (Pinto  et al. , 2008).  

   17.4  Internet-based weight loss programs 

 With the expan sion of the global online community, many are turning to the anonym-
ity of the inter net for weight manage ment treat ment. Commercial inter net- based 
weight loss programs have developed to offer round the clock services such as online 
forums and bulletin boards, which parti cipants use to cultiv ate social support. Web- 
based programs also mitig ate travel and time demands that may contrib ute to the attri-
tion rates of tradi tional ‘face to face’ programs. For these reasons, one could assume 
that a commer cial inter net weight loss program may be effic a cious in terms of weight 
loss when compared to a tradi tional ‘face to face’ program. 

 However, a recent meta- analysis of web- based weight loss and main ten ance 
programs found few studies suit able for analysis, which were of such signi fic ant 
hetero gen eity that no conclu sions regard ing weight loss effic acy could be drawn 
(Neve  et al. , 2010). Furthermore, an RCT conduc ted by Womble  et al. , (2004) found 
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that the parti cipants in a web- based weight loss group lost signi fic antly less weight 
than those in a self- help compar ator group at weeks 16 and 52. The invest ig at ors 
repor ted that although online resources were constantly avail able, parti cipants made 
minimal use of these resources and on average only logged into the online program 
approx im ately once per week (Womble  et al. , 2004). The reduced weight loss was 
also attrib uted to the struc ture of the online program. Unlike tradi tional programs 
that follow a logical progres sion and provide ‘face to face’ support, web–based 
programs allow parti cipants to move back and forth between modules. This may 
reduce the time spent on indi vidual life style compon ents. Additionally, as there is no 
direct contact between web- based group leaders and parti cipants, rapport is harder to 
estab lish and indi vidu als using such programs may feel less account able. Although 
exclus ively online commer cial weight loss programs may not be effect ive, what 
is less clear is the value of on- line support supple ment ing estab lished commer cial 
weight loss providers and whether this has any effect on weight loss and main ten ance. 
Finally, the contin ued and rapid evol u tion of inform a tion tech no lo gies has resul ted in 
the devel op ment of even more novel approaches for weight loss, such as using social 
media to deliver weight loss programs and a multi tude of smart phone applic a tions. 
The clin ical effic acy of these newer approaches is an open ques tion.  

   17.5   The cost- effect ive ness of commer cial weight 
loss programs 

 To alle vi ate the burden on health care resources it is imper at ive that weight loss 
strategies are cost- effect ive. It is import ant for govern ments to know whether it is 
more cost- effect ive to fund and develop novel programs, to support those already 
in place or subsid ise others includ ing extant commer cial programs. However the 
evid ence examin ing the cost- effect ive ness of commer cial weight loss programs is 
sparse. Weight Watchers is currently the only commer cial program with evid ence 
of its cost- effect ive ness. From a within- trial cost- effect ive ness analysis, the cost per 
kilo gram of weight loss for Weight Watchers was shown to be lower than stand-
ard care in Australia and the United Kingdom, although this was not repor ted for 
Germany (Fuller  et al. , 2013). Despite its effic acy possibly being attrib uted to the 
more frequent meet ings, Weight Watchers was still cost- effect ive even after the 
extra parti cipant travel costs were included in the analyses. The incre mental cost- 
effect ive ness ratios repor ted (expressed as the cost per quality adjus ted life year 
– QALY) were below the commonly accep ted threshold for cost- effect ive ness of 
£20,000 in the UK, and US $50,000 in Australia and Germany (Fuller  et al. , 2013). In 
contrast, another cost- effect ive ness analysis of the Weight Watchers program repor-
ted a much higher cost per QALY figure, more than double the $50,000 threshold. 
However this analysis was smaller in scale and based on a limited data set that 
did not include complete meas ures of phys ical activ ity or food intake. The authors 
readily acknow ledged that these factors may have contrib uted to the decreased cost- 
effect ive ness (Cobiac  et al. , 2010). 
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 Other commer cial providers that require the purchase of pre- prepared meals, 
such as Jenny Craig, are even less unlikely to be cost- effect ive as food products 
signi fic antly increase program costs. Despite this assump tion, there is no data 
surround ing the cost- effect ive ness of any of the other commer cial weight loss 
programs.  

   17.6   Applications in the treat ment of over weight 
and obesity 

 Primary health- care profes sion als often do not have the time, train ing or resources to 
effect ively deal with weight manage ment in the primary care setting and there fore it 
is often neglected. It is highly likely that many of their patients have used commer cial 
weight loss programs. However, health profes sion als should inform them selves about 
the effic acy and cost- effect ive ness of these programs, to enable them to have evid-
ence- based discus sions and recom mend a tions with their patients. It is also import ant 
for patients to know about the effect ive ness of the larger commer cial programs and 
to know what is expec ted from each provider in terms of regu lar ity of visits as well 
as food products and supple mental mater ial that may make up the total cost of any 
program.  

   17.7  Conclusions 

 In summary, while the overall quality of studies into commer cial weight loss 
programs is vari able, several of the largest providers have been the subject of higher 
quality research. From the current avail able RCTs, the results suggest that the 
Weight Watchers, Slimming World, Rosemary Conley and Jenny Craig programs 
produce clin ic ally signi fic ant weight loss results over a one- year period. However, no 
follow- up data exists for any program except for Weight Watchers. The greater avail-
ab il ity and evid ence base to support the Weight Watchers program suggests that it is 
effect ive and may be deliv er able on a large scale through primary health- care refer-
rals. Research into their cost- effect ive ness is even scanter than their effic acy with 
only Weight Watchers having been studied. However more large- scale quality RCTs 
report ing on effic acy and cost- effect ive ness need to be conduc ted with all commer cial 
programs (perhaps apart from Weight Watchers) before clini cians will feel confid ent 
in refer ring their patients to these programs. 
  
  Disclosures:  Nicholas R Fuller and Namson S Lau were contrib ut ing authors on 
several of the refer enced articles that relate to the Weight Watchers program. Weight 
Watchers International provided funding for the invest ig ator- initi ated clin ical trial 
through a grant to the UK Medical Research Council. However neither author 
received direct or indir ect payments from Weight Watchers International. The authors 
report no other conflicts of interest.   
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    18.1  Introduction: why diets are best sellers 

 In the days when few people were obese, weight loss and dieting were not issues that 
received atten tion. Popular diet books were more likely to promote specific ‘health’ 
food diets with claims they would improve looks and energy levels. Gayelord Hauser, 
a self- styled American nutri tion ist who sold many diet books in the 1930s, 1940s and 
1950s, for example, touted the value of five ‘wonder’ foods – yoghurt, skim milk 
powder, wheat germ, brewer’s yeast and black strap molasses. Like others, he paid 
little atten tion to body fat levels. Books promot ing ‘super’ foods are still popular, but 
to make the best seller lists, popular diet books now make weight loss their major 
focus. 

 Health author it ies emphas ise the health risks of excess body fat and while most 
popular diets also mention health bene fits from weight loss, they place even greater 
emphasis on appear ance. Fashion fervently favours slen der ness for women and low 
body fat levels with high levels of muscu lature for men, so this is what many diets 
promote. Before and after photos of success ful dieters are partic u larly popular in diets 
published in magazine and news pa pers and on Internet sites. Products sold over the 
counter or online and diets and products sold by gyms, fitness centres and personal 
train ers also push the body beau ti ful image more than the avoid ance or correc tion of 
health prob lems asso ci ated with obesity. 

 Celebrities are ‘gold’ to promoters of popular diets and over- the-counter weight 
loss aids. Personal exper i ence of having lost weight with a partic u lar diet may be 
a motiv ator for some film stars or sportspeople to write a diet book; many others 
endorse partic u lar diets. Such backing can increase sales through out the world. The 
Dukan Diet, written by a French doctor some years previ ously, soared in popular ity 
when it was reputedly followed by the Duchess of Cambridge’s mother before the 
royal wedding to Prince William. Whether the rumours were correct or not, the story 
was picked up eagerly by the popular press and millions of copies of the diet sold. 
Psychologists note that many people follow plans endorsed by singers, actors or other 
celebrit ies because they want to identify with, or look like the star involved.  

                 18 
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   18.2  Claims that ‘the science is wrong’ 

 Many diets achieve notori ety by claim ing a break through in medical science, often 
insist ing that past scient ists and current guidelines have ‘got it wrong’. This trend 
gained great prom in ence in the early 1970s when Dr Robert Atkins first published 
his popular diet, claim ing that fats of all kinds were not the cause of obesity, but 
the major problem was carbo hydrate. The initial stages of his original diet prohib-
ited fruit and even some veget ables, as well as forbid ding grains, legumes, milk and 
yoghurt. Because they had virtu ally no carbo hydrate, cream and butter were permit ted 
in unlim ited quant it ies. More recent versions of the Atkins Diet continue to exclude 
foods contain ing carbo hydrates, but now claim their diet has only one third of the fat 
as satur ated fat and that this results in an increase only in larger and less athero genic 
LDL particles. 1  The refer ences cited for this claim 2  have been chal lenged by others. 3  , 4  
Although the company that distrib uted his branded food products filed for bank ruptcy 
in 2005, 5  the company bearing his name contin ues with its high protein/high fat/low 
carbo hydrate diet. Among the many products they sell is a new range of low carbo-
hydrate foods that include shakes, drinks and confec tion ery bars. 

 A number of studies have compared weight loss on an Atkins Diet with a more 
typical low fat diet (1200–1800 Cal/day, with 25–30% of energy from fat). Short- term 
(3–6 months), the low carbo hydrate diets may produce a slightly greater weight loss, 
explain able by a greater deficit in energy, but by 12 months, there is no differ ence in 
loss. 6  With a larger group and adding a beha viour inter ven tion program to an Atkins 
Diet or a low fat diet produced no differ ences in weight loss or body compos i tion at 1 
and 2 years or at earlier time points. During the first 6 months, the low fat group had 
greater decreases in LDL choles terol while the low carbo hydrate group had greater 
decreases in trigly ceride levels. None of these differ ences were appar ent at 12 or 24 
months. 7  

 While much of the fame for high protein/low carbo hydrate diets may be due to the 
publi city afforded Dr Atkins over the last 40 years, his diet has spawned many other 
similar diets and they continue to be popular, in spite of high drop- out rates. 

 The Dukan Diet has been one of the most popular of the high protein, low carbo-
hydrate diets, but unlike the Atkins Diet, it is also low in fat. Designed by Frenchman 
Dr Pierre Dukan the diet begins with a highly restric ted ‘attack phase’ of only lean 
low fat meat, chicken and fish, selec ted non- fat dairy products and 1.5 table spoons 
of oat bran. In phase two, the ‘cruise phase’, you add non- starchy veget ables every 
second day until you reach your goal weight. This may last for months. In the ‘consol-
id a tion phase’, fruit, cheese, starchy foods and occa sional treats are rein tro duced. 
The final phase, ‘stabil isa tion’, allows you to return to eating what you like, as long 
as you have one day every week where you eat only protein. The diet has been criti-
cised by dieti cians as unbal anced because it lacks suffi cient dietary fibre and several 
nutri ents. 8  

 A major advoc ate of the ‘science is wrong’ approach has been journ al ist Gary 
Taubes who writes that scient ists have misled us by blaming the increas ing prob lems 
of obesity and Type 2 diabetes on over eat ing and sedent ary beha viour. Taubes writes 
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persuas ively and backs the theory espoused by Dr Atkins and at least eight other 
authors of best- selling popular diets that a low fat, high carbo hydrate diet is respons-
ible for obesity, heart disease and other chronic diseases. Like Dr Atkins and the diet 
authors of similar books, Taubes thinks we have been wrong to give advice against 
satur ated fat when we should have been concen trat ing on the uniquely fatten ing prop-
er ties of carbo hydrates, specific ally sugar, flour, white rice and maybe beer. 

 Taubes and other critics of dietary guidelines ignore the fact that few people 
actu ally follow dietary guidelines. One study in Australia found that out of 10,561 
middle- aged women, only two followed all the dietary guidelines. 9  Claiming that 
the propor tion of energy from fat has decreased in the United States ignores the fact 
that the National Health and Nutrition Examination Survey (NHANES) data showed 
that the number of grams of fat consumed did not change between 1971 and 2000, 
but overall energy intake rose – by 22% in women and 7% in men. 10  The increase 
in calor ies was mainly due to an increase in carbo hydrate consump tion. Protein 
consump tion for both men and women did not change over this period. The Global 
Burden of Diseases Nutrition and Chronic Diseases Expert Group (NutriCoDE) also 
notes that satur ated fat intake in many coun tries, includ ing ‘Australasia’, barely 
changed between 1990 and 2010. 11  

 Rather than dismiss ing the science, it would help if diet book authors gave more 
thought to the way science is inter preted, or misin ter preted. Dietary guidelines called 
for a reduc tion in fat, espe cially satur ated fat with sugges tions to trim meat and avoid 
fatty meats as well as using fat- reduced dairy products. They also recom men ded more 
foods natur ally low in fat such as fruits, veget ables, legumes and grains (prefer ably 
whole grains). The processed food industry, however, saw a market ing oppor tun-
ity and produced a wide range of energy-dense, nutri ent-poor, low- fat processed 
foods. Some of the fat was removed from many foods, but replaced with sugars 
and refined starches. A large range of fat- reduced, highly processed food 
products have been marketed, espe cially in the United States. Australian research 
found that a high intake of foods labelled as fat- reduced could lead to a relat ively 
energy- dense diet and thus promote weight gain. 12  Dietary studies in Australia have 
also found that energy- dense, nutri ent- poor ‘extra’ foods now contrib ute 41% of 
chil dren’s and 35% of adults’ energy intake. 13  Similar levels are found in chil dren 
in the United States. 14  In social situ ations where market ing urges us to consume so 
many of these foods, in direct contra ven tion of dietary guidelines, it is not surpris ing 
that obesity flour ishes.  

   18.3  All or nothing approaches 

 The low carbo hydrate diets continue to be popular, with some specific ally concen-
trat ing on fructose or sucrose as the prime cause of obesity. Dietary guidelines in 
many coun tries, includ ing Australia, have always included advice about refined sugar 
consump tion, with the most recent guidelines released in 2013 specific ally recom-
mend ing limit ing sugar- sweetened bever ages as well as confec tion ary, biscuits and 
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cakes (also sources of satur ated fat). No dietary guidelines have recom men ded avoid-
ing all sugar, presum ably because there is a lack of evid ence to support such a ban 
and it would be imprac tical. The approach of ‘limit ing’ the quant ity consumed does 
not suit some diet authors who prefer an all or nothing approach. Some authors do not 
support any restric tions on satur ated fat, but ask for a total ban on sugar. 

 There are also claims that sugars pose dangers to health that justify controlling 
them like alcohol. 15  Dr Robert Lustig argues that fructose exerts toxic effects on the 
liver similar to those of alcohol. To help reduce excess ive sugar consump tion, Lustig 
suggests extra taxes on sugar- sweetened foods and drinks as well as controls over 
licens ing require ments for vending machines and snack bars in schools and work-
places – approaches that are suppor ted by those working in public health. However, 
while Lustig’s published papers take a line that fits with the limits sugges ted by 
dietary guidelines, the take- up by media and other diet book authors extra pol ates 
this approach to recom mend ing abso lutely no sugar. Some object even to the sugars 
present natur ally in fruit and some veget ables, while others permit a small intake of 
fruit, but no fruit juice or any processed food contain ing any added sugar. In their 
push against fructose, some diet book authors recom mend using powdered or liquid 
glucose in place of sucrose in baking and put no restric tions on food sources of fat or 
protein. Since much of our sugar intake comes from processed foods, and few people 
do much home baking, promot ing the use of glucose may present few prob lems in 
prac tice. However, it is not valid to argue that the energy content of glucose – and 
that provided by fats – is unim port ant. 

 Two popular examples of this approach include I Quit Sugar, by Australian journ-
al ist, tele vi sion host and health coach Sarah Wilson, who lost 12 kg on her diet, and 
Sweet Poison, by Australian, ex- lawyer David Gillespie, who lost 40 kg when he 
gave up sugar. In her books and blogs, Sarah Wilson claims that sugar causes ‘leaky 
gut’ and thus trig gers autoim mune disorders, prevents white blood cells destroy ing 
toxins (which she claims starts 30 minutes after consump tion), causes insulin surges 
that can destroy the thyroid gland and increases produc tion of cortisol which then 
suppresses the action of the pitu it ary gland. She also states that her diet will result in 
a loss of ‘bulk’ espe cially around the face and abdomen which she claims is where the 
liver holds the weight gained from excess sugar consump tion. Wilson’s blog attracts 
many comments from her fans and she has also written several popular recipe books 
which include sweet treats using ‘safe’ sweeten ers such as rice malt syrup instead of 
sugar. Her book of chocol ate recipes features fructose- free cakes, fudges, truffles and 
brownies, smooth ies, cheese cakes and desserts. Many of the recipes are high in satur-
ated fat which arises from ingredi ents such as coconut butter, coconut oil and coconut 
cream as well as chocol ate. 

 David Gillespie has also added to his original book with  Sweet Poison Quit Plan  
and a  Quit Plan Cookbook  as well as  Big Fat Lies: How the diet industry is making 
you sick, fat and poor  and  Toxic oil: Why Vegetable Oil Will Kill You & How to Save 
Yourself . These and various guides to the sugar content in differ ent categor ies of 
branded foods are avail able from his websites, along with recipe books and the oppor-
tun ity to ask ques tions and discuss a range of diet- related issues. Powdered glucose 
is recom men ded as a substi tute for sucrose and since Mr Gillespie believes satur ated 
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fat is harm less, he recom mends no restric tion on foods such as bacon, butter and fatty 
meats. His main target is fructose, which he claims causes hormonal dysfunc tion that 
leads to excess weight. Mr Gillespie also main tains that fructose causes ‘a massive 
decrease in nitric oxide produc tion’, contrib ut ing to erectile dysfunc tion. His refer-
ence for this comes from a study of rats given a diet with 65% fructose in which the 
result ing insulin resist ance was found to impair the nitric oxide vasodila tion in strips 
taken from their aortas. 16  Gillespie also claims that bodies such as the World Health 
Organisation and various cancer author it ies give ‘useless preven tion advice’. On his 
website, he claims that ‘veget able oil makes you exceed ingly vulner able to cancer’ 
and that ‘every extra mouth ful of veget able oil you consume takes you one step closer 
to a deadly (and irre vers ible) outcome’. 

 These authors quote limited evid ence in support of their various claims and are 
crit ical of the nutri tion advice provided by reput able national and inter na tional 
bodies. The weight of opinion amongst research ers in the field contin ues to be crit-
ical of target ing any one food or ingredi ent as the primary cause of what is a complex 
problem and support ive of a balanced dietary approach to weight manage ment 
combined with exer cise. 17–19   

   18.4  Claims to more moder ate diets 

 Some ‘no sugar’ diets offer a little more balance by permit ting a wider range of foods 
and noting adverse effects of satur ated fats. The latest version of the popular Sugar 
Busters! (whose authors include three phys i cians) contin ues to ban all kinds of sugar 
and foods contain ing it, and also forbids white flour, white rice, pota toes, parsnips, 
sweet corn, beet root, water melon, ripe bananas and pine apple. However, it does 
recom mend low- fat dairy products and lean meats and permits nuts, olive and canola 
oils, brown rice, oatmeal and whole grain wheat flour. 

 Dr Gott’s No Flour, No Sugar Diet, authored by American family medical doctor 
Peter Gott MD and Robin Donovan advises follow ers to stop eating sugar and flour 
(which means no bread, pizza, pasta, cakes, confec tion ary and biscuits), but does not 
limit grains such as oats, barley and rice or starchy veget ables such as sweet corn and 
pota toes. It also promotes fruit, lean meats, low- fat dairy products and recom mends 
increas ing exer cise. Dr Gott supports slow steady weight loss, backs choices from 
the food groups and his recipe book helps readers under stand health ier carbo hydrate 
choices. 

 SOS (Stop Only Sugar) Diet: You Won’t Even Know You’re on a Diet, by digest-
ive health expert Dr James Surrell, is a relat ively simple approach designed for slow 
and sustain able weight loss of 2–3kg/month. Although it claims to have no rules 
apart from low sugar and high fibre, it does not permit foods such as bananas, grapes, 
carrots, beet root and pota toes even though they contain dietary fibre along with some 
natural sugars. Milk, white flour and white rice are also out, although whole grains 
are heart ily recom men ded. Dr Surrell notes that excess sugar pushes the pancreas to 
release insulin which causes sugar to be stored as fat and the liver to manu fac ture 
choles terol which will increase the risk of heart disease. This may be correct, but 
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Dr Surrell does not clearly define ‘excess’ sugar and does not emphas ise the need 
for phys ical activ ity which could prevent storage of sugar as fat. He is in favour of 
arti fi cial sweeten ers and fibre supple ments. 

 The South Beach Diet, designed by cardi olo gist Dr Arthur Agatston and dieti tian 
Marie Almon some years ago, remains popular. It emphases no sugar and a higher 
protein intake, but recom mends ‘good carbs’ such as low glycaemic index whole-
grains and legumes and ‘good fats’ such as olive oil, avocado and nuts – in moder ate 
quant it ies. Accepting the heart health risks posed by satur ated fats, the South Beach 
Diet advises only lean meats, skin less poultry and no bacon, butter, cheese and cream. 
However, as in the Atkins Diet, the South Beach Diet starts with two extremely strict 
weeks which elim in ate all sugar and foods contain ing carbo hydrates, includ ing fruit 
and some veget ables. This produces a rapid initial weight loss which is unlikely to 
be sustained. 

 The Zone Diet, origin ally written in 1995 by biochem ist Dr Barry Sears, recom-
mends three care fully- timed meals and two snacks a day, each designed to provide 
40% of energy from carbo hydrates, 30% from protein and 30% from fats. Keeping to 
this 40:30:30 ratio of macronu tri ents is more protein and less carbo hydrate than most 
people would normally consume, and apply ing these ratios to each meal and snack 
increases the diffi culty. Dr Sears’ rationale is that a ratio of 30:40 between protein 
and carbo hydrates will stim u late an ideal produc tion of the hormones insulin and 
gluca gon and lead to an anti-in flam mat ory response and increased oxid a tion of fats. 
Sears believes that excess cellu lar inflam ma tion is the basic cause of weight gain as 
well as being respons ible for chronic disease, ageing and poor phys ical, emotional, 
and mental health. Sears has published a descrip tion of his theory, but there is little 
evid ence the diet is effect ive for any reason other than its overall restric tion of energy 
intake. 20  To assist the anti- inflam mat ory response, Sears also recom mends his own 
brand of paten ted fish oil supple ments, and his online ‘shop’ offers a selec tion of 
meal replace ments, snack foods, poly phenol supple ments and various ‘zone’ books. 
Residents of the US and Canada can also buy a finger prick test and send it for analysis 
which is supposed to assist with appro pri ate dietary changes. The Zone diet has more 
carbo hydrate than the Atkins style diets, but prefers these to come from colour ful 
fruits and veget ables. The list of ‘unfa vour able’ foods includes pota toes, bananas, 
raisins, corn and carrots. Fatty meats and egg yolks are also out of favour, with fats 
restric ted to ‘good’ ones such as olive oil, nuts and avocado. Moderate exer cise is also 
recom men ded. Unless the meal replace ment products are purchased, the Zone Diet is 
not easy to follow. It deserves some credit for promot ing healthy sources of fat, for 
recom mend ing some carbo hydrate as essen tial and promot ing daily consump tion of 
1200 to 1600 Calories (5000 to 6700 kJ). Dr Sears and colleagues have also published 
results of a small study compar ing a very low carbo hydrate (keto genic) diet with one 
that is less restric ted, report ing equal loss of body weight but several adverse effects 
from the diet with minimal carbo hydrate. 21  

 The CSIRO Total Wellbeing Diet by Dr Peter Clifton and Dr Manny Noakes was 
released in Australia in 2005, later followed by a second version and a recipe book. 
The diet was based on studies by CSIRO scient ists compar ing low fat diets that 
differed in their content of protein and carbo hydrate. Neither diet was extreme. In 
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each study, no signi fic ant differ ences occurred in weight loss. Over the long- term, 
it was also noted that the group on a lower protein intake increased their intake of 
protein while those who started on a higher intake decreased their intake. By 68 
weeks, there was no signi fic ant differ ence between the diets for the two groups. 22  
The CSIRO Total Wellbeing Diet deserves praise for recom mend ing plenty of veget-
ables, fruit, low fat dairy products, lean meats and whole grain products in pref er ence 
to more refined grains. The accom pa ny ing recipe book also promoted home cooking 
instead of fast foods and ready- to-eat meals. The major criti cisms concern recom-
mend a tions for a higher intake of protein from red and processed meats, even though 
their trials repor ted no differ ence in weight loss with the high meat diet. In both diets, 
weight loss was due entirely to loss of body fat and both signi fic antly increased HDL 
choles terol and decreased fasting insulin and insulin resist ance. The high content 
of red meat and processed meats (the latter were reduced but not elim in ated in the 
second version) also raised concern in view of the World Cancer Research Fund 
stating that evid ence was convin cing that consump tion of red meat and processed 
meat (such as contained in this diet) are causes of colorectal cancer. 23  The fact that 
Meat and Livestock Australia (MLA) provided finan cial support for the CSIRO’s 
high protein diet studies and MLA promoted the diet also provoked criti cism of the 
Total Wellbeing Diet. 24,25   

   18.5  Unconventional diets 

   18.5.1  Palaeolithic diets 

 Palaeolithic diets have a large follow ing, come in various forms and are often 
promoted on websites run by fitness coaches and body build ers. The first of the 
popular Palaeolithic diets (dubbed the Stone-Age or Caveman Diet) was published in 
1975 by Dr Walter Voegtlin, a gast roen ter o lo gist. Dr Voegtlin believed that humans 
had teeth more like a dog than a sheep and should there fore follow a largely carni vor-
ous diet. He recom men ded more meat, includ ing its fat, but no dairy products or salt 
and also advised minim ising any plant foods, espe cially grains and sugar. 

 In the late 1980s, Dr Boyd Eaton published a version of the paleo diet, based largely 
on the diet of our East African ancest ors. This paleo diet was low in satur ated fat in 
keeping with the lean flesh of wild animals, with a 1:1 ratio of energy from plant and 
animal foods. Fruits, roots and shoots supplied moder ate amounts of carbo hydrate. 26  
Dr Eaton has since worked closely with Dr Loren Cordain, an exer cise physiolo-
gist whose website claims he is the founder of the Paleo Diet Movement. Cordain’s 
version of the paleo diet is based on grass- fed meat, poultry, eggs, seafood, fruits and 
non- starchy veget ables. Fats are not restric ted, but grains, legumes, pota toes, dairy 
products and sugar are all off the table, result ing in a diet that is high in protein and 
low in carbo hydrate. Cordain claims our ancest ors were not only lean but also had no 
cardi ovas cu lar disease, Type 2 diabetes, cancer, autoim mune diseases, osteo porosis, 
acne, myopia, varicose veins, gastric reflux or gout. He and others attrib ute this to 
their lack of grains, legumes, dairy products and pota toes. 
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 Palaeolithic diets can be commen ded for their criti cism of the processed 
foods rich in sugar, satur ated fats and salt that domin ate the modern Western diet. 
However, these diets ignore the bene fits of plant based foods such as whole grains 
and legumes, and push a pattern far removed from that of our ancest ors. Even 
when domest ic ated animals are grass- fed, their flesh is unlike that of wild animals. 
Free range poultry do not rely on foraging for food, but are fed grains – unlike wild 
birds. Wild- caught fish are an option, but world stocks are limited and many are in 
crisis. Modern fruits and veget ables are also unlike those consumed in palaeo lithic 
times. 

 Some paleo enthu si asts’ websites cite several relat ively recent studies to justify 
their recom mend a tions, but all are short- term trials involving only small numbers of 
subjects. They do not consti tute adequate proof of benefit or balance. 

 Anthropological experts also dispute the claims of the paleo diets. In her book 
 Paleofantasy , evol u tion ary biolo gist Professor Marlene Zuk debunks many myths, 
well summar ised in a recent review. 27  Anthropologist Dr Christina Warinner from 
the University of Oklahoma and the Molecular Research Group at the Centre for 
Evolutionary Medicine at the University of Zurich, notes that most versions of the 
paleo diet are closer to an early 20th century afflu ent farmer’s diet than that of our 
Palaeolithic ancest ors. 28  Another highly respec ted anthro po lo gist, Katherine Milton, 
also notes that much of what has been ascribed to hunter gatherer popu la tions is 
inac cur ate and does not reflect the differ ent dietary patterns among groups living in 
differ ent parts of the world. 29   

   18.5.2  Blood type diets 

 The Eat Right for Your Type Diet, authored by natur o path Peter D’Adamo, claims 
that the body inter acts adversely with lectins in foods accord ing to the consumer’s 
blood type, leading to weight gain and other health prob lems. D’Adamo theor ises that 
eating foods match ing one’s blood type will enable weight loss and greater energy. 
Those with blood group Type O have the original blood type of hunters and gather ers 
and should follow a low carbo hydrate diet with plenty of red meat, seafood, liver, 
spinach and broc coli. Grains, dairy products, legumes and coffee are banned, as are 
cauli flower, beans and cucum ber. Those with blood group Type A have supposedly 
adapted to agri cul ture and are prescribed a veget arian diet that can include oatmeal 
and other grains (except wheat), legumes (except kidney or Lima beans), nuts, seeds 
and coffee. Dairy products, meat, oranges, bananas, toma toes, pota toes, cabbage, 
capsicum and eggplant are off the table. D’Adamo claims blood group Type B 
repres ents an adapt a tion to pastoral life and can enjoy an omni vor ous diet that 
includes dairy products, meat (but not chicken or pork), eggs and legumes, but 
excludes avocado, tomato, corn, legumes, peanuts, sesame and wheat. The small 
number of people with blood group Type AB can enjoy a more balanced diet with 
dairy products, fish, eggs, tofu, most grains, lamb, rabbit and turkey (but not chicken 
or beef) and most fruits and veget ables, with the excep tion of oranges, bananas, 
avocado, corn and capsicum. Like many diet promoters, D’Adamo has created an 
entire brand around his specialty diet, offer ing more than 20 books, plus protein 
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powders, multiv it am ins, skin products, food bars and shakes, blood typing kits, 
videos and soft ware. 

 No studies (or rationale) support his proposed link between weight, blood groups 
and reac tion to lectins. Experts have also pointed out the error in his claim that blood 
Type O is the original blood group. 30  One study that sugges ted poten tial bene fits from 
adher ence to the veget arian diet recom men ded for Type A and the diet recom men ded 
for Type AB found the bene fits were inde pend ent of blood group. 31  

 All follow ers of the blood type diets are also asked to avoid sugar and highly 
processed foods and all except the four percent of the popu la tion with Type AB must 
avoid wheat. In prac tice, all four versions of the diet restrict so many foods that 
energy intake will inev it ably fall.  

   18.5.3  The Fast Diet (commonly dubbed the 5:2 diet) 

 Developed by Dr Michael Mosely, a medical doctor and British tele vi sion journ al-
ist, this diet swept the world in 2013. The ‘fast’ in the title does not refer to the rate 
of weight loss but to the diet’s regimen of ‘normal’ eating for five days a week with 
two days devoted to a semi- fast. There are no restric tions for the five ‘normal’ days 
of the week. On each of the two ‘fast’ days, men can consume 600 Cals (2500 kJ) 
and women 500 Cals (2100 kJ) – both values repres ent ing about a quarter of normal 
energy needs. Mosely’s co- author, Mimi Spencer, has written a compan ion book of 
calorie- counted recipes that may be used through out the week. Both authors lost 
10 kg on the program. Dr Mosely has also written Fast Exercise, in which ‘fast’ does 
refer to time, with claims people can get fitter, stronger and better toned in just a few 
minutes of ultra- short bursts of high intens ity exer cise each day. 

 The 5:2 plan does not promote any special mix of macronu tri ents and does not 
dispute that ‘calor ies count’. No food need be banned but Dr Mosely clearly states 
that success depends on not over- eating on the ‘normal’ days. On the ‘fast’ days, the 
diet book gives sugges tions for appro pri ate meals with their calorie content as well 
as a calorie count per 100 g (or 100 mL) for over 500 foods. These lists could play a 
useful educa tional role, although in coun tries where kilo joules are the offi cial unit of 
energy, trans lat ing the values may reduce the educa tional value. 

 The obvious ques tions concern whether people can stick to such an eating plan 
long- term and whether they will eat more the evening before a ‘fast’ day. A small 
study has shown that fat oxid a tion may increase with inter mit tent fasting. However, 
hunger on the fasting days sugges ted that subjects were unlikely to continue with 
such a pattern for an exten ded period and the authors sugges ted that a small meal on 
fasting day (as recom men ded by Mosely) may make this type of dietary restric tion 
more accept able. 32  

 Several small, short- term studies provide some evid ence that inter mit tent fasting 
may be as effect ive as daily caloric restric tion 33,34  as has one some what larger, longer 
trial (107 obese women over a 6-month period). 35  However, further studies are needed, 
as one group repor ted the bene fits may only occur with a low intake of dietary fat 36  
and a rodent study found that inter mit tent fasting induced obesity and diabetes and 
worsened spon tan eous ather o scler o sis in mice with genetic hyper cho les ter o laemia. 37  
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 Without long term studies, it is not possible to rate this dietary pattern. Those 
motiv ated to follow it could discover they can accom mod ate occa sional feel ings of 
hunger without harm and this could be of value in redu cing snack ing. Lessons about 
energy values of differ ent foods would also be useful and follow ers would discover 
that large servings of veget ables come at a small energy cost. Greater use of veget-
ables could also improve the overall nutri tional value of the total diet. Those who 
use their ‘normal’ days to eat more will soon find the diet does not work and will 
abandon it.  

   18.5.4  Further unusual diets 

 Over the years, we have seen many diets come and go: the Drinking Man’s Diet, 
the Grapefruit Diet, the Israeli Army Diet (no connec tion with the Israeli Army), the 
Mayo Clinic Diet (disowned by the Mayo Clinic), food- combin ing diets, detox diets, 
the HCG Diet, the Cabbage Soup Diet, the Hollywood Diet, the Lemon Diet, the Flat 
Belly Diet, the Lunch Box Diet, the Cookie Diet, the Watermelon Diet, Fit for Life 
and the Drunkorexia Diet are some examples. The ulti mate example of a foolish fad 
diet – the Breatharian Diet – in which you are supposed to live on air and sunlight 
alone fortu nately does not attract too many follow ers. 

 These diets, like many of the diets already discussed, and those that occur in 
magazines and weekend news pa per supple ments, promise rapid weight loss. They 
fail, however, to disclose that much of the loss will be water, glyco gen from muscle 
stores and lean tissue and that fat cannot be lost fast. Fortunately, most of these 
extremely restrict ive diets are so boring or unpleas ant they are short- lived. At least 
this means their inev it able nutri tional inad equa cies do not have time to incur serious 
harm.   

   18.6  Evaluation of prom ised time- scales 

 Among all popular diets, the most consist ent feature is the prom ised speed of 
weight loss – usually at least 1 kg/week and often up to 4 kg/week. A contin ued loss 
of even 1 kg a week is beyond weight loss shown in any long- term studies. Even 
those promot ing the Atkins Diet only report losses of less than 1 kg/month over a 
12-month period, 38  with almost half that regained over the follow ing 12 months. The 
initial rapid loss usually reflects a low level of carbo hydrate which results in rapidly 
depleted stores of muscle glyco gen and asso ci ated water, together respons ible for 
about 2 kg. 39  High protein diets also claim to induce greater loss of body fat with 
preser va tion of lean body tissue, although several studies show this not to be the 
case. 40,41  Only small short term studies have suppor ted the theory. 42  

 Support for high protein diets for weight loss has been the subject of a number of 
papers. Short term studies show a greater initial weight loss with low carbo hydrate/
high protein diets, but long term studies reveal no differ ence in weight loss due to 
changes in macronu tri ent intake. 43–45  A recent meta- analysis of long- term random-
ised control trials, repor ted that such diets have neither specific bene fi cial nor 
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detri mental effects on outcome markers of obesity, cardi ovas cu lar disease or 
glycaemic control. 46  Others disagree – at least in mice 47,48  and in results of cohort 
studies. Two cohort studies from the United States have repor ted that a low carbo-
hydrate diet, high in animal protein was asso ci ated with higher all- cause mortal ity 
in both men and women, but not if the protein was mainly from plant sources. 49  A 
large Swedish cohort study repor ted that low carbo hydrate- high protein diets, used 
on a regular basis and without consid er a tion of the nature of carbo hydrates or the 
source of proteins, are asso ci ated with increased risk of cardi ovas cu lar disease 50  
while a review of cohort studies concluded that low carbo hydrate diets were asso ci-
ated with a signi fic antly higher risk of all- cause mortal ity, but not with increased risk 
of cardi ovas cu lar mortal ity or incid ence. 51  There is also concern over colonic health 
with a study showing that a low carbo hydrate diet (which also means a low intake 
of dietary fibre) signi fic antly decreased faecal cancer- protect ive meta bol ites and 
increased concen tra tions of hazard ous meta bol ites. 52  For weight main ten ance, more 
conven tional energy- restric ted diets may have an edge with evid ence from a random-
ised controlled trial showing that while those follow ing a low carbo hydrate diet/high 
protein diet main tained most of their initial weight loss, those on a conven tional diet 
continue to lose weight over the long- term. 53   

   18.7  Evaluation of claims to simpli city 

 Theories espoused in popular diets change from time to time, but some themes recur 
over the years. The idea that you can eat as much as you like – but only of selec ted 
foods – crops up often. Reading the fine print reveals the flaws in ‘eat more, lose 
weight’ claims. For example, diets may claim they allow unlim ited quant it ies of 
fatty foods such as butter or cream but then forbid the bread, pasta, pota toes, biscuits, 
cakes and desserts that would normally be vehicles for the fats. One diet claimed 
follow ers could eat as much pasta as they desired, but the details revealed that 
nothing could accom pany the pasta, which had to be consumed on its own. In prac-
tice, whenever the range of foods is strictly limited, overall kilo joule intake is almost 
certain to fall. 

 Popular diets usually emphas ise the simpli city of their solu tion to obesity. If these 
fast, easy diets were success ful, we might expect a lessen ing of the incid ence and 
extent of obesity, or at least a lower number of new diets. No such luck! 

 In contrast to the popular diet promoters, research ers and clini cians under stand that 
complex factors are involved in weight gain and also in success ful long- term reduc-
tions in body fat. 54  Individual differ ences are import ant, relat ing to family history and 
dynam ics, genetic factors and social and cultural contexts. Weight loss recom mend a-
tions need a multi- faceted approach that includes appro pri ate dietary strategies, skills 
and educa tional mater i als as well as back- up coun selling and support to assist with 
long- term main ten ance of appro pri ate and health- promot ing changes in eating and 
exer cise habits. Those market ing various popular diets and over- the-counter weight 
loss products, on the other hand, offer a one- size-fits- all solu tion that ignores the 
complex it ies.  
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   18.8  Over- the-counter weight loss aids 

 Pharmacies, health food stores, super mar kets and inter net sites sell many products 
that claim to induce rapid weight loss. As well as meal replace ments and asso ci-
ated food products, they include herbal supple ments which may ‘work’ by indu cing 
increased laxa tion or diur esis. Marketers emphas ise rapid results, with items such 
as 7-day weight loss pills or 5-day programs that are supposed to ‘detox ify’ the 
body, ‘ignite meta bol ism’, ‘remove stub born belly fat’ or ‘strip away’ or even ‘melt’ 
unwanted fat. Most also claim they will suppress appet ite. 

 The ingredi ents cred ited with these ‘slim ming’ abil it ies may include caffeine, 
chro mium pico lin ate, green tea extract, phase olus vulgaris (a bean extract), chitosan 
(derived from the shells of crus ta ceans), glycine max (from soy bean leaves), garcinia 
cambo gia (a small, pumpkin- shaped fruit contain ing hydroxy cit ric acid), Irvingia 
gabonen sis (African mango seeds), usnic acid (isol ated from types of lichen), guggul 
tree extracts (from the sap of a small flower ing tree grown in north India), gluc-
oman nan (usually extrac ted from the root of the konjac plant), conjug ated linoleic 
acid (a compon ent of dairy fats), senna leaf (from a flower ing legumin ous plant), 
Arctostaphylos (some times called bear berry), buchu leaf (a herbal plant), olive leaf 
and various other herbs. Some warn the products will increase bowel move ments 
and increase urine output – both seen as ways to ‘flush away waste and toxins’. Such 
effects should be expec ted from known laxat ives in senna, or the diur etic prop er ties 
of plant compounds such as Arctostaphylos, uva ursi and buchu leaf. 

 Some of the ingredi ents in these so- called weight loss aids have been subjec ted 
to research, usually showing no real bene fits and some times with indic a tions of 
poten tial harm. Studies have all been short- term and usually involve small numbers 
of subjects. 55  In some studies quoted as report ing bene fits, no records are kept of 
dietary intake or exer cise levels, making any claimed results useless. Other studies 
are published in unusual journ als or in those journ als where the author pays for 
public a tion. 

 Before recom mend ing any supple ments, consid er a tions of effic acy and safety are 
para mount. Websites and pamph lets may make claims that are not backed by good 
research studies or they may refer to studies in reput able journ als that have involved 
only animals or may simply be labor at ory find ings that the claimed ingredi ent is 
present in the supple ment. A lack of benefit for weight loss has been found with many 
ingredi ents in supple ments, includ ing Garcinia cambo gia, 56,57  chro mium pico lin ate, 58  
phase olus vulgaris, 59  Irvingia gabonen sis, 60  chro mium, 61  gluc oman nan, 62  green tea 63  
and conjug ated linoleic acid. 64  Safety aspects for any of these compounds require 
special atten tion, as some cause severe toxicity reac tions. 65–68  

 Many products sold by mail order may escape offi cial scru tiny. However, phar-
ma cies, health food stores and super mar kets also sell supple ments carry ing weight 
loss claims with no evid ence of effic acy. Unfortunately, many of these products and 
their claims are only invest ig ated if an indi vidual or consumer group makes a specific 
complaint. Health author it ies need to give more publi city to the fact that no product 
will ‘blast fat’ and, although ubiquit ous, the process of ‘detox ing’ has no basis for 
health or weight loss.  
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   18.9  Discussion 

 Over the last 40 or 50 years, millions of books and magazines have promoted differ-
ent diets and diet products that claim to be able to reverse obesity. More recently, 
almost every popular diet book or weight loss product has also spawned websites 
(the plural is inten tional here) with glowing testi mo ni als, ‘before and after’ photo-
graphs as well as a ‘shop’ from which you make online purchases of asso ci ated 
products. These range from books to meal replace ments and exotic juices, snack bars, 
shakes, soups and supple ments as well as recipes, detox products, blood test kits and 
exer cise programs. Many sites also include a forum for custom ers to discuss their 
hopes, aspir a tions and progress. Celebrities feature on some sites and draw in custom-
ers. Overall, online oppor tun it ies have boosted the poten tial for diets and products 
prom ising weight loss to become more widely known and make money for their 
promoters. 

 Apart from the inev it able testi mo ni als from satis fied users iden ti fied only by their 
first name or initials, there is little proof that any of these popular diets and products 
can solve the world’s obesity crisis. Virtually none of the popular diets can back its 
claims with evid ence of long- term success. If any diet or product  could  provide a 
single univer sal solu tion for obesity, we might have expec ted to see a decrease in 
the incid ence of excess body fat. Instead, obesity contin ues to increase and has now 
spread to popu la tions where it was previ ously uncom mon. 

 In spite of those who main tain that science has ‘got it wrong’, no one has yet 
disproved the laws of ther mo dy nam ics, 69  although some have tried. 70  Those who 
claim their diet confers meta bolic advant ages due to a low content of carbo hydrate or 
a high content of protein lack proof. Reviews of the liter at ure show little or no effect, 
or small differ ences detect able only under the preci sion of meta bolic ward condi tions 
for short periods of time. None are relev ant to free- living people consum ing a varied 
diet over time. Obesity remains an imbal ance between energy intake and output with 
weight loss requir ing energy output to be greater than energy input. The import ant 
addendum, however, is to note that many complex factors govern energy intake and 
output. Research contin ues to look at the multiple genes involved, pren atal and early 
child hood envir on ment, psychoso cial factors, and the increas ing influ ence of our 
‘obeso genic’ envir on ment. 71  

 Long- term studies of success ful weight loss inter ven tions are rare. The National 
Weight Control Registry in the United States notes that only 20% of those who inten-
tion ally lose at least 10% of their weight main tain the loss for at least a year. 72  This 
may be suffi cient to correct meta bolic abnor mal it ies asso ci ated with obesity 73  but in 
a climate where many have been led to expect instant success, it is not a message that 
is likely to outdo sales of popular diets. 

 For those who grow despond ent looking at the low levels of success, it is worth 
check ing the habits of over 10,000 members listed in the National Weight Control 
Registry who lost an average of 33 kg and main tained their losses for more than 
5 years. Almost all modi fied their food intake, eating a low kilo joule, low fat diet, 
consum ing break fast regu larly, main tain ing a consist ent eating pattern across week-
days and week ends, monit or ing their weight and increas ing their phys ical activ ity to 
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at least an hour a day. Many report that weight loss main ten ance has become easier 
over time, with those who have success fully main tained their loss for 2 to 5 years 
increas ing their chance of longer- term success. 74  

 Perhaps the best we can do is to issue a guide to those who are looking for a 
popular diet. Signs that a diet should be rejec ted:

     1.    Anything that prom ises weight loss will be rapid or easy.  
    2.    Any product/diet that relies on testi mo ni als rather than research published in a reput able 

journal.  
    3.    Any diet that claims to be new or revolu tion ary.  
    4.    Any diet that cuts out one or more entire food groups.  
    5.    Any diet that claims you can eat unlim ited quant it ies of any food (except veget ables).  
    6.    Any diet that claims calor ies (or kilo joules) do not count.  
    7.    Any program that claims exer cise is unne ces sary.  
    8.    Anything that claims you can eat whatever you like as long as you use a partic u lar pill, 

injec tion or supple ment.  
    9.    Any diet that claims superi or ity even if scient ists have rejec ted its claims.  
   10.    Any diet or supple ment that sounds too good to be true.     

   18.10  Sourcing unbiased inform a tion 

 The best sources of unbiased inform a tion are avail able from reput able scientific 
research organ isa tions. In Australia, the National Health and Medical Research 
Council produces  Dietary Guidelines  75  and clin ical prac tice guidelines for the 
manage ment of obesity in adults, adoles cents and chil dren in Australia. 76  In general, 
Departments of Health, recog nised medical groups and organ isa tions such as the 
World Obesity Federation (previ ously the International Association for the Study of 
Obesity), offer reli able advice.   
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    19.1  Introduction 

 For the past thirty years, the preval ence of obesity has been rising in the United States 
and across the globe (Center for Disease Control; World Health Organization). Attempts 
at redu cing obesity have histor ic ally focused on treat ment, despite relat ively little 
progress in devel op ing safe and afford able weight loss programs or medic a tions that 
produce sustained weight loss (Dansinger  et al. , 2007; Christensen  et al. , 2007; Curioni 
and Lourenco, 2005; Glazer 2001; Heshka  et al. , 2003; Surapaneni  et al. , 2011; Tsai and 
Wadden, 2005). Although an indi vidual’s weight is in part influ enced by genet ics, the 
rapid rise in obesity over the last thirty years cannot be explained by genetic changes 
at the popu la tion level. Instead, the more likely drivers of world wide obesity have been 
global changes in food and phys ical activ ity envir on ments (Finucane  et al. , 2011). 
Nutrient poor, energy- dense foods are highly palat able, widely avail able, inex pens-
ive, served in large portions, inad equately labeled, and heavily marketed, all of which 
promote over con sump tion. Environmental changes have also encour aged more sedent-
ary beha vi ors in occu pa tional, recre ational, trans port a tion and house hold settings (Sallis 
 et al. , 2006). In addi tion, cultural, social, and economic factors contrib ute to obesity 
(Christakis and Fowler, 2007; McCabe  et al. , 2011). Despite educa tional efforts and 
the strong desire of many indi vidu als to weigh less, obesity remains a major public 
health problem, suggest ing a need for policy inter ven tions that will address envir-
on mental drivers of the problem. In this chapter, we discuss five policy strategies 
for improv ing diet: (1) restric tion of food market ing to chil dren, (2) alter ing school 
food envir on ments, (3) food taxes; (4) nutri tion labeling, and (5) placing limits on 
restaur ant portion sizes.  

   19.2  Restricting child- targeted food market ing 

 The food industry spends billions of dollars each year market ing their products to 
young consumers to increase sales and create lifelong brand loyalty (Harris  et al. , 

   19 
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2009a). Although tele vi sion remains the most popular medium for advert ising 
(Federal Trade Commission (US), 2007), other forms of market ing abound includ-
ing food and bever age product place ment in movies, tele vi sion shows, and video 
games, food company spon sor ships of sport ing and enter tain ment events, and in- store 
product cross- promo tions with other items (Calvert, 2008). In addi tion, compan ies 
market through online advergames, videos, and social market ing (Cheyne  et al. , 
2013, Brady  et al. , 2010). This ubiquit ous market ing is concern ing because most 
of the foods advert ised are low in nutri ents and high in calor ies, fat, sugar, and/or 
sodium (Folta  et al. , 2006, Powell  et al. , 2011, Kelly  et al. , 2008). Further, food 
market ing has been found to influ ence chil dren’s food pref er ences, short- term eating 
beha vi ors, and purchases (Cairns  et al. , 2013; Harris  et al. , 2009a, 2009b; Institute of 
Medicine, 2006; Roberto  et al. , 2010a). 

 In the United States, the First Amendment protects compan ies’ right to advert ise. This 
makes it diffi cult to restrict food advert ising in media and the retail envir on ment even 
when the goal is to protect chil dren ( Lorillard v. Reilly , 2001). Although never tested 
in court, there is a valid argu ment that market ing direc ted at young chil dren is decept-
ive and should be restric ted because those under 8 are too young to fully compre hend 
the nature and purpose of advert ising (National Research Council, 2006). This makes 
chil dren a vulner able popu la tion who cannot differ en ti ate between factual inform a-
tion and advert ising inten ded to persuade them (Harris and Graff, 2012; Pomeranz, 
2010). However, the broad reach of most advert ising makes it diffi cult to tailor such 
a restric tion without impinging on protec ted speech to teens and adults. The one clear 
excep tion to this chal lenge involves advert ising direc ted at chil dren on school grounds. 
Government may reserve the school space for its educa tional purpose and restrict 
advert ising on school prop erty by, for example, prohib it ing all market ing or prohib it ing 
ads for products not permit ted to be sold on school grounds (Pomeranz, 2012). 

 Policies to limit or regu late food market ing to chil dren have been imple men ted in 
other coun tries, mostly focused on tele vi sion advert ising. Child- direc ted food advert-
ise ments have been banned during chil dren’s tele vi sion program ming in Sweden 
(since 1991), Norway (since 1992), and Quebec, Canada (since 1980). In addi tion, 
over 30 coun tries, includ ing many in Europe, Australia, and the Republic of Korea, 
have national laws setting specific restric tions on tele vi sion advert ising to chil dren, 
such as limits on advert ising at certain times or on certain programs, or limits on 
specific market ing tech niques such as the use of cartoon char ac ters (Hawkes, 2004). 

 In 2006, the food industry in the United States launched its own volun tary, 
self- regu lat ory program, the Children’s Food and Beverage Advertising Initiative 
(CFBAI), designed to modify the mix of food advert ising primar ily direc ted to 
chil dren to encour age more nutri tious dietary choices and health ier life styles. The 
Initiative addresses market ing on tradi tional media (tele vi sion, radio, print, and 
the Internet), along with new and emer ging media (mobile tech no logy and video 
games). Significantly, this does not apply in the retail envir on ment where purchas-
ing decisions are actu ally made. However, in 2009, Congress direc ted repres ent at-
ives from four federal agen cies to form the Interagency Working Group (2011), and 
recom men ded volun tary guidelines for industry self- regu la tion of food market ing. In 
April 2011, the Interagency Working Group (IWG) released sound recom mend a tions 
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that took into consid er a tion both posit ive and negat ive nutri tional attrib utes of foods. 
The food industry refused to adopt the govern ment- backed stand ards, affirm ing that 
they would continue to abide by the industry- gener ated CFBAI, led by the Better 
Business Bureau (Watson, 2011). 

 In the absence of a policy to restrict market ing, 18 food compan ies are members of 
the volun tary CFBAI. However, the pledges apply only to certain types of market ing. 
For example they exclude the retail envir on ment, and define ‘child- direc ted’ advert-
ising as only includ ing program ming where chil dren less than 12 years old comprise 
at least 35% of the audi ence (Harris  et al. , 2013). Further, the nutri tion criteria for 
foods that can be marketed are signi fic antly weaker than the IWG stand ards (Center 
for Science in the Public Interest, 2009). Finally, networks that are not members of 
the CFBAI, like Nickelodeon, do not restrict the place ment of unhealthy food advert-
ise ments on their chil dren’s program ming, websites, and mobile apps (Bachman, 
2013). Despite the CFBAI efforts, there has also been little observed improve ment 
in the nutri tional content of advert ised foods and bever ages (Center for Science in 
the Public Interest., 2010). In addi tion, chil dren continue to see large numbers of 
unhealthy food and bever age advert ise ments on programs that are not considered 
child- specific (Harris  et al. , 2013). 

 Many chal lenges exist in future efforts to regu late food market ing to chil dren. 
Countries, food compan ies, and research ers all differ in their defin i tion of a child 
(Lobstein  et al. , 2011). Comprehensive bans on advert ising are also diffi cult to 
enforce espe cially across borders. Advertisements targeted to chil dren can be diffi cult 
to distin guish from those inten ded for the entire family or for adults. Currently, self- 
regu lat ory programs have focused on media or programs which have a certain percent-
age of chil dren users or viewers; however, many forms of media predom in antly used 
by adults can also be seen by large numbers of chil dren. In addi tion, although the 
nutri tion criteria developed by the CFBAI are an import ant step toward consist ency 
as to what products can be advert ised, the adher ence by indi vidual compan ies to these 
guidelines remains to be determ ined. Finally, newer forms of media enter tain ment are 
constantly becom ing avail able, such as media streamed in from other coun tries via the 
Internet or satel lite tele vi sion, and poli cy makers will have to decide which forms of 
media will need to be regu lated, and how to enforce the legis la tion.  

   19.3  Improving the school envir on ment 

 Data from the U.S. indic ate that chil dren spend more time in school than in any other 
place away from home (Story  et al. , 2009), and consume 35% of their daily calor ies at 
school (Gleason and Suitor, 2001). Thus, the school envir on ment repres ents a prom-
ising oppor tun ity for the imple ment a tion of a broad range of nutri tion and well ness 
policies. Several coun tries have taken action to improve school food envir on ments. 
Schools in France are not permit ted to have vending machines that sell food and drink 
(Mercer, 2005) and the United Kingdom has restric ted the sale of certain foods in 
schools (United Kingdom Department of Education, 2013). In addi tion, six provinces 
in Canada have imple men ted guidelines for school food (Hawkes, 2007). 
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 In the United States, several federal-, state-, and district- level school policies 
have been passed to address nutri tion educa tion and well ness. At the federal level, 
the U.S. Department of Agriculture (USDA) announced changes to the school meal 
program, to improve nutri tion stand ards. Such changes include making potable water 
avail able and free of charge during meal services, increas ing the amount and variety 
of fruits and veget ables offered, and redu cing the amount of fat and satur ated fat in 
meals. However, outside of school meal times, students are presen ted with numer-
ous other oppor tun it ies to purchase foods of poor nutri tional quality through vending 
machines, fundraisers, a la carte items during lunch, and at school stores. Such foods 
are increas ingly preval ent in schools, and often lack nutri ents in favor of fat, sugar, 
and sodium (Gordon and Fox, 2007). The increased avail ab il ity of these snack foods 
in schools has been shown to be asso ci ated with increased consump tion (Neumark-
Sztainer  et al. , 2005), as well as inversely asso ci ated with fruit and veget able intake, 
and posit ively asso ci ated with fat intake (Kubik  et al. , 2003). 

 In June 2013, the USDA announced the ‘Smart Snacks in School’ stand ards, setting 
nutri tion criteria for snack foods sold on school campus during the school day. These 
stand ards are designed to limit salt, sugar and fat in such foods, and to increase whole 
grains, low fat dairy, fruits, veget ables and lean protein (Food and Nutrition Service, 
2013). The regu la tions are to take effect in July 2014, and while they will not apply 
to foods sold during after- school sport ing events or other activ it ies, or foods 
consumed as part of birth day celeb ra tions or fundraisers, they never the less repres ent 
a crit ical step toward improv ing the nutri tion profile of many foods eaten on school 
campuses. 

 State- level school nutri tion policies also provide ample oppor tun ity for improv-
ing the food envir on ment, as many often surpass federal policies in their regu lat ory 
strin gency (Trust for America’s Health, 2009, Boehmer  et al. , 2008). One recent, 
contro ver sial state policy was the imple ment a tion of BMI report cards, which identify 
chil dren at high risk for obesity, and alert parents to modify the child’s eating and 
activ ity patterns (Nihiser  et al. , 2009). About a quarter of U.S. states currently have 
some sort of BMI screen ing and surveil lance program, begin ning with Arkansas 
in 2003, and the major ity of the states notify parents of the results (Vogel, 2011). 
However, evid ence is still incon clus ive as to the effect ive ness of the report cards. 
Furthermore, there is concern that the report cards may increase stigma toward over-
weight chil dren or encour age them to adopt unhealthy eating beha vi ors (Ikeda  et al. , 
2006), although early research in Arkansas seems to suggest that the possible negat-
ive consequences of teasing, use of diet pills, or excess ive concerns about weight 
have not mater i al ized (Thompson and Card-Higginson, 2009). 

 Finally, district- level regu la tion can provide addi tional guidelines tailored to the 
needs of the specific loca tion and the demo graph ics of its students. Examples of 
policies that could cultiv ate health ier school food envir on ments include modi fy-
ing the schedul ing and dura tion of lunch periods, as research has shown that a later 
lunch was asso ci ated with lower a la carte sales (Probart  et al. , 2006), imple ment ing 
zoning laws that would restrict fast- food vendors from oper at ing near schools (Mair 
 et al. , 2005), elim in at ing open- campus policies (Neumark-Sztainer  et al. , 2005), or 
prohib it ing parents or students from bring ing food into cafet er ias from local fast- food 
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estab lish ments (Probart  et al. , 2006). Overall, school policies repres ent power ful 
tools with which to tackle and reverse child hood obesity.  

   19.4  Food and bever age taxes 

 A policy option receiv ing increas ing atten tion is taxa tion of certain foods or 
bever ages. Some coun tries, partic u larly in Europe, have legis lated taxes on soft drinks 
or other unhealthy foods, with varying results. In October 2011, Denmark intro duced 
the world’s first so- called ‘fat tax’ on butter, milk, cheese, pizza, meat, oil, and other 
processed foods contain ing more than 2.3% satur ated fat (BBC, 2011). However, one 
year later lawmakers repealed the tax, claim ing that it failed to change the Danes’ 
eating habits, encour aged cross- border purchases in Sweden and Germany, put 
Danish jobs at risk, and was extremely diffi cult to imple ment and enforce. At the 
same time, the Danish tax ministry also canceled plans for a proposed sugar tax (BBC, 
2012, Strom, 2012). 

 In 2012, France imple men ted a tax on sugar- sweetened bever ages, amount ing to 
about 9 cents per liter (Harless, 2012) and Hungary imple men ted taxes target ing 
energy drinks and pack aged foods with certain amounts of salt or sugar to combat 
obesity, reduce salt consump tion, and fund their health care system. (Daley, 2013). 
Additional coun tries, includ ing Finland, Britain, Ireland, and Romania, have also 
imple men ted some form of food tax, or are discuss ing doing so. Most recently, in 
2013 Mexico success fully passed a tax of 8% on processed foods such as potato 
chips, and a tax of one peso (about eight U.S. cents) per liter on sugary bever ages, a 
tax of about 10% (Boseley, 2014). 

 In the United States, the most common proposal has been an excise tax of a penny 
per ounce for any bever ages with added sugar, with revenue alloc ated to child nutri tion 
or obesity preven tion programs. Research has sugges ted that such a tax would gener-
ate $14.9 billion in the first year nation ally (Brownell  et al. , 2009), $79 billion over 
five years, and reduce sugar- sweetened bever age consump tion by 24% (Andreyeva 
 et al. , 2011). Other studies have projec ted similar reduc tions in caloric intake and 
weight as a result of a sugar- sweetened bever age tax (Finkelstein  et al. , 2010), and 
consumer support for such a tax appears to be increas ing (Rivard  et al. , 2012). 

 Although this penny- per-ounce tax has been debated in numer ous states and cities 
in the United States, none so far have success fully enacted legis la tion. Some states 
have imple men ted smaller taxes on sugar- sweetened bever ages, amount ing to about a 
5% increase in price, but research suggests the prices must increase 10–20% to mean-
ing fully affect consump tion (Andreyeva  et al. , 2010). Although data suggest tobacco 
taxes have been effect ive at redu cing consump tion (Wisotzky  et al. , 2004), the effect-
ive ness of taxes on sugar- sweetened bever ages has been ques tioned (Fletcher  et al. , 
2010). It is possible that a tax on sugar- sweetened bever ages for example would 
simply encour age consumers to switch to sweet foods or other unhealthy bever ages 
not included in the tax (Fletcher  et al. , 2013). In response, more compre hens ive 
taxa tion schemes have been proposed, includ ing taxes combined with a subsidy for 
water to encour age health ier beha vior, or a tax that taxes all caloric sweeten ers at 
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the manu fac turer level (Miao  et al. , 2012). Although the effects of these taxes on 
consumer beha vior and on health outcomes is not well under stood yet, taxa tion 
repres ents a compel ling policy option for incentiv iz ing beha vior change.  

   19.5  Nutrition labeling 

   19.5.1  Calorie labelling at restaur ants 

 Menu labeling is a policy intro duced in the United States that requires chain restaur-
ants to post calorie inform a tion for their menu items so that it is visible at the point 
of purchase. Several U.S. states and cities have already imple men ted menu labeling 
and it will be imple men ted nation ally as part of the Patient Protection and Affordable 
Care Act (Nutr. Label. Stand. Menu Items Chain Restaur., 2010). Existing research 
on menu labeling is mixed; some studies find that it has not influ enced consumers to 
purchase fewer calor ies (Elbel  et al. , 2009, Finkelstein  et al. , 2011; Harnack  et al. , 
2008), while other studies have found that it promotes order ing and/or consump tion 
of fewer calor ies when dining out (Dumanovsky  et al. , 2011; Bollinger  et al. , 2011; 
Roberto  et al. , 2010b; Krieger  et al. , 2013)  

   19.5.2  Front- of-package nutri tion labeling 

 In addi tion to posting calorie inform a tion on restaur ant menus, there is growing 
interest in placing labels on the front of pack aged foods to quickly alert consumers 
to the nutri tional quality of food products. There are a variety of exist ing front- of-
package labeling systems. In the United States, the food industry recently intro duced 
Facts Up Front, a label that includes inform a tion about calor ies, satur ated fat, sodium 
and sugars per serving as well as percent daily value. The label also high lights up to 
two nutri ents to encour age (i.e. potassium, fiber, Vitamin A). In the United Kingdom, 
the Food Standards Agency developed a multiple traffic light system used by some 
food manu fac tur ers (Food Standards Agency, 2010). This system uses red, yellow, 
and green traffic lights to indic ate high, medium, and low amounts of satur ated fat, 
sodium, and sugar. Ecuador recently announced a mandate for a nutri tional label 
system based on the traffic light system (Gara, 2013). Some coun tries such as the 
Netherlands have adopted the ‘Choices’ (Choices Program, 2010), which is placed on 
products meeting a scientific stand ard for health ful ness. Chile also has a new labeling 
system in effect as of early 2014, requir ing food makers to put warning labels on 
pack ages if foods are high in sugar, salt, calor ies or fat (Bodzin, 2014). 

 Although research suggests that labeling systems like the multiple traffic light and 
Choices symbol are fairly well under stood by consumers (Hawley  et al. , 2013), more 
studies are needed examin ing how front- of-package nutri tion labels influ ence food 
purchases and/or consump tion. Related research on shelf- tag labeling systems in 
super mar kets has found that these kinds of labeling systems increase the sales of foods 
promoted by the labels (Sutherland  et al. , 2010; Levy  et al. , 1985). In addi tion to influ-
en cing consumer beha vior, calorie labels on restaur ant menus and front- of-package 
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food labels have the poten tial to encour age food compan ies to refor mu late products 
to improve the nutri tional compos i tion of foods. Evidence follow ing the imple ment-
a tion of the Choices symbol in the Netherlands suggests refor mu la tion is happen ing 
(Vyth  et al. , 2010) and data follow ing calorie labeling imple ment a tion in Seattle also 
suggests restaur ants are respond ing with some refor mu la tion (Bruemmer  et al. , 2012).   

   19.6   Limiting portion sizes of sugar- sweetened 
bever ages 

 Research has consist ently demon strated that large portion sizes increase short- term 
energy intake among both adults and chil dren (Fisher and Kral, (2008); Rolls  et al. , 
2002, 2003, 2004a, 2004b, 2007). However, most restaur ants serve large portions as 
a default, despite signi fic ant public health concern about obesity (Young and Nestle, 
2002). Although some consumers desire smaller portions, people have a tend ency to 
stick with default options presen ted to them (Samuelson and Zeckhauser, 1988), and 
so few custom ers spon tan eously ask for smaller portions, regard less of their pref er-
ence (Schwartz  et al. , 2012). To address large portion sizes of sugary drinks, the New 
York City Board of Health adopted a regu la tion limit ing the permiss ible serving size 
of sugary bever ages avail able for sale and self- service in the city’s food service estab-
lish ments. The 2012 ordin ance estab lished a maximum cup size of sixteen ounces due 
to the asso ci ation between excess ive consump tion of sugary bever ages and weight 
gain, obesity, diabetes and cardi ovas cu lar disease (Ebbeling  et al. , 2006, 2012; Pan 
 et al. , 2013). The serving size limit alters the default to a smaller portion, but preserves 
freedom by enabling consumers to purchase as many drinks as desired and retail ers to 
offer free refills. In New York City, retail ers, the bever age industry, and other groups, 
sued the city to prevent enforce ment of the ordin ance. Although two lower courts 
ruled against the city, the state’s highest court accep ted the city’s appeal in October 
2013. At the time of this writing the legal ity of New York City’s ordin ance was under 
consid er a tion. However, research into portion limit policies is still neces sary to under-
stand how they influ ence consumer purchase decisions and whether there are unanti-
cip ated or unin ten ded consequences, such as consumers purchas ing multiple drinks or 
switch ing to other bever ages (e.g., alcohol) not subject to a restric tion. Although the 
outcome of the lawsuit in New York City applies in New York State only, this innov-
at ive policy might be considered in other places in the United States or the world.  

   19.7  Conclusion 

 Obesity contin ues to be a major threat to world wide public health, but there is reason 
for hope. In this chapter, we have described a number of prom ising policies that have 
been imple men ted or are being considered across the world with respect to restrict ing 
child- targeted food market ing, improv ing school food envir on ments, imple ment ing food 
taxes, requir ing better disclos ure of nutri tion inform a tion for restaur ant and pack aged 
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foods, and limit ing the portion sizes of sugar- sweetened bever ages in restaur ants. Such 
policies have the poten tial to curb obesity and improve the world’ diet.   
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    20.1  Introduction 

 Fiscal policy inter ven tion is high lighted in the Political Declaration of the United 
Nations High-Level Meeting on Non-Communicable Diseases (NCDs) as an import-
ant part of a compre hens ive and effect ive approach to improve diets, reduce obesity 
and prevent NCDs (United Nations General Assembly, 2011). Similarly, the 2013 
World Health Organization Global Action Plan for NCDs specific ally iden ti fies taxes 
and subsidies as a policy option for improv ing diets and prevent ing chronic disease 
(WHO, 2013). As part of a multi- sectoral approach, taxes and subsidies can create 
incent ives for health ier food produc tion and consump tion, and thus form part of 
upstream inter ven tions to improve diets, and prevent obesity and NCDs. 

 Current interest in imple ment ing univer sal health cover age also means that inter ven-
tions to prevent chronic NCDs are becom ing more import ant. This was recently high-
lighted during the 2009 prepar a tions for US health reform, in which soft drink taxa tion 
was proposed as an option to both reduce calorie consump tion (and obesity) and raise 
money for public health care (Congressional Budget Office, 2008). While indi vidu als’ 
food pref er ences should be respec ted, the costs to the public gener ated by NCDs are 
signi fic ant; NCDs are very expens ive to treat, and are not curable. Thus, NCD preven-
tion presents an oppor tun ity to ease the public health care burden. 

 The crit ical issues for public health policy makers regard ing the use of fiscal 
strategies to influ ence diet and body weight are (1) the effect of such inter ven tion 
on consump tion (and flow on impacts on body weight and disease risk), (2) the best 
targets of such inter ven tion, and (3) whether such inter ven tion can be effect ively 
imple men ted. This chapter summar ises recent evid ence for the effect ive ness of fiscal 
inter ven tions, considers appro pri ate tools and targets, and discusses exper i ences of 
inter ven tion.  

   20.2   Evidence to support fiscal strategies as an 
inter ven tion 

 The premise for taxa tion of unhealthy foods and/or subsid isa tion of healthy foods 
is the well- estab lished role of price as a driver of food choice (French, 2003; Eyles 
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 et al. , 2012). Taxes and subsidies can create fiscal incent ives for consumers to 
consume less (or more) of targeted foods, and thus improve overall diets. 

 Recent data show that certain categor ies of healthy and less healthy food are price 
elastic (price elasti city is a measure of the effect of changes in price on demand 
for a good) and thus indic ate that fiscal inter ven tion can be effect ive in redu cing 
or increas ing consump tion of specific foods to improve diets (Powell  et al. , 2013). 
This is largely due to the ability of consumers to substi tute between foods; fiscal 
inter ven tions can thus contrib ute to health ier food choices by encour aging substi tu-
tion of health ier products for less healthy products. For example, substi tut ing whole 
grain bread for low- fibre breads (Nordström and Thunström, 2009), or switch ing 
from sugar- sweetened bever ages to water or unsweetened tea (Dharmasena and 
Capps, 2012). 

 This section first describes the cross- discip lin ary evid ence base for fiscal inter ven-
tion, and then summar ises effects for three differ ent outcome meas ures. 

   20.2.1  Understanding the evid ence base 

 Measuring responses to fiscal inter ven tion presents a chal lenge. To date, there have 
been four differ ent broad approaches to assess ing fiscal inter ven tion: Randomised 
Controlled Trials (RCTs), model ling studies based on previ ously collec ted expendit-
ure or consump tion data, longit ud inal analyses of inter ven tion, and studies of stated 
pref er ence (Thow  et al. , 2014). 

 Traditional public health research methods – of which the ‘gold stand ard’ is 
RCTs that involve prospect ive obser va tion of consumer responses to inter ven tions – 
can provide valu able inform a tion regard ing the response of consumers in controlled 
settings. However, these take site- specific meas ures and thus are limited in 
their capa city to under stand whole of consump tion changes in diets that might 
result from a fiscal inter ven tion. For example, an RCT in New Zealand assessed 
healthy food subsidies in a grocery store context and provided a high quality 
assess ment of consumer responses to the inter ven tion (Ni Mhurchu  et al. , 2010). 
However, we are unable to tell from this study whether consumers made compens-
at ory purchases else where, such as those who might previ ously have purchased their 
fruit and veget ables at a differ ent venue but shifted their purchas ing because of the 
discount. 

 Modelling studies offer a way to use house hold expendit ure and dietary data to 
estim ate the effect of a fiscal inter ven tion. The most robust model ling studies are 
able to assess, based on house hold purchas ing and consump tion data, how a house-
hold might respond to a tax or subsidy and the effect that this would have on nutri ent 
consump tion (and in some cases meas ures of body weight). These studies are limited 
by the fact that they rely on retro spect ive obser va tions of responses to price fluc tu-
ations, rather than actual inter ven tions. In their recent review, Eyles and colleagues 
(2012) found that the major ity of modelled studies were of low quality, and that 
there was substan tial vari ab il ity in model struc tures, data inputs, and the types and 
magnitudes of food taxes and subsidies assessed, which made it diffi cult to compare 
outcomes across studies. 
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 Studies using popu la tion- based and longit ud inal data to assess inter ven tion have 
been conduc ted in the USA, compar ing states with and without soft drink taxes and 
assess ing changes in popu la tion body weight. These studies are valu able because 
they assess real inter ven tions over time, or between differ ent popu la tions. However, 
they are gener ally limited by their inab il ity to account for confound ing factors that 
might also affect body weight over the period studied. A recent review by Powell and 
colleagues (Powell  et al. , 2013) found that these studies were also limited by the very 
low levels of taxa tion that have been imple men ted to date. 

 Studies of stated pref er ence – some times called ‘exper i mental studies’ – collect 
data using labor at ory or online scen arios, in which consumers make hypo thet-
ical purchases of goods. These scen arios are repeated with differ ent prices applied 
to goods, to assess how consumers respond to hypo thet ical fiscal inter ven tions. 
The limit a tion of this type of study is the unknown extent to which these scen arios 
reflect decision making in the real world (Epstein  et al. , 2012). For example, some 
recent studies have used a unique 3-D web- based super mar ket designed to resemble 
a national super mar ket, with photo graphs of genuine products used to compose 
product images (Waterlander  et al. , 2012). Participants are alloc ated a budget 
based on house hold compos i tion and asked to conduct a typical shop for one week. 
However, parti cipants do not receive any of the products they select and thus this 
hypo thet ical situ ation may not be repres ent at ive of actual decision- making (Epstein 
 et al. , 2012).  

   20.2.2  Effects on consump tion 

 The key outcome meas ures of fiscal inter ven tion relev ant for public health are 
 consump tion  (which is the direct effect that medi ates subsequent health effects),  body 
weight  (based on changes to calorie consump tion), and  chronic disease risk  (based 
on changes to nutri ent consump tion and also through body weight changes). Another 
relev ant outcome is any  socio- economic differ en tials  in both economic and health 
effects; in partic u lar, whether fiscal meas ures are regress ive (are borne dispro por tion-
ately by the less well- off) and whether health outcomes accrue differ en tially. 

 The direct effect of fiscal inter ven tion is on diet. The evid ence base to date indic-
ates that taxes and subsidies can effect ively improve the health ful ness of diets by 
decreas ing consump tion of less healthy foods and increas ing consump tion of health-
ier foods, respect ively (An, 2012; Eyles  et al. , 2012; Epstein  et al. , 2012; Powell 
 et al. , 2013, Thow  et al. , 2014). 

 Subsidies on healthy foods (fruits, veget ables and healthy foods defined by nutri-
ent profil ing criteria) are effect ive in increas ing consump tion of the target foods 
(An, 2012). One RCT, conduc ted in super mar kets in New Zealand, found that a 
subsidy of 12.5% increased healthy food purchase by around 10%, with little to 
no effect on unhealthy nutri ent consump tion (Ni Mhurchu  et al. , 2010). However, 
other studies suggest that subsidies can increase overall calorie consump tion – either 
through increased consump tion of health ier foods (i.e. an increase in total volume of 
food consumed), or through the spend ing of saved monies on less healthy products 
(Lacroix  et al. , 2010; Giesen  et al. , 2012). 
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 Taxes on three types of less healthy foods have been eval u ated in the liter at ure: 
taxes on soft drinks; nutri ent- based taxes (i.e. taxes based on the amount of a target 
nutri ent in a food, usually salt, fat or sugar); and taxes based on nutri ent profil ing (i.e. 
using a system to clas sify foods as healthy or less healthy, such as an exist ing rating 
system like traffic light labelling or a measure of energy/nutri ent density calcu lated 
from the nutri tion inform a tion panel). 

 Taxes on soft drinks appear to be the most effect ive option for indu cing consump-
tion change away from a specific food, with strong evid ence from robust model ling 
studies (Thow  et al. , 2014). A recent review estim ated the price elasti city of demand 
for sugar- sweetened bever ages in the USA as −1.21 (meaning that a 20% increase in 
price would result in a 24% decrease in consump tion) (Powell  et al. , 2013). Some 
limited evid ence suggests that adult consumers would substi tute with fruit juices, low- 
fat milk, coffee, and tea (Dharmasena and Capps, 2012) and that chil dren are likely 
to substi tute with milk, which is a nutri tion ally super ior altern at ive (Fletcher  et al. , 
2010b). The best option would be a ‘specific’ (applied by the volume of drink) excise 
tax, as this would help to reduce price dispar it ies between brands (thus redu cing 
incent ives for substi tu tion between brands) and also be built into the shelf price that 
consumers see when making their purchase, unlike a sales tax (Chriqui  et al. , 2013). 

 Taxes on indi vidual nutri ents usually reduce consump tion of the target nutri ent 
(although often by a fairly small amount, and in some cases with negli gible effect 
on the diet as a whole), but can have unin ten ded consequences on consump tion of 
non- target nutri ents (Eyles  et al. , 2012; Thow  et al. , 2010). For example, a tax on 
satur ated fat might signi fic antly increase salt consump tion (Mytton  et al. , 2007). The 
more mixed find ings found for these taxes may be due to the fact that these taxes 
apply to core foods, such as meat and dairy. Taxes can thus send mixed messages to 
consumers, who are told to consume such foods as part of a balanced diet; for the 
same reason, core foods are also likely to be less price elastic. However, within food 
categor ies (e.g. dairy) a fat tax can be effect ive in encour aging substi tu tion between 
healthy and less healthy options (e.g. full fat and low fat dairy products) (Khan  et al. , 
2012; Miao  et al. , 2011). 

 Taxes and subsidies based on nutri ent profil ing over come some of the limit a-
tions of nutri ent- based taxes and subsidies by taking into account both calor ies and 
nutri ent density. They are thus less likely to apply to core foods. Temple and 
colleagues’ (2011) prospect ive inter ven tion study in the USA showed that a 25% tax 
on ‘red’ labelled foods (using traffic light nutri ent profil ing) signi fic antly reduced 
consump tion of unhealthy foods among obese parti cipants (by 40%) and reduced 
consump tion among non- obese parti cipants by 10%. In Sweden, the most effect ive 
imple ment a tion of a nutri ent profil ing tax was in combin a tion with a subsidy: a fibre 
subsidy and tax on unhealthy grain products resul ted in a signi fic ant improve ment in 
diets (Nordström and Thunström, 2009).  

   20.2.3  Effects on body weight 

 The poten tial effects of fiscal inter ven tions on body weight are medi ated through 
their effect ive ness in redu cing calorie consump tion. While taxes on less healthy 
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foods and bever ages have been mainly found to reduce calorie intake, their effect on 
obesity is not clear. A study in the USA found that taxes on sugar sweetened bever-
ages and fast food (pizza) of 10% could gener ate a signi fic ant reduc tion in body 
weight at a popu la tion level (Duffey  et al. , 2010). Modelling studies have also found 
a fairly consist ent rela tion ship between reduced calorie consump tion due to taxa tion 
and reduc tions in popu la tion body weight. However, these studies use a variety of 
conver sion factors to estim ate the effect of reduced calorie consump tion on body 
weight. Five studies that used dynamic conver sion factors (gener ally considered to be 
the most accur ate) all found that the calorie reduc tions they predicted would reduce 
popu la tion body weight (Allais  et al. , 2010; Kotakorpi  et al. , 2011; Lin  et al. , 2011; 
Sacks  et al. , 2011; Wang  et al. , 2012). 

 In contrast, four studies of exist ing state soft drink taxes in the US showed little 
differ ence in obesity preval ence among states with small taxes (around 5%) and 
states without (Powell  et al. , 2009; Sturm  et al. , 2010; Fletcher  et al. , 2010a, 2010b). 
However, Sturm and colleagues (Sturm  et al. , 2010) pointed out that extra pol at ing 
their finding of a small marginal effect (−0.013 BMI units) to a larger tax of 18% 
would produce a 20% reduc tion in BMI gain, which is a greater effect than any other 
inter ven tion has demon strated to date. 

 It is possible that subsidies for healthy food might increase popu la tion body weight 
through increas ing calorie consump tion (Epstein  et al. , 2010; Lacroix  et al. , 2010). 
However, overall, studies from the USA indic ate that lower fruit and veget able prices 
will reduce body weight at a popu la tion level (Powell  et al. , 2013). 

 It is import ant to note that a limited focus on calor ies and body weight might 
mask other bene fi cial effects. If a soft drink tax of 5% results in chil dren redu cing 
consump tion of soft drinks and increas ing their consump tion of milk (Fletcher  et al. , 
2010b), this inter ven tion would have no effect on body weight, but would have other 
nutri tional bene fits.  

   20.2.4  Effects on chronic disease outcomes 

 Effects of fiscal inter ven tion on diet- related NCDs (cardi ovas cu lar disease, diabetes, 
hyper ten sion and stroke) are medi ated both through reduced body weight as an inde-
pend ent risk factor for chronic disease, as well as redu cing consump tion of specific 
nutri ents; namely fat, satur ated fat, sugar and salt. It is also possible that people with 
health prob lems may demon strate a greater response to taxa tion for public health 
purposes, and thus derive more substan tial health bene fits, but there has been limited 
research into these popu la tion- specific effects (Epstein  et al. , 2012). 

 Fiscal inter ven tion that considers the health ful ness of the food as a whole (rather 
than just nutri ents) and effects on total diet is more likely to have a bene fi cial effect 
on chronic disease outcomes. The evid ence to date indic ates that subsidies paired 
with taxes in the range of 10–20% (for example: sugar tax with fruit, veget able and 
fish subsidy; healthy grain subsidy with fat or sugar tax on unhealthy grain products; 
fat tax with fruit and veget able subsidy; unhealthy food tax with fruit and veget-
able subsidy) have been found to reduce total calor ies and disease risk (Tiffin and 
Arnoult, 2011; Nnoaham  et al. , 2009; Nordström and Thunström, 2009; Kotakorpi 
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 et al. , 2011). Two studies on sugary soft drink taxes of 10–20% found that such an 
inter ven tion could reduce risk factors for diabetes and other chronic diseases (Wang 
 et al. , 2012; Duffey  et al. , 2010). 

 In contrast, taxes on single nutri ents may increase disease risk due to the effects of 
substi tu tion on other unhealthy nutri ents (Eyles  et al. , 2012). For example, one UK 
study found that a 17.5% tax on sources of satur ated fat could reduce consump tion 
of fatty foods but also had unin ten ded consequences on other nutri ent consump tion 
leading to increased disease risk, mainly through increased salt and decreased fruit 
and veget able consump tion (Mytton  et al. , 2007).   

   20.3  Evidence for differ en tial effects of fiscal strategies 

 Taxation of food is by nature regress ive, because food is an essen tial commod ity. 
This is of concern because of the poten tially dispro por tion ate (negat ive) effect on 
low- income groups (Cecchini  et al. , 2010). Similarly, some studies have indic ated 
that subsidies of healthy food may dispro por tion ately benefit the well- off rather than 
assist ing low- income house holds (Lacroix  et al. , 2010; Nordström and Thunström, 
2011; Dallongeville  et al. , 2011). However, there is some indic a tion that the health 
bene fits of taxa tion may also accrue dispro por tion ately to the poor, and thus offset 
this finan cial disad vant age to some extent (Eyles  et al. , 2012). 

 Designing fiscal inter ven tions to be less regress ive might also be possible. Taxes 
on non- core foods and bever ages are likely to be less regress ive, because consumers 
have more capa city to reduce consump tion. For example, a study in the USA found 
that high income consumers would pay more of a tax on soft drinks because they 
would be less likely to change their beha viour (Finkelstein  et al. , 2010). Pairing 
taxes with subsidies would be another way to mitig ate the regress ive effect of taxa-
tion alone. For example, a study in Sweden on taxes and subsidies to reduce the 
price of healthy grain products compared to unhealthy grain products found that 
lower- income consumers changed their consump tion to a greater degree than high- 
income consumers and thus benefited more from the fiscal meas ures (Nordström and 
Thunström, 2011).  

   20.4   Evidence for cost- effect ive ness of fiscal 
inter ven tions 

 The Organization for Economic Cooperation and Development assessed the cost 
effect ive ness of fiscal meas ures affect ing the prices of fruit and veget ables and foods 
high in fat (Cecchini  et al. , 2010). They based their estim ates on fiscal inter ven tions 
that would result in a popu la tion reduc tion in fat consump tion of −0 · 4% to −0 · 6% of 
total energy intake, and increase in fibre consump tion of 3·6–10·4g/day, and included 
admin is trat ive costs in their assess ment. The study found that fiscal inter ven tion was 
one of the most cost- effect ive in terms of cumu lat ive effect ive ness, and that it was 
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cost saving in all coun tries (Brazil, China, England, India, Mexico, Russia and South 
Africa). Disability Adjusted Life Years saved per million popu la tion over 20 years 
ranged from 139 in India to 1696 in Russia (the result for India was substan tially 
lower than in other coun tries, because of a lower consump tion of foods high in fat).  

   20.5  Evidence for inter play with other inter ven tions 

 Price is one factor influ en cing food choices, and has a complex inter ac tion with other 
factors. It is there fore import ant for fiscal inter ven tions to be considered as part of 
a package, not a sole solu tion. In partic u lar, educa tion may be import ant in helping 
people to substi tute appro pri ately; both choos ing health ier altern at ives to taxed foods 
and not increas ing calorie consump tion in response to subsidies (An, 2012; Epstein 
 et al. , 2012). Based on their recent review, Epstein and colleagues (2012) note that 
some shop pers may not notice price changes without envir on mental prompts, and that 
there is a need to invest ig ate best way of inform ing consumers of taxa tion for health. 

 Fiscal inter ven tions may also rein force efforts to educate consumers and public 
aware ness that a product has been taxed because it is unhealthy may discour age 
purchases. Lacanilao and colleagues (Lacanilao  et al. , 2011) observed this effect in 
Canada when warning labels were placed on products that were taxed (up to 50%) 
because of their high fat content. Similarly, the combin a tion of subsidies and nutri tion 
educa tion may have a larger effect than subsidies alone (An, 2012).  

   20.6  Existing strategies and policies in place 

 Denmark imple men ted the first ‘fat tax’ in October 2011, just after the United Nations 
High-Level meeting on NCDs (Smed, 2012). This tax applied to foods with a content 
of satur ated fat over 2.3 g/100 g, and was subsequently removed (December 2012) 
after intens ive public lobby ing by the food industry. Problems included an increase 
in across the border shop ping, which was repor ted to be an attempt by consumers to 
avoid the tax, as well as the loss of jobs in the food industry (Snowdon, 2013). 

 Fifty- seven per cent of Danish house holds repor ted shop ping for beer or soft 
drinks outside of Denmark, in neigh bour ing Germany – but this is an increase of 
only 10 percent age points from four years earlier, when 47 per cent of Danish house-
holds repor ted shop ping over the border (Snowdon, 2013). Different types of retail-
ers appeared to handle the tax in differ ent ways, with discount stores such as Aldi 
increas ing the price of butter and other foods with a high content of satur ated fat to a 
greater extent than the asso ci ated tax incre ment, while more upmar ket super mar kets 
increased prices by less than the tax incre ment (Jensen and Smed, 2012). 

 During the first three months that the tax was in place, popu la tion fat consump-
tion decreased by 10–20%, and there was an early indic a tion that consumers shifted 
from shop ping at high- price super mar kets towards low- price discount stores, where 
the prices of butter and margar ine were actu ally increased by more than the rate of 
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tax (Jensen and Smed, 2012). Public health observ ers noted strong industry oppos-
i tion, largely related to the inher ent tension between economic growth predic ated 
on increased consump tion and public health inter ven tions to reduce consump tion 
(Nestle, 2013). 

 In the Pacific Islands, taxes on soft drinks were more success fully sustained in the 
three coun tries where there were overt part ner ships with health – industry did not 
public ally oppose the taxes in these three coun tries, and in one case suppor ted the 
taxes (Thow  et al. , 2011b). However, this was clearly not the case in Denmark, where 
even with a strong health justi fic a tion the tax did not gain wide spread public support 
and was vigor ously opposed by the food industry. Support for the tax by the public 
fell from 60% to 30% during the year that the tax was in place (Snowdon, 2013). 

 Two contex tual issues may be import ant in under stand ing these differ ent responses. 
First, the burden of disease from diet- related NCDs consti tutes a high propor tion of 
total morbid ity in mortal ity in Denmark, as it does in Pacific Island Countries, but 
overall life expect ancy in Denmark is one of the highest in the world (Jensen and 
Smed, 2012). In contrast, Pacific Island popu la tions suffer a very high total burden of 
disease due to diet- related diseases. Second, soft drink taxes target only one relat ively 
small sector of the food industry, and thus have quite contained economic impacts 
on industry. In contrast, the satur ated fat tax imple men ted in Denmark affected the 
meat, dairy and processed foods indus tries. As a result, the economic impact was 
wide spread and gener ated a signi fic ant lobby group. 

 There are limited other case studies of fiscal policies as public health nutri tion 
inter ven tion. However, there has recently been signi fic ant govern ment interest in soft 
drink taxa tion as an inter ven tion; for example, taxes imple men ted in Hungary and 
Mexico. Chriqui and colleagues (2013) have docu mented exist ing public health taxes 
on non- alco holic bever ages in 16 coun tries at the national level, 7 states within the 
USA and 2 US cities. These taxes vary widely in their under ly ing rationale, rate and 
mech an ism. Most were not imple men ted for public health reasons; many are small 
and may thus have limited effect on diets and health. The authors note that there may 
be poten tial for earmark ing taxa tion revenue for obesity and NCD preven tion.  

   20.7  Politics and prac tic al it ies of taxing unhealthy food 

 The case studies above high light that issues of imple ment a tion are very import ant to 
consider; both the prac tical admin is trat ive dimen sions of working within complex 
exist ing taxa tion systems, and also the polit ical implic a tions of fiscal inter ven tions 
for the food industry and consumers. 

 Fiscal policy inter ven tions are likely to also have upstream effects on the food 
supply, through the incent ives that they also create for food produ cers and manu fac-
tur ers. One of the poten tial bene fits of ‘specific’ taxes and subsidies (e.g. apply ing a 
tax per gram of added sweetener in soft drinks) is that they create incent ives for refor-
mu la tion. However, there has been almost no research to date regard ing the response 
of industry to fiscal meas ures. 
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 Most studies are limited in their assess ment of industry response, and assume 
that the tax is passed fully to the consumer. One study that has examined industry 
responses suggests that stra tegic pricing of firms is very import ant in determ in ing the 
effect of taxes or subsidies on price (Bonnet and Réquillart, 2012). Only two studies 
have invest ig ated industry response to an actual tax, both being case studies of the 
effect of remov ing a tax (impli cit subsidies) on soft drinks (Bonnet and Réquillart, 
2012; Bahl  et al. , 2003). One study found over shift ing, where the discount passed to 
consumers was greater than the tax removed (Bonnet and Réquillart, 2012) and the 
other (earlier) study found under shift ing, where the discount passed to consumers 
was less than the tax removed (Bahl  et al. , 2003). Epstein and colleagues (2012) 
review of exper i mental studies indic ated that for retail ers in a variety of settings, price 
discounts did not appear to negat ively affect total revenue due to increased sales of 
targeted items. Further research into the response of industry to health- related taxes 
and subsidies would help under stand their effects on food prices and purchase. 

 Case studies of soft drink taxa tion in the Pacific Islands suggest that active collab or-
a tion with finance in devel op ing policies may help to improve the feas ib il ity and thus 
imple ment a tion of fiscal inter ven tions (Thow  et al. , 2011b). Policy coher ence between 
finance and health will require considered action by public health policy makers and 
prac ti tion ers because of the very strong global tax reform agenda (Thow  et al. , 2011a).  

   20.8  Conclusion 

 Key factors to consider in fiscal inter ven tion for diet and weight manage ment are 
effect ive ness, design and imple ment a tion. The options for fiscal inter ven tion most 
likely to improve diets and reduce body weight are soft drink taxes and healthy food 
subsidies, as well as combin a tions of taxes and subsidies; these strategies have been 
found to be highly effect ive. These options for inter ven tion are also the least admin is-
trat ively burden some, with gener ally simple defin i tions of the target foods (e.g. where 
subsidies are applied to fruit and veget ables). In contrast, targeted nutri ent taxes are 
more likely to require burden some admin is trat ive require ments, as they apply to a 
wide range of differ ent foods at a number of differ ent tax rates. Although nutri ent 
profile taxes are also admin is trat ively complex, tax admin is tra tion could be stream-
lined if applied using a system atic (compuls ory) nutri ent profil ing system. 

 Further research on the response of industry to taxes and subsidies, and eval u ation 
of fiscal inter ven tions applied in the ‘real world’ will help to give a better under stand-
ing of both the effect ive ness of such inter ven tion and the prac tical consid er a tions that 
could improve imple ment a tion.   
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    21.1  Introduction 

 Dietary guidelines were intro duced to encour age healthy food choice and hence 
reduce the rates of over weight and obesity. Despite the consid er able amount of effort 
which has gone into devel op ing and support ing dietary guidelines, rates of over-
weight and obesity continue to escal ate. In fact, some argue that dietary guidelines 
may do more harm than good (Woolf and Nestle, 2008). Others argue that it is up 
to the indi vidual to decide for them selves whether or not they should follow the 
guidelines (Woolf and Nestle, 2008). Arguments aside, dietary guidelines have been 
imple men ted in several coun tries to inform policy makers and to promote consumer 
beha viour change. This chapter’s focus is on the consumer and will there fore attempt 
to answer a number of ques tions: how effect ive are dietary guidelines in (1) prevent-
ing obesity, (2) promot ing health ier food choices, (3) promot ing dietary beha viour 
change? First, a brief history of dietary guidelines will be presen ted.  

   21.2  History of dietary guidelines 

   21.2.1  United States 

 W. O. Atwater, who is seen as the instig ator of the offi cial United States (US) dietary 
guid ance, published dietary stand ards in 1894 (Gifford, 2002). Almost one- hundred 
years later in 1980, the first Dietary Guidelines for Americans (DGA) were issued 
(United States Department of Agriculture and United States Department of Health 
and Human Services, 1980) and accord ing to the law, the DGA must be published 
every five years (National Nutrition Monitoring and Related Research Act, 1990). 
The seven DGAs issued to date have become more detailed and prescript ive over 
time, with only slight changes made since the first edition. However, in 2010, in 
acknow ledging that the ‘envir on ment and the indi vidual choices made within it 
have contrib uted to dramatic increases in the rate of over weight and obesity’, the 
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United States Department of Agri cul ture (USDA) and the U.S. Department of Health 
and Human Services (HHS) went beyond deliv er ing educa tion to the indi vidual 
(United States Department of Agriculture and United States Department of Health 
and Human Services, 2010). They called for a ‘co- ordin ated system- wide approach 
. . . an approach that engages all sectors of society, includ ing indi vidu als and famil-
ies, educat ors, communit ies and organ iz a tions, health profes sion als, small and large 
busi nesses, and poli cy makers’ (United States Department of Agriculture and United 
States Department of Health and Human Services, 2010).  

   21.2.2  Australia and New Zealand 

 On the other side of the globe, dietary guidelines in Australia have contin ued to 
focus on the indi vidual. Australia has been publish ing food guides since the 1940s, 
however the first dietary guidelines for Australian’s did not come to fruition until 
1979, with revi sions made in 1992, 1999, 2003 and 2013. While the most recent 
guidelines offer few surprises compared to previ ous editions, they have taken a step 
forward with a greater focus on foods and food groups as opposed to nutri ent- focused 
guid ance. Across the Tasman Sea, several popu la tion- specific guidelines have been 
developed since New Zealand’s first dietary guidelines for Healthy Adults in 1985 
(Keller and Lang, 2008). Unlike their Antipodean neigh bours however, the most 
recent New Zealand dietary guidelines for chil dren and young people consider the 
influ ence of the social, cultural and economic envir on ments (Ministry of Health, 
2012).  

   21.2.3  Europe 

 The World Health Organisation (WHO) assess ment of food- based dietary guidelines 
(FBDG) among the Member States of the WHO European Region (World Health 
Organization, 2003), found 25 coun tries with national, govern ment- endorsed FBDG. 
There were simil ar it ies among regions with the major ity of coun tries repor ted recom-
mend ing a balanced diet and the use of a food pyramid or food plate to help visu al ise 
a healthy diet. However there were also import ant discrep an cies found between sub- 
regions and from country to country; for example, a total fruit and veget able intake 
recom mend a tion without differ en ti at ing between the two, ranged from 3–5 portions/
day to 5–9 portions/day. This however may be simply a reflec tion of the differ ing 
national culture and eating habits which exists from country to country. The WHO 
review iden ti fied short com ings of some of the FBDGs and concluded that further 
effort is required in the EU region in the devel op ment of dietary guidelines (World 
Health Organization, 2003). 

 The wide spread imple ment a tion of dietary guidelines in many coun tries indic ates 
that there is a percep tion that they may be effect ive in promot ing health ier food choices. 
Indeed persuas ive commu nic a tions are deemed helpful in enga ging indi vidu als with 
health ier beha viours (O’Keefe, 1990). However, given that obesity rates are now 
at epidemic propor tions, just how effect ive are the dietary guidelines in prevent ing 
obesity? The next section attempts to answer this very ques tion.   
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   21.3   Effectiveness of dietary guidelines in 
prevent ing obesity 

 Unfortunately the limited research on the impact of dietary guidelines on body weight 
does not make it easy to answer this ques tion (Anding  et al. , 2001; Carels  et al. , 2008; 
Duffy  et al. , 2012). Many research ers have developed meas ures of ‘diet quality’ (e.g. 
Healthy Eating Indices) as a proxy of adher ing to dietary guidelines (Guenther  et al. , 
2013). Those who have assessed the rela tion ship between ‘diet quality’ and body 
weight have found an asso ci ation between lower diet quality and over weight and 
obesity (Guo  et al. , 2004; Gao  et al. , 2008; Tande  et al. , 2010). Regarding dietary 
guidelines  per se , the lack of evid ence regard ing an impact on body weight does not 
neces sar ily mean that they do not have a role to play in obesity preven tion. As with 
any problem- solving, in order to answer this ques tion, it is import ant to first under-
stand the exact nature of the problem itself. The complex genesis of obesity with 
multiple determ in ants from a variety of beha viours and envir on mental influ ences 
high lights the limit a tions of dietary guidelines in address ing obesity. No better illus-
tra tion of the complex ity of the obesity chal lenge is the Foresight obesity system 
map with over 300 solid or dashed lines indic at ing posit ive and negat ive influ ences 
of various domains (Vandenbroeck  et al. , 2007). 

 Despite such a large and complex problem involving many envir on mental dimen-
sions, there is still an import ant role for dietary guid ance. When dealing with 
complex it ies such as obesity, it is import ant to remem ber that the indi vidual lies at the 
core and remains crucial to address ing this diffi cult soci etal problem. This is partic-
u larly relev ant in under stand ing the role of dietary guidelines in obesity preven tion 
as they are ulti mately a strategy targeted at the indi vidual in the hope of promot ing 
health ier food choices. So just how effect ive are the dietary guidelines in promot ing 
health ier food choices?  

   21.4   Effectiveness of dietary guidelines in promot ing 
health ier food choices 

 Most of the research conduc ted to date on this ques tion has util ised nutri tion surveys 
to examine adher ence to dietary guidelines. If we were to go by these find ings alone, 
the effect ive ness of dietary guidelines gives little rise for celeb ra tion (Baghurst  et al. , 
1990; Ball  et al. , 2004; Diethelm  et al. , 2012; Ta  et al. , 2012). However we cannot 
answer this ques tion by solely examin ing the results of nutri tion surveys. The rela-
tion ship between health commu nic a tion and beha viour change, partic u larly dietary 
change, is extremely complex and there fore examin ing the outcome alone (as many 
research ers do) may not give us the required answer. While the results of nutri tion 
surveys provide some insight, they certainly will not offer any under stand ing of what 
works and what needs improve ment. In order to disen tangle the complex ity, we need 
to take a closer look at the indi vidual and ask how effect ive are the dietary guidelines 
in promot ing beha viour change?  
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   21.5   Effectiveness of dietary guidelines in promot ing 
dietary beha viour change 

 The object ives of health commu nic a tions are to raise aware ness, increase know ledge, 
shape atti tudes and thus influ ence beha viour change (Levine  et al. , 2012). While 
it would be certainly helpful to examine the impact of these factors on beha viour 
change, there are a host of other covari ates which may influ ence beha viour and 
may be worthy of further exam in a tion. To better under stand how dietary guidelines 
may influ ence beha viour change, we should turn to theor ies of beha viour change – 
theor ies explain beha viour and suggest ways to achieve beha viour change. It has 
been stated that ‘nutri tion educa tion is more likely to be effect ive when it focuses on 
beha viour . . . and system at ic ally links relev ant theory, research and prac tice’ 
(Contento, 2008). The next section will examine how theory and research have been 
applied in devel op ing dietary guidelines. 

   21.5.1  The theory 

 There are numer ous beha viour change models relev ant to the impact of dietary 
guidelines includ ing the Theory of Reasoned Action (TRA), Theory of Planned 
Behaviour (TPB), Health Belief Model (HBM), Social Cognitive Theory (SCT), and 
the Trans-Theoretical Model (TTM). All of these theor ies consider the indi vidual, 
however some groups have criti cised the focus on indi vidu als. Dietary intake is an 
indi vidual beha viour there fore it seems apt that theor ies focus ing on the indi vidual 
are considered. Saying this, indi vidual beha viour can be strongly influ enced at 
multiple levels, e.g. indi vidual, organ isa tional and soci etal (Viswanath, 2008). 

 It is becom ing increas ingly recog nised that health beha viour and guiding concepts 
for influ en cing it are far too complex to be explained by a single theory (Brewer and 
Rimer, 2008), there fore more recent models now combine theor ies to help under stand 
a specific problem in a partic u lar context. The Integrated Behavioural Model, which 
has drawn upon the TRA, TPB and other influ en tial theor ies, considers envir on mental 
constraints and ‘other factors’ (Montano and Kasprzyk, 2008). The Integrative Model 
of Behavioural Prediction details a range of back ground vari ables, e.g. demo graphics, 
and recog nises that envir on mental constraints may affect the inten tion to perform 
a beha viour (Fishbein, 2008). These theor ies are examples of but a few which can 
not only help us under stand health beha viour, but they also allow for a more careful 
measure of how inter ven tions can change beha viour.  

   21.5.2  The research 

 One of the most util ised models which has examined dietary beha viour change is 
the TPB. This theory has been used to examine fat intake (Paisley and Sparks, 1998; 
de Bruijn  et al. , 2008), health- related eating beha viours (Ajzen and Timko, 1986), 
healthy eating (Conner  et al. , 2002) and fruit and veget able intake (Lien  et al. , 2002; 
Bogers  et al. , 2004; Kellar and Abraham, 2005). Although the predict ive utility of 
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the TPB model has been well estab lished, there are few studies which have examined 
the cogni tions in the model, e.g. atti tudes, beliefs and inten tions, to assess whether 
changes in the predict ors do in fact lead to beha viour change. Researchers have called 
for studies which explore theory specific cogni tion changes and their medi ation of 
beha viour change outcomes (Michie and Abraham, 2004). Despite the wide use of 
TPB by research ers examin ing dietary beha viour change, research on the effect ive-
ness of dietary guidelines remains largely athe or et ical. 

 The field may not have moved forward for a number of reasons. Time is of the 
essence. In order to examine whether beha viour change has not only occurred, but has 
been main tained, needs time – a resource which most research projects lack as most 
are funded for less than five years (Levine  et al. , 2012). Some have cautioned the 
limit a tion of theory testing because of its heavy depend ence on correl a tional designs 
and the lack of studies which compare more than one theory (Glanz  et al. , 2008b). 
Researchers may not under stand how to measure and examine constructs of health 
beha viour theor ies or choose vari ables from differ ent theor ies (Glanz  et al. , 2008b). 
Glanz suggests that one of the biggest hurdles to over come however is learn ing to 
‘tailor’ the theory or model to a partic u lar issue and popu la tion (Glanz, 2008a). This 
is an import ant step as differ ent guidelines may be needed for differ ent popu la tions. 
Integrating theor ies into a compre hens ive plan ning frame work can guide research in 
examin ing an issue, popu la tion needs, resources avail able and the effect ive ness of the 
program as it progresses (Glanz, 2008a). A good example of this is the applic a tion of 
the Socio-Ecological Model for eval u at ing health commu nic a tion campaigns (Levine 
 et al. , 2012). The Social-Ecological Model has been applied by many experts in 
public health, includ ing a refer ence to the model in the DGA 2010 to illus trate how all 
elements of society – indi vidual factors, envir on mental settings, sectors of influ ence 
and social and cultural norms and values – combine to shape an indi vidual’s food 
and phys ical activ ity (United States Department of Agriculture and United States 
Department of Health and Human Services, 2010). 

 In addi tion to theory applic a tion, Levine’s frame work high lights the need to 
consider the various classes of research (Levine  et al. , 2012). While outcome 
research is funda mental, we must not over look the import ance of form at ive research 
and process eval u ation – both of which may also apply theory .  Formative research 
conduc ted during guideline devel op ment can help under stand the factors which influ-
ence beha viour change includ ing beliefs, know ledge and atti tude. Consumer atti tude 
to dietary guidelines was the focus of a recent system atic review which found that 
consumers want simple, clear, real istic, tailored, flex ible and posit ive content (Boylan 
 et al. , 2012). The involve ment of consumers as stake hold ers in health research, 
policy and prac tice, includ ing devel op ment of dietary guidelines, has been promoted 
nation ally and inter na tion ally (Brown  et al. , 2013). Involving consumers is seen as 
not only a way to improve the quality of decisions, but also a great way to build 
consumer trust. As consumers are the end user of dietary guidelines, all members of 
the community may parti cip ate includ ing lay consumers and more vulner able popu-
la tions (Brown  et al. , 2013). However it has been advised that the role of consumers 
must be made trans par ent to all parties prior to any involve ment to aid eval u ation of 
consumer impact. 
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 While there has been some form at ive research during the devel op ment of dietary 
guidelines, process eval u ation has received less atten tion. This type of research 
focuses on the imple ment a tion of a program and exam ines the extent to which 
program activ it ies are being conduc ted as planned. Process eval u ation is extremely 
insight ful for several reasons as it can: shed light on what elements are prom ising, 
need chan ging or removal from a program; examine shorter- term or more inter me-
di ate outcomes, such as  changes  in atti tudes, beliefs etc. (these ulti mately contrib ute 
to long- term outcomes); and examine the impact of external factors such as policy 
changes. 

  21.5.2.1 How research ers can better examine the effect ive ness of dietary 
guidelines 

 It is clear that more thor ough applic a tion and testing of health beha viour theor-
ies is required to fully under stand the effect ive ness of dietary guidelines. It has 
been recom men ded that applic a tion of a wider diversity of models and theor ies to 
health commu nic a tion is needed, includ ing theor ies of commu nic a tion and language 
(Levine  et al. , 2012). In order to advance what is known about health commu nic a tion 
and to progress further, it is neces sary to apply theor ies in the form of a theor et ical 
frame work (Angeles  et al. , 2014). As discussed earlier, frame works can help navig-
ate various theor ies and act as a guide to imple ment, analyse and eval u ate research. 
We should continue conduct ing form at ive research in devel op ing dietary guidelines 
and seri ously begin to consider the value of process eval u ation. As well as the useful 
insight which this type of eval u ation can provide, it may also help address the time 
barrier in research ing the impact of dietary guidelines. Applying a model such as the 
Integrative Model of Behaviour Prediction may be useful in eval u at ing the imple-
ment a tion of dietary guidelines as it may offer some insight into changes at both an 
indi vidual and envir on mental level.   

   21.5.3  The prac tice 

 It is encour aging that guideline developers are increas ingly consid er ing the indi vidual 
as a key part of the process. It is also encour aging that developers are begin ning to 
recog nise envir on mental influ ences in their use of theor et ical models. While there are 
prom ising moves, it is clear that there is still some way to go before we can effect-
ively start putting research into prac tice. It is vital that we better under stand what 
works and what does not work so that guideline developer’s efforts are not in vain and 
dietary guidelines have more hope of promot ing health ier food choices.   

   21.6  Conclusion 

 The rela tion ship between dietary guidelines and beha viour change is by no means 
simple. In explor ing this rela tion ship, this chapter focused on the indi vidual’s 
role. There are of course other power ful factors at play includ ing the built, socio- 
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cultural and polit ical envir on ments – factors worthy of chapters them selves. Strategic 
prior it ies concerned with these envir on ments’ influ ence on dietary guideline effect-
ive ness have been discussed else where (Nitzke and Freeland-Graves, 2007; Rowe 
 et al. , 2011; Watts  et al ., 2011). These discus sions high light the import ance of 
align ing food industry market ing messages more closely with healthy dietary prac-
tices, tail or ing dietary advice to the needs of vulner able popu la tions, and creat ing a 
food envir on ment which enables health ier food choices (Woolf and Nestle, 2008). 
However there is also a call to apply beha viour science to the devel op ment of dietary 
guidelines (Rowe  et al. , 2011). It is hoped that this chapter helps point developers 
in the right direc tion and demon strates that in ignor ing the role of the indi vidual in 
system func tion, there is little hope of creat ing success ful change (Bar-Yam, 2005).   
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    22.1  Introduction 

 Contemporary Western(ised) society is typi fied by pervas ive and aggress ive brand 
promo tion, through all commu nic a tion plat forms. Food promo tion in partic u lar is a 
domin ant area of market ing, partic u larly the market ing by large multina tional food 
compan ies that manu fac turer less healthy foods and bever ages (Cairns  et al. , 2013). 
The ubiquit ous market ing of these unhealthy foods contrib utes to creat ing a negat ive 
food culture that under mines inter na tional and national nutri tion recom mend a tions 
and guidelines for disease preven tion. Specifically, frequent expos ure to persuas-
ive promo tions for unhealthy foods serves to norm al ise these food products as part 
of every day life, create posit ive brand images, and ulti mately encour age (over)
consump tion of these foods (Hoek and Gendall, 2006). 

 The  Diet, Nutrition and the Prevention of Chronic Diseases  report published by 
the Food and Agriculture Organization and the World Health Organization (WHO) 
in 2003 concluded that the heavy market ing of fast food outlets and energy dense, 
micronu tri ent poor foods and bever ages (‘junk foods’) is a prob able causal factor 
in over weight and obesity, and is a target for future inter ven tions (World Health 
Organization, 2003). Since this time, limit ing chil dren’s expos ure to unhealthy food 
market ing has been on the inter na tional public health agenda. 

 Over the past decade there have been at least seven major system atic reviews of 
the scientific evid ence relat ing to the impact of food market ing on chil dren (Dalmeny 
 et al. , 2003; Hastings  et al. , 2003, 2006; Escelante de Cruz, 2004; Livingstone, 2006; 
McGinnis  et al. , 2006; Cairns  et al. , 2009). The most recent system atic review, 
commis sioned by the World Health Organization in 2008, iden ti fied that food market-
ing has a modest impact on nutri tion know ledge, food pref er ences and consump tion 
patterns, and that these effects operate at both the brand and food category level 
(Cairns  et al. , 2009). In other words, not only does food market ing contrib ute to brand 
switch ing within a food category, but also leads to switch ing between less marketed 
foods to more highly marketed food types. These find ings are concern ing as the 
most commonly promoted foods have been iden ti fied as sugar- sweetened break fast 
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cereals, savoury snacks, fast food restaur ants, confec tion ery and soft drinks (Cairns 
 et al. , 2009). 

 This chapter provides a detailed over view of the scope and impact of food market-
ing on chil dren, includ ing:

    1.    the extent of chil dren’s expos ure to unhealthy food promo tions, as evid enced by studies 
meas ur ing the preval ence of promo tions through a range of media;  

   2.    policy responses to unhealthy food promo tion, includ ing at the inter na tional level and 
exem plars of good prac tice by national and provin cial govern ments, and policy actions by 
the food and advert ising indus tries; and  

   3.    evid ence linking food promo tions to food consump tion and nutri tion and weight outcomes.    

 In the latter section, we provide a concep tual frame work of cause and effect to 
indic ate how imme di ate impacts of expos ure to promo tions (e.g. brand aware ness 
and recall) can be linked to subsequent, down stream beha vi oural and health- related 
outcomes.  

   22.2   Extent of chil dren’s expos ure to food and 
bever age market ing 

 Research studies have repeatedly demon strated that chil dren are exposed to high 
levels of unhealthy food and bever age market ing across a range of media, includ ing 
on commer cial tele vi sion (Adams  et al. , 2009; Kelly  et al. , 2010; Boyland  et al. , 
2011; Powell  et al. , 2011), on product pack aging (Harris  et al. , 2010), in chil dren’s 
magazines (Kelly and Chapman, 2007; Jones  et al. , 2012), on popular chil dren’s 
websites (Kelly  et al. , 2008a; Lingas  et al. , 2009), in outdoor advert ise ments near 
schools and other child- serving insti tu tions (Kelly  et al. , 2008b; Hillier  et al. , 2009), 
and through spon sor ship arrange ments with chil dren’s sport (Maher  et al. , 2006; 
Kelly  et al. , 2011) and schools (Molnar  et al. , 2008). 

 For example, in an inter na tional study compar ing patterns of tele vi sion advert ising 
across 11 coun tries in 2009, includ ing from Australasia, North and South America and 
Eastern and Western Europe, almost 68,500 advert ise ments were iden ti fied in 2,449 
hours of tele vi sion record ings, and food was the most frequently promoted product 
type (18% of all ads). Two- thirds of food advert ise ments were for unhealthy products, 
although this increased to almost 90% in some coun tries, includ ing Germany, the 
USA and Canada (Kelly  et al. , 2010). Another study showed that, of all outdoor food 
advert ising within a 500 m radius around 40 randomly sampled primary schools in 
Sydney, Australia, 80% were for unhealthy foods and bever ages (Kelly  et al. , 2008b). 
In the USA, an analysis of the 30 most popular chil dren’s websites iden ti fied advert-
ise ments for 93 unique food products, most of which were foods that would not be 
permit ted to be sold in school canteens (Lingas  et al. , 2009). 

 Marketers use increas ingly integ rated approaches in market ing campaigns, whereby 
multiple media chan nels are used to promote commer cial messages (Cairns  et al. , 
2013). This integ rated approach ensures that chil dren are repeatedly exposed to promo-
tions through out all facets of daily life: in the home, at school, during recre ational 
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activ it ies and through peer- to-peer inter ac tions. The use of multiple plat forms increases 
the cred ib il ity of commer cial messages, where these are viewed as inde pend ent 
sources of inform a tion (Voorveld  et al. , 2011). While relat ively unstud ied, marketers 
are progress ively using new media, includ ing through Web 2.0 plat forms, which refers 
to the use of consumer- gener ated content, such as on social network ing sites like 
Facebook and YouTube (Freeman and Chapman, 2007). 

 Furthermore, evid ence high lights the common use of persuas ive tech niques 
specific ally designed to appeal to and attract chil dren (Boyland  et al. , 2012). In 
analyses of tech niques used on websites of 130 food compan ies known to have the 
greatest expendit ure on all market ing promo tions in the USA, almost half of the sites 
had a desig nated chil dren’s section and most of these chil dren’s sections contained 
‘advergam ing’ (branded online games) and other inter act ive compon ents (Henry 
and Story, 2009). Only one in ten sites with a chil dren’s section were for products 
that met nutri tion criteria for healthy products. In an Australian study assess ing the 
use of promo tional char ac ters, includ ing cartoons and celebrit ies on food pack aging 
across three large super mar kets, more than 350 unique products display ing promo-
tional char ac ters were iden ti fied, of which three- quar ters were clas si fied as unhealthy 
(Hebden  et al. , 2011). Almost all promo tional char ac ters were company- owned 
cartoon char ac ters, considered to be of primary appeal to chil dren.  

   22.3   International policy to reduce the impact of 
unhealthy food and bever age market ing to chil dren 

 Limiting chil dren’s expos ure to the promo tion of unhealthy foods and bever ages 
has been increas ingly recog nised as a target for child hood obesity preven tion policy. 
In 2010, the World Health Organization released a set of recom mend a tions on the 
market ing of these products to chil dren, which aim to guide coun tries in devel op ing 
new and/or strength en ing exist ing policies in this area (World Health Organization, 
2010). Specifically, these recom mend a tions estab lish that the aim of such policies 
should be to reduce the impact of market ing of unhealthy foods and bever ages on 
chil dren, whereby ‘impact’ refers to the extent of chil dren’s expos ure to this market-
ing and the persuas ive power of promo tions. Governments were iden ti fied as the key 
stake hold ers in the devel op ment of food market ing policy, includ ing policy imple-
ment a tion, monit or ing and eval u ation (World Health Organization, 2010). 

 In contrast, most policy devel op ment in this area has been under taken by the food 
and advert ising indus tries, through the devel op ment of self- regu lat ory approaches 
(Hawkes, 2007). These codes of prac tice typic ally claim to ensure ‘socially respons-
ible market ing’ of foods and bever ages, rather than to expli citly reduce chil dren’s 
expos ure to this market ing (Yale Rudd Center for Food Policy and Obesity, 2013). 
This is an import ant distinc tion, as policy eval u ations use differ ent meas ures 
and make differ ent conclu sions depend ing on policy object ives. For example, the 
Australian food retail industry code stip u lates that food advert ise ments must provide 
healthy life style messages (Australian Food and Grocery Council, 2009). Indicators 
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of policy imple ment a tion success could there fore relate to the pres ence of messages 
related to phys ical activ ity or balanced diets in unhealthy food advert ise ments, 
rather than assess ing changes to chil dren’s expos ure to unhealthy food promo tions. 
Independent studies that have assessed changes to chil dren’s market ing expos ure 
follow ing the intro duc tion of industry codes of prac tice have iden ti fied that these 
policies have had no impact on chil dren’s expos ure to unhealthy food advert ising on 
tele vi sion, includ ing studies from Australia (King  et al. , 2010; Hebden  et al. , 2011), 
Canada (Kent  et al. , 2012), and the USA (Kunkel  et al. , 2009). 

 There are notable instances where national and provin cial govern ments have taken 
a strong stance against unhealthy food market ing to chil dren and intro duced stat utory 
regu la tion to limit chil dren’s expos ure, includ ing in Norway, South Korea, the UK, 
and in Quebec, Canada. Evaluations of these regu la tions have demon strated posit-
ive changes in the food market ing envir on ment for chil dren. For example, the South 
Korean govern ment intro duced the  Special Act on Safety Management of Children’s 
Dietary Life  in 2010, which restricts advert ise ments for unhealthy ‘chil dren’s foods’ 
from being advert ised on tele vi sion between 17:00 and 19:00 daily and during chil-
dren’s programs broad cast outside of these times (Korean Ministry of Food and Drug 
Safety; Kim  et al. , 2013). Subsequently, gross ratings points (GRPs) for unhealthy 
food advert ise ments, which repres ent the size of the audi ence exposed to an advert-
ise ment within a given time period, have decreased by 82% during restric ted broad-
cast times and by 50% at other times since the intro duc tion of the regu la tions (Kim 
 et al. , 2013). 

 In the UK, the govern ment intro duced a ban on the schedul ing of advert ise-
ments for foods and bever ages high in fat, sugar and/or salt during programs with a 
dispro por tion ately high child audi ence (when the viewing audi ence over repres ents 
the popu la tion distri bu tion of chil dren by at least 20%). Following the full imple-
ment a tion of this regu la tion in 2009, young chil dren were estim ated to see 52% 
fewer unhealthy food advert ise ments compared to 2004, and were exposed to 84% 
fewer food advert ise ments featur ing licensed char ac ters, 56% fewer advert ise ments 
with branded char ac ters and 41% fewer advert ise ments with promo tions (Office of 
Communication, 2010).  

   22.4   Food market ing effects on food consump tion and 
nutri tion and weight outcomes 

   22.4.1  Children as a vulner able audi ence 

 Information from psycho lo gical research indic ates that chil dren are highly vulner able 
to market ing. Younger chil dren are thought to consider commer cial inform a tion to 
be mostly true and unbiased (Wackman DB and Wartella E, 1977), and do not recog-
nise the  selling  intent of market ing (to promote a product based on its features and 
qual it ies) until at least seven or eight years (Kunkel  et al. , 2004). It is not until later 
still that chil dren recog nise the  persuas ive  intent of market ing that advert isers use 
appeal ing and compel ling tech niques to increase interest in a product (Carter  et al. , 
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2011). Even adoles cents, however, are thought to be more vulner able to market ing 
effects than adults, due to the neur o lo gical changes that occur during this devel op-
ment period and their relat ive inex per i ence in processing and navig at ing commer-
cial messages (Pechmann  et al. , 2005). At this time, adoles cents are suscept ible to 
social pres sures and peer influ ences (Pechmann  et al. , 2005), which are exploited by 
the market ing industry, such as through peer- to-peer market ing on social network-
ing websites. Brands are also symbol ised in market ing commu nic a tions target ing 
adoles cents to repres ent desired image attrib utes, such as ‘cool ness’ and sexu al ity 
(Pechmann  et al. , 2005).  

   22.4.2   Challenges for research ers in determ in ing the impact 
of market ing on chil dren 

 Due to the pervas ive nature of food market ing in most soci et ies, research to identify 
a causal asso ci ation between food market ing expos ure and nutri tion and weight 
outcomes, such as could be elucid ated through random ised controlled trials, is 
diffi cult. This is because most chil dren are exposed to large volumes of promo-
tions, thereby imped ing the iden ti fic a tion of a control group for compar ison. The 
consid er able extent of this ‘baseline’ market ing expos ure also means that any 
exper i mental trials that vari ably expose chil dren to epis odes of market ing, with the 
intent to determ ine the effect of this expos ure on food beha viours, are swamped 
by previ ous expos ures. Therefore, expos ures to test advert ise ments are dimin ut ive 
compared to chil dren’s life time expos ures to market ing, and responses to test advert-
ise ments are likely to be smaller than would be the case with cumu lat ive expos ure 
over time.  

   22.4.3  Schema of effects of food market ing expos ures 

 Despite these consid er able diffi culties in under tak ing research to define the effects 
of food market ing on chil dren, there is avail able evid ence to indic ate the logical 
sequence of market ing effects: where promo tions impact on chil dren’s brand 
aware ness and recall, brand pref er ence, brand purchase, consump tion patterns, and 
consequently nutri tion and weight outcomes (see  Table 22.1 ). Research can test 
asso ci ations between market ing expos ures and outcomes along this hier archy of 
effects, with prox im ate outcomes of expos ure, includ ing changes to brand recall and 
atti tudes, being simpler to test and confirm than distal effects on nutri tion status and 
body weight. This sequence is influ enced by the extent of expos ures, with repe ti tion 
of expos ure serving to rein force commer cial messages and strengthen the sequence 
of atti tudes and beha viours. The deliv ery of messages through multiple media 
also ensures repeated and contin ued expos ure, and consol id ates brand aware ness. 
Preferences for products can then be actu al ised, partic u larly where there is expos ure 
to point- of-purchase prompts, such as outdoor advert ising near shops and promo tions 
at the point- of-sale or on food pack ages. 
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 The follow ing sections describe methods that have been used to assess the impact 
of food market ing expos ures along this hier archy of effects, and provide a summary 
of find ings from avail able research. 

  22.4.3.1 Food market ing and brand aware ness and recall 

 The first step in the logic chain linking chil dren’s food market ing expos ure to nutri-
tion and weight outcomes relates to the effect of expos ure on aware ness of promoted 
brands and market ing campaigns. Recall of brands and campaigns can be assessed 
either directly, by ques tion ing chil dren about market ing campaigns that they have 
seen; or indir ectly, using asso ci ation tasks to match brands to food types or related 
attrib utes. These types of studies have iden ti fied that chil dren have high recall of food 
promo tions, includ ing being able to asso ci ate brand logos with food types (Arredondo 
 et al. , 2009; Ueda  et al. , 2012), and match ing brands to sponsored sport ing events and 
teams (Pettigrew  et al. , 2013). In general, brand aware ness is related to the amount 
of advert ising that a child is exposed to and increases with age (Fan and Li, 2010).  

  22.4.3.2 Food market ing and food pref er ences 

 The devel op ment of brand aware ness subsequently influ ences food pref er ences by 
increas ing chil dren’s famili ar ity with brands and redu cing food neopho bia, or the 

    Table 22.1     Schema of cumu lat ive effects of integ rated cross- media 
market ing  

  Marketing 
expos ure  

  Unconscious 
aware ness/
imme di ate 
brand recall  

  Awareness/
prolonged 
brand recall  

  Brand 
pref er ences  

  Intent 
to try/
purchase 
request  

  Purchase  

 Initial expos ure 
(e.g. TV) 
 Repeated expos ures 
(e.g. TV) 
 Persuasive elements 
(cartoons) 
 Additional expos ures 
through other media 
(e.g. sport spon sor-
ship, Internet) 
 Outdoor ads near 
shops 
 Point of purchase/
pack aging 
promo tions 
 Peer influ ences 
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trial of new foods (Dias and Agante, 2011), and through the norm al isa tion of these 
products. The effect of food market ing on brand pref er ences can be iden ti fied in 
studies that ask chil dren about perceived attrib utes or qual it ies of promoted products 
or of perceived consumers of products. For example, chil dren can be asked to rate 
brands along dimen sions such as ‘fun- boring’ or ‘excit ing- unex cit ing’. Desire for 
promoted products can also be demon strated in exper i mental trials which measure 
repor ted pref er ence for a food product after short- term epis odic expos ure to a food 
promo tion, as compared to chil dren who are not exposed to the food promo tion. 
Such exper i mental trials have found that chil dren who are exposed to unhealthy food 
promo tions, that may be embed ded in online games or tele vi sion programs, are more 
likely to subsequently report prefer ring related unhealthy foods than chil dren who 
are exposed to healthy food or non- food promo tions (Dias and Agante, 2011; 
Redondo, 2012). 

 Further, there is a growing body of evid ence to indic ate that chil dren prefer 
food products that are asso ci ated with promo tional char ac ters, such as when these 
are shown on their pack aging. In these studies, chil dren are often presen ted with 
foods with or without a branded char ac ter on the pack aging and asked to rate their 
pref er ence for these foods. The pres ence of char ac ters has been shown to signi fic-
antly increase chil dren’s liking of the foods (Roberto  et al. , 2010; Lapierre  et al. , 
2011).  

  22.4.3.3 Food market ing and food purchases and requests 

 A range of methods have been used to assess the impact of food market ing on 
product purchases. One outstand ing study compared house hold expendit ure data for 
fast food between French- and English- speak ing house holds in Quebec, Canada and 
between English- speak ing house holds in Ontario (Dhar and Baylis, 2011). A ban has 
been in place on advert ising to chil dren in Quebec since 1980, although this only 
applies to chan nels origin at ing from this province. Channels that are broad cast into 
Quebec from neigh bour ing provinces and coun tries are English- language chan nels. 
This study found that French- speak ing house holds with chil dren in Quebec were 
signi fic antly less likely to purchase fast food compared to similar house holds in 
Ontario. Comparatively, there were no differ ences in purchases of fast food between 
English- speak ing house holds in these two provinces. Therefore, fast food purchases 
were lower for house holds with chil dren in Quebec, who were not exposed to 
other sources of tele vi sion advert ising. This study design over comes limit a tions 
of controlled, labor at ory- based exper i ments, which may not repres ent real- world 
beha viours. 

 Other studies have surveyed parents about the extent that chil dren request advert-
ised food products; and observed parent and child inter ac tions within super mar kets 
to identify the frequency that parents accede to these requests. Most parents gener ally 
agree that food advert ising leads chil dren to pester them for food products (Ogba and 
Johnson, 2010; Yu, 2012), and parents agree to buy up to half of all products reques-
ted by chil dren when grocery shop ping (Atkin, 1978).  
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  22.4.3.4 Food market ing and food consump tion 

 Most studies in this domain have included exper i mental trials to assess the impact of 
expos ure to unhealthy food promo tions (versus non- food or healthy food promo tions) 
on imme di ate changes to food consump tion, either while watch ing tele vi sion with 
embed ded advert ise ments or imme di ately after wards. Factors that may influ ence the 
amount of food consumed by chil dren, other than expos ure to the food promo tions, 
include chil dren’s pre- test hunger, pref er ence for the test food, time of day of the 
testing and import antly, prior accu mu lated expos ure to advert ising. 

 One early innov at ive study that sought to over come limit a tions of the short- term 
nature of many exper i mental trials was conduc ted at a two- week summer camp, 
whereby chil dren were exposed to controlled advert ising and snack choices (Goris 
 et al. , 2010). In this study, chil dren who were expos ure to almost five minutes per day 
of tele vi sion advert ise ments for confec tion ery chose signi fic antly less fruit as a snack 
over the two weeks compared to chil dren who saw advert ise ments for fruit, public 
service announce ments to limit sugar intake, or no advert ise ments. 

 Other studies have used correl a tional tech niques to determ ine cross- sectional 
asso ci ations between chil dren’s expos ure to tele vi sion advert ise ments for fast food 
and sugary drinks and their consump tion of these products. In one US study, dietary 
intake and anthro po met ric data from a national cohort of chil dren was compared to 
industry data on chil dren’s expos ure to tele vi sion advert ise ments over three years 
(Andreyeva  et al. , 2011). Higher intakes of soft drink and fast food were observed 
with increased expos ure to advert ise ments for these products: for every addi tional 
100 soft drink advert ise ments viewed over three years, consump tion of soft drinks 
increased by 9.4%; and for the same magnitude of increase in expos ure to fast food 
advert ise ments, consump tion of fast food increased by 1.1%. Advertisements for 
these product types also had a corres pond ing effect on the consump tion of other 
unhealthy foods and drinks not shown in these advert ise ments. This suggests that 
advert ise ments for unhealthy food/drinks may have dual istic effects on increas ing 
consump tion of other unhealthy products. 

 Responses to food market ing may differ between chil dren of differ ent weight 
status. In an exper i mental trial from the USA, over weight chil dren were found to 
consume 40 kcal more when food was presen ted in branded pack ages compared to 
when this was presen ted in unbranded pack ages (Forman  et al. , 2009). Conversely, 
non- over weight chil dren consumed 45 kcal less in the branded condi tion. Similarly, in 
a UK study, obese chil dren were found to consume 471 kcal more from snack foods 
after they were exposed to unhealthy food advert ise ments, compared to when they 
were exposed to non- food advert ise ments within a two week period (Halford  et al. , 
2008). This compared with an increase of 306 kcal in the over weight and 250 kcal in 
the normal- weight chil dren.  

  22.4.3.5 Food market ing and nutri tion and weight outcomes 

 The final compon ent of the hier archy of effects of food market ing is the impact of 
market ing expos ures on nutri tion and weight outcomes. Few longit ud inal studies are 
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avail able that follow chil dren over time to determ ine the impact of higher and lower 
market ing expos ures on nutri tion and weight outcomes prospect ively. As discussed in 
section 22.4.2, such studies are diffi cult as there is little vari ation in market ing expos-
ures between chil dren within the same culture, with most chil dren exposed to large 
volumes of food promo tions. However, some studies have compared differ ences in 
expos ure to commer cial tele vi sion and compared this to weight status over a five year 
period (Zimmerman and Bell, 2010). Based on parent report of tele vi sion viewing, 
each hour of commer cial tele vi sion that younger chil dren (aged <7 years) watched 
per day in 1997 was asso ci ated with a 0.1 increase in BMI z- scores in 2002. There 
was no asso ci ation between chil dren’s expos ure to non- commer cial tele vi sion and 
weight status at follow up, indic at ing that in- program advert ise ments were contrib ut-
ing to weight outcomes rather than the act of watch ing tele vi sion itself. 

 Mathematical model ling studies have sought to determ ine the magnitude of obesity 
that can be attrib uted to expos ure to unhealthy food market ing. One such study 
compared data from a US national dietary survey to chil dren’s tele vi sion viewing 
habits (Veerman  et al. , 2009). In this study, an increase in tele vi sion food advert ising 
expos ure by 25 minutes per week was estim ated to cause a child to consume one 
addi tional snack per week (1.4% energy increase). The research ers estim ated that a 
4.5% reduc tion in energy intake would occur if tele vi sion food advert ising expos ure 
reduced from 80.5 min/week to nothing. However, the estim a tion of market ing effects 
on energy intake was based on just one study conduc ted in 1983. 

 A later study made estim ates of advert ising impact on energy intake based on 
expert opinion rather than meas ured data. The study used an estim ate of energy intake 
attrib ut able to tele vi sion food advert ising expos ure, derived from experts in a Delphi 
survey, and applied this estim ate to obesity preval ence data from multiple coun tries 
with higher and lower advert ising expos ures (Goris  et al. , 2010). The contri bu tion of 
tele vi sion food advert ising expos ure to energy intake was highest in coun tries with 
the greatest obesity preval ence and the highest rates of advert ising, for which 40% of 
obese chil dren were predicted to have not been obese in the absence of food advert-
ising expos ure (Goris  et al. , 2010).    

   22.5  Future trends 

 It is acknow ledged that patterns of food market ing across differ ent media are chan-
ging, largely through the advent of new media, such as social media, that provide 
unique oppor tun it ies to engage consumers. The tradi tional mode of tele vi sion 
viewing is being super seded (by younger gener a tions at least) with new methods of 
viewing content, and import antly of skip ping blocks of advert ise ments. This poses 
new chal lenges for monit or ing expos ure to this market ing and for regu lat ing market-
ing prac tices, whilst provid ing oppor tun it ies for highly person al ised and seduct ive 
messages to vulner able chil dren and adoles cents. 

 The World Health Organization’s recom mend a tions and imple ment a tion actions 
have argu ably raised the profile and aware ness of this problem, partic u larly amongst 
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emer ging econom ies, and have the poten tial to provide sound guid ance for govern-
ments to take action. Research is also accu mu lat ing, both in docu ment ing the extent 
of food market ing across differ ent coun tries, so as to guide policy responses, and in 
refin ing our under stand ing of the effects of this market ing. 

 Nevertheless, inter na tion ally the negat ive impacts of food market ing on chil dren’s 
nutri tion and health is likely to continue into the fore see able future. Fundamental 
change is required to trans form cultural norms, whereby the promo tion of ‘junk’ 
food to chil dren is no longer seen as accept able. Such change will require wide spread 
popu la tion aware ness of the issue, polit ical impetus for action and a food industry that 
is commit ted to being socially respons ible. 

 There has been no overall abate ment in the extent or persuas ive nature of food 
advert ising (with some notable excep tions). This is largely the case because industry 
self- regu lat ory approaches have become the major policy response, despite the accu-
mu lat ing evid ence that industry policies have been designed to minim ise any changes 
to market ing prac tices and have had minimal impact on redu cing chil dren’s expos ure 
to unhealthy food market ing. The devel op ment of these self- regu lat ory approaches 
has, however, allowed industry to claim that it is commit ted to respons ible market ing 
to chil dren and stalled any govern ment inter ven tion in many coun tries.  

   22.6  Sources of further inform a tion and advice 

 This chapter provides a struc tured over view of research related to the extent of food 
market ing to chil dren, the types of effects that market ing has on chil dren’s nutri tion 
and health, and some indic a tions of the effect ive ness of policy responses. The chapter 
also indic ates some of the meth od o lo gical approaches and issues related to gener at-
ing evid ence in this area. The refer ence list provides a good start ing point for readers 
inter ested in explor ing some of these issues further. For future devel op ments in this 
field readers could refer to the follow ing sources:
   ●   World Health Organization, 2013. Publications related to market ing of food and non-

 alco holic bever ages to chil dren. Available at:  http://www.who.int/diet phys icalactiv ity/
public a tions/market ing/en/index.html   

  ●   Rudd Center for Food Policy and Obesity, 2013. Pledges on food market ing to chil dren 
Worldwide. Available at:  http://www.yaleru d dcen ter.org/market ing pledges/   

  ●   Rudd Center for Food Policy and Obesity, 2013. Food market ing to youth. Available at: 
 http://yaleru d dcen ter.org/what_we_do.aspx?id=4   

  ●   International Association for the Study of Obesity (IASO). Marketing to chil dren. Available 
at:  http://www.iaso.org/policy/market ing- chil dren/       
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preven tion  
    M.   Rayner  
 University of Oxford, Oxford, UK    

    23.1  Introduction 

 In this chapter I will first provide some defin i tions of point- of-purchase labelling and 
front- of-pack food labelling and then describe some differ ent types of food labelling 
that have been designed to help people make health ier food choices. I will then 
describe some trends in such labelling. Next I will a propose a simple concep tual 
frame work for the way food labelling might affect health, and then I will go on to 
provide a brief survey of the evid ence for its effects on food purchas ing beha viour 
and health (includ ing obesity). Finally I will describe some trends in national and 
inter na tional policy on food labelling. Some themes of this chapter are that (i) there is 
inad equate research into the effects of food labelling on health and (ii) food labelling 
is a hotly contested issue and decisions about it are made prin cip ally on the basis of 
values rather than on logic or evid ence.  

   23.2  Definitions and scope 

 The terms ‘front- of-pack labelling’ and ‘point- of-purchase labelling’ mean differ ent 
things to differ ent people and so the International Network for Food and Obesity/Non-
Communicable Disease Research, Monitoring and Action Support (INFORMAS) has 
sought to develop an agreed taxonomy for food labelling compon ents and a set of 
defin i tions for those differ ent compon ents based, wherever possible, on those of the 
Codex Alimentarius Commission (Codex) (1). Codex is the body estab lished by the 
Food and Agriculture Organization of the United Nations and the World Organization, 
50 years ago, to set inter na tional stand ards for foods includ ing food labelling. 

 Codex defines food labelling as: ‘Any written, printed or graphic matter that is 
present on the label, accom pan ies the food, or is displayed near the food, includ ing 
that for the purpose of promot ing its sale or disposal’ (2). All food labelling may 
there fore be described as ‘point- of-purchase’. 

                 23 
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 Food labelling is poten tially an import ant, source of useful inform a tion for 
consumers. It is also a source of market ing claims, by food produ cers which have the 
poten tial to mislead consumers in their food choices by, for example, high light ing 
the posit ive attrib utes of a product while ignor ing other, less desir able char ac ter ist ics. 

 Food labelling is increas ingly found in a variety of differ ent venues includ ing food 
retail outlets, quick service/fast food and other types of restaur ants, school and work-
place cafet er ias, etc. Increasingly elec tronic media are used to display food labelling 
inform a tion and claims. The setting sets constraints on the type of food labelling 
that can be used. There is, for example, less space to present food labelling on menu 
boards in fast food restaur ants than on most food packets. 

 Food labels have inform a tion and/or make claims about foods includ ing their 
price, taste, methods of produc tion, etc. Some food labelling compon ents are more 
pertin ent to health than others. The compon ents that are most directly relev ant to 
health include dates by which foods should be eaten (for reasons connec ted with 
food safety), cooking instruc tions (for similar reasons), ingredi ent lists, nutri tion 
inform a tion (includ ing nutri ent declar a tions in the form of back- of-pack tables or 
lists and more inter pret ive front- of-pack schemes) and claims about the ‘health i ness’ 
of the food (nutri tion and health claims). But other labelling compon ents may also be 
indir ectly import ant includ ing labelling about methods of produc tion, etc. 

 Nutrition inform a tion – ‘a descrip tion inten ded to inform the consumer of nutri-
tional prop er ties of a food’ accord ing to Codex (3) – is the food labelling compon ent 
most obvi ously connec ted with the manage ment of over weight and obesity. Nutrition 
inform a tion is increas ingly found front of pack but in other places close to the point 
of purchase of both pack aged and unpack aged foods. 

 A number of differ ent front- of-pack schemes for nutri tion inform a tion – called 
‘supple ment ary nutri tion inform a tion’ by Codex – have been devised ranging from 
those which merely repro duce inform a tion found in back or side- of-pack nutri ent 
declar a tions to more inter pret at ive schemes employ ing a variety of methods to guide 
the consumer towards more health ier choices. Note these schemes have gener ally 
been designed to promote health ier eating in general rather than calorie reduc tion. 
INFORMAS, follow ing the US Institute of Medicine (4), subdivides such schemes 
into ‘nutri ent specific systems’ and ‘summary indic ator systems’. 

 Nutrient specific systems – illus trated by the %Guideline Daily Amount (GDA) nutri-
tion inform a tion system recom men ded by the trade asso ci ation – Food Drink Europe (5) 
and other similar bodies and the more inter pret at ive traffic- light labelling system recom-
men ded by the UK Government (6) – display the level of differ ent nutri ents separ ately. 
In the case of the traffic- light labelling, three colours are used to indic ate the levels of fat, 
satur ated fat, total sugar, or salt. Green indic ates a low level, amber medium and red high. 

 Summary indic ator systems – illus trated by the star rating system under consid er-
a tion by the Australian Government (7) – combine a number of nutri ent levels into a 
single score or clas si fic a tion and then display these in a variety of ways. In the case of 
the star rating system the levels of energy, satur ated fat, total sugar, sodium, protein, 
fibre and fruit, veget able and nuts are combined into a score and foods are awarded a 
number of stars depend ing on that score: five stars indic at ing the health i est products 
and half a star the least healthy products. 
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 If supple ment ary nutri tion inform a tion systems are to go beyond merely repro du-
cing inform a tion found in the nutri ent declar a tion then they need nutri ent criteria for 
their use. For example %GDA systems need the GDAs to be specified and whether 
the percent ages are to be given per 100 g or per serving; star rating systems need the 
thresholds for award ing one, two, three (etc.) stars to be specified. The nutri tional 
criteria, under ly ing supple ment ary nutri tion inform a tion systems, have come to be 
known as ‘nutri ent profile models’ and the science of ‘nutri ent profil ing’ as: ‘The 
science of clas si fy ing or ranking foods accord ing to their nutri tional compos i tion for 
reasons related to prevent ing disease and promot ing health’ (8). 

 As well as a prolif er a tion of supple ment ary nutri tion inform a tion systems there 
has, over recent years, been an increase in the use of various symbolic or iconic 
nutri tion and health claims on food packets. These types of front- of-pack labelling 
are some times seen as an altern at ive to supple ment ary nutri tion inform a tion: partic u-
larly by the food industry. They too are often under pinned by nutri ent profile models. 

 Nutrition claims are claims about the compos i tion of foods (nutri ents and other 
health- related ingredi ents either separ ately or in combin a tion). Worded nutri tion 
claims include claims as ‘low in fat’ and ‘high in fibre’. An example of a symbolic 
nutri tion claim would be the symbol used in the UK (9) to indic ate that the food can 
consti tute one of the Government’s recom men ded target of ‘5-a- day’ for fruit and 
veget able intake, i.e. a serving of the food contains a portion of fruit or veget able. 

 Health claims are claims about the rela tion ship between consump tion of the food 
or a constitu ent and health. Worded claims range from general claims such ‘good for 
you’ to more specific claims as ‘good for your heart’. Examples of symbolic health 
claims include the ‘Tick scheme’ developed by the Australian Heart Foundation 
(10), the Nordic Keyhole scheme origin ally developed by the Swedish National 
Food Administration (11) and the health logo scheme developed by the Choices 
International Foundation (12). Such symbolic health claims differ from supple ment-
ary nutri tion inform a tion in that they can only be found on foods with a healthy 
nutri ent profile. Supplementary nutri tion inform a tion is designed for all foods – both 
healthy and unhealthy – and is there fore poten tially much more useful to consumers. 
Some examples of supple ment ary nutri tion inform a tion, and symbolic health and 
nutri tion claims are shown in  Figure 23.1 . 

 The nutri tion inform a tion to be found in cater ing outlets is gener ally more limited 
than that found on packets, e.g. nutri ent- specific inform a tion systems are gener ally 
concerned with fewer nutri ents – some times just calor ies. There are a few instances 
where summary indic ator systems or symbolic health claims have been used by cater ers.  

   23.3   Current status of front- of-pack and 
point- of-purchase labelling schemes 

 Current inter na tional and national policy on supple ment ary nutri tion inform a tion (and 
on symbolic nutri tion and health claims) is in flux with little consensus as to which 
forms are most useful to consumers. Government, non- govern mental consumer and 



   Figure 23.1     Different types of front- of-pack labelling.    
 Nutrient specific systems: top: %GDA system; bottom: traffic- light labelling of nutri ents. 
 Summary indic ator systems: top: traffic- light labelling of foods; middle: Australian star rating system; bottom: US NuVal system. 
 Symbolic nutri tion and health claims: top: UK Government 5-a- day logo; middle: Nordic Keyhole; bottom: Australian Hearth Foundations Tick logo.  
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public health organ isa tions and commer cial organ isa tions all have differ ent preferred 
schemes. In general it can be said that consumer and public health organ isa tions 
favour schemes that are more inter pret at ive than industry bodies do. In addi tion 
consumer and public health organ isa tions favour labelling schemes that signal less 
healthy foods as well as health ier foods. 

 Codex has yet to produce any guid ance on supple ment ary nutri tion inform a tion or 
symbolic nutri tion and health claims (13) and there is little inter na tional or national 
legis la tion which governs their use. An excep tion is the recent European Union Food 
Information regu la tion which sets bound ar ies on what food produ cers may provide 
by way of supple ment ary nutri tion inform a tion (14). 

 A good recent survey of initi at ives to promote differ ent forms of supple ment ary 
nutri tion inform a tion is provided by the European Food Information Council (15). 
However this, and similar surveys of labelling policy, e.g. that of the World Cancer 
Research Fund (16), tell us more about intent than actu al ity. 

 There is little inform a tion about the actual preval ence of food labelling compon-
ents in their various forms. A recent review of food labelling preval ence studies found 
23 studies but methods varied consid er ably making compar is ons between the results 
of surveys diffi cult (1). Nevertheless some general obser va tions are possible. First, 
supple ment ary nutri tion inform a tion is increas ing in its preval ence in many parts 
of the world – partic u larly nutri ent- specific systems. Secondly, nutri tion claims are 
much more common than health claims. Thirdly, the preval ence of some symbolic 
nutri tion and health claims is also growing in some coun tries: in partic u lar the Nordic 
Keyhole symbol and possibly the Choices International symbol. For example the 
Nordic Keyhole symbol – origin ally developed in Sweden – has spread to Norway 
and Denmark. It is claimed that by 2012 there were over a 1500 food products in 
Danish stores that bear the symbol (17). 

 Supplementary nutri tion inform a tion in cater ing estab lish ments is also on the 
increase, in partic u lar in the US where some states have passed laws making it 
compuls ory in certain circum stances. The format of this supple ment ary nutri tion 
inform a tion is normally very simple with merely kcal or kJ per serving being declared.  

   23.4   Impact of front- of-pack and point- of-purchase 
labelling schemes and inter ven tions involving 
such schemes 

 The impact of food labelling on consumer health is highly conten tious and there 
is a lack of good quality research to help resolve various import ant ques tions such 
as which form of supple ment ary nutri tion inform a tion is most useful to consumers 
(18–20). 

 It is clear that for food labelling to have an impact on health it needs to do so 
through a complex chain – or more precisely a web of physiolo gical, cognit ive and 
beha vi oural processes – a simpli fied version of this web is shown in  Figure 23.2 . 
These processes include those that take place in the eye and the neural path ways 
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that connect the eye to the visual cortex and other parts of the brain; cognit ive func-
tions such as the processing of numer ical and verbal inform a tion, motiv a tional states 
in rela tion to label use, food purchas ing beha viour with its many constraints: time, 
money, etc.; physiolo gical processes result ing from an excess or deficit in energy and/
or partic u lar nutri ents and leading to poor or good health. 

 It is easy to see why food labelling research can quickly get bogged down in confus-
ing detail. More usefully it is gener ally agreed that consumers say that they use food 
labels and will use food labelling if asked to do so in labor at ory settings but that this 
does not trans late into much actual use in real life. Whether label use leads to health-
ier food choices is also disputed. It is possible that some types of labelling – such as 
poorly substan ti ated health claims – might even lead to beha viour which increases the 
risk of diet- related diseases (21). 

 It is also agreed that, compared with other factors influ en cing food purchas ing 
beha viour (such as famili ar ity with products or their prices), food labelling is likely 
to have relat ively small effects. This makes detect ing and quan ti fy ing its effects diffi-
cult. It should, however, be remembered that even if the effects on indi vidu als are 
small, food labelling is so ubiquit ous that the effect on a popu la tion wide basis could 
be large. 

 It is often conten ded that food labelling inform a tion has a bigger effect on food 
produ cer beha viour than on consumer beha viour (22). For example, it is anec dot ally 
repor ted that food produ cers in the UK refor mu lated their foods when start ing to use 
traffic- light labelling to reduce the number of red ‘lights’ on packets and this effect 
on the food supply has exceeded any effect of the scheme on consumer purchas ing 
decisions. 

 Studies of the effects of exist ing food labelling on purchas ing beha viour may 
have only detec ted small effects but it is also agreed that differ ent, more inform at-
ive formats for food labelling and increased label use might improve health- related 
food purchas ing beha viour. So various research ers have sought to devise and test 
the effect ive ness of inter ven tions to enhance food label use (23–25). Some of these 
inter ven tions have included redesign ing formats but most have merely have involved 
seeking to enhance the use of food labelling through educa tional means. Many of 
these inter ven tions have been combined with other elements. Such inter ven tion 
studies have had mixed results. Interventions based on educa tion alone have had the 
smal lest effects (24).  

   Figure 23.2     A simple concep tual model for the rela tion ship between food labelling and health.     
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   23.5   Future trends in front- of-pack and 
point- of-purchase labelling schemes 

 It is diffi cult predict future devel op ments in food labelling, includ ing research into 
food labelling. It seems possible that since the ‘obesity epidemic’ shows few signs 
of abate ment govern ments might turn to ever more drastic meas ures to tackle the 
problem, includ ing meas ures involving food labelling. Increasingly, govern ments 
are explor ing (and in some cases intro du cing) legis la tion in rela tion to supple ment-
ary nutri tion inform a tion (16). And indeed quite a few coun tries round the world 
are explor ing health warn ings for unhealthy foods (a partic u lar, if extreme, type 
of supple ment ary nutri tion inform a tion). Thailand, Indonesia, Peru and Chile have 
all recently passed legis la tion to require health warn ings on certain foods (15). The 
require ment for such health warn ings seem to be based on similar require ments for 
health warn ings for other health- damaging products such as tobacco and alcohol. It 
remains to be seen whether health warn ings are effect ive. 

 It is also seems clear that food labelling inform a tion is increas ingly likely to 
be conveyed through elec tronic means as well as on food pack aging. Recently, 
for example, ‘apps’ have been developed which provide, in effect, supple ment ary 
nutri tion inform a tion via a mobile phone (26).  

   23.6  Sources of further inform a tion and advice 

 There is an increas ing number of reviews cover ing differ ent aspects of the research 
into supple ment ary nutri tion inform a tion and symbolic health and nutri tion claims. 
Some of these reviews are system atic and there fore to be preferred over unsys tem atic 
reviews. Two commonly cited system atic reviews are those by Cowburn and Stockley 
published in 2005 (18) and a review, with methods based on those of Cowburn and 
Stockley, by Grunert and Wills published in 2007 (19). Since these reviews are now 
some what out of date a more recent system atic review such as that by Heike and Taylor 
(20) is useful. A forth com ing Cochrane review – for which the protocol has already 
been published (27) – may provide inter est ing reading. A common problem shared by 
these reviews is a lack of an agreed termin o logy for differ ent labelling compon ents – a 
problem that the INFORMAS paper on labelling (1) attempts to address.   
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