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Preface

The changing 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 significantly in both
a qualitative and quantitative sense as we have moved through periods as hunter-
gatherers or subsistence farmers to a situation today where we are now consumers
of highly processed and ready-prepared foods. At the same time our patterns of
physical activity have also changed from the demands of high activity necessary for
survival and strenuous occupations to those of limited physical burdens and sedentary
occupations or leisure pursuits. For most of history, humans have experienced food
shortages, hunger and under-nutrition as they struggled each day to secure sufficient
food to meet their needs. However, with improved agricultural processes, mechan-
isation, improved storage and processing of foods we are now in a situation where
a significant proportion of the world’s population now has more food energy than is
necessary to meet their reduced requirements. As a consequence conditions associ-
ated with over-nutrition and excess weight gain are now dominating human health
and well-being.

Obesity has become a major public health and economic problem of global
significance. According to World Health Organization (WHO) estimates, more than
1.4 billion adults aged 20 and older (or 35% of the world’s population),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, including
low-income countries, and obesity associated illness is now so common that it has
replaced the more established public health concerns, such as under-nutrition and
infectious disease, as the most significant contributor to global ill health.

Obesity impacts on both quality and length of life and is associated with a wide
range of chronic conditions such as diabetes, hypertension, cardiovascular disease
and many cancers, as well as non-life-threatening but debilitating conditions such
as arthritis, back pain and breathlessness. Obesity also places enormous financial
burdens on governments and individuals and accounts for a significant proportion of
total health care expenditure in developed countries. Obesity is now the sixth most
important contributor to premature death in the world.

In recent years, our knowledge of the epidemiology and causation of obesity has
improved dramatically but we still have an incomplete understanding 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 expenditure for
metabolic processes and physical activity. However, there are many aspects of our
current diet and lifestyle that have potential to contribute to this energy imbalance
that leads to weight gain and the development of obesity. Overconsumption of food
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energy may potentially be facilitated by the composition 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, marketing or nutrition guidance. Understanding these issues is important in
formulating appropriate dietary strategies to assist with weight loss or the prevention
of weight gain in the community.

Whilst there has been much written about the aetiology of obesity in recent years,
most books that examine the problem of obesity provide only limited coverage of
dietary aspects, because they need to address the wide-ranging aspects of the issue.
Therefore, in planning this book it was decided that there would be great merit in
examining in more detail the broad range of dietary issues that may receive only
cursory attention in more general texts. Authors were requested to prepare short
chapters which focused on a single aspect of the relationship between diet and the
prevention and management of obesity.

This is not a textbook or encyclopaedia, but rather an edited collection of short,
relevant (and sometimes personal) review chapters by experts on the most important
developments and topics in obesity management. These chapters are arranged in five
sections that deal with different aspects of the relationship between diet and obesity:

Part One deals with general issues and background to the problem of obesity, its develop-
ment and strategies for its management.

Part Two examines the role of different dietary components in obesity management and
weight control.

Part Three explores the role of eating patterns and other behavioural factors in obesity
management.

Part Four addresses structured dietary interventions in the treatment of obesity

Part Five tackles the difficult issues around government and industry interventions in the
prevention of obesity.

The focus of each chapter means that authors cannot explore all the interrelated
aspects of their topic. To ensure each chapter is complete, there may be some overlap
between chapters. In addition, given the scale and complexity of the subject, there
are many potential issues which are not addressed in depth. However, we hope that
the breadth and scope of the contents help ensure that most of the important topics
relating to dietary aspects of obesity are covered. It is likely that as research evidence
builds in this area over time, that some of the insights and conclusions presented
within these chapters may be challenged and replaced. However, the concepts and
principles are likely to stand the test of time.

Timothy P Gill
Boden Institute, University of Sydney, NSW, Australia



Introduction: an overview of the key
drivers of obesity and their influence
on diet

T P Gill
University of Sydney, NSW, Australia

1 Introduction

Obesity results from a prolonged period of energy imbalance where the energy intake
from food and drink exceeds energy expenditure for metabolic processes and physical
activity. Excess energy is stored as fat within the body and is associated with a wide
range of health, social and psychological problems.

Energy balance within the body is usually well regulated by a range of physio-
logical responses which monitor food intake, metabolism and storage and send
signals to influence appetite and to a lesser extent energy expenditure. Physiological
energy regulation mechanisms operate within each person to keep weight and body
fat stores stable in the long term (Schutz 1995). However, powerful societal and
environmental forces influence energy intake and expenditure through effects on
dietary and physical activity patterns, and may overwhelm the physiological control
of body weight. The susceptibility of individuals to these forces is influenced by
genetic and other biological factors such as gender, age and hormonal activities, 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 influences on energy balance and weight gain

A number of analyses have attempted to define the key determinants of obesity
and there remains a degree of controversy over which factors have made the
greatest contribution to the recent rise in the rates of obesity throughout the world.
Comprehensive assessment of the situation has been undertaken 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 literature and identified a range of key factors
which either increase or decrease the risk of weight gain and the development of
obesity. The results of both assessments are summarised in Table I.1.

Managing and Preventing Obesity. http://dx.doi.org/10.1533/9781782420996.1
Copyright © 2015 Elsevier Ltd. All rights reserved.
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Table 1 Summary of the strengths of evidence on behaviours
that might promote or protect against weight gain and obesity —
agreement from WHO 2003 and WCREF 2007 reports

Evidence Decreases risk Increases risk

Rated convincing or Regular physical activity. Sedentary lifestyles.

likely in both reports. | High intake of low energy- High intake of energy-dense
dense foods.* foods.*

Rated probable or High dietary fibre intake. Sugar-sweetened soft drinks and

possible in both Promoting linear growth. juices.

reports. Breastfeeding. High proportion of food prepared

outside of homes.
High exposure to television
(marketing).

Rated possible in one | Low glycaemic index foods. | Adverse social and economic
report only. conditions in developed countries
(especially for women).

Large portion sizes.

Rigid restraint/periodic
disinhibition eating patterns.

Rated insufficient. Increased eating frequency. Alcohol.

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

1.2 The complex web of influences on the aetiology of obesity

Although the WHO and WCREF reviews touched upon the array of behavioural and
environmental influences in the aetiology of obesity at an individual and population
level, they did not capture the interplay of these factors and how they operate at a
societal level. One of the first attempts to represent the nature of the prevailing, multi-
layered environmental factors that influence energy balance in the modern world was
the International Obesity Task Force ‘causal web’ (Kumanyika et al., 2002). The
causal web illustrated that although food intake and energy expenditure ultimately
influence energy balance, there are an array of forces operating at different layers of
society that impact directly or indirectly upon these behaviours. The implications of
this representation are apparent. Addressing obesity prevention will require action at
many levels and must include a focus on many of the distal factors that influence our
food and activity environment.

Although the causal web suggests that the genesis of and thus, the solution to
obesity is complicated, its linear format does not clearly illustrate the complexity
of the interactions between the various layers. The Foresight Programme of the UK
Government Office for Science expanded on the causal web approach by using a
systems approach to produce a complex conceptual model with 108 variables known
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as the ‘obesity systems map’ (Vandenbroek et al., 2007). The relationships between
the variables are illustrated with more than 300 solid or dashed lines to indicate posi-
tive and negative influences. All the variables are interconnected and these connec-
tions give rise to feedback loops. At the core (or engine) of the map is energy balance,
surrounded by variables that directly or indirectly influence this key process. The
relationships between each factor and their influence on the energy balance core is
represented by a complex array of multi-directional arrows that illustrate the complex
interaction between environment, behaviour and physiology. The original spaghetti-
like, causal loop map has been simplified by dividing the factors represented into
seven cross-cutting, principal themes (Figure 1):

Biology: an individuals starting point — the influence of genetics and physiology.

Food consumption patterns and behaviours: the quality, quantity and frequency of an indi-
vidual’s food intake.

Food environment: the influence of the food environment on an individual’s food choices.
Physical activity behaviours: the type, frequency and intensity of an individual’s physical
activities.

Activity environment: the influence of the environment on an individual’s activity
behaviour.

Individual psychology: psychological influences food intake and consumption patterns, or
physical activity patterns or preferences.

Societal norms and influences: the impact of how society views and responds to the issue of
obesity.

Individual =\ b 0
psychology = D )

< Individual "

Figure 1 A simplified version of the Foresight obesity system map identifying main sectors
of influence
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/government/uploads/system/uploads/attachment_data/file/296290/
obesity-map-full-hi-res.pdf

The Foresight map approach to defining the broad-ranging drivers of obesity
and the inter-relationships between these factors has not met with universal approval.
It has been criticised for being overly complex to the extent that it creates a sense
of confusion and despair, when clarity is what is needed to effectively address this
problem (Finegood et al., 2010). Others have also questioned how comprehensive
such a map could be, in that it implies that all potential drivers of obesity are captured
within the map. It is probably true that very few people completely understand all
the intricacies of the system it describes and that the map is not truly complete,
as it reflects only the perceptions of the stakeholders engaged in its development.
However, it has served some useful objectives in improving our perception of the
nature of the obesity problem and the approach that will be required to successfully
address it. Some of the principles that the Foresight map and process have reinforced
are:

« the wide range of political, social, environmental, behavioural and physiological factors
that influence individuals’ and society’s capacity to achieve energy balance, and the
complex, multifactorial nature of the systems that give rise to obesity;

« the breadth of action that will be required to restore energy balance;

- the futility of attempting to address obesity by focusing attention solely on individual beha-
viour change or within one domain of action;

« the need to consider the interaction between factors that either enable or amplify, or
conversely, inhibit the behaviour change process required to achieve energy balance;

+ the interaction between factors within the system, which is currently driving energy accretion
and disrupting individual efforts to achieve energy balance.

2 Behavioural factors

Food intake and physical activity behaviours are the two key factors that have
potential to directly influence energy balance and weight status. Historically
they have been considered a product of free will under the direct cognitive control
of the individual. However, as previous sections have indicated, there are a range
of biological as well as social and environmental forces that constrain these
behaviours in individuals. However, an appreciation of the dietary and activity
behaviours that have been linked to weight gain and the development of obesity is
important if we are to usefully define these problems and decide how best to address
them.

Both energy expenditure and energy intake contribute to weight gain and the
development of obesity, and it is not possible to clearly apportion the contribution
that each makes to the problem. There has been a lot of unnecessary debate over
which factor is more important in the genesis of obesity. Attempts to selectively
promote one factor over the other as the major cause are counterproductive, as both
will need to be addressed in tackling the problem.
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2.1 The formation of habits

When a behaviour relating to food intake or activity is repeated often for a long
period of time, it becomes a habit, meaning that it becomes almost an automatic
response to certain cues or situations. Habits often remain well after the original
reason for adoption of the behaviour has passed, making them difficult to change.
Often, people passively adopt or continue a behaviour rather than making an active
decision to do so. Once habits are formed, individuals show little inclination to
change them. In addition, attitudes and intentions have less of an impact when a habit
has been established, making changes to inappropriate food and activity behaviours
less likely even when the need for such a change is accepted (Vandenbroeck et al.,
2007).

Food and activity habits are often associated with an increased energy intake, and
as environments become more ‘obesogenic’ (obesity-promoting), the behaviours that
lead to obesity are increasingly the default or automatic ones.

2.2 Dietary behaviours

A number of dietary factors have been identified as potential contributors to
weight gain and obesity by undermining the innate regulatory control of body
weight. There are multiple mechanisms by which this can occur, including satiety,
palatability, food availability or low energy needs as a consequence of physical
inactivity. Despite great interest in this area, evidence linking specific dietary beha-
viours to weight gain is limited and is largely restricted to observational and inter-
vention studies.

Although surplus energy intake is an obvious cause of weight gain, there is little
evidence to link high kilojoule intake directly to obesity. This may be the result of
large individual variability in energy requirements, with higher requirements often
being associated with higher levels of activity. In addition, total kilojoule intake is
not reported accurately or consistently in most dietary surveys (Willett and Stampfer
1986). This has led to the exploration of the role of a range of dietary behaviours
associated with weight gain and obesity. The key elements of these behaviours are
addressed in separate chapters within this book including:

» Energy density of the diet

« Fat composition of the diet

+ Protein intake

» Carbohydrate intake and glycaemic index of the diet
» Fibre

»  Alcohol

+ Fruit and vegetable consumption

«  Consumption of sugar-sweetened beverages

+ Portion size

» Increased consumption of takeaway foods and foods prepared away from home
- Eating frequency.
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2.3 Physical activity behaviours

Although it may appear obvious that inactive people will gain more weight over
time than active people, the true impact of reduced activity 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 physical activ-
ity undertaken over time and most of the data we do have is self-reported, with
little objective validation. In addition, the relationship between physical inactivity/
sedentary behaviour and obesity is complex and is subject to a wide array of con-
founding factors which are difficult to exclude.

Although data is now available from large prospective studies, it is difficult to
exclude the possible influence of reverse causality; that is, a high BMI at the start of
the study may be a cause of decreasing physical activity and may also be independ-
ently associated with an increased risk of weight gain. In addition, most studies
have examined only leisure time physical activity and have ignored the impact of
occupational and incidental activity.

Despite these limitations, most reviews of research consistently show the expec-
ted inverse relationship between leisure time physical activity and obesity in all but
the youngest children (Fogelholm and Kukkonen-Harjula 2000, Summerbell ef al.,
2009).

2.4 Sedentary behaviours

Sedentary behaviours are not merely the inverse of being physically active. They
are different but interlinked behaviours and there is a growing body of evidence that
sedentary behaviour may be a distinct risk factor, independent of physical inactivity,
for multiple adverse health outcomes including obesity in adults (Thorp et al., 2011).
The most commonly utilised indicator of sedentary behaviour is television viewing
time and many (but not all) studies have found a positive association between hours
of TV watched and increased body weight. A study by Hardy et al. (2009) indicated
that more than two hours a day of screen time was associated with reduced fitness,
increased weight and a greater risk of ill health in schoolchildren. 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 overweight compared
to those who spend less than one hour a day sitting (Brown et al., 2003, Mummery
et al., 2005).

3 Environmental and structural factors

The external social, political and economic environment in which people live has
a profound effect on the way people behave. Each day, people interact with a wide
range of services, systems and pressures in settings such as schools, the work-
place, home, restaurants and takeaway food outlets. In addition, these settings are
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influenced by laws, policies, economic imperatives and attitudes of governments,
industry and society as a whole. Each of the features of this complex system, which
shapes the environment we live in, has the capacity to inhibit or encourage appropri-
ate dietary and physical activity patterns. This has led some researchers to term the
environment in most developed countries today as ‘obesogenic’ or ‘toxic’ because
it inhibits appropriate dietary and physical activity patterns and encourages energy
imbalance (Egger and Swinburn 1997).

3.1 Changing physical activity environment

The availability of open space and access to public transport, the design of suburbs,
access to buildings, perceived levels of safety, provision of lighting and many other
factors influence our capacity and desire to be more physically active in our daily
lives (Ding and Gebel 2012). In recent years, changes in the occupational structure,
urban and building design and technology have contributed to a situation where
opportunities to be more physically active are now more limited.

The built environment encompasses a range of physical and social elements that
make up the structure of a community and may influence obesity-related behaviours.
Several characteristics of the urban form (natural and built environment) tend to be
associated with increased physical activity, and possibly with nutrition behaviours.
These include:

« mixed land use and density;

- footpaths, cycleways and other facilities for physical activity;

+ street connectivity and design;

« transport infrastructure and systems linking residential, commercial and business areas.

A number of studies have found that access to proximate and large public open space
with attractive attributes such as trees, water features and bird life is associated with
higher levels of walking (Gebel ef al., 2005). The characteristics of the neighbourhood
also have an impact on physical activity. For instance, street layout and the level of
connectivity of streets (suburban or more traditional layout) determine route choices
and distances, thereby making walking or cycling more or less practicable. Urban
design features such as the location of residential, business and commercial areas, in
combination with transport services, influence people’s access to food.

Recent research has found that people who drove to work were more likely to be
overweight or obese than those who walked, cycled or used public transport, 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 ef al., 2008).

3.2 Changing food environment

Access to appropriate food outlets, advertising pressures, school food policies, nutri-
tion information and labelling all potentially influence food selection. In past years,
the usual environment throughout 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 aggressively marketed.
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There is widespread acceptance that the current food supply is not conducive to
the maintenance of energy balance. The widely available processed foods have levels
of trans fats, saturated fats, salt and sugar well above those recommended for good
health and weight control, and provide excess kilojoules. Short-term experimental
studies have shown that larger portions of energy-dense food are associated with
increased energy intake (Rolls et al., 2007). Specifically, they have shown that both
children 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) indicate that:

+ the portion sizes of many (but not all) commercial energy-dense foods and beverages and
fast food meals seem to have increased over time, particularly in the last 10 years;

« the number of super-sized food items available in grocery stores and supermarkets seems to
have increased substantially;

+ conventional and fast food restaurants serve larger so-called value meals and offer all-you-
can-eat buffets in the competition for customers.

Consumers now spend a significant proportion of their household food expenditure
on food consumed away from the home and many people underestimate the number
of kilojoules in fast food meals and they tend to consume more kilojoules and fat, and
fewer vegetables, fruits and fibre when eating out (Rudd Center 2008).

Access to the right foods at the right price also appears to influence the quality of
our diet. The majority of studies that have examined the relationship between store
access and dietary intake find that better access to a supermarket or large grocery
store is associated with healthier food intakes (Larson et al., 2009). Economic theory
suggests that food prices affect food intake. Therefore, manipulating the price of
food is likely to have both short- and long-term consequences for body weight
(Goldman et al., 2009). Some researchers suggest that the relative cheapness of high
energy-dense foods is a major driver of their consumption by less affluent consumers
(Drewnowski 2004). Conversely, the high relative cost of low energy-dense foods,
such as fruit and vegetables, is seen as a barrier to their increased consumption.

Numerous systematic reviews have concluded that the marketing of unhealthy (or
energy-dense, nutrient-poor) foods and beverages to children negatively influences
children’s eating behaviour, dietary intake and beliefs, and purchase requests to their
parents (Cairns et al., 2009, IOM 2006). Much of this literature has focused on the
effects of marketing energy-dense, nutrient-poor (EDNP) foods on television, given
that this is the main media outlet to which children are exposed. However, marketing
has now spread to multiple media platforms including print, the Internet, sports (via
sponsorship) and outdoors (IOM 2006).

3.3 Changed living and working environment

Some of the most profound changes to our way of life in recent decades have occurred
around the living and working environment. Not only have occupational structures
changed but so have working hours and the gender balance within the workforce.
Longer working hours, living further from work and the involvement of both partners
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or parents in the workforce have led to a situation where individuals and families
have less time to devote to planned nutrition and physical activity behaviours. As a
consequence, certain changes have occurred, which research has identified as having
had a negative impact on weight control, and which may have contributed to the rise
in obesity (Vandenbroeck et al., 2007, NPHT 2009, Keith et al., 2006). These changes
include:

« reduced time for personal physical activity and unavailability to supervise the play and
active pursuits of children;

+ a greater reliance on sedentary leisure time pursuits;

« the loss of regular meal patterns and family meals, which has been shown to result in greater
snacking and a higher kilojoule intake;

« disrupted sleep patterns (short sleep duration has been shown to create metabolic disturb-
ance that interferes with the body’s systems for appetite control and has been associated with
weight gain, especially in children).

4 Biological factors

Most of the existing scientific information suggests that the increasing rate of obesity
within populations is a result of changes in our food intake and physical activity beha-
viours driven by social, political and economic environments which promote overcon-
sumption of food and limit opportunities for physical activity. However, it is also clear
that heritable biological factors explain why some individuals or groups are more at
risk of developing obesity compared to others within the community. In particular, our
genes and the nutrition and physical activity environment we are exposed to in utero
and early in life have profound effects on our regulation of energy balance and how
and where we store fat generated by excess kilojoules.

4.1 Genetic influences

One of the strongest predictors of a child’s weight status is the weight status of their
parents. Overweight parents are more likely to have overweight children. This could
be a result of the shared family environment, but the fact that adopted children have a
weight status closer to their biological rather than adoptive parents suggests a strong
role of genetics in weight status. This relationship has been confirmed by examining
the closeness in body weight of monozygotic (identical) twins, who have exactly the
same genes and very similar weight status, versus dizygotic (non-identical) twins,
who share only 50% of their genes on average and have much greater variability in
weight status (Bouchard 2007). This does not imply that a certain genetic makeup
inevitably leads to obesity but rather, that the propensity to gain weight and become
obese is increased. Estimates of how much of the difference in weight status between
individuals can be explained by their genes vary depending on what group is being
studied and what aspect of weight is being measured — it can be as low as 5% and as
high as 70% (Yang and Kelly 2007).
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Unlike other inherited conditions, it is extremely rare for a single gene
difference to result in obesity. Rather, the inheritance of obesity is thought to
be the result of a wide number of genetic variations which result in a series of
small but important disruptions to our energy balance regulatory systems (Farooqi
and O’Rahilly 2007). So far, around 30,000 genes have been identified in the
human genome, and a large number of these have the potential to influence factors
associated with energy balance regulation. However, research does not support the
commonly held view that genetics endows some people with slow metabolisms,
meaning that they can eat hardly anything without gaining weight, and delivers
others with a super metabolism, allowing them to expend significantly more energy
than others just by existing. Most of the common gene defects that have thus far
been associated with obesity influence appetite and satiety regulation or the way the
body handles food and stores fat. Some of these genes may have been associated
with positive outcomes in past times when food was scarce and work was hard but
now, with our changed environment, they contribute to a negative outcome of weight
gain.

4.2 Epigenetic influences on weight gain

It is now understood that inheriting a particular gene does not mean that it will always
result in the same outcome in different individuals. Part of the reason for this is that it
is possible to alter the way the gene is expressed, or translated into action within the
body, by subtle changes to that gene. This process is called epigenetics and is a result
of small chemical modifications to the DNA material which can result from a range
of factors, such as poor nutrition, a lack of physical activity, smoking, exposure to
certain toxins and ageing (Bird 2007). It is thought that these epigenetic changes can
predispose individuals to obesity by influencing the way food is handled or energy
balance is regulated (Campion et al., 2009). It is unclear whether these epigenetic
modifications can be reversed but they are clearly heritable and are passed on to the
next generation, leading to poor health outcomes. Epigenetic changes in response to
poor nutrition and physical activity environments may explain why rates of obesity
have increased so rapidly in recent generations, who have inherited physiological
traits that exacerbate weight gain as a result of their own exposure to the obesogenic
environment (Campion et al., 2010).

4.3 In utero and early life influences

It has long been known that good nutrition during pregnancy is important for
the growth and development of the foetus, and the health and wellbeing of the
mother as well as the ease of delivery. However, recent evidence has revealed that
in utero exposures, together with early life experiences, have profound effects on
the weight status and health of the infant that last well into adulthood. Some of the
key perinatal nutrition factors that influence later development of obesity include
the following.
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4.4 Low birth weight and smoking during pregnancy

Low birth weight infants experience a range of health problems usually associated
with under-nutrition and failure to thrive, but it is also clear now that low birth weight
infants are at higher risk of a range of chronic conditions later in life (Barker 2004).
Such children are more prone to develop abdominal obesity and early metabolic
disease, especially if exposed to over-nutrition in childhood. Low birth weight is
common among babies born to women who smoke during pregnancy, but smoking
is also associated with a 50% increase in the risk of childhood obesity (Oken et al.,
2008).

4.5 Excessive weight gain during pregnancy

Women who gain more than the recommended levels of weight during pregnancy
are at greater risk of gestational diabetes and having a high birth weight child. Such
children have a greater rate of obesity later in childhood (Gillman et al., 2003).
Women who enter pregnancy with an existing weight problem and have excessive
weight gain during pregnancy further increase their risk of gestational diabetes and
the obstetric complications associated with high birth weight children (Whittaker
2004).

Accelerated weight gain during the first weeks or months of life is associated with
higher BMI or obesity later in life. A systematic 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 exclusive breastfeeding for a period
of at least six months is associated with a reduced level of obesity later in child-
hood. A meta-analysis of 17 studies of breastfeeding duration found that each addi-
tional month infants were breastfed was associated with a 4% lower risk of later-life
obesity (Harder et al., 2005). However, there remains some controversy around
the role of breastfeeding as results of studies have been inconsistent and it is hard
to separate associated factors socio-economic status and cultural factors in any
analysis.

4.7 Short sleep duration in infancy

There is some indication from a small number of studies of an association between
short sleep duration in infants and higher levels of overweight in later childhood
(Taveras et al., 2008). However, separating the effect of sleep from the wide range of
potential confounders in this relationship is difficult.

Other research shows that short sleep times appear to have no relationship with
obesity in teenagers aged 10—16 years, and it is unclear whether longer sleep times
are beneficial for obese teenagers (Sung et al., 2011).
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5 Summary and conclusions

Although there has been substantial effort invested in identifying the determinants
of obesity we still have an incomplete understanding all the drivers of obesity. It is
clear that diet and physical activity behaviours are the central elements of the energy
balance equation. However, in contrast to popular belief, obesity is not solely caused
by a lack of cognitive control over personal dietary and physical activity behaviours.
It is now understood that physiology and genetics have a critical role in driving or
attenuating these behaviours and the physical, social and political environment in
which we live greatly influences out ability to maintain behaviours appropriate to
weight control.

A number of analyses have attempted to define the key determinants of obesity
and there remains a degree of controversy over which factors have made the greatest
contribution to the recent rise in the rates of obesity. What is accepted is that there
is no simple single cause of obesity and that complex array of interacting factors is
driving changes in weight status at a societal level.
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1.1 Introduction

Although obesity has been described in literature and depicted in paintings for many
centuries it is very clear that excessive weight gain in adulthood on a population
level is of recent origin and really became of medical and public health concern only
in the late 1970s. At that stage the crude definitions of overweight and obesity set
out as the body mass index (BMI) were derived from mortality data taken from the
pre-Second World War U.S.A.-based Metropolitan Life insurance statistics. BMIs
of 25 and 30 are still taken for the clinical and epidemiological classification cut-
offs of overweight and obesity in adults despite suggestions to the contrary from
Flegal (Flegal et al., 2007, 2013). Her analyses are based, however, on relatively
short term US studies which were known since the 1970s as not being a suitable
basis for demonstrating the incremental effect of modest increases in BMI; they also
fail to take account adequately of several other major issues including the effect of
smoking and unintentional weight loss associated with pre-existing disease. A series
of integrated 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 reason-
able limit in terms of all-cause mortality and ischaemic heart disease mortality rates
(Batty et al., 2006; Prospective Studies Collaboration 2009; Adams et al., 2006) with
only death rates from haemorrhagic strokes suggesting that a higher BMI, e.g. of 30,
might be more reasonable (Asia Pacific Cohort Studies Collaboration, 2004). Indeed
the 57 prospective studies analyses with nearly a million subjects found that in both
sexes mortality was lowest at about 22.5-25kg/m and each 5kg/m? higher BMI was
associated with about a 30% higher overall mortality. 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 adjustment the curves were J shaped. These data have
recently been amplified with data from 97 cohort studies demonstrating clearly that
overweight (BMI 25-29.9) as well as obesity is a predictor of both coronary artery
disease and stroke in Caucasians and Asians, with only 50% of the excess risk being
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attributable to changes in the classic risk factors of blood pressure, cholesterol and
glucose (Lu et al., 2014).

It is clear that BMI is only a crude predictor because the presence of co-morbidities
such as hypertension and diabetes are far more powerfully predictive of an early death
than BMI alone, probably because they reflect ongoing processes of cellular and organ
damage (Padwal et al., 2011). The Asian criteria of a lower BMI of 23 were not based
on mortality data at all but on the accepted greater morbidity of many Asian groups
as weight increases, albeit that in Caucasians it has also been known for decades
that the co-morbidities of diabetes, hypertension, coronary heart disease and some
cancers increase progressively from a BMI of about 20. Nevertheless, internationally
adult overweight and obesity continue to be considered in terms of the World Health
Organization (WHO) accepted BMIs of 25 and 30.

1.2 The importance of abdominal obesity

It has been known for decades that the distribution of body fat is associated with
different levels of co-morbidity and a specific emphasis on fat accumulation 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 sensitivity of measures of
waist circumference or waist/ hip ratios in predicting cardiovascular events (Yusuf
et al., 2005). Waist/height ratios (W/HtR) have also been advocated (Ashwell ef al.,
2012) and found to be applicable in children as well as adults with some sugges-
tion that it might be superior to waist or waist/hip ratios alone. Other systematic
analyses emphasise the value of adding waist measures to BMI in evaluating the
risk of disease or mortality (Carmienke ef al., 2013) and in Asian subjects the use of
both waist and W/HtR has been proposed for predicting risk (Wakabayashi 2013).
There seems general agreement that waist measurement is a better measure than
BMI and the simplicity of the waist measure is easy for both the public and
professionals to understand and certainly overcomes the need to measure the hip
circumference, which in some societies is a culturally problematic measure to
make except with female physicians taking considerable care. The original Scottish
SIGN guideline and the subsequent WHO choices of waist circumference measure-
ments (WHO 2000) were made simply on the basis that the waist measures chosen
would correspond with the BMI cut-offs for overweight and obesity, i.e. 25 and 30.
Then the International Diabetes Federation proposed other levels of waist measure-
ment for different ethnic groups but based on very different and non-standardized
criteria (Zimmet et al., 2005).

Waist values do not automatically increase in line with BMI increases: strong
genetic factors influence fat distribution but smoking and alcohol consumption
also amplify the propensity to abdominal obesity. Early nutritional and other
handicaps, often inferred from evidence of low birth weights, are also associated
with later abdominal obesity when even modest weight is gained in adulthood.
Thus, Japanese, Chinese, Indian, and Hispanic populations with a marked history
of early childhood malnutrition are particularly prone to abdominal obesity with a
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high waist circumference 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 measurements the BMI is still the measure used for international
comparisons.

1.3 Global trends in obesity

We are witnessing a complex evolution in the prevalence of adult overweight and
perhaps it is conceptually easier to consider a country such as China or Japan where
from the point of view of limiting mortality from either underweight or overweight
the mean BMI was 20-21 and the distribution of BMI was Gaussian in the 1970s —
1980s with negligible numbers of either obese or severely underweight (BMI<17.0)
subjects. However as the average BMI increases the Gaussian distribution 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 reproduced in representative US and UK data and signifies an alarming increase
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Figure 1.1 The skewed distribution of BMI with increases in the average population BMI.
Cross-sectional data taken from the INTERSALT study to illustrate the progressive marked
increase in obesity rates for modest increases in mean BMI. Those in the upper BMI range
for each population distribution represent the genetically susceptible individuals to weight

gain. The usual Caucasian cut-offs for overweight and obesity are shown together with the
Asian upper limit of ‘normal’ BMI. Adapted from Rose (1991).
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in the prevalence of morbid obesity with its huge health risks and costs. The reasons
are explicable in energetic terms because as excess body energy is stored then there
is a maximum to which the expansion of energy consuming lean tissues (normally
25% of initial weight increases) can contribute to the weight gain, i.e. there is a limit
to skeletal and visceral metabolic tissue expansion. So if excess intake continues
then all the energy has to be stored as fat and little further increase in energy output
can be achieved to counterbalance this excess intake. The excess energy slowly but
progressively accumulates as fat and the subject then becomes enormously obese as
seen so frequently now in the US.

The Chinese data can be amplified by reference to the magnificent China/Oxford/
Cornell study (Chen et al., 1990) where a range of BMIs in different communities
(average 20.5 in 1983) within China were observed in association with different
diets and activities and particularly where the average fat and sugar intakes were
14.8% and about 3% respectively. The Japanese fat intakes studied by Keys and
colleagues (Keys 1970) were similar but in China there has been a deliberate policy
of importing 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 hypertension rates escalating rapidly.

1.4 Economic development and obesity

The economic development of countries and particularly the urbanisation of popula-
tions is associated with major increases in obesity prevalences (Popkin 2006). Stark
changes are seen when relatively isolated rural populations migrate into towns as seen
originally with army recruits in Kenya transferring to Nairobi — within 10 weeks their
body weights were increasing as their diets changed from an African cereal and root
based diet to a more Western British Army diet. More recently relatives studied in
both Bangalore India and villages 100-150km 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 quadrupling of salt
intakes. Little wonder therefore that the corresponding diabetes rates were 9-fold
higher (Vas 2003). The isolation of rural communities determines the contrast as the
nutrition transition proceeds, so where the rural communities have been blessed by
good infrastructure and medical facilities 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 prevalence of obesity and overweight has been increasing rapidly in all
regions of the world as very clearly shown by global analyses undertaken 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 remember that
in affluent countries there are marked contrasts between the countries, as illustrated
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Figure 1.2 Increasing prevalence of adult obesity in different regions of the world.
Source: Wang et al. 2011.

by Figure 1.2, which presents an amplification of Wang et al.,’s (2011) analyses
There seems to have been an unremitting increase in overweight and obesity rates for
the last 30 years, albeit at different rates. Table 1.1 summarises the regional preval-
ences of adult overweight and obesity. These prevalences highlight the progressive
increase in weight in the first two decades of adult life and also that men tend to have
higher prevalences of overweight but lower prevalences of obesity than women. This
again probably reflects the greater lean body mass of men and that women reach
the biological limits of lean body mass expansion as they gain weight before men
and therefore they have to store far more energy as fat before they achieve energy
balance.

1.5 Social class differences in obesity

The evolution of overweight in Latin America, and indeed in many countries, first
affects relatively affluent middle-aged women. Then middle-aged men start to become
heavier and this is often seen as clear evidence of economic success and substantial
achievements within many African societies. In due course the whole population is
affected, including children. However as affluence evolves, the more affluent women
(as in Brazil) start to become thinner presumably in part as they became more aware



Table 1.1 The male and female prevalence (%) in the different WHO classified regions of the world at
each age group

18-29yrs 3044 yrs 45-59 yrs 60—69 yrs 70+ yrs
(07A%% Ob (07A%% 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 234 18.6 28.4 26.1 31.2 31.7 34.8 30.3 343 26.9
EMRO Males 16.3 52 27.4 10.2 28.7 12.7 20.6 6.5 21.8 6.6
Females 19.0 9.7 25.5 243 252 31.5 21.9 15.9 23.0 12.3
Europe Males 25.1 6.0 42.0 14.9 45.6 223 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 24 1.7 0.3 34 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 23 18.3 6.4 22.5 4.9 23.2 9.5 26.0 3.8

O/W signifies 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 pressures. So they seem to become determined 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 communities) showed on re-analysis of both their diets and an index of physical
activity based on the differences in the average occupational activities, that differ-
ences in physical activity and the dietary fibre intake proved to be more powerful
predictors of weight gain than their fat intakes (Kromhout et al., 2001). This is in
accordance with WHO?’s first appraisal in 2000 of the global obesity problem (WHO
2000): substantial physical activity as well as dietary fibre were both seen as protect-
ive. The weight-promoting effect of dietary fat (Hooper et al., 2012) was incorporated
as a determinant of the energy density of the diet with the water-retaining fibre-rich
carbohydrate nature of foods contributing to offset substantially the energy density of
the fat as well as sugar. Sugar has now been shown to be independently responsible
for weight gain (Morenga et al., 2012).

If one takes a global approach to the emergence of obesity, then in poorer
communities the average BMI of the population was about 21 but by 1980 was
increasing progressively 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 societies’
economies improved there appeared to be a modest reduction in average BMIs. A new
reanalysis, however, now shows that in 2008 the epidemic of overweight/obesity had
increased so much in lower income countries that the relationship resembled an inver-
ted U for women, peaking at middle-income levels. BMI increased as the percentage
of the population living in urban communities increased and this was evident in both
1980 and 2008. These urbanising effects reflect the impact of the dramatic changes
in both physical activity and diet (Danaei ef al., 2013).

1.6 Obesity in women and its implications for maternal
and infant health

Traditionally the main concern about weight gain has related to the development
of physical handicaps such as arthritis and respiratory insufficiency and the meta-
bolic co-morbidities of diabetes and hypertension which typically occur in middle
age. However, although it has been recognised for decades that overweight and
then obesity begins to increase particularly in the 2040 year old age range,
now a major concern is emerging relating to the risk of increasing infertility as
excess weight develops. However, the handicaps of maternal overweight and
obesity are much greater than those of infertility as set out by Oteng-Ntim and
Doyle (2012) from a collation of systematic reviews and major observational
studies. Pre-eclampsia and many other complications of pregnancy are increased
with greater risks of maternal deaths, as well as difficulties in delivery. There are
also increased rates of birth defect and the likelihood of macrosomia (i.e. birth
weights > 4.5kg).
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The development of glucose intolerance and gestational diabetes is of major
concern with gestational diabetes now affecting up to 20% of pregnancies in some
countries, e.g. Singapore. This condition now affects about 10% of pregnancies
in Western Europe and an average of 15% of pregnancies in Eastern Europe, the
Middle East and Asia on the basis of WHO criteria (Jenum et al., 2012). On the
basis of the modified International Diabetes Federation criteria, however, nearly
40% of South Asian, Middle East, African and South American women are clas-
sified as having gestational diabetes with long term consequences not only for the
mothers themselves — who are far more likely to develop diabetes a decade or more
later — but also the risk for their children becoming obese is ten times greater than
normal. The Institute of Medicine (Rassmussen and Yaktine 2009), in their focus
on pregnancy outcomes, highlighted the importance of the mother’s pre-pregnancy
weight in predicting 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 adiposity in their 9-year-old offspring,
particularly in girls. At present there are no internationally collated data which would
specify the optimum levels of BMI in pregnancy and the prevalence of pregnancy
overweight and obesity, but Table 1.1 clearly shows that women under the age of 44
years have already extraordinarily high prevalences of overweight and obesity.

Current findings re-emphasis that there is a U-shaped curve in the benefits of having
babies born within the middle weight range — babies born too small, i.e. <2.5kg, have
a much greater risk of developing the metabolic syndrome as they gain weight later in
life but macrosomia (birth weights >4.5kg) is also a powerful predictor of early child-
hood obesity and the early incidence of diabetes. On this basis we should be regarding
the nutritional well-being of young women before and during pregnancy as one of the
highest public health priorities. So without early societal interventions we may well
see an intergenerational amplification of the problems of obesity and an escalating
incidence of much earlier diabetes, hypertension and cardiovascular disease which
will then become much more difficult to prevent as well as treat.

1.7 Childhood obesity

Childhood obesity was recognised 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 specifying, on a standard statistical basis relating to decades long studies
on childhood malnutrition, that a child was not really a problem in public health
terms until (s)he was outside the two standard deviation unit limits. These limits had
been set on the basis of data from a reference population which in practice had been
derived from a US population of bottle fed babies (WHO 1995). At that stage there
was no real focus by WHO on the obesity problem in children because there was still
pandemic malnutrition affecting many regions, if not the whole of the lower income
world. The International Obesity Task Force (IOTF) group therefore, aware that this
problem had not been considered sufficiently, developed an international classific-
ation system for overweight and obesity in children 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 representative data from six countries in the Americas,
Europe and Asia (Cole et al., 2000). It was then assumed that these percentile could
be used from aged 2 upwards on the basis that children usually grow according to
their percentile position in a population unless they are ill or becoming overweight
on a weight for height basis. Recently a simpler, more robust analysis of these
IOTF criteria of overweight and obesity have been published (Cole and Lobstein
2012) but now there are also new WHO criteria based in part on a remarkable 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 exclusively
breast fed with appropriate complementary feeding, immunisations, etc. and studied
for three years with similar babies monitored until they were 6 years old. A truly
‘standard’ growth curve for 0—5-year-olds could then be obtained. To the experts’
surprise the children’s growth in each country was almost identical and the vari-
ability in growth was exceptionally small and not influenced at all by their ethnic
background. These growth patterns are very different from those which apply on
a national basis in most countries and indicates the remarkable challenge in public
health terms to achieve these presumed optimum levels of growth. However, to these
standard data WHO then added adjusted data from the original US growth curves
to produce their ‘reference’ values (WHO 2007) which roughly correspond to the
IOTF BMI percentile vales of 25 and 30 when aged 18. These WHO reference
curves for children from 5 to 20 years of age have now been accepted by govern-
ments (de Onis 2013) even though paediatricians find them in practice unrealistic
and confusing (Cole and Lobstein 2012). Children with BMIs >1SD for their
age show a greater propensity to develop hypertension, higher insulin and uric
acid levels and other indices of insulin resistance (de Onis et al., 2013) so this is
clearly an unacceptable level of risk of what corresponds approximately to the BMI
overweight criteria.

When considering overweight and obesity in children one issue is whether they
grow out of their problem so that a finding of overweight can be considered tempor-
ary. For children over five years of age, being overweight incurs at least a 40% risk
of this overweight/obesity persisting into adult life, but by the mid-teenage years the
risk is increased to 60-75% (Power et al., 1997). Table 1.2 summarises an up-to-
date collation of both the prevalences and the huge numbers of both overweight and
obese children in different regions of the world using the latest IOTF classification
system. The different 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, overweight and obesity clearly becomes prominent in late adolescence
whereas in the Americas, Europe and even the Asian and Pacific regions the primary
school children are already showing marked prevalences of overweight. Furthermore,
when the absolute numbers are calculated it becomes clear that we are dealing with
hundreds of millions of affected children with no evidence of a lower prevalence
in later youth so there is also little evidence that children on a population level will
grow out of their problem. Indeed these adolescent children will soon amplify the
prevalences of overweight and obese young adults. Boys are particularly affected



Table 1.2 The prevalence and numbers of overweight and obesity in children in the preschool years aged
5-9yrs and secondary school 10-17 yrs globally

Region based on Overweight % | Obese % Total O/W number Obese Total: O/W+Ob
WHO classification O/W+0b % (thousands) (thousands) numbers (thousands)
M F M F M F M F M F M F
Africa
5-9yrs 7.9. 8.0. 2.6 1.0 10.5 9.0 4,630 | 4,519 1,508 580 6,138 5,099
10-13yrs 7.9 8.0 2.6 1.0 10.5 9.0 3,253 3,190 1,062 415 4,315 3,606
14-17yrs 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
5-9yrs 15.9 13.9 7.5 9.3 234. 232 6,272 5,274 2,976 3,533 9,249 8,807
10-13yrs 21.3 20.8 11.4 133 32.7 342 6,732 6,339 3,602 4,054 10,334 10,393
14—17yrs 18.7 18.7 13.7 13.1 324 31.8 5,907 5,716 | 4,346 | 4,020 10,253 9,736
Eastern Mediterranean
5—9yrs 33 4.1 43 5.1 7.6 9.2 1,153 1,365 1,502 1,698 2,655 3,063
10—13yrs 33 4.1 43 5.1 7.6 9.2 860 1,019 1,120 1,267 1,980 2,286
14-17yrs 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
5-9yrs 133 16.8 5.3 6.0 18.6 22.8 3,493 4,178 1,392 1,492 4,885 5,670
10-13yrs 19.7 18.1 52 55 24.9 23.6 4,168 3,648 1,096 1,111 5,264 4,759
14-17yrs 17.7 15.5 5.6 6.1 233 21.5 4,067 3,402 1,296 1,333 5,364 4,736
South East Asia
5-9yrs 12.6 12.6 53 3.9 17.9 16.5 11,707 | 10,936 | 4,940 3,385 16,647 14,320
10-13yrs 19.1 18.0 5.7 3.7 24.8 21.7 14,045 | 12,318 | 4,191 2,532 18,236 14,850
14-17yrs 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—9yrs 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—13yrs 10.2 9.1 5.3 3.5 15.5 12.5 5,695 4,377 2,965 1,668 8,600 6,045
14-17yrs 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 overweight group.
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Figure 1.3 Changes in childhood obesity prevalence over time.
Source: (a) Norton et al. 2006; (b) Wang and Lobstein 2006.

in the Asian/Pacific region whereas boys and girls elsewhere have roughly the same
prevalences; only in Africa is there a suggestion that the dominant problem is in girls.
Traditionally the focus has been on children over 3 years of age but there is now
evidence of a worrying prevalence of overweight and obesity in the under 5 age
group with increases in the prevalence of both high birth weight babies and obesity
in 1-5-year-olds. The majority of 1-5-year-old children with BMIs >1SD of the
new WHO limits are in lower income countries with marked increases in these
prevalences having occurred since 1990 (de Onis et al., 2010). The era when over-
weight and obesity in children emerged as a substantial issue is beautifully illustrated
by the re-analyses of the growth patterns of Australian children monitored in multiple
surveys throughout the twentieth century (see Figure 1.3). Numerous studies have
demonstrated that childhood obesity emerged as a major public health problem in the
early 1980s in affluent societies and then affected lower income countries about five
years later. This is roughly in parallel with the surge in adult overweight and obesity
prevalences so this must signify some major changes in the environmental factors.

1.8 Conclusions

Now the epidemic of obesity is predicted to be unsustainable in cost terms for any
society, however affluent. Not only will there be the obvious escalating health costs
but also the little-recognised indirect costs of work absenteeism. The major effect
of reduced productivity when at work as well as the need for early retirement will
also add immensely to the societal burden. It is therefore an exceptionally important
economic priority to identify the environmental factors responsible and then control
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or counter these factors on a society-wide systematic basis. It is to these issues that
the rest of this book is devoted
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2.1 Introduction

Obesity remains a global public health challenge with unquestionable impacts at
all levels of society (Swinburn ef al., 2011). Although excess weight accumula-
tion affects people of all ages, races, ethnicities, and income levels, available data
from countries worldwide generally reflect disparities in obesity prevalence. These
disparities may in part be a function of environmental determinants of obesity, which
influence population subgroups differently. In the United States (US), for example,
some evidence suggests that low-income and racial/ethnic minority populations are
disproportionately exposed to environments that promote excess energy intakes or
limit physical activity. Such factors may partially explain disproportionate rates of
obesity in these populations (Sallis and Glanz, 2009). A growing understanding of the
environmental determinants of obesity has led to an increased focus on environmental
and policy-oriented obesity-prevention efforts, which may reduce overall obesity
prevalence and help close disparities.

The US Institute of Medicine’s 2012 report Accelerating Progress in Obesity
Prevention (APOP) (IOM, 2012) synthesized the best available evidence and issued
recommendations for environmental and policy-oriented obesity-prevention efforts.
The report identified strategies that had demonstrated potential, to varying degrees,
for rapidly stemming the epidemic. Figure 2.1 provides a visual summary of the areas
on which the report focused.

Using the APOP report’s findings as a guiding structure, this chapter stresses
evidence-based approaches for preventing obesity through community-, social-, and
policy-level strategies, which offer particular promise for broad-scale population
impact. It also touches upon emerging approaches still being tested. While primary
and secondary prevention of obesity is the main focus of this chapter, many of these
strategies may also benefit those who are already obese. Individual-level efforts,
including more intensive approaches to treatment of obese individuals, are deferred to
later chapters.

Managing and Preventing Obesity. http://dx.doi.org/10.1533/9781782420996.1.31
Copyright © 2015 Elsevier Ltd. All rights reserved.
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Figure 2.1 Five interacting environments for obesity prevention. Reprinted with permis-
sion from Accelerating Progress in Obesity Prevention: Solving the Weight of the Nation,
2012, by the National Academy of Sciences, courtesy of the National Academies Press,
Washington, D.C.

2.2 Physical activity strategies

Decreasing physical activity (PA) is one factor underlying the increase in obesity
prevalence worldwide. While the concept of ‘physical activity’ commonly conjures
recreational exercise and sport, the majority of activity energy expenditure (AEE)
is in fact attributable to routine activities like work, transportation, and household
chores. As countries develop economically, shifts in these daily activities represent
the primary decreases in PA; for example, employment tends to shift from physical
to sedentary work, and active transit decreases as people gain access to automobiles
(Ng and Popkin, 2012). Comprehensive strategies to increase AEE incorporate efforts
to increase PA in these routine activities of daily living in addition to addressing
recreation and exercise (Sallis and Glanz, 2009).
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The built environment — that is, the physical structures in which people perform
their daily activities — is a key determinant of PA. For example, structures like side-
walks and bike lanes, or traffic-calming mechanisms that make those structures safer
to use, increase the likelihood that people will bike or walk to work or school rather
than commuting in automobiles (Boarnet et al, 2005). Enhancements to public
transit, to which commuters must typically 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 principally use cars (Edwards, 2008). Zoning laws and urban planning practices
may also help promote PA. For example, mixed commercial and residential designs
increase the likelihood that residents will actively commute to do shopping or other
tasks (Ding et al., 2011). Recognizing such potential, the US’s 2010 National Physical
Activity Plan recommended that new building projects include Health Impact
Assessments, which help ensure that new developments facilitate rather than impede
PA (NPAPCC, 2010).

Increasing access to safe recreational spaces may also increase leisure-time PA,
particularly among children in low-income communities where such spaces tend to
be limited (Gordon-Larsen et al., 2006). Governments may promote development of
recreational facilities by offering economic incentives (IOM, 2009). Other strategies
facilitate utilization of existing spaces. Shared-use agreements, for example, can
increase PA by allowing children and community organizations to access schools or
other public facilities during off-peak hours (Lafleur et al., 2013). Potential levers for
encouraging shared-use practices include mandating partnerships between schools
and recreational groups and reforming liability laws for school districts that particip-
ate in shared-use agreements; however, the effectiveness of such approaches requires
further research (I0OM, 2012).

Expanding access to recreational facilities may require complementary efforts to
make using those facilities safe and easy to use. For example, increasing lighting or
police presence can make spaces safer and, in turn, drive utilization (Heath, et al.,
2006). Sport and recreation programs may also increase PA, particularly when they are
tailored to the needs and preferences of the target population (Ransdell, et al., 2009).

2.3 Food and beverage strategies

Individuals’ dietary behaviors — controlling portion sizes, for example, or choos-
ing nutrient-dense foods like fruits and vegetables over foods high in added fats
and sugars — play an important role in determining their weight status (USDA and
DHHS, 2010). However, shifting dietary behaviors at the population level requires
attention not only to individuals, but also to the food and beverage environments they
occupy. Efforts to improve food and beverage environments may include strategies to
increase access to nutrient-dense products or to reduce access to energy-dense foods
and beverages.

Government entities can have a direct and powerful influence on the food envir-
onment by setting strong nutrition standards for foods and beverages available
in schools and other public facilities. Efforts to restrict access to sugar-sweetened
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beverages (SSBs) in such facilities hold particular promise for obesity-prevention,
given the strong evidence 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 percentage of children consuming sugary drinks as well as the
total calories children consume (Levy et al., 2011). Evidence also supports the effect-
iveness of expanding access to healthier options. For example, increasing the number
of water fountains in schools has been shown to reduce the incidence and prevalence
of obesity (Muckelbauer et al., 2009).

The types of foods and beverages available to consumers in the broader retail space
are also important predictors of dietary behavior. Consumers who live in areas with
greater access to healthy foods, like fruits and vegetables, tend to have higher-quality
diets than consumers with comparatively lower access (Larson et al., 2009), while
those with high access to convenience stores and fast-food restaurants, where healthy
options are often not available, tend to have lower-quality diets (Boone-Heinonen
et al., 2011). In the US, insufficient access to healthy foods, and abundant access to
less healthy options, tends to be particularly common in low-income and minority
communities and may therefore perpetuate disparities in obesity prevalence (Larson
et al., 2009).

Zoning or tax policies may encourage expansion of food retailers, like grocery
stores, into such environments, or, conversely, prevent expansion of fast-food outlets
or other retailers deemed less healthy. However, the impact of such efforts on obesity
prevalence is unclear. Some evidence suggests that increasing physical access to
healthier foods will only impact consumption if combined with efforts to promote
and ensure the affordability of those options (I0M, 2012).

Other strategies may impact consumption by increasing prices of unhealthy foods
or reducing prices of healthy items. For example, some research estimates that taxes
on SSBs would substantially decrease consumption of these beverages (Wang ef al.,
2012a), though the extent to which such policies would reduce overall caloric intakes
and obesity requires further research. The impact of government agricultural policies
on food production patterns and food prices have likewise been scrutinized; some
experts have argued, for example, that government subsidies for commodity crops
like corn and soybeans contribute to obesity by depressing prices of energy-dense
processed foods (Wallinga et al., 2009). However, others note that government
subsidies represent a small proportion of the retail food dollar and that their impact
on consumer behavior is therefore limited (Alston ef al., 2008).

2.4 School strategies

Public-health recommendations in the United States and worldwide place priority on
obesity-prevention efforts targeting children. Since childhood weight status tends to
track into adulthood (Serdula ef al., 1993) and prevention is favored over treatment,
aggressive efforts are needed to reverse the population-level energy imbalance under-
lying the childhood obesity epidemic (Wang et al., 2012b). Schools are a particularly
important focal point for obesity-prevention efforts; in the US, children spend up to
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half of their time in school and consume on average about 35% of their daily calories
there (Briefel et al., 2009). Given that children’s attendance in school is mandated by
law in the US and most other developed countries, the potential reach of school-based
efforts, particularly state- or national-level policy changes, is considerable.

2.4.1 School foods

Nutrition standards for the National School Breakfast and National School Lunch
Programs have been developed in the US. One study found that individual states
with more stringent school nutrition requirements demonstrated less disparity in the
prevalence of obesity among school-lunch participants versus nonparticipants (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 beverage-related messaging and advertising in schools have also come
under scrutiny, given their potential to influence purchase and consumption patterns
in children (IOM, 2005). Despite some evidence of a decreased presence of food/
beverage commercial messages in schools, a majority of students in the US remain
exposed to at least some messages (Terry-McElrath et al., 2014).

2.4.2 School physical activity

While US public-health recommendations suggest that children should accrue at
least 30 minutes of daily PA in school (IOM, 2013), children generally fall far short
of that goal. Efforts are underway to increase opportunities for quality PA through
a variety of creative strategies. One review study found that recess provided up to
40% of children’s total daily PA time, though the amount of active recess time varied
considerably by the population studied (Ridgers et al., 2006). Some research has
suggested that levels of PA during recess can be increased through provision of PA
equipment, activity zones, or trained recess staff (Verstraete et al., 2006). Short activ-
ity breaks built into class time may further increase opportunities for in-school PA
without reducing classroom time (Mahar et al., 2006).

2.4.3 Nutrition/health education

The current level of nutrition education provided in schools is limited, on average
reaching just five hours per year in the US (Kann, 2007). By comparison, nutrition
experts recommend more intensive and comprehensive approaches, given evidence
that at least 50 hours per year of nutrition education are required to facilitate beha-
vior change (Briggs, 2010). It is recommended that state and local education agencies
ensure the implementation and monitoring of sequential food literacy and nutrition
science education, spanning grades K-12, based on authoritative food and nutrition
recommendations (IOM, 2012).
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2.5 Healthcare and workplace strategies

The healthcare community, including individual clinicians and health institutions,
play an important role in preventing and treating obesity. For example, a US survey
showed that overweight adults were more likely to be aware of their weight status
and also to have attempted weight loss if their physicians had discussed their weight
status with them (Post et al., 2011). However, this same study found that fewer than
half of overweight patients and one-third of obese patients had been told by their
physicians about their weight status. Other research in pediatric settings has found
that only 50% of pediatricians and 22% of general practitioners used BMI-for-age to
screen for obesity at every well-child visit (Wethington et al., 2011).

Training physicians and other health professionals to properly diagnose overweight
and obesity, and to effectively counsel both overweight/obese and healthy-weight
patients on healthy eating and PA, may enable such practitioners to promote healthy
weight in their patients (DHHS, 2010). Effective counseling of pregnant women
and new mothers also has the potential to impact childhood obesity; healthy preg-
nancy weight gain (Rasmussen et al., 2009) and breastfeeding practices (Monasta
et al., 2010), for example, have both been associated with decreased likelihood of
later childhood obesity (DHHS, 2011). At the institutional level, hospitals and other
healthcare providers can also develop strong nutrition standards for the foods made
available in their facilities. These policies may influence not just immediate but also
longer-term dietary behaviors, since consumers tend to perceive items served in
healthcare environments as being healthy (Sahud et al., 2006).

Insurance providers also play an important role in enabling and motivating patients
to achieve or maintain a healthy weight. For example, providers may make no- or
low-cost obesity-prevention programs available to all subscribers or ensure obesity-
prevention and obesity-treatment programs are covered under patients’ policies. Since
obese individuals in the US generate greater healthcare costs per year than do healthy-
weight individuals, such efforts may ultimately be win-win propositions that both
serve patients’ health interests and reduce longer-term costs of care (Dietz et al., 2007).

Worksite-based obesity-prevention efforts offer the potential to reach a large propor-
tion of the adult population and, like insurer-based policies, may benefit both employ-
ers and employees. Programs that increase access to healthy foods at worksites, for
example, have been shown to favorably impact employees’ dietary intakes (Backman
etal.,2011), and worksite-based nutrition and PA programs appear to promote improve-
ments in employee weight status (Anderson ef al., 2009). Such programs have the
potential to yield positive returns on investment for employers, since healthy-weight
employees tend to have not only lower healthcare costs but also lower absenteeism and
higher productivity than do overweight and obese employees (Goetzel ef al., 2010).

2.6 Messaging strategies

Evidence suggests that high volumes of advertising exposure among children (Harris
et al., 2009) may impact their health behaviors and weight status. For example, a
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2005 Institute of Medicine report found strong evidence of a longitudinal associ-
ation between exposure to food advertising and adiposity in children and adoles-
cents (IOM, 2005). Given commercial rights to free speech, most efforts to address
food advertising to date have entailed industry self-regulation programs, such as the
Children’s Food and Beverage Advertising Initiative (CFBAI) in the US. Results
have been somewhat successful for companies that have signed on to participate.
However, enforceable standards that restrict marketing to children may be required
for widespread impact (Terry-McElrath et al., 2014).

Conversely, promoting healthful behaviors is an important strategy to counteract
and displace unhealthy messages and marketing. Social marketing campaigns, which
apply commercial marketing techniques to achieve socially desirable outcomes, have
been shown to have a moderate effect on nutrition and PA behaviors (Wakefield et al.,
2010). The VERB campaign is an example of a social marketing effort that positively
influenced PA outcomes in children, with results that persisted into the adolescent
years (Huhman et al., 2010).

There is some evidence from controlled studies that labeling menus with calorie
information may reduce the number of calories purchased and consumed, but evid-
ence in real-world settings is more mixed and requires further investigation (Swartz
etal.,2011).

2.7 Conclusion: integrating approaches

Interventions focused on the above-noted domains individually appear to have an
impact. Multilevel strategies may have further synergistic effects. Recognition of
interrelatedness between factors influencing obesity has motivated a shift toward
community-level obesity-prevention interventions, through which multiple stake-
holders and systems can be brought into play with relatively high levels of control
(Economos and Tovar, 2012). Such interventions serve as models for what can be
accomplished at the state, region, province, and country levels with sufficient lead-
ership and engagement. A 2013 systematic review synthesizing emerging findings
from multi-level, community-based childhood obesity-prevention studies assessed
the current strength of evidence supporting such efforts as ‘moderate’ (Bleich ef al.,
2013). One successful example is Shape Up Somerville (SUS), a community-
engaged intervention that aimed to reduce undesirable weight gain among children
by implementing multilevel changes to promote healthy eating and physical activity.
Evaluation of SUS found decreases in BMI z-scores over two years among children
in the intervention community compared to control communities, as well as decreases
in the prevalence, and increases in remission, of overweight/obesity among both boys
and girls (Economos et al., 2013). Further findings include reduced consumption of
SSBs, increased participation in organized sports and physical activities, and reduced
screen time in intervention children compared with controls (Folta et al., 2013).
Future work should not only take into account the effectiveness of single environ-
mental or policy strategies, but also use systems methodologies to address how the
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most promising strategies fit together and reinforce each other’s effectiveness (IOM,
2012). Implementation of multi-level, multi-sector strategies will require engagement
at all levels of society, including individuals, households, communities, the public
sector, the business community and private sector, healthcare, worksites and employ-
ers, and citizens and civic organizations. These interrelated and mutually-influencing
groups must all be engaged to achieve collective action and maximize impact.

2.8 Sources of further information and advice

The following resources provide additional information on evidence-based strategies
for obesity prevention, with a particular emphasis on environmental and policy
approaches:

www.activelivingresearch.org

www.healthyeatingresearch.org
www.gov.uk/government/publications/reducing-obesity-future-choices
www.iom.edu/Reports/2012/Accelerating-Progress-in-Obesity-Prevention.aspx
WWww.nccor.org/
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3.1 Introduction

A confluence of factors based on scientific findings over the past two decades have
led to a growing greater concern about the role of sugar in our diet, particularly
in beverages. At the same time, there appears to be an increasing push to promote
sugar in both foods and beverages globally and certainly there are large increases in
consumption of sugar-sweetened beverages (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 potential health effects
(Yudkin, 1964, 1972). Similarly, sugar has had a long complex role in global history
(Mintz 1979, 1986). However, it is more recent developments that have led to much
greater attention to sugar as it has affected the risk of obesity.

The path breaking work of Mattes and Rolls have been particularly important in
highlighting a major issue — we do not adequately compensate by reducing food
calories when we consume beverage calories (Mattes, 1996, 2006; DiMeglio and
Mattes, 2000; DellaValle et al., 2005, Flood et al., 2006). This led to dozens of
clinical and epidemiological studies and finally to a series of randomized, controlled
clinical trials in adults and adolescents.

At the same time Bray et al. (2004) and Havel (Elliott ef al., 2002) first raised
concerns that dietary fructose was metabolized primarily in the liver and in contrast
with glucose might have important detrimental effects of lipogenesis in this organ
(Bray et al., 2004; Bray, 2007, 2010). This early work showed that the rise in the
consumption of high fructose corn syrup paralleled the increase in obesity and
provided a significant amount of free fructose in the diet. It speculated that the
consumption of high-fructose corn syrup (HFCS) in beverages may play a role in the
epidemic of obesity. HFCS in sugar-sweetened beverages might also play a role in
the risk for diabetes and other cardio metabolic problems. 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
metabolic threat.

In the following sections of this paper, we review the current patterns of use
and consumption of sugar in food and particularly SSBs, the biological effects of
fructose and sugar, and knowledge about the health effects of sugar-sweetened
beverages.

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 ingredients and can
figure out the food items that contain caloric sweeteners. Then we proceed to
present data for a few countries on trends in consumption of sugar-sweetened
beverages (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 nutrition facts panels and full ingredient lists to identify all foods and the
calories from these foods and beverages with and without caloric sweeteners
(Ng et al., 2012). Of the 85,451 uniquely formulated foods purchased during
20052009 (sold in many different package sizes), 74% contain caloric sweeteners
(68% with caloric sweeteners, 6% with both caloric and non-caloric sweeteners).
Caloric sweeteners are in >95% of cakes/cookies/pies, granola/protein/energy bars,
ready-to-eat cereals, sweet snacks, and sugar-sweetened beverages. Across unique
products, corn syrup is the most commonly listed sweetener, followed by sorghum,
cane sugar, high fructose corn syrup and fruit juice concentrate. Also, 77% of all
calories purchased in the US in 2005-2009 contained caloric sweeteners. Figure 3.1
provides the trends over this period in proportion of calories from beverages with
caloric sweeteners.

Generally speaking, there are no data on added sugar in the food supply of
most countries. The United States estimates this using a complex estimation proced-
ure but does this based on recipes rather than using ingredients (Westrich et al.,
1994, 1998; U.S. Department of Agriculture, 2012). Furthermore, in the US, fruit
juice concentrate, is recognized and used as a caloric sweetener; however, fruit
juice concentrate used as a sweetener is not measured as one in neither the USDA
calculations of added sugars [termed the MPED (My Pyramid Equivant Database)]
nor national aggregates of consumption of sweeteners (U.S. Department of
Agriculture, 2012). Yet this study shows that fruit juice concentrate is used as a
sweetener in 7% of the 85,451 unique consumer packaged goods (CPG) products, and
is used frequently in juices, sugar-sweetened beverages, diet sweetened beverages,
salad dressings, yogurt, granola/energy bars, ready-to-eat cereals and baby food. It
is also the fifth most commonly listed sweetener. We included fruit juice concentrate
in our analysis
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Figure 3.1 Total calories and volume of consumer packaged food and beverages purchased
in the United States containing caloric sweeteners (CS) and non-caloric sweeteners (NCS),
2005-2009 (%).

Sources: Nielsen Homescan 2005-2009, Gladson Nutrition Database 2007 and 2010

Ng et al. (2012). Copyright © 2012, with permission from Elsevier

3.2.2 The sweeteners provided by beverages

Globally there looks like a marked shift toward marketing sugar-sweetened bever-
ages mainly in low and middle income countries and promoting noncaloric or diet
beverages in higher income countries (Kleiman et al., 2011). We explored patterns
and trends of carbonated soft drinks and other beverages. In one case study using the
two largest and most influential producers of sweetened beverages, the Coca-Cola
Company and PepsiCo, who together control 34% of the global soft drink market, we
examined their product portfolios globally in three critical markets (the US, Brazil,
and China) from 2000 to 2010 (see Figure 3.2). On a global basis, total revenues
and energy per capita sold increased, yet the average energy density (kilojoules per
100 milliliters) sold declined slightly, suggesting a shift to lower-calorie products.
In the US, both total energy per capita and average energy density of beverages sold
decreased significantly, while the opposite was true in the developing markets of
Brazil and China, with total per capita energy increasing greatly in China and, to a
lesser extent, in Brazil (see Figure 3.2).

What is most striking in looking at countries across the globe (unreported results)
is that in the US and selected European countries diet and low caloric sweetener
beverages increased as a proportion of sales. Among high income countries UK and
US data stand out as showing the largest shift toward increased use of low calorie or
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Figure 3.2 Trends 2000-2010 in calories 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.)

diet beverages with mainly non-nutritive sweeteners, although there is a new category
of beverages emerging that combine caloric and diet sweeteners (Piernas C, 2013).
In both the UK and the US we have seen marked increases in consumption of diet
beverages (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 beverages (Kleiman et al.,
2011). For example US adults averaged 176 ml/day of diet beverages in 2007—8 while
US children averaged 43 ml/day in the same year. Among higher income countries,
only South Korea seems to have emerged from the last three decades with a very low
intake of sugar-sweetened beverages (Lee, 2012). In contrast in both Europe among
adolescents 13—16.9 years (e.g., 227 kcal/d) and in the US and UK, we have found
very high levels of intake (Duffey ef al., 2011; Ng et al., 2011).

The most striking change is the huge increase in sugar-sweetened beverages across
low income countries. We only have trends data for limited countries such as Mexico
at the individual level and China and Brazil at the aggregate level. In Figure 3.3 we
show for China and Brazil the shift upwards in sales of these beverages by the two
major global SSB companies — PepsiCo and Coca Cola — in the past decade. These
increases are also seen in studies on individual intake in Brazil.

Elsewhere we have presented data which have explored in depth trends in caloric
beverage intake for Mexico (Barquera ef al., 2008, 2010). In these studies we found
Mexicans consumed over 21% of daily calories from beverages. For children, whole
milk dominated along with sugar-sweetened beverages and juices with added sugars
while the latter two dominated with adults. These results showed a doubling of calor-
ies from 1999-2006. More recently we have examined trends in sales of SSBs in
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Mexico from 1999 to 2011-12 and find intake has increased over time. Commercial
data show sales of sugar-sweetened beverages of $66/capita/yr in 1998 that almost
quadrupled to $240/capita/yr in 2011. The increase actually accelerated in the
2005-11 period over the earlier period.

3.3 Biological mechanisms for some effects of sugar
in beverages

Water is an essential component of the human body, and the thirst mechanism is
designed to provide information about bodily needs for water. Human preferences for
sweet tastes has led to a profusion of beverages in which sugar and related sweeten-
ers were added to make them more palatable. For a long time, the sugar in beverages
was viewed as similar to sugar added to solid foods. A revolution in our thinking
has occurred in the past several decades as we learned that beverage calories were
not completely compensated for by reducing 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 calories in beverages are in the form of a fat, protein or
carbohydrate, we now know that caloric compensation is incomplete (Mourao et al.,



50 Managing and Preventing Obesity

2007). Over the past 50 years there has been a marked shift in our consumption of
added sugar from foods toward beverages. Added sugar in solid food was relat-
ively constant from 1977-78 until 2003—4 while sugar added in beverages increased
remarkably (Duffey and Popkin, 2008). Furthermore, as noted earlier, much of this
was represented by an increase in sugar sweetened beverages, fruit drinks and fruit
juices. This resulted in an extensive literature that has explored both the mechanisms
and effects of consuming these beverages.

The mechanisms 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
beverages with extensive sugar on our entire metabolism and ultimately our health.
Figure 3.4 lays out some of the mechanisms. One recent animal study provides in
an animal model one potential pathway — namely that fructose produces a smaller
increase in satiety than glucose; however this hypothalamic brain signal pathway
would need to be followed with human studies to understand the implications of this
research for humans (Page et al., 2013).

In addition to the effect of passive overconsumption of calories in beverages,
because there is inadequate compensation by reducing other foods there is concern
that the fructose in beverages which comes from the fructose or high fructose corn
syrup may have additional detrimental effects. A new and emerging literature, first
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Figure 3.4 Model showing some potential consequences of increasing fructose and energy
intake from sugar or high fructose corn syrup in beverages.
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pushed by Bray et al., (2004), has focused on the fructose in sugar and high fructose
corn syrup as having separable metabolic consequences, from the glucose which also
comes in sugar and HFCS. Fructose intake may affect cardio metabolic health as well
as the liver and kidney.

Several short term clinical studies have provided insights into the metabolic
consequences of ingesting fructose in sugar-sweetened beverages. Schall and Cohen
showed in early studies comparing fructose, glucose, and sucrose that it is the
fructose alone or in sucrose that increased triglycerides following a meal, but
not glucose (Cohen and Schall, 1988). In another study there was an increase in
body weight, blood pressure and inflammatory markers; in another an increase
in triglycerides levels, particularly at night, a stimulation of de novo lipogenesis
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 beverage increased liver fat, visceral fat, and
triglycerides over the six months of beverage intake (Maersk et al., 2012). This
study suggests that consuming two 16 ounce sugar-containing beverages per day
for six months can mimic many of the features of the metabolic syndrome and
the non-alcoholic fatty liver disease (Maersk et al., 2012). Many others have added
to this literature that shows impact of fructose in initiating liver dysfunction and
possibly leading to non-alcoholic fatty liver disease and the metabolic syndrome
(Aeberli et al., 2011).

Although studies on sugar sweetened beverages have shown in adequate caloric
compensation this same conclusion, it applies equally to fruit juice. When sugar is
consumed in solid food, caloric compensation appears to occur, but the effects of
fructose are still present. It is the calories and fructose provided by HFCS and sucrose
(table sugar) that create the cardio metabolic effects. Part of this metabolic response
may be the fact that fructose, unlike glucose, does not stimulate insulin secretion or
enhance leptin production.

3.4 Randomized clinical trials and longitudinal cohort
studies link intake of sugar-sweetened beverages to
the risk of obesity

Three recent publications — two randomized controlled trials (RCTs) and one longit-
udinal study — strongly suggest that calories from sugar-sweetened beverages do
enhance weight gain. The two most noteworthy are the Boston (Ebbeling et al.,
2012) and Amsterdam (de Ruyter et al., 2012) studies among children. In a study
conducted in Boston, Ebbeling and colleagues showed that interventions designed
to reduce consumption of sugar-sweetened beverages reduced weight gain mainly in
the Hispanic subgroup of adolescents. After one year the control group in the Boston
study gained significantly less weight than the group receiving the sugar-sweetened
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beverages. When the intervention was discontinued, the benefits on weight gain
disappeared during an additional year of follow-up. A second randomized clinical
trial was conducted on adolescents in The Netherlands. This study by de Ruyter and
colleagues was unique in its double-blind design, large sample of normal-weight
schoolchildren from 4 years 10 months to 11 years 11 months of age, and measure-
ment of sucralose in urine as an additional compliance marker. One limitation was a
26% dropout rate. Nevertheless, the results clearly show that masked replacement of a
sugar-containing beverage (104 kcal) with a sugar-free beverage significantly reduced
weight gain and fat accumulation in normal-weight adolescents. This study went
further than the Boston study and provided either 250 ml of low caloric sweetened
beverage or a sugar-containing beverage providing 104 kcal to 641 youths over an 18
month period. The BMI, weight, and skinfold-thickness and fat mass showed signific-
antly less increase in the low caloric beverage group. A third six-month randomized
clinical trial in adults study had three treatment groups — low calorie beverage, water
and normal beverage intake. It found a significantly greater likelihood of a 5% weight
loss among the first two groups compared to the normal beverage 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 ef al., 2012) examined the interaction between the
intake of sugar-sweetened beverages and a genetic-predisposition score that was
calculated on the basis of 32 body-mass index (BMI) loci associated with obesity in
women and men from two large prospective cohorts and in an independent replica-
tion cohort. This study provides strong evidence that there is a significant interaction
between an important dietary factor — intake of sugar sweetened beverages — and a
genetic-predisposition score, obesity, and the risk of obesity. But since they used a
score calculated from multiple genetic variants, it is difficult to apply this to indi-
viduals.

Several meta-analyses have been undertaken on the effects of sugar-sweetened
beverages on weight gain and risk of obesity. All were conducted prior to the random-
ized clinical trials described above. Two highlighted an important issue — the role
of source of funding in affecting the results (Lesser et al., 2007; Vartanian et al.,
2007). Hu and colleagues conducted a meta-analysis evaluating change in BMI per
one-serving increase of sugar-sweetened beverages per day and found a significant
positive association between beverage intake and weight gain (0.08, 95% CI: 0.03,
—0.13kg) (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 mediating role of sugar-sweetened beverages on
caloric intake, many studies that control for SSB energy intake are likely to provide
misleading results. In studies in adults, the effect was strongest in larger studies with
longer durations of follow-up that used robust dietary assessment methods such as
food frequency questionnaires 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 epidemiological work has been undertaken. Cross-sectional
studies are not optimal because of the high potential for intractable confounding
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and reverse causation. Prospective cohort studies tend to provide the most robust
evidence despite a large degree of diversity between studies in terms of outcome
measurements, size and duration of follow-up. Therefore greater emphasis should
be placed on larger studies of longer duration which are better powered to detect an
effect. In this literature, the longest and largest studies (Schulze ef al., 2004; Palmer
et al., 2008) show stronger and more consistent associations compared to smaller and
shorter studies (Kvaavik ef 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 consumption of sugar sweetened beverages
was associated with a greater magnitude of weight gain. After adjustment for poten-
tial confounders, women who increased their beverage consumption from 1991 to
1995 and maintained a high level of intake gained on average 8.0kg 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 literature on
sugar-sweetened beverages, and there have been no randomized clinical trials. The
limited set of studies suggests that fruit juices are associated with the same cardio
metabolic and weight problems as the sugar-sweetened beverage and provide virtu-
ally no health benefits except in unique, rare circumstances (Bazzano et al., 2008;
Sanigorski et al., 2007; Mueller et al., 2010). Fruit juice is the new focal point for
some countries. As found in one study (Ng ef al., 2012), fruit juice concentrate is not
subject to the same trade barriers and quotas as other sugars and carries a natural,
healthy aura. Thus a large number of sugar-sweetened beverages are now sweetened
with fruit juice concentrate, and fruit juices themselves are being pushed very hard as
a natural healthy drink. In fact, in this same study, an exploration of detailed ingredi-
ents in the 400,000-plus products sold by consumer packaged goods companies in
the United States found that 31% of sugar-sweetened beverages contained fruit juice
concentrate and even 29% of so-called diet-sweetened beverages contained fruit juice
concentrate.

3.6 Future trends

Scientific evidence of the adverse effects of sugar-sweetened beverages on weight
gain and risk of obesity will increase steadily as more and more randomized
controlled trials and other studies on this topic are completed. The mechanisms
behind the effect of sugar-sweetened beverages on body weight and cardio metabolic
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 particularly problematic when consumed as a beverage.
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The food industry might begin to try to find ways to use glucose and other caloric
sweeteners that are low in fructose but this will not affect the relationship between
body weight sugar-sweetened beverages but might minimize some of the related
cardio metabolic effects. However this is not the preferred option and the public
health and medical community will increasingly promote water as the key hydrating
beverage.

Limiting intake of SSBs is seen as the simplest first step in addressing global
obesity. Several dozen countries have banned sugar-sweetened beverages in schools
and a smaller number have banned fruit juice. A few countries have also limited
use of mass media to promote sugar-sweetened beverages, particularly on TV.
Importation is even limited in selected countries. In the public health world there is
close to universal acceptance in the Americas and Europe of the need to limit sugar
sweetened beverages. This is spreading to the Middle East and Africa and slowly to
Asia. Ministries of Health in Israel, the Gulf States, selected Western European coun-
tries and elsewhere have promoted taxes on sugar-sweetened beverages. In the future
we expect to see some successful taxes implemented and other regulations such as
the portion size implemented in NYC focused on reducing intake of sugar-sweetened
beverages. It will take many years before there is adequate evidence and successful
education to begin to reduce fruit juice intake the way the push for sugar-sweetened
beverage limitations are taking hold globally.

3.7 Sources of further information and advice

Knowledge is growing most rapidly in this area so there is no one reference book that
will suffice. For data on sales country by country and by major beverage and food
companies, there is the Euromonitor International data base (Euromonitor, 2011).
Individual country data come from various individual dietary intake surveys. A useful
scholarly work on sugar, its sources, roles, and health effects is Goran (2014).
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4.1 Introduction

Fruit and vegetables (FV) are important sources of phytochemicals (Liu, 2003),
dietary fiber (Slavin, 2005), and low energy density (Drewnowski et al., 2004), and
their consumption may be protective 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 potential benefits of FV consumption on human health, rates of
FV intake remain low throughout the world. This chapter reviews studies published
in the past ten years on the effect of FV intake on weight management in obesity
prevention research. Recommendations for future research on fruit, vegetable, and
weight outcomes are offered.

4.2 Importance of fruits and vegetables (FV)

FV are essential components of a healthy diet. Increasing FV consumption reduces
risk of hypertension, coronary heart disease, stroke, and other chronic diseases
(Boeing et al., 2012), and may protect against obesity (Alinia et al., 2009; Boeing
etal.,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 recommended daily consumption of 400 grams of FV,
not including starchy tubers (World Health Organization, 2003). Unfortunately, 78%
of respondents from 52 countries did not meet this recommendation in 2002-2003
(Hall et al., 2009).

Many FV properties, including micronutrients and non-nutritive food constituents,
make FV beneficial to promoting health and preventing chronic diseases (Boeing
et al., 2012). Some properties have been specifically linked to weight manage-
ment and obesity prevention, including phytochemicals (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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Copyright © 2015 Elsevier Ltd. All rights reserved.



60 Managing and Preventing Obesity

4.2.1 Phytochemicals

Phytochemicals, or ‘plant chemicals’, are bioactive non-nutrient plant compounds
that provide a range of activities from inhibiting cancer cell proliferation to protecting
against oxidative damage that prevent cardiovascular disease and multiple cancers
(Gullett et al., 2010; Heber, 2004; Johnson, 2007; Liu, 2003, 2004; Surh, 2003). For
example, lycopene, found in cooked tomatoes, has antioxidant properties linked to
decreased risk of some cancers (Heber, 2004). More than 5,000 phytochemicals have
been identified, and many are still unknown (Liu, 2003).

Some phytochemicals (e.g., f-carotene, f-cryptoxanthin) have been linked to
obesity prevention, although the evidence is not as strong (Mirmiran ef al., 2012;
Murthy et al., 2009; Tucci, 2010; Vincent et al., 2010; Williams et al., 2013). Higher
dietary phytochemical indexes and some phytochemicals showed potentially prom-
ising effects on appetite and weight control (Mirmiran ef al., 2012; Tucci, 2010). For
example, pinolenic acid, found in Korean pine nuts, may suppress appetite by trigger-
ing release of the satiety hormone cholecystokinin (Pasman ez al., 2008; Tucci, 2010).
Research is needed to determine mechanisms, magnitude of effects, and confounders
in the relationship between phytochemicals and weight.

4.2.2 Fiber

Fiber has been strongly linked to reduced risk of coronary heart disease, stroke,
hypertension, diabetes, and obesity (Anderson et al, 2009; Slavin, 2005). Fiber
includes both dietary and functional fibers. The former are the indigestible carbo-
hydrates and lignin intrinsic in plants (e.g., fructans in foods), while the latter are
the isolated, indigestible carbohydrates that physiologically benefit humans and are
added or provided as supplements (e.g., isolated, manufactured, or synthetic oligosac-
charides) (Anderson et al., 2009; Slavin, 2005). Based on recommendations from the
Institute of Medicine of the U.S. National Academy of Sciences, adequate total fiber
intake ranges from 19-38 grams per day depending on age, gender, and energy intake
(Anderson et al., 2009; Institute of Medicine, 2005; Slavin, 2005). However, fiber
intake was consistently 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 increasing satiety
(Anderson et al., 2009; Babio et al., 2010; Slavin, 2005), especially with diets high
in fruit, vegetables, nuts, legumes, and whole grains. This link was strongly suppor-
ted by observational and epidemiological studies, although experimental and clinical
trials had mixed findings (Babio et al., 2010). The mechanisms 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 measured
as kilocalories per gram or kilojoules per gram (Drewnowski et al., 2004; Ledikwe
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et al., 2006; Pérez-Escamilla ef 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 calories. Diectary
fiber also decreases energy density by adding weight, but little energy. Dictary 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 influence satiety, energy intake, and weight management (Drewnowski
et al., 2004; Ledikwe et al., 2006; Pérez-Escamilla et al., 2012; Rolls et al., 2004).
Laboratory and clinical studies showed a positive association among dietary energy
density, energy intake, and weight gain in both adults and children (Drewnowski
et al., 2004; Pérez-Escamilla et al., 2012), but longitudinal research is needed to
strengthen these findings (Drewnowski et al., 2004).

4.3 FV and obesity prevention

Many obesity prevention interventions have targeted FV intake. This section investig-
ates the extent to which FV intake increased and enhanced obesity prevention.

4.3.1 Literature search methods

We searched electronic databases of Medline, CINAHL Plus with Full Text, and
PubMed for English-language, peer-reviewed journal articles on FV and obesity
prevention. Per editors’ request, only articles published within the last ten years were
included. Search terms included fruit, vegetable, and variations of obesity prevention
terms (e.g., weight management). We also examined references of included articles
for additional studies.

Inclusionary criteria were (a) written in English, (b) peer-reviewed research article
published between 2003 and April 2013, (c) include FV consumption as a compon-
ent of the program, and (d) present weight-related and FV findings on an obesity
prevention or healthy weight management program. Studies were excluded if they
(a) presented findings from an obesity treatment or weight management program for
individuals who were overweight or obese or (b) were literature reviews.

For each article, we extracted information on research design, sample, country,
program name, program duration, diet measurements, anthropometric measurements,
analyses, effects on FV consumption, effects on weight outcomes, and FV by weight
outcome interactions. We also assessed risk of bias in the studies based on Cochrane
(Higgins and Altman, 2008) and PRISMA guidelines (Jiini et al., 2001). Risk of bias
items included random sequence generation (adequacy of randomization), alloca-
tion concealment, blinding of patients and data collectors, incomplete outcome data,
selective outcome reporting, and other sources of bias. All articles were independ-
ently abstracted by two abstractors (CD and TB). Interabstractor agreement was 84%.
All disagreements 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 inclusionary and exclusionary 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 prevention or healthy weight manage-
ment program. An additional 30.4% did not present data on FV consumption or a
weight-related outcome. Study details and findings of the final sample are provided
in Table 4.1.

Of the included studies, a majority (2= 18) were conducted in the United States,
but there was also representation 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 children or adolescents (n=11), adults
(n=38), or both children and adults (n=6). Each study tested a different program,
although two programs were similar for different age groups. Most studies (n=23)
employed a randomized controlled design. One had a one-group nonexperimental
design and another had a nonrandomized control design.

145 articles 13 articles identified
identified through through reference
literature searches searches

114 articles eliminated after primary
screening of abstracts:

Not a research article (n = 15)

Ly Not about an obesity prevention or healthy
weight management program (n = 56)

No data on FV consumption and a weight-
related outcome (n = 41)

A validation study of an instrument (n = 2)

A
44 articles remained
for secondary

screening of full text

19 articles eliminated after secondary
screening of full text:

Not about an obesity prevention or healthy
weight management program (n = 12)

v

No data on FV consumption and a weight-
related outcome (n=7)

A
25 articles remained
for final review

Figure 4.1 Literature search selection process for retrieving articles on FV and weight
management.



Table 4.1 Summary of research studies’ findings

and family-based program in
promoting healthy weight and
healthy behaviors in Chinese
American children: a randomized
controlled study

First author Pub Year | Title Primary Effects on FV consumption Effects on weight outcomes

Bayer, O 2009 Short- and mid-term effects of a | (1) There was greater FV consumption | There was a strong trend to less
setting based prevention program in the intervention group both six | overweight and obesity in the
to reduce obesity risk factors in and 18 months after initiation of intervention group, but this was
children: a cluster-randomized the program. Significant adjustable | not statistically significant.
trial odds ratios for high fruit consump-

tion was 1.64 for sample 1, and for
high fruit and vegetable 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 children were similar.

Branscum, P 2013 A true challenge for any super- FV consumption (in servings) signific- | There were no significant differ-
hero: an evaluation of a comic antly improved over time from pretest | ences for BMI percentile for the
book obesity prevention program | to posttest to follow-up for experimental | interaction (group-by-time).

(3.41 to 4.68 to 4.62 servings, respect-
ively) and comparison (3.35 to 4.15 to
4.91 servings, respectively). The repor-
ted effect size (Cohen’s f) was 0.20.
Chen, JL 2010 Efficacy of a child-centered Significantly more of the children in (1) Significantly more of the chil-

the intervention group increased FV
intake over time (effect=0.306) than in
the control group.

dren in the intervention group
decreased their BMI over time
(effect=—0.150) than in the
control group.

(2) There were no statistical
differences in waist-to-hip ratio
between intervention and control.

(Continued overleaf")



Table 4.1 Continued

tion to prevent obesity among
metropolitan transit workers

in intervention garages when com-
pared to control garages (intervention
effect=0.25).

First author Pub Year | Title Primary Effects on FV consumption Effects on weight outcomes

Chen, JL 2011 The efficacy of the web-based Significantly more adolescents in Significantly more adolescents
childhood obesity prevention intervention group increased FV intake | in intervention group decreased
program in Chinese American (effect size=0.14). their waist-to-hip ratio (effect
adolescents (Web ABC study) size=-0.01).

De Bock, F 2012 Positive impact of a pre-school- There was a significant change in FV | There were no significant effects
based nutritional intervention intake between pre-intervention and on BMI, waist-to-height-ratio, or
on children’s fruit and veget- post-intervention (mean increase of skinfold sum.
able intake: results of a cluster- 0.17 points on the 6-point ordinal scale
randomized trial for fruit consumption frequency and

0.22 points in vegetable consumption),
unadjusted for other characteristics.

Foster, GD 2008 A policy-based school interven- Students in both intervention and con- | (1) Significantly fewer children in
tion to prevent overweight and trol schools showed similar decreases the intervention schools than
obesity in FV consumption after 2 years in control schools became

(unadjusted change = —1.05FV per day overweight after 2 years (odds

for control and —1.09 for intervention); ratio=0.67).

thus there was no difference between (2) There were no differences

intervention and control. between intervention and control
schools in obesity incidence.

(3) Prevalence of overweight was
lower in the intervention schools
(odds ratio=0.65).
French, SA 2010 Worksite environment interven- FV intake increased significantly Intervention effect on garage mean

BMI change was not significant.




Gentile, DA

Gephart, EF

Gow, RW

2009

2013

2010

Evaluation of a multiple
ecological level child obesity
prevention program: switch
what you Do, View, and Chew

Use of prevention and prevention
plus weight management
guidelines for youth with
developmental disabilities

living in group homes

Preventing weight gain in first
year college students: an online
intervention to prevent the
‘freshman fifteen’

(1) There were significant differences
in experimental and control for
parent-reported FV servings per
day at immediate post-intervention
(Cohen’s d =1.36) and 6-months
post intervention (Cohen’s d=1.01).

(2) There were marginally significant
differences in experimental and
control for child-reported FV
servings per day at immediate
post-intervention (Cohen’s
d=0.52) and significant differ-
ences at 6-months post intervention
(Cohen’s d=0.26).

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

There were no differences among
groups in FV intake.

At both post-intervention and 6
months post-intervention, the mean
BMI values were not significantly
different between the treatment and
control groups.

There was a significant decrease in
mean BMI percentile (56.39 at
baseline to 52.23 at month 4),
primarily from change in the healthy
weight category (57.39 at baseline
to 50.43 at month 4).

The combined intervention group
had significantly lower BMI scores
than the control group (means =
24.13 versus 24.56, respectively),
but there were no differences
between intervention, feedback,
and control groups.

(Continued overleaf")
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First author

Pub Year

Title Primary

Effects on FV consumption

Effects on weight outcomes

Haire-Joshu, D

Hoffman, JA

2008

2011

High 5 for Kids: the impact of a
home visiting program on fruit
and vegetable intake of parents
and their preschool children

Decaying behavioral effects in a
randomized, multi-year fruit and
vegetable intake intervention

(1) H5-KIDS parents significantly
improved FV intake when
compared to controls (adjusted
intervention effect=0.20).

(2) For preschoolers, combined FV
servings increased in normal
weight (adjusted intervention
effect=0.34) but not overweight
children relative to controls.
Normal weight intervention
children were more likely than
controls to increase their FV
intake.

Children in the experimental group
consumed more fruit compared with
children in the control in Year 1 (mean
of 45 grams versus 27, respectively)
and Year 2 (34 vs. 23), and children
in the experimental group consumed
more vegetables than children in the
control in Year 1 (17 grams versus 8),
Year 2 (15 vs. 8), and Year 3 (16
versus 11). There were no differences
in FV consumption at follow-up.

BMI did not differ between
experimental and control group
children during any post-intervention
year.




Kennedy, BM

Kim, Y

LaChausse, RG

2009

2010

2012

The ‘Rolling Store’. an
economical and environmental
approach to the prevention of
weight gain in African American
women

Telephone intervention promoting
weight-related health behaviors

My Student Body: effects of
an internet-based prevention
program to decrease obesity
among college students

In the intervention group, number of
FV servings significantly increased
(mean change of 1.0 fruit/fruit juice
servings per day and 0.9 vegetable
servings). There was also a significant
mean difference between control and
treatment groups in FV change. The
control did not change mean fruit/fruit
juice servings per day, and decreased
0.2 in vegetable servings.

Those in the SH+C group increased
FV consumption 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).

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

Participants in intervention group,
when compared to the control, lost
significantly more weight (mean
change of 1.1 kg in the control vs.
—2.0 in the intervention) and BMI
(0.4 in the control vs. —0.7 in the
intervention).

(1) There was no significant differ-
ence in weight management
between the SH and SH+C
groups.

(2) Among the overweight and
obese participants, weight loss
was significant in both SH and
SH+C groups (1.23 kg change
among overweight and 2.85kg
change among obese).

There was no change in BMI among
participants in any group.

(Continued overleaf")
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Girl Scouts: healthier troops in
a SNAP (Scouting Nutrition &
Activity Program)

First author Pub Year | Title Primary Effects on FV consumption Effects on weight outcomes

Luszczynska, A | 2009 Changing nutrition, physical The intervention had a medium Study groups did not differ in their
activity and body weight effect on FV consumption (Cohen’s BMI, but there were significant
among student nurses and d=0.51). effects among overweight or obese
midwives: effects of a planning participants in the treatment group
intervention and self-efficacy (177=0.06).
beliefs

Neumark- 2009 ‘Ready. Set. ACTION!” A theater- | According to preliminary analyses According to preliminary analyses

Sztainer, D based obesity prevention program | for impact evaluation, there were no for impact evaluation, there were
for children: a feasibility study statistical differences in FV consump- | no statistical differences in BMI

tion between intervention and control | between intervention and control
groups. groups.

Ostbye, T 2012 Parent-focused change to prevent | The percentage of mothers eating Change in maternal weight was
obesity in preschoolers: results 5 or more FV a day increased in the not statistically different between
from the KAN-DO study intervention when compared to the groups.

control (mean change of 8.4% vs.
0.0%, respectively).
Rosenkranz, 2010 A group-randomized control- There were no significant main inter- | There were no significant main
RR led trial for health promotion in vention effects for FV consumption. intervention effects for girl or parent

BMI.




Siegel, JM

Spiegel, SA

Taylor, RW

2010

2006

2007

A worksite obesity intervention:
results from a group-randomized
trial

Reducing overweight through a
multidisciplinary school-based
intervention

APPLE Project: 2-y findings
of a community-based obesity
prevention program in primary
school age children

There was no significant difference
between intervention and control
groups for FV consumption.

There was an increase in FV consump-
tion in both groups, with a notably
higher increase in the intervention

group.

Intervention children, when compared
to control, consumed more servings
of fruit (difference=0.8 servings), but
there was no effect on vegetables.

(1) The intervention resulted in
a significant change in BMI:
school employees reduced their
BMI in intervention schools
(=0.14), whereas employees in
control schools increased their
BMI (+0.42).

(2) There was no significant differ-
ence between intervention and
control groups for waist-hip
ratio. i

There were significant shifts in

BMI in the intervention group,

particularly a 2% reduction in

overweight youth in the
intervention group.

Mean BMI z score was
significantly lower in intervention
children than in control children
by 0.09. However, prevalence

of overweight was not different
between groups.

(Continued overleaf")
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prevention intervention evaluation
in Australian preschools

intervention preschools significantly
had more FV serves in their lunch
boxes (difference=0.61 serves).

First author Pub Year | Title Primary Effects on FV consumption Effects on weight outcomes

van Wier, MF | 2009 Phone and e-mail counselling are | There were no intervention effects on | The completers in the phone
effective for weight management | FV consumption. group and internet group had a
in an overweight working significant weight loss (1.6kg and
population: a randomized 1.1kg, respectively) and waist
controlled trial circumference loss (1.9 cm and

1.2 cm, respectively) in comparison
to the control group. The phone
group appeared to have larger
changes than the internet group,
but there were no statistically
significant differences.

Warren, JM 2003 Evaluation of a pilot school Overall, there was a significant There were no significant changes
programme aimed at the increase in FV consumption. By in overweight or obesity rates. There
prevention of obesity in children | group, there was a significant increase | were also no significant differences

in fruit consumption in the Eat Smart | in BMI between groups.
(nutrition) (from 5.9 average weekly
frequency to 6.6) and Be Smart
(control) (from 5.1 to 6.6) groups.
Zask, A 2012 Tooty Fruity Vegie: an obesity In comparison to controls, children in | In comparison to controls, children

in intervention preschools
significantly had decrease in

waist circumference growth
(difference=—0.80) and reduction in
BMI Z scores (difference=—0.15).
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4.3.2.1 Risk of bias

For numerous studies, risk of bias and quality were difficult to measure because of
unavailable or unclear information. Based on the information available, 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; Ostbye et al., 2012; Rosenkranz et al., 2010; Zask et al., 2012), nine
had moderate 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 ef al., 2010; van Wier et al., 2009), and six had high risk
(Branscum et al., 2013; Foster ef al., 2008; French et al., 2010; Spiegel and Foulk,
2006; Taylor et al., 2007; Warren et al., 2003).

Nine studies reported randomization by a computer, random number tables, or
permuted blocks. Of these nine studies, concealment of allocation sequence was
unclear in six studies (making risk of selection bias unclear), was performed in one
study (making risk of selection bias low), and was not performed in two studies
(making risk of selection bias moderate). Fourteen studies did not specify their
method of random sequence generation, of which five studies did not conceal alloc-
ation sequence (making risk of selection bias high) and nine studies did not specify
concealing allocation sequence (making risk of selection bias unclear). One study
was nonrandomized and did not conceal allocation sequence, so risk of selection bias
was high. The remaining study had only one group, so allocation concealment was
not applicable. Most studies with no concealment of allocation sequence randomized
their sample at the group (e.g., school) level, so recruiters were aware of participants’
allocation during recruitment.

Thirteen studies did not specify whether data collectors or participants were
blinded, so risks of performance and detection bias were unclear. Aside from
these, three studies reported not blinding participants to group allocation, so risk of
performance bias was high. In two of these three studies, the non-blinded participants
provided outcome measures so risk of detection bias was also high, and in the third
study, risk of detection bias was unclear. Two studies had low risk of performance
bias because there was an objective outcome measure (e.g., lunch box audits) or parti-
cipants were blinded, and detection bias was also low in both studies. Five studies
indicated that study staff were blinded or that a third party (e.g., a research assistant)
collected data, so risk of detection bias was low. Risk of performance bias in these
studies was unclear. One study had an unclear risk of performance bias and a high risk
of detection bias (the research team was not blinded). Lastly, in the remaining study,
there was only one group, and blinding was not applicable.

Most studies reported missing data at follow-up. Eleven studies were judged to
have low risk of attrition bias because retention rates were high (i.e., above 80%).
Twelve studies had low retention rates, so they were considered to have high risk of
attrition bias. In the remaining two studies, attrition rates were unclear. In addition,
most studies appeared to report complete data, so there was low risk of reporting bias.
For two studies, there was insufficient evidence to determine if there was selective
reporting.
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Other potential sources of bias were identified. In all but one study, the method
of diet and/or weight assessment was self report. In addition, ten studies had limited
statistical power because of small sample sizes. Other potential sources of bias were
intervention and control groups not being equally matched at baseline, analyses not
accounting for clustering at group levels in group randomized studies, and some
studies not having a control group.

4.3.2.2 Effects on FV consumption

Nineteen of 25 studies reported positive effects on increasing fruit and/or vegetable
consumption (Bayer ef 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; Ostbye 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 consumption (Foster et al., 2008). There appeared to be similarities
in FV consumption effects between studies with low risk, moderate risk, and high
risk of bias.

When separated by target population (i.e., children or adolescents versus adults),
there appeared to be more success in increasing FV consumption in children and
adolescents than adults. Of the 17 children or adolescent interventions, 70.6% (n
= 12) reported positive effects on FV consumption in children (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 interventions
with adults, 57.1% (n = 8) reported positive 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; Ostbye ef al., 2012).

4.3.2.3 Effects on weight outcomes

There were mixed results regarding effects on BMI, weight, or similar weight
outcome. Thirteen studies (52.0%) reported statistically significant decreases in a
weight outcome (Chen ef 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 ef al., 2007; van
Wier et al., 2009; Zask et al., 2012). There appeared to be similar weight outcome
effects in children and adults.

When separated 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 moderate 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 moderate
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 ef al.,
2007) reported statistically significant decreases in weight outcome.

4.3.2.4 Interaction between FV consumption and weight outcomes

Two studies statistically tested interactions between FV intake and weight outcomes.
One study (Bayer et al., 2009) performed cluster-randomized multivariate analysis
to determine intervention effects in normal versus overweight subgroups. The study
found similar effects on FV consumption for non-overweight and overweight chil-
dren, suggesting that change in FV intake did not influence change in adiposity. In
contrast, another study (Haire-Joshu et al., 2008) found that normal weight interven-
tion, when compared to control children, were 1.49 times more likely to increase their
FV intake by at least half a serving per day (based on logistic regression analysis and
baseline BMI). No results were reported on changes in weight outcomes.

Although none of the studies specifically tested whether the extent to which FV
change contributed to adiposity change, for FV to have contributed to weight control,
a study would have had to document a change in FV intake and enhanced weight
control. Nine studies had effects on both FV consumption and weight outcomes
(Chen et al., 2010, 2011; Gephart and Loman, 2013; Kennedy ef 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 reported effects on FV consumption, but not
on weight outcomes (Bayer ef al., 2009; Branscum ef 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; @stbye et al., 2012; Warren et al., 2003); and four reported
effects on weight outcomes, but not FV consumption (Foster et al., 2008; Gow et al.,
2010; Siegel et al., 2010; van Wier et al., 2009). Because none of the studies that
reported changes in FV and weight used mediating variable analysis (Fairchild and
MacKinnon, 2009) or controlled for other confounders to determine the overall effect
of FV on weight, there are no clear, causal conclusions that can be made about the
relationship between FV and weight management.

4.4 Future trends

This chapter aimed to identify studies of the impact of increased FV intake on
weight management in obesity prevention research. Twenty-five articles were identi-
fied. No study specifically tested (as in a mediating variable analysis (Fairchild and
MacKinnon, 2009)) whether increased FV intake contributed to obesity prevention
or weight management. Only 36% of programs had effects on both FV consumption
and a weight outcome. An additional 56% reported effects on either weight outcomes
or FV consumption, but not both. Eight percent affected neither FV intake nor weight
management.

Based on these findings, it is unclear whether increasing FV intake enhanced
obesity prevention, which is consistent with prior reviews on FV and body weight/
weight management (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., physical activity or
other food consumption), so the effects on weight outcomes may have been related
to multiple behavior changes. Isolating the specific effects of FV on weight outcomes
from these studies was difficult, if not impossible. Thus, although it is important to
have comprehensive and holistic programs, more research is needed on programs
focused solely on FV to determine if targeting FV is effective in weight management
programs. Relatedly, only two studies reported interactions between FV intake and
weight outcomes, so it is unclear what the relationship is between FV and weight.
Analyses are needed to examine this relationship by controlling for other aspects of
diet or lifestyle.

Increased attention to reduced risk of bias is needed in future such studies.
Although randomization was performed in most studies, the methods of random
sequence generation and allocation concealment were not specified, making risk of
selection bias unclear. In addition, more than half of studies did not indicate whether
data collectors or participants were blinded, which has implications for detection and
performance biases. Blinding study staff should be done whenever possible. Lastly,
all but one study relied primarily on self-reported measures of diet and/or weight
management. These sources of data may not be valid. More effort is needed to
complement self-reported data with observations, biomarkers, or other more object-
ive measures (Jia et al., 2012).

Although this chapter and other similar reviews revealed weak evidence support-
ing the relationship between FV and weight management, it is important for future
research, especially longitudinal studies, to continue investigating the specific
effects of FV on weight, either through controlled experiments on only FV or using
analyses that control for other confounders. Such research should clarify the role of
FV in weight management, thus informing future obesity-related interventions and
the extent to which they should target FV consumption. In addition, findings from
this review do not negate the important contribution 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 information

Prior literature reviews have examined the relationship between FV and body weight/
weight management. For further information and advice, please consult these reviews.

Alinia, S., Hels, O. and Tetens, 1. (2009).

Boeing, H., Bechthold, A., Bub, A., Ellinger, S., Haller, D., et al. (2012).
Ledoux, T.A., Hingle, M.D. and Baranowski, T. (2011).

Newby, P.K. (2007).

Newby, P. (2009).

Rolls, B.J., Ello-Martin, J. and Tohill, B.C. (2004).

Sherry, B. (2005).

Tohill, B.C., Seymour, J., Serdula, M., Kettel-Khan, L. and Rolls, B.J. (2004).
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High protein diets in obesity
management and weight control

N. D. Luscombe-Marsh
CSIRO Animal, Food and Health Sciences, VIC, Australia

5.1 Introduction

There is no single diet that will help, or suit the lifestyle, of every individual. Some
weight management diets are however much better than others because they are nutri-
tionally balanced and produce sustained weight loss that is associated with greater
metabolic improvements, including the substantial lowering of blood pressure and
blood glucose, insulin, bad (i.e. low-density lipoprotein) cholesterol and triglycerides
levels. In fact, some diets provide metabolic benefits 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 physical and mental health.

A persisting question, often asked, is what nutritionally balanced dietary pattern
can help you to control your weight and improve your metabolic health? Research
suggests a protein-rich (i.e. ~25-35% of daily energy requirements from mixed
protein sources including plants, lean red and/or white meat, fish and dairy), low-
fat, moderate carbohydrate eating plan is effective for the management of obesity,
heart health and Type 2 diabetes. Much of this evidence has been underpinned
by a program of high-quality research that has been performed at the Australian
Commonwealth Scientific and Industrial Organisation (CSIRO) and backed by an
extensive review of the scientific literature in this field. Many of these research
findings have helped define the principles of the publicly acclaimed CSIRO Total
Wellbeing Diet book series including 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 findings from CSIRO
scientists as well as others from international research teams from across Europe and
the USA are influencing global management strategies for conditions related to over-
weight/obesity.

This chapter provides a brief background of popular higher-protein diets that are
commonly used by the international dieting public and introduces the basic prin-
ciples of the CSIRO Total Wellbeing Diet. It is also based on the latest international
scientific evidence that demonstrates that small but consistent clinical benefits are
achievable using dietary patterns that contain higher amounts of protein. Safety
concerns that are often raised by clinicians about higher-protein dictary patterns are
addressed briefly. The objective is to provide readers with the latest information to
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shape their own opinion regarding the efficacy of a higher-protein dietary pattern for
weight control and the management overweight/obesity and its associated disease.

5.2 Internationally popular higher-protein diets

Higher-protein diets have a long history (Denke, 2001) and the resurgence of their
popularity in modern society presumably has been influenced by the marketing of
books that promote varying types of higher-protein diets that promise rapid weight
loss within seven days. Many people have also been encouraged to try higher-protein
diets due to their poor experiences in failing to achieve and maintain clinically
relevant weight loss using the more traditional modern standard-protein, high-carbo-
hydrate, low-fat diets (Roberts, 2001). A major issue with the high-carbohydrate,
low-fat diets is that people thought they could eat as much low-fat food as possible
and still lose weight — they did not understand that a reduction in total energy intake
was also critical. Moreover, high-carbohydrate diets are becoming increasingly
controversial to use for the management of overweight/obesity, Type 2 diabetes and
heart disease because a large proportion of people in Westernised countries typic-
ally consume refined carbohydrates that are quickly released into the bloodstream
causing large spikes in blood glucose levels and high triglyceride levels (a form of
blood fat); refined carbohydrates also are not as rich in other vital nutrients and tend
to be combined with fat. These issues have led many in the scientific community to
seriously question the validity of higher-carbohydrate diets for managing overweight/
obesity and its associated conditions. As such, there has been renewed interest in
testing the effectiveness of alternative approaches such as higher-protein diets that
replace varying amounts of carbohydrate.

The philosophy and principles of the several higher-protein diets that have been
popular with the international dieting public over that last 40 years are summarised
in Table 5.1. The listed diets fall into two different categories of higher-protein, low-
carbohydrate diets that are referred to as: (i) very low-carbohydrate, high-protein
concomitantly high in saturated fat (eg The ‘Atkins’ and ‘Protein Power’ diets;
also termed ketogenic diets), and (ii) reduced-carbohydrate, high-protein diets that
emphasise fat restriction (eg The ‘Zone’ and ‘Sugar Busters”). While each of these
higher-protein diets can assist people to lose weight, particularly those who are very
disciplined with their food intake, several important points should be considered
before recommending such diets to patients: (i) the initial weight loss achieved is
predominately from the loss of water and lean muscle mass rather than from the loss
of fat which is required for reducing disease risk factors; (ii) each of these particular
dietary patterns rigidly restricts certain food groups and promotes the avoidance of
many nutritious foods and do not achieve recommended allowances for all necessary
macro- and micro- nutrients; and (iii) Atkins, Protein Power and the Stillman diets
promote higher than recommended intakes of saturated fat (i.e.<10% of total daily
energy should come from saturated fat) which is associated strongly with increased
risk factors (eg high triglycerides, total and low-density lipoprotein cholesterol, and



Table 5.1 Internationally popular higher-protein, low- to moderate-carbohydrate diets

protein criteria

for macro- or micro-
nutrients

for macro- or micro-
nutrients

allowance for
micro-nutrients

Atkins Protein Power Zone Sugar Busters Stillman
Philosophy Too many carbohydrate Carbohydrates releases Right food combinations | Sugar is toxic and High-protein foods burn
causes obesity; ketosis insulin in large quantities | leads to state at which causes increased body fat; carbohydrates
leads to decreased hunger | which contributes to body functions at peak insulin levels which cause fat storage
obesity performance; decreases promotes fat
hunger; increases weight | storage
loss and energy
Principle Eat meat, fish, poultry, Eat meat, fish, poultry, Protein, fat and carbo- Eat protein and fat; Eat lean meats, skinless
eggs, cheese, low-carb eggs, cheese, low-carb hydrates must be eaten in | low glycaemic index | poultry, lean fish, eggs,
vegetables, butter, oil; no | vegetables, butter, oil, exact proportions at every | foods; olive oil, canola | cottage cheese, skim-
alcohol salad dressing, moderate | meal (40/30/30); low oil; moderate alcohol | milk cheeses; no alcohol
alcohol intake glycaemic index foods; intake
moderate alcohol intake
Composition Protein 27%; carbohydrate | Protein 26%; carbohydrate | Protein 34%; carbohydrate | Protein 27%; carbo- Protein 64%; carbo-
5%; fat 68% (saturated fat | 16%; fat 54% (saturated 36%; fat 29% (saturated | hydrate 52%; fat 21% | hydrate 3%; fat 33%
26%) fat 18%); alcohol 4% fat 9%); alcohol 1% (saturated fat 4%) (saturated fat 13%)
Lose and Yes but initial loss is mostly | Yes, via caloric restric- Yes, via caloric restric- Yes, via caloric Yes, but mainly water
maintain water. Promotes negative tion. Limited food tion. Could achieve restriction. Limited lost; strict calorie count-
weight? attitude to food groups. choices; not practical for | maintenance if followed | food choices; not ing; limited food choices;
Difficult to maintain long term carefully. Diet rigid practical for long term | not practical for long term
Scientific No long-term validated No long-term No long-term validated | No long-term validated | No long-term validated
evidence studies validated studies studies studies studies
Compliance No; does not achieve No; does not achieve Yes, but may be low in No; does not achieve | No; does not achieve
with AHA* recommended allowance | recommended allowance |copper recommended recommended allowance

for macro- or micro-
nutrients

*AHA denotes American Heart Association.

Source: Modified with permission from St. Jeor et al., 2001.
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reduced high-density lipoprotein cholesterol and endothelial function). Despite the
numerous limitations of diets like Atkins, Protein Power and Stillman, many people
still insist on using them. Evidence regarding the efficacy and safety of higher-protein
diets, particularly the very-low carbohydrate ketogenic style diets, for long-term
management 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, nutritionally balanced
12 week weight-loss program (i.e. 30% energy restriction) followed by weight-main-
tenance program that can be applied throughout all life stages. It is not a ‘one diet
fits all’ program — rather, it is designed so it can be easily tailored to an individual’s
daily energy requirements to assist with achieving their personal weight-loss goals.
The carbohydrate content and source are the common factors that differentiates the
TWD from the more popular low-to-moderate carbohydrate and more traditional,
high-carbohydrate, diets (Table 5.2); the diet contains low-to-moderate amounts of
carbohydrates that release their energy slowly and maintain a lower blood glucose
profile (i.e. low glycaemic index carbohydrates) (Barclay ef al., 2005).

Of course a reduction in the amount of carbohydrate must be offset by a moder-
ate increase in another nutrient, and for the TWD approach, about 15% of the total
energy originally derived from carbohydrate is replaced with protein. The rationale
for increasing protein to assist with weight control is based on a range of research
findings. Acute meal and short-term clinical studies have demonstrated that protein
provides a greater feeling of fullness (or satisfaction) and reduces the feelings of
hunger compared to a similar calorie load of carbohydrates, and energy intake at
the next meal is reduced when individuals are allowed to eat freely (Westerterp-
Plantenga et al., 2009; Leidy and Racki, 2010). In addition, the energy cost of digest-
ing, absorbing and storing protein in the body (termed the thermic effect of feeding)
is much higher than that of either carbohydrate 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 associated with
better retention of lean tissue mass (which includes muscle) during energy restric-
tion (Piatti ef al., 1994) which has important implications for maintaining 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 essential nutrients and minerals that are pivotal for the maintenance of health
and vitality. 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 haemoglobin and antioxidant enzyme formation
as well as immunity and protecting cognitive health. Seafood is an important source
of omega-3 fats which protect the heart, and low-fat dairy is also rich in riboflavin
(vitamin B2) and calcium. Eggs are also rich in essential vitamins (i.e. A, D, E and



Table 5.2 Amount and type of carbohydrate consumed in different diets

Diet Amount of % energy (kj) from Main type of Amount of % energy (kj)
carbohydrate (g) carbohydrate carbohydrate protein (g) from protein

High-carbohydrate diet >200 >55 Complex, low- 70-120 ~15-20

(e.g. traditional weight-loss/ glycaemic index

management diet)

Very-low carbohydrate <100 <20 No guideline No guideline No guideline

(e.g. Atkins)

Moderate to low-carbohydrate | 100-200 2040 Complex, low- 90-140 ~25-35

diet (e.g. TWD) glycaemic index

Average non-diet ~245 ~45 Mixed ~70-120 ~15-20
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B-group) as well as iron, phosphorus and zinc, and are a good source of antioxidants
and low in saturated fat.

While the TWD uses a highly-prescriptive daily meal plan that is designed around
meeting the individuals’ daily protein requirements first and foremost, it also includes
plenty of whole grains, fruits and vegetables, and good fats (i.e. poly- and mono-
unsaturated fats). The TWD approach also advocates that the dietary plan is followed
in conjunction with about 30 minutes of moderate intensity physical activity, three
times per week (this can be as simple as brisk walking). Evidence regarding the effic-
acy and safety of high-protein diets, including the TWD, for long-term management
of obesity will be examined in section 5.4.

5.4 Evidence from meta-analyses and selected
randomised control trials for the efficacy of
higher-protein diets for weight control and
metabolic 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-restricted 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 management and
cardio-metabolic outcomes (Santesso et al., 2012; Wycherley et al., 2012; Dong et al.,
2013). While these meta-analyses demonstrated that the magnitude of weight loss as
well as improvements in several cardio-metabolic risk factors including trigylcerides,
HbA 1c and blood pressure were of clinical relevance in obesity management, the true
benefits of higher-protein diets should really be judged on their ability to sustain clin-
ically significant weight loss over the longer-term — that is they must be able to prevent
weight re-gain. The following discussion will therefore focus on the current evid-
ence exploring whether increased dietary protein is a significant factor for long-term
success in achieving and maintaining weight loss and cardio-metabolic risk reduction.

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-
ition, and cardio-metabolic risk factors was performed by Schwingshackl and
Hoffman (2013) and included fifteen high-quality RCTs. While the different dietary
approaches achieved comparable improvements in weight, waist circumference, fat
mass, blood lipids (i.e. total cholesterol, LDL-cholesterol, HDL-cholesterol, trigly-
cerides), C-reactive protein, diastolic and systolic blood pressure, fasting glucose and
glycosylated haemoglobin, the higher protein diet reduced fasting insulin concen-
trations more than the lower-protein diet. Furthermore, exclusion of studies that
included people with Type 2 diabetes demonstrated that the high protein diet yielded
a greater improvement in HDL-cholesterol (Schwingshackl and Hoffmann, 2013).
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A second and more comprehensive meta-analysis was recently published by
Clifton and coworkers (Clifton et al., 2014). This analysis included 32 RCTs with
3492 individuals who were randomised to diets that differed in the percentage of
protein and who were followed for more than 12 months. Very low-carbohydrate,
ketogenic (i.e. Atkins style) and also low- to moderate-carbohydrate, higher-protein
diets were included. The recommendation to consume a lower-carbohydrate, higher-
protein diet when compared to the recommendation to consume a high-carbohydrate,
lower-protein diet, was associated with better weight loss, but the effect size was
small (i.e. ~0.4 kg). Of clinical importance, the weight loss was predominately loss of
fat whereas changes in lean mass were not different between the two diets. Moreover,
increasing protein intake by 5% or more was associated with a 3-fold greater reduc-
tion in fat mass (mean difference 0.9kg vs. 0.3kg) at 12 months when compared to
diets with change in protein of <5%. Triglyceride and insulin concentrations were
also reduced more potently following higher-protein diets, whereas improvements in
fasting glucose concentrations, HbAlc, blood pressure and C-reactive protein were
comparable for both diet patterns regardless of whether studies with or without Type
2 diabetes were included.

5.4.2 Findings from selected randomised control trials of
higher-protein diets

It must be noted that neither of the previous meta-analyses included the findings from
the pan-European multi-center, Diogenes study, which is the largest study to compare
lower- versus higher-protein diets for weight-loss maintenance (Larsen et al., 2010a,
2010b; Damsgaard ef al., 2013). This study included 938 adults and 253 children of
these adults. The parents completed an initial 8-week energy restriction period. In the
families where at least one parent lost 8% of their initial body weight (mean differ-
ence of —11.0kg), their children were invited to join the parent to complete 26 weeks
of weight maintenance 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 ef al., 2010b). The children who
followed the higher-protein compared to lower-protein regimen displayed a greater
reduction in waist circumference (mean difference of 2.7cm) and LDL cholesterol
(—0.25mmol/L) (Damsgaard et al., 2013). This study also demonstrated that the
adults who consumed a diet with a combination of an increased protein-to-
carbohydrate ratio with low-glycaemic index foods had beneficial effects on risk
factors of the metabolic syndrome (Papadaki et al., 2014).

5.4.3 Limitations in the current scientific literature

Limitations in the current scientific literature must be considered when deciding
whether to recommend a higher-protein diet to a specific individual/patient popu-
lation. Within the studies included in the various meta-analyses, the dropout rates
ranged from 7-55% (average 30+ 12%). This contributed to large amounts of missing
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data, but since only about half of these studies reported intention to treat analyses
along with more complete results there was a high risk of bias in the interpretation
of data. In addition, after the first six months, most of the studies displayed poor
compliance to the prescribed programs regardless of dietary pattern. For example,
Schwingshackl and colleagues found the higher protein diet groups reduced their
protein content throughout 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 recorded at baseline (Schwingshackl and Hoffmann,
2013). The lack of protein differential between diets was also supported by the
urinary biomarker data reported 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 ef al.,
(Schwingshackl and Hoffmann, 2013; Clifton, 2014). Despite the limitations, an
important 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 absolute increase in protein intake by as little as 5% has impact, albeit
small, on the clinical management of body weight and cardio-metabolic health in the
overweight and obese individuals.

5.5 Potential risks of high protein dietary patterns

Concern is often expressed by many people including general physicians and dieti-
tians that higher-protein diets should not be advocated, particularly to people with
pre-existing health conditions. Much of the concern is based on low-quality scientific
evidence from cross sectional association studies have that have linked high animal
protein intakes to higher risks for coronary heart (McGee ef al., 1984) and renal (Pan
et al., 2008; Fouque and Laville, 2009), disease, osteoporosis (Misra ef al., 2011),
and cancer (Cross et al., 2007; Alaejos ef al., 2008; Hu et al., 2011), as well as with
increased mortality (Noto ef al., 2013). However, the number of high-quality RCTs
is increasing and the evidence indicates that higher-protein dietary patterns are safe
for people without pre-existing disease, especially when they contain plenty of whole
grains, fruits and vegetables, lean cuts of meat, nuts/seeds and oils/fat that are high
in poly- and mono-unsaturated fatty acids. For example, Clifton and colleagues
compared the effects of a moderate- and standard-protein weight loss diet, over 12
months, on changes in renal function in 76 overweight and obese people with Type 2
diabetes with early stage renal disease (i.e. patients with an albumin : creatinine ratio
from 3 to 30 mg/mmol) (Jesudason et al., 2013). The average difference in protein
intake between diets was 1946 g/d and there was a comparable improvement in renal
function with both diets (Jesudason ef al., 2013). In addition, in healthy obese indi-
viduals, no deleterious effects of higher-protein diets were found over 1 to 2 years on
any markers of inflammation, or renal, vascular or bone function (Brinkworth et al.,
2010, Friedman et al., 2012). While no RCTs are available in humans to alleviate the
concern that eating red meat, or increasing the total amount of protein in the diet,
causes the onset and development of many types of cancers, other factors including
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age, smoking, being overweight/obese, having a family history of cancer, and being
physically inactive, remain the strongest predictors for developing cancer (ASCO,
2012).

5.6 Strategies to improve compliance to higher
protein diets

The findings from the meta-analyses discussed above also revealed multiple beha-
vioral factors contribute to the adherence rate observed in dietary interventions.
One factor that has been strongly identified as a predictor of high compliance with
weight-loss and weight-maintenance programs is the attendance to dietary face-to-
face structured, counselling sessions. For example, Layman et al. (2009), the studies
conducted by CSIRO (Brinkworth et al., 2004, 2009; Luscombe-Marsh et al., 2005;
Wycherley et al., 2010) and studies conducted by Foster ez al. (2010), all incorporated
regular weekly/fortnightly/monthly dietary counselling sessions in their 12-month
studies. While some studies reported a lower drop-out rate in the higher-compared
with lower-protein group (ie 36 vs 55%, respectively) (Layman et al., 2009), others
have reported comparable drop-out rates of ~30% and attribute this to the intens-
ive counselling program received by both groups (Brinkworth et al., 2004, 2009;
Luscombe-Marsh ef al., 2005; Wycherley et al., 2010). Another factor that seems to
improve adherence to long-term higher-protein diets is the incorporation of family-
based dietary strategies which were incorporated in the Diogenes study (Larsen ef al.,
2010a, 2010b; Damsgaard et al., 2013). Additionally, the inclusion of regular phys-
ical activity into the program may amplify the beneficial effects of the diet, but to
what extend remains unclear (Foster et al., 2010; Friedman et al., 2012).

5.7 Conclusions

The latest scientific evidence indicates that weight-loss and weight-maintenance diets
containing 25-35% of daily energy from protein, and when followed for 1 to 2 years,
may provide small but consistent improvements on body weight, body composi-
tion (i.e. enhance fat loss and preserve lean mass) as well as several key cardio-
metabolic risk factors. These improvements are above those that are seen with
alternative lower-protein diets but notably the protein intakes consumed by many
participants during research studies were on average only 5% greater than some
people’s habitual intakes at baseline. Also of significance, the beneficial effects
observed with either of the dietary patterns were greater when highly-prescriptive
daily meal plans were used (particularly over the initial 3 to 6 months), and when
regular support was provided by a medical physician and dietitians. In conclusion,
higher-protein diets containing mixed sources of protein (including lean red meat
and limited process meat), in combination with plenty of whole grains, fruits, and
vegetables, nuts/seeds and oils/fat that are high in poly- and mono-unsaturated fatty
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acids, represent a safe and effective dietary strategy to manage obesity, particularly in
those without substantial existing disease. Supervision from a medical physician and
an accredited dietitian should always be part of the management program.
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6.1 Introduction: overview of dietary fat and
body weight

In the last part of the twentieth century, novel laboratory research convincingly
demonstrated that a high-fat diet was extremely successful at fattening lab animals.
As a consequence, there was a general movement towards fat-reduced diets and
low-fat food products in anticipation of multiple health benefits including weight
management. Counter intuitively, as low-fat products were increasingly consumed,
the obesity epidemic accelerated, leading to wide speculations that the fat-reduced
diet could actually have been a cause of the epidemic. Examination of the epidemi-
ologic evidence available at the time, ranging from ecological to longitudinal studies
in various populations, provided some support for the hypothesis that fat intake was
positively associated with overweight, rather than the reverse. This chapter will
present evidence, including animal studies, human trials and observational studies,
that total dietary fat and specific subtypes may be associated with energy balance.
Based on the large accumulation of early and recent literature on amount and type
of fat intake in this context, our aim is to consider whether low-fat diets are a useful
component of weight loss and maintenance.

6.2 Total fat: mechanisms for association with body
weight regulation

The idea that dietary fat intake might be positively related to body weight is primar-
ily based on the fact that fat is the most energy dense macronutrient. The energy
density of high-fat food is thus believed to be a key mechanism for passive overcon-
sumption and weight gain when compared to low-fat diets with higher proportions
of carbohydrate and protein (Blundell, 1999). The potential impact of fatty foods
on energy intake is not only attributed to energy density but also to the particularly
palatable sensation fat stimulates in the mouth, sometimes referred to as mouth
feel (Drewnowski, 1997). The above-mentioned supermarket or cafeteria diet, first
described by Sclafani, supports this notion of fatty foods leading to overconsumption,
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as the cafeteria diet’s palatability induces animals to forsake their animal chow in
favor of this experimental diet (Sclafani, 1976). Specifically, in an attempt to fatten
adult rats in a manner that mimicked human accumulation of body fat, animals were
fed two different diets; the control group received rat chow and the experimental
group received in addition to chow, Crisco fat (a brand of solid baking fat popular
in the United States, introduced in 1911 by Proctor & Gamble Co., made entirely of
vegetable oil), sweetened condensed milk, and a variety of readily available human
foods such as chocolate chip cookies, salami, cheese, milk chocolate, and peanut
butter. This 60 day experiment proved to be extremely effective in producing 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 (Tschop, 2001). Furthermore, a number
of studies have indicated that fat is less satiating than carbohydrate and protein when
compared on a calorie for calorie basis. However, it has also been demonstrated that
passive overconsumption is not unique to high-fat diets despite other macronutri-
ents being less satiating. When subjects are offered high-fat or high carbohydrate
foods that have been altered to be equally energy dense, the fat-specific overeating
phenomenon is eliminated (Astrup, 2001). Thus, through various mechanisms that
are not all specific to dietary fat per se, overconsumption of palatable, fatty foods has
been widely documented.

Another reason that dietary fat consumption might be associated with body fat
is preferential storage. The priority between macronutrient oxidation and storage is
determined by how much energy must be spent to either oxidize or store the nutri-
ent in the fat tissue as well as by the availability of nutrient-specific body storage
sites (Franz, 2000). In order to be stored in the adipose tissue, fatty acids need to be
assembled into triglycerides with minimal energy cost. Conversely, alcohol, carbo-
hydrates and proteins need to be oxidized to pyruvate, converted into fatty acids and
then assembled into triglycerides, 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, carbohydrates can be stored as glycogen in both liver and
muscle tissue with a limited impact on body fatness in part due to the highly hydrated
nature of glycogen. Based on these considerations, alcohol has the highest prior-
ity for oxidation, followed by proteins and carbohydrates and finally fat. When a
person fails to consume adequate protein, or is in negative nitrogen balance, lean
tissue can be broken down for energy and one could consider this a storage site in
times of inadequate calories but it is by no means the energy reservoir provided by
body fat. In the context of obesity and weight regulation, 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 observational epidemiology

The observational evidence that dietary fat is related to obesity in human popula-
tions has been examined using a variety of epidemiological designs, from ecolo-
gical studies in which a whole population is the unit of observation, to prospective
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studies of associations between dietary fat and subsequent weight gain in individu-
als (reviewed by Lissner and Heitmann, 1995). For instance, ecological studies
often show a positive association between per-capita fat intake and national obesity
prevalence. Other ecological studies have shown an opposite trend. In the United
States overweight rose by 31% from 1976 to 1991 while fat intake adjusted for
total calories dropped by 11% based on data extracted from five adult popula-
tion surveys (Heini and Weinsier, 1997). More recently, a population study of US
adults aged 20-74 years of age extracted from the National Health and Nutrition
Examination Survey spanning 1971-2006 reported the prevalence 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 percentage of energy from total fat and
protein decreased while the percentage of total energy from carbohydrates increased
(Austin et al., 2011). This trend in macronutrient consumption was the same across
all BMI groups (normal, overweight, and obese) (Austin ef al., 2011). These data
have been interpreted as support for the notion that decreasing fat intake may be
driving the obesity epidemic. However, these observations may be driven by the
presence of other underlying factors that differ systematically between popula-
tions and may be the driving factors, a phenomenon sometimes referred to as the
“ecological fallacy”.

The next level of evidence is based on analyses of individual data, but only correl-
ating obesity with dietary data at a single point in time. As previously mentioned, the
literature has yielded a number of such cross-sectional studies suggesting that dietary
fat intake is positively correlated with body weight. In contrast, prospective studies,
in which a chronology is established between fat intake and subsequent weight gain,
do not consistently confirm the positive association often seen in cross-sectional
studies. It should be noted that prospective as well as cross-sectional observational
data relating diet to obesity are fraught with measurement errors, and in this context
it is acknowledged that observed associations are likely to be affected by a variety of
reporting biases. This has made it difficult to use epidemiological data as a basis for
determining the dietary fat content that is optimal for weight management.

Epidemiological studies have also been used to consider whether familial or
genetic predisposition may explain some of the inconsistencies described above.
Specifically the susceptibility to weight gain may be influenced by dietary factors
such as fat intake particularly in those who are genetically predisposed to
obesity (Heitmann et al, 2001). However, results from the Nurses’ Health Study
and the European Youth Heart Study showed no clear evidence that the association
between dietary fat and weight gain was stronger among offspring of overweight
parents, suggesting that familial or genetic susceptibility may not be the full explan-
ation for divergent epidemiological evidence (Field et al., 2007; Brixval et al, 2009).
One possible mechanism for susceptibility to weight gain on a high-fat-diet may
involve taste sensitivity which has a genetic basis (Reed et al., 1997); genes regu-
lating uncoupling proteins have also been suggested in this context (Fleury et al.,
1997). Nonetheless, it must be concluded that the epidemiological evidence that
genetic factors modify the association between dietary fat and weight status remain
inconclusive.
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6.2.2 Evidence from randomized controlled feeding studies
and dietary trials

A number of early short term feeding trials demonstrated that low-fat diets consumed
on an ad libitum basis could promote weight loss. In contrast to the epidemiolo-
gical approach, these studies were based on direct observation of energy intake and/
or expenditure under controlled conditions. Among these, two feeding studies from
Cornell University randomizing fat-manipulated diets showed promising results on
energy balance (Lissner et al., 1987; Kendall ef 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 respectively
(Lissner et al., 1987). Subsequent studies from Cambridge University strengthened
the evidence for effects of fat-manipulated diets on energy balance, further implicat-
ing energy density as the specific mechanism, and also suggesting a possible synergy
between the high- or low-fat and sedentary living conditions (Stubbs ef al., 1995a,
1995b, 1996).

To date, the largest trial exploring the relationship between fat intake and body
weight is the Women’s Health Initiative (WHI) (Howard ef al., 2006), which included
more than 48,000 postmenopausal women followed for over seven years. Women
were randomized to either a control or intervention group. The intervention group
was encouraged to reduce total dietary fat intake to 20% while increasing intake of
vegetables and fruit to five or more servings and grains (whole grains encouraged)
to six or more servings daily. This group was further informed that the diet was not
intended to promote weight loss and they were encouraged to maintain energy intake
by replacing dietary fat with mainly carbohydrate (Howard et al, 2006). Women in
the intervention group lost more weight in the first year (1.9 kg difference) and main-
tained a greater weight reduction than controls during an average 7.5 years follow-up,
although the size of the difference diminished over time. Importantly, a significant
dose-response between dietary fat intake and body weight change was demonstrated,
in which the proportion of fat in the diet increased proportionally with body weight
changes in both control and intervention subjects (Figure 6.1). While the authors did
not explicitly conclude from their data that a reduction in fat is associated with weight
loss, they did emphasize 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 systematic review and meta-analysis of randomized controlled trials
as well as cohort studies (Hooper et al., 2012). This comprehensive review included
33 randomized controlled trials (73,589 participants, most of who participated in the
WHI study) and 10 cohort studies (107,756 participants) in adults as well as four
trials in children and young people. The authors concluded that there is consistent
evidence that reduction of total fat intake leads to small but statistically significant
sustained reductions in body weight in adults and evidence suggests a similar result
in children and young people. The exclusion of the WHI results from the systematic
analysis did not eliminate the overall protective effect of a fat reduced diet. These
studies demonstrate that reductions in caloric intake, particularly dietary fat, can
assist with weight maintenance.
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Figure 6.1 Dose-response between dietary fat intake and body weight change.

6.3 Type of fat: biological mechanisms for effects on
energy balance

Most of the research described above has considered all types and sources of fat
equally for their potential effects on energy regulation. As a preface to the next
sections, we note that researchers have defined fat type differently in their invest-
igations. These include specific fatty acid content, saturation or chain length
characteristics, animal versus plant origins, and specific food sources. At the food
level, the complex nature of fatty acid composition may be exemplified by pork
fat which consists of 40% saturated fatty acids (SFA), 45% mono-unsaturated fatty
acids (MUFA), and 15% polyunsaturated 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 temperature, pork fat is often considered to be highly satur-
ated when in fact MUFA is most predominant. In interpreting the emerging evidence
on the role of dietary fat subtypes in relation to metabolism and weight regulation, it
should be kept in mind that operationalization of the concept of fat quality has been
highly variable in the available literature.

To assess the role of types of dietary fat in accumulation of adipose tissue or body
fatness, it is useful to first review the biological mechanisms that regulate fat utiliz-
ation and storage in the body and how unsaturated fats might differ from saturated
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fats biologically. Unsaturated fatty acids are, in general, more readily oxidized than
SFA of similar chain length while chain length tends to be inversely associated to the
oxidation rate (DeLany et al., 2000). SFA has been shown to reduce lipolytic activity
in adipocytes due to its impact on membrane fluidity thus limiting the ability to utilize
stored fat (Awad and Chattopadhyay, 1986; Matsuo et al, 1995). Characteristics of
fatty acid saturation also play a role in determining the differences in oxidation rates,
including polarity, whereas polyunsaturated fats are more readily hydrolyzed (Perona
et al., 2000), with possible influences on expression of genes which encode for lipo-
genic enzymes, lipid oxidation proteins, fatty acid transport, and adipokines (Kersten,
2002; Khan and Vanden Heuvel, 2003; Sampath and Ntambi, 2005). Unsaturated fats
also appear to be more effective than SFA in stimulating peroxisome proliferator-
activated receptor o (PPARc), a ligand-activated transcription factor that regulates
energy metabolism (Kliewer et al., 1997).

Animal studies show that specific fatty acids differentially affect lipid metabolism
and can influence the expression of genes related to lipogenesis (Moussavi et al,
2008; Hariri and Thibault, 2010; Lottenberg et al., 2012). Studies of animal obesity
have confirmed that consumption of different types of fat evoke different rates of
weight change (Storlien et al, 1998) with differential impacts on fat distribution
and body composition (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 altering the expression of genes promoting fat oxidation and energy
expenditure (Buckley and Howe, 2009). Moreover, a recent review summarizing
studies on the association between n-6 fatty acid intake and obesity suggests that n-6
fatty acids might have pro-adipogenic properties (shown in both in vitro and in animal
studies) as well as a possible role in the fetal programming of obesity (Muhlhauslera
and Ailhaud, 2013).

Trans fatty acids (TFA) are unsaturated fatty acids (either MUFA or PUFA)
containing at least one double bond in the trans configuration, while the usual config-
uration is the cis. TFA can be generated in the rumen, the first chamber of the stomach
in ruminant animals, due to microbial fermentation (thus dairy products and meat
naturally contain them) or through the industrial process of oil hydrogenation
(Bhardwaj et al, 2011). The potential 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 experimental studies concerning TFA’s effects on glucose and lipid
oxidation as well as body weight and body composition are conflicting (Thompson
et al, 2011; Ochiai et al., 2013). One randomized controlled trial in green monkeys,
fed a diet containing 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 tomography
scan demonstrated that the differential gain in weight was due to a higher visceral
fat deposition.

Special mention may be given to a particular class of TFA, the conjugated linoleic
acids (CLA). CLA refer to a group of conjugated octadecadienoic acid isomers
derived from linoleic acid, a fatty acid that contains 18 carbons and two double bonds
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in the cis configuration at the 9th and 12th carbons (Pariza et al, 2001). In addition
to the natural presence in ruminant-derived products, supplements containing these
fatty acids are also commercially available. Although chemically 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
potential to reduce body weight and its anti-atherogenic properties (Kennedy et al.,
2010).

A full description of the different fat types that have been implicated in energy
balance and imbalance is beyond the scope of this chapter. However, with this back-
ground, the next section will present selected evidence that fat type, as opposed to
total fat intake, may be relevant for weight regulation in humans.

6.3.1 Evidence from studies in humans

Although the role of dietary fat subtypes on weight regulation in humans is not
conclusive several human studies support the positive association between unsatur-
ated fatty acids and fat oxidation. A short term intervention trial examined fat oxid-
ation rates after a meal high in MUFA rather than SFA in men and found those on
the high-MUFA diet experienced greater postprandial fatty acid oxidation rates (Piers
et al., 2002). Conversely, postprandial carbohydrate oxidation rate was significantly
lower following the high-MUFA meals (Piers ef al., 2002). In another study of obese
post-menopausal women, olive oil significantly promoted postprandial fat oxidation
and stimulated dietary thermogenesis in abdominally obese post-menopausal women
(Soares et al., 2004). One interpretation of this finding was that this source of fat may
be particularly beneficial to obese individuals.

In a 4-week trial with male subjects which examined replacement of dietary SFA
with MUFA and PUFA, small but significant loss of body weight and fat mass were
achieved without significant changes in total energy or fat intake (Piers ef al., 2003).
Men on the SFA-rich diet gained fat mass particularly 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 indirect calorimetry have indicated
that PUFA is better oxidized than SFA in both normal weight and obese men (Jones
et al., 1992). Omega-3 fatty acids are a special type of PUFA essential to humans.
While there are few studies of omega-3 and weight change, a recent review of the
evidence in adults found that in four of the five studies that met inclusion criteria for
review no change in body weight by dietary supplementation 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 umbilical cord
blood phospholipids was associated with a higher subscapular skinfold thickness at
the age of 3 suggesting that imbalances in omega-6 to omega-3 may alter adipose
deposition (Donahue ef al., 2011).

TFA should also be considered for its role in energy balance and weight main-
tenance in humans; however, due to the cardiovascular risk that has been associated
with TFA intake (Mozaffarian, 2006), assessing long-term effects in human trials is
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not possible for ethical reasons. Observational studies where TFA consumption was
estimated through a food frequency questionnaire (FFQ) or food records have been
performed and provide limited but consistent evidence of an association between TFA
consumption and small weight gain and increases in waist circumference (Colditz
et al., 1990; Koh-Banerjee ef al., 2003; Wannamethee et al., 2004; Field et al., 2007;
Oken et al., 2007). It is important to note care must be taken when indirectly estimat-
ing TFA intake because of the potentially large variations in similar foods (Innis et a/
1999) coupled with inconsistent findings. A recent Danish study found a weak inverse
association with weight change and no association with changes in waist circumfer-
ence (Hansen ef al., 2012). A small number of feeding studies investigating possible
metabolic effects of TFA compared with SFA and MUFA reported conflicting results
on possible effects on oxidation rate and appetite (Thompson and Williams, 2011).
The lack of plausible biological mechanisms explaining different energy oxidation or
deposition makes the association between TFA consumption and weight status at least
questionable. The evidence supporting CLA health claims for the general population
is lacking (EFSA, 2010).

While data on long-term associations between dietary fat composition and change
in weight and/or body composition are limited, a recent study with participation from
five European countries suggested that fish consumption (a source of PUFA) has
no appreciable association with body-weight gain (Jakobsen et al., 2013). Although
changes in body composition and shape may occur without changes in weight, fish
consumption was not associated with change in waist circumference (Jakobsen et al.,
2012).

In conclusion, there is evidence 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 composition makes it difficult to nuance the contribution of specific subtypes.
One potential aspect confounding the evidence is the subtypes of unsaturated fats
(e.g. n-6 vs. n-3 fatty acids and CLA) may play contrasting roles in energy regula-
tion. In addition, there is a growing body of evidence that both type of fat and total
fat intake play a role in adipose tissue deposition and by implication weight loss and
maintenance, but to what extent is difficult to estimate.

6.4 Sustainability of weight loss on low-fat diets

Low-fat diets can potentially induce weight loss, but the evidence that they are the
best way for an overweight person to lose weight and keep weight off is limited.
Reducing energy for weight loss can be achieved through many strategies besides
dietary fat reduction while the optimal proportion of fat for weight loss is not clear. In
addition, there is not an established definition for ‘low-fat’, although several interven-
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 definition, the WHI intervention group
did not consume a ‘low-fat diet’ (Howard et al., 2006). The WHI intervention did
show a small but significant weight loss effect by lowering fat intake from a baseline
average of 38.8% to 29.8% at follow-up, and by most accounts approximately 30% of
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calories from dietary fat would not be considered ‘low-fat’. Particularly, the fact that
there was an unmistakable dose-response between fat reduction and weight reduction
in both WHI groups (Figure 6.1) underscores the notion that there can be benefits of
a fat reduced diet that is not necessarily ‘low-fat’ by most definitions.

As noted previously, evidence indicates that diets high in energy density, inde-
pendent of their fat content, are associated with greater intakes of energy (Vernarelli
et al., 2011). However, simply replacing dietary fat with another macronutrient does
not necessarily 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-
tenance (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
overcome the innate human ability to regulate food intake (Prentice and Jabb,
2003). Avoidance of this type of diet may have more important implications for
weight management over long periods of time than fat reduction per se. However,
even if differences in storage potential and oxidation rates probably exist between
each macronutrient and the others, it is questionable whether they are relevant from
a public health point of view or not. For instance, evidence that total energy is
more important than reducing fat energy is provided by the ‘Pounds Lost’ trial
where a reduction in total energy intake, rather than a particular macronutrient
content of the diet, was the most important determinant of fat loss (de Souza et al.,
2012). For the purpose of weight loss, the low-fat diet consisting of 15-20% of calor-
ies from fat may even be detrimental to energy expenditure (Ebbeling et al., 2012).
In another study, the low-fat group had no weight loss advantage but higher attrition
(Hession et al., 2009). These findings may have important implications for long-term
maintenance.

One source of evidence on weight maintenance comes from the National
Weight Control Registry (NWCR) established in 1994 by Rena Wing and James
O. Hill (NWCR, 2013). NWCR tracks greater than 10,000 people who have
lost significant body weight and kept it off for long periods of time. A definition of
weight maintenance proposed by Hill and Wing defines maintainers as ‘individu-
als who have intentionally 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
participants report that they have modified their dietary intake in some way (NWCR,
2013). In an earlier publication, the most common dietary strategies for weight
loss reported by Registry participants were to restrict certain foods (87.6%), limit
quantities (44%), and count calories (43%) (Klem et al., 1997; Wing and Phelan,
2005). To maintain weight loss the strategies included; consuming a low-calorie, low-
fat diet, doing high levels of physical activity, weighing themselves frequently, and
consuming breakfast daily (Wing and Phelan, 2005; Wyatt et al., 2002). On average,
members reported consuming 24% of their calories from fat (Wing and Phelan,
2005), a percentage that is in line with the United States Dietary Recommendations
which advise adults aged 19 years and older to consume 20—35% of calories from fat
(USDA, 2010). Restricting calories is important to weight loss, and restricting dietary
fat can assist in reducing calories, yet 24% of calories from fat is not necessarily a
low-fat diet.
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A comprehensive meta-analysis provides further evidence. Based on studies from
1966 to 2008 examining the long-term effectiveness of diet-plus-exercise vs. diet-
only interventions on weight loss, this meta-analysis reported weight loss after two
or more years averaged 1.64 kg when a combination of dietary changes and increased
physical activity were achieved (Wu et al., 2009). Some of the dietary approaches
cited include: calorie restriction to as low as 1000 calories; fat restriction to less
than 30% of total intake; and increased fish, fruit, vegetables and fiber consump-
tion while reducing saturated fat and sugar, although not an exhaustive list. Dropout
rates ranged from 0% to 50% in the diet and exercise intervention groups and 0% to
65% in a diet-only intervention groups (Wu et al., 2009). The highest dropout was
experienced on the Help Your Heart Eating Plan, a United States study (Skender
et al., 1996). This diet consists of a low-cholesterol eating plan with energy intake
of 30% from fat, 50% from carbohydrate, and 20% from protein with weekly brisk
walking for 45 minutes 45 times per week at a level of vigorous but not strenu-
ous activity (Skender et al., 1996). The most severe dietary restriction included a
low-calorie (800—1000 kcal/day), low-fat regimen (20% of calories from fat) during
weeks one to eight; adjusting gradually up to 1200—1500 kcal/day at week sixteen
(Wing et al., 1998). Over the 14.5 month study duration, participants in the diet and
exercise group lost an average of 7.9kg whereas in the diet only group participants
lost an average of 3.8kg (Wing ef al., 1998). Findings from the Wu et al. (2009)
meta-analysis demonstrate that long-term weight loss appears to be minimal across
many years and many studies and the individuals that were most successful exercised
in addition to controlling their dietary intake. Surprisingly, the study with the greatest
dropout rate was one in which the dietary restriction was moderate and the physical
activity included only vigorous walking (Skender et al., 1996). From the current
evidence it seems unlikely that that a low-fat diet alone or a low-fat diet combined
exercise would promote long term weight loss.

6.5 Conclusions

Given the totality of the evidence, it may be concluded that fat-reduced diets are
probably not causing weight gain and represent one of many actions that could
contribute to obesity prevention. However, low-fat diets alone do not represent a
long-term solution for the majority of individuals. In light of what we know about
low-fat diets, most individuals maintain a diet that falls within the recommended
dietary guideline of 20-35% of dietary intake from fat. Therefore, on the basis of
available evidence, it may be more appropriate 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 evidence from both the National Weight
Control Registry and the WHI cohort study suggest that fat intake in the range
of 24-29% may be appropriate; this level is supported by the current US Dietary
Recommendations (Howard et al., 2006; USDA, 2010 NWCR, 2013). While not
conclusive, current evidence suggests that fat quality may also be important. Fats
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are oxidized at different rates by different pathways and, for example, SFA may be
oxidized less readily than MUFA and PUFA. However, the relevance to energy regu-
lation or fat deposition is unclear. In the context of weight loss and maintenance,
fat cannot be considered in isolation of other dietary, lifestyle, and environmental
factors that may contribute independently and synergistically to energy balance in
both the short- and long-term. In fact, an oversimplified energy balance model may
be contributing to the confusion about low-fat diets and dietary fat in general. In
light of this, public health scientists should consider the science of energy regulation
more critically when making recommendations. Although dietary fat reduction at the
population level occurred simultaneously with the surge in the obesity epidemic it
cannot be concluded that they are causally related and more evidence points in the
opposite direction. Fat and energy-reduced diets are clearly relevant to both weight
loss and weight maintenance, but it is uncertain whether low-fat diets are necessary
or sustainable over a lifetime.

6.6 Future trends

Trends in macronutrient intake have changed over time in response to public health
messaging, food availability and advertising. This trend is visible in much of the
Western world as an increasing number of individuals follow diets rich in lean
protein, low in carbohydrate, and moderate 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 indicated that Paleo is surpassing low-carbo-
hydrate, high-fat diets (also referred to as LCHF) (Google Trends, 2013). Both LCHF
and Paleo are far more popular than low-carbohydrate or low-fat diets when interest
over time is compared.

Given the growing evidence that focusing on specific types of fat rather than
total fat may be helpful in understanding the mechanisms and long-term effects on
weight loss and maintenance, it should be pointed out that the current popularity of
the hunter-gatherer-like diets, which are associated with a greater intake of animal
proteins, seem to have resulted in moving the population’s animal fat intake and
hence saturated fat intake in a direction that goes against current recommendations.
The possible consequences of this shift towards more animal protein on cardiovascu-
lar diseases are being debated and over time will be documented in future epidemi-
ological studies.

It must be emphasized that dietary fat cannot be considered in isolation. There is
growing evidence that the fat-sugar combination and the fat—salt combination, as
well as the salt, sugar, and fat combination, may be as highly palatable in humans as
it was in the original cafeteria diet.

For instance, experimental studies in young children who are overweight have
observed an enhanced preference for sweet, fat, and in particular both sweet and
fat in combination (Lanfer et al., 2011). It has been proposed that an abundance of
modern foods are formulated not to satisfy hunger but instead to stimulate the reward
pathways in the brain (Kessler, 2009). In his book, Kessler (2009), the former
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commissioner of the Food and Drug Administration and the person responsible for
heading the charge against big tobacco companies, identified salt, sugar and fat as
the foods primarily responsible for inducing overeating and causing excessive weight
gain. He describes these foods as hyperstimulating and theorizes that some individu-
als are conditioned to be hypereaters, overriding the biological mechanisms, and
eating for appetite rather than hunger (Kessler, 2009). Michael Moss, an investigative
reporter with the New York Times, builds on the ideas presented by Kessler in his book
Fat, Sugar, Salt: How the Food Companies Hooked Us (Moss, 2013). Moss discusses
the food industries manipulation of foods that capitalize on consumers’ cravings,
essentially producing addictive foods. Therefore, our current food supply may make
it difficult to sustain the type of low-fat and low-sugar diets that could potentially
prevent excess calorie intake.

In response to concerns about over consumption, some governments are discussing
or implementing taxes on foods and beverages. France, Finland, Denmark, Britain,
Ireland, and Romania have all either instituted food taxes or are in discussions (Daley,
2013). Hungary has imposed taxes on salt, sugar and the ingredients in energy drinks
in an effort to raise revenue and raise public awareness regarding unhealthy foods
(Holt, 2011). We will likely see further food taxation, however it is notable that
Denmark quickly abandoned its fat tax on foodstuffs exceeding 2.3% saturated fat
content. The consequence of the Danish policy not only led to purchasing of cheaper,
lower quality, and occasionally less fatty alternatives but also drove some consumers
to neighboring countries (Germany and Sweden) to shop for their favorite foods
(Bomsdorf, 2012).

6.7 Sources of further information 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 (available at: http://www.cnpp.usda.gov/dietaryguidelines.htm) and
the new Nordic Nutrition Recommendations, released in 2013, which focus on
the whole diet (available at http://www.norden.org/en/news-and-events/news/new-
nordic-nutrition-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 interested in searching Google Trends
themselves for international and national diet trends (at http://www.google.com/
trends), exploring 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 popularity of Apps for iPhone and Android, readers may find
value in knowing three of the most popular dietary tracking tools: The Eatery, My
Fitness Pal and My Plate Calorie Tracker by Livestrong. The Eatery is available 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 compatible with iPhone,
Android, BlackBerry, and Windows phones. My Fitness Pal remembers what users
have eaten and have done most often in the past, and makes it easy for users to add
those foods and activities again to a log. My Plate Calorie Tracker by Livestrong
offers a free version and an upgraded version for 2.99 USD which is compatible with
iPhone, Android, BlackBerry, and Windows phones. My Plate includes both foods
and fitness items for tracking calorie intake and calories expended. It also remembers
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 societies and institutional reviews have recommended
low-fat-diets as the most suitable approach to promote both health and weight loss [1].

Long-term adherence 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 addition, with
low-fat diets, long-term vegetable intake is reduced in parallel with the associated
restriction in use of vegetable oils usually recommended for achieving a low-fat
intake. Low-fat diets are also poor in several micronutrients and may require multiv-
itamin supplements [5, 6].

Alternative classical approaches for weight loss in obesity are those restrict-
ing carbohydrates. Low-carbohydrate, high-protein, high-fat diets (referred to as
low-carbohydrate diets) have been compared to low-fat, energy-restricted diets. A
meta-analysis of five trials with 447 participants suggested that a low-carbohydrate
diet is a feasible alternative to a low-fat diet for achieving weight loss, and may
also have favorable metabolic effects after a 6-month follow-up [7]. However, the
weight loss capacity of low-carbohydrate diets, as well as the improvements they
induce in blood pressure, glucose metabolism, and the lipid profile were lost after
a 12-month follow-up [7]. Only one randomized controlled trial has been conduc-
ted comparing weight loss and metabolic outcomes after a 2-year follow-up with
a low-carbohydrate diet or a low-fat diet, and no between-group differences in
weight, body composition or bone mineral density were found [8]. Low-carbohydrate
diets are usually rich in saturated fatty acids, which explain why these diets are
associated with LDL cholesterol elevations [7]. Usually, low-carbohydrate diets
are low in fiber, poor in calcium, potassium, magnesium, and iron, and deficient
in some vitamins [9]. Subjects on these diets frequently report halitosis and constip-
ation, which are linked to their poor intake of whole-grain cereals, potatoes,
vegetables, legumes, and fruits [9].

The relative success of a dietary pattern to induce a loss of body weight has been
more frequently ascribed to calorie restriction, length of treatment, and, especially to
participant compliance and long-term adherence to the prescribed diet. These aspects
are more relevant than the relative proportion of macronutrients in the diet [10—12].
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For this reason, weight reduction diets that differ substantially from the usual dietary
pattern in the proportion of macronutrient contents are: (1) difficult to follow for
years and (2) their safety has not been well documented. Due to these facts, they
seem unsuitable for the prevention of chronic diseases. The potential long-term risks
associated with low-fat diets and low-carbohydrate diets are unknown. Moreover
the efficacy of these dietary patterns has never been tested in long-term randomized
controlled trials assessing hard clinical endpoints (i.e., the incidence or mortality
from cardiovascular events or cancer).

The sole randomized trial that has addressed the long-term effect of an intensive
weight-loss lifestyle program in obese adults on cardiovascular 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 saturated fat)
combined with a physical activity program. The study was stopped after 9.6 years of
median follow-up because of the lack of effect of the intervention on cardiovascu-
lar events. Although participants in the intervention group of the Look AHEAD trial
lost an average of 5% of total body weight, they regained weight, and the differences
compared to control progressively waned during the long follow-up period. These
results support the view that long-term compliance and sustainability of low-fat diets
are suboptimal and that nutritional quality should be a higher priority than reducing
fat intake [14].

In light of these findings, the dietary control of overweight and obesity for cardio-
vascular disease prevention should be based on long-established, healthy, and palat-
able dietary patterns. One dietary paradigm that may be beneficial when implemented
within an intensive weight-loss intervention is a traditional Mediterranean-type diet
(MeDiet), relatively rich in fat from natural vegetable sources (virgin olive oil, nuts),
and including an abundance of minimally processed plant-foods (vegetables, fruits,
whole grains, legumes), low meat consumption, but moderate amounts of fish and
wine, usually consumed with meals.

7.2 Definition of a Mediterranean dietary pattern

A dietary pattern based on the traditional Mediterranean diet is becoming increasingly
recognized for its health benefits, particularly in relation to cardiovascular diseases
[15, 16]. A Mediterranean diet encourages consumption of plant-based foods and is
rich in olive oil. The variety of palatable foods in this dietary pattern fosters adher-
ence and long-term sustainability. In contrast to low-fat diets, the Mediterranean diet
has passed the tests of long-term sustainability, effectiveness [15] and nutritional
quality [17, 18]. Even if other dietary approaches prove efficacious in achieving
weight loss, a low-calorie Mediterranean diet may still be considered the most appro-
priate approach for achieving weight loss and reducing cardiovascular disease risk at
the same time.

The term ‘Mediterranean diet’ is commonly defined as the historical dietary pattern
consumed by the population of the Mediterranean regions in the 1950s and 1960s. It
came to prominence because it was associated with extremely low rates of coronary
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heart disease and mortality in the Seven Countries Study; an ecological study under-
taken in the 1950s by Professor Ancel Keys. Many additional epidemiological assess-
ments since this pioneer study have identified the health benefits associated with this
dietary pattern.

Although there is not a unique ‘Mediterranean diet’ and there are variations
in the components of the traditional Mediterranean diet both between and within
Mediterranean countries, a commonly traditional ‘Mediterranean diet’ consists of:

» high consumption of plant-based foods: fruit, vegetables, 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 moderate consumption of wine (especially red), usually with meals;

« consumption of fresh fish and seafood;

+ moderate to low consumption of dairy products (especially yogurt and cheese), poultry, and
€ges;

+ low consumption of red and processed meat.

Another typical characteristic is the use of seasonally fresh and locally grown foods,

which are minimally processed.

The production of the MeDiet pyramid in 1995 which graphically highlighted the
frequency of consumption of each food group has helped increase public recognition
of this dietary approach [19]. Recently, a group of scientists presented a consensual
renewed communication tool for the general public, health professionals and stake-
holders incorporating others aspects of the Mediterranean diet culture and lifestyle
elements such as moderation, socialization, seasonability, physical activity, and
adequate rest [20]. In 2010 the Mediterranean Diet was recognized as an Intangible
Cultural Heritage of Humanity by UNESCO [21].

There are several food scores or indices that have been developed to help eval-
uate the adherence of a population to the MeDiet pattern of eating [22]. The most
commonly used measure in epidemiological studies is the Mediterranean Dietary
Score (MDS) proposed by Professor Trichopoulou. Originally, this MDS included
only eight components to define MeDiet: high ratio of mono-unsaturated/saturated
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 moderate intake of milk and dairy
products. Subsequently, the same group of researchers added high intake of fish into
the MDS [23]. The MDS currently used assigns a score of 0 or 1 according to the
daily intake of each of the nine components. Sex-specific medians of the sample are
used to define cut-off points against which individual consumption is compared. For
each of the six protective components (fatty acid ratio, legumes, grains, fruits, veget-
ables, or fish) participants 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-
protective components (dairy products or meat). For alcohol the median consump-
tion levels are not used but instead one point is scored if consumption is 10-50g/
day for men or 5-25 g/day for women. If participants meet all the characteristics of
the Mediterranean diet, their MDS is the highest (nine points), reflecting maximum
adherence. If they met none of the characteristics the MDS is the minimum (zero),
reflecting no adherence at all.
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In order to have a feasible, reliable and fast tool to evaluate adherence to the
Mediterranean diet, the PREDIMED group developed a 14-item score for rapid
estimation of adherence to the Mediterranean diet which is also very useful in clin-
ical practice [24]. The PREDIMED 14-item score was an adaptation of a previously
validated 9-item index [25]. This tool is useful to assess adherence to the MeDiet
and to allow for immediate feedback to participants. It is composed of the questions
shown in Table 7.1.

The 14-score PREDIMED screener shows reasonable agreement with the inform-
ation gathered from the full-length food-frequency questionnaire and it is a good
predictor for metabolic syndrome and its components [26], cardiovascular risk factors
[27], or obesity indexes such as body mass index, waist circumference, and waist-to-
height ratio [28].

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

Frequency*

1. Do you use olive oil as the principal source of fat for cooking? Yes

2. How much olive oil do you consume per day (including that used in | >4 Tablespoont
frying, salads, meals eaten away from home, etc.)?

3. How many servings of vegetables do you consume per day? Count | >2
garnish and side servings as 'z point; a full serving is 200 g.

4. How many pieces of fruit (including fresh-squeezed juice) do you | >3
consume per day?

5. How many servings of red meat, hamburger, or sausages do you <1
consume per day? A full serving is 100-150g.
6. How many servings (12 g) of butter, margarine, or cream do you <1
consume per day?
7. How many carbonated and/or sugar-sweetened beverages do you <1
consume per day?
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 commercial (not homemade) <2

pastry such as cookies or cake per week?
12. How many times do you consume nuts per week? (1 serving=30g) | >=3
13. Do you prefer to eat chicken, turkey, or rabbit instead of beef, pork, | Yes
hamburgers, or sausages?
14. How many times per week do you consume boiled vegetables, >=2
pasta, rice, or other dishes with ‘softito’ (a sauce of tomato, garlic,
onion, and leeks sauted in olive 0il?

* Criterion to score 1 point. Otherwise, 0 recorded

T 1 tablespoon=13.5g

i1 glass=100ml

Source: Predimed web page (www.predimed.es) in the sections: Investigators Tools (http://www.predimed.es/investigat-
ors-tools.html); Quantitative score of adherence to the Mediterranean diet (http://www.unav.es/departamento/preventiva/
files/file/documentos/predimed/14puntos.pdf).
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7.3 Epidemiological evidence on Mediterranean diet
and weight management

Taking into account the high percentage of energy from fat in the MeDiet, the promo-
tion of this dietary pattern has generated some concerns about the possible risks of
weight gain or obesity. However, the results of meta-analyses support the opposite
conclusion, suggesting that a MeDiet might have a potential role in preventing weight
gain and obesity in the long-term [29, 30].

Since cross-sectional studies do not define causality, we will focus on the results
from large prospective epidemiologic studies with adequate control of confounding
together with randomized trials.

7.3.1 Prospective observational studies

One of the first prospective studies was conducted as a component of the SUN Project
in 2006 [31]. In a cohort of 6,319 Spanish university graduates, those with the highest
adherence to the MeDiet exhibited a lower weight gain during an average follow-up
of two years, although differences did not remain statistically significant after adjust-
ing for potential confounders. In a more recent and updated analysis [32] conducted
also with the SUN Project including 10,376 participants followed-up for a mean
period of 5.7 years (sd: 2.2) (therefore with higher statistical power), adherence to
the MeDiet was significantly associated with reduced weight gain: those participants
with the highest baseline adherence exhibited the lowest weight gain (adjusted odds
ratio of gaining 5kg or more during the first four years of follow-up was 0.76; 95%
CI: 0.64-0.90). In addition, when the association between a MeDiet and metabolic
syndrome was assessed in the SUN cohort, those participants with the highest MeDiet
adherence exhibited the lowest waist circumference 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 adherence to the
MeDiet was associated with lower risk of developing 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, investigators from the ATTICA Study [35] did not find any significant
association between adherence to the MeDiet and the incidence of overweight/obesity
after assessing 1,528 women and 1,514 men in Greece. Similar non-significant results
were found in a Chinese general population (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 adherence to a Mediterranean-style dietary pattern was asso-
ciated with lower waist circumference in 2,730 participants 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 individuals with a high adherence to the MeDiet were 10% (95% CI:
4—-18%) less likely to develop overweight or obesity than those with a low adherence
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to the MeDiet. The authors concluded that promoting a MeDiet as a model of healthy
eating may help to slow down weight gain and prevent the development of obesity.

Results from the SUVIMAX study [39] reported that male participants with higher
adherence to a MeDiet presented lower weight gain after 13 years of follow-up (the
odds ratio for obesity for 1 standard deviation increase in MeDiet was 0.72; 95% CI:
0.59-0.88). However, for women the inverse association was not statistically signi-
ficant.

More recently, data from a population-based survey conducted in Girona (Spain)
(n=3,058 men and women aged 25-74 years) showed that a high adherence to the
MeDiet was associated with a statistically significant lower fat gain and lower incid-
ence of abdominal obesity within 10 years, although the last association was not
statistically significant [40].

7.3.2 Intervention studies

In 2001 McManus and colleagues [2] published the results of a randomized prospect-
ive 18-month trial in a free-living sample of 101 overweight men and women eval-
uating a MeDiet with moderate fat intake (35% of energy) versus a standard low-fat
diet for weight loss. Those allocated to a MeDiet reduced body weight to a greater
extent (between-group difference in weight change was 7.0kg (95% CI: 5.3-8.7)) and
achieved better adherence to the prescribed diet than those allocated to the low-fat
diet (p<0.002).

Two years later, Esposito ef al. [41] found that 120 obese pre-menopausal patients
on a low-energy Mediterranean-style diet with increased physical activity, attained
a greater body weight reduction after two years than the control group which only
received general information. Similarly, 279 post-menopausal women with type 2
diabetes in the USA allocated 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 overweight patients (18—63 years) with hypercholester-
olemia showed that the isocaloric substitution of a diet rich in saturated fat by a diet
high in mono-unsaturated fat produced a statistically significant reduction in body fat,
although there were no differences in BMI, weight, or waist to hip ratio [43]. Around
the same time, Esposito and colleagues [44] published the results of a randomized
trial conducted in 180 Italian patients with metabolic 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 carbohydrates, 15-20%
proteins, <30% total fat). They found that body weight decreased more in patients
in the intervention group (—4kg vs —1.2kg; 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 reduction in BMI after the 3-month dietary
intervention with a MeDiet, however the differences versus a low-fat diet were not
statistically significant. Similarly, results from a study of 101 German patients with
coronary artery disease showed no differences in BMI after one year of interven-
tion when compared to those in the control group who received written information
about a healthy diet [46]. Results from the first three months follow-up of the larger
PREDIMED trial (with 772 participants) showed that those allocated to a MeDiet,
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rich in virgin olive oil or nuts, exhibited no differences in body weight or BMI in
comparison to those allocated to low-fat diet [47].

In 2008, Shai and colleagues [48] reported the results of their 2-year trial of 322
obese subjects randomized to three groups: a restricted-calorie low-fat diet, restricted-
calorie MeDiet and non-restricted-calorie low-carbohydrate diet. They reported that
a low-carbohydrate or a MeDiet restricted in calories were effective alternatives to a
low-fat diet for weight loss. However, a trial with 202 survivors of myocardial infarc-
tion who were randomized to either a MeDiet or a low-fat diet (with a control group
of usual-care) found that an active intervention with either a low-fat or a MeDiet
significantly benefited these patients [49]. Elhayany and others [50] reported the
results of a trial with 259 overweight diabetic patients allocated to one of three diets:
low-carbohydrate Mediterranean, a traditional MeDiet, and 2003 American Diabetes
Association (ADA) guidelines. After a 12-month follow-up they found significantly
better weight losses and improved HDL levels among those allocated to a low-
carbohydrate Mediterranean diet compared to the traditional MeDiet and ADA diet.

The consistent finding is that intervention studies that used a MeDiet with an
energy restriction showed a reduction in body weight and beneficial effects regarding
cardiovascular risk factors.

There are several mechanisms that may explain the beneficial effects of MeDiet on
weight gain. The MeDiet provides a large quantity of dietary fiber increasing satiety
and satiation through mechanisms, such as prolonged mastication and increased
gastric retention [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
characteristics, together with its high water content, are likely to play a role in the
prevention of weight gain.

So far, there has not been a meta-analysis that summarizes all the presented
results, probably due to the heterogeneity between studies. Inconsistent results might
be explained by the use of different scores to evaluate MeDiet, the adjustment for
different confounding factors, lack of statistical power in some studies, and the use
of different populations. It is important to note that no study concluded that a MeDiet
was associated with higher weight gain or increased risk of obesity. All the results
pointed towards an inverse association. Therefore, it seems that the high levels of
obesity in the European Mediterranean countries might be explained by the recent
departures from the traditional MeDiet in these countries [52], as well as a tendency
to adopt more sedentary lifestyles [53]. Therefore, this dietary pattern should be
promoted as it has many potential health benefits, including weight control.

7.4 Dietary and lifestyle intervention based on
Mediterranean diet

Most experts agree that a feasible weight loss objective is a 10% reduction of body
weight in 6 months, with weight losses of 0.5—1kg per week. This should be based on
a caloric restriction of 500-1000 kcal per day in comparison 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.predimedplus.com)
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is presented below as an example of how to institute an energy-restricted MeDiet
in practice. Many aspects of diet quality may affect body weight and risk of
obesity-related disease to a greater extent than might be expected on the basis of
macronutrient quantity [55, 56]. Two groups of foods (A and B) should be clearly
differentiated in the education of participants:

A. Traditional eating patterns based on whole or minimally processed foods, such as the
Mediterranean diet, incorporate most of the protective but few of the adverse individual
dietary factors. The consumption of virgin olive oil, tree nuts, fruits and vegetables, salads,
whole grains, fiber-rich foods and low-fat yogurts have been consistently related to weight
loss or lower weight gain [55, 57].

B. On the contrary, sugar-sweetened beverages, fast food, refined grain products (especially
white bread), white rice, pasta (excluding whole-grain pasta), French fries, potatoes, trans-
fat (often present in commercial bakery goods), sweets, cakes, pies, sugar, precooked
meals, sausages or cold cuts of processed meats, and patés have been consistently associ-
ated with weight gain [55, 58].

Therefore, the main focus of the intensive intervention 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 addition, a reduction of 600kcal in energy intake (or about 30% of estimated
energy requirements) from the estimated energy requirements (based on the calcu-
lated basal metabolic rate of each individual and his/her physical activity) can be
incorporated into the plan.

7.4.1 Energy-restricted Mediterranean diet

The energy-restricted Mediterranean diet should be planned by considering a reduc-
tion in the level of meat, carbohydrates, fruit juices, and sugary beverages and other
foods of the B group as shown in Table 7.2 and expanded upon below.

1. A reduction in calories of 500 to 1,000kcal/ day will help achieve a weight loss of 0.5 to
1 kg/week. Alcohol provides unneeded calories and displaces more nutritious foods. Alcohol
consumption not only increases the number of calories in a diet but has been associated with
obesity in epidemiological studies as well as in experimental studies. The impact of alcohol
calories on a person’s overall caloric intake needs to be assessed and appropriately controlled.

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

3. Alcohol consumption 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, minimally processed and fiber-rich carbohydrates with low glycemic index from differ-
ent vegetables, fruits, and whole grains are good sources of vitamins, minerals, and fiber. A
diet rich in soluble fiber, including oat bran, legumes, barley, and most fruits and vegetables
may be effective in reducing blood cholesterol levels. A diet high in all types of fiber may also
aid in weight management by promoting satiety at lower levels of calorie and fat intake.

6. During weight loss, attention should be given to maintaining an adequate intake of vitamins
and minerals. Maintenance of the recommended calcium intakes of 1,000 to 1,500 mg/day
is especially important for women who may be at risk of osteoporosis.
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Table 7.2 Energy-restricted Mediterranean diet

Saturated fatty acids
Mono-unsaturated fatty acids
Polyunsaturated fatty acids
Cholesterol

Nutrient Recommended intake

Calories' Approximately 600kcal/day (about 30%) reduction from
usual intake

Total fat? 35-40 percent of total calories

8 to 10 percent of total calories
Up to 20 percent of total calories
Up to 10 percent of total calories
<300 mg/day

Protein®
Carbohydrate®

Sodium chloride

Calcium® 1,000 to 1,500 mg
Dietary fiber’

Approximately 20 percent of total calories

>40-45 percent or more of total calories of low glycemic
index

No more than 100 mmol per day (approximately 2.4 g of
sodium or approximately 6 g of sodium chloride)

30-35¢

Note: superscript numbers refer to the text.

Participants should receive counselling to progressively increase their compliance
with the following dietary goals:

12.

13.
14.

15.

. Use of virgin olive oil (exclusively the virgin variety) for cooking, dressing salads and as

a spread.
. Consumption of fruits >2 portions per day.
. Consumption of vegetables >2 portions per day (at least 1 portion raw or as salad).
. Reduction of white bread to <1 serving/day (1 serving=75g).
. Use of whole grain products >5 times per week.
. Less than one serving (1 serving=100-150g) of red meat, hamburger, or meat products

(ham, sausage, etc.) per week.

. Less than 1 serving of butter or cream per week (1 serving=12g).

. Consumption of less than one sweet/carbonated beverage per week.

. Consumption of three or more servings of legumes per week (1 serving=150g).

. Consumption of 3 or more servings of fish or shellfish per week (1 serving: 100150 g fish,

or 4-5 units or 200 g shellfish).

. Consumption of less than 3 commercial sweets or pastries (not homemade), such as cakes,

cookies, biscuits, or custard per week.

Consumption of one or more servings of nuts (including peanuts) per week (1 serving
=30g).

Consumption of chicken, turkey or rabbit meat instead of veal, pork, hamburger or sausage.
Use of sofrito (sauce made with tomato and onion, leek, and garlic, simmered with olive
oil) more than 2 times per week.

Not adding sugar to beverages (coffee, tea), but replace it with non-caloric artificial
sweeteners.
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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 recommendations

Participants should be encouraged to gradually increase their level of physical activ-
ity to reach at least 45 minutes per day after 6 months of intervention. This physical
activity intervention should include both aerobic activities, mainly brisk walking (or
any equivalent physical activity of moderate intensity), and resistance training. These
recommendations can be adapted to the preferences and convenience of the parti-
cipant using replacements based on the same amount of METS-h/day.

7.5 Conclusions and future trends

In summary, a MeDiet is characterized by abundance of vegetarian foods, fresh and
minimally processed, fresh fruit as the daily typical dessert, and only occasionally
consumption of sweets. Numerous studies have shown that this is a healthy eating
pattern that successfully combines pleasant taste and quality food with positive health
benefits and has a large potential for long-term sustainability. However, there is a
need of large randomized trials of longer duration to assess the effect of a MeDiet
restricted in calories on weight management and its effect on hard clinical endpoints.
This is the objective of the PREDIMED-Plus, a multicenter randomized trial in Spain
which aims to recruit 6,000 participants. Its final results are expected in 2020.

7.6 Sources of further information and advice

Websites

Web of the PREDIMED clinical trial: www.predimed.es (with lists of publications,
and educational tools used in the study).

Web of the PREDIMED-Plus clinical trial: www.predimedplus.com (with the protocol
of the PREDIMED-Plus clinical trial).

Web Fundacion Dieta Mediterranea: www.dietamediterranea.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 nutrition education
organization, inspiring good health through heritage by promoting traditional
foods).

Books

Hu FB. Obesity Epidemiology. New York: Oxford University Press, 2008.

Zacharias E. The Mediterranean Diet: a clinician'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 worldwide obesity epidemic means that too many women enter into pregnancy
carrying extra weight which puts their health and that of their unborn child at risk.!?
The risks associated with pregravid overweight and obesity (body mass index [BMI]
25.0-29.9kg/m? and >30kg/m?, respectively) are further exacerbated by excessive
gestational weight gain, which is particularly common in women from Australia,
Europe*® and North America.”® Furthermore, excessive gestational weight gain
increases the risk of developing overweight and obesity in women who were at a
healthy weight prior to pregnancy.!®!! Overall, reproduction is associated with a net
weight gain, averaging 0.5 to 4.0kg at one year postpartum.'? Nonetheless, there is
great variability with 14-20% of women retaining >4.5kg one year postpartum.'?
Returning to prepregnancy weight is a goal that most women have.'?!3 Although this
goal is achievable for many women, the optimal intervention to help them succeed
has yet to be identified.'>!?

One attractive intervention is the promotion of breastfeeding as it provides
numerous health benefits for the mother—infant dyad.'*!> Breastfeeding is the
optimal form of infant nutrition,'® and its energetic cost to the mother theoretically
contributes to maternal postpartum weight loss.'* Additionally, evidence suggests that
breastfed infants have a lower risk of being obese throughout life as compared with
formula-fed infants.'> This chapter will focus on the potential effects of breastfeed-
ing on maternal postpartum weight change and upon on the infants’ risk of obesity
across the lifespan.

8.1.1 Definition of breastfeeding

Breastfeeding varies in its intensity, how it is practiced and in its duration.
Breastfeeding is characterized by the degree to which the infant receives human milk
as the sole source of nutrition. It ranges from exclusive (human milk only) to none
(non-human milk only). Within this spectrum lies the categories of predominant/
full (human milk is the primary form of nutrition) to any/partial (the infant receives
human milk to any degree).!” Milk expression for use by bottle or cup feeding is
another method (breast milk feeding) and it is gaining in popularity in America and
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Australia in particular.'® It is worth remembering that even exclusively breastfed
infants will, at some point, transition away from human milk as the primary source
of nutrition. Since 2001, the World Health Organization (WHO) has recommended
six months of exclusive breastfeeding and at least two years of partial breastfeeding. '’
Worldwide, however, few women achieve this target.?’

8.1.2 Predictors of breastfeeding success

Social, psychosocial and biological factors contribute to breastfeeding success.
Women with higher socio-economic status, older age, higher levels of education,
supportive partners and who do not smoke are more likely to succeed.'* Several
psychosocial constructs also predict which women will be successful at breast-
feeding. Success is associated with expressing an intention to breastfeed, having
confidence in the ability to breastfeed, and believing that breastfeeding has health
benefits.'*?! Further, the biological factor of a woman’s prepregnant weight is
also associated with breastfeeding success. Compared with normal-weight women,
women who are overweight or obese prior to conception are less successful at
initiating breastfeeding and continue to do so for shorter durations.?”>* In a large
study of Danish women Baker e al.,”> found that the risk of terminating any
breastfeeding 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? and > 40.0 kg/m?, respectivlely). It is noteworthy that this study
was conducted among women who had successfully initiated breastfeeding and were
living in a social context that is supportive of breastfeeding. These findings have also
been identified in other populations and ethnic groups.?>>+26

8.2 Energetic cost of breastfeeding

During pregnancy, a woman’s body undergoes physiological and metabolic
changes that lead to the accumulation of energy stores, particularly as visceral (intra-
abdominal) fat.”” After childbirth, shifts in hormone concentrations permit lactation
to occur. Until 4 to 5 months of age, exclusively breastfed infants consume 750 to
800 g/day of human milk (range: 450 to 1200 g/day).'* Thereafter, milk intakes vary
even more due to changes in how the infants are fed once exclusive breastfeeding
ceases. The energetic costs of milk production by the mother are estimated at 2021
to 2250 kJ/day.?®

Breastfeeding women can compensate for the increased energy needs by increas-
ing their energy intake, reducing their physical activity and/or mobilising body fat
reserves.”® Available evidence from affluent countries suggests that fat mobilisation
is not the primary method used to cover the extra energy demands, particularly in
the early postpartum period (through approximately 12 weeks).?’ Even though fat
reserves can be mobilised during breastfeeding, the amount is highly variable among
women and across its duration.’’ Breastfeeding has a modest energetic cost, and a
plausible biological relation with weight loss, but it is a behaviour that occurs in
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the context of a wide range of environmental factors that influence its potential for
enhancing the return to prepregnancy weight.

8.3 Postpartum weight change

Postpartum weight change is the difference between a woman’s prepregnancy weight
and her weight at some point after childbirth. A consensus is lacking on which is the
appropriate time point to focus on. Some studies examine weight change within a
few weeks after the birth whereas others examine it decades later. In particular with
longer term follow-ups, disentangling the effects of age-related weight gain versus
pregnancy weight retention is a challenge. Postpartum weight change has many
determinants which differ in terms of if and when they are modifiable (i.e. ante-,
peri- or postpartum). Of the identified risk factors, gestational weight gain has one
of the strongest associations with postpartum weight retention.'® Simply put, the
more a woman gains, the more she is likely to retain. Additionally it is known that
the effects of gestational weight gain vary by a woman’s prepregnancy BMI, with
overweight and obese women having the highest risk of retaining this weight.’!
Other factors of importance include a woman’s age, ethnicity, parity, socioeconomic
status, educational level, psychosocial burden, diet and physical activity levels.!%3!-3
The behaviour of breastfeeding, which has the advantage of being modified post-
partum, also has associations with postpartum weight change, although the results
are conflicting.'*

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

Studies examining associations between breastfeeding and weight change in the very
short term typically find small or no associations.?>* During this period, weight loss
has a physiologic basis as the woman’s body loses the fluids gained during pregnancy
(intra- and extra-cellular water, blood, plasma).!” The relationship among energy
intake, physical activity and body fat mobilisation constantly shifts during these
months, and this affects how much weight women can potentially lose through breast-
feeding.?’ In these early months, formula feeding mothers often lose more weight
than breastfeeding mothers. Several studies have shown that compared to mothers
who breastfeed, mothers who feed formula consume approximately 2931kJ/day less
during these early postpartum months, which may partially explain this finding.’*
Additionally when the breastfeeding demands are high in these early months, phys-
ical activity levels may be reduced.?’ The combination of energy intake and physical
activity levels may explain why breastfeeding 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 postpartum is examined, some, but
not all, studies find that breastfeeding is associated with weight loss.*> The rates of
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weight loss are generally higher in the first 4-6 months among breastfeeding women
than during subsequent months.'* Typically women from developed countries lose
approximately 0.8kg/month during these first 6 months.® In a study of Danish
women, the association between breastfeeding and postpartum weight change at
6 months was investigated in the context of prepregnancy BMI, gestational weight
gain and breastfeeding (using a scaled measure that captured its intensity and dura-
tion).3* In this investigation Baker et al.,>> found postpartum weight retention was
reduced by 0.06 to 0.09 kg per week of breastfeeding among all women except those
with prepregnancy BMI values >35.0kg/m?. Another large study on Norwegian
women that accounted for similar factors found that each additional month of
full breastfeeding reduced maternal weight at 6 months by 0.05kg per month.3¢
Interestingly, this study found that the greatest benefit for this weight loss occurred
among women with low incomes.

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

In studies that examine the effects of breastfeeding on weight retention in this
period postpartum, the results are again inconsistent.>> In American populations,
breastfeeding has been associated with reduced weight loss at 1 year postpartum
in Michigan,®” and rural upstate New York,*® but it showed no association with
weight loss in a study of overweight and obese women from a more racially
diverse population in North Carolina.® In the North Carolina study, however,
‘junk food’ intake and a lack of physical activity were the strongest predictors of
weight retention and gain, highlighting the importance of diet and activity in weight
change. In an Australian population, investigators found that each additional week
of breastfeeding (irrespective of the intensity) reduced weight retention at 1 year
by 0.04kg.*

At 18 months postpartum, an effect of breastfeeding was detected only for
women who had fully breastfed for 6 months and then continued with any breastfeed-
ing for an addition 6 months in the aforementioned Danish study.*> Similar results
were found in the previously described Norwegian study; each additional month of full
breastfeeding reduced maternal weight at 18 months by 0.1kg per month; partial
breastfeeding did not have an effect.>® These results suggest that breastfeeding
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.*!

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

Further, some studies have investigated very long term effects, and the results are
equivocal as well. Among Brazilian women, compared to those who breastfed for
6 to 11.9 months, those who breastfed for <1 month or for >12 months had less
favourable anthropometric measures when followed-up 5 or more years later.*> These
associations suggest that characteristics associated with the reasons for continuing
or terminating breastfeeding underlie the association. A study of American women
found that compared to women who breastfed to any extent >12 weeks, women
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who never breastfed had a 3.73kg greater weight change between 6 months post-
partum and 5 or more years later.*> A Danish study that examined weight change
at 7 years postpartum found that the duration of breastfeeding had a small effect
on weight loss, suggesting that the effects of breastfeeding may persist.** In a
Swedish study, compared to women who remained normal-weight 15 years post-
partum, those who became overweight had breastfed for shorter durations and/or less
intensively.*’

8.4 Breastfeeding benefits for infants

The period from birth to one year of age is the most rapid time of growth among
humans; healthy infants generally triple their birth weight and settle into a postnatal
growth trajectory.*® Given this rapid growth, infants are vulnerable to nutritional and
environmental influences.*’*® Breastfeeding confers numerous health benefits to
the infant during this time including a reduction in the risk of certain infections and
diseases.!” Further, a large body of evidence indicates that breastfeeding may reduce
the risk of developing overweight and obesity during childhood, adolescence and
even adulthood.'>**=33 Therefore, breastfeeding may also help with preventing over-
weight and obesity in the next generation.

8.4.1 Breastfeeding and infant growth

During infancy, it is well-established that breastfed infants in developed countries
are leaner than those who were formula fed at one year of age.’* Breastfeeding
may contribute to differences in growth through several pathways. Breast milk
composition changes during a single feed,>® it contains a wide range of bioactive
constituents (which are still being identified),’® and it changes throughout the first
year of infant life.’*>® Formula cannot mimic the constantly changing composi-
tion of human milk. Formula has a higher protein concentration than breast milk,
and this may result in greater accumulation of weight during the first years of
life as compared with breastfed infants.® Evidence from several studies suggests
that breast-fed infants eat to satiety.*>*’ In contrast, formula-fed infants are often
encouraged to finish the bottle and to eat beyond satiety, and thus consume more
energy.®’ Additionally, formula fed infants are likely to receive complementary
foods sooner than breastfed infants.®'~%* Once an infant receives one type of solid
(or semi-solid) food, others follow quickly thereafter.’! The result is that breast fed
and formula-fed infants are also exposed to entirely different feeding patterns.6%-6463
Further, breastfeeding is dynamic; mothers continue breastfeeding infants if they
are growing well and provide signals that they are satisfied whereas women
are likely to discontinue it if these needs are not met. Studies may attribute the
faster rate of growth to formula feeding rather than to the faster growth in the child
that led to the end of breastfeeding in the first place (so-called ‘reverse causality”).%®
The totality of these differences in milk composition, bioactive factors, feeding
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patterns and the reasons for maternal feeding choices may contribute to differences
in growth between breastfed and formula-fed infants.

8.4.2 Breastfeeding and later obesity

In the infancy period, many studies find that breastfed infants grow faster than
formula fed infants during certain months,>! but by one year of age there are often no
differences between the groups.>'>*%7 In this period, the other factors that contribute
to breastfeeding and infant growth must be considered simultaneously to disentangle
the effects of breastfeeding. In a study of Danish mothers and infants it was found
that higher maternal prepregnancy BMI values, shorter durations of any breastfeed-
ing, and the earlier introduction of complementary foods were jointly associated
with increased infant weight gain during the first year of life.%® This study by Baker
et al.,» estimated that compared to the infant of a woman who was normal-weight
before pregnancy, breastfed for longer than 20 weeks and introduced to complement-
ary foods after 16 weeks (government recommendations at the time) the infant of a
woman who was obese before pregnancy, breastfed for <20 weeks and introduced
to complementary foods at <16 weeks would gain 10 % (726 g) more weight during
the first year of life. It is plausible that these effects may persist and translate into an
increased risk of obesity later in childhood.

An investigation by Arenz et al.,>> combined results from nine studies on breast-
feeding and childhood obesity (baseline measure at >1 year of age) that adjusted
for other factors and found a reduced odds of obesity among children who had been
breastfed compared with those who had not (adjusted odds ratio [OR]: 0.78, 95%
confidence interval [CI]: 0.71, 0.85). A different investigation by Owen et al.,>! that
combined results from 28 published studies (baseline measures primarily in chil-
dren) found that there was a lower odds of obesity among those who had ever been
breastfed compared to those who were formula-fed (OR =0.87, 95% CI: 0.85, 0.89).
When these analyses accounted for socioeconomic status, parental BMI and maternal
smoking, the odds of obesity between ever breastfed and formula-fed were reduced to
0.93 (95% CI: 0.88, 0.99),%! thus demonstrating the importance of these other factors
on the development of obesity.

Although the majority of studies focus on the effects of breastfeeding in reducing
obesity in children, there is evidence that the effects may persist into adolescence
and adulthood. The investigation by Owen e al.,>! identified that the odds of obesity
among breastfed 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 children,
0.66 (95% CI: 0.60, 0.72) among older children and 0.80 (95% CI: 0.71, 0.91) among
adults. From these studies it is evident that breastfeeding, no matter what the extent,
is associated with a reduced odds of obesity, especially in children and adolescents.

Of interest, however, are the effects of the duration and exclusivity of breast-
feeding as ‘ever breastfed’ encompasses a wide range of behaviours. When the
duration of breastfeeding was examined in relation to the later risk of obesity, Harder
et al.,%” combined results from 17 studies (baseline measurements from infancy
through adolescence) and identified a dose—response relationship. The duration of
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breastfeeding was inversely related with the risk of later overweight and the effect
was present from 1 through 9 months of breastfeeding, after which the effect levelled
off.%? When the degree of exclusivity was examined, the dose—response association
strengthened, although it was limited to estimates from only two original studies.®
Similarly, Owen et al.,’' found that exclusive breastfeeding had a stronger protective
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
breastfeeding on the weight of mothers
and infants

Results from the studies described here and elsewhere®* suggest that although breast-
feeding has the capacity to contribute to postpartum weight loss in women, the effect
sizes are inconsistent and modest. Similarly, the available evidence suggests that
breastfeeding has a consistent but a very modest protective effect against developing
obesity throughout the lifecourse.

The potential impact of breastfeeding on postpartum weight change and obesity
throughout the lifecourse of the infant must be considered in the context of the other
factors that contribute to breastfeeding. For example, it remains a possibility that the
link between breastfeeding and maternal weight loss is not due to breastfeeding per
se but to the weight-loss promoting effects of the other factors that breastfeeding is
associated with (e.g. lower prepregnancy BMI, higher socioeconomic status, etc.).
Further, as few studies account for the influence of intentional dieting and physical
activity, the effects of these behaviours are intertwined with the effects attributed to
the method of feeding used. Similarly, the link between breastfeeding and a reduced
risk of obesity in the lifetime of the infant may be attributable to the environment
associated with breastfeeding mothers that has many other factors that are protect-
ive against obesity.”’ Additionally, few studies in this area account for the entirety
of the infant feeding pattern and rely upon reports of breastfeeding exclusivity to
indicate when complementary foods are introduced; this is not necessarily precise.
Nonetheless, as breastfeeding has numerous other health benefits for the mother
and infant,’! it is a healthy behaviour to promote. The caveat is that women must be
counselled as to what effects of weight loss they can realistically expect.

8.6 Future trends

Evidence is beginning to emerge that effects of breastfeeding on postpartum weight
change are only part of the picture; it is becoming apparent that breastfeeding has
favourable effects on maternal body composition. In a follow-up of women on an
average of seven years postpartum, it was found that compared to women who had
breastfed their infant(s) for >3 months after every birth, women who had never
breastfed had a greater amount of visceral adiposity.”! These results tie in with a body
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of emerging evidence that breastfeeding has a positive impact on a woman’s future
metabolic profile.”?

Similarly, long-term investigations are beginning to reveal whether breastfeeding
favourably impacts the metabolic profile and body composition throughout the life
of the infant. To date, the findings are largely equivocal,'® but as follow-up periods
are extended and investigations occur among infants from prospective birth cohorts
in the 1990s and 2000s, these may become better elucidated. Additionally, there is
an emerging awareness of the importance of the overall feeding pattern for later
health. Studies are beginning to investigate the effects of complementary foods in
addition to breastfeeding on the later risk of obesity.”>’* And finally, investigations
are now explicitly considering whether infants receive milk directly from the breast
or expressed milk and the subsequent effects on infant health and growth, which is
important given the increase in this mode of feeding.””

8.7 Sources of further information and advice

Two reports from the United States Institute of Medicine (‘Nutrition during lacta-
tion’'* and ‘Weight gain during pregnancy: re-examining the guidelines’!’) are a
substantial source of reference material for the topics covered in this chapter. With
regards to the effects of breastfeeding on postpartum weight change, the excellent
review by Neville ez al.,3? is recommended reading. Although not explicitly addressed
in this chapter, a description of the effectiveness of different interventions for post-
partum weight loss can be found in the most recent Cochrane review on this topic.'> A
useful and concise overview of the benefits of breastfeeding for infant health (includ-
ing the later risks of obesity) is provided in the report by Ip et al.,'> And finally,
the studies by Arenz et al.,’> and Owen et al.,’' provide the best summary of the
associations between breastfeeding and obesity across the lifecourse.
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9.1 Introduction

Effective dietary therapy for weight management should include strategies that match
energy intake to energy needs while providing optimal nutrition and controlling
hunger. The ready availability of palatable, energy-dense foods makes it difficult to
match energy intake and energy expenditure and is likely contributing to the preval-
ence of overweight and obesity. An evidence-based review by the 2010 US Dietary
Guidelines Advisory Committee found ‘a relationship between energy density and
body weight in adults and in children and adolescents such that consuming diets
lower in energy density may be an effective strategy for managing body weight’.!
Although an understanding of the role that energy density (ED) plays in energy
balance is quite recent, there have been a number of relevant laboratory-based
studies, longitudinal population-based studies, and randomized controlled trials to
inform this relationship.>* These studies indicate that people eat a fairly consistent
amount (weight or volume) of food on a day-to-day basis.>>° This holds true whether
the amount of food eaten contains many or few calories. Therefore, the number of
calories in a particular amount or weight of food, or the food’s ED, has an impact on
the total number of calories a person consumes. This review will summarize evidence
related to the influence of ED on satiety, energy intake, and body weight and will
provide practical approaches for using ED to manage obesity.

9.2 Energy density explained

Energy density is the amount of energy in a particular weight of food (calories
per gram), and it ranges from Okcal/g to 9kcal/g. The largest influence on ED is
water, which contributes weight and volume to a food without supplying any energy
(Okcal/g). The macronutrient with the greatest influence on ED is fat, which is high
in ED with around 9kcal/g. Carbohydrate and protein are moderate in ED and each
provides around 4kcal/g. A food’s ED depends upon its mix of macronutrients and
water; the incorporation of water lowers ED, and removing water increases ED.
Modest changes in ED can have a significant impact on energy intake. For
example, on a typical day an adult might consume 1,200 g of food with an average
ED of 1.8kcal/g, giving an energy intake of 2,160 kcal. If the average ED of the diet
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Table 9.1 Essential information for understanding why a diet low
in energy density can be effective for enhancing satiety and
facilitating weight management

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

* For the same number of calories, 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 individuals to eat their usual amount
(weight) of food while reducing their energy intake.

was decreased by 0.1kcal/g while the same weight of food was consumed, then the
individual would ingest 2,040kcal. Thus, a relatively small change in overall ED of
the diet would reduce daily energy intake by 120kcal. The fundamentals of using ED
for weight management are summarized in Table 9.1.

9.3 Controlled studies demonstrate the influence of
dietary energy density on satiety, satiation, and
energy intake

Dietary ED has emerged in recent years as one of the most consistent influences
on satiety and energy intake. A number of systematic studies show that when the
macronutrient content of foods was varied, but the ED was kept constant, the effects
of fat, carbohydrate, and protein on satiety were similar.>*® On the other hand, the ED
of foods is a robust and significant determinant of satiety and energy intake regardless
of macronutrient composition.* ’ Clearly the macronutrient composition of the diet is
important for optimal nutrition and it can influence energy intake through effects on
regulatory systems and on a food’s sensory attributes; however, the ED of food has
more robust effects on energy intake than the proportion of macronutrients.

Many of the studies on the effects of ED have been relatively short-term, examin-
ing individual 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 measured.® In one study, decreasing the ED of
a milk-based preload by adding water, and thus increasing the volume, was shown
to enhance satiety in that it led to a significant reduction in subsequent energy
intake.? Other water-rich foods that are low in ED, such as soup, salad, or fruit, also
significantly enhanced satiety and reduced energy intake at a meal when consumed
as a preload.”!2 Of particular interest is that drinking water as a beverage along with
a food affected satiety less than incorporating the same amount of water into the food
to lower the ED.’
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ED can influence energy intake not only by enhancing satiety, but also through
effects on ad libitum intake. Ad libitum intake is an indicator of satiation, or the
processes leading to the termination of eating during a meal.® When the ED of meals
was reduced by increasing the proportion of vegetables, it was found that adults who
were offered ad libitum access ate a consistent weight of food.>>° This meant that
energy intake varied directly with changes in ED. Participants reported similar ratings
of hunger and fullness even when reductions in ED led to a decrease in energy intake
of approximately 25% over two days.® Practical applications of this research that
show how to use reductions in ED to prevent excess energy intake will be presented
later.

9.4 Dietary energy density and weight management

The robust effects of ED on satiety, satiation, and energy intake indicate that ED could
play a role in the control of body weight; however, until recently few studies have
examined this relationship. Instead, much of the emphasis in the dietary management
of obesity has been on how changing the proportion of macronutrients affects energy
intake and body weight. Popular diets urge consumers to eat less fat or carbohydrates
or to increase their protein intake. The results of randomized controlled trials aimed
at determining whether such advice is effective have been mixed.'>”!7 Even when a
particular macronutrient was associated with the amount of weight lost during the
active treatment phase, significant differences across diets were not sustained during
the maintenance phase.'>!” With similar results coming from several recent large
trials, health policy recommendations for weight management have shifted away
from macronutrient-based advice to a food-based approach emphasizing control of
portion size, ED, and total energy intake.'®

In the interest of identifying factors that contribute both to excess weight gain and
to weight management, the 2010 Dietary Guidelines Advisory Committee conduc-
ted a systematic evidence-based review of the relationship between ED and body
weight.! Their review included 17 studies (seven randomized controlled trials, one
nonrandomized controlled trial, and nine cohort studies) in adults. The commit-
tee concluded ‘that strong and consistent evidence in adults indicates that dietary
patterns relatively low in energy density improve weight loss and weight mainten-
ance’. In the rest of this review, rather than reiterating this evidence, we will provide
a brief summary of the types of studies that have led to these recommendations and
offer practical advice on applying these findings to weight management in clinical
populations.

A number of studies in the US and Europe have examined the relationship between
dietary ED and body weight.""'*22 Population-based studies have shown that normal-
weight adults report consuming diets with a lower ED than obese individuals.'*?
ED was also associated with the amount of weight gained over an eight-year period
in a prospective study of over 50,000 middle-aged women in the US Nurses’ Health
Study.?! While these data suggest that ED could be a determinant of weight status,
results from epidemiologic studies have not been consistent, probably because of
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differences in dietary assessment methods. For example, some large population-based
studies rely on food frequency questionnaires to determine intake,?! and it is not clear
that these adequately assess amounts of food consumed. Furthermore, the association
between ED and weight status can be influenced by whether or not different types of
beverages are included in the calculation of ED.??>* Beverages can have a dispropor-
tionate impact on ED because of their high water content. Agreement is needed upon
the appropriate methods for calculating ED and assessing its relationship to energy
intake and body weight.

Strong support for a relationship between the ED of the diet, excluding beverages,
and body weight comes from several longitudinal studies that have tracked body
weight and energy intake via dietary recalls which provide the best tool for capturing
reports from free-living individuals.! In a six-year longitudinal study, it was observed
that young women who reported a diet higher in ED gained two-and-a-half times as
much weight as those reporting a lower-ED diet.>> A secondary analysis of the results
in the multi-center PREMIER trial that included three different lifestyle interventions
found that changes in ED after six months were related to changes in body weight in
658 men and women. In addition to weight loss, reductions in ED were associated
with improved diet quality.?®

Several randomized controlled trials, the most rigorous test for dietary effects, confirm
that consuming low-ED foods influences weight loss."?72° In one trial, daily incorpor-
ation of a low-ED food (soup) into a reduced-energy diet increased the magnitude of
the weight loss and helped participants to maintain this loss.?® In another trial, the effect
of two strategies to reduce dietary ED on weight loss in obese women was tested.”’
One group was counseled to increase their intake of water-rich foods, such as fruits
and vegetables, and to reduce dietary fat. A comparison 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
vegetables had a greater reduction in dietary ED and lost more weight (17.4 vs. 14.11b).
Over the course of the year, participants who ate the lower-ED diet reported consuming
25% more food and reported less hunger than those in the comparison group.?’

Additional clinical weight loss trials indicate that low-ED diets can also help
patients maintain their weight loss. Greene and colleagues®® examined dietary ED
two years after participation in a hospital-based weight loss program that encouraged
consumption of lower-ED foods. They found that weight loss maintainers repor-
ted eating a lower-ED diet than those who regained body weight. A secondary data
analysis aimed at determining which dietary strategies were associated with weight
loss maintenance found that consumption of a lower-ED diet, characterized by greater
intake of vegetables and whole grains, was the most effective.’! Several studies
suggest that low-ED diets could be used to counsel patients attending outpatient
clinics. One non-randomized intervention conducted without a control group in an
outpatient clinic found that dietary counseling based primarily on food ED was asso-
ciated with maintenance of weight lost after the treatment was terminated.>> More
recently Lowe and colleagues conducted a randomized controlled trial specifically to
test the influence of an ED intervention on maintenance of weight loss.>? Participants,
who were recruited from a primary care clinic, lost weight over 12 weeks and were
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then randomized to one of four maintenance conditions: no intervention, meal
replacements, instruction on lower-ED eating, or meal replacements and instruction
on lower-ED eating. Instruction on how to lower dietary ED was the only condition
associated with sustained weight loss 36 months after the start of the intervention.3
Therefore, advising patients on how to lower the ED of their diet shows promise for
weight-loss maintenance, and its utility to be widely disseminated in primary care
settings should be explored further.

While data suggest that reducing dietary energy density can facilitate weight
management, more long-term studies are needed to understand how to implement
this approach and facilitate the maintenance of low-ED eating habits. If people were
to adopt lower-ED eating patterns, they would be able to eat more satisfying amounts
of food appropriate to meet both energy and nutrient needs.

9.5 Strategies to reduce dietary energy density

A goal for weight management is to provide dietary strategies that are sustainable and
have moderate energy intake. Consuming a low-ED diet is one strategy that emphas-
izes intake of nutrient-dense foods like fruits and vegetables and allows individu-
als to control hunger, feel full, and eat a satisfying amount of food while lowering
energy intake. A low-ED diet is versatile and does not restrict food groups; instead, its
emphasis is on consuming larger portions of low-ED foods and controlling portions of
higher-ED foods. Figure 9.1 shows how foods can be divided into four categories based
on their ED, ranging from Category 1, very-low-ED foods, to Category 4, high-ED
foods.** Foods in Category 1 can be eaten in satisfying portions, but as ED goes up in
Categories 2, 3 and 4, the need to manage portions increases. Use of these categories
can help with meal planning and provide ideas for simple swaps that can be made in
order to choose lower-ED foods and decrease energy intake.** In addition to choosing
foods that are lower in ED, individuals can use other strategies such as reducing the ED
of mixed dishes®® and strategically using low-ED foods as a first course at a meal "2

A number of well-controlled studies have investigated different methods for redu-
cing ED, such as decreasing fat, increasing fruits and vegetables, adding water, and
using fat or sugar substitutes.>® Although the sensory and biological effects of these
methods differ, they are all associated with decreased energy intake. In order to
determine if there is an optimal way to reduce ED and influence energy intake, three
methods of ED reduction (decreasing fat, increasing fruits and vegetables, and adding
water) were compared.” Commonly consumed foods such as oatmeal, a pasta dish,
and a chicken rice casserole were reduced in ED. Although there were some differ-
ences in energy intake across conditions, all three methods of ED reduction decreased
daily energy intake relative to no ED reduction. This suggests that individuals can
use a variety of methods to reduce ED, all of which can effectively decrease energy
intake. Furthermore, a combination of methods can be used in order to modify foods
for a more personalized and flexible dietary approach. Table 9.2 demonstrates how
simple swaps can be made at meals in order to reduce ED using a combination of
methods.
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Category 1
Very-low energy density
(<0.6 calories per gram):

Non-starchy vegetables, most
fruits, broth-based soups

Category 2
Low energy density
(0.6 to 1.5 calories per gram):

Starchy vegetables, whole
grains, lean proteins, legumes,
low-fat dairy

Category 3
Medium energy density
(1.6 to 3.9 calories per gram):

Breads, desserts (such as ice
cream, frozen yogurt, fruit
pies), fat-free baked snacks
(such as hard pretzels),
cheeses, higher-fat meats

Category 4
High energy density
(4.0 to 9.0 calories per gram):

Fried snacks, candy, cookies,
nuts, fats (such as butter, oils,
full-fat spreads and dressings)

Figure 9.1 Four categories of energy density can be used to guide food choices and portion

sizes:

Category 1: Satisfying portions can be consumed without many calories

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: modified from Rolls (2012).3

While there continues to be debate about the optimal diet composition for weight
management, there is agreement that most people should eat more vegetables. Recent
research shows that some approaches to increasing vegetable intake to lower ED for
weight management are likely to be more effective than others. Vegetables can be
incorporated into meals in a variety of ways; for example, they can be served whole,
chopped, shredded, or puréed, depending on whether they are provided as a side dish



Table 9.2 Sample menus varying in energy density

Original version Energy | Weight Energy Lower-energy-dense Energy | Weight | Energy
density version density
Breakfast Oatmeal made with whole 401 315 1.27 Oatmeal made with skim 268 334 0.80
milk, dried cranberries milk, blueberries
Lunch Sandwich (roll, fried chicken, | 686 438 1.57 Sandwich (roll, grilled 533 509 1.05
cheese, mayonnaise), cream chicken, cheese,
soup vegetables, mustard),
minestrone soup
Snack Celery with peanut butter 190 110 1.73 Celery with hummus 90 112 0.80
Dinner Pasta dish (pasta, regular 790 481 1.64 Pasta dish (pasta, extra 650 640 1.02
minced beef, parmesan lean minced beef,
cheese, Alfredo sauce), parmesan cheese, tomato
tossed salad, creamy Italian sauce), tossed salad with
salad dressing, regular extra vegetables, [talian
chocolate ice cream salad dressing, light
chocolate ice cream
Total 2067 1344 1.54 1541 1595 0.97

Note: This table shows how lower-ED foods and ingredients can be exchanged for higher-ED foods and ingredients to achieve a reduction in total energy of nearly 500 calories over the day.
The lower-ED menu on the right was developed with a combination of strategies, including decreasing fat (e.g. ice cream) and increasing water-rich foods including vegetables and broth-based
soup. About 25% of the energy contained in the original version was eliminated, yet the amount of food consumed in the lower-ED version was increased.
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or incorporated into a main dish. In order to reduce energy intake, however, vegetables
should be substituted for higher-ED components of the meal. Previous research has
shown that simply adding more vegetables to the meal while maintaining the portion
of grain and meat did not reduce overall meal energy intake.>> In contrast, increasing
the portion of vegetables while decreasing the grain and meat components of the meal
led to a reduction in meal energy intake. The substitution of vegetables for higher-ED
meal components is critical for the reduction in energy intake but this strategy may not
work if individuals dislike vegetables. One way to overcome this barrier is to incor-
porate puréed vegetables into mixed dishes to lower ED. The covert incorporation of
puréed vegetables into the entrées served at all meals across a day significantly reduced
daily energy intake, even in people who reported not liking vegetables.’® Together,
these findings indicate that substituting low-ED vegetables for either higher-ED meal
components or higher-ED ingredients in mixed dishes can moderate energy intake.

Another approach to encouraging consumption of low-ED foods is to provide them
at the start of a meal when hunger is elevated and there are no competing foods.” 2
‘Filling up first’ by consuming a large portion of a low-ED food such as salad with
low-calorie dressing,!! an apple,'? or a broth-based soup!® 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 effective if the first course
is a large portion of very-low-ED food that is less than 100 calories total. A recent
study also emphasized 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.>” 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 consuming 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.*®

A low-ED diet is not restrictive and can be tailored to accommodate individual
preferences. There are four ED categories, ranging from very-low-ED to high-ED; as
the ED category increases, greater attention to portion control is needed (Figure 9.1).
In order to lower dietary ED, meals should contain a larger proportion of very-
low- and low-ED foods than of higher-ED foods. Decreases in energy intake can be
achieved by swapping higher-ED foods for lower-ED foods, incorporating lower-ED
ingredients 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 applicability and thus can be a key component of a lifestyle that encourages a
healthy well-balanced diet for weight management.

9.6 Future trends

Low-ED diets are now widely recognized as versatile, nutritious, and effective for
managing energy intake and body weight. Nevertheless, greater understanding is
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needed on how consumers can lower ED affordably and sustainably without sacrifi-
cing palatability and enjoyment. The optimal strategies for lowering ED to promote
satiety and persistently 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 components
that are particularly effective for satiety-enhancement and intake reduction? Does
“filling up first” with a low-ED food lower energy intake more than reducing the ED
of the main course? Little research has been conducted to determine which ED reduc-
tion strategies are the most sustainable for weight loss and weight loss maintenance
over the long-term. Such well-controlled longer-term studies could lead to the devel-
opment of programs and products that will help consumers to maintain consumption
of a lower-ED diet that meets their energy and nutrient requirements.>

If lower-ED foods become more widely available and are more frequently
consumed than higher-ED foods, it will be important to determine whether this leads
to the prevention of overweight and obesity. Over time people who are not actively
trying to manage their weight may compensate for reductions in their energy intake
associated with lower-ED foods. Biological regulatory systems may sense an accu-
mulating energy deficit which leads to increased hunger and energy intake. Thus,
well-controlled studies are needed to evaluate the persistence of the effects of ED
reduction. In addition, innovative translational research should investigate the impact
of lowering dietary ED in a person’s everyday eating environment. Even small reduc-
tions in ED of frequently consumed foods could impact daily energy intake. A ques-
tion of interest is whether such reductions will be most effective if done covertly or
more overtly. Such research might identify new strategies that will help patients to
more successfully navigate the current obesogenic environment and maintain healthy
body weights.

9.7 Sources of further information and advice

A number of resources are available that enhance understanding of the science
behind the impact of ED on satiety and weight management. The systematic evid-
ence-based review from the 2010 Dietary Guidelines Advisory Committee summar-
izes the clinical trials and cohort studies published before May 2011.! Several other
reviews provide an overview of the laboratory-based controlled studies that have
been conducted on ED and energy intake®* and describe mechanisms underlying
the effects of ED.? Practical advice on to how to communicate ED to consumers is
provided by health organizations.*>#! A weight-loss program based on ED research
is available for consumers.>*
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Controlling appetite and food
intake by regulating eating
frequency and timing

R. J. Stubbs
University of Derby, Derby, UK

10.1 Introduction

Eating is a behaviour influenced by numerous genetic, physiological, psychological,
cultural, social and situational factors. This behaviour can be described or measured
in terms of subjective motivation to eat (appetite, hunger, satiation and satiety), as
amount and type of food and energy ingested, structure of dietary pattern, macro-
nutrient profile and the frequency and timing of eating (Blundell and Stubbs, 2004;
Stubbs and Blundell, 2011). The behaviours of interest in this current chapter are
eating frequency (EF) and timing and how they may influence appetite and energy
balance (EB). EF and timing are often tangled up with other issues such as type and
composition of foods, how foods and beverages affect appetite, energy density (ED),
portion size, environmental cues, cognitive processes, emotion regulation and circa-
dian rhythms (de Castro, 2010; Stubbs ef al., 2012). Several of these issues are dealt
with in other chapters, but in the real world these issues interact to determine patterns
of eating behaviour and EB. Disentangling different sources of scientific evidence
and their various limitations can be difficult.

10.2 The relationship between motivation to eat
and eating behaviour

10.2.1 Patterns of intake

Mammalian (and human) feeding occurs regularly and intermittently and despite a
general lack of conscious nutritional knowledge on the part of the animal, approxim-
ately matches energy intake (EI) and nutrient intakes with requirements (Stubbs and
Blundell, 2011). This does not mean that we regulate our intake with great precision
or accuracy in relation to energy requirements. Appetite regulation appears to be
imprecise and numerous factors disrupt the relationship between eating behaviour
and appetite (Mattes et al., 2005). It is likely that our feeding behaviour is designed
to protect us from deficiencies in energy and nutrients to ensure that physiological
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requirements are met (or at least deficiencies that produce functional impairments
are avoided). It would appear that evolution has designed our behaviour and physio-
logical systems to ‘bank’ surplus energy during times of abundance to protect us
from times of uncertainty. Such a design would have a conveyed survival advantage
in our ancient past because we frequently experienced seasonal food shortages and
famines (Prentice, 2005; Prentice et al., 2008).

Over the millennia we have become so successful at adapting to potential food short-
ages that in many parts of the world we now face unprecedented levels of disease asso-
ciated with having too much food. Technological progress has shaped our environment
faster than the environment can shape our genes, leaving humans with the biological
design constraints of an optimal forager but an environment where food is ubiquitous
(Stubbs and Tolkamp, 2006; Stubbs ef al., 2012). Many humans find it hard to resist
weight gain when surrounded by an abundance of inexpensive, palatable and energy
dense foods that can be obtained for minimal energy expenditure (Mattes et al., 2005;
Stubbs et al., 2012). Being overweight has become a highly probable consequence of
modern lifestyles. The characteristics of human feeding behaviour that were adaptive
in resource-limiting environments appear to have become ‘maladaptive’ with reference
to weight control and health in modern environments (Stubbs and Tolkamp, 2006).

Rather than being regulated, appetite and feeding behaviour might be said to be
anticipatory or reactive since patterns of food intake (FI) are flexible and respons-
ive to the state of the internal and external environment. Hunger and satiety have a
large learned component rather than being the direct consequences of unconditioned
physiological signals per se, such as reduced gastrointestinal content or circulating
peptides. Such physiological events can act as important cues for feeding but they
do not necessarily directly determine that behaviour (Stubbs and Blundell, 2011).
Hence environmental factors can have a major impact on eating behaviour and EB
(Mattes et al., 2005; de Castro, 2010). The process of learning links feeding beha-
viour to physiological, sensory, nutritional, situational and other cues. This is import-
ant because meal timing and frequency for most individuals form part of patterns of
learned behaviour. While there are considerable inter-individual differences in the
timing and frequency of ingestive events, it is likely that intra-individual differences
are somewhat less. In other words we are creatures of habit, although such habits are
easier to demonstrate for patterns of mobility (Gonzalez et al., 2008) than for patterns
of EI (Blundell, 2000).

The relationship between a meal and a snack relates to timing and size of ingest-
ive events in meal feeding animals and there is no universally accepted definition
of either in the scientific literature. In non-human species (and indeed humans) that
engage in numerous small feeding bouts throughout their diurnal cycle there is little
if any distinction between a meal and a snack. Meal feeding animals are conditioned
to ingest the majority of their EI in a few large ingestive events in their diurnal
cycle, at approximately the same time points. Under these conditions, a snack can be
defined as an energetically small, inter-meal ingestive event. To avoid confusion with
a common use of the word to describe a certain type of commercially available food,
it is useful to use the phrase ‘commercially available 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 appetite rise and fall in anticipation/response to FI. A scheme
illustrating the relationship between hunger, appetite, satiation and satiety and FI
is illustrated in Figure 10.1 (Blundell and Stubbs, 2004; Mattes et al., 2005). It is
important that we try to understand the impact of EF and timing on appetite, food and
EI in the context of EB. In other words, we are subject to the laws of thermodynamics
and if alterations in EF or timing have a significant impact on appetite control, they
must influence EI or EE in a quantitatively significant manner.

Typically EI increases from earlier to later ingestive events across the day, such
that EI at lunch exceeds that at breakfast 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 ingestive events over the last few decades.
The more traditional 3—4 meals per day pattern has been replaced by one of an
average of 5 ingestive events per day, in Americans at least (Leidy et al., 2010).

10.2.3 How food composition impacts on satiety

The dietary macronutrients protein, carbohydrate, 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 kilocalories [kcal] per gram [kcal/g]. Macronutrients contribute 4, 4,

Appetite controls type and amount of food eaten. Appetite can be
food-specific and have a large learned, anticipatory component.

Satiety maintains a state of not eating.
Generally bears a reciprocal relationship to hunger.
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Figure 10.1 A schematic representation (not to scale) of the relationship between the
subjectively expressed constructs of motivation in relation to feeding, and their relationship
to quantitative and qualitative feeding behaviour.
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7 and 9kcal/g for carbohydrate, protein, alcohol and fat respectively, while water
contains 0kcal/g. Although the ED of foods can range from 0 [water] to 9 kcal/g [pure
fat], for most of the frequently consumed individual 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 vegetables (0.25-0.5kcal/g), and some considerably more so — savoury snack
products are approximately 5.3 kcal/g (Royal Society of Chemistry, 2002).

Macronutrients are not all equal when it comes to how satisfied one feels after
eating them. Protein has the greatest effect on satiety, followed by carbohydrate,
followed by fat (Blundell and Stubbs, 2004; Stubbs et al., 2008). Thus while fat is
the most energy dense food-based macronutrient it is also the least satisfying. Alcohol
is the only macronutrient known to stimulate appetite (Caton et al., 2005; Yeomans,
2010a, 2010b). Because of the relative imprecision of appetite control, changes in
dietary ED do not have a large effect on FI and so ED of foods has a leverage effect
on EI such that high ED foods elevate EI (de Castro, 2004a) and low energy dense
foods tend to lower EI (Ello-Martin ef al., 2007; Ledikwe et al., 2007).

There is considerable confusion in both the scientific and popular literature about
the role of EF and timing in appetite control and weight management (Mattson,
2005). The following sections consider current evidence on EF appetite regulation
and weight control.

10.3 Eating frequency and energy balance -
observational studies of free-living adults
consuming self-selected diets

In 1997 Bellisle and Colleagues criticised early cross-sectional associations between
meal frequency and adiposity with convincing arguments that (i) the inverse associ-
ation between meal frequency and adiposity disappears when reported dietary intakes
are adjusted for probable mis-reporting of EI and (ii) these associations are also likely
to be affected by reverse causality, i.e. that more overweight people may omit more
meals in an attempt to control their weight (Bellisle et al., 1997).

McCrory et al. (2011) have extensively reviewed evidence of EF and adiposity
in free-living adults consuming self-selected diets in 19 cross-sectional studies (20
analyses). In 16 (10 significant) analyses, individuals who reported eating more
frequently where leaner than those who reported eating less frequently. Four analyses
(3 significant) showed the opposite effect. The different studies used different
measures of EF and adiposity, and sample sizes ranged from 82 to 14,666. Taking
up the arguments 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
relationship between self-reported EF and BMI was not significant. However, they
then applied commonly used methods to estimate mis-reporting by comparing EI to
estimated energy requirements to split the sample into those deemed to have plaus-
ible or implausible self-reported Els (McCrory et al., 2002; Huang et al., 2004,
2005). Analysis of the ‘plausible’ sub-sample (n=2,658) showed that the relationship
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Figure 10.2 Energy intake from breakfast, lunch, dinner, and snacks (aggregate) 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 ‘plausible’ sub-sample
(n=2685), i.e. having excluded those records deemed to exhibit implausibly low energy
intakes relative to expected energy requirements. Within each eating occasion, labelled means
without a common letter differ at P<0.05 (McCrory et al., 2011).

between reported EF and BMI changed from non-significant to significant and posit-
ive. Similar patterns were seen for the relationship between EI and BMI (Figure 10.2).

They confirmed these results by repeating the analysis in the Nationwide Food
Consumption Survey 1977-78 (n=13,750) and the Continuing Survey of Fls by
Individuals 1989-91 (n=2,474). These analyses suggest that in cross-sectional
studies the relationship between EF, EI and adiposity is confounded by underreport-
ing (McCrory et al.,2011). Comparing results obtained in the total sample with plaus-
ible samples provided an indication that both breakfast and snacks may be selectively
under-reported and that EF is associated with increased adiposity in cross-sectional
studies when the effect of under-reporting has been corrected. Such corrections are
based on a number of approximate assumptions (i.e. that subjects should be in EB,
physical activity is a fixed multiple of basal metabolic rate and that basal metabolic
rate can be predicted with linear regression equations) (Livingstone and Black, 2003).

10.4 Eating frequency and energy balance -
intervention studies

Palmer (2009) identified (from 176 studies conducted between 1980 and 2009)
25 weight loss/maintenance interventions examining the impact of varying EF on
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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 occasions/day were studied and for weight mainten-
ance 1-17 eating occasions/day. Palmer found no association between EF and weight
status. A meta-analysis of the relationship between weight outcomes and EF was
precluded by between-study differences in definitions of meals and snacks. Only two
of the studies examined the impact of EF on hunger, one of which showed a transient
effect over a single meal, but no differences 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 intervention in samples ranging
between 10-19 adults. EF ranged from 3 to 9 ingestive events/day. Only one of the
studies showed a significant change in body weight where participants lost slightly
more weight when eating 6 versus 3 times/day. However, the difference in weight
amounted to 0.3kg 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 examining the effects
of EF on appetite control and FI, whether increased EF improves appetite control,
subsequently reduces EI or vice versa. They found minimal/no improvements in
appetite control and regulation 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 appetite 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 duration of studies constrained generalizability
of conclusions (Leidy et al., 2010).

Parenthetically it is worth mentioning that controlled studies have also examined
the effect of altered EF on energy expenditure and substrate utilisation. The studies
have generally found little/no impact of altered EF per se on energy on nutrient
metabolism beyond an increased periodicity of substrate utilisation and the thermic
effect of food, which generally does not impact on 24-hour EB (Bellisle et al.,
1997). Significant changes in EE may however affect eating frequency (Westerterp-
Plantenga ef al., 2003).

The effect of eating frequency (EF) on appetite and EB is still not entirely resolved.
Evidence is indirect and fragmentary. Ostensibly cross-sectional studies tend to
support no or a negative relationship between meal frequency and BMI (McCrory
et al., 2011). Current evidence suggests that increased EF of modern foods is asso-
ciated with greater adiposity once the effects of mis-reporting have been estimated
(McCrory et al.,2011). However, the assumptions behind such estimates may in them-
selves create an artifact. These methods are essentially a means of verifying dietary
intakes relative to an assumed habitual EB, rather than a direct means of measuring
mis-reporting of food, energy or nutrient intakes. The definition of ingestive events
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in these studies is both arbitrary and variable between studies and measures of intake
also vary between studies. It is therefore important to compare such analyses to
controlled laboratory interventions over a number of weeks in humans, but there are
not enough controlled studies to draw firm conclusions.

10.6 Small inter-meal ingestive events

Caloric beverages and commercial snack foods have the potential 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 ef al., 2009; Cassady et al., 2012; Mattes,
2010). Mattes has conducted an analysis of patterns of hunger and thirst and their
relationships to eating and drinking in a convenience sample of 53 healthy adults
(Mattes, 2010). He has considered the results in the context of evidence regarding
beverages, satiety and weight control (McKiernan et al., 2009; Mattes, 2010, Cassady
et al., 2012). Mattes suggested:

(i) thirst sensations are higher than hunger and more stable over the day;

(ii) the health consequence of drinking in excess of needs are minimal;

(iii) there are strong environmental influences on drinking;

(iv) beverages are highly palatable inexpensive and convenient;

(v) itis socially acceptable to drink in many social and professional settings;

(vi) beverages have minimal impact on satiety and inasmuch are an ideal vehicle the delivery
of nutrients (Mattes, 2010).

Commercially available snack foods tend to differ from the rest of the diet as
they are more energy dense, high in fat and carbohydrate, low in protein and usually
contain a large fraction 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 attractively packaged, producing strong environmental
influences on consuming them. They are highly palatable, inexpensive and conveni-
ent, and it is socially acceptable to consume them in many social and professional
settings. Also they have minimal impact on satiety and inasmuch are also an ideal
vehicle for the delivery of energy outside of a clear temporal pattern, or even perhaps
below the threshold for strong detection by satiety mechanisms. Energy dense, high-
carbohydrate and high-fat snacks have similar effects in increasing El, under labor-
atory (Mazlan et al., 2006) and free-living conditions (Whybrow et al., 2007; Tey
et al.,2012), but not when of identical ED and composition to the rest of an ad libitum
diet (Johnstone et al., 2000). These effects are most pronounced in subjects who do
not habitually eat snack foods between meals and least pronounced in subjects who
incorporate such foods in their learned (habitual) patterns of behaviour (Westerterp-
Plantenga et al., 2002; Whybrow et al., 2007).

While there is considerable research (albeit methodologically limited) on EF and
indices of EB, there is less published research on the role of altering 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 correlates of self-reported Fl in
free-living humans ingesting their usual diets, using 7-day food diaries and concomit-
ant measures of motivation to eat, mood and environmental circumstances (de Castro,
2004b). They found that meal sizes increase, whereas the after-meal intervals and
satiety ratios decrease over the day. They then hypothesised that the time of day of
F1 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 hypothesis was tested in a reanalysis of 7-day food diaries in 375 male
and 492 female free-living individuals. The amounts of the macronutrients ingested
and the density of intake occurring during five 4-h periods (0600—0959, 1000-1359,
1400-1759, 1800-2159 and 2200-0159 h) were identified and related to overall daily
El and meal intakes during the entire day. The proportion of intake in the morning
was negatively correlated with daily El (r=-0.13, P<0.01), whereas the proportion
ingested late in the evening was positively correlated with daily El (r=0.14, P<0.01)
(de Castro, 2004b) (Figure 10.3).

Els were then analysed by splitting days for each participant into those
where intake during the morning, afternoon or evening were above or below each
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Figure 10.3 Correlations between the proportions of food energy ingested by humans
self-reported in 7-day diet diaries during each of the five time periods and the total amount of
energy ingested during the day for all subjects, for subjects identified as adequate reporters,
for men only and for women only. *Different from zero, P<0.01 (de Castro, 2004b).
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individual’s mean daily intake for those periods and then relating proportionate
intake in the morning, afternoon or evening to total daily El. Correlation analysis
suggested that high proportional intake during the morning was associated with low
overall daily El and high proportional intake during the evening was associated with
high overall daily El. The energy densities of intake during all periods of the day
were positively related to overall intake (range, r=0.13-0.23, P<0.01). De Castro
suggested that circadian and diurnal rhythms affect FI such that eating more earlier
in the day can help limit El and eating more late in the day may predispose people
to overconsumption (de Castro, 2004b). Subsequent analysis suggested there was a
macronutrient specificity to these effects. When a higher proportion of carbohydrate
was ingested in the morning, less total energy and carbohydrate was ingested over the
whole day. When the proportion of daily fat ingested in the morning was high, less
energy, carbohydrate and fat were ingested over the whole day. When the proportion
of protein intake was high in the morning protein intake was lower over the whole
day. The opposite effects were also seen. When the proportionate 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-reporting (under-reporting) of El was
corrected for by:

(i) analysing absolute values and also the proportions of intake that are magnitude independ-
ent;

(i) using within-subject comparisons;

(iii) examining data reported above and below a cut-off of 1.1 xBMR;

(iv) acknowledging that unsystematic, random, errors of measurement likely remain ‘which
should obfuscate relationships rather than produce them’ (de Castro, 2004b, 2007).

There are potential limitations to this research:

(i) relationships are correlational, cause and effect are hard to distentangle;

(ii) these are real world effects and relationships could be due to other (unmeasured) phenom-
ena;

(iii) the cut-off of 1.1 x BMR for estimated mis-reporting is low;

(iv) it is possible that misreporting could be selective, the McCrory analysis of EF suggests
breakfasts are specifically under-reported (McCrory et al., 2011), which if present in the
de Castro analysis would create an artefact;

(v) the correlations were relatively small producing effect sizes on total EI of ~0.5 MJ/d;

(vi) these effects have not been replicated in other independent data-sets, which should be a
research priority.

10.7.2 Intervention studies of free-living adults consuming
self-selected diets

Recently, a prospective longitudinal study examining how timing of Fl relates to
weight loss effectiveness in humans has been reported in individuals following a
20 week diet and lifestyle weight loss treatment (49.5% female; mean age 42; mean
BMI 31.4). Those who tended to eat lunch later lost less weight (7.7 versus 9.9kg)
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
breakfast and skipped breakfast more frequently than those who tended to eat lunch
earlier (Garaulet et al., 2013). This study did not detect any differences in El, diet
composition, estimated EE, appetite hormones or sleep patterns between the two
groups, which is not surprising given the magnitude of weight differences observed
over 20 weeks.

In the context of weight management it is interesting that in addition to current
interest in the timing of eating behaviour per se as a factor that can affect appetite and
weight control, the regularity and stability of eating behaviour may also be import-
ant. Eating patterns are a form of learned behaviour and evidence suggests that more
chaotic, impulsive and unpredictable patterns in the frequency and timing of ingestive
events are associated with less control over EI and body weight (Stubbs ef al., 2011,
Stubbs and Lavin, 2013).

10.7.3 Intermittent fasting, appetite and weight control

The timing of eating is also altered during intermittent fasting, the most extensively
studied example of which is Ramadan. A recent meta-analysis of self-controlled
cohort studies comparing body weights, blood levels of lipids and fasting blood
glucose levels before and after Ramadan showed that after Ramadan fasting, low-
density lipoprotein 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 observers of Ramadan lost on average about a
kilogram of weight over four weeks, and the lost weight was quickly regained (Hajek
etal.,2012). Roky et al. (2004) reviewed the effects of Ramadan fasting on physiolo-
gical and behavioural variables in healthy subjects. They found that Ramadan fasting
did not dramatically affect the metabolism of lipids, carbohydrates and proteins, or
the daily mean of hormonal serum levels. Some beneficial changes (increased HDL,
apoprotein Al, decreased LDL) were noted along with changes in the circadian
distribution of body temperature, cortisol, melatonin and glycemia. Nocturnal sleep,
daytime alertness and psychomotor performance 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 substantially 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 significant changes in body weight over Ramadan (Finch
et al., 1998). What is most remarkable about the complete fast during the hours of
sunrise to sunset during Ramadan is that it has minimal effect on body weight in a
population who are not fasting for the purpose of losing weight. It is worth noting that
intermittent fasting (i.e. between days) is becoming increasingly popular as a means
of weight management. A recent review (Varady, 2011) found intermittent fasting in
seven studies had a similar impact to caloric restriction (11 studies) on weight loss
and fat loss.
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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, copyright © 1998, with permission from Elsevier.)

10.8 Timing of eating and disruption of diurnal rhythms

It is possible that an altered eating pattern, shorter sleep duration, international travel
across time-zones, exposure to bright lights at night or shift work could impact on
metabolic outcomes, health (de Castro, 2007, 2009; Garaulet et al., 2010, 2013), and
(in animal models at least), lifespans (Froy, 2010). The role of chrono-disruption
in health and well-being is an emerging area with relevance for modern lifestyles
although evidence in relation to appetite control humans is currently limited. There
is a growing literature relating circadian disruption to the development of certain
diseases or the impairment of existing pathologies including premature aging,
cancer, cardiovascular diseases, cognitive impairment, mood disorders, obesity and
metabolic syndrome (Garaulet et al., 2010; Froy, 2010). On the other hand there is
considerable plasticity in feeding behaviour. Despite large changes in the pattern of
feeding, El can potentially be adjusted to satisfy requirements (see below). But appe-
tite and feeding behaviour are biased towards over-rather than under-consumption,
which suggests circadian disruption could potentially uncouple the normal phase
relationships between internal circadian rhythms (i.e. appetite and satiety signals) and
24-hour environmental cycles (feeding and activity schedules) (Froy, 2010; Garaulet
etal.,2010).

To date very few controlled studies in humans have examined how chrono-disruption
per se influence appetite control when El is controlled, or under ad /libitum condi-
tions. It is therefore useful to examine this issue in the context of rodent models.
Fonken et al. (2010) have conducted a series of studies in rodents showing that
night time light exposure increases body mass, body fatness and reduces glucose
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tolerance over 8 weeks compared with mice living under a standard light/dark cycle.
Their results suggested that low levels of light at night disrupted the timing of Fl and
other metabolic 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 significantly more weight than mice fed only during the 12 hour dark phase.
In these studies there were no statistically significant differences in caloric intake and
locomotor activity between groups. However, in the study by Arble and colleagues
the light fed group were consistently less active and ate slightly more than the dark
fed group—effects which might summate to influence EB. Subsequent studies have
begun to characterize the molecular mechanisms by which shifts in light/dark patterns
disrupt molecular clocks in rodent models e.g. (Fonken et al., 2013a, 2013b, 2013c¢).
It is not yet clear if disruptions of light/dark cycles have equally pronounced effects
in humans.

The neurophysiology of eating behaviour and sleep/activity profiles are inter-
connected and co-ordinated in that hunger and vigilance are paired during daylight
hours and sleep/satiety are paired during the hours of darkness (Vanitallie, 2006).
The interconnected nature of chronobiology, eating behaviour, EB and obesity
illustrates the complexity of mechanisms at play (Froy, 2010; Garaulet et al., 2010;
Fonken and Nelson, 2011). Chrono-disruption may influence health and well-being
but it is not clear if this operates through any changes in meal timing or frequency.
Perhaps the real life intervention in humans that is closest to switching the light/dark
cycle of rodents is shift work. Zhao et al. (2012) found that night-only shift work
was associated with obesity in 2,086 nurses and midwives, but the relative risk was
slight (1.02). A study by Itani et al. (2011) suggested that the relationship between
shift work and obesity may be mediated through sleep-loss in 21,693 Japanese men
and 2,109 women. Analysis using both engagement in shift work and sleep duration
as dependent variables showed that the relative risks of new-onset obesity for those
with a sleep duration of less than 5h 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 systematic review by Antunes
et al. (2010) suggested that shift workers seem to gain weight more often than
those workers submitted to a usual work day and that shift work is associated with
increased risk for obesity, diabetes and CVD. In a systematic review of 10 articles
(Canuto et al. 2013), 8 found a positive association between shift work and the meta-
bolic syndrome after controlling for socio-demographic and behavioural factors,
although only 3 studies included sleep duration as a confounder (Canuto ef al., 2013).
Vyas et al. (2012) conducted a systematic review and meta-analysis of 34 studies in
2,011,935 people. They found that: ‘On the basis of the Canadian prevalence of shift
work of 32.8%, the population attributable risks related to shift work were 7.0% for
myocardial infarction, 7.3% for all coronary events, and 1.6% for ischaemic stroke’
(Vyas et al., 2012). Van Drongelen et al. (2011) conducted a systematic review of
8 articles examining the longitudinal effects of shift work on body weight change
and found strong evidence for a crude relationship between shift work and body
weight increase.

Appetite control is far less clearly studied in relation to shift work. Crispim et al.
(2011) found that shift workers on an early morning shift had lower appetites and
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concentrations of leptin and nonacylated and acylated ghrelin than the workers on
other shifts in very small samples of 6-9 subjects.

The balance of evidence suggests some association between shift work, weight
gain, the metabolic syndrome and cardiovascular risk, which may be mediated by
lack of sleep, associated circadian disturbances, psychosocial stress or other factors.
Evidence relating shift work patterns to appetite control and eating behaviour
barely exists. There is much work yet to be done in understanding how the timing
of eating associated with altered diurnal patterns affects human appetite and energy
balance.

10.9 Summary and future trends

Eating frequency and timing can be interrelated both with each other and a range
of other variables that can impact on appetite and EB. This suggests that EF and
timing operate in a complex matrix of influences and the studies reviewed here may
often be affected by unmeasured variables. The definitions of EF and timing differ
between studies as do measures of EF, timing and indices of EB. It is important
to understand the limitations to current data and heterogeneity in the relationship
between eating patterns, appetite and EB control. Current evidence suggests EF is
associated with higher Els and a positive EB. Foods eaten as small inter-meal ingest-
ive events often tend to be different in ED and composition to foods eaten at main
meals, which raises issues of the impact of food composition, ED and pre-pack-
aged foods on El and EB. There is very little evidence that eating less frequently
promotes a positive or negative EB. The size and composition of meals eaten appears
to change across the day. These findings take into account mis-reporting of El and
current corrections for this phenomenon make approximate assumptions that may
create artefacts. There is little evidence that EF affects appetite except that decreasing
eating frequency below three meals/day elevates hunger (Leidy et al., 2010). Gross
changes in the timing of eating appears to have little impact on body weight with the
possible exception of shift work, where evidence indicates some risk of weight gain
although mechanisms are far from clear. EF and timing in relation to shift work are
largely unstudied. Examinations of appetite control during shift work appear limited
to pilot work. The relationship between EF and timing, appetite and EB requires a
consideration of nutritional and non-nutritional properties of foods, the social and
environmental context and that human eating behaviour is biased toward over- rather
than under-consumption.

Future work should address the current lack of controlled studies on EF and timing,
move towards standardising definitions of ingestive events and measures of food
intake and reduce the considerable heterogeneity in measures made. Mis-reporting
of food intake is an area that requires urgent attention for EF and timing, and rela-
tionships between diet and health in general. Many authors state the need for reliable
biomarkers of energy and nutrient intake, but there is little sign that such techniques
will be developed for large-scale or individual level assessments in the near future.
Attempting to replicate the real-world correlates of EF and timing produced by de
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Castro (2004a, 2004b, 2007, 2009, 2010) should also be a research priority, using
more incisive measures of EB and mis-reporting, as the findings of this work are
tantalising. The area of chrono-disruption requires structured investigation in terms
of the mechanisms by which specific components of altered diurnal rhythms impact
on overall patterns of eating behaviour, 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 conducted in the USA (Nielsen and Popkin, 2003; Smiciklas-
Wright et al., 2003; Young and Nestle, 2002, 2007, 2012), the UK (Wrieden ef al.,
2008; Benson, 2009), Denmark (Matthiessen et al., 2003) and the Netherlands
(Steenhuis ef al., 2010). Young and Nestle (2002) showed that the portion sizes
of numerous 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 illustrated that since the
1970s, there has been a tremendous increase in the number of available ‘large’
and ‘super’ sizes. This trend has continued 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 conducted
in Denmark showed that portion sizes of particularly high-energy dense foods
and beverages such as chocolate bars, ice creams, and sugar-sweetened beverages
have increased during the past decades (Matthiessen et al., 2003). A study conduc-
ted in the UK confirmed the increased availability of king and giant sizes, and
increasing portion sizes, especially in fast-food chains (Wrieden et al., 2008). The
increase in portion sizes in the UK was also demonstrated by Benson and colleagues
(2009) who concluded that the most significant increases in portion sizes in Britain
occurred during the last two decades (Benson, 2009). Research conducted in the
Netherlands demonstrated also a trend of increased portion sizes. Three major trends
were identified (Steenhuis ef al., 2010). First, original sizes of products have enlarged,
with the smaller original size being no longer available on the market; second, larger
sizes have been added to the portion size portfolio; and third, multi-packages have
been introduced, with an increased number of sub items within a multi-package since
their introduction.

Portion sizes as well as the portion size portfolio are changing continuously. The
reason why portion sizes keep changing is that they form an important marketing tool
to increase market share. Larger portion sizes can be offered by food companies at a
relatively low cost, since the costs of the food are relatively cheap compared to other
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costs such as labor (Young and Nestle, 2012). Besides the above mentioned studies
conducted in the USA, UK, Denmark and the Netherlands, virtually no data on chan-
ging portion size are available. In order to be able to monitor the changes in portion
sizes systematically, it is advisable to set up a consistent monitoring system across
countries. A first step to provide insight in such changes over time is already being
undertaken as in 2011 the Global Food Monitoring Group was established. This initi-
ative currently exists in 31 countries and seeks to monitor and report the nutritional
composition of processed foods available in different countries, including data on the
packages 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 unfavorable taste, e.g. stale popcorn (Wansink and Kim, 2005). The effects
have been shown for a variety of foods, such as macaroni (Rolls et al., 2002), pre-
packaged snacks (Rolls ef al., 2004), and beverages (Flood et al., 2006). Effects of at
least 30% higher consumption levels due to portion size are frequently reported (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
doubling a portion led on average to an increase in consumption 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 indication of meal to meal compensation
(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 resulted in a cumulative 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 literature, explaining why people buy and eat larger
portion sizes than they actually need, are the notions of ‘value for money’ and
‘portion distortion’. Larger portions are made attractive by offering 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 ef al.,
2004; Wansink, 1996). Based on focus group interviews, it seems that consumers
experience 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 ef al., 2010b).

Next, continuous exposure to larger food portion sizes contributes to ‘portion
distortion’ among consumers (Matthiessen et al., 2013; Penisten and Litchfield,
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2004). People experiencing portion distortion perceive larger portion sizes than
recommended by nutritional guidelines as an appropriate amount to consume at a
single occasion (Schwartz and Byrd-Bredbenner, 2006). It also refers to the fact that
individuals do not realize that their portion size commonly exceeds the serving size
(Bryant and Dundes, 2005). With respect to portion distortion, a number of aspects
are relevant. First, larger portions have become standard and, as a consequence,
consumers have difficulty selecting amounts of food that are appropriate for their
weight and activity levels (Young and Nestle, 2003). Second, market-place portions
differ increasingly from recommended standard portion sizes defined by federal
agencies (Young and Nestle, 2003). In fact, market-place portions are often three
to four times larger than the recommended portion size, while consumers perceive
market-place portions as standard portions (Hogbin and Hess, 1999). Several studies
have shown that people tend to select substantially larger portions than the recom-
mended portion sizes (Bryant and Dundes, 2005; Burger ef al., 2007; Condrasky
et al., 2007; Schwartz and Byrd-Bredbenner, 2006). Third, labels on food packaging
are not always clear with respect to the serving size. Sometimes, unrealistic small
serving sizes are used on food packages in order to give consumers a positive 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
confusion, as people’s interpretation of these terms differs (Young and Nestle, 1998).
Moreover, the absolute amounts for a ‘small’, ‘medium’ or ‘large’ also vary greatly
and may also create confusion (unpublished data). A fourth factor relevant in portion
distortion is the ‘unit bias’ people might experience. Geier et al. (2006) define unit
bias as ‘a sense that a single entity is the appropriate amount to engage, consume or
consider’. The size of the unit or package sets a consumption norm for consumers,
which might not be an appropriate norm in accordance with food recommendations
(Geier et al., 2006; Wansink, 2004). Many people interpret package size as a single
serving size and are unaware of the fact that a package contains multiple servings
(Pelletier et al., 2004). Fifth, tableware also contributes to portion distortion. It seems
that people serve themselves more food if using a larger dinnerware 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 extended portion
size portfolio (see section 11.2) leads to a shift in the perception of what the ‘normal’
size is. The larger the portion sizes available in the portion size portfolio, the larger
the selected portion (Vermeer et al., 2010a). This might be caused by people’s so-
called ‘preference for the middle’; when adding larger sizes to the portion size port-
folio consumers will shift up their choice to select a portion size more in the middle
(Sharpe et al., 2008).

Once larger portions have been selected because of the value for money and portion
distortion principle, passive over-consumption is likely to occur. In particular, people
tend to overeat palatable, high energy-dense (e.g. high in fat) foods, without delib-
erate intention (Blundell and MacDiarmid, 1997). This mindless eating occurs espe-
cially in situations in which individuals are distracted during eating and when they
are not focused on the food they are consuming. When eating mindlessly, individuals
are at risk of consuming surplus amounts when enough food is available (Stroebele
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and de Castro, 2004). Watching television, playing a computer game, listening to the
radio and dining with others are factors that typically lead to mindlessly eating larger
amounts than intended (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 individuals’ sensory-specific satiety, meaning that perceived pleas-
antness from the food declines less gradually and therefore postpones meal termina-
tion. When eating mindlessly, people have difficulty memorizing the amount of food
consumed recently. These consequences of mindless eating result in an increase in
the quantity consumed (Bellisle et al., 2004; Blass et al., 2006; (Hetherington et al.,
20006), and also the amount of food consumed later that day (Higgs and Woodward,
2009; Oldham-Cooper et al., 2011).

11.4 Environmental strategies influencing portion
control behaviors

Since increased portion sizes are part of a changed food environment, it is a chal-
lenge to change this into an environment that makes it easier to not overeat. Physical,
economic, political and socio-cultural aspects of the environment can be distin-
guished according to the ANGELO-grid (ANalysis Grid for Environments Linked
to Obesity) (Swinburn ef al., 1999). The physical environment refers to available
options to make a healthy choice; the economic environment refers to the cost of
healthy choices; the political environment refers to rules and regulations that may
influence healthy choices; and the socio-cultural environment refers to social and
cultural norms influencing healthy choices (Swinburn et al., 1999). Interventions
aimed at portion size can be put in place in all four types of environment. In the
following, intervention opportunities within the physical, economic and political
environment will be identified.

Physical environment. Decreasing portion sizes, or the option to order half a portion,
are examples of interventions aimed at the physical environment (Schwartz et al.,
2012; Steenhuis and Vermeer, 2009; Wansink and Huckabee, 2005). An experi-
ment conducted in 26 worksite cafeterias showed that around 10% of customers
who normally ordered a standard sized hot meal switched to a smaller size (which
was about two-thirds of the original standard available size) when made available
(Vermeer et al., 2011b). Schwartz et al. (2012) demonstrated that this percentage can
be increased to a third, if consumers are actively offered to downsize their order. After
offering a smaller snack, people did not report more feelings of hunger and craving
compared to a larger snack (van Kleef et al., 2013). Visual segmentation cues in
packages appears to promote a reduction in consumption as well (Geier et al., 2012;
Wansink and Huckabee, 2005). Segmentation cues enhance monitoring of consump-
tion, can set a consumption norm, and can interrupt automatic eating (Geier et al.,
2012). Smaller servings in multi-packs, for example mini candy bars, can also be
regarded as a segmentation cue. However, it is also recognized that these smaller



Managing food portion size and its effect on weight control 171

servings might undermine self-control mechanisms (Vale ef al., 2008). As the number
of sub items in multi-packages has increased (see before), offering smaller servings in
larger multi-packages might not be the solution to control energy intake adequately.
More research is needed into the optimum size of products, when people are still
satisfied with the product and do not opt for more than one unit as a serving size.

Economic environment. Since the value for money principle is a quite strong
mechanism, and price remains an important determinant in food choice, pricing
strategies to make smaller portions more attractive can be put in place (Steenhuis
et al., 2011; Steenhuis and Vermeer, 2009; Young and Nestle, 2012. Only very few
experiments have been conducted with respect to removing the value size pricing and
using proportional 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 worksite cafeterias respectively (Harnack et al., 2008; Vermeer et al.,
2011b). They found no effects of proportional pricing, possibly due to a minimal
exposure to the intervention (Harnack et al., 2008) or the relatively small differences
in absolute price between the different portion sizes (Harnack et al., 2008; Vermeer
et al., 2011b). More studies into attractive pricing strategies for smaller portions
are needed, since intervention effects of pricing strategies in general are promising
(Epstein et al., 2012).

Political environment. It might be somewhat unrealistic to expect the food industry
to voluntarily reduce portion sizes. There are some good starting points for policy
measures with respect to portion sizes (Steenhuis and Vermeer, 2009; Young and
Nestle, 2012). Clear and realistic serving size standards should be defined. The same
accounts for the expressions ‘small’, ‘medium’, ‘large’ et cetera (Just and Wansink,
2014). Package labels should be in accordance with the defined standards. Although
portion size labeling has not convincingly proven to be effective in changing
consumers’ behavior (e.g. Vermeer et al., 2011a), portion size information should
be clear and consistent which is not the case right now (see before). Other potential
policy measures include actual limitations on the amount of food marketed or sold
as single servings (Young and Nestle, 2012). This might be easier to accomplish in,
for example, a school setting (Hartstein et al., 2008), but should be studied further
on feasibility and effectiveness for all different kinds of point of purchase settings.

11.5 Self-regulation strategies to control portion sizes

Environmental interventions in the physical, economic and political environment as
described above are necessary in order to help consumers to control their portion
sizes. However, the environment 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 beverages larger than
160z in New York restaurants, movie theaters and mobile food vendors was stopped
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by the New York Country Supreme Court shortly before the regulation would be
implemented (March 2013) because the regulation was judged to be ‘arbitrary and
capricious because it applies to some but not all food establishments in the city’

Therefore, complementary to the environmental interventions, consumers need to
learn to cope with an obesogenic environment with food in large amounts and portion
sizes available. Educational interventions should address awareness to decrease
portion distortion and teach behavioral strategies for portion control. Self-regula-
tion might be helpful in this. Self-regulation refers to all efforts to steer attention,
emotions and behaviors to reach beneficial long-term goals (i.e. weight loss), even
when there are short-term temptations (i.e. a tasty cookie) or conflicting long-term
goals (de Ridder and de Wit, 2006). In the context of controlling portion sizes, self-
regulation refers to efforts to control and maintain adequate selection and intake of
the amount of food, thereby resisting or adapting temptations and situations by which
one is triggered to overeat (Poelman et al., 2014).

To support self-regulation to resisting large portion sizes, educational interven-
tions might offer so-called ‘portion control strategies’. These are simple behavioral
strategies to eliminate the risk of selecting large food portions or consuming surplus
servings/portions/amounts The strategies are derived from studies explaining why
larger portions lead to an increased energy intake (see also section 11.3). Portion
control strategies can help individuals decrease their energy intake. Moreover, a
higher usage of such strategies are associated with a healthy body weight, indicat-
ing the efficacy of such strategies in weight-management (Poelman et al., 2014).
Table 11.1 provides some examples of portion control strategies.

11.5.1 Integrated interventions aimed at portion
control behavior

To encourage the use of portion control behavior among individuals, comprehens-
ive interventions are needed. Interventions need to focus on the awareness about
appropriate normal-size portions and the use of behavioral strategies. Because eating
behavior is such a strong habitual process, educational interventions need to incor-
porate several general self-regulatory strategies aimed at applying the portion control
behavior (Verplanken, 2006). Goal setting, action planning, coping planning and
self-monitoring are general self-regulation strategies that have been found effective
in archiving health behavioral changes (Sniehotta ef al., 2005).

11.6 Summary and conclusions

In general, portion sizes have (been) increased over the past decades, extra portion
sizes have (been) added to the portion size portfolio, super- and jumbo-size portions
and multi-packs have become available. From a public health perspective this is
unfavorable as larger portions lead to an increased energy intake. Explanations for
increased energy intake levels due to portion sizes are the value for money principle
and the portion distortion phenomenon. In order to reverse the trend of large portions,
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Table 11.1 Examples of drivers of portion size selection and
consumption and portion control strategies to eliminate
these factors

Examples of drivers of portion size selection Examples of portion control
and intake strategies

Purchase behaviour during grocery shopping

Increased purchases might be driven by several When grocery shopping, make a list
price marketing strategies that stimulate in advance and do not deviate from
individuals to increase the amount of food it when you are in the supermarket.
purchased. Relevant price marketing strategies Do not be tempted by special deals
used to persuade consumers to buy larger and offers (bundle promotions such
amounts and more products are value size as buy-two-get-$1-off or buy-one-
pricing (Wansink, 1996), bundle promoting get-one-free).

(Foubert and Gijsbrechts, 2007) and free

D t tast [ t shops.
sampling (Heilman et al. 2011), as 0 not taste free samples at shops

consumers will select a larger package Don 't buy jumbo-sized packages
or quantity that maximizes utility (Wansink, (e.g. 30% extra or the largest
1996). package) and do not buy large

quantities at once.

Food exposure and stockpiling

Individuals’ desire to consume larger amounts Store tempting foods (such as sweets
and also the actual portion size that they and candies) well packaged, out of
consume is actual intake evoked by food sight and out of reach.

exposure (Fedoroff et al., 1997; Ferriday and
Brunstrom, 2008; Marcelino et al., 2001).
When exposed to easily accessible foods (e.g.

When at a party put yourself out of
reach of tempting foods.

snacks within reach), individuals perceive that Don t store (tempting) foods in

obtaining these foods requires less effort to several places such as in the glove
consume (Wansink et al., 2006). Moreover, compartment of the car or the desk
easily accessible foods are perceived as more drawer at work. Keep these places

difficult to resist and are more attention-grabbing | snack-free!
(Engell et al., 1996; Maas et al., 2012; Wansink
et al., 2006). An important factor that can
contribute to in-home food exposure is the
quantity and manner of stockpiling. The incidence
of the consumption of high-convenience foods
increases when the foods are stockpiled more
visibly. For both high- and low-convenience
foods, large amounts of stockpiled foods also
induce increased usage, the intake of larger
amounts (Chandon and Wansink, 2002) and

thus greater energy intake (Raynor and Wing,
2007).
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Package size

People consume more from large packages than
out of small packages (Flood et al., 2006; Rolls
et al., 2004). This phenomenon arises for
packages of high-convenience foods (e.g. chips)
(Rolls et al., 2004), as well as for packages of
low-convenience food that requires prepara-
tion before consumption (e.g. spaghetti strings)
(Wansink, 1996). Moreover, large packages
influences 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 palatable and tempting
foods, determine a normal serving in
advance and store the rest of the
package out of sight and reach.

When preparing a meal, decide
what a normal serving size of the
ingredients per person is beforehand.
Do not use the whole package
automatically, but take the number
of people who will be eating into
account.

Food establishments and takeaway food

Participants are driven by several aspects to select
larger portions when eating out. In addition to
‘standard’ restaurants or fast-food outlets, most
buffet-style restaurants offer an ‘all-you-can-eat’
system where visitors are responsible for the
amount they serve to themselves. Because such
restaurants offer of a great variety of food, people
might experience more hedonic properties of the
foods offered and consequently are prompted to
serve themselves with surplus amounts (Rolls

et al., 1981). Moreover, since most buffet-style
restaurants have fixed-price offers, most

visitors are motivated 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 smallest one.

When going to a buffet, serve yourself
small amounts of the dishes. Take into
account that the total amount you are

taking should fit on one plate.

Mindless eating

This mindless eating occurs especially in
situations in which individuals are distracted
during eating and when they are not focused

on the food they are consuming. When eating
mindlessly, individuals are at risk of consuming
surplus amounts when enough food is available
(Stroebele and de Castro, 2004). Individuals
should avoid eat mindlessly to eliminate the
influence of this phenomenon on
overconsumption.

Avoid other activities such as
watching television, reading or
driving a car when eating.

Avoid eating during work-related
activities such as meetings, working
at your desk or making telephone
calls.
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the physical, economic as well as the political environment should be changed with
respect to portion sizes. Nevertheless, it is unrealistic to expect the desired change
to come from self-regulatory efforts from the food industry only and governmental
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 obesogenic environment filled with supersized food.
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12.1 Introduction

There is currently a paradox in Western societies: the thin ideal for body shape that
dominates our culture makes dieting normative, but at the same time, obesity has
become ‘epidemic’. Given the extent of dieting to lose weight, supporting a multi-
billion-dollar diet industry, with millions of participants in diet programs, not to
mention the never-ending stream of best-selling diet books — many of them repeat
best-sellers, as new generations discover them — given the myriad of pills, devices,
fitness regimes and medical ‘breakthroughs’ offered in the last 45 years, North
Americans should be the thinnest, most physically 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, including several whole new categories, while obesity is more
prevalent than it has ever been.

Several relatively recent societal developments have been identified as contribut-
ors to the increased prevalence of obesity, as was discussed earlier in this volume. To
recap briefly, portion sizes have grown inordinately large (e.g., Nielsen and Popkin,
2003), food cues have generally proliferated, and there appears to be generally greater
access to appealing, high calorie foods (Brownell and Horgen, 2003; Polivy et al.,
2008). Brownell describes this constant exposure to food cues as a ‘toxic food envir-
onment’ that contributes to the prevalence of overweight (Brownell, 2002).

12.2 Effects of food cues

Evolutionarily, food cues are useful, indicating when, where, and what food is
available for us to eat. Thus, food cues should trigger appetite and eating behavior.
Exposure to attractive 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 nutritional values
caused students to report increases in hunger, desire to eat, and number of foods
currently hungry for, as well as reduced fullness (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 ef al., 1997; Jansen and Van
den Hout, 1991). In fact, such cues can operate in a highly specific manner, such
that after exposure to food cues for one particular 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 ef al., 2003). One might even argue that the well-
documented increased eating in response to larger portion sizes (e.g., Rolls et al.,
2002) reflects an effect of exposure to increased food cues.

Large-scale correlational studies also indicate that exposure to food cues through
television viewing is associated with increased food intake and weight in children
(Crespo et al., 2001; Halford and Boyland, 2013; Wiecha ef al., 2006) and even
predicts adult obesity (Viner and Cole, 2005). Moreover, girls who viewed more
television each day also ate more energy dense snacks (Francis et al., 2003). A
laboratory test of these findings showed that children exposed to the sorts of food
advertisements seen on television ate more than did children shown non-food-related
ads (Halford et al., 2004), demonstrating that these food cues do promote eating
in children. Similarly, Folkvord et al., (2013) had children play food- or non-food-
related advergames (free online games that integrate advertising messages and
logos) and found that they ate more after playing an advergame containing food
cues regardless 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 depicted in the game (fruit consumption did
not increase).

12.3 Potential moderators influencing responding
to food cues

Studies on the effects of food cues often find that everyone 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-responsive to external cues, particularly food cues
(Schachter, 1971), research has focused first on differences 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 somewhat
ironically called it, restrained eating, over the past three decades has demonstrated
that such dieting is common among young women, and has what appear to be para-
doxical effects. Nondieters (or unrestrained 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 chocolate milkshake. Chronic on-again off-again dieters, or restrained eaters,
on the other hand, eat somewhat less in laboratory situations under ‘normal’ (i.e., no
preload) circumstances, maintaining their diets, but after a fattening milkshake or
other food, they tend to eat more. We (and others) have found over the years that a
disturbingly large variety of manipulations results in restrained eaters eating signi-
ficantly more than do either their nonmanipulated restrained eater peers, or than do
unrestrained eaters in a similar situation. In other words, in almost any situation other
than a calm, neutral environment, restrained eaters are more likely to ‘break’ their
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diets than to stick to them. It is thus not surprising that restrained eaters also have
been found not to lose weight over six months or a year, and in the short term, their
weight fluctuates significantly more than does that of unrestrained eaters (Heatherton
etal., 1991).

12.4 How plentiful food cues affect dieters/
overweight individuals

So how do obese people and restrained eaters respond to food cues? Apparently quite
strongly. Overweight children responded more strongly than did normal weight chil-
dren to food words on a Stroop test (Braet and Crombez, 2003). More importantly,
overweight children overate after being exposed to the smell and taste of palatable
food, whereas normal weight children ate less after such exposure (Jansen et al.,
2003). Halford and colleagues (Halford et al., 2008) showed that although all chil-
dren ate more after viewing food advertisements than after viewing non-food ads, the
increase was significantly greater in obese children and the amount eaten after the
food ads was significantly correlated with degree of fatness.

Similarly, overweight adults respond more strongly to food cues by ordering cued
desserts in restaurants (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 salivation (Ferriday and Brunstrom, 2011). Tetley and colleagues
concluded that such elevated reactivity to food cues could signal a risk for overeating
and becoming overweight, and/or maintaining an overweight status. These authors
replicated this work in female participants who differed with respect to deprivation
level (hungry vs non-hungry), impulsivity, and sensitivity to reward, finding results
similar to those found with overweight versus normal participants (Tetley et al.,
2010). The women with higher levels of trait impulsivity experienced greater changes
in appetite ratings in response to exposure to food cues whether food-deprived or not.
Moreover, these individuals reported wanting larger portions of a cued food when
food deprived. The participants with a high sensitivity to reward also desired larger
portions of the cued food, but only when they were not food-deprived. The authors
interpreted these results as indicating that individual differences in food-cue reactiv-
ity could be related to an inability to exercise sufficient self-control in the presence
of tempting environmental stimuli in general, suggesting that overweight individuals
should show greater impulsivity than normal.

Talmi et al. (2013) found that hungry individuals had a differential bias toward
recall of food-related words, not evident in sated individuals. Looking at attentional
focus measures as well as food intake, Nijs et al. (2010) found an attentional bias
towards food pictures in all participants, hungry, sated, obese, and normal weight.
Hungry people, however, showed greater automatic attention to food cues than did
satiated individuals, as did overweight/obese as compared to normal-weight indi-
viduals. Other measures of attentional bias toward food pictures were less clear and
consistent, but what was clear was that it was the hungry overweight participants



184 Managing and Preventing Obesity

who ate the most food in a taste test. The authors concluded that ‘overweight/obese
individuals appear to automatically direct their attention to food-related stimuli, to
a greater extent than normal-weight individuals, particularly when food-deprived’
(p. 243).

Tetley et al. (2009) included the DEBQ measure of restrained eating (van Strien
et al., 1986) in their examination of responses to food cues and found no effects of
restraint on responses to food cues, but Ouwehand and Papies (2010) found that
exposure to attractive food cues differentially affected restrained eaters (measured
with the Herman — Polivy Restraint Scale, 1980), and did so in conjunction with
obesity. They found a decrease in desire for high-calorie food in normal-weight
restrained eaters who were primed with attractive food cues, but increased desire
for the food in overweight restrained eaters. Unrestrained eaters all responded to
the priming manipulation regardless of weight. The measure of restraint used does
seem to matter; heightened responding to food cues by restrained eaters seems to be
found primarily in studies using the Herman — Polivy Restraint Scale, rather than the
DEBQ or TFEQ (Stunkard and Messick, 1985). As has been discussed previously
(Heatherton ef al., 1988; van Strein, 1999), the RS measure of restrained eating seems
to identify a population different from that identified by the DEBQ and TFEQ. Thus
it is the reaction to food cues of RS restrained eaters that we will be discussing in
this chapter, as they are the restrained eaters who seem to behave like overweight and
obese individuals, 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 unrestrained eaters. Rogers and Hill (1989) found that restrained
eaters exposed to attractive photographs 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 unrestrained 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 unrestrained eaters in response to olfactory and cognitive food
cues.

Cognitive responses to food cues show similar results. Restrained eaters were
found to respond faster than unrestrained 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 generally better at the task, but significantly slowed by food words, indicating an
attentional bias to food words. Finally, restrained eaters perceived attractive foods
as larger after priming with tempting food cues (van Koningsbruggen et al., 2011).

An innovative study of responses to food cues manipulated food cue exposure
and then measured handgrip force (which presumably would allow participants to
acquire the object depicted) while presenting participants with pictures of healthy
food objects (van Koningsbruggen et al., 2012). Exposure to tempting food cues led
restrained eaters, but not unrestrained eaters, to exert less forceful 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 understanding of why restrained eaters are so
susceptible to the temptations of food-rich environments.
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12.5 Factors influencing overweight/obese people
and restrained eaters to respond more to
salient food cues

Not every study shows hyper-reactivity to food cues by either overweight (e.g.,
Legoff and Spigelman, 1987) or restrained individuals (e.g., Coelho et al., 2009b;
Oakes and Slotterback, 2001). This failure to over-react might indicate a weakness of
the tendency, or it might suggest something about when such hyper-responsiveness is
more likely to occur. As Coelho et al. (2009b) point out, highly salient food cues may
overwhelm attempts to diet and resist temptation, but less obtrusive, less salient food
cues might serve to trigger or bolster dietary restraint. Coelho ef al. (2009a) tested this
possibility directly by exposing weight concerned and non-concerned participants to
salient food cues to which they were forced to attend, or to less salient incidental food
cues, or to no food cues. Only the highly weight concerned participants ate more after
exposure to the salient cues, and those exposed to the incidental food cues did not
differ from controls exposed to no food cues. The salience or potency of the food cues
present thus seems to determine whether they will elicit more eating from overweight
or restrained individuals.

With the increased availability of fMRI equipment, the brains of restrained eaters
have been scrutinized to see if their fMRI responses to food cues differ from those of
unrestrained eaters. The short answer is that they do. The longer answer is that differ-
ent studies find activation in different brain regions, but there is agreement on the fact
that restrained eaters’ brains light up more reliably in response to food intake (Burger
and Stice, 2011) and food cues than do the brains of unrestrained eaters (e.g., Shur
etal.,2012). Shur and colleagues conclude that deciding to restrain one’s eating beha-
vior alters the brain’s response to food cues, which may be what makes restrained
eaters more susceptible to salient, tempting food cues.

Another source of enhanced response to food cues is craving, which might also
be related to restraining one’s food intake, specifically restraining one’s intake
of highly palatable but high calorie preferred foods. Fedoroff er al. (1997, 2003)
found that restrained eaters reported more cravings for cued foods, and that
the cravings (like the increased consumption) were specific to the food cues presen-
ted. Restrained eaters deprived of chocolate (Polivy ef al., 2005) or carbohydrates
more generally (Coelho et al., 2006) reported increased craving for the missing
food, and when confronted with it, ate more than did equally deprived unres-
trained eaters or non-deprived restrained eaters. Even if one simply eats less of
a favorite food rather than avoiding it altogether, one may feel subjectively deprived,
which may contribute to experiencing cravings, or strong desires, for the avoided
food (Herman et al., 2005). The enhanced craving stimulated by food cues exper-
ienced by people restraining their intake of attractive foods may make it harder
to resist the temptation to eat larger amounts of those foods when they become
available.



186 Managing and Preventing Obesity

12.6 Psychological processes governing eating behavior

We need to fully understand the psychological processes that govern eating behavior
in general if we want to learn to control the excess eating induced by environmental
food cues in overweight and restrained individuals. Eating behavior is influenced by
aspects of both individual differences among people, as we have seen in the discus-
sion of restrained eating and overweight/obesity (but which also include other person-
ality traits such as impulsivity, memory, degree of deprivation, and beliefs about
food), and the situation. Food cues are one aspect of the situation, but other factors
such as social influence (the behavior of other people present), portion size, the palat-
ability of the food, and the variety of foods available all affect eating behavior (e.g.,
Herman et al., 2005). We cannot review all of these literatures here, but will give a
brief summary of the salient findings.

12.6.1 The psychology of the person

We have seen that obese and overweight people seem to respond more strongly to
food cues, as do restrained eaters. There is also evidence that trait impulsivity is simil-
arly predictive of a cognitive bias toward food cues (Hou ef al., 2011), is associated
with increases in appetite ratings and desired portion sizes after food-cue exposure
(Tetley et al., 2010), and is associated with weight gain over a 10-year period and
with a tendency to give in to temptation (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 influence food
intake (Higgs, 2008). Moreover, lesions to the hippocampus, which is the area of the
brain thought to be responsible for learning and memory, produce excessive eating in
the lesioned animals (Higgs, 2008).

It is clear that visceral factors such as hunger due to food deprivation affect
people’s behaviors, and as such factors become more intense or increase, they focus
behavior more and more toward the relief of visceral discomfort (Loewenstein, 1996).
Thus, food deprivation has been shown to affect the reinforcing value of food and to
influence intake (Epstein and Leddy, 2006), as well as to shift people’s food choices
from preferred, palatable foods to anything that is immediately available to be eaten
(Hoefling and Strack, 2010). Simply anticipating being food deprived by having
to go on a diet later produces overeating in restrained eaters (Urbszat et al., 2002).
Mere perceived deprivation, or the feeling that one has been deprived or cannot eat
as much as one would like, seems to be as influential as actual food deprivation. This
perception correlates strongly with restrained eating and susceptibility to weight gain
(Markowitz et al., 2008).

12.6.2 The psychology of the situation

As we have seen, food cues in the environment affect eating in everyone, but espe-
cially in overweight and restrained eaters. Other aspects of the situation exert strong
influences on food intake. Social influences (i.e., responses to the presence and/or
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behavior of other people) are particularly potent; for example, modeling of another
person’s intake (or even just a piece of paper indicating how much other people in
the situation have eaten) produces matching in people exposed to the model (Herman
et al., 2003). The presence of others also affects how much people eat; social facilit-
ation makes us eat more the more people present at the meal (Herman et al., 2003).
Both modeling and social facilitation may operate by setting social norms for what is
appropriate in a given eating situation. A different social factor is impression manage-
ment; people eat different foods or different amounts of food in order to project a
particular image of themselves (Herman et al., 2003). For example, when trying to
impress an attractive male, females will eat less or will eat a salad rather than some-
thing more ‘masculine’ such as a burger and French fries. The presence of other
people thus exerts powerful effects on eating by those with them.

Other situational factors can be equally powerful. The amount of food presented
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, palatability is a
powerful determinant of intake; not surprisingly, 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 environment such as the variety of foods available, plate
or package size, and even lighting have much greater influences on how much indi-
viduals eat than most people realize (Wansink, 2004). As Wansink points out, these
sorts of environmental elements interfere with people’s attempts to monitor their
intake and also set social norms that dictate how much to eat.

12.6.3 The interaction between person and situation

It should be clear by this point that eating and overeating are not simply responses to
hunger or even the simple presence of food cues. Both person variables and aspects
of the situation have strong effects on eating behavior. The next question is how
these two sorts of influences interact with each other. We have proposed that different
people respond to the same food-related environmental cues in different 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 appearance, smell, taste, or even texture/
feeling. Even thinking about food can be sensory-based if the thoughts are about how
good the food tastes, smells, looks or feels. Other environmental cues are not directly
connected to the food itself, but provide information about norms concerning food
intake, such as how much one should eat, or when and where it is appropriate to eat
the food (e.g., breakfast foods vs dinner foods). Reviewing the research on responses
to such cues, we found that normative food cues seem to have a universal effect,
influencing everyone 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 everyone eats
more heartily. Sensory food cues, however, are the cues to which overweight/obese
people and restrained eaters respond more strongly than do their normal-weight or
unrestrained counterparts (Herman and Polivy, 2008). So it follows that an increase
in sensory food cues in the environment (such as smells of attractive cinnamon rolls,
pictures of fattening foods in advertisements on television or billboards, etc.) will
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have a stronger effect on overweight and restrained eaters than on normal weight,
non-diet-conscious people.

12.7 Implications for obesity management

If people who are overweight, obese, or weight-conscious restrained eaters are more
susceptible to the abundant food cues characterizing Western society, then perhaps
controlling their exposure to such cues or even teaching them to react less to the cues
might help curb their overeating (Jansen, 1998). Fifteen years ago, Jansen reviewed
several promising pilot studies using cue exposure and response prevention to get
binge eaters to stop bingeing. Unfortunately, this treatment does not seem to have
been effective, and there are no recent reports (in the last decade) of its successful use
to control eating behavior and reduce weight.

Another possible intervention might be making people aware of the factors that
influence their eating, as Wansink (2004) suggests. We tried something along these
lines, informing participants about the impact of portion sizes on intake, or giving
them a series of mindfulness exercises designed to make them aware of how portion
size influences their eating (Cavanagh ef al., in press). Neither of these interven-
tions was successful at preventing participants from eating more when given larger
portions, however. Similarly, awareness interventions that entail making people
aware of the calories in the food they are about to order at fast-food restaurants have
also failed to reduce the amount of food ordered, and in one study, made restrained
eaters switch from ordering salads more often to ordering pasta, when they are told
that the actual calorie counts in the two dishes are comparable (Girz et al., 2012).

Thus an intervention aimed at sensory food cues (exposure to them combined
with response prevention so that people cannot eat after exposure) and others aimed
at normative cues (portion size) have both failed to change people’s responses to
food cues. Chronic on-again-off-again dieting such as that practiced by restrained
eaters has also been shown over the last 30 plus years to be a fruitless endeavor—the
‘obesity epidemic’ that purportedly began around 1980 (Brownell and Horgen, 2003)
coincided with an upsurge in dieting that began in the 1970s (Polivy and Herman,
1987). Some might see this correlation as indicating that dieting increased as a
means of dealing with the increased overweight in the population, but we suggest
that the correlation reflects the reverse process; dieting is not only not a solution to
the problem of overeating and overweight, 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 behavior in response
to environmental food cues, whether sensory or normative, we must recognize the
complexity of the endeavor. Ideally, we might recommend a reduction in the preval-
ence of attractive food cues and normative messages promoting 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 disregard food
cues and/or to eat less regardless of the presence of food cues seems likewise to
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be a strategy doomed to failure. Removing food and eating cues from the environ-
ment and/or getting vulnerable people to ignore them might be helpful, but the odds
against successfully implementing such strategies are steep. Obesity is a complicated
phenomenon; eliminating it will not be easily accomplished in the current food-
abundant environment.
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13.1 Introduction

Since managing and preventing obesity is related to energy balance, it is natural to
consider both sides of the equation, that is, energy expenditure (physical activity) and
energy intake (diet). But how do these two together affect or associate with obesity?

This chapter focuses on the potential interaction between diet and physical activity
in preventing and managing obesity. Interaction exists when the effect of one modi-
fiable factor (i.e. physical activity or diet) upon the outcome (e.g. obesity, weight
change, obesity-related risk factors, etc.) is different at different levels of the other
factor (i.e. diet or physical activity) (Woodward, 1999). The illustrative term ‘effect
modification’ is also used instead of interaction.

Figure 13.1 illustrates the potential interactions relevant for this book. An arbitrary
outcome is used to indicate the magnitude of change in, e.g., weight or risk-factors for
chronic diseases. Both physical activity and the general diet are dichotomized in this
illustration: people are thought to follow one of the two physical activity programmes
(e.g. no activity vs. increase activity, or activity programme 1 vs. activity programme
2), and similarly for the diet programme. It should be noted that the examples are only
illustrative and they are not based on actual research data.

In Figure 13.1(a), the effects of physical activity are similar for both diet groups,
and vice versa. Although diet and physical activity have additive effects, they do not
really interact. In Figure 13.1(b), the different physical activity programs have no
additional effects if the participants are following one of the diets (e.g. a weight-redu-
cing diet), whereas the effect is clear for those following the other diet (e.g. unres-
tricted energy intake). This is called unilateralism. Figure 13.1(c) shows the cases of
synergism, when both diet and physical activity have a positive effect, but the effects
of physical activity are stronger together with the other diet.

It is also important to consider the possibility of confounding effects, that is,
whether physical activity 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, dictary habits are related both to physical
activity and obesity, diet may also be considered a confounder.

Managing and Preventing Obesity. http:/dx.doi.org/10.1533/9781782420996.3.193
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Figure 13.1 Examples of potential interactions of diet and physical activity in managing and
preventing obesity. The scale on the Y-axis is arbitrary unit.

The aim of this chapter is to examine the possibility of real interaction between
diet, physical activity and obesity. Moreover, the case of confounder effects is also
discussed. One of the main objectives is to give ‘food for thought’ to researchers and
to stimulate new study ideas and analytical designs.

The questions are approached from four different settings: (1) prevention of weight
gain and/or obesity; (2) weight reduction intervention; (3) prevention of weight regain
after weight reduction; (4) management of obesity-related diseases and risk-factors
without change in weight. Contrary to the simple example in Figure 13.1, physical
activity is much more than a dichotomous (yes/no) variable. In this chapter, the
main views are on energy expenditure (quantity) and intensity (quality) of physical
activity.

Diet is even more complicated than physical activity. In weight-reduction studies,
the main factor is often energy intake or the level of reduction in energy intake.
Recently there has been increasing interest in the effects of different types of diets
during weight reduction, e.g., low-carbohydrate or high-protein diets (Brinkworth
et al., 2009; Josse et al., 2011). Moreover, epidemiological 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 according to a theoret-
ical premise (e.g. dietary recommendations) or to data-driven dietary analyses (e.g.
principal component analysis) (Barbaresko ef al., 2013).
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13.2 The independent and combined roles of physical
activity and diet in prevention of weight gain

Primary prevention of weight gain is most often studied by using large popula-
tion cohorts, with several years’ follow-ups (Fogelholm ef al., 2012). Some studies
(e.g. Nurse’s Health Study) have repeated measurements (e.g. every 3 to 4 years)
(Mozaffarian et al., 2011), but most rely on baseline assessment as the sole predictor
of weight change. Typically the behavioural components, including diet and phys-
ical activity, are assessed at baseline. The change in weight or waist circumference
is used as the main outcome; data on body composition are rare. The term ‘weight
gain’ in this chapter includes also waist circumference and body fat, if not indicated
otherwise.

Cohort studies on the association between physical activity and weight gain have
been systematically reviewed by several authors during the last ten years (Fogelholm
and Kukkonen-Harjula, 2000; Summerbell ez al., 2009; Wareham ef al., 2005). All of
there three systematic reviews came to a similar conclusion: there is suggestive evid-
ence that low levels of physical activity 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 positive on physical activity as a preventive measure (Summerbell et al.,
2009), but whether this is due to improved methodology (e.g. larger datasets, more
precise evaluation of physical activity) or to publication bias is uncertain.

There are several methodological challenges in studying the associations between
physical activity and weight change in large cohorts. An apparent problem is
what the precise exposure should be and how to measure it. Daily physical activity
is a sum of several kinds of activities which take place in different settings (work,
home, commuting) and have varying intensities and energy expenditures. Moreover,
part of the time spent in low physical activity can be classified as totally sedentary
(sitting or lying) and this component has also recently been associated with, e.g.,
obesity (Summerbell et al., 2009; Wareham et al., 2005) and mortality (Petersen
etal., 2014).

Since weight gain is a function of energy balance, it would be natural to try to
assess total daily energy expenditure (Summerbell et al., 2009). However, in past
studies, this has not been possible, since most of the subjective measures only assess
one or two components of physical activity. Hence, the data even today are restricted
by incomplete description of total physical activity, and of inaccurate assessment of
the component which was assessed. The recent increased used of accelerometers may
provide new insights by giving simultaneously objective data for total activity and for
different intensities, including time for total sedentariness (Rich et al., 2012).

The above reviews also concluded that the associations between higher physical
activity and less weight gain are stronger if physical activity is measured at the end
of the follow-up, or if the change in physical activity from baseline is used as the
exposure variable (Fogelholm and Kukkonen-Harjula, 2000; Summerbell et al.,
2009; Wareham et al., 2005). However, these analytical designs are in fact cross-
sectional (retrospective) in their design, not prospective. Therefore, reverse causality
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(weight gain and obesity leads to decreased physical activity) is at least partly a likely
explanation for these stronger associations.

Numerous cohort studies have data with diet as the exposure and weight or waist
circumference gain as the outcome (Fogelholm et al., 2012; Summerbell ez al., 2009).
In these studies, the choice of exposure variable could be considered even more
difficult than for studies with physical activity. Namely, diet could be described by
using, e.g., total energy intake, energy density (kJ/kg) proportion of macronutrients in
total energy intake, dietary glycaemic index (GI), several food groups, the entire diet
(Fogelholm et al., 2012) or different dictary patters (Fuglestad et al., 2012). Also the
assessment of food consumption and dietary intake is demanding, and the results are
often both biased (underestimated) and inaccurate.

In our systematic review on diet and weight gain (Fogelholm et al., 2012), we
found probable evidence for high intake of dietary fibre and nuts predicting less
weight gain, and for high intake of meat in predicting more weight gain. Suggestive
(weaker than ‘probable”) evidence was found for a protective role against increasing
weight from whole grains, cereal fibre, high-fat dairy products and high scores in an
index describing a prudent dietary pattern. Likewise, there was suggestive evidence
for both fibre and fruit intake in protection against larger increases in waist circum-
ference. Also suggestive evidence was found for high intake of refined grains, and
sweets and desserts in predicting more weight gain, and for refined (white) bread
and high energy density in predicting larger increases in waist circumference. The
results suggested that the proportion of macronutrients in the diet was not important
in predicting changes in weight or waist circumference.

In cohort studies predicting weight gain by using physical activity and/or diet
as the exposure, age, socio-demographic status, baseline obesity, etc. are used as
confounders. The important question for this chapter is if physical activity and diet
are confounders for each other — or whether they interact? How should these two
variables be used in the analyses?

A confounder should be related to both the other risk factor (exposure) 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 discussion is that at least some compon-
ents of diet and physical activity are associated with weight gain (Fogelholm et al.,
2012; Summerbell et al., 2009). But are diet and physical activity associated with
each other? Several studies have shown an association between lower physical activ-
ity and unhealthy eating behaviours (Mesas ef al., 2012), skipping breakfast (Corder
et al., 2014; Fuglestad et al., 2012) and high meat consumption (Kappeler et al.,
2013). Moreover, watching TV was positively associated with an excessive urge to
eat (Chapman ef al., 2012). Nevertheless, the associations between different compon-
ents of diet, physical activity and health behaviour seem to be complex and very
inconsistent (Leech et al., 2014).

In a recent study, several food groups and a diet-quality score were associated
with cardiorespiratory fitness, independent of physical activity levels (Shikany et al.,
2013). The result is interesting, although very difficult to explain, particularly since
also some unhealthy dietary patterns (e.g. consumption of processed meat) were
positively related to fitness.
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The above data indicate that high physical activity 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 components of
activity and diet show the strongest correlations. Given this fact and the problems
we face with assessment of both diet and physical activity accurately, it is very likely
that the relationships between exposure (diet or physical activity) on the outcome
(obesity or health/disease) are partly explained by residual confounding (Lawlor
et al., 2004).

But the question of interaction exists — do physical activity and diet really interact?
Are the associations between diet and weight change different for different physical
activity levels and/or patterns? Data on insulin resistance as a modifier of the rela-
tionship between diet and weight gain (Mosca ef al., 2004) could offer an explanation
for the hypothesis of an interaction between diet and physical activity in predicting
weight gain: by improving insulin sensitivity (Roberts et al., 2013), physical activ-
ity may make an individual less susceptible to the fattening effects of certain dietary
components (e.g. fat or carbohydrates).

To the best of my knowledge, this question has only been assessed in papers from
the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. A
significant interaction between diet and physical activity was reported in one study
(Vergnaud et al., 2010): the positive relationship between meat consumption and
weight gain was stronger in individuals with high physical activity. The interaction
between several other dietary factors (not meat), physical activity and weight gain
was reported to be non-significant (Romaguera et al., 2010; Vergnaud et al., 2012).

The result on meat, physical activity and weight (Vergnaud et al., 2010) was
surprising, since it could be hypothesized that the increased energy expenditure from
physical activity would make it easier to control body weight, even when eating more
foods which are associated with weight gain. However, since the relation between
meat and weight gain was stronger in men than in women (Vergnaud et al., 2010),
higher physical activity in men might explain the interaction between physical activ-
ity, meat consumption and weight change.

In conclusion, certain dietary components may have different associations with
weight gain, depending on the amount of physical activity. Unfortunately, the data are
far too inadequate to make any firm conclusions. Even less is known about different
kinds of activities. It could be hypothesized that high-intensity training, with more
emphasis on intramuscular energy sources compared to moderate-intensity activities,
might have an interaction with, e.g., carbohydrate intake and/or dietary glycaemic
index.

13.3 Physical activity and diet during weight
reduction programmes

The data from weight reduction studies give more insight on the interaction of diet
and exercise, compared to data from epidemiological designs. The literature allows
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Figure 13.2 Difference in weight change (kg/week) between exercise/diet + exercise vs.
control/diet only, as a function of duration of the intervention. Data from Wing (1999) and
Ross and Janssen (2001).

assessment of the hypothesis that the effects of increased exercise are dependent on
whether obese participants are following an energy-restricted diet or not.

Figure 13.2 combines the results from two earlier, comprehensive and system-
atic reviews on the effects of exercise in treatment of obesity. The figure shows the
difference in weekly weight reduction as a function of study duration in two differ-
ent designs: (1) an exercise group (mostly aerobic exercise) is compared to a control
group (no exercise) (Ross and Janssen, 2001); (2) a combined exercise and diet group
is compared against a diet only group (Wing, 1999). The figure suggests that there is
apparently no interaction between exercise and diet: the additional effects of exercise
on body weight reduction seem to be similar with or without an energy-restricted diet.
It should be noted that the figure does not indicate that the prescribed dose of exercise
was really high in two of the included studies (the two dots showing an approximately
600 g weekly weight reduction during a 12-week intervention) which is the likely
explanation for the very good result in these studies.

A more recent Cochrane-review (Shaw ef al., 2006) estimated that adding exercise
to a weight-reducing diet lead to an increased average weight loss of 1.1 kg. Using the
weighed mean difference of the studies comparing exercise alone against no treatment
suggested a larger weight reduction as a result of exercise, namely 2.5kg. However,
because of great heterogeneity between the studies, the authors did not carry out an
official meta-analysis. In the same review, high intensity exercise appeared to lead to
an average of 1.5kg greater weight reduction, compared to moderate or low-intensity
aerobic exercise with similar estimated energy expenditure. This positive effect was
observed only in trials without a simultaneous weight-reducing diet, which indicates
an interaction with unilateralism (effects of exercise are only seen without a diet).
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Figure 13.3 Change in body composition during weight reduction with or without physical
exercise: meta-analytic findings. Data from Garrow and Summerbell (1995). FM = fat mass,
FFM = fat-free mass.

There are rather few studies on the interaction between diet and physical activity on
body composition changes during weight reduction. The key question from a health
view-point is how to maximize body fat mass loss (FM) and simultaneously how to
minimize 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 exercise to diet improves weight loss and increases the proportion of FM loss,
compared to diet only. However, the positive effects of exercise seemed to be slightly
better when exercise without diet was compared to simply no exercise. This review
therefore suggests that there is an interaction which is incompletely directed towards
unilateralism. A more recent review (Weinheimer et al., 2010) reached an approx-
imately similar conclusion. However, this review was restricted to middle-aged and
older individuals, and to changes in FFM.

In treatment of obesity, weight reduction should not be considered an end in
itself; the main aim is to reduce risk-factors and to improve health prognosis. The
independent and combined effects of diet and exercise in individuals with obesity
have been systematically reviewed (Katzmarzyk and Lear, 2012; Shaw et al., 2006).
Both reviews concluded that adding exercise to a weight-reducing diet does not lead
to clinically or statistically significant improvements in major risk-factors, such as
systolic and diastolic blood pressure, fasting blood glucose, serum LDL- and HDL-
cholesterol and serum triglycerides. The effects of exercise on risk-factors seem to
be better observed when exercise alone is compared against a no treatment (Shaw
et al., 2006).

Again, the above results points towards unilateralism, that is, the effects of diet
on body weight reduction and risk-factors are likely to be so marked that there
simply is not ‘space’ for additional effects of physical activity. The effects may
also be related to the outcome: Cox et al. (2004) did not find an additive effect of
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exercise on body composition changes, compared to diet only, but a positive effect
on changes in insulin sensitivity. It is also possible that a higher exercise dose than
used in studies is needed to overcome the effects of diet. Typically the exercise-
induced energy expenditure has been 1000-1500kcal (4.3 to 6.3 MJ) per week, that
is, no more than 200kcal (0.8 MJ) per day. In an interesting series of studies, Ross
and colleagues used a very high amount of exercise (500-700kcal or 2.1-2.9MJ
per day as energy expenditure) to induce a 6-7kg weight reduction in men
(Ross et al., 2000) and women (Ross et al., 2004). The results suggested that,
compared to a similar magnitude of weight reduction achieved by diet without
exercise, the high-volume exercise regimen lead to significantly better metabolic
results (e.g. more reduction in fat and visceral fat mass, greater improvement in
insulin sensitivity, etc.).

Earlier studies on diet and exercise in weight reduction were mostly interested
in comparing exercise against no exercise and an energy-restricted diet against
no diet. Typically diets were low in fat and high in carbohydrates. More recently,
studies have started to compare different diets, and even leaving a no-diet group out
of the study. For instance, the role of GI or glycaemic load in preventing obesity
and treating Type 2 diabetes has been studied intensively during recent years
(Thomas and Elliott, 2010). Varying protein levels are another point of interest.
Data with obese individuals as participants suggest that, combined with exercise
training, increasing dietary protein intake preserves FFM (Josse ef al., 2011) and that
reducing dietary GI improves insulin sensitivity (Solomon et al., 2010). However,
since these studies have only one level of exercise, a true interaction cannot be
examined.

There has been a great interest in the effects of low-carbohydrate, high-protein
(LCHP) diets in treatment of obesity and obesity-related diseases (Hession et al.,
2009). It is interesting to note that, at least in the majority of weight reductions with
LCHP diet, physical activity has not been included in the programme. Deduced from
the findings of Josse et al. (2011), one could hypothesize that resistance training
combined with LCHP might give an even better effect on the ratio between FM and
FFM loss during weight reduction, compared to LCHP diet only. To really get more
insight on the interactions, a comparison with increased aerobic exercise would also
be interesting.

Limited data suggest that an energy-reduced diet may lead to decreased phys-
ical activity (Martin et al., 2007). This effect could be exacerbated during a LCHP
diet when reduced muscle glycogen stores might make physical activity even more
difficult. Therefore, one unanswered question specifically related to the LCHP
diet is whether the lack of carbohydrates has an effect on physical activity. One
study has given indirect evidence on this issue (Brinkworth et al., 2009). This study
examined the effects of a low-carbohydrate diet on maximal oxygen uptake capacity
(VO,max). In contrast to the hypothesis, the study did not reveal any differences
in change of VO,max in low-carbohydrate vs. low-fat diet groups. Since weight
reduction improves VO,max, when expressed as ml/kg per min, this outcome may
not be the best to study if carbohydrate restriction has a long-term effect on physical
activity.
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13.4 The roles of physical activity and diet in
maintenance of reduced body weight

The real challenge in treating obesity with a lifestyle approach is not weight reduc-
tion per se, but long-term maintenance of reduced body weight (Turk ez al., 2009).
The National Weight Control Registry (NWCR) gives an interesting possibility to
observe determinants of successful weight loss in formerly obese individuals in the
United States (Phelan et al., 2006; Thomas ef al., 2014). The NWCR is a registry of
participants who have lost at least 13.6kg and maintained the loss for at least one
year. The cross-sectional comparisons of individuals entering the study between years
1995 and 2003 show that the proportion of dietary carbohydrates was relatively high
initially, but that the proportion has been gradually decreasing: in 1995, the propor-
tion of carbohydrates in total energy intake was 56.0%, whereas the respective intake
in 2003 was 49.3% (Phelan et al., 2006). This might be connected with the increas-
ing popularity of low-carbohydrate diet even among individuals in the NWCR. The
proportion of protein intake has remained stable, around 19% in total energy intake.

Physical activity in individuals of the NWCR was high (mean physical activity
corresponds to >2300kcal or about 10MJ per week) and quite stable throughout the
years (Phelan et al., 2006). In a recent study, the determinants of long-term weight
change in 2880 NWCR participants (Thomas et al., 2014) was studied. About half of
the participants were followed for ten years. A decrease in physical activity, dietary
restraint and weighing and an increase in the proportion of dietary fat were determ-
inants of higher weight gain. In this study, it appeared that physical activity and
following a prudent diet have additive effects (or associations, strictly speaking). A
real interaction was not studied.

Several weight-reduction interventions have included a follow-up of at least six
months’ duration. These studies give additional observational evidence on the asso-
ciations between physical activity and maintenance of reduced body weight. As
concluded already for primary prevention of weight gain, the strongest and most
consistent evidence for beneficial associations are from studies measuring phys-
ical activity in the end of the study, or as a change from baseline (immediately after
weight reduction) to follow-up (Donnelly et al., 2009; Fogelholm and Kukkonen-
Harjula, 2000). In these designs, it is not possible to exclude reverse causation. That
is, maintenance of body weight by, for example, prudent diet might make higher
levels of physical activity easier.

Only very few studies have used a randomized design to test the hypothesis that
prescribed physical activity after weight reduction improves weight maintenance, and
the results are inconclusive (Curioni and Lourengo, 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-
tenance intervention (6—9 months) and a 2-yr follow-up. All participants received
dietary guidance and some were also randomized to increased physical activity
groups during the weight maintenance intervention. The first study suggested that
a moderate amount (1000kcal or 4.2MJ weekly) of increased physical activity



202 Managing and Preventing Obesity

reduced, but did not prevent, body weight regain in obese women (Fogelholm ef al.,
2000). A higher exercise prescription (2000kcal or 8.4 MJ weekly) did not improve
weight maintenance, compared to dietary counselling only. The other study did
not find an additional effect of adding aerobic or strength training to dietary coun-
selling after weight reduction in obese men (Kukkonen-Harjula et al., 2005). Higher
prescribed physical activity levels do not necessarily help in maintaining reduced
body weight due to poor compliance with high physical activity (Fogelholm et al.,
2000; Tate et al., 2007).

Our studies used counselling for a healthy diet in all participants. Therefore, a true
interaction with varying dietary exposure could not be examined. An observational
analysis showed that control of overeating, as indicated by a lower disinhibition
factor of the TFEQ, and daily physical activity, as indicated by a higher number
of daily steps, were positive and independent predictors of weight maintenance
(Fogelholm et al., 1999). The results are similar to those observed recently in the
NWCR (Thomas et al., 2014).

There are only a few randomized studies on the effects of different dietary
macronutrient composition on maintenance of body weight after weight reduction.
In our systematic review (Fogelholm et al., 2012), we did not find enough evid-
ence to conclude that a certain macronutrient composition would be superior in
preventing weight regain after prior weight reduction. However, one reason may be
that the number of studies using comparable comparisons is too limited (typically
no more than two studies for a given design and diet comparison) to reach any firm
conclusions.

Nevertheless, one large dictary intervention on weight maintenance deserves
mentioning (Larsen et al., 2010). Using a large, international, multi-centre design, the
DioGenes study examined the effects of four different intervention diets on weight
maintenance after a 2-month weight-reduction with a low-energy diet. In this study,
the only diet with almost complete 6-month weight maintenance had lowered GI
and increased protein content. As already mentioned for the weight-reduction inter-
ventions, it would be really important to combine at least two different diets and at
least two physical activity programmes in a large weight-maintenance intervention,
in order to study if the effects of diet on body weight maintenance are modified by
physical activity.

13.5 Conclusions

An interaction between diet and exercise in preventing and managing obesity means
that the effects of diet are dependent on the chosen physical activity regimen, or vice-
versa. In theory, the potential interactions may be outlined as shown in Figure 13.4.
To study an interaction, at least two levels for both diet and physical activity are
needed. The simplest approach is to have a ‘no diet, no exercise’ group in the design.
However, it has become evident that there are many potential interactions related
to the macronutrient composition of the diet or to choice of food items. Particularly
the interactions between dietary composition of carbohydrates and proteins have



The interaction of diet and physical activity in managing obesity 203

Dietary interventions

No <-> energy restricted
Low cho <—> High cho
Low prot <> Highprot
Healthy <> Unhealthy

Physical activity (PA) interventions
No <> increased PA

Moderate PA <- Vigorous PA
Aerobic PA <-> Strength training

A
A4

Weight change
(energy balance)

A A

Body composition
FM:FFM

v
Health
Risk factors

Diseases
Mortality

Figure 13.4 An outline of possible mechanisms for potential interactions of diet and phys-
ical activity in managing and preventing obesity. Cho = carbohydrates; Prot = proteins; PA =
physical activity, FM = fat mass, FFM = fat-free mass.

theoretically important interactions with both the intensity (moderate vs. vigorous)
and type (aerobic vs. strength) of physical activity.

Weight as an outcome is simple and often used, but it tells obviously very little
about the real health-related effects and interactions of physical activity and diet in
preventing and managing obesity. Intervention studies suggest that adding exercise to a
weight-reducing diet improves weight reduction, but that the additive (positive) effects
of exercise are less than without diet (Shaw et al., 2006). It is hard to find a physiolo-
gical explanation for this finding, but one explanation could be that the compliance to
an exercise programme is worse during a simultaneous energy-restricted diet. Hence,
in this case the effects of diet on physical activity may cause a true interaction.

Body weight changes are related to changes in body composition, but the effects
are modified by physical activity (Garrow and Summerbell, 1995; Weinheimer et al.,
2010). Similar to what was already concluded for weight change, it seems that the
additive effects of acrobic exercise on the proportions of FM and FFM losses in total
weight reduction are more positive (meaning proportionally more FM and less FFM
lost) without a concomitant energy-restricted diet. Apparently some of the metabolic
effects of an energy-reduced diet on body composition changes are too strong to be
overcome by added exercise. It would be important to study the interactions between
different dietary macronutrients and different types of exercise programmes on body
composition.
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The general conclusion when using metabolic-risk factors as outcomes is directed
towards unilateralism: examining the interaction shows that in most cases adding
exercise to a weight-reducing diet has no additional effects on the outcome (Shaw
et al., 2006). While the randomized interventions give some, albeit limited, insight
on the interaction between diet and physical activity in managing obesity, hardly
anything is known about this in connection to primary prevention of weight gain. As
pointed out earlier in this chapter, most population studies have only used physical
activity and diet as confounder variables. Studies show independent, reverse associ-
ations between physical activity and weight gain. The evidence is not very strong,
however, and the magnitude of the potential effect is modest (Summerbell ef al.,
2009). Similarly, independent from physical activity levels, some dietary compon-
ents and patterns (e.g. high consumption of meat, refined grains and sugary products)
are positively related to weight gain, while some others (e.g. fibre-rich foods) have a
reverse association (Fogelholm et al., 2012). How physical activity and diet interact
is not known.

It would be very important to understand how different diets and physical activity
programmes really interact in preventing and managing obesity. For instance, if we
recommend a low-carbohydrate diet for weight loss, should we include a physical
activity programme or not? If yes, what kind of activity? Are people with health-
ier diets less dependent on physical activity levels for prevention of weight gain,
compared to individuals with less prudent diets? New designs are needed to tackle
these kinds of questions.
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14.1 Introduction

Defined energy prescriptions are an evidence-based dietary treatment option which
can be used to guide individuals towards an improved understanding of their likely
energy needs for weight loss, and importantly what this means in terms of food
choices and portion sizes. They are not, as is sometimes suggested, a precise indi-
vidual prescription for weight loss due to the limitations in predicting resting meta-
bolism and physical activity energy expenditure in the clinical setting. Nevertheless
they provide a useful starting point for the patient and practitioner to explore possible
dietary changes and clinical trials support their value in achieving meaningful
clinical outcomes in the short to medium term. There are a number of interesting
questions and challenges which arise in their clinical use including the choice of
regression equation for predicting resting metabolism, the advised energy deficit
and the best estimate of physical activity level. This chapter defines energy prescrip-
tion approaches, considers their practical application, outlines the evidence for their
effectiveness and considers some of the common challenges faced by practitioners
in clinical practice.

14.2 History of defined energy prescriptions

Traditionally dietary advice was formulated following a diet history in which the
patient would recall their usual food intake and the practitioner would aim to support
the patient in identifying areas amenable to subsequent modification. However, this
proved an unhelpful approach given the substantial under-reporting of energy intake
by many obese individuals [1]. Frequently practitioners would be left in the predic-
ament of how best to guide individuals struggling to lose weight while reporting an
energy intake well below their estimated energy requirement. This led to the recom-
mendation to base advised dietary changes on an estimate of the individual’s energy
requirements for weight loss and the subsequent development of defined energy
prescriptions for the treatment of obesity.
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14.3 Terminology and definitions

Defined energy prescriptions for weight loss can be broadly divided into two categories.

14.3.1 Fixed energy prescriptions

For many years fixed energy prescriptions, often 1500kcal for women and 1800 kcal
for men, were advised regardless of an individual’s starting weight. Although this
may be helpful for some individuals, for the heavier patient this may pose a poten-
tially greater challenge as the magnitude of the advised energy deficit is higher given
greater levels of energy expenditure. This led to the development of tailored energy
prescriptions.

14.3.2 Tailored energy prescriptions

Limited evidence 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 prescriptions are often used by dietitians as a foundation for dietary plans
and as a starting point for discussions on energy requirements and food choices.
This approach calculates an individual’s energy requirements for weight loss by first
estimating resting metabolism using prediction equations and multiplying this result
by a factor that accounts for physical activity. A daily number of calories, which often
equates to a theoretical weekly loss of 0.5—1kg, can then be subtracted. Subsequent
dietary plans will be based on this energy prescription with the aim of achieving
dietary guidelines for macronutrient composition.

14.4 Estimating total energy requirements

14.4.1 Predicting resting metabolic rate

Measuring resting metabolic rate using indirect calorimetry is the gold standard
in determining energy requirements in obese individuals in clinical settings [3].
However in most clinical situations particularly outpatient settings, this is not feasible
and using predictive equations is a practical alternative. Resting metabolic rate gener-
ally accounts for ~70% of total daily energy expenditure, particularly in sedentary
individuals [4] and given it is such a major contributor making an accurate estimation
is important. Predictive equations are developed from a reference population and are
based on a regression analysis of weight, height, gender and age as independent vari-
ables and RMR measured by indirect calorimetry as the dependant variable.

14.4.1.1 Derivation of prediction equations

There are a number of different prediction equations available and variability is
known to exist in the choice of equation used by practitioners [5S]. Many studies
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on energy requirements in the obese have come from critically ill obese patients
rather than those attending outpatients for support with weight management.
Determining energy requirements in the acute setting is beyond the scope of this
chapter, however comprehensive reviews have been published which summarize
current knowledge [6] with consideration given to the consequences of under and
overfeeding.

For practitioners to be confident in the use of predictive equations a low margin of
error is needed to reduce the potential effects on treatment outcomes. Although this
is particularly important in critical care patients it is also relevant to those individuals
in weight management programmes where the energy prescription forms the basis of
their dietary plan.

Understanding the derivation of the predication equations is important as it high-
lights potential differences between the reference population from which the equa-
tion has been developed and the individual/population in which energy requirement
is being predicted. Some equations have been derived from predominantly white
populations and it is uncertain how accurate these will be when used in other ethnic
groups where variation in body composition is known to exist. For example, studies
have found altered body composition and lower resting metabolism, of up to 15%
(~274kcal/day) in African American women [7]. Little is also known about the
prediction accuracy of commonly used equations in older age groups [8]. Likewise
although overweight and obese individuals have been included in some reference
populations it is unclear how much of a contribution their data has made to the final
equation. These limitations have important implications for the use of equations,
particularly with individuals, and highlight the importance of using clinical judge-
ment as well as appropriate monitoring and response to treatment.

14.4.1.2 Choosing a prediction equation

Predictive equations are less accurate when used to estimate resting metabolism
in obese compared to non obese individuals and this may be even greater in those
with severe obesity. One validation study found 70% of obese individuals had meta-
bolic rates accurately predicted compared to 82% in non-obese individuals, when
accuracy was defined as the predicted value within 10% of the measured [9]. Part
of the difficulty in accurately predicting resting metabolism in obese individuals
relates to changing body composition with weight gain. As obesity develops, fat
tissue increases disproportionally and what is unclear is the extent to which this
excess weight is metabolically active. Debate continues on the appropriateness
of using adjusted versus actual weight to modulate for these body composition
changes [10].

Although there is undoubtedly variation in the accuracy of prediction equations
in the obese, a systematic review and recent report by the Academy of Nutrition
and Dietetics concluded that the Mifflin-St Jeor equation [11] (Table 14.1) was
the most accurate in determining RMR for US individuals when compared against
three other common equations (Harris Benedict, Owen and Schofield equations)
[12—-14]. A validation study in Belgian comparing normal weight to obese women
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Table 14.1 Mifflin-St Jeor Equations

Men: RMR =(9.99 x weight) +(6.25 x height) — (4.92 x age) +5
Women: RMR =(9.99 x weight) +(6.25 x height) — (4.92 x age) — 161
Equations use weight in kilograms (kg), height in centimeters (cm).

also found the Mifflin equation to be one of the most accurate in the overweight
group although in severe obesity the Siervo equation performed best [15]. The
American Dietetic Association has recommended the Mifflin-St Jeor equation
as the most suitable for use with obese individuals and this has been adopted by
their Nutrition Care Manual [12]. A recent review by the British Dietetic Association
also suggested the Mifflin equation predicted resting metabolic rate more accur-
ately in more obese individuals than other equations (Madden et al., personal
communication).

The Mifflin-St Jeor equation was derived from a population that included healthy
weight, overweight and obese individuals although there was limited representation
from older age groups and ethnicity was not reported [11]. It produced fewer inaccur-
ate predictions in obese individuals compared to other equations although there are
likely to be limitations associated with its use in older individuals and certain ethnic
groups [13].

The equation produces more underestimates of RMR than overestimates, with a
maximum underestimate of 20% and maximum overestimate of 15% of measured
RMR [9]. It is important to consider the impact this may have on treatment outcomes
although given its tendency to under rather than overestimate energy requirements
this lessens concerns about advising an energy prescription above energy needs.

It is important to recognize that, even using the most accurate prediction equation,
approximately 20% of patients are likely to have a predicted RMR below the accep-
ted level of accuracy [13] and therefore monitoring treatment response and adjusting
dietary plans accordingly will be critical. In evaluating treatment response consider-
ation should also be given to the range and complexity of factors which influence an
individual’s ability to change their eating behaviour of which knowledge and under-
standing of energy requirements for weight loss and associated food changes is only
one aspect.

14.4.2 Determining physical activity level [PAL]

The term physical activity describes a complex set of behaviours which encom-
pass routine lifestyle activities as well as structured exercise [16]. Measuring
such complex behaviours in a research setting is challenging and estimating in
clinical practice is even more difficult. Given there are currently no precise meas-
ures of activity energy expenditure which can be used in the outpatient setting this
represents a substantial source of error in estimating energy needs for some obese
individuals.
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Table 14.2 Distribution of Physical Activity Level [21]

Typical activity (median)=1.63
Less active (25th centile)=1.49
More active (75th centile)=1.78

Physical activity is the most variable component of total energy expenditure with
estimates in the free living population suggesting contributions ranging from 20-50%
[17]. Some of this variability may be accounted for by factors such as body weight
and fitness levels with obese individuals generally having a higher energy cost for a
given activity [18]. A comprehensive summary of the energy costs of individual activ-
ities have been previously published [19].

The Physical Activity Level or PAL ascribes a numerical value to activity which
represents multiples of BMR such that PAL=TEE/RMR. These values have been
formulated from studies where measures of resting metabolism using indirect calor-
imetry are combined with total energy expenditure from doubly labelled water. The
range of PAL values for the general population ranges from 1.38 in the most sedent-
ary (immobile) groups to 2.5 in the very active groups [20]. Recent evidence from a
contemporary US population, which included 60% of subjects defined as overweight
or obese, found a median PAL value of 1.63 and probably represents a light activity
population. The group with below-average activity had a PAL value of 1.49 and those
with above average activity a PAL of 1.78 [21-23] (Table 14.2). Interestingly, mean
PAL values in different BMI categories have not been found to differ significantly
and BMI was not a significant explanatory factor in the variation of PAL [21]. It is
important to remember these are population-derived PAL values and although these
represent the best current estimate, using with individuals will inevitably introduce
errors of unknown magnitude.

Increasing activity in line with recent recommendations for health improvement
would increase PAL by 0.15 if 30 minutes of moderate intensity activity on 5 or more
days a week was undertaken and by 0.3 with 60 minutes of active sport [24].

14.5 Magnitude of energy deficit

Various factors may influence the level of energy deficit chosen including starting
BMI, co-morbidities and risk factors, previous dieting experience, patient preference
and perceived capacity to implement various changes. One of the key factors influ-
encing the chosen energy deficit is the target weight loss outcome. In those with a
BMI below 35kg/m2, where associated co-morbidities are less likely, and a 5-10%
weight loss target is appropriate, a modest energy deficit of 500-600kcal/day may
be sufficient. However for those with severe and complex obesity a greater energy
deficit of 600—-1000 kcal/day may be more appropriate given the likelihood of associ-
ated co-morbidities and the need to reduce weight beyond 10% to see improvement
in associated disease or dysfunction.
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14.6 Practical worked example of prescribed
energy calculations

Table 14.3 shows a practical worked example of how to calculate energy require-
ments for weight loss in a theorectical case. It is assumed that reducing daily
calorie intake by 500-600kcal below estimated energy requirement will equate to a
3500kcal deficit over 7 days equivalent to a theoretical 0.5 kg/1 Ib weekly weight loss
[36]. Although there are clearly limitations to this assumption due to the metabolic
adaption associated with weight loss it does provide a baseline energy prescription
from which adjustments can be made depending on treatment response.

Sharing information with patients on their calculated energy prescription may be
helpful in improving their understanding of daily energy needs for weight loss and
putting food choices and portion size changes into perspective. The skill of the practi-
tioner is critical in collaboratively conveying this information in a helpful and practical
way which the patient can understand and which takes account of their preferences
and needs. It is common for this energy prescription to be divided into allowances/
portions/points from various food groups so a detailed food plan can be developed
between the patient and practitioner. This can form the basis of discussions regarding
portion sizes and their contribution to energy intake and with the aid of food photo-
graphs can help patients visualise the limitations needed to the daily energy intake.

Table 14.4 converts the calorie prescription into food portions from the six food
groups (sometimes referred to as exchanges/points/units/servings). Using the previous
worked example a dietary plan of 2400 kcal would translate into

10 starch
9 fruit and vegetables
3 meat or other protein foods
4 milk and dairy
4 fats
260kcal/day allowance for high fat and/or high sugar foods or alcoholic drinks

Lists are then provided which describe what one serving/unit/point from each food
group consists of and ideally food photographs are incorporated to provide a visual

Table 14.3 Worked example

Male aged 45, BMI=42, weight=135kg, height=1.8 m. Presents with severe osteoarthritis
with poor mobility

1. Predict RMR [Mifflin-St Jeor equation used]
RMR=(1349)+(1125)—(221)+5=2258kcal/day
2. Calculate total daily energy needs
TEE=RMR xPAL
TEE=2258 x 1.49=3364 kcal/day
3. Minus energy deficit ~ 600—1000 kcal/day

Energy prescription for weight loss ~ 2400 kcal/day
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Table 14.4 Food group allocation based on daily energy prescription

Daily Starch Fruit/veg | Protein Fats Dairy Extras
energy (80keal) | (40Kkcal) | foods (50kcal) | foods (kcal/day)
prescription (140 kcal) (90 keal)

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 reproduced with kind permission from NDR-UK Ref: 9262 www.ndr-uk.org

guide to food servings. A comprehensive food portion picture guide is available from
nutrition and diet resources (www.ndr-uk.org). Using a behavioural approach, a prac-
titioner can work with individuals to develop individualized meal plans and strategies
to monitor and change long-term eating habits.

14.6.1 Recognising the difference between predicted and
actual weight loss

According to the calculations above, a 600kcal deficit diet should result in weekly
0.5kg weight loss leading to 6-month losses of 10-12kg. However in reality the
observed weight loss is well below predicted values, with individuals typically
losing less than half their predicted weight [25]. It has been well documented that
conventional dietary treatments including the 600 kcal deficit diet are associated with
modest, albeit clinically important, weight loss. Studies consistently show weight
losses over a 12-month treatment programme are rarely beyond 5-10kg [26,27], with
lowest weights observed between 2652 weeks [28,29] often followed by partial or
complete weight regain.
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The reasons for such a discrepancy between predicted and actual weight losses are
important, should be considered in the ongoing adjustment of dietary plans, and high-
light the complexity of factors that influence weight change. It is important to recog-
nize the physiological mechanisms linked with energy restriction, with compensatory
energy conservation negatively affecting weight loss outcomes. Such mechanisms
include a decline in resting energy expenditure mainly due to loss of metabolically
active tissue [30], a fall in the energy cost of activity as the size of the body decreases
[31] and an increase in appetite. Although a 600kcal deficit may produce ongoing
weight loss for a number of weeks, in time a new energy balance equilibrium will be
reached, as energy expenditure falls in response to dieting and may require energy
prescriptions to be recalculated and adjusted to account for this decline[32]. Likewise
if there is poor weight loss in response to an advised energy prescription it may be
helpful to increase the magnitude of the advised energy deficit given the known inac-
curacies in energy requirement predictions for some individuals.

14.6.2 Evidence from use of defined energy diets in practice

In a systematic review of obesity treatments in adults, with at least 12 months
follow-up, 600kcal deficit diets were associated with a weight loss of 5.31kg after
one year with improvements in risk factors and weight loss continuing for three years
[26]. These findings are markedly different from those observed in anti-obesity drug
trials where the 600 kcal deficit diet forms part of the placebo treatment but is not the
primary intervention. Higher dropout rates and poorer weight loss outcomes in these
placebo groups may reflect differences in the type of participant recruited to such
studies with greater numbers of severe and complex individuals suggesting differ-
ences in responsiveness to this intervention [33,34].

Limited evidence is available on the comparative effectiveness of defined versus
fixed energy diets although there may be some effect on adherence. In a hospital
dietetic clinic greater weight losses were found in the tailored energy prescription group
compared to those advised on a 1200kcal diet [2], however this study was limited by
its non randomized design and short treatment duration. Fewer programme drop outs
and better adherence have been observed in a workplace randomized controlled trial
comparing a fixed 1500kcal diet with tailored energy prescriptions, although no signi-
ficant difference in weight loss between the groups was observed [35].

14.7 Conclusion

Defined energy prescriptions provide a useful starting point for discussion on portion
control and may help patients visualize the extent of dietary change required. They
will not suit everyone but may be particularly helpful in those who have tried ad
libitum dietary approaches with limited success and who need additional guid-
ance on portion size and quantities of food to choose from different food groups.
More research is needed to understand the relative effectiveness of defined energy
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prescriptions versus other dietary treatments and to improve understanding of who
does best with this dietary treatment.
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Meal replacements for the
treatment of obesity

P Clifton
University of South Australia, Adelaide, SA, Australia

15.1 Introduction

A meal replacement is defined as a commercially available, over the counter product
(either liquid, powder or snack bar), fortified with minerals and vitamins designed to
replace one or two meals per day with at least one meal consumed as normal food,
for example meat and vegetables and consumed as part of an energy restricted diet
(4200-6600kJ).

Very low calorie diets (VLCD) or very low energy diets (VLED) are defined as
total diet replacements with less than 800 kcal and more than 400 to 450kcal/d (about
3400—4000kJ). Diets consisting of between 800 and 1200kcal/d are classified as low
calorie diets or low energy diets (LCD or LED). A variant of the LED is to use 3
meal replacements/day plus 2 snacks as well as 5 serves of fruit and vegetables with
no ‘normal meals’. For total replacement of normal nutrition one needs to ensure the
products contain all the vitamins, minerals and protein required each day. In most
countries these are tightly regulated.

VLCDs have been widely used since the 1970s, usually under medical super-
vision in the USA, but a much more common approach now is the use of partial meal
replacement which has been promoted by widespread direct to consumer marketing.
This chapter will examine the evidence for the use of VLCDs versus LCDs or partial
meal replacement for long-term weight loss with or without intensive follow up,
their role in people with Type 2 diabetes and metabolic syndrome and whether the
composition and timing of the meal replacement matters.

15.2 Very low calorie diet (VLCD) versus partial meal
replacement 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 20kg over
12—-16 weeks but Wim Saris in 2001 [2] wrote after a review of 9 randomised trials:
‘There is evidence that a greater initial weight loss using VLCDs with an active
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follow-up weight-maintenance program, including behavior therapy, nutritional
education and exercise, improves weight maintenance’ but he found no difference
in weight loss between diets containing 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 statistically different
(6.3% vs 5.2%).

In the STOP Regain trial, 186 volunteers 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, internet or
newsletter support. The approaches used were very low calorie diet (VLCD; n=24),
commercial program (n=95), or self-guided approach (n=67). At baseline, individu-
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, individuals who had used a VLCD regained
significantly more weight than the other two groups and by 6 months there were
no significant differences in overall percent weight loss. In contrast, individuals who
had used a self-guided approach maintained 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 20kg and 15.7 kg respectively. At 1 year weight loss was 10.5kg
and after 2 years 5.2kg with 22 dropouts in total [5]. Vogels and colleagues [6]
followed 103 subjects for 2 years after VLCD. Weight loss was relatively small
with the VLCD at 7kg and at 2 years weight loss was only 2 kg but the study had no
contrasting control group. Weight regain occurred mostly in those with lower initial
fat mass.

In conclusion there has been no recent data to overturn the 1991 NIH conclu-
sion that the cost and inconvenience of VLCD outweigh the long-term benefit in
most people and that similar results at 2 years can be achieved with less restrictive
methods. In the USA VLCD is usually closely medically supervised whereas in
Europe and Australia this does not need to occur and thus VLCD is less costly than
in the USA.

15.3 Meal replacement as part of a low calorie diet
(LCD) versus conventional diet

We reviewed this area in 2005 [7]. Heysmfield and colleagues [8] pooled 6
studies that compared partial meal replacement with a conventional reduced
calorie diet of the same energy level. Body weight reduction was 7-8% in the
meal replacement group at 1 year and this was 2.5kg greater than the recommended
diet.

In a general practice setting Wadden and co-workers [9] compared usual care
(4 visits/year to discuss weight management) with lifestyle coaching which added
monthly counselling to usual care and enhanced lifestyle counselling which added
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meal replacements or sibutramine or orlistat to the lifestyle coaching. Those using
meal replacements with no exposure to sibutramine (n=67) had a weight loss
of 4.4kg at 2 years which was not statistically different from the lifestyle coach-
ing group which had a weight loss of 2.9kg (n=131). The meal replacements were
substituted for 2 meals and one snack for 4 months and then one meal and one snack
thereafter.

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

In adolescents, use of a regime that incorporates 3 shakes/day plus 1 prepackaged
meal and 5 serves of fruit and vegetables/day led to a weight loss of 6.3% compared
to 3.8% for a control diet for 4 months, but continued use for the next 8 months
did not maintain this difference and at 12 months weight loss was only 3.4% in
both [11].

15.4 Type 2 diabetes

There are few studies of meal replacement LCD or VLCD available in this group with
or without comparator 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 benefits were seen in people with diabetes using VLCD while
Wing and co-workers did not feel the benefit of intermittent VLCD over one year in
diabetes justified 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
(8.5-9.4kg) has been achieved [15].

15.4.1 VLCD

Snel and colleagues [16] conducted a 16 week VLCD and VLCD plus exercise
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—27kg with more fat mass lost
in the exercise group. Insulin-stimulated glucose disposal was more than doubled
in both groups and HbAlc fell by 1.3%. Quality of life improved in both groups
and in the exercise group at 18 months was no different 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 14kg weight regain with no difference between
groups, although IL10 and IL8 remained lower than baseline levels as did pericardial
fat volumes [18,19]. In a 5 year study Paisey [20] compared a conventional diet to
VLCD and found a weight loss of 8.9k in the conventional diet group versus 4.8kg 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 management advice to the advice alone and found
individuals on the portion controlled diet lost 7.3 kg and their Hbalc was lowered by
0.7% compared with 2.2kg and 0.4% respectively over a 6 month period. Cheskins
and colleagues [22] tested 199 participants with Type 2 diabetes with meal replace-
ments or controlled diet (both with frequent educational sessions) at 75% of estim-
ated energy requirements for 34 weeks with 1 year follow up thereafter. At 34 weeks
about 40% achieved >5% weight loss on the meal replacement diet and 12% on
the controlled diet (weight loss of 7.3kg vs 4.7kg with only 40% still in the study)
with better retention and ease of use with the meal replacements. Weight loss at 86
weeks was 5.6 and 4.7kg but only 20% of participants remained in the study. We
performed a 6 month study [23] and found a disappointing result with meal replace-
ments without professional assistance. Consumption of 2 meal replacements for 3
months and 1 meal replacement for the subsequent 3 months led to weight loss of
5.5kg (5%) and a 0.26% decrease in HbAlc while a diet book group had a weight
loss of 3kg (3%) (p=0.027 for difference between groups) and a decrease in HbAlc
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 replacements and 2.3% in the individual diet plan
(p < 0.05). HbAlc was 0.5% lower in the meal replacement group (p < 0.05) and a
greater number of subjects in this group reduced their medication. Using one meal
replacement plus monthly lifestyle advice for 12-months was relatively ineffective
with a 1.6 kg weight loss versus 0.6 kg weight loss in the control group in 84 Chinese
subjects with abnormal glucose tolerance, although normal glucose tolerance was
achieved more often in the meal replacement group [25]. Dichsuneit [26] reported
on his group’s experience in patients with Type 2 diabetes. After 6 and 12 months,
patients in the meal replacement group achieved on average a weight loss of 5.24 and
4.35% of their initial body weight, respectively. In contrast, after 6 and 12 months,
patients on the individualised diet plan achieved on average a weight loss of 2.85 and
2.36% of their initial body weight, respectively.

Meal replacements were used in the LOOK Ahead study, (5145 participants
with Type 2 diabetes) along with exercise and behavioural modification. Intensive
lifestyle participants lost 8.6% of initial weight, compared to 0.7% for standard
treatment (p < 0.001). For the year, intensive lifestyle participants attended an
average of 35.4 treatment sessions and reported exercising a mean of 136.6min/
week and consuming a total of 361 meal replacement products. Greater self-reported
physical activity was the strongest correlate of weight loss, followed by treatment
attendance and consumption of meal replacements. After 9.6 years weight loss was
6% compared with 3.5% [27]. Overall there was no difference in cardiac endpoints
in the two groups [28].

Meal replacements 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 intensive intervention and would not be replicated in usual care.



Meal replacements for the treatment of obesity 227

VLCD may have persistent effects on glucose metabolism at 2 years despite weight
regain.

15.5 Composition of meal replacements

15.5.1 High protein vs normal protein

Meal replacements that deliver 2.2kg of protein/kg of lean body mass per day were
no different in effectiveness compared with isocaloric replacements delivering 1.1 g/
kg with a weight loss of 4.3 vs 4.7kg at 12 months with 1 meal replacement and 1
snack for 3 months followed by 1 meal replacement 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 replacements and bars which produced a weight loss
of 11.8kg (n=31). The control group (n=43) used conventional diet for 3 months and
1 standard meal replacement for 9 months with a protein intake of 0.8 g/kg/d with
a difference in protein intake of about 30 g/d. The weight loss over 12 months was
6.9kg. The weight change from 3 to 12 months when both groups were using 1 meal
replacement was 3kg in the protein-enriched arm and 2.7kg in the normal protein
arm. Soenen and co-workers [31] also demonstrated similar results over 6 months.

15.5.2 Protein type

In short term studies the protein composition of the meal replacement, i.e. whether
soy versus casein, did not matter over 16 weeks [32]. Subjects were instructed to
consume 3 shakes, 1 prepackaged entrée, and 5 servings of fruits or vegetables daily
to achieve an energy intake of 4.5 to 5.0MJ/d. Weight loss was 12.8% vs 14%. No
difference was seen between milk-based and soy-based meal replacements [33].

15.5.3 Frequency

Williams and colleagues [34] compared a complicated regime of 1 day of VLCD
every week for 15 weeks versus 5 days of VLCD every 5 weeks with a 1500—
1800kcal diet at other times versus 1500—1800kcal continuously 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 advantages persisted.

15.6 Summary

Although the short-term effects of VLCD are excellent with weight losses of 23-27kg
even in people with Type 2 diabetes with sustained reductions in blood glucose, in
the latter group long-term results are no different from less intensive regimes of
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partial meal replacement. However the LOOK Ahead study would suggest that the
use of meal replacements leads to better long-term weight loss, especially when
combined with exercise, compared with standard dietary advice so meal replacements
could be used liberally to aid compliance to a reduced energy diet.
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Very-low-calorie diets (VLCDs)
for the treatment of obesity

P Sumithran, J. Proietto
University of Melbourne, Melbourne, VIC, Australia

16.1 Introduction

Very-low-calorie diets (VLCDs) are diets containing 3350 kilojoules (800 kilo-
calories) or less per day (National Task Force on the Prevention and Treatment of
Obesity, 1993). They generally take the form of meal replacement formulations,
which may be used as the sole source of nutrition during a weight loss programme,
and provide between 1700-3350 kilojoules (450-800 kilocalories) per day. The
purpose of VLCDs is to enable rapid, substantial weight loss while maintaining
an adequate intake of required nutrients. As such, they should contain at least
0.8-1.0 gram per kilogram of ideal body weight per day of high-quality protein, as
well as the recommended daily allowances of essential vitamins, minerals, electro-
lytes and fatty acids. A daily minimum of 50 g protein and 55g carbohydrate has
been suggested to minimise loss of lean mass during weight loss (SCOOP-VLCD
Task 7.3, 2002).

16.2 Indications and contraindications for the use
of very-low-calorie diets (VLCDs)

16.2.1 Indications

VLCDs may be used for the treatment of obesity (body mass index [BMI] >30kg/
m?) in adults, when less restrictive dietary approaches have not been successful.
They may also be considered in people with BMI > 27kg/m?> who have medical
conditions likely to improve with weight loss, such as Type 2 diabetes or obstruct-
ive sleep apnoea. Although in many countries the products are widely available in
pharmacies without prescription, expert panels and clinical practice guidelines
recommend that VLCDs only be used under medical supervision, as part of an
obesity treatment programme, which includes nutritional education and
modification of lifestyle and behaviour (NH&MRC 2003, SCOOP-VLCD Task 7.3,
2002, National Task Force on the Prevention and Treatment of Obesity, 1993; Tsigos
et al., 2008).

Managing and Preventing Obesity. http://dx.doi.org/10.1533/9781782420996.4.231
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16.2.2 Contraindications

VLCDs are contraindicated in people with increased nutritional requirements, includ-
ing pregnant or lactating women, or those with a significant illness, such as systemic
infection, active malignancy or severe renal or hepatic impairment. They should not
be used within 3 months of major cardiovascular events, or in people with malignant
arrhythmias, cerebrovascular disease, electrolyte disorders, porphyria or hereditary
metabolic diseases, unstable psychiatric disorders, alcohol or drug dependence, or a
history of anorexia 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 excessive lean body mass may be lost.

Relative contraindications to VLCDs include use in people with Type 1 diabetes,
cholelithiasis, renal stones or gout. They are also not recommended for persons under
18 years, as children and adolescents have increased nutritional requirements. There
is little information about the safety of VLCDs in people aged over 65 years, who
may be at risk of losing excessive lean body mass. Furthermore, the relative increase
in health risks associated with excess weight declines with age (Stevens ef al., 1998;
Diehr ef al., 1998; Dey et al., 2001), and it is uncertain whether weight loss is bene-
ficial in older adults, particularly those without severe obesity (Wannamethee et al.,
2005). The position statement of the American Society of Nutrition and NAASO
recommends against the use of VLCDs in persons >65 years (Villareal ef al., 2005).
However, if the benefits of rapid weight loss are thought to outweigh the potential
risks for people in the above-mentioned situations, VLCDs may be used with caution,
under the supervision of a medical practitioner experienced 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 formulated as a powder to be mixed with water to make
a ‘milkshake’, but various other presentations, including bars, soups and desserts are
available. A full VLCD programme usually consists of 3 sequential phases:

1. During the intensive phase, the formulation is taken in place of breakfast, lunch and dinner,
with an additional 2 cups per day of low-starch vegetables, to provide fibre and help satisfy
the social aspect of eating. The addition of 7-10 grams of fat per day is recommended, to
stimulate gallbladder contraction and reduce the risk of gallstone formation (Saris, 2001;
SCOOP-VLCD TASK 7.3, 2002), and at least 2 litres of water (or calorie-free fluids) daily
is advised.

2. The intensive phase is followed by a transition, in which regular foods are gradually re-
introduced, ideally under the supervision of a dietician. Initially, 1 meal is reintroduced
and 2 VLCD products continued, followed by 2 meals and one VLCD product per day.

3. The VLCD treatment is completed by reintroducing a third daily meal (maintenance phase).

The duration of VLCD treatment is variable, but typically ranges from 8—-16 weeks
for the intensive phase, and 3—8 weeks for the transition (Mustajoki and Pekkarinen,
2001; Tsai and Wadden, 2005).
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In our clinical experience, patients rarely adhere to a prolonged VLCD regimen
which replaces all 3 meals, and our usual practice is to use VLCD products to replace
2 meals, with a third daily meal consisting of lean protein and 2 cups of low-starch
vegetables.

16.3.1 Concomitant medications

In people with Type 2 diabetes, careful self-monitoring of blood glucose is recom-
mended, and for those treated with sulfonylureas or insulin, we usually advise a
dose reduction of 50% upon commencement of the VLCD, to reduce the risk of
hypoglycaemia. To minimise the risk of hypotension and electrolyte disturbances,
it is recommended that diuretics are discontinued for the duration 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 literature reviews and meta-analyses have shown that compared with low-
calorie diets (LCDs, usually containing 3350-5000kJ (800-1200kcal/d)), VLCDs
are associated with greater initial weight loss, in the order of 1.5-2.5kg per week
(compared to 0.4-0.5kg per week with LCDs), equating to around 12-35kg during
an 8—16 week treatment 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 significant inter-individual variation in the amount of weight lost, as differ-
ences in energy requirements, gender, body mass and composition are not taken into
account. The majority (>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 clinical advantage in reducing the
daily energy content of a VLCD below 3350kJ (800kcal) (Foster ef al. 1992; Lin
et al., 2009).

16.4.2 Long term

In the long-term, diet-induced weight loss is poorly maintained. There are conflict-
ing reports regarding the relative 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 recommended the use
of LCDs for the treatment of obesity, based on data from 4 randomised controlled
trials which showed no difference between VLCDs and LCDs in weight loss
beyond 1 year, despite greater initial weight loss on VLCDs. This is supported by
the conclusion of a more recent meta-analysis of 6 randomised controlled trials,
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some of which were included in the NHLBI expert panel report, comparing
VLCDs and LCDs with at least 1 year follow-up after maximum weight loss (Tsai
and Wadden, 2006). Studies were conducted 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 (containing 4200—7500kJ (1000—1800kcal)/d),
and all programmes included behaviour therapy, with or without exercise, for 6 to 26
months. Attrition was not different between the VLCD and LCD groups. Participants
lost significantly more weight using VLCDs (mean difference 6.4kg over 12.7
weeks), but after an average of 1.9 years follow-up, weight loss was not signific-
antly different between groups (mean 6.3+3.2 vs. 5.0+4.0% for VLCDs and LCDs
respectively).

In contrast, a number of reviews of the published data have concluded that greater
initial weight loss, including that induced by VLCDs, is associated with better main-
tenance of weight loss (Anderson et al., 2001; Astrup and Rossner, 2000), provided
that there is a subsequent programme of behavioural modification and supportive
follow-up (Ayyad and Andersen, 2000). In a meta-analysis examining 29 predom-
inantly non-randomised studies of structured 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, participants maintained 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 respectively) (Anderson et al., 2001).

16.4.3 Benefits of VLCDs

VLCD-induced weight loss has beneficial effects on several obesity-related condi-
tions, including dyslipidaemia (reduction in total cholesterol, low-density lipoprotein
and triglycerides), hypertension, insulin resistance, Type 2 diabetes, hepatic steatosis
and obstructive sleep apnoea (Anderson et al., 1992; Lewis et al., 2006; Suratt et al.,
1987). Although these benefits are common to most methods of weight reduction,
there may be certain advantages in using a VLCD. In one study (Wing ef al., 1991),
obese participants with Type 2 diabetes underwent a 20-week programme of beha-
viour modification and a hypocaloric diet 4200—-6300kJ (1000-1500kcal)/d, and
were randomly assigned to include a VLCD or not from weeks 5-12. They were
instructed to continue the hypocaloric diet for a further 52 weeks, unless goal weight
was reached prior. The VLCD group lost significantly more weight during the first
20 weeks (18.6+9.5 vs. 10.1+4.3kg). At one year, although there was no signific-
ant difference in weight loss between groups (8.6+£9.2 vs. 6.8+£6.9kg), the VLCD
group had significantly greater improvements in fasting glucose and HbAlc (Wing
et al., 1991). Other advantages of VLCDs include the motivating effect of rapid
weight loss, the convenience of meal replacement formulations, which may improve
dietary adherence compared with a conventional diet (Noakes ef al., 2004), and a
mild ketosis due to the relatively low carbohydrate intake, which may reduce appet-
ite (Sumithran et al., 2013). In one study, participants reported less hunger, despite
a significantly 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 experienced while using VLCDs are generally
self-limiting and transient, and include cold intolerance, dry skin, hair loss, constip-
ation, dizziness, headaches, and fatigue (National Task Force on the Prevention and
Treatment of Obesity, 1993).

More serious adverse effects are less common, and can include gallstones, hyper-
uricemia, and reduction in bone mineral density. Obesity itself is a risk factor
for cholelithiasis and gout. The risk of cholelithiasis is further increased by rapid
weight loss, whether induced by VLCDs or other means, such as bariatric surgery
(Everhart, 1993), and may be mitigated by slowing the rate of weight loss to <1.5kg/
wk (Weinsier et al., 1995), administration of ursodeoxycholic acid (Shiffman et al.,
1995), or increasing the fat content of the diet (Festi ez al., 1998).

Weight loss is generally accompanied by a reduction in serum uric acid (Zhu et al.,
2010), but levels may increase during VLCD treatment, and rarely, gout may be
precipitated, usually in persons previously affected. Liberalisation of carbohydrate
intake or treatment with allopurinol has been suggested for patients with marked
hyperuricemia (>590pmol/L) or symptomatic gout (National Task Force on the
Prevention and Treatment of Obesity, 1993).

Weight loss of 5% or more is associated with a reduction in bone mineral density
and increased fracture risk (Langlois et al., 2001; Meyer et al., 1995). The reduc-
tion in BMD is proportional to the amount of weight loss (Schwartz et al., 2012;
Villalon ef al., 2011), and has been demonstrated following mild to moderate dietary
restriction (3800 to 6700kJ/d), VLCDs, and bariatric 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 consistently 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 ameliorate 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 reported to attenuate changes in bone density or
turnover markers during weight reduction in some (Thorpe et al., 2008; Sukumar
et al.,2011; Josse et al., 2012) but not all (Hinton et al., 2010) studies.

Rarely, electrolyte disturbances (particularly in people taking diuretics), a transient
increase in liver function tests, or mild hepatic portal inflammation and fibrosis may
occur during VLCD use (Andersen et al., 1991).

Concern about the cardiovascular safety of VLCDs arose after the occurrence
of more than 60 sudden deaths in the 1970s among users of a liquid protein diet
composed of collagen or gelatine hydrolysates (Wadden et al., 1983). Many of
the deaths occurred in people with pre-existing medical conditions (Wadden et al.,
1983), however, 17 people who died (16 of whom were women), were relatively
young (median age 35 years) and healthy apart from their severe obesity (mean BMI
40.6kg/m?). They had lost a mean of 35% initial weight over an average of 5 (range
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2-8) months on diets containing 1250—1700kJ (300-400kcal/d) (Sours et al., 1981),
and post-mortem findings were consistent with the cardiac effects of protein-calorie
malnutrition, which include myocardial atrophy, QT prolongation and ventricular
arrhythmias (Isner ef al, 1979). Of note, 4 of the 17 deceased had supplemented
or replaced the liquid protein diet with a dairy- or egg-based protein source, there-
fore although the precise mechanism of death is not certain, it cannot be attributed
solely to the use of low-quality protein products (Sours et al., 1981). In 1984, the
FDA concluded that the level of energy restriction was likely to be of greater import-
ance than the protein quality, and established label warning requirements alerting
consumers of potential hazards of using protein-based VLCDs containing 1700kJ
(400kcal) or less per day (FDA, 1984).

Newer VLCDs are required to provide at least 1880kJ (450kcal) per day (SCOOP-
VLCD TASK 7.3, 2002) and include high-quality protein (generally dairy-, soy- or
egg-based), and appear to be safe (Mustajoki and Pekkarinen, 2001; Moyer et al.,
1989). A review of the scientific literature as well as reports in the public domain
regarding nutritionally complete VLCDs found no fatalities which could be attrib-
uted to the VLCD (SCOOP-VLCD TASK 7.3, 2002), although there is a paucity of
data regarding the safety of prolonged (>16 weeks) exclusive use of a VLCD. We
have reported the case of a severely obese man (BMI 47kg/m2) who replaced all 3
daily meals with a VLCD for 5 months under medical supervision, and continued on
a modified VLCD for 12 months with no apparent adverse effects (Sumithran and
Proietto, 2008), and Rossner reported a patient who consumed only a VLCD prepar-
ation for 46 weeks without medical supervision, in whom no adverse events occurred
other than cholelithiasis and one episode of palpitations with no documented ECG
abnormality (Rossner, 1998). Greenway and colleagues reported no changes in QT
interval in obese men and women who undertook VLCDs containing 1700-2500kJ
(400-600 kcal)/d for up to 20 weeks (Greenway et al., 1994), and others have reported
no significant abnormalities during cardiac monitoring in patients on VLCDs contain-
ing 2700-3350kJ (660800 kcal)/d for 6 to 12 weeks (Moyer et al., 1989; Seim et al.,
1995). However, a recent case report described the occurrence of recurrent episodes
of torsades de pointes in an obese, otherwise well woman under 40 years of age, who
had lost 57kg over the preceding 6 months using a nutritionally complete VLCD,
providing 2210kJ (530kcal)/day, including 50g each of carbohydrate and high-
quality protein, under medical supervision (Crawford and Cochran, 2009).

16.6 Monitoring required during the diet

Everyone who undertakes a VLCD should have an initial evaluation by a medical
practitioner familiar with its use, including a medical history, physical examination,
and assessment of weight-related health risks. Thereafter, review should occur at
least fortnightly during the VLCD and re-feeding for assessment of weight, pulse
and blood pressure, 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, electrolytes, renal and liver function, 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 repeating electrolyte and creatinine
levels after 6 weeks on the VLCD, or earlier in people who require more careful
monitoring (such as those with renal impairment or who are taking diuretics). In
people who continue the VLCD for more than 12 weeks, we advise repeating the
baseline tests at least every 2 months. There is minimal information on which to
base recommendations for biochemical monitoring before and during VLCD treat-
ment, and some physicians suggest that blood tests are only necessary if indicated
by clinical evaluation, or in the presence of a specific condition which requires
monitoring (Mustajoki and Pekkarinen, 2001). Increased frequency of monitoring of
blood levels/parameters is required in people taking medications whose metabolism
may be affected by VLCD treatment, 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 performing an ECG at baseline, considering cardiology consultation for
patients with QTc > 0.44 msec prior to starting a VLCD, regular monitoring of ECG
and electrolytes during the VLCD and re-feeding periods, and that medications which
lengthen QT intervals (such as phenothiazines and tricyclic antidepressants) 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 majority of obese people who lose weight by dietary restriction regain weight over
the long-term. Diet-induced weight loss is accompanied by numerous physiological
changes which encourage weight regain, including alterations in energy expenditure,
substrate metabolism, and hormone pathways involved in appetite regulation, many
of which are persistent 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 equivalent weight loss to those undergoing laparoscopic
adjustable gastric banding (O’Brien ef al., 2006). However, there are currently no
non-surgical treatments available which counteract these physiological changes,
and at present, bariatric surgery is the most effective long-term treatment option for
people with moderate to severe obesity (Sjostrom et al., 2004; O’Brien et al., 2006).
Studies involving sibutramine and rimonabant (which are no longer on the market)
indicate that pharmacotherapy may be at least partially effective in facilitating main-
tenance of diet-induced weight loss (Apfelbaum et al., 1999; Mathus-Vliegen 2005;
Pi-Sunyer et al., 2006). Two appetite suppressants were approved by the U.S. Food
and Drug Administration in 2012 for the treatment of obesity: lorcaserin (a serotonin
2C receptor agonist) and the combination of phentermine and topiramate. Other phar-
macological agents currently undergoing clinical trials for the treatment of obesity
include the GLP-1 analogue liraglutide and the combination of naltrexone and bupro-
pion (Astrup et al., 2009; Greenway et al., 2009). Studies examining whether these
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medications can improve maintenance of VLCD-induced weight loss safely and
effectively over the long-term will be of interest.
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effectiveness in managing

obesity
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17.1 Introduction

Excess weight and obesity is a global epidemic and is a major public health issue
in many countries, accounting 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 behavioural modification programs incorpor-
ating diet and exercise) is associated with clinically significant health benefits includ-
ing a reduction in risk factors for diabetes and cardiovascular disease (Knowler ef al.,
2002, Caterson et al., 2011), with more improvement in these risk factors found with
greater degree of sustained weight loss (Goldstein, 1992).

The unfortunate truth is that no single approach will bring down overweight and
obesity rates on its own. Of particular impact in clinical weight loss management
are the role of commercial weight loss programs. The cost of these programs is not
insubstantial, with the annual amount spent in Australia on commercial weight loss
products and programs $AUD 644 million (IBISWorld, Aug 2013). Commercial
weight loss programs have, and always will exist, so it is important to determine not
only which ones are efficacious, but also cost-effective, particularly as these programs
can carry associated costs such as program-related food products and endorsements.

Traditionally commercial weight loss programs aim to educate and motivate parti-
cipants to lose weight by promoting a hypocaloric diet, balanced eating, increased
physical activity, and group support. They often include frequent weekly meetings
that focus on intensive behavioural therapy and cognitive restructuring through
means of goal setting, problem solving, stimulus control, and relapse prevention.
Such programs can produce clinically significant weight loss which may reduce the
risk of chronic diseases such as Type 2 diabetes and cardiovascular disease.

While there are an abundance of commercial weight loss programs available
exclusively online, this chapter will focus on the still popular and traditional ‘face to
face’ programs, with or without an online component.
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17.2 Commonly available commercial weight
loss programs

There are multitudes of commercial weight loss programs available worldwide.
Each differs in their program support, staff qualifications, diet prescription, exer-
cise instruction, behaviour modification, and country availability. Several of these
programs are also available online and therefore potentially available to countries
even where the program has no physical presence. The international increase in over-
weight and obesity, coupled with the lack of a strict regulatory regimen to oversee
commercial 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 available
programs, which are listed in Table 17.1.

While not listed in this table, specific mention is warranted for Overeaters
Anonymous (OA). OA is among the most widely internationally available programs,
is aimed at people with disordered food intake and utilises a 12-step, spiritually
orientated approach. However as OA is a not-for-profit organisation and is not obesity
focused, it was not included in this review.

17.3 Efficacy of commercial weight loss programs:
a summary of available evidence

As demonstrated in Table 17.2, there is both a general paucity of clinical data support-
ing the efficacy of commercial weight loss programs and even less available from
high quality randomised controlled trials (RCTs). Of clinical importance, this lack of
evidence contributes to the difficulties faced by health care professionals and indi-
viduals in deciding on an appropriate and effective commercial weight loss program.

To date, the majority of research within the commercial program sector has been
conducted with Weight Watchers, followed by Slimming World and Rosemary
Conley respectively. The results from these studies are discussed below.

Four large quality RCTs have been conducted internationally with the Weight
Watchers program to examine its clinical efficacy against active comparator
weight loss programs (Table 17.2). The most recent multisite RCT involved 772
overweight and obese adults and was conducted across three countries (Australia,
the United Kingdom and Germany). This RCT demonstrated that compared to parti-
cipants who received standard care (primary care physician led lifestyle management),
those randomised to the Weight Watchers program achieved significantly greater
weight loss over 12 months (5.1 vs. 2.3kg) (Jebb et al., 2011). The results proved
robust regardless of the method of dealing with drop-out participants and the weight
loss achieved in all three countries was comparable. 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 available commercial weight loss
program offered in 20 countries, it stands to reason that the results from these studies
may broadly be generalised to other countries where the program is offered.



Table 17.1 Structure and content of commonly available commercial weight loss programs

Take off Pounds
Sensibly

Lite & Easy

Jenny Craig meals,
online support

Weekly group
meetings. online
support

Home delivery of
pre-prepared Lite

& Easy meals
supplemented with
member’s own food

Group leader
elected by
local chapter

Meals
designed by
qualified
dietitian

Food Exchange
System and MyPlate
model, member
prepares own meals

Members select Lite
& Easy meals to be
delivered as part of a
calorie controlled diet
plan

Members make
plan with their
health care provider

Recommendations
from dietitian
available online

Program Program support | Staff Diet prescription Exercise Behaviour Country availability
qualifications instruction modification
Weight Watchers | Weekly group Successful ProPoints® plan, Recommendations | Behavioural Australia, UK, US,
meetings, online program member prepares provided by weight control Bahamas, Belgium, Brazil,
support, mobile completer own meals, option company trained | methods Canada, China, Denmark,
support, optional selected to purchase Weight counsellors, Germany, Spain, France,
one-on-one through inter- | Watchers supermarket | members Hong Kong, Ireland,
consultations via view products encouraged to Netherlands, NZ, Austria,
phone or face to process wear ProPoints® Switzerland, South Africa,
face contact pedometer Sweden
Online membership
available in all countries
Jenny Craig Weekly individual | Company Low calorie diet of Recommendations | Manual on weight | Australia, NZ, US,
session with coun- | trained pre-packaged Jenny | provided by loss strategies Canada, France, UK,
sellor, home deliv- | counsellor Craig meals company trained | provided Puerto Rico
ery of pre-prepared counsellors

Included in cur-
riculum

None

Online membership
available in all countries

Canada, US

Australia

(Continued overleaf)
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Rosemary Conley

LA Weight Loss

Weekly group
classes, optional
home delivery of
pre-packaged ‘Solo
Slim’ foods, optional
weekly group
exercise sessions,
online support

Weekly individual
sessions, optional
home delivery of
LA Weight Loss
food products

through inter-
view process

Varied, may

be successful
slimmers, exer-
cise classes
conducted

by qualified
instructors

Company
trained
counsellor

focus on ‘Food
Optimising’ where
energy dense foods
are replaced with low
kilojoule options

‘Fat Attack Booster
Diet’, weight loss rec-
ipes available online,
member prepares own
meals with option of
having pre-packaged
‘Solo Slim’ products
home delivered

Low calorie diet,
member prepares own
meals

Optional weekly
group exercise
sessions

Optional walking
videotape

Group Experience)
meetings, provi-
sion of motiva-
tional tool kit
from consultant,
motivating articles
available online

Provided by
company trained
counsellor

Included in coun-
selling sessions,
provision of food
diary and support
materials

Program Program support | Staff Diet prescription Exercise Behaviour Country availability
qualifications instruction modification
Slimming World | Weekly meetings, Successful Low calorie diet and | ‘Body Magic’ Weekly IMAGE UK, US
online support program com- | recipes, member exercise program (Ind%wd}lal Online membership
pleter selected | prepares own meals, Motivation And

available in all countries

UK

Online membership
available in all countries

usS

Online membership
available in all countries

US — United States; UK — United Kingdom; NZ — New Zealand
Adapted from Tsai and Wadden (2005) as published in Annals of Internal Medicine




Table 17.2 Efficacy of commercial weight loss programs

—7.3 completers

—7.8 completers

—9.0 completers

Commercial Evidence Type of Weight loss outcomes at 12 months (unless otherwise Weight loss outcomes at

weight loss supporting | evidence specified) 24 months

program efficacy

kg % cm kg %

Weight Watchers | Yes RCT (Jebb et al., | =5.1 LOCF —5.8 LOCF —5.6 LOCF —4.1 LOCF —4.8 LOCF
2011; Holzapfel | _y 4 pocp 4.7 BOCF —4.1 BOCF ~1.3 BOCF ~1.5 BOCF
etal.,2013)

—6.7 completers —7.7 completers —6.9 completers | —4.8 completers | —5.5 completers
RCT (Jolly —4.4 LOCF —4.7 LOCF N/A N/A N/A
et al., 2010) 3.5 BOCF 3.7 BOCF

—4.4 completers —4.7 completers
RCT (Truby —6.6 BOCF at 6 —7.3 BOCF —8.3BOCF at6 | N/A N/A
et al., 2006) months At 6 months months

2L 8 L2 i —10.3 at 12 months

completers

completers

RCT (Heshka —4.3 LOCF —4.6 LOCF —4.1 LOCF —2.9 LOCF —3.1 LOCF
7 el 20LE) —5.0 completers —5.3 completers —4.9 completers | —3.0 completers | —3.2 completers

Jenny Craig Yes RCT (Rock —6.6 BOCF —7.1 BOCF —8.2 BOCF N/A N/A
et al., 2007)

(Continued overleaf")



Table 17.2 Continued

vention (Lavin
et al., 2006)

12 weeks

—11.1 completers
at 24 weeks

12 weeks

—11.3 completers
at 24 weeks

Commercial Evidence Type of Weight loss outcomes at 12 months (unless otherwise Weight loss outcomes at
weight loss supporting | evidence specified) 24 months
program efficacy
kg % cm kg %
Take off Pounds | Yes Retrospective —6.7 completers —6.1 completers N/A —7.6 completers | —6.9 completers
Sensibly cohort analysis (7.3 at 36 (-6.7 at 36
(Mitchell et al., months for com- | months for
2011) pleters) completers)
Lite & Easy No N/A N/A N/A N/A N/A N/A
Slimming World | Yes Retrospective —89LOCF at24 |-8.6 LOCF at24 |N/A N/A N/A
cohort analysis | weeks weeks
(Stubbseral, | _¢310CFnon | -6.2 LOCF non
2012)
completers only at | completers only at
24 weeks 24 weeks
—9.6 completers at | —9.3 completers at
24 weeks 24 weeks
RCT (Jolly —3.3 LOCF —3.5 LOCF N/A N/A N/A
etal,2010) 1 _; 9 BocF 2.0 BOCF
—3.1 completers —3.3 completers
Simple inter- —5.4 completers at | —6.4 completers at | N/A N/A N/A




Rosemary
Conley

LA Weight Loss

Yes

No

RCT (Jolly
et al., 2010)

RCT (Truby
et al., 2006)

N/A

—3.2 LOCF
—2.1 BOCF
—3.3 completers

—6.3 BOCF at 6
months

—10.9 completers
at 12 months

N/A

—3.4 LOCF
—2.3 BOCF
—3.5 completers

—7.0 BOCF at 6
months

—13.1 completers
at 12 months

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

RCT — Randomised controlled trial; LOCF — last observation carried forward; BOCF — baseline observation carried forward; N/A — no data available
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Weight Watchers is one of the few commercial programs to have published any
longer-term follow-up data. Participants followed up one year after a 12 month inter-
vention (i.e. to two years) were shown to still weigh 3 to 4kg less than their baseline
weight, depending on the statistical method adopted to deal with drop-out participants
(Holzapfel et al., 2013). These 24-month results were also similar to that reported by
Heshka and colleagues where a 2.9kg weight loss was reported after two years of
Weight Watchers intervention (Heshka et al., 2003).

Interestingly, the international RCT of the Weight Watchers program (Jebb ef al.,
2011) utilised a shared care approach, whereby participants were initially recruited
into the study by their primary care physicians before being randomised into the
Weight Watchers or standard care groups. These results suggest that referral by
primary health-care physicians to commercial weight loss programs can be a clin-
ically effective and realistic intervention for weight management in overweight and
obese people and can be delivered at scale.

A large amount of research surrounding the efficacy of the Slimming World
program has also been published. However, the majority of these studies were
descriptive retrospective cohort analyses of the Slimming World program, utilising
routine data collected within the program’s referral pathways. A single prospect-
ive study was identified, which investigated the feasibility of building commercial
weight management referral into primary care. This showed that participants who
completed 12 and 24 weeks of the Slimming World program lost significant amounts
of weight (5.4kg and 11.1kg at 12 and 24 weeks, respectively) (Lavin et al., 2006).
Only one single RCT that used this program was identified 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 maintained in these
participants beyond one year.

Although efficacious, the aforementioned weight loss programs rely on their
clients having a certain level of cooking literacy and sufficient time to prepare meals.
To overcome issues of poor cooking literacy and time constraints, there are a number
of programs that offer home delivery of calorie controlled meals. These programs
have been shown to produce greater weight loss than standard care, as seen in a small
RCT (n = 70) conducted by Rock et al. (2007). Participants allocated to the commer-
cial program were provided with pre-prepared Jenny Craig meals as part of a reduced
calorie diet and also encouraged to increase their physical activity. At 12 months,
those in the Jenny Craig group lost 6.6kg, or 7.1% of their starting body weight,
which is greater than that reported for all the other commercial programs. The larger
weight loss with the Jenny Craig program may be attributed to the prescriptive nature
of meal delivery 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 commercial weight loss programs to
standard treatments. The BBC ‘diet trials’ study randomised overweight and obese
participants to the Weight Watchers or Rosemary Conley’s commercial programs,
to the Akins diet, to a commercial low calorie meal replacement program, or to a
clinician-run lifestyle orientated weight loss program (Truby et al., 2006). While all
treatment groups lost weight, for the primary outcome, weight loss at six months



Commercial weight loss programs and their effectiveness in managing obesity 251

program’s end, there were no differences between groups. Twelve-month data was
limited by drop out but participants from all programs maintained clinically signific-
ant weight loss.

The Lighten Up study is the second RCT that compared the efficacy of multiple
commercial 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 overweight and obese participants. Participants were
recruited through their primary care physicians and randomised to one of eight
groups: one of three commercial 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 practise or
community pharmacy), a ‘self select’ group where participants chose their treatments,
or a minimal intervention ‘exercise only’ comparator group. All programs achieved
weight loss at 12 weeks but only participants in the Weight Watchers and Rosemary
Conley programs achieved statistically greater weight loss than the comparator
program. By 12 months, all programs except the two primary care programs had
maintained weight loss. There were no differences in weight loss between those
randomly allocated to a weight loss program or those who had a choice. However,
only participants from the Weight Watchers group still had significantly greater weight
loss than the comparator group. Furthermore, the primary care based programs were
the most costly to run (Jolly et al., 2010).

It has been noted that attendance rate is higher in commercial weight loss groups
compared to those receiving standard care (Jolly ef al., 2010), and therefore the effic-
acy of a commercial program may lie simply in the ongoing and regular support that
is offered (Truby et al., 2006). With respect to weight loss maintenance, future studies
should compare commercial 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, commercial programs and self-directed lifestyle modifica-
tion) on long term weight loss and maintenance (Pinto et al., 2008).

17.4 Internet-based weight loss programs

With the expansion of the global online community, many are turning to the anonym-
ity of the internet for weight management treatment. Commercial internet-based
weight loss programs have developed to offer round the clock services such as online
forums and bulletin boards, which participants use to cultivate social support. Web-
based programs also mitigate travel and time demands that may contribute to the attri-
tion rates of traditional ‘face to face’ programs. For these reasons, one could assume
that a commercial internet weight loss program may be efficacious in terms of weight
loss when compared to a traditional ‘face to face’ program.

However, a recent meta-analysis of web-based weight loss and maintenance
programs found few studies suitable for analysis, which were of such significant
heterogeneity that no conclusions regarding weight loss efficacy could be drawn
(Neve et al., 2010). Furthermore, an RCT conducted by Womble ef al., (2004) found
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that the participants in a web-based weight loss group lost significantly less weight
than those in a self-help comparator group at weeks 16 and 52. The investigators
reported that although online resources were constantly available, participants made
minimal use of these resources and on average only logged into the online program
approximately once per week (Womble et al., 2004). The reduced weight loss was
also attributed to the structure of the online program. Unlike traditional programs
that follow a logical progression and provide ‘face to face’ support, web—based
programs allow participants to move back and forth between modules. This may
reduce the time spent on individual lifestyle components. Additionally, as there is no
direct contact between web-based group leaders and participants, rapport is harder to
establish and individuals using such programs may feel less accountable. Although
exclusively online commercial weight loss programs may not be effective, what
is less clear is the value of on-line support supplementing established commercial
weight loss providers and whether this has any effect on weight loss and maintenance.
Finally, the continued and rapid evolution of information technologies has resulted in
the development of even more novel approaches for weight loss, such as using social
media to deliver weight loss programs and a multitude of smart phone applications.
The clinical efficacy of these newer approaches is an open question.

17.5 The cost-effectiveness of commercial weight
loss programs

To alleviate the burden on health care resources it is imperative that weight loss
strategies are cost-effective. It is important for governments to know whether it is
more cost-effective to fund and develop novel programs, to support those already
in place or subsidise others including extant commercial programs. However the
evidence examining the cost-effectiveness of commercial weight loss programs is
sparse. Weight Watchers is currently the only commercial program with evidence
of its cost-effectiveness. From a within-trial cost-effectiveness analysis, the cost per
kilogram 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 reported for
Germany (Fuller ef al., 2013). Despite its efficacy possibly being attributed to the
more frequent meetings, Weight Watchers was still cost-effective even after the
extra participant travel costs were included in the analyses. The incremental cost-
effectiveness ratios reported (expressed as the cost per quality adjusted life year
— QALY) were below the commonly accepted threshold for cost-effectiveness of
£20,000 in the UK, and US $50,000 in Australia and Germany (Fuller et al., 2013). In
contrast, another cost-effectiveness 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 measures of physical activity or food intake. The authors
readily acknowledged that these factors may have contributed to the decreased cost-
effectiveness (Cobiac ef al., 2010).
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Other commercial providers that require the purchase of pre-prepared meals,
such as Jenny Craig, are even less unlikely to be cost-effective as food products
significantly increase program costs. Despite this assumption, there is no data
surrounding the cost-effectiveness of any of the other commercial weight loss
programs.

17.6 Applications in the treatment of overweight
and obesity

Primary health-care professionals often do not have the time, training or resources to
effectively deal with weight management in the primary care setting and therefore it
is often neglected. It is highly likely that many of their patients have used commercial
weight loss programs. However, health professionals should inform themselves about
the efficacy and cost-effectiveness of these programs, to enable them to have evid-
ence-based discussions and recommendations with their patients. It is also important
for patients to know about the effectiveness of the larger commercial programs and
to know what is expected from each provider in terms of regularity of visits as well
as food products and supplemental material that may make up the total cost of any
program.

17.7 Conclusions

In summary, while the overall quality of studies into commercial weight loss
programs is variable, several of the largest providers have been the subject of higher
quality research. From the current available RCTs, the results suggest that the
Weight Watchers, Slimming World, Rosemary Conley and Jenny Craig programs
produce clinically significant weight loss results over a one-year period. However, no
follow-up data exists for any program except for Weight Watchers. The greater avail-
ability and evidence base to support the Weight Watchers program suggests that it is
effective and may be deliverable on a large scale through primary health-care refer-
rals. Research into their cost-effectiveness is even scanter than their efficacy with
only Weight Watchers having been studied. However more large-scale quality RCTs
reporting on efficacy and cost-effectiveness need to be conducted with all commercial
programs (perhaps apart from Weight Watchers) before clinicians will feel confident
in referring their patients to these programs.

Disclosures: Nicholas R Fuller and Namson S Lau were contributing authors on
several of the referenced articles that relate to the Weight Watchers program. Weight
Watchers International provided funding for the investigator-initiated clinical trial
through a grant to the UK Medical Research Council. However neither author
received direct or indirect payments from Weight Watchers International. The authors
report no other conflicts of interest.



254 Managing and Preventing Obesity

References

Caterson, I. D., Finer, N., Coutinho, W., Van Gaal, L. F., Maggioni, A. P., et al. (2011).
Maintained intentional weight loss reduces cardiovascular outcomes: results from
the Sibutramine Cardiovascular OUTcomes (SCOUT) trial. Diabetes, Obesity and
Metabolism, 14, 523-553.

Cobiac, L., VOS, T. and Veerman, L. (2010). Cost-effectiveness of Weight Watchers and the
Lighten Up to a Healthy Lifestyle program. Australian and New Zealand Journal of
Public Health, 34, 240-247.

Fuller, N. R., Colagiuri, S., Schofield, D., Olson, A. D., Shrestha, R., et al. (2013). A within-
trial cost-effectiveness analysis of primary care referral to a commercial provider for
weight loss treatment, relative to standard care — an international randomised controlled
trial. International Journal of Obesity, 37, 828-834.

Goldstein, D. J. (1992). Beneficial health-effects of modest weight-loss. International Journal
of Obesity, 16, 397-415.

Heshka, S., Anderson, J. W., Atkinson, R. L. ez al. (2003). Weight loss with self-help compared
with a structured commercial program: a randomized trial. JAMA, 289, 1792—-1798.
Holzapfel, C., Cresswell, L., Ahern, A. L., Fuller, N. R., Eberhard, M. 1., er al. (2013). The
challenge of two year follow-up after intervention for weight loss in primary care.

International Journal of Obesity, published online 13 Sep: doi:10.1038/1jo.2013.180.

IBISWorld. (Aug 2013). Weight Loss Services in Australia: Market Research Report.
ANZSIC S§9512 [Online]. Available: http://www.ibisworld.com.au/industry/default.
aspx?indid=1704 [accessed 16 September 2013].

Jebb, S. A., Ahern, A. L., Olson, A. D., Aston, L. M., Holzapfel, C., et al. (2011). Primary
care referral to a commercial provider for weight loss treatment versus standard care: a
randomised controlled trial. The Lancet, 378, 1485-1492.

Jolly, K., Daley, A., Adab, P., Lewis, A., Denley, J., et al. (2010). A randomised controlled trial
to compare a range of commercial or primary care led weight reduction programs with a
minimal intervention control for weight loss in obesity: the Lighten Up trial. BMC Public
Health, 10, 439.

Knowler, W. C., Barrett-Connor, E., Fowler, S. E., Hamman, R. F., Lachin, J. M., et al. and
Diabetes Prevention Program Res, G. (2002). Reduction in the incidence of type 2
diabetes with lifestyle intervention or metformin. New England Journal of Medicine,
346, 393-403.

Lavin, J. H., Avery, A., Whitehead, S. M., Rees, E., Parsons, J., et al. (2006). Feasibility and
benefits of implementing a Slimming on Referral service in primary care using a commer-
cial weight management partner. Public Health, 120, 872—881.

Mitchell, N. S., Dickinson, L. M., Kempe, A. and Tsai, A. G. (2011). Determining the effect-
iveness of Take Off Pounds Sensibly (TOPS), a nationally available nonprofit weight loss
program. Obesity, 19, 568-573.

Neve, M., Morgan, P. J., Jones, P. R. and Collins, C. E. (2010). Effectiveness of web-based
interventions in achieving weight loss and weight loss maintenance in overweight and
obese adults: a systematic review with meta-analysis. Obesity Reviews, 11, 306-321.

Pinto, A. M., Gorin, A. A., Raynor, H. A., Tate, D. F., Fava, J. L. and Wing, R. R. (2008).
Successful weight-loss maintenance in relation to method of weight loss. Obesity, 16,
2456-2461.

Rock, C. L., Pakiz, B., Flatt, S. W. and Quintana, E. L. (2007). Randomized trial of a multi-
faceted commercial weight loss program. Obesity, 15, 939-949.



Commercial weight loss programs and their effectiveness in managing obesity 255

Stubbs, R. J., Brogelli, D. J., Pallister, C. J., Whybrow, S., Avery, A. J. and Lavin, J. H. (2012).
Attendance and weight outcomes in 4754 adults referred over 6 months to a primary care/
commercial weight management partnership scheme. Clinical Obesity, 2, 6—14.

Truby, H., Baic, S., Delooy, A., Fox, K. R., Livingstone, M. B. E., et al. (2006). Randomised
controlled trial of four commercial weight loss programmes in the UK: initial findings
from the BBC ‘diet trials’. BMJ, 332, 1309-1314.

Tsai, A. G. and Wadden, T. A. (2005). Systematic review: an evaluation of major commercial
weight loss programs in the United States. ACC Current Journal Review, 14, 15.

WHO (World Health Organization) (2009). Global health risks: mortality and burden of disease
attributable to selected major risks. /n: Press, W. (ed.), World Health Organization.
Womble, L. G., Wadden, T. A., Mcguckin, B. G., Sargent, S. L., Rothman, R. A. and
Krauthamer-Ewing, E. S. (2004). A randomized controlled trial of a commercial internet

weight loss program. Obesity Research, 12, 1011-1018.



This page intentionally left blank



Popular diets and
over-the-counter dietary
aids and their effectiveness
in managing obesity

R. Stanton
University of New South Wales, NSW, Australia

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 attention. 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 nutritionist who sold many diet books in the 1930s, 1940s and
1950s, for example, touted the value of five ‘wonder’ foods — yoghurt, skim milk
powder, wheatgerm, brewer’s yeast and blackstrap molasses. Like others, he paid
little attention to body fat levels. Books promoting ‘super’ foods are still popular, but
to make the best seller lists, popular diet books now make weight loss their major
focus.

Health authorities emphasise the health risks of excess body fat and while most
popular diets also mention health benefits from weight loss, they place even greater
emphasis on appearance. Fashion fervently favours slenderness for women and low
body fat levels with high levels of musculature for men, so this is what many diets
promote. Before and after photos of successful dieters are particularly popular in diets
published in magazine and newspapers and on Internet sites. Products sold over the
counter or online and diets and products sold by gyms, fitness centres and personal
trainers also push the body beautiful image more than the avoidance or correction of
health problems associated with obesity.

Celebrities are ‘gold’ to promoters of popular diets and over-the-counter weight
loss aids. Personal experience of having lost weight with a particular diet may be
a motivator for some film stars or sportspeople to write a diet book; many others
endorse particular diets. Such backing can increase sales throughout the world. The
Dukan Diet, written by a French doctor some years previously, soared in popularity
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
celebrities because they want to identify with, or look like the star involved.
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18.2 Claims that "the science is wrong’

Many diets achieve notoriety by claiming a breakthrough in medical science, often
insisting that past scientists and current guidelines have ‘got it wrong’. This trend
gained great prominence in the early 1970s when Dr Robert Atkins first published
his popular diet, claiming that fats of all kinds were not the cause of obesity, but
the major problem was carbohydrate. The initial stages of his original diet prohib-
ited fruit and even some vegetables, as well as forbidding grains, legumes, milk and
yoghurt. Because they had virtually no carbohydrate, cream and butter were permitted
in unlimited quantities. More recent versions of the Atkins Diet continue to exclude
foods containing carbohydrates, but now claim their diet has only one third of the fat
as saturated fat and that this results in an increase only in larger and less atherogenic
LDL particles.' The references cited for this claim? have been challenged by others.>*
Although the company that distributed his branded food products filed for bankruptcy
in 2005, the company bearing his name continues with its high protein/high fat/low
carbohydrate diet. Among the many products they sell is a new range of low carbo-
hydrate foods that include shakes, drinks and confectionery 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 carbohydrate diets may produce a slightly greater weight loss,
explainable by a greater deficit in energy, but by 12 months, there is no difference in
loss.® With a larger group and adding a behaviour intervention program to an Atkins
Diet or a low fat diet produced no differences in weight loss or body composition at 1
and 2 years or at earlier time points. During the first 6 months, the low fat group had
greater decreases in LDL cholesterol while the low carbohydrate group had greater
decreases in triglyceride levels. None of these differences were apparent at 12 or 24
months.”

While much of the fame for high protein/low carbohydrate diets may be due to the
publicity 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 restricted ‘attack phase’ of only lean
low fat meat, chicken and fish, selected non-fat dairy products and 1.5 tablespoons
of oat bran. In phase two, the ‘cruise phase’, you add non-starchy vegetables every
second day until you reach your goal weight. This may last for months. In the ‘consol-
idation phase’, fruit, cheese, starchy foods and occasional treats are reintroduced.
The final phase, ‘stabilisation’, 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 dieticians as unbalanced because it lacks sufficient dietary fibre and several
nutrients.®

A major advocate of the ‘science is wrong’ approach has been journalist Gary
Taubes who writes that scientists have misled us by blaming the increasing problems
of obesity and Type 2 diabetes on overeating and sedentary behaviour. Taubes writes
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persuasively and backs the theory espoused by Dr Atkins and at least eight other
authors of best-selling popular diets that a low fat, high carbohydrate 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
saturated fat when we should have been concentrating on the uniquely fattening prop-
erties of carbohydrates, specifically sugar, flour, white rice and maybe beer.

Taubes and other critics of dietary guidelines ignore the fact that few people
actually follow dietary guidelines. One study in Australia found that out of 10,561
middle-aged women, only two followed all the dietary guidelines.® Claiming that
the proportion 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.'® The increase
in calories was mainly due to an increase in carbohydrate consumption. Protein
consumption 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 saturated fat intake in many countries, including ‘Australasia’, barely
changed between 1990 and 2010."!

Rather than dismissing the science, it would help if diet book authors gave more
thought to the way science is interpreted, or misinterpreted. Dietary guidelines called
for a reduction in fat, especially saturated fat with suggestions to trim meat and avoid
fatty meats as well as using fat-reduced dairy products. They also recommended more
foods naturally low in fat such as fruits, vegetables, legumes and grains (preferably
wholegrains). The processed food industry, however, saw a marketing opportun-
ity and produced a wide range of energy-dense, nutrient-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, especially in the United States. Australian research
found that a high intake of foods labelled as fat-reduced could lead to a relatively
energy-dense diet and thus promote weight gain.!? Dietary studies in Australia have
also found that energy-dense, nutrient-poor ‘extra’ foods now contribute 41% of
children’s and 35% of adults’ energy intake.'* Similar levels are found in children
in the United States.'* In social situations where marketing urges us to consume so
many of these foods, in direct contravention of dietary guidelines, it is not surprising
that obesity flourishes.

18.3 All or nothing approaches

The low carbohydrate diets continue to be popular, with some specifically concen-
trating on fructose or sucrose as the prime cause of obesity. Dietary guidelines in
many countries, including Australia, have always included advice about refined sugar
consumption, with the most recent guidelines released in 2013 specifically recom-
mending limiting sugar-sweetened beverages as well as confectionary, biscuits and
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cakes (also sources of saturated fat). No dietary guidelines have recommended avoid-
ing all sugar, presumably because there is a lack of evidence to support such a ban
and it would be impractical. The approach of ‘limiting’ the quantity consumed does
not suit some diet authors who prefer an all or nothing approach. Some authors do not
support any restrictions on saturated 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.'> Dr Robert Lustig argues that fructose exerts toxic effects on the
liver similar to those of alcohol. To help reduce excessive sugar consumption, Lustig
suggests extra taxes on sugar-sweetened foods and drinks as well as controls over
licensing requirements for vending machines and snack bars in schools and work-
places — approaches that are supported by those working in public health. However,
while Lustig’s published papers take a line that fits with the limits suggested by
dietary guidelines, the take-up by media and other diet book authors extrapolates
this approach to recommending absolutely no sugar. Some object even to the sugars
present naturally in fruit and some vegetables, while others permit a small intake of
fruit, but no fruit juice or any processed food containing any added sugar. In their
push against fructose, some diet book authors recommend using powdered or liquid
glucose in place of sucrose in baking and put no restrictions on food sources of fat or
protein. Since much of our sugar intake comes from processed foods, and few people
do much home baking, promoting the use of glucose may present few problems in
practice. However, it is not valid to argue that the energy content of glucose — and
that provided by fats — is unimportant.

Two popular examples of this approach include I Quit Sugar, by Australian journ-
alist, television host and health coach Sarah Wilson, who lost 12kg on her diet, and
Sweet Poison, by Australian, ex-lawyer David Gillespie, who lost 40kg when he
gave up sugar. In her books and blogs, Sarah Wilson claims that sugar causes ‘leaky
gut’ and thus triggers autoimmune disorders, prevents white blood cells destroying
toxins (which she claims starts 30 minutes after consumption), causes insulin surges
that can destroy the thyroid gland and increases production of cortisol which then
suppresses the action of the pituitary gland. She also states that her diet will result in
a loss of ‘bulk’ especially around the face and abdomen which she claims is where the
liver holds the weight gained from excess sugar consumption. Wilson’s blog attracts
many comments from her fans and she has also written several popular recipe books
which include sweet treats using ‘safe’ sweeteners such as rice malt syrup instead of
sugar. Her book of chocolate recipes features fructose-free cakes, fudges, truffles and
brownies, smoothies, cheesecakes and desserts. Many of the recipes are high in satur-
ated fat which arises from ingredients such as coconut butter, coconut oil and coconut
cream as well as chocolate.

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 different categories of
branded foods are available from his websites, along with recipe books and the oppor-
tunity to ask questions and discuss a range of diet-related issues. Powdered glucose
is recommended as a substitute for sucrose and since Mr Gillespie believes saturated
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fat is harmless, he recommends no restriction on foods such as bacon, butter and fatty
meats. His main target is fructose, which he claims causes hormonal dysfunction that
leads to excess weight. Mr Gillespie also maintains that fructose causes ‘a massive
decrease in nitric oxide production’, contributing to erectile dysfunction. His refer-
ence for this comes from a study of rats given a diet with 65% fructose in which the
resulting insulin resistance was found to impair the nitric oxide vasodilation in strips
taken from their aortas.'® Gillespie also claims that bodies such as the World Health
Organisation and various cancer authorities give ‘useless prevention advice’. On his
website, he claims that ‘vegetable oil makes you exceedingly vulnerable to cancer’
and that ‘every extra mouthful of vegetable oil you consume takes you one step closer
to a deadly (and irreversible) outcome’.

These authors quote limited evidence in support of their various claims and are
critical of the nutrition advice provided by reputable national and international
bodies. The weight of opinion amongst researchers in the field continues to be crit-
ical of targeting any one food or ingredient as the primary cause of what is a complex
problem and supportive of a balanced dietary approach to weight management
combined with exercise.!71°

18.4 Claims to more moderate diets

Some ‘no sugar’ diets offer a little more balance by permitting a wider range of foods
and noting adverse effects of saturated fats. The latest version of the popular Sugar
Busters! (whose authors include three physicians) continues to ban all kinds of sugar
and foods containing it, and also forbids white flour, white rice, potatoes, parsnips,
sweet corn, beetroot, watermelon, ripe bananas and pineapple. However, it does
recommend low-fat dairy products and lean meats and permits nuts, olive and canola
oils, brown rice, oatmeal and wholegrain wheat flour.

Dr Gott’s No Flour, No Sugar Diet, authored by American family medical doctor
Peter Gott MD and Robin Donovan advises followers to stop eating sugar and flour
(which means no bread, pizza, pasta, cakes, confectionary and biscuits), but does not
limit grains such as oats, barley and rice or starchy vegetables such as sweet corn and
potatoes. It also promotes fruit, lean meats, low-fat dairy products and recommends
increasing exercise. Dr Gott supports slow steady weight loss, backs choices from
the food groups and his recipe book helps readers understand healthier carbohydrate
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 relatively simple approach designed for slow
and sustainable 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, beetroot and potatoes even though they contain dietary fibre along with some
natural sugars. Milk, white flour and white rice are also out, although wholegrains
are heartily recommended. Dr Surrell notes that excess sugar pushes the pancreas to
release insulin which causes sugar to be stored as fat and the liver to manufacture
cholesterol 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 emphasise the need
for physical activity which could prevent storage of sugar as fat. He is in favour of
artificial sweeteners and fibre supplements.

The South Beach Diet, designed by cardiologist Dr Arthur Agatston and dietitian
Marie Almon some years ago, remains popular. It emphases no sugar and a higher
protein intake, but recommends ‘good carbs’ such as low glycaemic index whole-
grains and legumes and ‘good fats’ such as olive oil, avocado and nuts — in moderate
quantities. Accepting the heart health risks posed by saturated fats, the South Beach
Diet advises only lean meats, skinless 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 eliminate all sugar and foods containing carbohydrates, including fruit
and some vegetables. This produces a rapid initial weight loss which is unlikely to
be sustained.

The Zone Diet, originally written in 1995 by biochemist Dr Barry Sears, recom-
mends three carefully-timed meals and two snacks a day, each designed to provide
40% of energy from carbohydrates, 30% from protein and 30% from fats. Keeping to
this 40:30:30 ratio of macronutrients is more protein and less carbohydrate than most
people would normally consume, and applying these ratios to each meal and snack
increases the difficulty. Dr Sears’ rationale is that a ratio of 30:40 between protein
and carbohydrates will stimulate an ideal production of the hormones insulin and
glucagon and lead to an anti-inflammatory response and increased oxidation of fats.
Sears believes that excess cellular inflammation is the basic cause of weight gain as
well as being responsible for chronic disease, ageing and poor physical, emotional,
and mental health. Sears has published a description of his theory, but there is little
evidence the diet is effective for any reason other than its overall restriction of energy
intake.?’ To assist the anti-inflammatory response, Sears also recommends his own
brand of patented fish oil supplements, and his online ‘shop’ offers a selection of
meal replacements, snack foods, polyphenol supplements 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 appropriate dietary changes. The Zone diet has more
carbohydrate than the Atkins style diets, but prefers these to come from colourful
fruits and vegetables. The list of ‘unfavourable’ foods includes potatoes, bananas,
raisins, corn and carrots. Fatty meats and egg yolks are also out of favour, with fats
restricted to ‘good’ ones such as olive oil, nuts and avocado. Moderate exercise is also
recommended. Unless the meal replacement products are purchased, the Zone Diet is
not easy to follow. It deserves some credit for promoting healthy sources of fat, for
recommending some carbohydrate as essential and promoting daily consumption of
1200 to 1600 Calories (5000 to 6700kJ). Dr Sears and colleagues have also published
results of a small study comparing a very low carbohydrate (ketogenic) diet with one
that is less restricted, reporting equal loss of body weight but several adverse effects
from the diet with minimal carbohydrate.?!

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 scientists comparing low fat diets that
differed in their content of protein and carbohydrate. Neither diet was extreme. In
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each study, no significant differences 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 significant difference between the diets for the two groups.??
The CSIRO Total Wellbeing Diet deserves praise for recommending plenty of veget-
ables, fruit, low fat dairy products, lean meats and wholegrain products in preference
to more refined grains. The accompanying recipe book also promoted home cooking
instead of fast foods and ready-to-eat meals. The major criticisms concern recom-
mendations for a higher intake of protein from red and processed meats, even though
their trials reported no difference in weight loss with the high meat diet. In both diets,
weight loss was due entirely to loss of body fat and both significantly increased HDL
cholesterol and decreased fasting insulin and insulin resistance. The high content
of red meat and processed meats (the latter were reduced but not eliminated in the
second version) also raised concern in view of the World Cancer Research Fund
stating that evidence was convincing that consumption of red meat and processed
meat (such as contained in this diet) are causes of colorectal cancer.”® The fact that
Meat and Livestock Australia (MLA) provided financial support for the CSIRO’s
high protein diet studies and MLA promoted the diet also provoked criticism of the
Total Wellbeing Diet.>*?

18.5 Unconventional diets

18.5.1 Palaeolithic diets

Palaeolithic diets have a large following, come in various forms and are often
promoted on websites run by fitness coaches and body builders. The first of the
popular Palaeolithic diets (dubbed the Stone-Age or Caveman Diet) was published in
1975 by Dr Walter Voegtlin, a gastroenterologist. Dr Voegtlin believed that humans
had teeth more like a dog than a sheep and should therefore follow a largely carnivor-
ous diet. He recommended more meat, including its fat, but no dairy products or salt
and also advised minimising any plant foods, especially 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 ancestors. This paleo diet was low in saturated 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 moderate amounts of carbohydrate.?
Dr Eaton has since worked closely with Dr Loren Cordain, an exercise 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 vegetables. Fats are not restricted, but grains, legumes, potatoes, dairy
products and sugar are all off the table, resulting in a diet that is high in protein and
low in carbohydrate. Cordain claims our ancestors were not only lean but also had no
cardiovascular disease, Type 2 diabetes, cancer, autoimmune diseases, osteoporosis,
acne, myopia, varicose veins, gastric reflux or gout. He and others attribute this to
their lack of grains, legumes, dairy products and potatoes.
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Palacolithic diets can be commended for their criticism of the processed
foods rich in sugar, saturated fats and salt that dominate the modern Western diet.
However, these diets ignore the benefits of plant based foods such as wholegrains
and legumes, and push a pattern far removed from that of our ancestors. Even
when domesticated 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 vegetables are also unlike those consumed in palaeolithic
times.

Some paleo enthusiasts’ websites cite several relatively recent studies to justify
their recommendations, but all are short-term trials involving only small numbers of
subjects. They do not constitute adequate proof of benefit or balance.

Anthropological experts also dispute the claims of the paleo diets. In her book
Paleofantasy, evolutionary biologist Professor Marlene Zuk debunks many myths,
well summarised in a recent review.?” 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 affluent farmer’s diet than that of our
Palaeolithic ancestors.?® Another highly respected anthropologist, Katherine Milton,
also notes that much of what has been ascribed to hunter gatherer populations is
inaccurate and does not reflect the different dietary patterns among groups living in
different parts of the world.?’

18.5.2 Blood type diets

The Eat Right for Your Type Diet, authored by naturopath Peter D’Adamo, claims
that the body interacts adversely with lectins in foods according to the consumer’s
blood type, leading to weight gain and other health problems. D’ Adamo theorises that
eating foods matching 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 gatherers
and should follow a low carbohydrate diet with plenty of red meat, seafood, liver,
spinach and broccoli. Grains, dairy products, legumes and coffee are banned, as are
cauliflower, beans and cucumber. Those with blood group Type A have supposedly
adapted to agriculture and are prescribed a vegetarian 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, tomatoes, potatoes, cabbage,
capsicum and eggplant are off the table. D’Adamo claims blood group Type B
represents an adaptation to pastoral life and can enjoy an omnivorous 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 vegetables, with the exception of oranges, bananas,
avocado, corn and capsicum. Like many diet promoters, D’Adamo has created an
entire brand around his specialty diet, offering more than 20 books, plus protein
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powders, multivitamins, skin products, food bars and shakes, blood typing Kkits,
videos and software.

No studies (or rationale) support his proposed link between weight, blood groups
and reaction to lectins. Experts have also pointed out the error in his claim that blood
Type O is the original blood group.>® One study that suggested potential benefits from
adherence to the vegetarian diet recommended for Type A and the diet recommended
for Type AB found the benefits were independent of blood group.’!

All followers of the blood type diets are also asked to avoid sugar and highly
processed foods and all except the four percent of the population with Type AB must
avoid wheat. In practice, all four versions of the diet restrict so many foods that
energy intake will inevitably fall.

18.5.3 The Fast Diet (commonly dubbed the 5:2 diet)

Developed by Dr Michael Mosely, a medical doctor and British television journal-
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 restrictions for the five ‘normal’ days
of the week. On each of the two ‘fast’ days, men can consume 600 Cals (2500kJ)
and women 500 Cals (2100kJ) — both values representing about a quarter of normal
energy needs. Mosely’s co-author, Mimi Spencer, has written a companion book of
calorie-counted recipes that may be used throughout the week. Both authors lost
10kg 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 intensity exercise each day.

The 5:2 plan does not promote any special mix of macronutrients and does not
dispute that ‘calories 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 suggestions for appropriate meals with their calorie content as well
as a calorie count per 100 g (or 100mL) for over 500 foods. These lists could play a
useful educational role, although in countries where kilojoules are the official unit of
energy, translating the values may reduce the educational value.

The obvious questions 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 oxidation may increase with intermittent fasting. However,
hunger on the fasting days suggested that subjects were unlikely to continue with
such a pattern for an extended period and the authors suggested that a small meal on
fasting day (as recommended by Mosely) may make this type of dietary restriction
more acceptable.’?

Several small, short-term studies provide some evidence that intermittent fasting
may be as effective as daily caloric restriction’3-* as has one somewhat larger, longer
trial (107 obese women over a 6-month period).>> However, further studies are needed,
as one group reported the benefits may only occur with a low intake of dietary fat*
and a rodent study found that intermittent fasting induced obesity and diabetes and
worsened spontaneous atherosclerosis in mice with genetic hypercholesterolaemia.’’
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Without long term studies, it is not possible to rate this dietary pattern. Those
motivated to follow it could discover they can accommodate occasional feelings of
hunger without harm and this could be of value in reducing snacking. Lessons about
energy values of different foods would also be useful and followers would discover
that large servings of vegetables come at a small energy cost. Greater use of veget-
ables could also improve the overall nutritional 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 connection with the Israeli Army), the
Mayo Clinic Diet (disowned by the Mayo Clinic), food-combining 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 ultimate example of a foolish fad
diet — the Breatharian Diet — in which you are supposed to live on air and sunlight
alone fortunately does not attract too many followers.

These diets, like many of the diets already discussed, and those that occur in
magazines and weekend newspaper supplements, promise rapid weight loss. They
fail, however, to disclose that much of the loss will be water, glycogen from muscle
stores and lean tissue and that fat cannot be lost fast. Fortunately, most of these
extremely restrictive diets are so boring or unpleasant they are short-lived. At least
this means their inevitable nutritional inadequacies do not have time to incur serious
harm.

18.6 Evaluation of promised time-scales

Among all popular diets, the most consistent feature is the promised speed of
weight loss — usually at least 1kg/week and often up to 4kg/week. A continued loss
of even 1kg a week is beyond weight loss shown in any long-term studies. Even
those promoting the Atkins Diet only report losses of less than 1kg/month over a
12-month period,*® with almost half that regained over the following 12 months. The
initial rapid loss usually reflects a low level of carbohydrate which results in rapidly
depleted stores of muscle glycogen and associated water, together responsible for
about 2kg.** High protein diets also claim to induce greater loss of body fat with
preservation of lean body tissue, although several studies show this not to be the
case.***! Only small short term studies have supported the theory.*?

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 carbohydrate/
high protein diets, but long term studies reveal no difference in weight loss due to
changes in macronutrient intake.*>*> A recent meta-analysis of long-term random-
ised control trials, reported that such diets have neither specific beneficial nor
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detrimental effects on outcome markers of obesity, cardiovascular disease or
glycaemic control.*® Others disagree — at least in mice*’*® and in results of cohort
studies. Two cohort studies from the United States have reported that a low carbo-
hydrate diet, high in animal protein was associated with higher all-cause mortality
in both men and women, but not if the protein was mainly from plant sources.*’* A
large Swedish cohort study reported that low carbohydrate-high protein diets, used
on a regular basis and without consideration of the nature of carbohydrates or the
source of proteins, are associated with increased risk of cardiovascular disease®®
while a review of cohort studies concluded that low carbohydrate diets were associ-
ated with a significantly higher risk of all-cause mortality, but not with increased risk
of cardiovascular mortality or incidence.’! There is also concern over colonic health
with a study showing that a low carbohydrate diet (which also means a low intake
of dietary fibre) significantly decreased faecal cancer-protective metabolites and
increased concentrations of hazardous metabolites.’> For weight maintenance, more
conventional energy-restricted diets may have an edge with evidence from a random-
ised controlled trial showing that while those following a low carbohydrate diet/high
protein diet maintained most of their initial weight loss, those on a conventional diet
continue to lose weight over the long-term.>

18.7 Evaluation of claims to simplicity

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 selected
foods — crops up often. Reading the fine print reveals the flaws in ‘eat more, lose
weight’ claims. For example, diets may claim they allow unlimited quantities of
fatty foods such as butter or cream but then forbid the bread, pasta, potatoes, biscuits,
cakes and desserts that would normally be vehicles for the fats. One diet claimed
followers could eat as much pasta as they desired, but the details revealed that
nothing could accompany the pasta, which had to be consumed on its own. In prac-
tice, whenever the range of foods is strictly limited, overall kilojoule intake is almost
certain to fall.

Popular diets usually emphasise the simplicity of their solution to obesity. If these
fast, easy diets were successful, we might expect a lessening of the incidence and
extent of obesity, or at least a lower number of new diets. No such luck!

In contrast to the popular diet promoters, researchers and clinicians understand that
complex factors are involved in weight gain and also in successful long-term reduc-
tions in body fat.* Individual differences are important, relating to family history and
dynamics, genetic factors and social and cultural contexts. Weight loss recommenda-
tions need a multi-faceted approach that includes appropriate dietary strategies, skills
and educational materials as well as back-up counselling and support to assist with
long-term maintenance of appropriate and health-promoting changes in eating and
exercise habits. Those marketing various popular diets and over-the-counter weight
loss products, on the other hand, offer a one-size-fits-all solution that ignores the
complexities.
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18.8 Over-the-counter weight loss aids

Pharmacies, health food stores, supermarkets and internet sites sell many products
that claim to induce rapid weight loss. As well as meal replacements and associ-
ated food products, they include herbal supplements which may ‘work’ by inducing
increased laxation or diuresis. Marketers emphasise rapid results, with items such
as 7-day weight loss pills or 5-day programs that are supposed to ‘detoxify’ the
body, ‘ignite metabolism’, ‘remove stubborn belly fat’ or ‘strip away’ or even ‘melt’
unwanted fat. Most also claim they will suppress appetite.

The ingredients credited with these ‘slimming’ abilities may include caffeine,
chromium picolinate, green tea extract, phaseolus vulgaris (a bean extract), chitosan
(derived from the shells of crustaceans), glycine max (from soy bean leaves), garcinia
cambogia (a small, pumpkin-shaped fruit containing hydroxycitric acid), Irvingia
gabonensis (African mango seeds), usnic acid (isolated from types of lichen), guggul
tree extracts (from the sap of a small flowering tree grown in north India), gluc-
omannan (usually extracted from the root of the konjac plant), conjugated linoleic
acid (a component of dairy fats), senna leaf (from a flowering leguminous plant),
Arctostaphylos (sometimes called bearberry), buchu leaf (a herbal plant), olive leaf
and various other herbs. Some warn the products will increase bowel movements
and increase urine output — both seen as ways to ‘flush away waste and toxins’. Such
effects should be expected from known laxatives in senna, or the diuretic properties
of plant compounds such as Arctostaphylos, uva ursi and buchu leaf.

Some of the ingredients in these so-called weight loss aids have been subjected
to research, usually showing no real benefits and sometimes with indications of
potential harm. Studies have all been short-term and usually involve small numbers
of subjects.” In some studies quoted as reporting benefits, no records are kept of
dietary intake or exercise levels, making any claimed results useless. Other studies
are published in unusual journals or in those journals where the author pays for
publication.

Before recommending any supplements, considerations of efficacy and safety are
paramount. Websites and pamphlets may make claims that are not backed by good
research studies or they may refer to studies in reputable journals that have involved
only animals or may simply be laboratory findings that the claimed ingredient is
present in the supplement. A lack of benefit for weight loss has been found with many
ingredients in supplements, including Garcinia cambogia,*®>” chromium picolinate,>®
phaseolus vulgaris,*® Irvingia gabonensis,*’ chromium,®' glucomannan,® green tea®
and conjugated linoleic acid.®* Safety aspects for any of these compounds require
special attention, as some cause severe toxicity reactions.>-68

Many products sold by mail order may escape official scrutiny. However, phar-
macies, health food stores and supermarkets also sell supplements carrying weight
loss claims with no evidence of efficacy. Unfortunately, many of these products and
their claims are only investigated if an individual or consumer group makes a specific
complaint. Health authorities need to give more publicity to the fact that no product
will ‘blast fat” and, although ubiquitous, the process of ‘detoxing’ 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 intentional here) with glowing testimonials, ‘before and after’ photo-
graphs as well as a ‘shop’ from which you make online purchases of associated
products. These range from books to meal replacements and exotic juices, snack bars,
shakes, soups and supplements as well as recipes, detox products, blood test kits and
exercise programs. Many sites also include a forum for customers to discuss their
hopes, aspirations and progress. Celebrities feature on some sites and draw in custom-
ers. Overall, online opportunities have boosted the potential for diets and products
promising weight loss to become more widely known and make money for their
promoters.

Apart from the inevitable testimonials from satisfied users identified 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 evidence of long-term success. If any diet or product could provide a
single universal solution for obesity, we might have expected to see a decrease in
the incidence of excess body fat. Instead, obesity continues to increase and has now
spread to populations where it was previously uncommon.

In spite of those who maintain that science has ‘got it wrong’, no one has yet
disproved the laws of thermodynamics,®® although some have tried.”’ Those who
claim their diet confers metabolic advantages due to a low content of carbohydrate or
a high content of protein lack proof. Reviews of the literature show little or no effect,
or small differences detectable only under the precision of metabolic ward conditions
for short periods of time. None are relevant to free-living people consuming a varied
diet over time. Obesity remains an imbalance between energy intake and output with
weight loss requiring energy output to be greater than energy input. The important
addendum, however, is to note that many complex factors govern energy intake and
output. Research continues to look at the multiple genes involved, prenatal and early
childhood environment, psychosocial factors, and the increasing influence of our
‘obesogenic’ environment.’!

Long-term studies of successful weight loss interventions are rare. The National
Weight Control Registry in the United States notes that only 20% of those who inten-
tionally lose at least 10% of their weight maintain the loss for at least a year.”? This
may be sufficient to correct metabolic abnormalities associated with obesity’® 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 despondent looking at the low levels of success, it is worth
checking the habits of over 10,000 members listed in the National Weight Control
Registry who lost an average of 33kg and maintained their losses for more than
5 years. Almost all modified their food intake, eating a low kilojoule, low fat diet,
consuming breakfast regularly, maintaining a consistent eating pattern across week-
days and weekends, monitoring their weight and increasing their physical activity to
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at least an hour a day. Many report that weight loss maintenance has become easier
over time, with those who have successfully maintained their loss for 2 to 5 years
increasing their chance of longer-term success.’*

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 rejected:

1. Anything that promises weight loss will be rapid or easy.

. Any product/diet that relies on testimonials rather than research published in a reputable
journal.

. Any diet that claims to be new or revolutionary.

. Any diet that cuts out one or more entire food groups.

. Any diet that claims you can eat unlimited quantities of any food (except vegetables).

. Any diet that claims calories (or kilojoules) do not count.

. Any program that claims exercise is unnecessary.

. Anything that claims you can eat whatever you like as long as you use a particular pill,
injection or supplement.

. Any diet that claims superiority even if scientists have rejected its claims.

10. Any diet or supplement that sounds too good to be true.

I N AW N
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18.10 Sourcing unbiased information

The best sources of unbiased information are available from reputable scientific
research organisations. In Australia, the National Health and Medical Research
Council produces Dietary Guidelines’ and clinical practice guidelines for the
management of obesity in adults, adolescents and children in Australia.”® In general,
Departments of Health, recognised medical groups and organisations such as the
World Obesity Federation (previously the International Association for the Study of
Obesity), offer reliable advice.
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19.1 Introduction

For the past thirty years, the prevalence of obesity has been rising in the United States
and across the globe (Center for Disease Control; World Health Organization). Attempts
at reducing obesity have historically focused on treatment, despite relatively little
progress in developing safe and affordable weight loss programs or medications 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 individual’s weight is in part influenced by genetics, the
rapid rise in obesity over the last thirty years cannot be explained by genetic changes
at the population level. Instead, the more likely drivers of worldwide obesity have been
global changes in food and physical activity environments (Finucane et al., 2011).
Nutrient poor, energy-dense foods are highly palatable, widely available, inexpens-
ive, served in large portions, inadequately labeled, and heavily marketed, all of which
promote overconsumption. Environmental changes have also encouraged more sedent-
ary behaviors in occupational, recreational, transportation and household settings (Sallis
et al., 2006). In addition, cultural, social, and economic factors contribute to obesity
(Christakis and Fowler, 2007; McCabe et al., 2011). Despite educational efforts and
the strong desire of many individuals to weigh less, obesity remains a major public
health problem, suggesting a need for policy interventions that will address envir-
onmental drivers of the problem. In this chapter, we discuss five policy strategies
for improving diet: (1) restriction of food marketing to children, (2) altering school
food environments, (3) food taxes; (4) nutrition labeling, and (5) placing limits on
restaurant portion sizes.

19.2 Restricting child-targeted food marketing

The food industry spends billions of dollars each year marketing their products to
young consumers to increase sales and create lifelong brand loyalty (Harris et al.,
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2009a). Although television remains the most popular medium for advertising
(Federal Trade Commission (US), 2007), other forms of marketing abound includ-
ing food and beverage product placement in movies, television shows, and video
games, food company sponsorships of sporting and entertainment events, and in-store
product cross-promotions with other items (Calvert, 2008). In addition, companies
market through online advergames, videos, and social marketing (Cheyne et al.,
2013, Brady et al., 2010). This ubiquitous marketing is concerning because most
of the foods advertised are low in nutrients and high in calories, fat, sugar, and/or
sodium (Folta et al., 2006, Powell et al., 2011, Kelly et al., 2008). Further, food
marketing has been found to influence children’s food preferences, short-term eating
behaviors, and purchases (Cairns et al., 2013; Harris et al., 2009a, 2009b; Institute of
Medicine, 2006; Roberto ef al., 2010a).

In the United States, the First Amendment protects companies’ right to advertise. This
makes it difficult to restrict food advertising in media and the retail environment even
when the goal is to protect children (Lorillard v. Reilly, 2001). Although never tested
in court, there is a valid argument that marketing directed at young children is decept-
ive and should be restricted because those under 8 are too young to fully comprehend
the nature and purpose of advertising (National Research Council, 2006). This makes
children a vulnerable population who cannot differentiate between factual informa-
tion and advertising intended to persuade them (Harris and Graff, 2012; Pomeranz,
2010). However, the broad reach of most advertising makes it difficult to tailor such
a restriction without impinging on protected speech to teens and adults. The one clear
exception to this challenge involves advertising directed at children on school grounds.
Government may reserve the school space for its educational purpose and restrict
advertising on school property by, for example, prohibiting all marketing or prohibiting
ads for products not permitted to be sold on school grounds (Pomeranz, 2012).

Policies to limit or regulate food marketing to children have been implemented in
other countries, mostly focused on television advertising. Child-directed food advert-
isements have been banned during children’s television programming in Sweden
(since 1991), Norway (since 1992), and Quebec, Canada (since 1980). In addition,
over 30 countries, including many in Europe, Australia, and the Republic of Korea,
have national laws setting specific restrictions on television advertising to children,
such as limits on advertising at certain times or on certain programs, or limits on
specific marketing techniques such as the use of cartoon characters (Hawkes, 2004).

In 2006, the food industry in the United States launched its own voluntary,
self-regulatory program, the Children’s Food and Beverage Advertising Initiative
(CFBAI), designed to modify the mix of food advertising primarily directed to
children to encourage more nutritious dietary choices and healthier lifestyles. The
Initiative addresses marketing on traditional media (television, radio, print, and
the Internet), along with new and emerging media (mobile technology and video
games). Significantly, this does not apply in the retail environment where purchas-
ing decisions are actually made. However, in 2009, Congress directed representat-
ives from four federal agencies to form the Interagency Working Group (2011), and
recommended voluntary guidelines for industry self-regulation of food marketing. In
April 2011, the Interagency Working Group (IWG) released sound recommendations
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that took into consideration both positive and negative nutritional attributes of foods.
The food industry refused to adopt the government-backed standards, affirming that
they would continue to abide by the industry-generated CFBAI, led by the Better
Business Bureau (Watson, 2011).

In the absence of a policy to restrict marketing, 18 food companies are members of
the voluntary CFBAI. However, the pledges apply only to certain types of marketing.
For example they exclude the retail environment, and define ‘child-directed’ advert-
ising as only including programming where children less than 12 years old comprise
at least 35% of the audience (Harris et al., 2013). Further, the nutrition criteria for
foods that can be marketed are significantly weaker than the IWG standards (Center
for Science in the Public Interest, 2009). Finally, networks that are not members of
the CFBAL, like Nickelodeon, do not restrict the placement of unhealthy food advert-
isements on their children’s programming, websites, and mobile apps (Bachman,
2013). Despite the CFBAI efforts, there has also been little observed improvement
in the nutritional content of advertised foods and beverages (Center for Science in
the Public Interest., 2010). In addition, children continue to see large numbers of
unhealthy food and beverage advertisements on programs that are not considered
child-specific (Harris et al., 2013).

Many challenges exist in future efforts to regulate food marketing to children.
Countries, food companies, and researchers all differ in their definition of a child
(Lobstein et al., 2011). Comprehensive bans on advertising are also difficult to
enforce especially across borders. Advertisements targeted to children can be difficult
to distinguish from those intended for the entire family or for adults. Currently, self-
regulatory programs have focused on media or programs which have a certain percent-
age of children users or viewers; however, many forms of media predominantly used
by adults can also be seen by large numbers of children. In addition, although the
nutrition criteria developed by the CFBAI are an important step toward consistency
as to what products can be advertised, the adherence by individual companies to these
guidelines remains to be determined. Finally, newer forms of media entertainment are
constantly becoming available, such as media streamed in from other countries via the
Internet or satellite television, and policymakers will have to decide which forms of
media will need to be regulated, and how to enforce the legislation.

19.3 Improving the school environment

Data from the U.S. indicate that children spend more time in school than in any other
place away from home (Story et al., 2009), and consume 35% of their daily calories at
school (Gleason and Suitor, 2001). Thus, the school environment represents a prom-
ising opportunity for the implementation of a broad range of nutrition and wellness
policies. Several countries have taken action to improve school food environments.
Schools in France are not permitted to have vending machines that sell food and drink
(Mercer, 2005) and the United Kingdom has restricted the sale of certain foods in
schools (United Kingdom Department of Education, 2013). In addition, six provinces
in Canada have implemented guidelines for school food (Hawkes, 2007).



280 Managing and Preventing Obesity

In the United States, several federal-, state-, and district-level school policies
have been passed to address nutrition education and wellness. At the federal level,
the U.S. Department of Agriculture (USDA) announced changes to the school meal
program, to improve nutrition standards. Such changes include making potable water
available and free of charge during meal services, increasing the amount and variety
of fruits and vegetables offered, and reducing the amount of fat and saturated fat in
meals. However, outside of school meal times, students are presented with numer-
ous other opportunities to purchase foods of poor nutritional quality through vending
machines, fundraisers, a la carte items during lunch, and at school stores. Such foods
are increasingly prevalent in schools, and often lack nutrients in favor of fat, sugar,
and sodium (Gordon and Fox, 2007). The increased availability of these snack foods
in schools has been shown to be associated with increased consumption (Neumark-
Sztainer et al., 2005), as well as inversely associated with fruit and vegetable intake,
and positively associated with fat intake (Kubik et al., 2003).

In June 2013, the USDA announced the ‘Smart Snacks in School’ standards, setting
nutrition criteria for snack foods sold on school campus during the school day. These
standards are designed to limit salt, sugar and fat in such foods, and to increase whole
grains, low fat dairy, fruits, vegetables and lean protein (Food and Nutrition Service,
2013). The regulations are to take effect in July 2014, and while they will not apply
to foods sold during after-school sporting events or other activities, or foods
consumed as part of birthday celebrations or fundraisers, they nevertheless represent
a critical step toward improving the nutrition profile of many foods eaten on school
campuses.

State-level school nutrition policies also provide ample opportunity for improv-
ing the food environment, as many often surpass federal policies in their regulatory
stringency (Trust for America’s Health, 2009, Boehmer et al., 2008). One recent,
controversial state policy was the implementation of BMI report cards, which identify
children at high risk for obesity, and alert parents to modify the child’s eating and
activity patterns (Nihiser et al., 2009). About a quarter of U.S. states currently have
some sort of BMI screening and surveillance program, beginning with Arkansas
in 2003, and the majority of the states notify parents of the results (Vogel, 2011).
However, evidence is still inconclusive as to the effectiveness of the report cards.
Furthermore, there is concern that the report cards may increase stigma toward over-
weight children or encourage them to adopt unhealthy eating behaviors (Ikeda et al.,
20006), although early research in Arkansas seems to suggest that the possible negat-
ive consequences of teasing, use of diet pills, or excessive concerns about weight
have not materialized (Thompson and Card-Higginson, 2009).

Finally, district-level regulation can provide additional guidelines tailored to the
needs of the specific location and the demographics of its students. Examples of
policies that could cultivate healthier school food environments include modify-
ing the scheduling and duration of lunch periods, as research has shown that a later
lunch was associated with lower a la carte sales (Probart ez al., 2006), implementing
zoning laws that would restrict fast-food vendors from operating near schools (Mair
et al., 2005), eliminating open-campus policies (Neumark-Sztainer et al., 2005), or
prohibiting parents or students from bringing food into cafeterias from local fast-food
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establishments (Probart et al., 2006). Overall, school policies represent powerful
tools with which to tackle and reverse childhood obesity.

19.4 Food and beverage taxes

A policy option receiving increasing attention is taxation of certain foods or
beverages. Some countries, particularly in Europe, have legislated taxes on soft drinks
or other unhealthy foods, with varying results. In October 2011, Denmark introduced
the world’s first so-called ‘fat tax’ on butter, milk, cheese, pizza, meat, oil, and other
processed foods containing more than 2.3% saturated fat (BBC, 2011). However, one
year later lawmakers repealed the tax, claiming that it failed to change the Danes’
eating habits, encouraged cross-border purchases in Sweden and Germany, put
Danish jobs at risk, and was extremely difficult to implement 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 implemented a tax on sugar-sweetened beverages, amounting to
about 9 cents per liter (Harless, 2012) and Hungary implemented taxes targeting
energy drinks and packaged foods with certain amounts of salt or sugar to combat
obesity, reduce salt consumption, and fund their health care system. (Daley, 2013).
Additional countries, including Finland, Britain, Ireland, and Romania, have also
implemented some form of food tax, or are discussing doing so. Most recently, in
2013 Mexico successfully 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 beverages, 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 beverages with added sugar, with revenue allocated to child nutrition
or obesity prevention programs. Research has suggested that such a tax would gener-
ate $14.9 billion in the first year nationally (Brownell ez al., 2009), $79 billion over
five years, and reduce sugar-sweetened beverage consumption by 24% (Andreyeva
et al., 2011). Other studies have projected similar reductions in caloric intake and
weight as a result of a sugar-sweetened beverage tax (Finkelstein et al., 2010), and
consumer support for such a tax appears to be increasing (Rivard et al., 2012).

Although this penny-per-ounce tax has been debated in numerous states and cities
in the United States, none so far have successfully enacted legislation. Some states
have implemented smaller taxes on sugar-sweetened beverages, amounting to about a
5% increase in price, but research suggests the prices must increase 10-20% to mean-
ingfully affect consumption (Andreyeva ef al., 2010). Although data suggest tobacco
taxes have been effective at reducing consumption (Wisotzky et al., 2004), the effect-
iveness of taxes on sugar-sweetened beverages has been questioned (Fletcher et al.,
2010). It is possible that a tax on sugar-sweetened beverages for example would
simply encourage consumers to switch to sweet foods or other unhealthy beverages
not included in the tax (Fletcher et al., 2013). In response, more comprehensive
taxation schemes have been proposed, including taxes combined with a subsidy for
water to encourage healthier behavior, or a tax that taxes all caloric sweeteners at
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the manufacturer level (Miao et al., 2012). Although the effects of these taxes on
consumer behavior and on health outcomes is not well understood yet, taxation
represents a compelling policy option for incentivizing behavior change.

19.5 Nutrition labeling

19.5.1 Calorie labelling at restaurants

Menu labeling is a policy introduced in the United States that requires chain restaur-
ants to post calorie information for their menu items so that it is visible at the point
of purchase. Several U.S. states and cities have already implemented menu labeling
and it will be implemented nationally 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 influenced consumers to
purchase fewer calories (Elbel et al., 2009, Finkelstein et al., 2011; Harnack et al.,
2008), while other studies have found that it promotes ordering and/or consumption
of fewer calories 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 nutrition labeling

In addition to posting calorie information on restaurant menus, there is growing
interest in placing labels on the front of packaged foods to quickly alert consumers
to the nutritional quality of food products. There are a variety of existing front-of-
package labeling systems. In the United States, the food industry recently introduced
Facts Up Front, a label that includes information about calories, saturated fat, sodium
and sugars per serving as well as percent daily value. The label also highlights up to
two nutrients to encourage (i.e. potassium, fiber, Vitamin A). In the United Kingdom,
the Food Standards Agency developed a multiple traffic light system used by some
food manufacturers (Food Standards Agency, 2010). This system uses red, yellow,
and green traffic lights to indicate high, medium, and low amounts of saturated fat,
sodium, and sugar. Ecuador recently announced a mandate for a nutritional label
system based on the traffic light system (Gara, 2013). Some countries such as the
Netherlands have adopted the ‘Choices’ (Choices Program, 2010), which is placed on
products meeting a scientific standard for healthfulness. Chile also has a new labeling
system in effect as of early 2014, requiring food makers to put warning labels on
packages if foods are high in sugar, salt, calories or fat (Bodzin, 2014).

Although research suggests that labeling systems like the multiple traffic light and
Choices symbol are fairly well understood by consumers (Hawley et al., 2013), more
studies are needed examining how front-of-package nutrition labels influence food
purchases and/or consumption. Related research on shelf-tag labeling systems in
supermarkets 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 addition to influ-
encing consumer behavior, calorie labels on restaurant menus and front-of-package
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food labels have the potential to encourage food companies to reformulate products
to improve the nutritional composition of foods. Evidence following the implement-
ation of the Choices symbol in the Netherlands suggests reformulation is happening
(Vyth et al., 2010) and data following calorie labeling implementation in Seattle also
suggests restaurants are responding with some reformulation (Bruemmer et al., 2012).

19.6 Limiting portion sizes of sugar-sweetened
beverages

Research has consistently demonstrated that large portion sizes increase short-term
energy intake among both adults and children (Fisher and Kral, (2008); Rolls et al.,
2002, 2003, 2004a, 2004b, 2007). However, most restaurants serve large portions as
a default, despite significant public health concern about obesity (Young and Nestle,
2002). Although some consumers desire smaller portions, people have a tendency to
stick with default options presented to them (Samuelson and Zeckhauser, 1988), and
so few customers spontaneously ask for smaller portions, regardless of their prefer-
ence (Schwartz ef al., 2012). To address large portion sizes of sugary drinks, the New
York City Board of Health adopted a regulation limiting the permissible serving size
of sugary beverages available for sale and self-service in the city’s food service estab-
lishments. The 2012 ordinance established a maximum cup size of sixteen ounces due
to the association between excessive consumption of sugary beverages and weight
gain, obesity, diabetes and cardiovascular 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 retailers to
offer free refills. In New York City, retailers, the beverage industry, and other groups,
sued the city to prevent enforcement of the ordinance. Although two lower courts
ruled against the city, the state’s highest court accepted the city’s appeal in October
2013. At the time of this writing the legality of New York City’s ordinance was under
consideration. However, research into portion limit policies is still necessary to under-
stand how they influence consumer purchase decisions and whether there are unanti-
cipated or unintended consequences, such as consumers purchasing multiple drinks or
switching to other beverages (e.g., alcohol) not subject to a restriction. Although the
outcome of the lawsuit in New York City applies in New York State only, this innov-
ative policy might be considered in other places in the United States or the world.

19.7 Conclusion

Obesity continues to be a major threat to worldwide public health, but there is reason
for hope. In this chapter, we have described a number of promising policies that have
been implemented or are being considered across the world with respect to restricting
child-targeted food marketing, improving school food environments, implementing food
taxes, requiring better disclosure of nutrition information for restaurant and packaged
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foods, and limiting the portion sizes of sugar-sweetened beverages in restaurants. Such
policies have the potential to curb obesity and improve the world’ diet.
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20.1 Introduction

Fiscal policy intervention is highlighted in the Political Declaration of the United
Nations High-Level Meeting on Non-Communicable Diseases (NCDs) as an import-
ant part of a comprehensive and effective 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 specifically identifies taxes
and subsidies as a policy option for improving diets and preventing chronic disease
(WHO, 2013). As part of a multi-sectoral approach, taxes and subsidies can create
incentives for healthier food production and consumption, and thus form part of
upstream interventions to improve diets, and prevent obesity and NCDs.

Current interest in implementing universal health coverage also means that interven-
tions to prevent chronic NCDs are becoming more important. This was recently high-
lighted during the 2009 preparations for US health reform, in which soft drink taxation
was proposed as an option to both reduce calorie consumption (and obesity) and raise
money for public health care (Congressional Budget Office, 2008). While individuals’
food preferences should be respected, the costs to the public generated by NCDs are
significant; NCDs are very expensive to treat, and are not curable. Thus, NCD preven-
tion presents an opportunity to ease the public health care burden.

The critical issues for public health policy makers regarding the use of fiscal
strategies to influence diet and body weight are (1) the effect of such intervention
on consumption (and flow on impacts on body weight and disease risk), (2) the best
targets of such intervention, and (3) whether such intervention can be effectively
implemented. This chapter summarises recent evidence for the effectiveness of fiscal
interventions, considers appropriate tools and targets, and discusses experiences of
intervention.

20.2 Evidence to support fiscal strategies as an
intervention

The premise for taxation of unhealthy foods and/or subsidisation of healthy foods
is the well-established 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 incentives for consumers to
consume less (or more) of targeted foods, and thus improve overall diets.

Recent data show that certain categories of healthy and less healthy food are price
elastic (price elasticity is a measure of the effect of changes in price on demand
for a good) and thus indicate that fiscal intervention can be effective in reducing
or increasing consumption of specific foods to improve diets (Powell et al., 2013).
This is largely due to the ability of consumers to substitute between foods; fiscal
interventions can thus contribute to healthier food choices by encouraging substitu-
tion of healthier products for less healthy products. For example, substituting whole
grain bread for low-fibre breads (Nordstrom and Thunstrom, 2009), or switching
from sugar-sweetened beverages to water or unsweetened tea (Dharmasena and
Capps, 2012).

This section first describes the cross-disciplinary evidence base for fiscal interven-
tion, and then summarises effects for three different outcome measures.

20.2.1 Understanding the evidence base

Measuring responses to fiscal intervention presents a challenge. To date, there have
been four different broad approaches to assessing fiscal intervention: Randomised
Controlled Trials (RCTs), modelling studies based on previously collected expendit-
ure or consumption data, longitudinal analyses of intervention, and studies of stated
preference (Thow et al., 2014).

Traditional public health research methods — of which the ‘gold standard’ is
RCTs that involve prospective observation of consumer responses to interventions —
can provide valuable information regarding the response of consumers in controlled
settings. However, these take site-specific measures and thus are limited in
their capacity to understand whole of consumption changes in diets that might
result from a fiscal intervention. For example, an RCT in New Zealand assessed
healthy food subsidies in a grocery store context and provided a high quality
assessment of consumer responses to the intervention (Ni Mhurchu ef al., 2010).
However, we are unable to tell from this study whether consumers made compens-
atory purchases elsewhere, such as those who might previously have purchased their
fruit and vegetables at a different venue but shifted their purchasing because of the
discount.

Modelling studies offer a way to use household expenditure and dietary data to
estimate the effect of a fiscal intervention. The most robust modelling studies are
able to assess, based on houschold purchasing and consumption data, how a house-
hold might respond to a tax or subsidy and the effect that this would have on nutrient
consumption (and in some cases measures of body weight). These studies are limited
by the fact that they rely on retrospective observations of responses to price fluctu-
ations, rather than actual interventions. In their recent review, Eyles and colleagues
(2012) found that the majority of modelled studies were of low quality, and that
there was substantial variability in model structures, data inputs, and the types and
magnitudes of food taxes and subsidies assessed, which made it difficult to compare
outcomes across studies.
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Studies using population-based and longitudinal data to assess intervention have
been conducted in the USA, comparing states with and without soft drink taxes and
assessing changes in population body weight. These studies are valuable because
they assess real interventions over time, or between different populations. However,
they are generally limited by their inability to account for confounding factors that
might also affect body weight over the period studied. A recent review by Powell and
colleagues (Powell ef al., 2013) found that these studies were also limited by the very
low levels of taxation that have been implemented to date.

Studies of stated preference — sometimes called ‘experimental studies’ — collect
data using laboratory or online scenarios, in which consumers make hypothet-
ical purchases of goods. These scenarios are repeated with different prices applied
to goods, to assess how consumers respond to hypothetical fiscal interventions.
The limitation of this type of study is the unknown extent to which these scenarios
reflect decision making in the real world (Epstein ef al., 2012). For example, some
recent studies have used a unique 3-D web-based supermarket designed to resemble
a national supermarket, with photographs of genuine products used to compose
product images (Waterlander es al., 2012). Participants are allocated a budget
based on household composition and asked to conduct a typical shop for one week.
However, participants do not receive any of the products they select and thus this
hypothetical situation may not be representative of actual decision-making (Epstein
etal.,2012).

20.2.2 Effects on consumption

The key outcome measures of fiscal intervention relevant for public health are
consumption (which is the direct effect that mediates subsequent health effects), body
weight (based on changes to calorie consumption), and chronic disease risk (based
on changes to nutrient consumption and also through body weight changes). Another
relevant outcome is any socio-economic differentials in both economic and health
effects; in particular, whether fiscal measures are regressive (are borne disproportion-
ately by the less well-off) and whether health outcomes accrue differentially.

The direct effect of fiscal intervention is on diet. The evidence base to date indic-
ates that taxes and subsidies can effectively improve the healthfulness of diets by
decreasing consumption of less healthy foods and increasing consumption of health-
ier foods, respectively (An, 2012; Eyles et al., 2012; Epstein et al., 2012; Powell
etal., 2013, Thow et al., 2014).

Subsidies on healthy foods (fruits, vegetables and healthy foods defined by nutri-
ent profiling criteria) are effective in increasing consumption of the target foods
(An, 2012). One RCT, conducted in supermarkets in New Zealand, found that a
subsidy of 12.5% increased healthy food purchase by around 10%, with little to
no effect on unhealthy nutrient consumption (Ni Mhurchu et al., 2010). However,
other studies suggest that subsidies can increase overall calorie consumption — either
through increased consumption of healthier foods (i.e. an increase in total volume of
food consumed), or through the spending 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 evaluated in the literature:
taxes on soft drinks; nutrient-based taxes (i.e. taxes based on the amount of a target
nutrient in a food, usually salt, fat or sugar); and taxes based on nutrient profiling (i.e.
using a system to classify foods as healthy or less healthy, such as an existing rating
system like traffic light labelling or a measure of energy/nutrient density calculated
from the nutrition information panel).

Taxes on soft drinks appear to be the most effective option for inducing consump-
tion change away from a specific food, with strong evidence from robust modelling
studies (Thow et al., 2014). A recent review estimated the price elasticity of demand
for sugar-sweetened beverages in the USA as —1.21 (meaning that a 20% increase in
price would result in a 24% decrease in consumption) (Powell et al., 2013). Some
limited evidence suggests that adult consumers would substitute with fruit juices, low-
fat milk, coffee, and tea (Dharmasena and Capps, 2012) and that children are likely
to substitute with milk, which is a nutritionally superior alternative (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 disparities between brands (thus reducing
incentives for substitution 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 individual nutrients usually reduce consumption of the target nutrient
(although often by a fairly small amount, and in some cases with negligible effect
on the diet as a whole), but can have unintended consequences on consumption of
non-target nutrients (Eyles ef al., 2012; Thow et al., 2010). For example, a tax on
saturated fat might significantly increase salt consumption (Mytton et al., 2007). The
more mixed findings 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
categories (e.g. dairy) a fat tax can be effective in encouraging substitution 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 nutrient profiling overcome some of the limita-
tions of nutrient-based taxes and subsidies by taking into account both calories and
nutrient density. They are thus less likely to apply to core foods. Temple and
colleagues’ (2011) prospective intervention study in the USA showed that a 25% tax
on ‘red’ labelled foods (using traffic light nutrient profiling) significantly reduced
consumption of unhealthy foods among obese participants (by 40%) and reduced
consumption among non-obese participants by 10%. In Sweden, the most effective
implementation of a nutrient profiling tax was in combination with a subsidy: a fibre
subsidy and tax on unhealthy grain products resulted in a significant improvement in
diets (Nordstrém and Thunstrom, 2009).

20.2.3 Effects on body weight

The potential effects of fiscal interventions on body weight are mediated through
their effectiveness in reducing calorie consumption. While taxes on less healthy
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foods and beverages 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 generate a significant reduction in body
weight at a population level (Duffey et al., 2010). Modelling studies have also found
a fairly consistent relationship between reduced calorie consumption due to taxation
and reductions in population body weight. However, these studies use a variety of
conversion factors to estimate the effect of reduced calorie consumption on body
weight. Five studies that used dynamic conversion factors (generally considered to be
the most accurate) all found that the calorie reductions they predicted would reduce
population 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 existing state soft drink taxes in the US showed little
difference in obesity prevalence 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 extrapolating
their finding of a small marginal effect (—0.013 BMI units) to a larger tax of 18%
would produce a 20% reduction in BMI gain, which is a greater effect than any other
intervention has demonstrated to date.

It is possible that subsidies for healthy food might increase population body weight
through increasing calorie consumption (Epstein et al., 2010; Lacroix et al., 2010).
However, overall, studies from the USA indicate that lower fruit and vegetable prices
will reduce body weight at a population level (Powell et al., 2013).

It is important to note that a limited focus on calories and body weight might
mask other beneficial effects. If a soft drink tax of 5% results in children reducing
consumption of soft drinks and increasing their consumption of milk (Fletcher et al.,
2010b), this intervention would have no effect on body weight, but would have other
nutritional benefits.

20.2.4 Effects on chronic disease outcomes

Effects of fiscal intervention on diet-related NCDs (cardiovascular disease, diabetes,
hypertension and stroke) are mediated both through reduced body weight as an inde-
pendent risk factor for chronic disease, as well as reducing consumption of specific
nutrients; namely fat, saturated fat, sugar and salt. It is also possible that people with
health problems may demonstrate a greater response to taxation for public health
purposes, and thus derive more substantial health benefits, but there has been limited
research into these population-specific effects (Epstein et al., 2012).

Fiscal intervention that considers the healthfulness of the food as a whole (rather
than just nutrients) and effects on total diet is more likely to have a beneficial effect
on chronic disease outcomes. The evidence to date indicates that subsidies paired
with taxes in the range of 10-20% (for example: sugar tax with fruit, vegetable and
fish subsidy; healthy grain subsidy with fat or sugar tax on unhealthy grain products;
fat tax with fruit and vegetable subsidy; unhealthy food tax with fruit and veget-
able subsidy) have been found to reduce total calories and disease risk (Tiffin and
Arnoult, 2011; Nnoaham et al., 2009; Nordstrom and Thunstrém, 2009; Kotakorpi
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et al., 2011). Two studies on sugary soft drink taxes of 10-20% found that such an
intervention could reduce risk factors for diabetes and other chronic diseases (Wang
et al., 2012; Duffey et al., 2010).

In contrast, taxes on single nutrients may increase disease risk due to the effects of
substitution on other unhealthy nutrients (Eyles ef al., 2012). For example, one UK
study found that a 17.5% tax on sources of saturated fat could reduce consumption
of fatty foods but also had unintended consequences on other nutrient consumption
leading to increased disease risk, mainly through increased salt and decreased fruit
and vegetable consumption (Mytton et al., 2007).

20.3 Evidence for differential effects of fiscal strategies

Taxation of food is by nature regressive, because food is an essential commodity.
This is of concern because of the potentially disproportionate (negative) effect on
low-income groups (Cecchini et al., 2010). Similarly, some studies have indicated
that subsidies of healthy food may disproportionately benefit the well-off rather than
assisting low-income households (Lacroix ef al., 2010; Nordstrom and Thunstrom,
2011; Dallongeville ef al., 2011). However, there is some indication that the health
benefits of taxation may also accrue disproportionately to the poor, and thus offset
this financial disadvantage to some extent (Eyles et al., 2012).

Designing fiscal interventions to be less regressive might also be possible. Taxes
on non-core foods and beverages are likely to be less regressive, because consumers
have more capacity to reduce consumption. 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 behaviour (Finkelstein et al., 2010). Pairing
taxes with subsidies would be another way to mitigate the regressive 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 consumption to a greater degree than high-
income consumers and thus benefited more from the fiscal measures (Nordstrom and
Thunstrom, 2011).

20.4 Evidence for cost-effectiveness of fiscal
interventions

The Organization for Economic Cooperation and Development assessed the cost
effectiveness of fiscal measures affecting the prices of fruit and vegetables and foods
high in fat (Cecchini et al., 2010). They based their estimates on fiscal interventions
that would result in a population reduction in fat consumption of =0 - 4% to —0 - 6% of
total energy intake, and increase in fibre consumption of 3-6—10-4g/day, and included
administrative costs in their assessment. The study found that fiscal intervention was
one of the most cost-effective in terms of cumulative effectiveness, and that it was
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cost saving in all countries (Brazil, China, England, India, Mexico, Russia and South
Africa). Disability Adjusted Life Years saved per million population over 20 years
ranged from 139 in India to 1696 in Russia (the result for India was substantially
lower than in other countries, because of a lower consumption of foods high in fat).

20.5 Evidence for interplay with other interventions

Price is one factor influencing food choices, and has a complex interaction with other
factors. It is therefore important for fiscal interventions to be considered as part of
a package, not a sole solution. In particular, education may be important in helping
people to substitute appropriately; both choosing healthier alternatives to taxed foods
and not increasing calorie consumption in response to subsidies (An, 2012; Epstein
et al., 2012). Based on their recent review, Epstein and colleagues (2012) note that
some shoppers may not notice price changes without environmental prompts, and that
there is a need to investigate best way of informing consumers of taxation for health.

Fiscal interventions may also reinforce efforts to educate consumers and public
awareness that a product has been taxed because it is unhealthy may discourage
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 combination of subsidies and nutrition
education may have a larger effect than subsidies alone (An, 2012).

20.6 Existing strategies and policies in place

Denmark implemented 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 saturated fat over 2.3g/100g, and was subsequently removed (December 2012)
after intensive public lobbying by the food industry. Problems included an increase
in across the border shopping, which was reported 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 households reported shopping for beer or soft
drinks outside of Denmark, in neighbouring Germany — but this is an increase of
only 10 percentage points from four years earlier, when 47 per cent of Danish house-
holds reported shopping over the border (Snowdon, 2013). Different types of retail-
ers appeared to handle the tax in different ways, with discount stores such as Aldi
increasing the price of butter and other foods with a high content of saturated fat to a
greater extent than the associated tax increment, while more upmarket supermarkets
increased prices by less than the tax increment (Jensen and Smed, 2012).

During the first three months that the tax was in place, population fat consump-
tion decreased by 10-20%, and there was an early indication that consumers shifted
from shopping at high-price supermarkets towards low-price discount stores, where
the prices of butter and margarine were actually increased by more than the rate of
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tax (Jensen and Smed, 2012). Public health observers noted strong industry oppos-
ition, largely related to the inherent tension between economic growth predicated
on increased consumption and public health interventions to reduce consumption
(Nestle, 2013).

In the Pacific Islands, taxes on soft drinks were more successfully sustained in the
three countries where there were overt partnerships with health — industry did not
publically oppose the taxes in these three countries, and in one case supported the
taxes (Thow et al., 2011b). However, this was clearly not the case in Denmark, where
even with a strong health justification the tax did not gain widespread public support
and was vigorously 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 contextual issues may be important in understanding these different responses.
First, the burden of disease from diet-related NCDs constitutes a high proportion of
total morbidity in mortality in Denmark, as it does in Pacific Island Countries, but
overall life expectancy in Denmark is one of the highest in the world (Jensen and
Smed, 2012). In contrast, Pacific Island populations suffer a very high total burden of
disease due to diet-related diseases. Second, soft drink taxes target only one relatively
small sector of the food industry, and thus have quite contained economic impacts
on industry. In contrast, the saturated fat tax implemented in Denmark affected the
meat, dairy and processed foods industries. As a result, the economic impact was
widespread and generated a significant lobby group.

There are limited other case studies of fiscal policies as public health nutrition
intervention. However, there has recently been significant government interest in soft
drink taxation as an intervention; for example, taxes implemented in Hungary and
Mexico. Chriqui and colleagues (2013) have documented existing public health taxes
on non-alcoholic beverages in 16 countries at the national level, 7 states within the
USA and 2 US cities. These taxes vary widely in their underlying rationale, rate and
mechanism. Most were not implemented for public health reasons; many are small
and may thus have limited effect on diets and health. The authors note that there may
be potential for earmarking taxation revenue for obesity and NCD prevention.

20.7 Politics and practicalities of taxing unhealthy food

The case studies above highlight that issues of implementation are very important to
consider; both the practical administrative dimensions of working within complex
existing taxation systems, and also the political implications of fiscal interventions
for the food industry and consumers.

Fiscal policy interventions are likely to also have upstream effects on the food
supply, through the incentives that they also create for food producers and manufac-
turers. One of the potential benefits of ‘specific’ taxes and subsidies (e.g. applying a
tax per gram of added sweetener in soft drinks) is that they create incentives for refor-
mulation. However, there has been almost no research to date regarding the response
of industry to fiscal measures.
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Most studies are limited in their assessment of industry response, and assume
that the tax is passed fully to the consumer. One study that has examined industry
responses suggests that strategic pricing of firms is very important in determining the
effect of taxes or subsidies on price (Bonnet and Réquillart, 2012). Only two studies
have investigated industry response to an actual tax, both being case studies of the
effect of removing a tax (implicit subsidies) on soft drinks (Bonnet and Réquillart,
2012; Bahl et al., 2003). One study found overshifting, where the discount passed to
consumers was greater than the tax removed (Bonnet and Réquillart, 2012) and the
other (earlier) study found undershifting, where the discount passed to consumers
was less than the tax removed (Bahl et al., 2003). Epstein and colleagues (2012)
review of experimental studies indicated that for retailers in a variety of settings, price
discounts did not appear to negatively 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 understand their effects on food prices and purchase.

Case studies of soft drink taxation in the Pacific Islands suggest that active collabor-
ation with finance in developing policies may help to improve the feasibility and thus
implementation of fiscal interventions (Thow et al., 2011b). Policy coherence between
finance and health will require considered action by public health policy makers and
practitioners because of the very strong global tax reform agenda (Thow et al., 2011a).

20.8 Conclusion

Key factors to consider in fiscal intervention for diet and weight management are
effectiveness, design and implementation. The options for fiscal intervention most
likely to improve diets and reduce body weight are soft drink taxes and healthy food
subsidies, as well as combinations of taxes and subsidies; these strategies have been
found to be highly effective. These options for intervention are also the least adminis-
tratively burdensome, with generally simple definitions of the target foods (e.g. where
subsidies are applied to fruit and vegetables). In contrast, targeted nutrient taxes are
more likely to require burdensome administrative requirements, as they apply to a
wide range of different foods at a number of different tax rates. Although nutrient
profile taxes are also administratively complex, tax administration could be stream-
lined if applied using a systematic (compulsory) nutrient profiling system.

Further research on the response of industry to taxes and subsidies, and evaluation
of fiscal interventions applied in the ‘real world’ will help to give a better understand-
ing of both the effectiveness of such intervention and the practical considerations that
could improve implementation.
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21.1 Introduction

Dietary guidelines were introduced to encourage healthy food choice and hence
reduce the rates of overweight and obesity. Despite the considerable amount of effort
which has gone into developing and supporting dietary guidelines, rates of over-
weight and obesity continue to escalate. 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 individual to decide for themselves whether or not they should follow the
guidelines (Woolf and Nestle, 2008). Arguments aside, dictary guidelines have been
implemented in several countries to inform policy makers and to promote consumer
behaviour change. This chapter’s focus is on the consumer and will therefore attempt
to answer a number of questions: how effective are dietary guidelines in (1) prevent-
ing obesity, (2) promoting healthier food choices, (3) promoting dietary behaviour
change? First, a brief history of dietary guidelines will be presented.

21.2 History of dietary guidelines

21.2.1 United States

W. O. Atwater, who is seen as the instigator of the official United States (US) dietary
guidance, published dietary standards 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 according 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 prescriptive over
time, with only slight changes made since the first edition. However, in 2010, in
acknowledging that the ‘environment and the individual choices made within it
have contributed to dramatic increases in the rate of overweight and obesity’, the
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United States Department of Agriculture (USDA) and the U.S. Department of Health
and Human Services (HHS) went beyond delivering education to the individual
(United States Department of Agriculture and United States Department of Health
and Human Services, 2010). They called for a ‘co-ordinated system-wide approach
... an approach that engages all sectors of society, including individuals and famil-
ies, educators, communities and organizations, health professionals, small and large
businesses, and policymakers’ (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 continued to
focus on the individual. Australia has been publishing food guides since the 1940s,
however the first dietary guidelines for Australian’s did not come to fruition until
1979, with revisions made in 1992, 1999, 2003 and 2013. While the most recent
guidelines offer few surprises compared to previous editions, they have taken a step
forward with a greater focus on foods and food groups as opposed to nutrient-focused
guidance. Across the Tasman Sea, several population-specific guidelines have been
developed since New Zealand’s first dietary guidelines for Healthy Adults in 1985
(Keller and Lang, 2008). Unlike their Antipodean neighbours however, the most
recent New Zealand dietary guidelines for children and young people consider the
influence of the social, cultural and economic environments (Ministry of Health,
2012).

21.2.3 Europe

The World Health Organisation (WHO) assessment of food-based dietary guidelines
(FBDG) among the Member States of the WHO European Region (World Health
Organization, 2003), found 25 countries with national, government-endorsed FBDG.
There were similarities among regions with the majority of countries reported recom-
mending a balanced diet and the use of a food pyramid or food plate to help visualise
a healthy diet. However there were also important discrepancies found between sub-
regions and from country to country; for example, a total fruit and vegetable intake
recommendation without differentiating between the two, ranged from 3—5 portions/
day to 5-9 portions/day. This however may be simply a reflection of the differing
national culture and eating habits which exists from country to country. The WHO
review identified shortcomings of some of the FBDGs and concluded that further
effort is required in the EU region in the development of dietary guidelines (World
Health Organization, 2003).

The widespread implementation of dietary guidelines in many countries indicates
that there is a perception that they may be effective in promoting healthier food choices.
Indeed persuasive communications are deemed helpful in engaging individuals with
healthier behaviours (O’Keefe, 1990). However, given that obesity rates are now
at epidemic proportions, just how effective are the dietary guidelines in preventing
obesity? The next section attempts to answer this very question.
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21.3 Effectiveness of dietary guidelines in
preventing obesity

Unfortunately the limited research on the impact of dietary guidelines on body weight
does not make it easy to answer this question (Anding et al., 2001; Carels et al., 2008;
Duffy et al., 2012). Many researchers have developed measures of ‘diet quality’ (e.g.
Healthy Eating Indices) as a proxy of adhering to dietary guidelines (Guenther et al.,
2013). Those who have assessed the relationship between ‘diet quality’ and body
weight have found an association between lower diet quality and overweight and
obesity (Guo et al., 2004; Gao et al., 2008; Tande ef al., 2010). Regarding dietary
guidelines per se, the lack of evidence regarding an impact on body weight does not
necessarily mean that they do not have a role to play in obesity prevention. As with
any problem-solving, in order to answer this question, it is important to first under-
stand the exact nature of the problem itself. The complex genesis of obesity with
multiple determinants from a variety of behaviours and environmental influences
highlights the limitations of dietary guidelines in addressing obesity. No better illus-
tration of the complexity of the obesity challenge is the Foresight obesity system
map with over 300 solid or dashed lines indicating positive and negative influences
of various domains (Vandenbroeck et al., 2007).

Despite such a large and complex problem involving many environmental dimen-
sions, there is still an important role for dietary guidance. When dealing with
complexities such as obesity, it is important to remember that the individual lies at the
core and remains crucial to addressing this difficult societal problem. This is partic-
ularly relevant in understanding the role of dietary guidelines in obesity prevention
as they are ultimately a strategy targeted at the individual in the hope of promoting
healthier food choices. So just how effective are the dietary guidelines in promoting
healthier food choices?

21.4 Effectiveness of dietary guidelines in promoting
healthier food choices

Most of the research conducted to date on this question has utilised nutrition surveys
to examine adherence to dietary guidelines. If we were to go by these findings alone,
the effectiveness of dietary guidelines gives little rise for celebration (Baghurst ef al.,
1990; Ball et al., 2004; Diethelm et al., 2012; Ta et al., 2012). However we cannot
answer this question by solely examining the results of nutrition surveys. The rela-
tionship between health communication and behaviour change, particularly dietary
change, is extremely complex and therefore examining the outcome alone (as many
researchers do) may not give us the required answer. While the results of nutrition
surveys provide some insight, they certainly will not offer any understanding of what
works and what needs improvement. In order to disentangle the complexity, we need
to take a closer look at the individual and ask how effective are the dietary guidelines
in promoting behaviour change?
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21.5 Effectiveness of dietary guidelines in promoting
dietary behaviour change

The objectives of health communications are to raise awareness, increase knowledge,
shape attitudes and thus influence behaviour change (Levine ef al., 2012). While
it would be certainly helpful to examine the impact of these factors on behaviour
change, there are a host of other covariates which may influence behaviour and
may be worthy of further examination. To better understand how dietary guidelines
may influence behaviour change, we should turn to theories of behaviour change —
theories explain behaviour and suggest ways to achieve behaviour change. It has
been stated that ‘nutrition education is more likely to be effective when it focuses on
behaviour ... and systematically links relevant theory, research and practice’
(Contento, 2008). The next section will examine how theory and research have been
applied in developing dietary guidelines.

21.5.1 The theory

There are numerous behaviour change models relevant to the impact of dietary
guidelines including 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 theories consider the individual,
however some groups have criticised the focus on individuals. Dietary intake is an
individual behaviour therefore it seems apt that theories focusing on the individual
are considered. Saying this, individual behaviour can be strongly influenced at
multiple levels, e.g. individual, organisational and societal (Viswanath, 2008).

It is becoming increasingly recognised that health behaviour and guiding concepts
for influencing it are far too complex to be explained by a single theory (Brewer and
Rimer, 2008), therefore more recent models now combine theories to help understand
a specific problem in a particular context. The Integrated Behavioural Model, which
has drawn upon the TRA, TPB and other influential theories, considers environmental
constraints and ‘other factors’ (Montano and Kasprzyk, 2008). The Integrative Model
of Behavioural Prediction details a range of background variables, e.g. demographics,
and recognises that environmental constraints may affect the intention to perform
a behaviour (Fishbein, 2008). These theories are examples of but a few which can
not only help us understand health behaviour, but they also allow for a more careful
measure of how interventions can change behaviour.

21.5.2 The research

One of the most utilised models which has examined dietary behaviour change is
the TPB. This theory has been used to examine fat intake (Paisley and Sparks, 1998;
de Bruijn ef al., 2008), health-related eating behaviours (Ajzen and Timko, 1986),
healthy eating (Conner ef al., 2002) and fruit and vegetable intake (Lien et al., 2002;
Bogers et al., 2004; Kellar and Abraham, 2005). Although the predictive utility of
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the TPB model has been well established, there are few studies which have examined
the cognitions in the model, e.g. attitudes, beliefs and intentions, to assess whether
changes in the predictors do in fact lead to behaviour change. Researchers have called
for studies which explore theory specific cognition changes and their mediation of
behaviour change outcomes (Michie and Abraham, 2004). Despite the wide use of
TPB by researchers examining dietary behaviour change, research on the effective-
ness of dietary guidelines remains largely atheoretical.

The field may not have moved forward for a number of reasons. Time is of the
essence. In order to examine whether behaviour change has not only occurred, but has
been maintained, needs time — a resource which most research projects lack as most
are funded for less than five years (Levine ef al., 2012). Some have cautioned the
limitation of theory testing because of its heavy dependence on correlational designs
and the lack of studies which compare more than one theory (Glanz et al., 2008b).
Researchers may not understand how to measure and examine constructs of health
behaviour theories or choose variables from different theories (Glanz et al., 2008b).
Glanz suggests that one of the biggest hurdles to overcome however is learning to
‘tailor’ the theory or model to a particular issue and population (Glanz, 2008a). This
is an important step as different guidelines may be needed for different populations.
Integrating theories into a comprehensive planning framework can guide research in
examining an issue, population needs, resources available and the effectiveness of the
program as it progresses (Glanz, 2008a). A good example of this is the application of
the Socio-Ecological Model for evaluating health communication campaigns (Levine
et al., 2012). The Social-Ecological Model has been applied by many experts in
public health, including a reference to the model in the DGA 2010 to illustrate how all
elements of society — individual factors, environmental settings, sectors of influence
and social and cultural norms and values — combine to shape an individual’s food
and physical activity (United States Department of Agriculture and United States
Department of Health and Human Services, 2010).

In addition to theory application, Levine’s framework highlights the need to
consider the various classes of research (Levine et al., 2012). While outcome
research is fundamental, we must not overlook the importance of formative research
and process evaluation — both of which may also apply theory. Formative research
conducted during guideline development can help understand the factors which influ-
ence behaviour change including beliefs, knowledge and attitude. Consumer attitude
to dietary guidelines was the focus of a recent systematic review which found that
consumers want simple, clear, realistic, tailored, flexible and positive content (Boylan
et al., 2012). The involvement of consumers as stakeholders in health research,
policy and practice, including development of dietary guidelines, has been promoted
nationally and internationally (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 participate including lay consumers and more vulnerable popu-
lations (Brown et al., 2013). However it has been advised that the role of consumers
must be made transparent to all parties prior to any involvement to aid evaluation of
consumer impact.
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While there has been some formative research during the development of dietary
guidelines, process evaluation has received less attention. This type of research
focuses on the implementation of a program and examines the extent to which
program activities are being conducted as planned. Process evaluation is extremely
insightful for several reasons as it can: shed light on what elements are promising,
need changing or removal from a program; examine shorter-term or more interme-
diate outcomes, such as changes in attitudes, beliefs etc. (these ultimately contribute
to long-term outcomes); and examine the impact of external factors such as policy
changes.

21.5.2.1 How researchers can better examine the effectiveness of dietary
guidelines

It is clear that more thorough application and testing of health behaviour theor-
ies is required to fully understand the effectiveness of dietary guidelines. It has
been recommended that application of a wider diversity of models and theories to
health communication is needed, including theories of communication and language
(Levine et al., 2012). In order to advance what is known about health communication
and to progress further, it is necessary to apply theories in the form of a theoretical
framework (Angeles et al., 2014). As discussed earlier, frameworks can help navig-
ate various theories and act as a guide to implement, analyse and evaluate research.
We should continue conducting formative research in developing dietary guidelines
and seriously begin to consider the value of process evaluation. As well as the useful
insight which this type of evaluation can provide, it may also help address the time
barrier in researching the impact of dietary guidelines. Applying a model such as the
Integrative Model of Behaviour Prediction may be useful in evaluating the imple-
mentation of dietary guidelines as it may offer some insight into changes at both an
individual and environmental level.

21.5.3 The practice

It is encouraging that guideline developers are increasingly considering the individual
as a key part of the process. It is also encouraging that developers are beginning to
recognise environmental influences in their use of theoretical models. While there are
promising moves, it is clear that there is still some way to go before we can effect-
ively start putting research into practice. It is vital that we better understand what
works and what does not work so that guideline developer’s efforts are not in vain and
dietary guidelines have more hope of promoting healthier food choices.

21.6 Conclusion

The relationship between dietary guidelines and behaviour change is by no means
simple. In exploring this relationship, this chapter focused on the individual’s
role. There are of course other powerful factors at play including the built, socio-
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cultural and political environments — factors worthy of chapters themselves. Strategic
priorities concerned with these environments’ influence on dietary guideline effect-
iveness have been discussed elsewhere (Nitzke and Freeland-Graves, 2007; Rowe
et al., 2011; Watts et al., 2011). These discussions highlight the importance of
aligning food industry marketing messages more closely with healthy dietary prac-
tices, tailoring dietary advice to the needs of vulnerable populations, and creating a
food environment which enables healthier food choices (Woolf and Nestle, 2008).
However there is also a call to apply behaviour science to the development of dietary
guidelines (Rowe et al., 2011). It is hoped that this chapter helps point developers
in the right direction and demonstrates that in ignoring the role of the individual in
system function, there is little hope of creating successful change (Bar-Yam, 2005).
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22.1 Introduction

Contemporary Western(ised) society is typified by pervasive and aggressive brand
promotion, through all communication platforms. Food promotion in particular is a
dominant area of marketing, particularly the marketing by large multinational food
companies that manufacturer less healthy foods and beverages (Cairns et al., 2013).
The ubiquitous marketing of these unhealthy foods contributes to creating a negative
food culture that undermines international and national nutrition recommendations
and guidelines for disease prevention. Specifically, frequent exposure to persuas-
ive promotions for unhealthy foods serves to normalise these food products as part
of everyday life, create positive brand images, and ultimately encourage (over)
consumption 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 marketing of fast food outlets and energy dense,
micronutrient poor foods and beverages (‘junk foods’) is a probable causal factor
in overweight and obesity, and is a target for future interventions (World Health
Organization, 2003). Since this time, limiting children’s exposure to unhealthy food
marketing has been on the international public health agenda.

Over the past decade there have been at least seven major systematic reviews of
the scientific evidence relating to the impact of food marketing on children (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 systematic review,
commissioned by the World Health Organization in 2008, identified that food market-
ing has a modest impact on nutrition knowledge, food preferences and consumption
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 marketing contribute to brand
switching within a food category, but also leads to switching between less marketed
foods to more highly marketed food types. These findings are concerning as the
most commonly promoted foods have been identified as sugar-sweetened breakfast
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cereals, savoury snacks, fast food restaurants, confectionery and soft drinks (Cairns
et al., 2009).

This chapter provides a detailed overview of the scope and impact of food market-
ing on children, including:

1. the extent of children’s exposure to unhealthy food promotions, as evidenced by studies
measuring the prevalence of promotions through a range of media;

2. policy responses to unhealthy food promotion, including at the international level and
exemplars of good practice by national and provincial governments, and policy actions by
the food and advertising industries; and

3. evidence linking food promotions to food consumption and nutrition and weight outcomes.

In the latter section, we provide a conceptual framework of cause and effect to
indicate how immediate impacts of exposure to promotions (e.g. brand awareness
and recall) can be linked to subsequent, downstream behavioural and health-related
outcomes.

22.2 Extent of children’s exposure to food and
beverage marketing

Research studies have repeatedly demonstrated that children are exposed to high
levels of unhealthy food and beverage marketing across a range of media, including
on commercial television (Adams et al., 2009; Kelly et al., 2010; Boyland ef al.,
2011; Powell et al., 2011), on product packaging (Harris ef al., 2010), in children’s
magazines (Kelly and Chapman, 2007; Jones et al., 2012), on popular children’s
websites (Kelly et al., 2008a; Lingas et al., 2009), in outdoor advertisements near
schools and other child-serving institutions (Kelly ez al., 2008b; Hillier ef al., 2009),
and through sponsorship arrangements with children’s sport (Maher et al., 2006;
Kelly et al., 2011) and schools (Molnar et al., 2008).

For example, in an international study comparing patterns of television advertising
across 11 countries in 2009, including from Australasia, North and South America and
Eastern and Western Europe, almost 68,500 advertisements were identified in 2,449
hours of television recordings, and food was the most frequently promoted product
type (18% of all ads). Two-thirds of food advertisements were for unhealthy products,
although this increased to almost 90% in some countries, including Germany, the
USA and Canada (Kelly et al., 2010). Another study showed that, of all outdoor food
advertising within a 500 m radius around 40 randomly sampled primary schools in
Sydney, Australia, 80% were for unhealthy foods and beverages (Kelly et al., 2008b).
In the USA, an analysis of the 30 most popular children’s websites identified advert-
isements for 93 unique food products, most of which were foods that would not be
permitted to be sold in school canteens (Lingas ef al., 2009).

Marketers use increasingly integrated approaches in marketing campaigns, whereby
multiple media channels are used to promote commercial messages (Cairns ef al.,
2013). This integrated approach ensures that children are repeatedly exposed to promo-
tions throughout all facets of daily life: in the home, at school, during recreational
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activities and through peer-to-peer interactions. The use of multiple platforms increases
the credibility of commercial messages, where these are viewed as independent
sources of information (Voorveld et al., 2011). While relatively unstudied, marketers
are progressively using new media, including through Web 2.0 platforms, which refers
to the use of consumer-generated content, such as on social networking sites like
Facebook and YouTube (Freeman and Chapman, 2007).

Furthermore, evidence highlights the common use of persuasive techniques
specifically designed to appeal to and attract children (Boyland et al, 2012). In
analyses of techniques used on websites of 130 food companies known to have the
greatest expenditure on all marketing promotions in the USA, almost half of the sites
had a designated children’s section and most of these children’s sections contained
‘advergaming’ (branded online games) and other interactive components (Henry
and Story, 2009). Only one in ten sites with a children’s section were for products
that met nutrition criteria for healthy products. In an Australian study assessing the
use of promotional characters, including cartoons and celebrities on food packaging
across three large supermarkets, more than 350 unique products displaying promo-
tional characters were identified, of which three-quarters were classified as unhealthy
(Hebden et al., 2011). Almost all promotional characters were company-owned
cartoon characters, considered to be of primary appeal to children.

22.3 International policy to reduce the impact of
unhealthy food and beverage marketing to children

Limiting children’s exposure to the promotion of unhealthy foods and beverages
has been increasingly recognised as a target for childhood obesity prevention policy.
In 2010, the World Health Organization released a set of recommendations on the
marketing of these products to children, which aim to guide countries in developing
new and/or strengthening existing policies in this area (World Health Organization,
2010). Specifically, these recommendations establish that the aim of such policies
should be to reduce the impact of marketing of unhealthy foods and beverages on
children, whereby ‘impact’ refers to the extent of children’s exposure to this market-
ing and the persuasive power of promotions. Governments were identified as the key
stakeholders in the development of food marketing policy, including policy imple-
mentation, monitoring and evaluation (World Health Organization, 2010).

In contrast, most policy development in this area has been undertaken by the food
and advertising industries, through the development of self-regulatory approaches
(Hawkes, 2007). These codes of practice typically claim to ensure ‘socially respons-
ible marketing’ of foods and beverages, rather than to explicitly reduce children’s
exposure to this marketing (Yale Rudd Center for Food Policy and Obesity, 2013).
This is an important distinction, as policy evaluations use different measures
and make different conclusions depending on policy objectives. For example, the
Australian food retail industry code stipulates that food advertisements must provide
healthy lifestyle messages (Australian Food and Grocery Council, 2009). Indicators
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of policy implementation success could therefore relate to the presence of messages
related to physical activity or balanced diets in unhealthy food advertisements,
rather than assessing changes to children’s exposure to unhealthy food promotions.
Independent studies that have assessed changes to children’s marketing exposure
following the introduction of industry codes of practice have identified that these
policies have had no impact on children’s exposure to unhealthy food advertising on
television, including studies from Australia (King ef 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 provincial governments have taken
a strong stance against unhealthy food marketing to children and introduced statutory
regulation to limit children’s exposure, including in Norway, South Korea, the UK,
and in Quebec, Canada. Evaluations of these regulations have demonstrated posit-
ive changes in the food marketing environment for children. For example, the South
Korean government introduced the Special Act on Safety Management of Children's
Dietary Life in 2010, which restricts advertisements for unhealthy ‘children’s foods’
from being advertised on television between 17:00 and 19:00 daily and during chil-
dren’s programs broadcast outside of these times (Korean Ministry of Food and Drug
Safety; Kim et al., 2013). Subsequently, gross ratings points (GRPs) for unhealthy
food advertisements, which represent the size of the audience exposed to an advert-
isement within a given time period, have decreased by 82% during restricted broad-
cast times and by 50% at other times since the introduction of the regulations (Kim
et al.,2013).

In the UK, the government introduced a ban on the scheduling of advertise-
ments for foods and beverages high in fat, sugar and/or salt during programs with a
disproportionately high child audience (when the viewing audience over represents
the population distribution of children by at least 20%). Following the full imple-
mentation of this regulation in 2009, young children were estimated to see 52%
fewer unhealthy food advertisements compared to 2004, and were exposed to 84%
fewer food advertisements featuring licensed characters, 56% fewer advertisements
with branded characters and 41% fewer advertisements with promotions (Office of
Communication, 2010).

22.4 Food marketing effects on food consumption and
nutrition and weight outcomes

22.4.1 Children as a vulnerable audience

Information from psychological research indicates that children are highly vulnerable
to marketing. Younger children are thought to consider commercial information to
be mostly true and unbiased (Wackman DB and Wartella E, 1977), and do not recog-
nise the selling intent of marketing (to promote a product based on its features and
qualities) until at least seven or eight years (Kunkel ef al., 2004). It is not until later
still that children recognise the persuasive intent of marketing that advertisers use
appealing and compelling techniques to increase interest in a product (Carter et al.,
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2011). Even adolescents, however, are thought to be more vulnerable to marketing
effects than adults, due to the neurological changes that occur during this develop-
ment period and their relative inexperience in processing and navigating commer-
cial messages (Pechmann et al., 2005). At this time, adolescents are susceptible to
social pressures and peer influences (Pechmann et al., 2005), which are exploited by
the marketing industry, such as through peer-to-peer marketing on social network-
ing websites. Brands are also symbolised in marketing communications targeting
adolescents to represent desired image attributes, such as ‘coolness’ and sexuality
(Pechmann et al., 2005).

22.4.2 Challenges for researchers in determining the impact
of marketing on children

Due to the pervasive nature of food marketing in most societies, research to identify
a causal association between food marketing exposure and nutrition and weight
outcomes, such as could be elucidated through randomised controlled trials, is
difficult. This is because most children are exposed to large volumes of promo-
tions, thereby impeding the identification of a control group for comparison. The
considerable extent of this ‘baseline’ marketing exposure also means that any
experimental trials that variably expose children to episodes of marketing, with the
intent to determine the effect of this exposure on food behaviours, are swamped
by previous exposures. Therefore, exposures to test advertisements are diminutive
compared to children’s lifetime exposures to marketing, and responses to test advert-
isements are likely to be smaller than would be the case with cumulative exposure
over time.

22.4.3 Schema of effects of food marketing exposures

Despite these considerable difficulties in undertaking research to define the effects
of food marketing on children, there is available evidence to indicate the logical
sequence of marketing effects: where promotions impact on children’s brand
awareness and recall, brand preference, brand purchase, consumption patterns, and
consequently nutrition and weight outcomes (see Table 22.1). Research can test
associations between marketing exposures and outcomes along this hierarchy of
effects, with proximate outcomes of exposure, including changes to brand recall and
attitudes, being simpler to test and confirm than distal effects on nutrition status and
body weight. This sequence is influenced by the extent of exposures, with repetition
of exposure serving to reinforce commercial messages and strengthen the sequence
of attitudes and behaviours. The delivery of messages through multiple media
also ensures repeated and continued exposure, and consolidates brand awareness.
Preferences for products can then be actualised, particularly where there is exposure
to point-of-purchase prompts, such as outdoor advertising near shops and promotions
at the point-of-sale or on food packages.
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Table 22.1 Schema of cumulative effects of integrated cross-media
marketing

Marketing Unconscious | Awareness/ | Brand Intent Purchase
exposure awareness/ | prolonged preferences | to try/

immediate brand recall purchase

brand recall request

Initial exposure
(e.g. TV)

Repeated exposures
(e.g. TV)
Persuasive elements
(cartoons)
Additional exposures
through other media
(e.g. sport sponsor-
ship, Internet)
Outdoor ads near
shops

Point of purchase/
packaging
promotions

The following sections describe methods that have been used to assess the impact
of food marketing exposures along this hierarchy of effects, and provide a summary
of findings from available research.

22.4.3.1 Food marketing and brand awareness and recall

The first step in the logic chain linking children’s food marketing exposure to nutri-
tion and weight outcomes relates to the effect of exposure on awareness of promoted
brands and marketing campaigns. Recall of brands and campaigns can be assessed
either directly, by questioning children about marketing campaigns that they have
seen; or indirectly, using association tasks to match brands to food types or related
attributes. These types of studies have identified that children have high recall of food
promotions, including being able to associate brand logos with food types (Arredondo
et al.,2009; Ueda et al., 2012), and matching brands to sponsored sporting events and
teams (Pettigrew et al., 2013). In general, brand awareness is related to the amount
of advertising that a child is exposed to and increases with age (Fan and Li, 2010).

22.4.3.2 Food marketing and food preferences

The development of brand awareness subsequently influences food preferences by
increasing children’s familiarity with brands and reducing food neophobia, or the
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trial of new foods (Dias and Agante, 2011), and through the normalisation of these
products. The effect of food marketing on brand preferences can be identified in
studies that ask children about perceived attributes or qualities of promoted products
or of perceived consumers of products. For example, children can be asked to rate
brands along dimensions such as ‘fun-boring’ or ‘exciting-unexciting’. Desire for
promoted products can also be demonstrated in experimental trials which measure
reported preference for a food product after short-term episodic exposure to a food
promotion, as compared to children who are not exposed to the food promotion.
Such experimental trials have found that children who are exposed to unhealthy food
promotions, that may be embedded in online games or television programs, are more
likely to subsequently report preferring related unhealthy foods than children who
are exposed to healthy food or non-food promotions (Dias and Agante, 2011;
Redondo, 2012).

Further, there is a growing body of evidence to indicate that children prefer
food products that are associated with promotional characters, such as when these
are shown on their packaging. In these studies, children are often presented with
foods with or without a branded character on the packaging and asked to rate their
preference for these foods. The presence of characters has been shown to signific-
antly increase children’s liking of the foods (Roberto et al., 2010; Lapierre et al.,
2011).

22.4.3.3 Food marketing and food purchases and requests

A range of methods have been used to assess the impact of food marketing on
product purchases. One outstanding study compared household expenditure data for
fast food between French- and English-speaking households in Quebec, Canada and
between English-speaking households in Ontario (Dhar and Baylis, 2011). A ban has
been in place on advertising to children in Quebec since 1980, although this only
applies to channels originating from this province. Channels that are broadcast into
Quebec from neighbouring provinces and countries are English-language channels.
This study found that French-speaking households with children in Quebec were
significantly less likely to purchase fast food compared to similar households in
Ontario. Comparatively, there were no differences in purchases of fast food between
English-speaking households in these two provinces. Therefore, fast food purchases
were lower for households with children in Quebec, who were not exposed to
other sources of television advertising. This study design overcomes limitations
of controlled, laboratory-based experiments, which may not represent real-world
behaviours.

Other studies have surveyed parents about the extent that children request advert-
ised food products; and observed parent and child interactions within supermarkets
to identify the frequency that parents accede to these requests. Most parents generally
agree that food advertising leads children 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 children when grocery shopping (Atkin, 1978).
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22.4.3.4 Food marketing and food consumption

Most studies in this domain have included experimental trials to assess the impact of
exposure to unhealthy food promotions (versus non-food or healthy food promotions)
on immediate changes to food consumption, either while watching television with
embedded advertisements or immediately afterwards. Factors that may influence the
amount of food consumed by children, other than exposure to the food promotions,
include children’s pre-test hunger, preference for the test food, time of day of the
testing and importantly, prior accumulated exposure to advertising.

One early innovative study that sought to overcome limitations of the short-term
nature of many experimental trials was conducted at a two-week summer camp,
whereby children were exposed to controlled advertising and snack choices (Goris
et al., 2010). In this study, children who were exposure to almost five minutes per day
of television advertisements for confectionery chose significantly less fruit as a snack
over the two weeks compared to children who saw advertisements for fruit, public
service announcements to limit sugar intake, or no advertisements.

Other studies have used correlational techniques to determine cross-sectional
associations between children’s exposure to television advertisements for fast food
and sugary drinks and their consumption of these products. In one US study, dietary
intake and anthropometric data from a national cohort of children was compared to
industry data on children’s exposure to television advertisements over three years
(Andreyeva et al., 2011). Higher intakes of soft drink and fast food were observed
with increased exposure to advertisements for these products: for every additional
100 soft drink advertisements viewed over three years, consumption of soft drinks
increased by 9.4%; and for the same magnitude of increase in exposure to fast food
advertisements, consumption of fast food increased by 1.1%. Advertisements for
these product types also had a corresponding effect on the consumption of other
unhealthy foods and drinks not shown in these advertisements. This suggests that
advertisements for unhealthy food/drinks may have dualistic effects on increasing
consumption of other unhealthy products.

Responses to food marketing may differ between children of different weight
status. In an experimental trial from the USA, overweight children were found to
consume 40kcal more when food was presented in branded packages compared to
when this was presented in unbranded packages (Forman et al., 2009). Conversely,
non-overweight children consumed 45 kcal less in the branded condition. Similarly, in
a UK study, obese children were found to consume 471 kcal more from snack foods
after they were exposed to unhealthy food advertisements, compared to when they
were exposed to non-food advertisements within a two week period (Halford et al.,
2008). This compared with an increase of 306 kcal in the overweight and 250kcal in
the normal-weight children.

22.4.3.5 Food marketing and nutrition and weight outcomes

The final component of the hierarchy of effects of food marketing is the impact of
marketing exposures on nutrition and weight outcomes. Few longitudinal studies are
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available that follow children over time to determine the impact of higher and lower
marketing exposures on nutrition and weight outcomes prospectively. As discussed in
section 22.4.2, such studies are difficult as there is little variation in marketing expos-
ures between children within the same culture, with most children exposed to large
volumes of food promotions. However, some studies have compared differences in
exposure to commercial television and compared this to weight status over a five year
period (Zimmerman and Bell, 2010). Based on parent report of television viewing,
each hour of commercial television that younger children (aged <7 years) watched
per day in 1997 was associated with a 0.1 increase in BMI z-scores in 2002. There
was no association between children’s exposure to non-commercial television and
weight status at follow up, indicating that in-program advertisements were contribut-
ing to weight outcomes rather than the act of watching television itself.

Mathematical modelling studies have sought to determine the magnitude of obesity
that can be attributed to exposure to unhealthy food marketing. One such study
compared data from a US national dietary survey to children’s television viewing
habits (Veerman et al., 2009). In this study, an increase in television food advertising
exposure by 25 minutes per week was estimated to cause a child to consume one
additional snack per week (1.4% energy increase). The researchers estimated that a
4.5% reduction in energy intake would occur if television food advertising exposure
reduced from 80.5 min/week to nothing. However, the estimation of marketing effects
on energy intake was based on just one study conducted in 1983.

A later study made estimates of advertising impact on energy intake based on
expert opinion rather than measured data. The study used an estimate of energy intake
attributable to television food advertising exposure, derived from experts in a Delphi
survey, and applied this estimate to obesity prevalence data from multiple countries
with higher and lower advertising exposures (Goris ef al., 2010). The contribution of
television food advertising exposure to energy intake was highest in countries with
the greatest obesity prevalence and the highest rates of advertising, for which 40% of
obese children were predicted to have not been obese in the absence of food advert-
ising exposure (Goris et al., 2010).

22.5 Future trends

It is acknowledged that patterns of food marketing across different media are chan-
ging, largely through the advent of new media, such as social media, that provide
unique opportunities to engage consumers. The traditional mode of television
viewing is being superseded (by younger generations at least) with new methods of
viewing content, and importantly of skipping blocks of advertisements. This poses
new challenges for monitoring exposure to this marketing and for regulating market-
ing practices, whilst providing opportunities for highly personalised and seductive
messages to vulnerable children and adolescents.

The World Health Organization’s recommendations and implementation actions
have arguably raised the profile and awareness of this problem, particularly amongst
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emerging economies, and have the potential to provide sound guidance for govern-
ments to take action. Research is also accumulating, both in documenting the extent
of food marketing across different countries, so as to guide policy responses, and in
refining our understanding of the effects of this marketing.

Nevertheless, internationally the negative impacts of food marketing on children’s
nutrition and health is likely to continue into the foreseeable future. Fundamental
change is required to transform cultural norms, whereby the promotion of ‘junk’
food to children is no longer seen as acceptable. Such change will require widespread
population awareness of the issue, political impetus for action and a food industry that
is committed to being socially responsible.

There has been no overall abatement in the extent or persuasive nature of food
advertising (with some notable exceptions). This is largely the case because industry
self-regulatory approaches have become the major policy response, despite the accu-
mulating evidence that industry policies have been designed to minimise any changes
to marketing practices and have had minimal impact on reducing children’s exposure
to unhealthy food marketing. The development of these self-regulatory approaches
has, however, allowed industry to claim that it is committed to responsible marketing
to children and stalled any government intervention in many countries.

22.6 Sources of further information and advice

This chapter provides a structured overview of research related to the extent of food
marketing to children, the types of effects that marketing has on children’s nutrition
and health, and some indications of the effectiveness of policy responses. The chapter
also indicates some of the methodological approaches and issues related to generat-
ing evidence in this area. The reference list provides a good starting point for readers
interested in exploring some of these issues further. For future developments in this
field readers could refer to the following sources:

+  World Health Organization, 2013. Publications related to marketing of food and non-
alcoholic beverages to children. Available at: http://www.who.int/dietphysicalactivity/
publications/marketing/en/index.html

»  Rudd Center for Food Policy and Obesity, 2013. Pledges on food marketing to children
Worldwide. Available at: http://www.yaleruddcenter.org/marketingpledges/

+ Rudd Center for Food Policy and Obesity, 2013. Food marketing to youth. Available at:
http://yaleruddcenter.org/what we do.aspx?id=4

+ International Association for the Study of Obesity (IASO). Marketing to children. Available
at: http://www.iaso.org/policy/marketing-children/
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23.1 Introduction

In this chapter I will first provide some definitions of point-of-purchase labelling and
front-of-pack food labelling and then describe some different types of food labelling
that have been designed to help people make healthier food choices. I will then
describe some trends in such labelling. Next I will a propose a simple conceptual
framework for the way food labelling might affect health, and then I will go on to
provide a brief survey of the evidence for its effects on food purchasing behaviour
and health (including obesity). Finally I will describe some trends in national and
international policy on food labelling. Some themes of this chapter are that (i) there is
inadequate research into the effects of food labelling on health and (ii) food labelling
is a hotly contested issue and decisions about it are made principally on the basis of
values rather than on logic or evidence.

23.2 Definitions and scope

The terms ‘front-of-pack labelling” and ‘point-of-purchase labelling” mean different
things to different 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 components and a set of
definitions for those different components based, wherever possible, on those of the
Codex Alimentarius Commission (Codex) (1). Codex is the body established by the
Food and Agriculture Organization of the United Nations and the World Organization,
50 years ago, to set international standards for foods including food labelling.

Codex defines food labelling as: ‘Any written, printed or graphic matter that is
present on the label, accompanies the food, or is displayed near the food, including
that for the purpose of promoting its sale or disposal’ (2). All food labelling may
therefore be described as ‘point-of-purchase’.
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Food labelling is potentially an important, source of useful information for
consumers. It is also a source of marketing claims, by food producers which have the
potential to mislead consumers in their food choices by, for example, highlighting
the positive attributes of a product while ignoring other, less desirable characteristics.

Food labelling is increasingly found in a variety of different venues including food
retail outlets, quick service/fast food and other types of restaurants, school and work-
place cafeterias, etc. Increasingly electronic media are used to display food labelling
information 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 restaurants than on most food packets.

Food labels have information and/or make claims about foods including their
price, taste, methods of production, etc. Some food labelling components are more
pertinent to health than others. The components that are most directly relevant to
health include dates by which foods should be eaten (for reasons connected with
food safety), cooking instructions (for similar reasons), ingredient lists, nutrition
information (including nutrient declarations in the form of back-of-pack tables or
lists and more interpretive front-of-pack schemes) and claims about the ‘healthiness’
of the food (nutrition and health claims). But other labelling components may also be
indirectly important including labelling about methods of production, etc.

Nutrition information — ‘a description intended to inform the consumer of nutri-
tional properties of a food’ according to Codex (3) — is the food labelling component
most obviously connected with the management of overweight and obesity. Nutrition
information is increasingly found front of pack but in other places close to the point
of purchase of both packaged and unpackaged foods.

A number of different front-of-pack schemes for nutrition information — called
‘supplementary nutrition information’ by Codex — have been devised ranging from
those which merely reproduce information found in back or side-of-pack nutrient
declarations to more interpretative schemes employing a variety of methods to guide
the consumer towards more healthier choices. Note these schemes have generally
been designed to promote healthier eating in general rather than calorie reduction.
INFORMAS, following the US Institute of Medicine (4), subdivides such schemes
into ‘nutrient specific systems’ and ‘summary indicator systems’.

Nutrient specific systems — illustrated by the %Guideline Daily Amount (GDA) nutri-
tion information system recommended by the trade association — Food Drink Europe (5)
and other similar bodies and the more interpretative traffic-light labelling system recom-
mended by the UK Government (6) — display the level of different nutrients separately.
In the case of the traffic-light labelling, three colours are used to indicate the levels of fat,
saturated fat, total sugar, or salt. Green indicates a low level, amber medium and red high.

Summary indicator systems — illustrated by the star rating system under consider-
ation by the Australian Government (7) — combine a number of nutrient levels into a
single score or classification and then display these in a variety of ways. In the case of
the star rating system the levels of energy, saturated fat, total sugar, sodium, protein,
fibre and fruit, vegetable and nuts are combined into a score and foods are awarded a
number of stars depending on that score: five stars indicating the healthiest products
and half a star the least healthy products.
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If supplementary nutrition information systems are to go beyond merely reprodu-
cing information found in the nutrient declaration then they need nutrient criteria for
their use. For example %GDA systems need the GDAs to be specified and whether
the percentages are to be given per 100 g or per serving; star rating systems need the
thresholds for awarding one, two, three (etc.) stars to be specified. The nutritional
criteria, underlying supplementary nutrition information systems, have come to be
known as ‘nutrient profile models’ and the science of ‘nutrient profiling’ as: ‘The
science of classifying or ranking foods according to their nutritional composition for
reasons related to preventing disease and promoting health’ (8).

As well as a proliferation of supplementary nutrition information systems there
has, over recent years, been an increase in the use of various symbolic or iconic
nutrition and health claims on food packets. These types of front-of-pack labelling
are sometimes seen as an alternative to supplementary nutrition information: particu-
larly by the food industry. They too are often underpinned by nutrient profile models.

Nutrition claims are claims about the composition of foods (nutrients and other
health-related ingredients either separately or in combination). Worded nutrition
claims include claims as ‘low in fat’ and ‘high in fibre’. An example of a symbolic
nutrition claim would be the symbol used in the UK (9) to indicate that the food can
constitute one of the Government’s recommended target of ‘5-a-day’ for fruit and
vegetable intake, i.e. a serving of the food contains a portion of fruit or vegetable.

Health claims are claims about the relationship between consumption of the food
or a constituent 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 originally 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 supplement-
ary nutrition information in that they can only be found on foods with a healthy
nutrient profile. Supplementary nutrition information is designed for all foods — both
healthy and unhealthy — and is therefore potentially much more useful to consumers.
Some examples of supplementary nutrition information, and symbolic health and
nutrition claims are shown in Figure 23.1.

The nutrition information to be found in catering outlets is generally more limited
than that found on packets, e.g. nutrient-specific information systems are generally
concerned with fewer nutrients — sometimes just calories. There are a few instances
where summary indicator systems or symbolic health claims have been used by caterers.

23.3 Current status of front-of-pack and
point-of-purchase labelling schemes

Current international and national policy on supplementary nutrition information (and
on symbolic nutrition and health claims) is in flux with little consensus as to which
forms are most useful to consumers. Government, non-governmental consumer and
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Figure 23.1 Different types of front-of-pack labelling.

Nutrient specific systems: top: %GDA system; bottom: traffic-light labelling of nutrients.

Summary indicator systems: top: traffic-light labelling of foods; middle: Australian star rating system; bottom: US NuVal system.

Symbolic nutrition 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 organisations and commercial organisations all have different preferred
schemes. In general it can be said that consumer and public health organisations
favour schemes that are more interpretative than industry bodies do. In addition
consumer and public health organisations favour labelling schemes that signal less
healthy foods as well as healthier foods.

Codex has yet to produce any guidance on supplementary nutrition information or
symbolic nutrition and health claims (13) and there is little international or national
legislation which governs their use. An exception is the recent European Union Food
Information regulation which sets boundaries on what food producers may provide
by way of supplementary nutrition information (14).

A good recent survey of initiatives to promote different forms of supplementary
nutrition information 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 actuality.

There is little information about the actual prevalence of food labelling compon-
ents in their various forms. A recent review of food labelling prevalence studies found
23 studies but methods varied considerably making comparisons between the results
of surveys difficult (1). Nevertheless some general observations are possible. First,
supplementary nutrition information is increasing in its prevalence in many parts
of the world — particularly nutrient-specific systems. Secondly, nutrition claims are
much more common than health claims. Thirdly, the prevalence of some symbolic
nutrition and health claims is also growing in some countries: in particular the Nordic
Keyhole symbol and possibly the Choices International symbol. For example the
Nordic Keyhole symbol — originally 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 nutrition information in catering establishments is also on the
increase, in particular in the US where some states have passed laws making it
compulsory in certain circumstances. The format of this supplementary nutrition
information 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 interventions involving
such schemes

The impact of food labelling on consumer health is highly contentious and there
is a lack of good quality research to help resolve various important questions such
as which form of supplementary nutrition information 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 physiological, cognitive and
behavioural processes — a simplified version of this web is shown in Figure 23.2.
These processes include those that take place in the eye and the neural pathways
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Figure 23.2 A simple conceptual model for the relationship between food labelling and health.

that connect the eye to the visual cortex and other parts of the brain; cognitive func-
tions such as the processing of numerical and verbal information, motivational states
in relation to label use, food purchasing behaviour with its many constraints: time,
money, etc.; physiological processes resulting from an excess or deficit in energy and/
or particular nutrients 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 generally agreed that consumers say that they use food
labels and will use food labelling if asked to do so in laboratory settings but that this
does not translate 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 substantiated health claims — might even lead to behaviour which increases the
risk of diet-related diseases (21).

It is also agreed that, compared with other factors influencing food purchasing
behaviour (such as familiarity with products or their prices), food labelling is likely
to have relatively small effects. This makes detecting and quantifying its effects diffi-
cult. It should, however, be remembered that even if the effects on individuals are
small, food labelling is so ubiquitous that the effect on a population wide basis could
be large.

It is often contended that food labelling information has a bigger effect on food
producer behaviour than on consumer behaviour (22). For example, it is anecdotally
reported that food producers in the UK reformulated their foods when starting 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 purchasing
decisions.

Studies of the effects of existing food labelling on purchasing behaviour may
have only detected small effects but it is also agreed that different, more informat-
ive formats for food labelling and increased label use might improve health-related
food purchasing behaviour. So various researchers have sought to devise and test
the effectiveness of interventions to enhance food label use (23-25). Some of these
interventions have included redesigning formats but most have merely have involved
seeking to enhance the use of food labelling through educational means. Many of
these interventions have been combined with other elements. Such intervention
studies have had mixed results. Interventions based on education alone have had the
smallest effects (24).
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23.5 Future trends in front-of-pack and
point-of-purchase labelling schemes

It is difficult predict future developments in food labelling, including research into
food labelling. It seems possible that since the ‘obesity epidemic’ shows few signs
of abatement governments might turn to ever more drastic measures to tackle the
problem, including measures involving food labelling. Increasingly, governments
are exploring (and in some cases introducing) legislation in relation to supplement-
ary nutrition information (16). And indeed quite a few countries round the world
are exploring health warnings for unhealthy foods (a particular, if extreme, type
of supplementary nutrition information). Thailand, Indonesia, Peru and Chile have
all recently passed legislation to require health warnings on certain foods (15). The
requirement for such health warnings seem to be based on similar requirements for
health warnings for other health-damaging products such as tobacco and alcohol. It
remains to be seen whether health warnings are effective.

It is also seems clear that food labelling information is increasingly likely to
be conveyed through electronic means as well as on food packaging. Recently,
for example, ‘apps’ have been developed which provide, in effect, supplementary
nutrition information via a mobile phone (26).

23.6 Sources of further information and advice

There is an increasing number of reviews covering different aspects of the research
into supplementary nutrition information and symbolic health and nutrition claims.
Some of these reviews are systematic and therefore to be preferred over unsystematic
reviews. Two commonly cited systematic 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
somewhat out of date a more recent systematic review such as that by Heike and Taylor
(20) is useful. A forthcoming Cochrane review — for which the protocol has already
been published (27) — may provide interesting reading. A common problem shared by
these reviews is a lack of an agreed terminology for different labelling components — a
problem that the INFORMAS paper on labelling (1) attempts to address.
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