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Whilst the prevention of childhood obesity is the only viable, enduring, cost-effective solution to
the obesity epidemic, effective methods for it remain elusive. Furthermore, strategies to influence
obesogenic environments remain relatively unexplored. In order to be able to develop powerful
population-level interventions and public health policies to prevent childhood obesity, it is
important to understand its aetiology and those environments that are most amenable to
measurable change. First, the present paper considers why we should be concerned about obesity
in children, from both the perspective of the increased health risk to the individual and the high
economic cost of treatment of obesity and related diseases, highlighting why the prevention of
childhood obesity is important. Next, the determinants of health behaviour and the obesogenic
environment are explored, which helps us to understand why the aetiology is so complex and that
potential causal factors should not be considered in isolation, as the interaction between these
factors is also important. The paper then considers the multi-factorial aetiology of childhood
obesity and the rationale for the increasing trends in obesity that are evident, in order to
understand what is changing in society and our children’s behaviour that is triggering the positive
energy balance leading to obesity. The review emphasises the need for multi-level approaches if
we truly want to prevent childhood obesity. It also serves to highlight that there is a need to extend
the current research base in order to build a well-founded framework to form the basis of a
strategy for the prevention of childhood obesity.

Aetiology of childhood obesity: Prevention of obesity: Obesogenic environments

Introduction

The present review focuses on the increasing prevalence of
childhood primary obesity, a condition caused by chronic
energy imbalance due to excess energy intake and/or
insufficient energy expenditure (as opposed to the rare
instances of secondary obesity, which can occur due to
endocrine problems (for example, Cushing’s syndrome,
hypothyroidism) or genetic abnormalities (for example,
Down’s syndrome, Prader–Willi syndrome))1. What has
changed in society and behavioural patterns in recent years to
warrant the rapid rise in the prevalence of childhood obesity
that is currently evident? Why are children consuming too
much energy and/or not taking enough exercise?

The paper starts by briefly considering why we should be
concerned about obesity in children – looking at the impact
of childhood obesity, both in terms of the child’s health and
the strain it imposes on the health system. These factors
facilitate an understanding of why prevention of obesity in
children is so important. Next, the determinants of health
behaviour and the obesogenic environment are explored.

Then the review considers whether genetics or the
environment are leading the change, before moving on to
consider the complex, multi-factorial aetiology of childhood
obesity and the rationale for the increasing trends in obesity
that are evident, in order to understand what is changing in
society and our children’s behaviour that is triggering the
positive energy balance leading to obesity. Finally the paper
draws conclusions about the evidence base for different
causes of childhood obesity, in particular considering the
importance of the obesogenic environment.

Impact of childhood obesity on health

Obesity in children, and adults, is a rapidly growing problem
in the UK and worldwide and has been increasing at
accelerating rates in more recent years. Childhood obesity is
associated with a number of co-morbidities in childhood and
with an increased risk of adult disease, particularly CVD,
hypertension and type 2 diabetes. Also obese children tend to
bemore isolated and have lower self-esteem than their peers2.

Abbreviation: SES, socio-economic status.
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Reducing childhood obesity and health inequalities is at
the centre of the UK government’s health policy. The
government’s ‘Choosing Health’ white paper on improving
public health in England3,4 outlines a number of actions to
tackle key current public health issues. Specifically, six key
priorities for action have been identified, with children’s
health, particularly childhood obesity, being a major focus.
Halting growth in childhood obesity is their prime objective.
One of the steps towards achieving this is the development
of a national social marketing strategy. Health-related social
marketing is ‘the systematic application of marketing
concepts and techniques, to achieve specific behavioural
goals, to improve health and reduce inequalities’5.
Importantly this process addresses short-, medium- and
long-term issues, recognising that encouraging healthy
choices and associated behavioural change is a complex
process, requiring more than merely increased public
awareness of health issues. This shows how government
public health policy is moving away from considering
disease groupings in isolation, towards a population
approach that considers the determinants of health –
which is why obesity has suddenly risen up the agenda.

Obesity-related diseases account for a substantial
proportion of costs of healthcare resources worldwide6.
The UK Select Committee Report on Obesity7 estimated
that the total cost of treating obesity in the UK was £3·3–3·7
billion in 2002 and will increase to £7 billion by 2020. As
well as being expensive, the treatment of obesity is time
consuming and ineffective. Plus obese children are more
likely to become obese adults8,9, with all the corresponding
health and social disadvantages. Whilst recognising that the
treatment of obesity is also an important approach that needs
to be addressed concurrently with prevention approaches,
prevention of obesity is likely to be more cost effective than
treatment6. Without a focus on prevention, the unavoidable
exorbitant cost of managing the obesity epidemic will
almost certainly be too expensive for many countries.
Accordingly it follows that the prevention of obesity in
children is key.

The importance of the environment in controlling obesity
is widely acknowledged. AWHO report10 states that major
social and environmental changes to make healthier choices
more accessible and preferable are required to prevent
obesity. The strength of an environmental approach is that
significant population benefits can result from even fairly
small effects if a large number of individuals are exposed to
that environment11.

Yet whilst the prevention of childhood obesity is the only
viable, enduring, cost-effective solution, effective methods
for it remain elusive. Furthermore, strategies to influence
obesogenic environments remain relatively unexplored. In
order to be able to develop powerful population-level
interventions and public health policies to prevent childhood
obesity, we need to fully understand its aetiology and those
environments that are most amenable to measurable change,
which is what the present review seeks to consider.

Determinants of health behaviour

Various models have been proposed to facilitate the
understanding of the complex, multi-factorial aetiology of

childhood obesity and to identify the role of broader
environmental influences (obesogenic factors) on energy
balance, including: ecological systems theory12, the
epidemiological triad11,13 and the ecological model14,15.
Similarly, Flodmark et al.1 suggest, without the use of a
model, that there are six levels that should each be
considered when addressing a preventative programme for
childhood obesity.
Each of these models concurs that the determinants of

obesity sit at many different levels, and agree that successful
prevention of obesity needs to work at all of these levels.
However, it is how these levels are defined and summarised
that varies between the models. For example, the ecology
model in Fig. 1 considers the multiple levels of influence
(both within and outside the individual) on the determinants
of health behaviour, seeking to address the complex web of
behaviours that impact an individual’s dietary and physical
activity choices. Accordingly this model subdivides the
influences on obesity health behaviours into three broad
categories: individual factors, social and cultural factors,
and the physical environment.
Individual factors include the knowledge, attitudes and

beliefs of the individual.
Social and cultural factors include, for example, the

impact of the influence and behaviours of friends, family,
peers, neighbours, and all rules (whether formal, for
example, laws, regulations, policies, or informal, for
example, institutional rules, including in the home) on the
eating and physical activity behaviours of the individual. On
a micro level, this encompasses the ‘culture’ or ‘ethos’ of a
school, home, workplace or neighbourhood. On a macro
level, this includes the media’s impact on influencing the
socio-cultural aspects of food and physical activity,
particularly through advertising and marketing.
The physical environment category looks at what is

available. It includes, for example, food and physical
activity choices that may be impacted by climate, geography
and crime rates (both perceived and actual), as well as
nutrition and exercise expertise, available technology, and
food labelling. This category would also encompass
financial factors, including both costs and incomes for
consumers, money spent on the promotion of healthy
lifestyles by health departments, advertising by fast-food
outlets and government funding of roads, public transport
and recreation activities.

Fig. 1. The ecological approach states that health behaviour is
influenced by more than just individual factors (such as attitudes,
beliefs and knowledge). Factors outside the individual (i.e. social and
cultural and the physical environment) also impact on the choices
individuals make in relation to health behaviour, as does the
interaction between the individual and these external factors.
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This model suggests that health behaviours can be
changed by impacting factors other than at the individual
level. For example, if crime rates were lower, parents may
allow children to play outside more frequently, increasing
child physical activity levels and reducing the risk of
obesity. Consequently, interventions to reduce obesity in
children would be more effective if targeted at multiple
levels of influence of the determinants of health, rather than
solely focusing on the child.

It is also important to note that the interaction between
these categories means that different individuals will be
influenced by different environmental factors, or in different
ways by the same environmental factors. For example, an
individual with a high income level may not be influenced
by fluctuations in the price of food, yet lower-income
individuals may be easily influenced by such fluctuations
and consume less of the produce, such as fruit and
vegetables, when it is higher priced. This makes
interpretation very difficult and also means that the
interaction between multiple obesogenic factors needs to
be considered rather than just a single obesogenic factor in
isolation.

Genetics or the environment?

The regulation of energy balance and the aetiology of
obesity are enormously complex, with numerous genetic,
hormonal, neural, metabolic, behavioural, societal and
obesogenic influences16,17. Many studies show a strong
genetic link with obesity. That is, an individual is more
likely to be obese if he/she has obese relatives. For example,
adoptees’ BMI were more similar to biological parents’
BMI18 and weight gain in twins showed a genetic factor19.
However, the environment has to be, at least partially,
responsible for the rapid rise in obesity, as evidenced by the
following:

(1) The fact that the rise in childhood obesity has been so
rapid suggests that environmental factors rather than
single gene defects are the primary cause (if the cause
were genetic then the increasing prevalence would take
longer, as it takes time for gene defects to pass between
generations).

(2) Migrant studies suggest a strong influence of
environmental factors on obesity rates, as migrants
have higher BMI than their counterparts still living in
the country of origin20,21. Also immigrants’ offspring
have higher rates of obesity than their parents21 and
second-generation children have higher obesity rates
than first-generation children22.

(3) As developing countries switch to more Western
diets23 and reduced physical activity levels24, the
prevalence of obesity in children is rising25,26.
Developing countries also show over- and underweight
children in the same family27. Both of these instances
imply that it is not genetic factors but environmental
factors that are influencing levels of obesity.

The difficult question of how much of the variation in
obesity is explained by each of genes and the environment
has been addressed by Allison et al.28. This review suggests
that about 10% of the population may become overweight

even in a leptogenic environment and another 10% would
remain slim even in an obesogenic environment. These
individuals have strong genetic predispositions to be obese
or slim. The remaining 80% of us possess ‘thrifty’ genes,
which evolved to help us deal with periods of famine and
feast and which have not adapted to the modern obesogenic
world, where energy-dense foods are readily available and
energy expenditure can be minimal. So, for the majority of
us, although we possess the genes to become obese (genetics
is the loaded gun), it is the obesogenic environment that is
the primary factor causing obesity (the environment pulls
the trigger).

Aetiology of primary childhood obesity

So what, exactly, is causing the increasing prevalence in
obesity that we are seeing? The answers to the questions
regarding the causes of the increased prevalence of
childhood obesity remain subject to debate, with different
authors holding different opinions and studies producing
conflicting results. It may be that there is not a simple or
exact answer, particularly as obesity is a condition that
develops slowly (so the time lag could mask the causes) plus
its cause is likely to be multi-factorial with many
confounding factors. Nevertheless, the debate around the
reasons for the increasing prevalence of childhood obesity
includes the following possible explanations: the present
review will look at how physical activity or inactivity affects
obesity, dietary risk factors for obesity and then at various
obesogenic environments.

Aetiology of primary childhood obesity: physical
(in)activity levels

There is some evidence, particularly in the USA and the UK,
of a reduction in habitual energy expenditure in children:
reduced walking and cycling, and increased use of cars29;
increased use of automated transport and technology in the
home with more passive leisure pursuits30.

A systematic review of studies looking at the relationship
between physical activity in children and obesity found
roughly half had found no effect and the balance had a
negative effect (i.e. increased physical activity levels were
protective)31. A stronger link has been found between
lifestyles characterised by lack of physical activity and
excessive inactivity (particularly television viewing) with an
increased risk of obesity32. It should be noted that physical
activity can be measured in a number of ways. Either energy
output can be directly measured using calorimetric methods
or indicators of energy expenditure (such as the incidence or
prevalence of specific physical activities) can be used.
Alternatively, physical inactivity can be measured as an
indicator of low energy expenditure. Television viewing
and/or media time (for example, surfing the web, playing
video games, etc) are often used as a proxy for all sedentary
leisure activities and so for physical inactivity.

Accordingly many cross-sectional and prospective
studies have looked at the association between television
viewing and childhood obesity. Some only found a weak
association33,34, but most found a positive association (after
adjusting for potential confounders, such as maternal
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overweight, previous overweight, family structure, ethni-
city, socio-economic status (SES) and maternal and child
aptitude test scores) in children all over the world – USA35,
Mexico36, native Canadian groups37, Australia38 and the
UK39.

A prospective study by Gortmaker et al.40 showed a
strong positive dose–response relationship between time
watching television and prevalence of overweight (as
measured at the end of the 4-year study). This relationship
was found after adjusting for potential confounders,
including baseline maternal overweight, previous over-
weight, family structure, ethnicity, SES and maternal and
child aptitude test scores.

The effect of television viewing on obesity may be
mediated through one or more of the following factors: (1) a
reduction in physical activity levels38, (2) an increase in
energy intake whilst viewing (particularly snacking on
energy-dense foods and poor portion control)38,41, (3) a
reduction in RMR32,42,43, (4) inappropriate food choices due
to television advertising for foods high in added sugars or
fat44,45, and (5) television programmes or advertisements
may confuse or contradict the message about a healthy
lifestyle46.

Aetiology of primary childhood obesity: diet

Increased energy intake

It would seem logical that the rise in obesity prevalence
might be partly due to increases in energy intake, but
paradoxically, in the USA at least, while the prevalence of
obesity in adolescents has doubled6, energy intakes (in
adolescents) have apparently decreased47. There are,
however, concerns about the accuracy of measures relying
on reported food intake. Food disappearance data suggest
that energy intakes have actually increased while reported
food intakes show a decrease48. (Food disappearance is
equivalent to food available for consumption. It is calculated
by adding total food production (plus imports, minus
exports) and net losses from processing at the mill level and
food fed to animals. Food disappearance data are a
reasonable approximation in all countries of the trends in
food consumption at the national level. However, the data do
not reflect actual consumption because additional losses in
the food chain linking the producers and mills to the
consumers are not considered.) Also energy balance is the
important factor, so the rise in obesity may be due to energy
expenditure decreasing by more than the fall in energy
intake.

Eating patterns

Changes in dietary patterns and eating habits are likely to be
factors related to the increased prevalence of childhood
obesity.

Snacking is gaining prominence as a potential risk factor
for obesity49–52, as is skipping meals. Whilst babies and
young children characteristically eat frequently, as children
get older frequent eating is traditionally (in Western society)
replaced by ‘three square meals a day’. However, eating
occasions are increasingly becoming less well defined and a

‘grazing’ or snacking culture is permeating our society with
‘meals’ at more frequent or irregular intervals53 and meals
being skipped.
The impact of snacking may be attributed to the types and

amounts of foods eaten as well as the frequency of eating.
Snacking is often associated with more energy-dense foods
(and drink) or more total food ingested, particularly outside
the home where the types of foods commonly consumed as
snacks are often high in fat or high in carbohydrates51. It has
been shown that body weight is not affected by the
frequency of eating – in a laboratory under isoenergetic
conditions. However, real life is not isoenergetic. Marmo-
nier et al.54 demonstrated that snacks delay the next meal
slightly but that the ‘snacking individual’ consumes more
total energy over the course of the day. This suggests that
snacking contributes to positive energy balance, over the
short term at least. Longer-duration studies, which may be
more predictive of long-term behaviour, show inconsistent
results. Johnstone et al.55 showed no difference in energy
intake between snackers and non-snackers over 7 d, whereas
Blair56 showed higher weight loss in subjects who stopped
snacking. A study of children in Japan showed that snacking
was correlated with an increased risk of obesity49, but a
longitudinal study by Phillips et al.41 found no relationship
between obesity and the consumption of energy-dense
snacks.
However, snacking can be difficult to measure as it is

often self-reported, which can be highly inaccurate. For
example, Barkeling et al.57 validated self-reported food
intake with saliva tests, which showed significant differ-
ences in levels of sugary foods consumed between the obese
and non-obese groups, yet the food diaries showed no
significant differences.
Children who skip breakfast may have a higher risk of

subsequent obesity58,59. The mechanism is unclear, but it
may be due to breakfast consumption being a marker of
general good healthy behaviour or being related to
decreased fat intake and decreased snacking during the
day. Alternatively, it may be due to an uneven distribution of
energy intake over the course of the day, for example, those
who do not consume breakfast tend to eat a large amount of
food in the evening, and this imbalance could lead to a
higher risk of obesity60.
Also meal times as a family are becoming increasingly

uncommon. This has the effect of fewer social controls on
eating and opportunities to observe good role models, which
can lead to unhealthy eating habits.
Portion sizes of foods and meals are also gaining

prominence as a potential risk factor for obesity61. Research
has shown that very young children have innate control of
appetite and energy balance is achieved, but as children age
social and environmental factors take precedence over this
biological mechanism62,63. In light of this and of the
increases in standard portion sizes seen both inside and
outside the home in recent years64, more research is needed
to look at the impact of portion size over a long duration
(rather than just one meal) and also the factors that influence
this and cause the overriding of our natural biological
appetite-control mechanism.
Psychological factors also play a key role in the

development of childhood obesity. Increased depression
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and boredom in this age group can lead to comfort eating
and binge eating, which are associated with an increased
risk of obesity.

Diet composition

Dietary composition may be an important risk factor for
obesity. The amount of fat and type of fat may be important,
in part due to the energy provision of fat. Cross-sectional
surveys of diet indicate that on average children’s intake of
fat is close to recommended levels, but that there are big
between-children variations in intake levels65 and they also
show that higher fat intakes (as a percentage of energy
intake) are associated with higher weight66–68. Energy
density may also be important. A UK-based cross-sectional
survey showed high-energy-dense diets in young children
tend to be higher in fat and lower in sugar content than
lower-energy-dense diets69, although other longitudinal
studies have less clear results34,70,71. ‘Healthy’ food intake
and fruit and vegetable intake are negatively associated with
obesity10, although potential confounding issues, such as
deprivation, should be considered. Refined carbohydrate
foods, and particularly those with a high glycaemic index
such as sugar-sweetened soft drinks, biscuits and cakes, may
be associated with obesity. High-glycaemic-index foods
increase postprandial blood glucose concentration and so
play a part in appetite regulation.

Consumption of unhealthy foods

Another dietary risk factor for obesity, unsurprisingly, is a
high consumption of unhealthy foods, and in particular
‘fast’ foods and soft drinks.

The popularity of fast foods has increased over recent
years and consumption by children has risen 300% over the
last 20 years72. It has been shown that when children eat fast
food, then that day their energy and fat intake is likely to be
higher, and fruit and vegetable intake lower, than normal73.
Also, children who eat fast food frequently consume more
total energy, more energy per g food, more total fat, more
total carbohydrate, more added sugars, and less fibre, less
milk, fewer fruits and vegetables than children who eat fast
food infrequently73,74. Accordingly it is not the consump-
tion of fast food, per se, that leads to obesity (as both lean
and obese children consume fast food), but the fact that
overweight consumers of fast food are less likely to adjust
their daily energy intake to take account of an energy-dense
fast-food meal than their lean counterparts75,76.

There has also been a massive increase in the amount of
soft drinks consumed. Soft drink intake now accounts for the
largest single source of non-milk extrinsic sugar intake in
young individuals65. These fluids tend to replace milk and
Ca intake for adolescents, which is a concern, not least
because there is an inverse relationship between Ca intake
and adiposity74. Sugar-sweetened soft drinks can lead to
increased energy intake, as their energy value is often not
differentiated from the energy of solid food. In a study
where children were given either a sugar-sweetened or
aspartame-sweetened soft drink with a standardised meal,
both groups consumed similar amount of foods, resulting in
the sugar-sweetened group consuming more energy in

total77. Furthermore, a prospective study by Ludwig et al.78

has shown that the consumption of soft drinks is positively
associated with obesity in children (over 19 months)78.
Although this observational study cannot prove causality,
the regression models did take other dietary and lifestyle
differences into account to minimise the impact of
confounding on the results, but obviously other unaddressed
factors could be at work. Furthermore, a longitudinal study
over 10 years41 also found an association between soda
consumption and BMI41. A recent cross-sectional analysis79

appears to contradict these findings, with no association
found between total amount of beverage consumed and
weight status of the child, and whilst higher beverage
consumption was associated with total energy intake
(positively) it was not related to BMI. However, this study
considered very young children (2–5 years), which may be
too young to see the long-term impact of higher energy
intake due to beverages, plus it is limited by its snap-shot
cross-sectional nature.

Aetiology of primary childhood obesity: obesogenic
environments

An obesogenic environment considers the combination of
factors that influence health behaviour and is one that makes
obesity more likely to occur. It is defined as ‘the sum of
influences that the surroundings, opportunities or conditions
of life have on promoting obesity in individuals or
populations’15. Six different obesogenic environments are
now considered.

The fetal environment

Birth weight is positively associated with childhood obesity,
with an increased risk of obesity for both the heaviest and
lightest babies31,80 – 82, independent of SES83,84 and
gestational age85, but may be confounded by maternal
weight86. However, other studies suggest that subsequent
obesity may actually be independent of fetal growth (birth
weight), instead suggesting that unfavourable conditions in
the fetal environment are fundamental to the increased risk
of subsequent obesity.

Maternal diabetes during pregnancy results in offspring
with an increased risk of developing childhood obesity87.
These infants are likely to be born overweight, revert to
normal weight by 12 months, then become overweight or
obese as older children87,88. This higher risk of subsequent
obesity is independent of birth weight and maternal weight,
suggesting that the effect is due to the unfavourable fetal
environment.

Maternal smoking during pregnancy is also associated
with an increased risk of childhood obesity89. There is a
dose-dependent relationship between the number of
cigarettes smoked during pregnancy and the extent of
childhood overweight or obesity, after accounting for
potential confounders (social class, maternal weight and
birth weight)90, which may be due to programming of
appetite regulation91,92. There was no association with
smoking after pregnancy, suggesting that it is the intra-
uterine exposure that was fundamental to the increased risk
of obesity.
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Maternal fatness may promote childhood obesity81,86.
Furthermore, studies of famine during pregnancy93,94 again
suggest that it is the adverse fetal environment rather than
any effect on fetal growth that may be responsible for this
relationship with obesity.

The infant environment

There is strong evidence that the environment in early life
can determine the risk of subsequent obesity. Contrary to the
previous section, Kinra et al.95 suggest that the critical
period when obesity risk is acquired is postnatally, rather
than prenatally.

Postnatal weight gain (of the infant) is thought to be
important in determining the risk of subsequent obesity,
although the exact ‘high-risk pattern’ of weight gain is
controversial. Rapid weight gain during the first 4 months
increases the risk of subsequent obesity84, as does rapid
weight gain during the first 12 months39; also children in the
highest age-standardised weight quarter at age 8 and 18
months are at higher risk39. Conversely it is suggested that it
is the mixture of fetal and infant growth that is important.
That is, there is an increased risk of obesity for low-birth-
weight babies who show catch-up growth or rapid childhood
growth39,86,96.

Further studies suggest it may be the age of adiposity
rebound that is crucial. The evidence is strong that the
earlier this occurs the higher the risk of subsequent obesity
in the child31,39. However, the mechanism for this
relationship is unclear and it is undecided whether the
association between early adiposity rebound and subsequent
obesity is caused by a biological mechanism or whether it
simply reflects a child’s predisposition to gain weight easily
(as a result of existing genetic or environmental circum-
stances). It does not appear to be due to high early protein
intake97.

A systematic review by Baird et al.98 concluded that the
highest risk of subsequent obesity was for infants both at the
highest end of the distribution for weight or BMI and those
who grow rapidly during infancy. The mechanism for
greater fatness earlier in childhood leading to an increased
risk of subsequent obesity is unclear. It could be because
early excessive fatness predicts earlier maturation (at least
after 3–4 years of age)31 and early maturation is associated
with an increased risk of obesity99. However, adolescents
who mature later have higher protein and energy intake as
well as higher activity levels, which might be the factors that
prevent the obesity rather than the timing of maturation
itself100.

There is evidence for and against the protective effects of
breast-feeding. It has shown a dose-dependent (better
protection with longer duration of breast-feeding) reduction
in the risk of subsequent childhood obesity90,101–104,
although more recent studies have shown no or limited
protective effect105,106. Furthermore the designs of the
studies with protective effects have been called into
question107. That said, a fairly recent systematic review
found that breast-feeding had a (small) protective effect
against subsequent childhood obesity108.

The apparent protective effect may be due to confounding
variables such as maternal diabetes, maternal BMI, maternal

smoking during pregnancy, low birth weight, familial
dietary patterns or social class90,109–111. Alternatively, the
conflicting results may be due to an interaction between
breast-feeding and potential confounding factors. For
example, Reilly et al.39 found that breast-feeding amongst
non-smoking (during pregnancy) women was significantly
associated with a reduced risk of obesity in the child at age 7
years. This effect was not evident in women who smoked
during pregnancy. Without this stratification there was no
significant relationship between breast-feeding and obesity.
The mechanism for the proposed protective effect of

breast-feeding may be due to the timing of weaning, as solid
foods increase the energy density of the diet and so could
lead to excess energy intake and consequent weight gain. It
might also be a factor of the amount of protein in the diet,
with bottle-feeding and early weaning increasing protein
intake (breast milk provides a relatively high amount of
energy from fat), which may reduce the age of adiposity
rebound and increase the risk of subsequent obesity112.
Feeding style may also be important to the infant’s risk of
obesity. A ‘vigorous’ feeding style113, restrictive patterns
causing upset to the baby114 and a lack of control over the
child’s intake115 have all been associated with subsequent
obesity.
Sleep duration (as an infant) has been shown to have a

negative independent association with the risk of childhood
obesity39,116,117. There are several different possible
mechanisms for this effect. It may be due to growth
hormone secretion being altered by the duration of sleep or
because sleep reduces the child’s exposure to obesogenic
factors, such as evening food intake or it could be a marker
for another variable, such as levels of physical activity
(more active, more sleep required).

The family environment

It has been shown that family structure, including the family
size58,118, birth order of the child119 as well as whether it is a
single- or joint-parent family58 may have an effect on
childhood obesity. However, relatively few studies have
been undertaken and the results are inconsistent31,120.
Parent–child interactions, the quality of the home

environment and the level of care provided within a family
might also be affecting the behaviours related to the risk of
obesity. These factors may have more of an impact on the
risk of obesity than family structure or deprivation. For
example, children with low cognitive stimulation are at an
increased risk of subsequent obesity121, as are children who
suffer parental neglect122.
Parenting styles and behaviours may influence the food

and exercise choices of a child. Each member of the family
acts as a role model for the child, their behaviour reinforcing
and supporting the development of diet and activity
behaviours123. The family members all share the same
environment, which may encourage overeating or a
sedentary lifestyle31,124–126. Dietary and activity behaviours
have been shown to ‘run’ in families123, primarily due to
shared environmental factors rather than genetics127, and
parental diet and activity patterns can predict the risk of
obesity123.
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Parental BMI (particularly maternal) has a strong positive
association with childhood obesity34,121,128. This predictor
is much stronger with young children129, and also if both
parents are obese124,130. This latter increase is systematic –
with two lean parents having the leanest children, two obese
parents having the fattest children and children of one lean
and one obese parent falling in between39,131. This
relationship is largely due to lifestyle factors, and parents’
diet and activity patterns can be used to identify obesogenic
or non-obesogenic family clusters, with children in an
obesogenic family cluster having a higher risk of obesity123.

It is also worth noting that parents of overweight children
tend not to recognise that their child has a weight
problem132. However, this was a small study with a sample
of only eighty-three parents. Plus, the recognition scale,
used to determine the parents’ perception of how overweight
(or otherwise) their child was, tends to produce a normal
distribution, whereas the actual BMI percentiles of the
children in this sample do not appear to be normally
distributed. Accordingly we might expect to see greater
differential between the perceived and actual child weights
at the heavier end of the scale in this study. Nevertheless a
subsequent, larger, longitudinal study133 using a five-point
scale questionnaire to determine parental perception of
overweight also found that most of the overweight children
(and one-third of obese girls and a half of obese boys) were
judged by their parents to be of normal weight. These
authors suggest that possible reasons for parental low
recognition of a child’s weight problem may be due to
simple denial, an unwillingness to admit that there is a
problem or even desensitisation to overweight because this
state has become normal.

Ethnicity could also be important. In the West, non-white
children are more likely to be obese than white children;
however, this is largely to do with socio-economic
differences, such as parental education and family
income121,134–137. However, the fact that obesity-related
diseases (such as type 2 diabetes or high blood pressure) are
more common in individuals from the Indian subcontinent
and that the risk of obesity-related complications com-
mences at lower BMI for these populations has implications
for childhood obesity in these populations – and more
research is required into this120.

The school environment

The schools’ policy to promote healthy eating (and/or
national guidelines) may affect obesity levels. That is, the
choice of foods available during the school day and the
types of foods permitted for classroom events may have an
impact on obesity rates. The availability of vending
machines in schools is associated with an obesogenic
environment, although not all the evidence supports this
view138. Children who attend breakfast clubs consume more
fat and saturated fat than children who do not attend139.
Children who bring a packed lunch to school consume a less
healthy meal than those eating school dinners140. Externally
available foods (i.e. local shops and children being allowed
off school premises) may also have an impact on food
choices.

School food policies that reduce availability of high-fat
and high-sugar foods are connected with reduced buying of
these items141. However, a recent study by Gould et al.142 of
school meals in the UK found that two-thirds of schools did
not meet the government nutritional guidelines and
deprivation was associated with the worst food provision
and most unhealthy food choices. This suggests that
nutritional standards in isolation do not facilitate healthy
eating in schools. Enforcement of the guidelines as well as a
pricing policy to encourage healthier food choice (or restrict
unhealthy choices) is required to improve the nutrient intake
of schoolchildren.

Also, nutritional and physical education might help to
reduce the risk of childhood obesity, by promoting healthy
eating habits and body image as well as providing
opportunities for regular exercise.

A study in primary schools in Leeds used a population-
based approach to implement a health-promotion pro-
gramme to prevent risk factors for obesity143. Positive
changes were seen in school meals, tuck shops, and
playground activities and the implementation of the
programme was a success, yet only nominal behavioural
changes were seen in the children144. A national programme
launched in Singapore to promote healthy lifestyles, ‘trim
and fit’, used similar methods to the Leeds study, as well as
giving special attention to overweight children145. Con-
versely, in Singapore obesity levels have fallen since the
commencement of the programme, although this may be
due to factors outside of the programme. Similarly school
interventions have been run to affect children’s activities
outside of school. For example, Robinson146 ran an
intervention aimed at reduced levels of television viewing
which resulted in a positive association between children’s
changes in levels of television viewing and adiposity.
However, often children return to baseline after the
intervention stops.

It has been shown that primary schoolchildren are more
active at the weekend than on school days, so although
schools are well placed to help tackle childhood obesity,
school attendance actually limits levels of physical
activity147. That said, the level of timetabled physical
activity at primary school does not affect the overall daily
amount of activity undertaken by the child, as they
compensate out of school148. Furthermore, although children
who walk to primary school expend more energy on that
journey than children who are driven, there is no difference
between the two groups in total weekly physical activity
levels. Again, children are compensating elsewhere149.

Low achievers at school are more likely to become obese,
although it is not clear whether the poor performance leads
to obesity or vice versa150.

The neighbourhood environment

There are many different aspects of the neighbourhood that
may have an impact on levels of childhood obesity, for
example:

(1) The availability of public transport affects diet and
exercise choices individuals make, for example, with
where to do the shopping, what to do with the children,
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etc. This impact is obviously larger on families without
a car.

(2) Food deserts are areas where there is low (or no) access
to affordable, healthy food, particularly if the residents
do not have access to a car or good public transport
links. This may impact on the dietary choices of
residents.

(3) It may be that proximity to or access to parks and green
spaces has an effect on obesity in children by impacting
on their physical activity levels (for example, playing
on swings) or diet (for example, consuming ice creams
and sugary drinks), although the little research that has
been undertaken in this area tends not to show a
relationship151. It is likely that perceived neighbour-
hood safety is a more important determinant of
childhood obesity, but again the evidence is con-
trary152,153.

(4) Crime, both perceived and actual, can affect a parent’s
decision whether to let the child outside to play, as can
road-safety issues, such as safe road crossings,
pavements and the speed of traffic151.

Deprivation is commonly associated with obesity,
although the relationship is not straightforward, depending
on the timing of the outcome measure of obesity (that is,
whether it is in childhood or adulthood). Also different
authors use different measures of deprivation, ranging from
a simplistic single indicator of SES as a proxy for
deprivation to a more sophisticated indicator of deprivation
by ranking several different factors.

A thorough review in 1999 by Parsons et al.31 found a
relationship between low SES in childhood and subsequent
adulthood obesity, which concurs with subsequent work by
Hardy et al.154 and Okasha et al.155, both using father’s
occupation as the indicator of childhood SES. This
relationship was also shown more recently and using a
more sophisticated indicator of deprivation (a ranking of
three different factors – education level, occupation of head
of household and current employment status)156. This ‘SES
of origin to subsequent adult obesity’ relationship may be
due to: (1) confounding by parental body size (which
insufficient studies have considered31) and (2) SES acting as
a proxy for the effect of multiple adverse childhood
circumstances, which are then manifesting as adult obesity
in the long term157. For example, it has been shown that
there is a higher density of fast-food outlets in poorer areas,
which may (partially) explain the phenomenon158.

The 1999 review33 did not find any relationship between
childhood SES and childhood obesity, although conversely
several recent studies have found that children with lower
SES or more deprived backgrounds do have an increased
risk of childhood obesity. Some studies have used only a
single indicator of SES as a proxy for deprivation. For
example, household income has been shown to be a
significant predictor of childhood obesity (inverse relation-
ship)121,159. Similarly, using entitlement to free school
meals as a proxy for income160, Cecil et al.160 found that it
was not that these deprived children weighed more than
their more affluent peers, but that in fact the higher BMI was
due to shorter height, suggesting possible nutrition-related
growth restriction in low-income families. Also, children

from families with lower education levels have a higher risk
of obesity128,161,162. However, this effect could be mediated
by confounding factors, such as low income and lower
levels of cognitive stimulation121. Other studies have
considered multiple SES factors as an index of deprivation.
For example, studies using the Townsend deprivation score
(an index score based on a combination of adult
unemployment, household size, and car and home owner-
ship) have shown that children from more deprived areas
have a higher risk of obesity (despite lower birth
weights)95,163. However, if the deprivation index is based
on the electoral ward of the school (rather than the home),
no relationship with childhood obesity is present164.
The increased prevalence of obesity in children from

more deprived backgrounds could be due to a multitude of
factors:

(1) dietary differences are often apparent;
(2) no safe play area for the child;
(3) lack of opportunity and funds for activities, so

television viewing is the primary leisure activity by
default;

(4) food deserts (lack of accessible, affordable, healthy
(low-energy-dense) food);

(5) constraints on energy per £, which focuses purchases
on energy-dense foods.

Also, whilst deprivation is commonly associated with
obesity, affluence has been less critically considered, yet
there may also be a link. Certainly early work in Asia found
such an association165–167, although this could reflect
cultural differences that are not prevalent in Western society
(that is, whether fatness or thinness is more highly
regarded).

The macro-environment

The macro-environment relates to those influences on
childhood obesity outside of our direct control – in
particular, industry, media and government.

Industry. This aspect of the macro-environment largely
encompasses all levels of the food industry, from
manufacture to retail outlets to eating out. However, also
included is price and availability of goods that reduce our
energy expenditure. It encompasses many different issues,
such as hidden fats and/or sugars in prepared foods and
greater availability of energy-dense foods, increased use of
restaurants and fast-food outlets, larger portions of food
offering better ‘value’ for money, poor labelling of foods,
subsidised ‘bad’ foods as loss leaders and expensive ‘good’
foods, more frequent and widespread food-purchasing
opportunities, and cheap and easy access to labour-saving
devices and cars.
It has already been discussed that a high dietary fat intake

is associated with obesity66–68 and that high fruit and
vegetable consumption is negatively correlated10. Addition-
ally the rise in soft drink consumption has already been
highlighted65. Furthermore, sugar consumption in general
(including sugar, maize sweeteners, honey and other edible
syrups, excluding non-energy sweeteners) has also
increased substantially over the last 20 years, largely due
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to increased high-fructose maize syrup use in beverages,
bakery products and processed and prepared foods168. On
top of this, advances in technology have increased the
availability of processed and prepared foods169. Accord-
ingly, it follows that consuming a diet composed of a large
quantity of processed and prepared foods with high ‘hidden’
fat and sugar content (consumption of which has increased
in recent years) may lead, perhaps unwittingly, to increased
energy intake and so to obesity. Similarly a diet high in
energy-dense fast foods will also lead to increased fat
consumption and higher energy intake, which may increase
the risk of obesity as well73,75,76. Accordingly the fact that
both eating out generally and fast-food consumption have
increased in recent years72,170 should be of concern.
Spending on eating in the home is now less than eating out
spending171. Furthermore, high fast-food outlet density in
an area is negatively associated with SES, which in turn is
considered a social determinant of obesity with, generally, a
negative association between obesity and SES158.

Another factor contributing to increased energy intake,
and thus highlighted as a plausible risk factor for obesity, is
larger portion sizes76,172–174. This factor relates back to
industry as the macro-environment because most processed
and prepared foods have seen rises in the standard portion
size over the last 20 years64,175, as have restaurant and fast-
food outlet portion sizes. The fact that many packaged foods
contain multiple (not single) servings, and that consumers
do not recognise this, exacerbates this problem176. As well
as increasing energy intake on the eating occasion (of the
product or at the premises), this may also have a knock-on
effect of increasing the expected portion size, or that
considered appropriate, at a self-serve eating occasion177.
This occurrence of ‘portion distortion’ varies for different
foods but does show significant differences (mostly
increases) in self-serve portion sizes over the last two
decades178.

The question of food labelling is frequently discussed as a
means to facilitate healthy food choices by the consumer. In
the UK, the Food Standards Agency has proposed a ‘traffic
light’ food-labelling scheme in this regard. Whilst several
retailers have agreed to introduce it on their own products,
many other retailers and manufacturers are introducing their
own labelling systems, which only serves to add to
consumers confusion. Consumers have been shown to
change their consumption patterns depending on the
information given about the fat content of the food179,
although whether this translates into long-term purchasing
and consumption patterns remains to be seen. The evidence
of providing dietary information about restaurant meals is
hampered by the fact that few restaurants provide this
facility, particularly at point of purchase180, and it has been
shown that consumers largely ignore or do not correctly
understand restaurant food labelling181.

Poor access to affordable, healthy food is considered to be
a contributory factor to poor diet and obesity. Whilst the
price of food in real terms has reduced, this is largely for
‘unhealthy’ (energy-dense, high-fat, high-sugar) foods169

and it has been shown that these ‘food deserts’ do
exist182–184. Improving access to food can increase fruit
and vegetable intake, which also suggests that limited
access to healthy, affordable food does affect the diet

consumed185. Also Sturm & Datar186 found that higher fruit
and vegetable prices were positively correlated with change
in BMI. Yet all the evidence does not agree, as some authors
have not found a positive relationship between amount of
fruit and vegetables consumed and food deserts187,188,
although the evidence does seem to be stronger in the
USA189. A clear way to increase healthy choices over
unhealthy choices is to provide an economic incentive by,
for example, healthy food subsidies and unhealthy food
taxes. It was shown that young individuals do respond to
this, with price rises reducing purchases of a particular food,
and substitution between healthy and unhealthy foods
occurring as prices rise or fall depending on the amount of
disposable income190.

Obesity is also promoted by industry in the macro-
environment by the more frequent and widespread food-
purchasing and -consuming opportunities that currently
exist. An extensive range of tasty, reasonably priced foods
are accessible almost ubiquitously172. On the other side of
the coin, increased access to labour-saving devices and use
of cars has reduced levels of physical activity30, which is
further impacted by less habitual energy expenditure29,30.

Given the food industry’s role in encouraging, or at least
facilitating, obesogenic behaviour, accordingly they also
have a role in preventing obesity. They could reduce the
availability of high-fat, high-sugar and energy-dense foods.
However, realistically this is not going to happen, as it
would be too directly damaging to profits. More
pragmatically, food companies could make more (in
quantity) healthy and, importantly, cheap products available
(rather than making these products a high profit margin
alternative). Clear food labelling would also help. Finally, a
more indirect role could be taken, with encouraging
consumers to select healthy produce and to collaborate in
research to increase our understanding about food and
health191.

Media. There is a broad and strong impact of the media,
both negative as well as positive. An example of the positive
impact the media can have is the recent success of a UK
television chef in bringing the public’s and government’s
attention to the poor diet given to children in schools,
leading to changes in awareness of the issue as well as real
changes. Food television advertising, especially that aimed
at children, is a classic example of a negative impact of the
media particularly as this is often for unhealthy foods192,193,
which can lead to unhealthy food choices44,45. Additionally
advertisers often concentrate on building brand loyalty and
‘creating lifelong customers rather than generating immedi-
ate sales’194, which means any resulting unhealthy
food choices will be enduring. Furthermore, television
programmes and advertisements may confuse or contradict
the message about a healthy lifestyle46. Advertisers refute
the claim that they contribute to the obesity problem, stating
that they cannot compel individuals into buying goods195.
However, that response is illogical – if the adverts are not
successful why would advertisers go to huge lengths and
expense to build brands and advertise products? Excessive
amounts of money are spent on advertising (especially when
compared with governmental budgets for healthy food
promotion). Also a review of the ecological evidence
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showed that there is a significant relationship between
television advertising and prevalence of overweight
children196. All in all this suggests that in this day and age
where obesity is a growing problem, television advertising
aimed at children should be limited, which probably needs
to occur at a governmental level as voluntary codes are
largely unsuccessful.

Government. It is all well and good saying that diet and
exercise are down to individual choice. But this approach is
not working, as demonstrated by the rising prevalence of
obesity. Furthermore, in relation to children, their cogitative
ability is not sufficiently developed to enable them to take
the future consequences of their actions into account when
evaluating what to do. Whilst it can be argued that parents
therefore have a role in deciding what foods and how much
exercise their children should take, arguably there is also a
role for government to help children (and their parents) to
make healthier choices169. Similarly as the market is not
providing sufficient, clear, information to allow consumers
to make rational, healthy, choices, as demonstrated by food-
labelling confusions, then this also fuels the debate for more
heavy-handed government intervention.

If the fact that obesity is associated with increased
morbidity and mortality is insufficient by itself to justify
bringing obesity on to the government’s agenda to take
action to reduce, then maybe the economic implications tip
the balance. The healthcare costs associated with obesity are
increasing and are projected to grow rapidly (as discussed
earlier). If prevention measures are not successful then
these costs will need to be borne somehow (i.e. by the
taxpayer)169. Furthermore, the costs of obesity are lop-
sided. On the one hand, even assuming the consumer has
full information about the benefits of physical activity and a
healthy diet as well as the detrimental health consequences
of obesity, there will still be some individuals for whom an
obesogenic lifestyle has the lowest ‘cost’ (in terms of time,
opportunity costs, and money) and so this is their optimal
choice197. However, it is not an optional choice from a
national viewpoint because, on the other hand, the taxpayer
bears much of the monetary cost of obesity197. Accordingly
it follows that there is a role for the government to intervene.

The fact that industry sells energy-dense, high-fat, high-
sugar foods and energy-saving and sedentary-behaviour
devices, such as cars, television sets and play stations, is not
good reason for government intervention in the market.
They sell these foods because there is demand for them. If
consumers demanded healthy products then these would be
provided – the strength of the diet industry reflects this.
However, the food industry is not ‘playing fair’. They have
used complicated marketing and advertising practices to
increase the amount individuals eat, whilst at the same time
(in the USA at least) lobbying government bodies
responsible for providing dietary advice to consumers to
ensure the message to reduce their energy intake does not
get across198. These aggressive sales tactics are at least
partly due to overproduction of food leading to intense
competition to win sales199. This sales competition takes
place through new or improved products, increased
portions, health claims, advertising, and campaigns at
special groups such as children199, all the while aiming to

increase prices as well as sales volumes. Furthermore,
government subsidies have facilitated the increased
manufacture of cheap, high-fat and -sugar snacks and
drinks200. Industry (i.e. agriculture, food production and
retail, restaurants, diet, pharmaceuticals) does not benefit if
society were to eat less199. Accordingly they strongly lobby
government to ensure little (or no) action is taken to
discourage overeating199,201, as there would be serious
economic consequences for them if obesity reduced. In view
of this lack of fair play, industry cannot be relied upon to
comply with any voluntary codes of practice to reduce
obesity and obligatory policies that need to be established.
However, the obesity issue is highly political. The
(potential?) conflict of interest between governmental
funding and influences from food companies and the
government’s responsibility to protect the public need to be
borne in mind. This leads to a ‘policy paradox’ whereby
governments support the food industry as well as making
lifestyle recommendations to maximise population health200

and has led to governments taking action contrary to best
practice for consumer health and more akin to helping boost
food companies’ balance sheets202.
Litigation also has a role to play in protecting public

health, particularly when government policy is non-existent
or insufficient203. A classic example of this is with the
tobacco industry. Whilst a move towards the prolific
litigation culture of the USA is perhaps not desirable,
nevertheless litigation can help to increase public awareness
of the issue and to improve self-regulation of industry,
eventually restraining those practices that are detrimental to
consumers. For example, leading food companies need to
rework their merchandise and marketing methods because,
with the obesity issue, potential lawsuits are likely to
include ‘unfair and deceptive trade practice’203. Indeed, it
was the wrongdoings of the tobacco manufacturers,
rather than the health risks of tobacco, that resulted in
successful litigation against tobacco companies203. The
food companies consider litigation a very real threat, as
demonstrated by their attempts to try to prevent it from
being allowed204,205.
At the present time, turning around public perception of

the acceptability of overeating and sedentary behaviour
leading to obesity might seem an impossible task. Imagine
changing social norms about the (un)acceptability of using a
car for a short journey rather than walking. However, so too
was changing attitudes to smoking and drink-driving a
seemingly impossible task, but both have been very
successful (albeit not entirely eliminated). It is argued that
the only way we will see a radical reduction in obesity rates
is to implement radical policy changes, to regulate food
production, marketing and consumption206. This view was
corroborated in a recent debate at the International
Conference of Obesity held in Sydney where there was an
overwhelming majority in favour of a more ‘heavy hand’ of
government than that which currently exists across many
different countries. Regulation can transform an environ-
ment in an instant207. It could be used to create leptogenic
environments, in the sameway that we now have smoke-free
environments and clean water206. But is there the political
will to do what is necessary to fight obesity? There are many
conflicts of interest.
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There are many possible government interventions that
may help to prevent obesity. It is important that policy does
not solely focus on changing individuals’ behaviour, but that
it also looks at the role of industry and the media in order to
make changes at these levels as well.

In relation to the impact of television and physical
activity on childhood obesity there are several suggestions.
Ban (or at least more heavily regulate) advertising of
unhealthy foods aimed at children, especially in schools and
on television170,201,206–209. Additionally any food advertis-
ing to children that is permitted could be taxed, with the
proceeds being used to fund healthy lifestyle initiatives and
education207. Proactively, public service announcements
could be shown during children’s programming to promote
healthy eating and physical activity210. Changes to the
physical environment may also help to prevent obesity207.
More pavements, less parking, more ‘park-and-ride’
schemes, more parks, etc, may all promote a more active
lifestyle.

The school environment is an important influence on
children. Accordingly it may be helpful to ban unhealthy
products from school vending machines (or even a total
ban)170,201,207–209. Clear, enforced, nutritional guidelines
for healthy school dinners are required201,207,209, whilst
providing the schools with the tools required to prepare
these meals. The implementation of healthy eating schemes
may also be beneficial. For example, in the UK, there are
several such schemes, including the new Healthy Start
Scheme, the continuation of the National School Fruit and
Vegetable Scheme, and Food in Schools as part of the
Healthy Schools Initiative. Compulsory physical education
and nutrition classes in schools may also make a difference
to the obesity epidemic207. The nutrition classes should
include how to read food labels, as this will facilitate
healthier food choices. This obviously also necessitates
clear nutrition labels to be provided by the food
industry207,208, which probably needs legislation to ensure
it happens in a coordinated, comprehensible manner.

Whilst the use of tariffs or import bans cannot be used to
control consumption due to the implications on global
trade200, this does not prevent the use of taxes to tackle
obesity. A ‘fat tax’ could be put on unhealthy (energy-dense,
high-fat or high-sugar) foods, which could fund, at least in
part, these obesity-prevention strategies170,201,206,209. Whilst
this is often dismissed as a ‘stealth’ tax on the poor, if an
economic viewpoint is taken, then it is suggested that no
amount of increased education or clear nutritional
information will change the dietary and activity choices
some individuals make197, in which case financial
incentives (or disincentives) are required. Also, deprivation
is strongly correlated with obesity, with an unhealthy diet
being an inexpensive diet211, so there is an argument to
implement policies that have a larger effect on low socio-
economic groups. A similar tax could be levied on products
that promote sedentary activity209,210. The other side of this
coin is to change the way agriculture subsidies work to
reduce the retail costs of fruit and vegetables and to
discourage, rather than support, the marketing of obeso-
genic foods204.

Given the tripartite conflict of interests between
consumers, industry and governments, which initiatives

will be more successful, a supply-side stance (such as
restricting food advertising) or on the demand side (healthy
eating education) or a combination of both170? Also, can
these initiatives work given the existing influential
economic and agriculture policies?

Conclusion

From both the perspective of the increased health risk to the
individual and the high economic cost of treatment of
obesity and related diseases, it is important that we
preferentially prevent obesity from occurring, whilst
nevertheless implementing treatment programmes in
parallel as current rates of obesity are already high and we
cannot ignore these patients. However, going forward,
prevention will be more effective in children, as obese
children tend to become obese adults and it may be that
behavioural patterns that determine obesity are set in
childhood.

The present review has also looked at the different levels
of behaviours leading to obesity, which helps us to
understand why the aetiology is so complex and that
potential causal factors should not be considered in isolation
as the interaction between these factors is important. Many
studies have looked at simple, single or bivariate,
relationships with obesity, rather than considering the
multiple factors that actually comprise the aetiology of
childhood obesity and considering their inter-relationship
and their relative importance. If we do not understand how
these factors interact, or the relative strength of different
obesogenic factors, we cannot predict the outcome for any
one individual.

The present review of the aetiology of childhood obesity
considered physical activity, diet and various obesogenic
environments. Strong predictors of obesity were found to be
high amounts of sedentary time, snacking, skipping meals,
portion sizes, energy density of foods and meals and
potentially a high sugar consumption. Also various
obesogenic environments may be impacting on a child’s
risk of obesity.

Unfavourable conditions in the fetal environment are a
risk factor for subsequent obesity. Infant postnatal weight
gain can follow a high-risk pattern – a warning sign for
subsequent obesity is when a child is becoming increasingly
fat when his/her peers are generally showing a reduction in
fatness (i.e. between about 6 months and 5 years old), plus if
this fatness is developing when other children are tending to
decrease fat it is probably a warning of persistent obesity120.
Breast-feeding may have a protective effect, although this
may be due to confounding variables such as maternal
diabetes or BMI. Similarly, longer sleep duration seems to
be protective, but may be a marker for other factors.

Parental BMI has a strong positive association with
childhood obesity, and familial similarity in behaviour can
predict the risk of obesity. The literature supports the view
that low SES and/or deprivation in childhood in the home
environment is associated with childhood obesity as well as
subsequent obesity in adulthood. However, many studies
take a too simplistic approach to defining deprivation and
insufficient consideration of possible confounding factors,
such as parental BMI. Also the school environment may
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influence prevalence of obesity, although the evidence is
weaker, but nevertheless schools can be used as a platform
to help prevent obesity. Developments in industry, stemming
from economic growth, serve to enhance consumption and
are aspired to by developing countries, yet are contributing
to our obesity problems. Government-led regulation and
industry self-regulation can help to level this playing field,
albeit many conflicts of interest exist. Further, the extensive,
robust impact of the media cannot be ignored.

The present review emphasises the need for multi-level
approaches if we truly want to prevent childhood obesity. It
also serves to highlight that there is a need to extend the
current research base in order to build a well-founded
framework to form the basis of a strategy for the prevention
of childhood obesity, in particular to be able to address
measurable, changeable, environments in order that viable,
long-term, population-level prevention strategies can be
successfully implemented.
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