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ABSTRACT

Childhood obesity is a major public health challenge and
its prevalence continues to increase in many, but not

all, countries worldwide. International data indicate that
the prevalence of obesity is greater among boys than
girls 5-19 years of age in the majority of high and upper
middle-income countries worldwide. Despite this observed
sex difference, relatively few studies have investigated
sex-based and gender-based differences in childhood
obesity. We propose several hypotheses that may shape
the research agenda on childhood obesity. Differences

in obesity prevalence may be driven by gender-related
influences, such as societal ideals about body weight
and parental feeding practices, as well as sex-related
influences, such as body composition and hormones.
There is an urgent need to understand the observed

sex differences in the prevalence of childhood obesity;
incorporation of sex-based and gender-based analysis in
all childhood obesity studies may ultimately contribute to
improved prevention and treatment.

The World Obesity Federation released the
first Atlas of Childhood Obesity in 2019,
presenting the country-specific prevalence of
obesity by age groups and sex, and calculated
risk scores for future obesity.1 The number
of school-aged children and adolescents
living with obesity is predicted to rise from
150 million worldwide to over 250 million by
2030." This extraordinary increase in child-
hood obesity will place a large burden on
healthcare systems as the population ages.”
Childhood obesity is a strong risk factor for
adult obesity and many other chronic diseases,
including type 2 diabetes and cardiovascular
disease.’ Although not discussed in the Atlas,
a stark difference in the prevalence of obesity
by sex was reported across all age groups.
Obesity prevalence estimates were defined
according to WHO growth references and
interpolated based on prior Bayesian hier-
archical modelling that accounted for both
within-country and within-region Variability.3
As summarised in figure 1, among children
5-9 years of age, 123 of 188 (656%) countries
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reported a greater prevalence of obesity for
boys than girls. For children aged 10-19, this
same trend was observed for 112 (60%) coun-
tries. This trend existed in the vast majority
of high income and upper middle-income
countries, but was not observed among lower
middle and low-income countries (figure 1.}
In 44 of 88 (50%) of these high and upper
middle-income countries, the prevalence of
obesity in boys was almost two-fold greater
than girls when comparing within age group,
for example, Singapore, Denmark and
Canada.'

The difterence in prevalence of obesity for
boys and girls has also been reported previ-
ously. For example, National Canadian data
(2004-2013) consistently observed a higher
prevalence of obesity in boys compared with
girls aged 8-19.* A two-fold higher prevalence
of severe obesity in boys compared with girls
aged 5-9 has also been observed in Canada.’
Similarly, in China, the prevalence of child-
hood obesity steadily increased over a 25-year
period (1985-2010) and was consistently
higher among boys than girls aged 7-18.°
From 2000 to 2010 in Poland, the prevalence
of both overweight and obesity in children
aged 3-19 increased, with a greater preva-
lence in boys than girls.”

Despite the apparent sex-differences in
childhood obesity prevalence, there has been
limited discussion of the possible reasons and
implications of this difference. Sex-based
and gender-based research may elucidate
important findings that may otherwise not
be observed.® Sex is a biological construct
including chromosomes, genitalia and
hormones, while gender is a sociocultural
construct including adopted or imposed
social norms, behaviours, identities and
expectations in society.” The United States
National Institutes of Health and the Cana-
dian Institutes for Health Research encourage
researchers to consider the effects of both sex

BM)

Shah B, et al. bmjnph 2020;0. doi:10.1136/bmjnph-2020-000074 1

yBuAdoo Aq parosiold 1sanb Ag zzoz ‘9T 1snbny uo jwod’(wg uonuinuy/:dny wouy papeojumod ‘020z 1aquisldas 6 uo +/0000-0202-uydulwag/9eTT 0T Sk paysiignd 1su :HANCIAG


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-6463-1846
http://orcid.org/0000-0002-6106-5073
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjnph-2020-000074&domain=pdf&date_stamp=2020-09-08
http://nutrition.bmj.com/

BMJ Nutrition, Prevention & Health

mAges 5109 pAges 10to 19
100% 5%

1% 4%

Percent (%) of countries where child obesity is
greater in boys than girls

All countries High Income
(n=188) (n=55)

Upper Middle Lower Middle Low Income
Income (n=58)  Income (n=45) (n=29)

Country Income Group

Figure 1 Percent of countries with higher obesity
prevalence in boys than girls by age group, and country
income group (created using data from the 2019 Atlas of
Childhood Obesity).

and gender throughout the research process.9 ' Here,
we propose several hypotheses that may warrant future
studies and further research on childhood obesity.

SEX DIFFERENCES

Differences in prevalence of childhood obesity may be
driven in part by biological influences. Biological differ-
ences in body composition between sexes emerge quite
early on, during the fetal and postnatal periods.'' Female
fetuses have significantly smaller late-second and third
trimesters fetal growth measurements than males."!
Following birth, females generally have greater fat mass
and less fat-free mass, which is in turn associated with less
energy intake and lower calorie needs for females than
males.'? " Sex steroid hormones are associated with differ-
ences in body composition in children and youth.'* '°
Further, females also exhibit higher circulating concen-
trations of leptin, a hormone that suppresses appetite and
promotes energy utilisation.'®!” Increased levels of serum
leptin are a function of fat mass and directly proportional
to levels of adiposity.16 ' Reference values for serum leptin
concentrations according to sex, BMI and pubertal status
are established.'® Sex differences in leptin levels have also
been examined through studies showing the strong influ-
ence of sex steroid hormones on leptin expression and
secretion on the level of the adipocyte.' ' For example,
higher concentrations of androgens in males have a
suppressive effect which is responsible for lower leptin
serum concentrations compared with females.'® '® Other
research has identified different genes or subsets of genes
that contribute to the variance in body composition in
males and females, indicating that sexually dimorphic
presentations of childhood obesity may also be explained
by genetic differences.'* Another biological factor that
may be important to consider is brown adipose tissue
(BAT), as it is speculated that decreased BAT might be
implicated in the development of obesity.” Several studies

in adult patients have found BAT to be more prevalent in
women than men, but the association in children is less
understood.?

GENDER DIFFERENCES

Differences in obesity prevalence between boys and girls
may also be driven in part by sociocultural influences.
Some evidence suggests that girls, particularly those in
higher income countries, may prefer foods that are lower
in energy and nutrient-dense, such as fruits and vege-
tables, whereas boys tend to consume more meat and
calorie-dense foods.”’ ™ Girls may also frequently report
higher levels of weightrelated concerns compared with
boys, including desire to lose weight, feelings of guilt
over eating too much and lower self-esteem.” ** These
differences are likely a result of gender-based stereo-
types as a feminine identity is typically characterised by
eating smaller portions and preferring healthier options
to maintain appearance, while a masculine eating iden-
tity is characterised by feeling full, with a focus on opti-
mising physical performance.”” The greater emphasis
on ‘thinness’ as a cultural ideal in girls may also lead to
differences in parental nurturing, feeding practices and
attitudes.” *° Studies have shown that parents tend to
be more concerned about weight status in their daugh-
ters than sons, while sons are usually encouraged to eat
more.? ?® Aside from dietary influences, additional soci-
etal conditions may also influence gender differences in
obesity prevalence. For example, one study found signif-
icant interactions between gender and both presence of
medical conditions and receipt of social assistance on
child BML*’ Significant gender differences in sleeping,
physical activity and television-watching behaviours, have
also been observed: school-aged girls have shorter sleep
duration, engage in less physical activity and watch less
television than boys.”' ** * Interestingly, both shorter
sleep duration and less physical activity are risk factors for
obesity,” * which is inconsistent with the observation that
girls tend to have lower obesity prevalence than boys in
high and upper middle-income countries.

APPLYING SEX-BASED AND GENDER-BASED ANALYSIS TO
CHILDHOOD OBESITY STUDIES MAY YIELD IMPORTANT
INSIGHTS

Improved sex-based and gender-based analysis can eluci-
date why obesity prevalence is greater among boys than
girls. Currently, most studies control for sex (eg, by
adjusting for sex in a multivariable regression model)
rather than understanding if there are sex or gender
differences.” Presenting results without sex or gender
analysis may mask useful information, limit practical
applications and obscure differences that may help
explain the distribution of obesity. For example, some
literature has suggested that the patterning of child-
hood obesity according to certain risk factors, such as
ethnicity or socioeconomic status, may differ for males
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and females.” *® In this case, it would be important to
both report overall prevalence of obesity and also analyse
the sociodemographic patterning of obesity separately for
boys and girls. Of the studies that have investigated differ-
ences, most focus on biological sex (male vs female) only.
A first step to improved sex-based and gender-based anal-
ysis may be improved measurement of important gender-
related variables, including context variables (ie, cultural
norms, expectations and the relative position of genders
in society),”* individual variables (ie, gender socialisa-
tion, gender role and gender ideology)™ and the degree
to which an individual conforms to or challenges cultural
gender norms. A priori analysis planning can determine
sufficient sample size for stratified analyses including sex-
based and gender-based variables.

OBESITY PREVENTION AND TREATMENT STRATEGIES MAY BE
IMPROVED BY CONSIDERING SEX AND GENDER

Addressing both sex and gender differences are important
for the development of effective obesity prevention inter-
ventions. Upstream influences on childhood obesity begin
very early in the life course and are present at multiple
levels, including the family and community. Therefore, it
may be valuable to consider the impact of sex and gender
by shifting the prevention focus beyond individual chil-
dren’s body weight as the outcome. Family-based inter-
ventions to improve parenting style and the home food
environment have been considered in general, but not
with a genderspecific or sex-specific focus. There is
also some evidence that school-based interventions to
prevent childhood obesity vary in effectiveness according
to gender.”” To promote healthy weightrelated beliefs
and behaviours among boys and girls, obesity prevention
interventions should be sensitive to these differences
and aim to shift gendered eating behaviours and weight
perceptions via population-level strategies. Prevention
efforts could also include targeted sex-based and gender-
based programmes aimed at teaching parents about
healthy weights and feeding patterns for children.

CONCLUSION AND NEXT STEPS TO FURTHER THE RESEARCH
AGENDA

There is an urgent need to understand the observed
differences in the prevalence of childhood obesity in boys
and girls worldwide. In high and upper middle-income
countries, boys tend to have greater obesity prevalence
than girls, yet the possible reasons and implications of this
difference are not well understood. Little is known about
gender-specific social norms related to eating habits and
body habitus in lower income countries. More research
is therefore needed to better understand the differences
in sex and gender-based patterns in obesity. Improved
measurement of gender, and application of sex-based
and gender-based analysis to childhood obesity studies,
may generate valuable insights for both researchers and
policymakers to tackle this major public health concern.
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