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Introduction

Summary

Background: Prospective data spanning childhood and adolescence are
needed to better understand obesity incidence among children and to identify
important periods for intervention.

Objective: To describe gender differences in overweight and obesity from infancy
to late adolescence in a South African cohort.

Methods: We analysed body mass index at 1-2 years, 4-8 years, 11-12 years,
13-15 years and 16-18 years among 1172 participants in the South African
Birth-to-Twenty cohort.

Results: Among boys, overweight and obesity prevalence declined from age 1-2
years to 16-18 years. Among girls, overweight and obesity prevalence increased
from 4-8 years to 16-18 years. Obesity incidence was highest from 4-8 years to
11-12 years in boys (6.8 cases per 1000 person-years) and from 11-12 years to
13-15 years in girls (11.2 cases per 1000 person-years). Among girls, obesity
at 16-18 years was associated with overweight (odds ratio [OR]=3.6; 95%
confidence interval [Cl] 1.8-7.2) or obesity (OR =8.0; 95% CI 3.7-17.6) at 1-2
years and overweight (OR = 6.8; 95% CI 3.3-13.9) or obesity (OR = 42.3; 95% ClI
15.0-118.8) at 4-8 years; for boys, obesity at 16-18 years was associated with
overweight at 1-2 years (OR =5.6; 95% Cl 1.7-18.0) and obesity at 4-8 years
(OR=19.7; 95% CI 5.1-75.9).

Conclusions: Among girls, overweight and obesity increased throughout child-
hood. Overweight and obesity were not widely prevalent among boys. Early
childhood and post-puberty may be important periods for intervention among girls.

Keywords: Body mass index, child growth, childhood overweight and obesity.

high-income countries and 13% among both boys and
girls in low- and middle-income countries (1). For many

The increasing prevalence of overweight and obesity is a
growing concern in most regions of the world. Recent
estimates have shown that the combined prevalence of
overweight and obesity among adults globally has risen by
28% in the last three decades, with 37% of men and 38%
of women having a body mass index (BMI) of 25 kg m= or
greater (1). Obese adults have a greatly increased risk of
chronic diseases such as diabetes and cardiovascular
disease (2). This disease pathway may have its origins early
in life, as childhood overweight and obesity have been
shown to track into adulthood (3-5). Therefore, the
increasing prevalence of overweight and obesity among
children is a major public health concern (6).

From 2008 to 2013, the global prevalence of overweight
and obesity among children 2—-19 years increased by 47%
(1). By 2018, the combined prevalence of overweight and
obesity was 24% among boys and 23% among girls in

countries in Africa, childhood malnutrition is characterized
primarily by undernutrition and this region has a lower
prevalence of overweight and obesity than other regions of
the world. However, over the past 20 years, South Africa
has undergone dramatic and rapid social and economic
transitions. Recent figures show that in sub-Saharan
Africa, South Africa has one of the highest prevalence rates
of childhood (<20 years) overweight and obesity — 19% of
boys and 26% of girls — rivalling that of many high-income
countries (1).

Understanding childhood obesity trends and important
periods for intervention requires data not only on the preva-
lence, but also the incidence of obesity during key stages
of childhood and adolescence. Few high-income countries
have population-based data on the incidence of obesity
throughout childhood and these data are essentially
absent in low- and middle-income country settings, where
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prevalence estimates are typically derived from cross-
sectional surveys and focus on children under 5 years.
Longitudinal data spanning childhood and adolescence
are needed. Such data are particularly sparse in sub-
Saharan Africa (7). We address this research gap by inves-
tigating the incidence of overweight and obesity among
children in a birth cohort in Soweto, South Africa.

Methods

We analysed data from the Birth-to-Twenty study, a birth
cohort initiated in 1990 in Soweto, an urban township in
South Africa. Detailed information on this cohort has been
published elsewhere (8). The cohort enrolled 3273 preg-
nant women at gestational age 26-40 weeks, who were
expected to deliver during a 6-week period in early 1990.
Participants were predominantly Black women with a low
socioeconomic status. The study was designed to track
the growth, health, well-being and educational progress of
their children, who have been studied prospectively.
Weight at birth and weight and length/height at subse-
quent rounds were measured using standard procedures
(9). Throughout the study, participants or their caregivers
provided written informed consent and ethical approval
was obtained from the University of the Witwatersrand
Committee for Research on Human Subjects (approval ID
#M010556).

Using weight, length and height measurements at each
survey round, BMI values were calculated as weight (kg)
divided by height squared (m?) and these values were then
converted to z scores (BMIZ) using the World Health
Organization (WHO) references (10-12). As not all children
had BMI values for every year of measurement, to maxim-
ize data availability, we grouped survey rounds as follows:
infant/toddler (1 year and 2 years), early childhood (4 years,
5 years and 8 years), early adolescence (11 years and 12
years), mid-adolescence (13 years, 14 years and 15 years)
and late adolescence (16 years, 17 years and 18 years).
When more than one BMIZ value was available within a
period, one was selected at random. We included in the
analysis all participants who had a BMIZ for all five time
periods (n = 1172). The large majority (88%) of participants
were Black, with other represented groups including white
(2%), Indian (1%) and coloured or mixed-ancestral (9%)
children.

We defined overweight and obesity for all five time
periods using the WHO cut-off points for children 5-19
years: overweight was defined as a BMIZ> 1.0 and <2.0
standard deviation (SD) from the reference median; obese
was a BMIZ > 2.0 SD from the reference median (12). To
enable comparisons with other studies, we also used defi-
nitions from the US Centers for Disease Control and Pre-
vention (CDC) (13) and the International Obesity Task Force
(IOTF) (14). We computed the prevalence of overweight
and obesity at each time period. Incidence of obesity was
calculated as the percentage of children who were not
obese in the earlier time period who became obese by the
subsequent time period. To account for the different dura-
tions of the intervals between periods, for each interval, we

also computed the incidence density rate as the number of
incident cases per 1000 person-years, where person-
years was computed by summing the number of years of
follow-up contributed by each child at risk of becoming
obese during that period.

We computed a measure of the persistence of obesity
by calculating the proportion of children who became
obese at any point during the 1-2 years to 13-15 years
periods that remained obese in the 16-18 years period.
We used logistic regression to model the risk of being
obese at 16-18 years based on status at the 1-2 years or
4-8 years periods, with the referent category being those
who were classified as normal BMI (not overweight or
obese) at that time period. We also calculated the propor-
tion of children who were obese in the earlier time period
who became non-obese by the subsequent time period.

A sensitivity analysis was performed using two methods
to determine whether there was a systematic difference
between the cohort of children who had data at all five time
periods and those who did not. We calculated overweight
and obesity prevalence figures using all available cross-
sectional data at each of the time points and compared
them with the prevalence figures for children who had
complete longitudinal data. Additionally, we compared
overweight and obesity prevalence figures for children with
complete longitudinal data vs. those who were not
included in the analysis. We used STATA 10.0 (StataCorp,
College Station, TX, USA) statistical program for all data
analyses.

Results

For both boys and girls, mean BMI was around 16.8 kg
m~2 at 1-2 years, decreased slightly by 4-8 years and then
increased steadily through 16-18 years (Table 1). At 16-18
years, mean BMI was 22.8 kg m™ in girls and 20.3 kg m
in boys. Using the WHO reference, mean BMIZ at 1-2
years was 0.3 and 0.4 in boys and girls, respectively, and
decreased to —0.2 in boys and -0.03 in girls at 11-12
years. Thereafter, mean BMIZ continued to decline in boys,
dropping to —0.6 at 16-18 years, but rose among girls,
reaching 0.3 at 16-18 years.

Among boys, the prevalence of overweight was highest
through 4-8 years and declined thereafter, while obesity
was highest at ages 1-2 years and 11-12 years, but
decreased to <3% by 16-18 years. Among girls, the preva-
lence of overweight increased steadily after 4-8 years,
reaching 19% by 16-18 years. The prevalence of obesity in
girls also continued to rise after 4-8 years, reaching 8% by
16-18 years. While the absolute numbers differ, similar
patterns were seen when the IOTF and CDC definitions of
overweight and obesity were used.

For both boys and girls, the period incidence of obesity
was highest from 4-8 years to 11-12 years (Table 2). This
pattern held true for boys when the incidence density rate
was compared. However, among girls, the incidence
density rate was highest in the periods from 11-12 years to
13-15 years and from 13-15 years to 16-18 years. In
some periods, e.g. from 1-2 years to 4-8 years, incident
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Table 1 Measures of overweight and obesity among South African boys (n = 566) and girls (n = 606) from 1-2 years to
16-18 years,* Birth-to-Twenty Cohort

1-2 years'tt 4-8 years 11-12 years 13-15 years 16-18 years
BMITS
Boys 16.9 (16.7,17.0) 15.8(15.6,15.9) 17.8(17.5,18.0) 19.2(18.9,19.5) 20.3 (20.0, 20.6)
Girls 16.7 (16.5,16.8) 15.7 (15.6,15.8)  18.8(18.5,19.2) 21.3(21.0,21.7) 22.8(22.5,23.2)
BMIZ#
Boys 0.3(0.2,0.4) 0.2(0.1,0.2) -0.2 (-0.3,-0.1) -0.4(-0.5,-0.3) -0.6(-0.7, -0.5)
Girls 0.4 (0.3, 0.5) 0.1(0.0,02  -0.03(-0.1,0.1)  0.2(0.1,0.3) 0.3(0.2,0.4)
Obesity"
WHO definition**
Boys 8.8(6.511.2)  3.0(1.6 4.4 6.0 (4.0, 8.0) 4.4(2.7,6.1) 2.5(1.2,3.8)
Girls 81(.9,10.3)  3.1(1.7,4.5) 6.4 (4.5, 8.4) 7.3(5.2,9.9) 7.9 (5.8, 10.1)
IOTF definition™
Boys 4.8 (3.0, 6.5) 0.9(0.1,1.7) 3.2(1.7,4.6) 3.2(1.7, 4.6) 1.9 (0.8, 3.1)
Girls 4.8 (3.1, 6.5) 2.3(1.1,3.5) 5.1 (3.4, 6.9) 6.1 (4.2, 8.0) 7.4(5.3,9.5)
CDC definition**
Boys 13.8(10.9, 16.6) 6.0 (4.0, 8.0) 0.0(6.6,11.4)  6.2(4.2,8.2) 3.5(2.0, 5.1)
Girls 12.4(9.7,15.0)  5.3(3.5,7.1) 09(7.5,12.3) 125(9.9,152) 12.7(10.0, 15.4)
Overweights®
WHO definition
Boys 19.1 (15.8,22.3) 16.4 (13.4, 19.5) 9.9(7.4,12.4) 7.8 (5.6, 10.0) 5.7 (3.7, 7.6)
Girls 19.0 (15.8,22.1) 12.2(9.6, 14.8) 14.7 (11.9,17.5) 17.8(14.8,20.9) 19.1 (16.0, 22.3)
|OTF definition'™
Boys 12.7 (10.0, 15.5) 6.5 (4.5, 8.6) 9.0 (6.6, 11.4) 7.4 (5.3, 9.6) 6.9 (4.8, 9.0)
Girls 14.5(11.7,17.3) 7.6 (5.5,9.7) 12.5 (9.9, 15.2) 16.0 (13.1, 18.9) 19.0(15.8, 22.1)
CDC definition***
Boys 12.4 (9.6, 15.1) 12.4 (9.6, 15.1) 6.7 (4.6, 8.8) 5.7 (8.7, 7.6) 4.6 (2.9, 6.3)
Girls 13.5(10.8, 16.3) 9.2 (6.9, 11.6) 11.1 (8.6, 13.6) 12.0 (9.4, 14.6) 13.7 (11.0, 16.4)

*Infant/toddler — 1 year or 2 years; early childhood — 4 years, 5 years or 8 years; early adolescence — 11 years or 12 years; mid-adolescence — 13 years, 14
years and 15 years; late adolescence — 16 years, 17 years and 18 years. TBody mass index. ¥Body mass index z score. SMean (95% confidence interval).
1% (95% confidence interval). **World Health Organization (WHO) defines obesity as BMI z score > 2.0 standard deviation (SD) from the reference median.
nternational Obesity Task Force (IOTF) defines obesity and overweight using age- and sex-specific cut-off points for children 2-18 years, which were
based on models that adapted the adult cut-off points for overweight (25 < BMI < 30) and obese (BMI > 30). ¥Centers for Disease Control (CDC) define
obesity as BMI > 95th percentile based on the reference population. $SOverweight, but not obese. "MWHO defines overweight as BMIZ > 1.0 and < 2.0 SD
from the reference median. ***CDC define overweight as BMI > the 85th and <95th percentile based on the reference population. T1The IOTF and CDC
definitions for overweight/obesity are for children 2-18 years and 2-19 years, respectively. IOTF and CDC prevalence figures for the infancy/toddlerhood
period should be interpreted with caution, as this period contains BMI measurements at 1 year and 2 years of age. IOTF and CDC cut-off points for 2 years

were applied to the measurements at 1 year.

obesity is observed, however, there was an overall
decreasing prevalence of obesity due to the majority of
transition in that period being reversion from obese to
non-obese (Table 2).

Girls who were overweight at 1-2 years had 3.6 times
increased odds of being obese from 16 to 18 years
(P < 0.001), while those who were obese had 8.0 times
greater odds (P < 0.001) (Table 3). Girls who were over-
weight at 4-8 years had 6.8 times increased odds of being
obese from 16 to 18 years (P < 0.001), while those who
were obese had 42.3 times greater odds (P < 0.001).
Among females who became obese from the 1-2 years to
13-15 years periods (n = 97), obesity was persistent, or
present during 16-18 years, in 36.1% (data not shown).

Boys who were overweight at 1-2 years had 5.6 times
increased odds of being obese from 16 to 18 years

(P < 0.01), while the increased odds conferred by obesity
in this period were not significant (odds ratio [OR] = 3.4;
P =0.15) (Table 3). Boys who were obese at 4-8 years had
19.7 times increased odds of being obese from 16 to 18
years (P < 0.001), while overweight in this period did not
result in significantly increased odds (OR=2.1; P =0.28).
Among boys who became obese from the 1-2 years to
13-15 years periods (n = 83), obesity was persistent, or
present during 16-18 years, in 16.9% (data not shown).

Discussion

A key finding of our study is that in this cohort of South
African children residing in a relatively poor but highly
transitioned urban setting, boys and girls have very differ-
ent patterns of incidence of overweight and obesity. A
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Table 2 Incidence of obesity among South African boys (n = 566) and girls (n = 606) from 1-2 years to 16-18 years,*
Birth-to-Twenty Cohort

1-2 years to 4-8 years to 11-12 years to 13-15 years to
4-8 years 11-12 years 13-15 years 16-18 years
Obesity™ incidence
Period incidence*
Boys 2.1 (0.9, 3.4) 4.4(2.7,6.1) 0.9 (0.1, 1.8) 0.4 (-0.1,0.9)
Girls 2.0(0.8, 3.1) 4.93.2,6.7) 2.8(1.5,4.2) 3.0 (1.6, 4.4)
Incidence density rate$
Boys 5.1(2.8,9.1) 6.8 (4.6, 10.2) 3.7 (1.5,8.8) 1.3(0.3,5.3)
Girls 5.0 (2.8, 9.0) 7.4 (6.2,10.7) 11.2 (6.9, 18.3) 11.0 (6.8, 17.7)

Reversion incidence

Period incidence'
Boys
Girls

88.0 (78.7, 97.9)
83.7 (72.9, 94.4)

41.2 (151, 67.9)
47.4 (22.6, 72.1)

41.2 (23.7, 58.6)
28.2 (13.4, 43.0)

52.0 (31.0, 73.0)
29.5 (15.5, 43.6)

*Infant/toddler — 1 year or 2 years; early childhood — 4 years, 5 years or 8 years; early adolescence — 11 years or 12 years; mid-adolescence — 13 years, 14
years and 15 years; late adolescence — 16 years, 17 years and 18 years. "World Health Organization defines obesity as body mass index z score > 2.0
standard deviation from the reference median. ¥Incident obesity cases during the period among those who were at risk for obesity at the beginning of the
period; % (95% Cl). SNumber of incident obesity cases during the period per 1000 person-years. Yincident cases of reverting from obese to non-obese
during the period among those who were obese at the beginning of the period; % (95% ClI)

Table 3 Modelling risk of obesity from 16-18 years based on body mass index status at 1-2 years and 4-8 years

among South African boys (n = 566) and girls (1 = 606), Birth-to-Twenty Cohort'

Odds Ratio 95% confidence
interval
Girls
Infancy/toddlerhood (1-2 years)
Overweight 3.6 1.8,7.2
Obese 8.0"* 3.7,17.6
Early childhood (4-8 years)
Overweight 6.8 3.3,13.9
Obese 42.3* 15.0,118.8
Boys
Infancy/toddlerhood (1-2 years)
Overweight 5.6™* 1.7,18.0
Obese 3.4 0.6,17.8
Early childhood (4-8 years)
Overweight 2.1 0.5, 8.4
Obese 19.7* 51,759

TModels the risk of being obese at late adolescence (16 years, 17 years and 18 years) based on status at the infant/toddler (1 year or 2 years) or early
childhood periods (4 years, 5 years or 8 years), with the referent category being those who were classified as normal body mass index (not overweight or
obese) at that time period. *P-value <0.05; **P-value <0.01; ***P-value <0.001.

major strength of our analysis is that it was based on
longitudinal data that spanned childhood. This is particu-
larly important in low- and middle-income countries, espe-
cially African countries, where such data are sparse.

The prevalence of overweight and obesity among boys
does not represent a significant public health concern. In
boys, the combined prevalence of overweight and obesity
(BMIZ > 1.0) steadily declined and by late adolescence, it
was less than the 16% that would be expected to be >1
SD from the reference (based on the percentage of obser-
vations in the tails of a normal distribution). However,

among girls, the prevalence of combined overweight and
obesity continued to rise, reaching 11 percentage points
greater than the 16% expected for a normal distribution by
late adolescence.

We found that among girls, the highest obesity incidence
density rates occurred from the 11-12 years to 13-15
years and 13-15 years to 16-18 years periods. These
periods typically follow the onset of puberty, a time of rapid
growth and development, as well as sexual dimorphism,
with females acquiring more fat mass than males, who gain
greater amounts of muscle and skeletal mass. The average
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age of menarche for girls in our sample was 12.6 years of
age, with 36% of girls having experienced menarche by the
11-12 years period, 90% by the 13-15 years period and
100% by the 16-18 years period. Among girls, there was
also evidence of development of obesity early in life and
obesity tracking into adulthood. There was an appreciable
degree of persistence of obesity following its onset and
both overweight and obese girls in the 1-2 years and 4-8
years periods had greatly increased odds of being obese
by 16-18 years.

The prevalence of obesity among both boys and girls in
this South African cohort is lower than their counterparts in
high-income countries. In a contemporary cohort of US
children, Cunningham et a/ found a much higher preva-
lence of obesity: around 12-13% at age 5-7 years, 22% at
age 11 years and 21% at age 14 years (15). That study did
not extend to late adolescence. Obesity prevalence in our
sample is lower than that of 12-19-year-old African—
American boys (21%) and girls (23%) (16).

Our estimates for overweight and obesity by 16-18
years were similar to those found in the ethnically compa-
rable 2012 South Africa National Health and Nutrition
Examination Survey: 8.0% obese and 19.3% overweight
among females 15-17 years; 1.5% obese and 7.3% over-
weight among males 15-17 years (17) and the prevalence
of overweight and obesity among South African high-
school age adolescents is rising (18). While the overweight
and obesity prevalence figures for South African children,
particularly boys, are still lower than those of higher-income
countries, the latest adult obesity prevalence figures for
South Africa are comparable with those seen in higher-
income countries and are the highest among all countries
in Africa (1). Among South African men > 20 years of age,
39% are overweight or obese, as are 69% of women (1).
Thus, overweight and obesity continue to accrue in the
adult years and the majority of adult obesity is occurring
after late adolescence (17). These statistics underscore the
urgency to find effective interventions to prevent the devel-
opment of obesity in the adult years, in addition to pre-
venting its early onset in childhood.

We chose to apply to all time periods the WHO over-
weight and obesity thresholds for children 5-19 years. This
allowed for consistency in definitions across the study, but
may have overestimated the prevalence of overweight and
obesity in the age 1-2 years period compared with using
the WHO thresholds for children 0-5 years. Additionally,
the analytical sample was limited to the 1172 children who
had a BMI value for each of the five time periods. However,
we found that the overweight and obesity prevalence
figures based on all available cross-sectional data at each
of the time points did not differ appreciably from the figures
based on those who had complete longitudinal data
(Table S1) and there were no statistically significant differ-
ences in any of the time periods between the overweight
and obesity prevalence figures for children with complete
longitudinal data vs. those who were not included in the
analysis (Table S2). Therefore, selection bias is unlikely. The
cohort is representative of the population of Soweto and is
overwhelmingly Black, with too few non-Black participants
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to permit meaningful stratified analysis. Restriction of the
analysis to the Black participants resulted in estimates very
close to those presented.

Our results suggest the need for further research into
gender differences in overweight and obesity. Future
studies should explore dietary and lifestyle factors that may
contribute to the differences found between South African
boys and girls. Feeley etal assessed the relationship
between dietary habits and BMIZ and fat mass in the
Birth-to-Twenty cohort, finding an association between
soft drink consumption and increased BMIZ and fat mass,
but only in boys (19). Kruger et al found that South African
girls had lower levels of physical activity than boys and, in
both genders, low activity levels were associated with over-
weight and obesity (20). Another important area for future
research is to explore gender differences in the interpreta-
tion of BMI to characterize overweight and obesity.

Conclusion

Our findings have important implications not only for South
Africa, but for other African countries that are rapidly
transitioning. Understanding periods of high risk for the
development of childhood obesity will enable programme
planners and policymakers in low- and middle-income
countries to more appropriately target interventions. Our
findings are important for addressing obesity risk across
the life course. By late adolescence, overweight and
obesity were not widely prevalent among boys in this
South African cohort, whereas overweight and obesity
among girls increased throughout childhood and adoles-
cence. The years following puberty appear to be a high risk
period for the development of obesity in girls and future
research should further explore ways in which puberty
timing and duration impact this risk. The early establish-
ment of tracking of overweight and obesity suggests the
need and potential for early intervention. Finding effective
and appropriately timed interventions to promote healthy
nutrition and weight among female African children is
critical.
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