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Abstract

The rapid rise in obesity in toddlers and young children (aged 0-5 years) is
a major concern for public health globally. Understanding risk factors for
obesity in the early years is therefore fundamental to help guide parents,
educators, and health care professionals caring for young children and to
develop preventative strategies. Most research has focused on biological
risk factors, which can be broadly categorised as genetic predisposition,
poor diet (and the behaviours that influence excessive food intake),
insufficient physical activity, and the role of developmental factors in early
life that influence long-term health. The latter includes establishment of
dietary habits and dietary patterns in young (preschool) children and the
impact of a high protein intake in increasing the risk of later obesity. Other
risk factors particularly relevant to young children included inadequate
sleep, high consumption of sugar-sweetened drinks and large food portions.
Understanding the causes of obesity in preschool children is particularly
important in view of long-term detrimental consequences of obesity in this
age group on the risk of obesity and cardio-metabolic disease in adults. The
present chapter reviews causes of obesity in preschool children and its
consequences for long-term health, focusing particularly on modifiable

nutritional risk factors.

Introduction



The huge increase in prevalence of obesity over the last 40 years in nearly
all 200 countries studied is a major challenge for health care systems
worldwide [1]. According to the World Health Organisation (WHQO), in 2016
39% of adults globally were overweight and 13% obese [2]. Importantly
this problem is not confined to adults and high-income countries [1]. In
2016, for instance, over 41 million children under the age of 5 years were
overweight or obese, nearly half of whom lived in Asia [2]. Despite this
growing threat to the health of populations, few treatments for obesity are
available [3], especially those affordable or suitable for low- and middle-
income countries. Once established, obesity is difficult to reverse and most
interventions for obesity are expensive, difficult to implement at scale, and
show disappointing long-term results [3]. Hence, prevention of obesity is
critical, particularly in the early years where there may be an opportunity
to affect the long-term trajectories of weight gain and have greater

sustained effects [4,5].

Several recent reports have highlighted the importance of preventing
obesity in the early years. These include the WHO’s report on ending
childhood obesity [4] and the UK Chief Medical Officer’s report, ‘Time to
Solve Childhood Obesity’ [5]. Both reports emphasise the critical role of
the first few years in establishing good nutritional and physical activity
behaviours that can help prevent long-term excessive weight gain. This
concept is strongly supported by data showing that, in richer countries at

least, most excess weight at adolescence is gained before 5 years of age



[6,7]. The present chapter reviews the possible causes of obesity in young
children and its consequences for long-term health, focusing particularly on

modifiable nutritional risk factors.

Environmental Risk Factors for Obesity

At the simplest level, obesity results from an imbalance between energy
intake and energy expenditure. However childhood obesity cannot be due
to an energy imbalance as result of voluntary lifestyle choices, particularly
in preschool children. The factors that predispose to a positive energy
balance are complex and include genetic predisposition and exposure to an
unhealthy ‘obesogenic’ environment such as the easy availability and
affordability of highly palatable, energy-dense foods [4,5]. Social
determinants of health (the conditions in which people are born grow, work
and live such as the physical environment) also have a major impact on
childhood obesity by, for example, affecting the availability of take-away
food outlets and areas for outdoor active play [5]. Commercial
determinants of health (e.g. food production, marketing and sale)
contribute to the risk of a child becoming overweight. For instance, children
respond to TV advertising by consuming more energy dense snacks and
foods [8]. However, most research focuses on the biological determinants
of obesity, particularly those affecting modifiable risk factors that influence
diet and physical activity, but also those affecting the gut microbiome,
sleep, psychological responses and appetite. Not only do these biological,

social and commercial determinants of health interact to increase the risk



of obesity, but they also contribute strongly to wide socioeconomic
inequalities in this risk. For instance, amongst 4-5 year old children in the
UK, obesity in the most deprived 10% of the population is 6% greater than
the least deprived decile, a disparity that has been increasingly over the

last 10 years [5].

Despite the key role of the obesogenic environment, many children living
in such an environment do not become obese. Therefore the risk of
becoming overweight is highly variable and depends on a child’s biological
and behavioural response to the environment. A child’s biological response
to an obesogenic environment is strongly influenced by genetic factors and
by ‘developmental’ or early life factors that ‘programme’ or influence long-
term health [9]. The behavioural response of preschool children in
particular, depends on their parent’s behaviour which is, in turn, strongly
influenced by parental socioeconomic status, knowledge, ethnicity and
cultural background. For example, parents may fail to recognise that the
child has a weight problem or behaviours such as eating while watching TV
may increase the risk of obesity [10]. A lack of knowledge, social or
financial resources may also prevent parents from making healthy food

choices [11].

Given the myriad of interacting biological, social and commercial
determinants of obesity, identifying individual causal factors is both

complex and challenging. Hence this review will focus on genetic, dietary



and developmental factors most commonly linked to childhood obesity and

most relevant to children under five.

Genetic Risk Factors

Children born in families where both parents are obese have >10 fold
greater risk of becoming obese themselves [12]. Although this increased
risk could be either due to genetic mechanisms or by shared familial
characteristics such as diet, twin studies and adoption studies (in which
identical twins are raised in different families) suggest that 40-70% of the
inter-individual variability of body mass index (BMI) is attributable to
genetic factors [13]. Relatively few individual genes (e.g. melanocortin 4
receptor, fat mass and obesity-associated -or FTO gene-, leptin, leptin
receptor, and the pro-opiomelanocortin genes) have been identified, many
of which lead to severe early onset obesity by influencing the leptin-
melanocortin pathway, a regulator of energy intake [13]. More recently,
genome-wide association studies have identified >97 genetic loci for BMI,
with each locus making a small contribution to total risk (the strongest
being the FTO gene) [13]. Aggregating these individual genetic variants to
provide a genetic risk score shows that individuals with a high polygenic
risk score (top 10% of the population) have a fourfold greater risk of
developing obesity than the bottom 10%, an effect that is evident in
preschool children [14]. Interesting, the genetic contribution to BMI

appears to be greater in children than in adults [15].



However, although genes affect an individual’s risk of becoming
overweight, the huge rise in population obesity over the last 40 years is
simply too great and too rapid to be explained predominantly by genetic
factors [5]. Observations that intra-individual variance in body weight is
similar to inter-individual variance argue against a tight (genetic) control
of body weight [16] and the fact that 97 loci for BMI explain only 2.7% of
the variance in population BMI also argues against a dominant role for

genetic factors in risk of childhood obesity [13].

Nutritional Risk Factors

Given their role in energy imbalance, nutritional factors such as energy
intake would be expected to be the strongest contributors to obesity in
children. However, although diets of preschool children often do not comply
with current recommendations [17], there is surprisingly little evidence of
an association between diet and risk of obesity, possibly because of
limitations in accurately measuring dietary intake in young children [17].
For instance, higher total energy intake is inconsistently associated with
obesity (as reviewed [17]), while the macronutrient source of the energy
such as total carbohydrate or fat intake also does not affect adiposity [17].
In support of this, a Cochrane systematic review found little consistent
evidence of an association between fat intake and body fatness in children
[18], while a systematic review of 81 studies found inconclusive
associations between dietary factors and 12 obesity related biomarkers

(e.g. blood lipids) [19]. In contrast to fat and carbohydrate, protein intake



in preschool children may affect /later (as opposed to current) risk of obesity

[20] and is therefore discussed under developmental risk factors below.

Another approach to identifying specific nutritional risk factors for childhood
obesity is to consider changes in dietary habits and foods consumed since
the onset of the obesity epidemic. Over the last 100 years overall energy
intake has fallen alongside the fall in physical activity, but since the 1970s
substantial increases in total energy intake have driven the obesity
epidemic and can explain most of the increase in adult bodyweight (as
reviewed [5]). The diets of preschool children in the UK have changed
markedly and today’s children have a far greater intake of sugar and soft
drinks, and less vegetables than those of a similar age in the 1950s (a time
of post war austerity) [21]. Furthermore, concurrent increases in obesity
together with increases in both size of food portions and dietary energy
density, suggest these specific nutritional factors could be particularly

important in excessive weight gain in young children.

Sugar and Sugar Sweetened Beverages

The parallel increases in obesity and sugar consumption (particularly sugar-
sweetened beverages, SSBs) suggests a key role for high sugar foods in
development of childhood obesity. Although infants have an innate
preference for sweet tastes, there is no nutritional requirement for free

\

sugars (defined as ‘all monosaccharides/disaccharides added to

foods/beverages, plus sugars naturally present in



honey/syrups/unsweetened fruit juices and fruit juice concentrates, but not
sugar naturally present in intact fruits and lactose naturally present in
human and other milks’) [22]. Prospective cohort studies and RCTS have
consistently shown that high free sugar intake increases the risk of obesity
in children and adults (as summarised in systematic reviews from the WHO,
UK Scientific Advisory Committee for Nutrition (SACN), and European
Society for Paediatric Gastroenterology, Hepatology and Nutrition -
ESPGHAN- [22]). Recent systematic reviews suggest that this association
is most consistent in children aged <5 years [23], and that strategies to
reduce SSB consumption are effective in this age group [24]. However,
few studies have investigated the impact of such interventions on adiposity
(probably because of widely recognised difficulties in achieving long-term
compliance with dietary interventions). Nonetheless, there is sufficient
evidence for public health bodies such as SACN and ESPGHAN to
recommend reducing free sugar to less than 5% of daily energy intake in
children aged 2-18 years, and to even less in those under 2 [22]. For an
average 3 year old this equates to 13g free sugar/day (<3 teaspoons), or
an average of 170ml of fruit juice/day [22]. In practice, this means
consuming sugar as part of a main meal and in a natural form such as
human milk, milk, unsweetened dairy products, and fresh fruits, and
replacing fruit juice with water or unsweetened milk drinks. In addition, as
recommended by the WHO [4], several countries (e.g. UK, Mexico,
Colombia, Chile, South Africa, France) have successfully applied taxes to

reduce SSB consumption. Forinstance, inthe UK, a levy of 24p/L on drinks



containing 8g/100 ml of sugar, and 18p/L on those with 5-8g/100 ml, has
reduced the total sugar content of soft drinks sold before (2015) and after

the tax (2018) by 30,100 tonnes or 21% [5].

Portion Size

Concurrent with the increase in obesity over the last 30 years, there has
been a marked increase in the size of food portions given to children [25].
When children and adults are offered larger servings of energy dense foods,
overall energy intake increases (the so called ‘portion size effect’ [25]).
Interestingly, in one of the first studies to show this, energy intake
increased in children aged 5, but not 3 years, suggesting that younger
children have better self-regulation of energy intake [26]. A systematic
review of 6 intervention studies has confirmed the portion size effect in 3-
5 year old children, particularly in those >4 years [27], consistent with the
idea that younger children have better self-regulation of appetite [26]. The
effect has been seen most recently in a crossover RCT in 3-5 year old
children, which found offering larger portions resulted in higher energy
intake (10-15% above calculated needs), with the greatest increases
observed in more overweight children [28]. Larger servings (but notably
not meal frequency), were also associated with greater weight gain in twins
aged 2-5 years (n=1939) [29], supporting the idea that providing practical
advice on portion size could help prevent excessive weight gain [25].

Physical Activity, Sedentary Behaviour and Sleep

10



A lack of physical activity would be expected to contribute to a positive
energy balance and hence risk of obesity. This concept is supported by a
systematic review in 0-4 year old children, which reported that physical
activity was associated with adiposity in 16 observational studies and 2
RCTs [30]. However, the same review found that 30 studies showed no
association between physical activity and adiposity, and 4 even showed an
unfavourable effect [30]. Moreover, a meta-analysis (n=1100) of 3 cluster
RCTs and 1 non-randomized intervention found no differences in BMI
between intervention and control groups. Whilst physical activity has been
consistently shown to have many health benefits in preschool children (e.qg.
for cardio-metabolic and psychological health, and physical, motor and
cognitive development [30]) a causal link with obesity has not been
established. For instance, a recent Cochrane systematic review found that
interventions for obesity prevention that focused on physical activity alone
were not effective in children aged 0-5 years [31]. Nonetheless, physical
activity is an essential component of a healthy lifestyle and in the UK 3
hours/day at any intensity (including active and outdoor play) play is

recommended for children aged 1-4 years.

Unsurprisingly, a low level of physical activity is associated with greater
sedentary behaviour, defined as low energy sitting or reclining during
waking hours [32]. Sedentary behaviour, such as a time spent in front of
a screen, is postulated to be a risk factor for obesity independent of the

time spent in moderate or vigorous physical activity. However, there is

11



little evidence to support this widely accepted hypothesis in young children.
For example, a systematic review of 60 studies that included 1 RCT and 13
longitudinal studies found no overall evidence for associations between
objectively measured total sedentary time and health indicators (including
adiposity) in children aged 0-4 years (as opposed to older children and

adults) [32].

A third behaviour linked to adiposity in children is inadequate sleep. Two
recent systematic reviews have confirmed that insufficient sleep is
associated with obesity in preschool children [33,34]. A meta-analysis of 7
cohorts found that ‘short’ sleepers aged 0-3 years had a 40% (95%CI: 19-
65%) greater risk of being overweight or obese >1 year later [34]. The
mechanisms are unknown but a systematic review of 5 studies showed that
poor sleep in preschool children was associated with poor diet quality and
greater energy intake [35]. Although there is no casual evidence for a link
between sleep and obesity, clearly, sleep has numerous health benefits for
preschool children. However, many young children fail to get enough sleep
(e.g. 10-13 hours per 24 hours for children aged 3-5 years recommended
by the American Academy of Pediatrics). Improving sleep may therefore

be a worthwhile target for public health interventions [4,5].

Overall, although more physical activity, less sedentary behaviours and
adequate sleep have huge health benefits in their own right, the scientific

consensus is that the rise in childhood obesity is mostly driven by changes
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in food consumption rather than declines in physical activity [5]. Therefore,
as recommended by the UK Chief Medical Officer [5], 80% of effort for
obesity prevention should focus on improving the diet and 20% on

increasing physical activity.

Developmental Factors

There is increasing evidence that developmental factors act in the early
years to ‘programme’, or influence long-term risk of obesity, a concept
known as the Developmental Origins of Health and Disease [9.20]. A
systematic review of 282 prospective studies identified consistent
association between several such factors acting in the first 1000 days (the
period between conception and age 2 years) and later obesity including:
maternal pre-pregnancy BMI, prenatal tobacco exposure, maternal excess
gestational weight gain, high infant birthweight, and accelerated infant
weight gain [9]. Fewer studies also supported a role for: gestational
diabetes, child care attendance, low strength of maternal-infant
relationship, low socio-economic status, curtailed infant sleep,
inappropriate bottle use, introduction of solid food intake before age 4
months, and infant antibiotic exposure [9]. However, most studies are
observational and, because of possible confounding, evidence of causality
is limited. For instance, associations between gut microbiota (affected by
antibiotic use) and obesity may be confounded because both exposure
(microbiome) and outcome (obesity) are strongly affected by an unhealthy

diet poor in fruit and vegetables.

13



One developmental factor where there is more causal evidence is the
impact of accelerated growth in infancy (usually as a result of higher protein
intake) on later obesity. This hypothesis is supported by several RCTS [36]
and seems to include effects of accelerated growth/higher protein intake in
toddlers. For instance, a systematic review of 13 studies found that a higher
protein intake between 6-36 months was associated with higher BMI later
in childhood (pooled effect size 0.28 BMI z scores; 95% CI: 0.20 to 0.35)
[17,37]. The mechanisms for these effects are unknown but may involve
programming of IGF-1 concentrations or effects on appetite regulation
[36]. Since cow’s milk is the major source of protein in young children,
limiting cow’s milk intake has been suggested as a possible intervention for

obesity prevention (e.g. by ESPGHAN) [36].

Another development factor particular related to obesity in toddlers is
programming of dietary habits and food preferences that can influence life-
long health. Analysis of children’s diets by deriving a limited number of
dietary patterns from a large variety of foods eaten using principal
component analysis strongly supports this concept. These dietary patterns
emerge in early life, are established by 3 years of age and are stable (or
track) throughout childhood and into adult life (as reviewed [17]). As
expected, unhealthy dietary patterns in children including toddlers are

associated with a greater risk of later obesity [38]. However, in the absence

14



of interventions studies, whether the diets of young children can be

manipulated to ameliorate this risk is not known.

Consequences of Childhood Obesity

Many cohort studies, and more recently Mendelian randomisation studies,
have established clear causal links between obesity in adults and adverse
health consequences such cardiovascular disease (CVD), type 2 diabetes
and cancer [13]. However, although the detrimental effects of obesity in
older children and adults are well recognised, health care professionals and
parents often fail to appreciate its harmful effect in toddlers and preschool
children. Nevertheless there is strong evidence for adverse consequences

of excess weight in toddlers for both short- and long-term health.

In the immediate or short-term, obesity in children is associated with
problems similar to adults such as sleep apnoea, asthma, back and joint
pain, and components of the metabolic syndrome such as high blood
pressure, raised cholesterol, fatty liver disease and increased risk of type 2
diabetes [5]. In fact, in the UK there are 100 new cases of type 2 diabetes
diagnosed in children each year [5]. Some complications of obesity are
unique to children such as slipped femoral epiphyses and premature
puberty [5]. Other immediate complications of obesity may be more
marked in children such as psychological consequences, poor cognitive
function and brain health, depression and bullying leading to low self-

esteem and poor educational attainment [5]. All of these co-morbidities
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have a major impact on the individuals, parents, and health care services.
However, of particular public health concern are the long-term
consequences of childhood obesity on adult health. Obese children are 5X
more likely to become obese adults [5] and several systematic reviews
have shown associations between obesity in preschool children (0-6 years)
and the metabolic syndrome in adults [39] and between obesity in older
children (>7 years) and adult type 2 diabetes, CVD, cancers and poorer
[40]. Alarmingly, these effects seem to persist even in obese children who

become slim adults.

Overview

Understanding the reasons behind the rapid increase in obesity in toddlers
and young children over the last 50 years is a major challenge for scientists,
health care professionals and policymakers worldwide. Although causality
is often difficult to establish, many risk factors have been identified which
act at both a societal and individual level. However, childhood obesity is
complex and multifactorial, with each factor likely to make only a small
contribution to overall risk. Interventions for prevention of obesity
therefore need to target multiple risk factors and be implemented at
society, community and family levels. Nonetheless, there is little doubt that
investing in prevention of obesity in the early years will have huge health

and economic benefits for populations, children and wider society [5].
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