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Background. Childhood obesity has become a global public health problem and is a known risk factor for type 2 diabetes, cardiovascular
disease, hypertension, stroke, myocardial infarction and various cancers in later adulthood. Associations between adult obesity and
economic growth, technological changes, socioeconomic status and economic inequities have been reported, but limited data are available
for children and adolescents in countries that are undergoing an epidemiological health transition exhibiting both under- and overnutrition.
Objectives. To demonstrate childhood obesity trends and explore their associations with economic growth in South Africa (SA).
Methods. This was a retrospective review and analysis of obesity and economic growth trends in SA. Data for obesity levels were obtained
from national surveys conducted in SA youths in 2002, 2008 and 2012. Economic growth indicators (EGIs), namely gross domestic product
(GDP) per capita, household final consumption expenditure and Gini coefficient, were obtained from the World Bank and IHS Global
Insight databases. Obesity trends for 2002 - 2012 are presented by gender and ethnicity. Annual percentage changes (APCs) in obesity
prevalence were computed to assess obesity trends using the linear Joinpoint regression.

Results. An overall increase in obesity prevalence over time from 3.8% to 6.0% was observed. Females had higher levels across all time
points. APCs in both males (7.8%; 95% confidence interval (CI) 0.3 - 15.9; p=0.01) and females (3.1%; 95% CI -14.7 - 24.7; p=0.30) were
observed. Among black Africans, coloureds and whites, females had higher obesity levels than males for the three time points. For males, the
prevalence of obesity was highest in whites and Asians/Indians, whereas coloureds and blacks had lower levels across all time points. However,
the black male population had the highest APC increase (9.4%; 95% CI -23.0 - 55.3; p=0.20). The prevalence of obesity was positively and
inversely associated with GDP per capita and the Gini coefficient, respectively.

Conclusions. An increase in childhood and adolescent obesity over time was observed, while trend associations between obesity and EGIs exist.
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The emergence of non-communicable diseases (NCDs), including
type 2 diabetes, hypertension and obesity, in low- to middle-
income countries (LMICs) has raised global concerns.? A need
to reprioritise use of limited resources, capacity and infrastructure
in LMICs is important. In view of limited resources to deal with
emerging NCDs, prevention seems the only feasible and sustainable
approach. Communicable diseases have been the priority for most
LMICs, but shifts in disease burden are being observed. These
shifts have shown increases in chronic diseases, warranting new and
innovative health strategies in LMICs.>*!

Obesity has become a global public health problem and is a known
risk factor for type 2 diabetes, cardiovascular disease, hypertension,
stroke, myocardial infarction and various cancers.*”) However,
what is more concerning are the increasing levels of obesity among
children, adolescents and young adults globally.® Recent data from
a pooled analysis of 2 416 population-based studies on 128.9 million
participants aged >5 years, including 31.5 million aged 5 - 19 years,
indicate that the number of obese children and adolescents (aged 5 -
19 years) worldwide has risen 10-fold in the past 4 decades.®*! More
children and adolescents are projected to be obese than moderately
or severely underweight by 2022.0%) Data suggest alarming increases

in obesity among children and adolescents in LMICs, particularly in
sub-Saharan Africa.l®1%

LMIGCs, including South Africa (SA), are characterised by increased
economic development. However, these gains are accompanied by
negative changes and shifts in both dietary and physical activity
patterns.**) Increased adoption of more westernised diets and
increased sedentary behaviour, due to modernisation, improved
transport systems and easy accessibility to unhealthy fast foods,
are some of the factors that increase obesity and its associated
health problems in LMICs, including SA."*! Improving economic
growth has become the main agenda for LMICs, including SA.
It is associated with improved access to healthcare, control of
infectious communicable diseases, and improved quality of life
for many."! However, economic growth has also accelerated other
negative transitions, especially increases in and emergence of
NCDs.P! Associations between adult obesity and economic growth,
technological changes, socioeconomic status (SES), and economic
inequities and insecurity!’>'% have been reported, but limited data
are available for children and adolescents in countries such as SA
that are undergoing an epidemiological health transition exhibiting
both under- and overnutrition.
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Objectives

To report trends for childhood and adolescent obesity in SA over
time and explore the associations between SAs economic growth,
using various economic growth indicators (EGIs), and childhood
obesity levels over a specified period.

Methods

Data sources

National survey data on obesity were used in the present analysis.
The national surveys were conducted among SA youth in the years
2002, 2008 and 2012. We provide brief descriptions of the surveys, in
the course of which anthropometric data, namely weight and height,
were collected and measured through standard practices. Detailed
descriptions of the strategies employed in the national surveys have
been reported comprehensively elsewhere.”') Obesity measures used
in the SA Youth Risk Behaviour Surveys (YRBSs) were derived from
the body mass index (BMI) projections developed by Cole et al.’*"!

The 2002 and 2008 YRBSs

Both YRBSs were conducted to establish the prevalence of important
risk behaviours affecting the country’s youth, such as nutrition
and physical activity. In these two surveys, the study population
comprised grade 8, 9, 10 and 11 public school learners in nine
provinces. The 1999 national schools database from the School
Information Services Directorate, National Department of Education,
was used as the sampling frame to obtain the enrolment numbers in
public schools. Independent or private schools were excluded from
the study population.

More information on the sample selection, which included two-
stage sampling, has been provided elsewhere.['!¥) In the 2002 survey,
10 699 learners in 345 classes submitted completed questionnaires.!”!
The weighted response rate was 72.5%, while the overall response
rate was 68.3%. Overall, the sample consisted of 54.0% females and
46.0% males. Most of the learners classified themselves as black
Africans (79.5%), while 9.0% classified themselves as coloured, 8.9%
as white and 1.4% as Asian/Indian.'"” In the 2008 survey, a total of
10 270 learners in 330 classes completed questionnaires. The weighted
response rate was 76.8% and the overall response rate 71.6%. Most of
the participants (83.8%) were aged between 14 and 18 years, with 4.3%
of learners below this range and 11.9% aged >18.1' More than three-
quarters of the participants identified themselves as black (78.1%),
14.2% as coloured, 5.7% as white and 1.1% as Asian/Indian.!"*)

South African National Health and Nutrition
Examination Survey (SANHANES-1), 2012

The purpose of SANHANES-1 was to characterise the prevalence
of NCDs and their risk factors in SA.'” The sampling frame of
SANHANES-1 was individuals of all ages living in SA. The study
employed a multistage disproportionate, stratified cluster sampling
approach. A total of 25 532 individuals (92.6%) completed the
survey. This survey sample comprised participants from both urban
(64%) and rural (36%) settings. The proportions of blacks, whites,
coloureds, Asians/Indians and others were 69%, 4%, 20%, 8% and

0.3%, respectively; 45% of respondents were male and 55% were
female.™ A total of 13 341 youths (<24 years) responded to the
questionnaire interview, and approximatively half (n=6 615) of them
had a physical examination done.!"”!

Economic growth indicators

Economic growth is the annual change in the value of production
of goods and services in a country. Indicators of economic growth
used in this analysis were gross domestic product (GDP) per
capita, household final consumption expenditure (HFCE) and Gini
coefficients. We present data for GDP per capita and HFCE in USD
(constant prices 2005). GDP per capita is a proximate measure of the
income derived by individuals in the total population. It is calculated
by dividing a country’s total output (measured by the GDP) in a given
year by the total population in the same year.”!! HFCE measures
the value of all goods and services purchased by households, but
excludes property.?!! The Gini coefficient is a standard measure of the
distribution of wealth and inequality in an economy.?!! EGI data were
sourced from the World Bank and IHS Global Insight databases.?!

Data analysis

We present the obesity prevalence (%) for the participants between
2002 and 2012 by gender. We further stratify the obesity prevalence
(%) by ethnicity, which reflects as a proxy for SES and education
level in the SA context. We also present GDP per capita, HFCE and
Gini coefficients for the same time points as obesity data. The trend
associations between EGIs and obesity prevalence were computed by
plotting unadjusted time trends for obesity prevalence against GDP per
capita, HFCE per capita and Gini coefficients by gender and ethnicity.
Additionally, annual percentage changes (APCs) were calculated to
assess obesity trends using the linear Joinpoint regression: log (rate,) =
b, + b,y, with log (rate,) being the natural log of obesity prevalence in
year y as methodologically described previously in cancer-related trend
analysis.”?! The APCs and p-values were calculated using the formula:
(¢" - 1) x 100 from the Joinpoint Regression Program, version 4.3.1.0
(National Cancer Institute, USA), to quantify the magnitude of changes
in obesity trends over time.””! A p-value <0.05 indicates a significant
change in trend.

Results
Obesity prevalence data for the three time points 2002, 2008 and
2012 are presented in Fig. 1. Table 1 presents obesity prevalence by
gender. Before stratifying by gender, an overall increase over time
from 3.8% to 6.0% was observed. Females had higher levels across
all time points, although numerical increases were observed in both
sexes between 2002 and 2012 (2.5% for males and 1.8% for females).
Through Joinpoint regressions we observed positive APCs in both
males (7.8%; 95% confidence interval (CI) 0.3 - 15.9; p=0.01) and
females (3.1%; 95% CI -14.7 - 24.7; p=0.30). When both sexes were
combined, a positive APC of 4.8% (95% CI -3.8 - 14.0; p=0.1) was
observed (Fig. 1).

Table 2 presents obesity prevalence stratified by gender and
ethnicity. In this context, ethnicity is an underlying indicator of

Table 1. South African childhood obesity prevalence by gender, 2002 - 2012

Childhood obesity prevalence by gender, % of participants (n)

Year of survey Male Female Total

2002 2.2 (4213) 5.3 (4 931) 3.8 (9 144)
2008 3.3 (4 838) 7.2 (5 024) 5.3 (9 862)
2012 4.7 (2 123) 7.1 (2 155) 6.0 (4 278)
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various elements that are known to be
associated with obesity risk, i.e. education
level, access to healthcare and education,
SES, diet, physical activity and genetic
predisposition. For blacks, coloureds and
whites, females had higher obesity levels
than males for all three time points, whereas
that trend did not hold for Asians/Indians,
among whom males had higher obesity
levels than females in 2008. For females, the
sharpest increase was observed in coloureds
between 2002 and 2008 (2.9%), and the
biggest drop was observed in Asians/Indians
between 2002 and 2008 (8.9%). Additionally,
coloured females showed a drop between
2008 and 2012 (-1.4%). For males, whites
and Asians/Indians had the highest preva-
lence of obesity, whereas coloureds and
blacks had lower levels across all time points.
For all males across all ethnicities, an overall
increase in prevalence was observed between
2002 and 2012. The sharpest increase among
males between 2002 and 2012 was observed

for blacks (2.9%), while between 2002 and
2008, white and Asian/Indian males had an
increase of 4.5% and 3.6%, respectively.
Joinpoint regressions were also computed
by sex and ethnicity (Figs 2 and 3). In
both sexes, APC could not be computed
for the Indian/Asian and white population
groups because they had reliable data
for only two time points. The black and
coloured population groups showed positive
APCs for both sexes, with the male black
population having the highest (9.4%; 95%
CI -23.0 - 55.3; p=0.20). Data for white and
Asian/Indian males and females for 2012
were not computed because there were too
few observations to record reliably. Table 3
illustrates EGIs, namely per capita GDP and
the Gini coefficient, for the three time points
for which obesity level data were available.
For per capita GDP, an overall increase
was observed between 2002 and 2012. A
decrease in the Gini coefficient was observed
between 2002 and 2008, and it remained the
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Fig. 1. Obesity prevalence by gender, 2002 - 2012. Total APC 4.8% (95% CI -3.8 - 14.0; p=0.1);
males 7.8% (95% CI 0.3 - 15.9; p=0.01); females 3.1% (95% CI -14.7 - 24.7; p=0.30). (APC = annual

percentage change; CI = confidence interval.)

same in 2012. Between 2002 and 2012, the
Gini coefficient for all ethnicities declined
(Table 4).

Figs 4 - 7 illustrate the trend line plots of
the associations between EGIs and obesity
prevalence between 2002 and 2012. Obesity
prevalence was positively associated with
GDP per capita. GDP per capita growth
between 2002 and 2008 was greater than
that between 2008 and 2012. For both males
and females in 2002, Asians/Indians and
whites had the highest obesity prevalence,
respectively, compared with coloureds and
blacks. However, obesity prevalence declined
for Asians/Indians in 2008. For males,
obesity prevalence was lowest among blacks
between 2002 and 2008 and among coloureds
between 2008 and 2012. For females, the
plots for coloureds were the lowest, although
a fluctuating trend was observed (Figs 4
and 5). The trend associations in the period
2002 - 2012 between the Gini coefficient
(for all ethnicities) and obesity prevalence
for both genders were similar in that as the
Gini coefficient decreased, obesity increased
(Figs 6 and 7).

Discussion
Trends for childhood (including adolescents)
obesity in SA over time are presented,
and the role economic growth played as
its distal determinant between 2002 and
2012 is explored. To our knowledge, this
is the first study that presents APCs in
obesity prevalence over time, through
Joinpoint regression. Furthermore, data are
presented by gender and ethnicity. The latter
additionally represents in part a proxy for
SES in the SA context.

The analysis indicated an overall increase
in obesity prevalence over time. Females
had higher levels across all time points.

Table 2. Prevalence of obesity in South African adults by gender and ethnicity, 2002 - 2012 (data from national surveys)

Obesity prevalence, % of participants (1)

Ethnicity Year of survey Male Female Total

Black 2002 1.9 (3 074) 5.3 (3572) 3.8 (6 646)
2008 2.6 (3777) 7.3 (3 937) 5.0 (7 714)
2012 4.8 (1 629) 7.3 (1 681) 6 (3 310)

White 2002 4.8 (367) 7.7 (437) 6.4 (804)
2008 9.3 (294) 10.3 (223) 9.7 (517)
2012 (10)* (10)*

Coloured 2002 2.8 (629) 3.8 (782) 3.3 (1411)
2008 2.9 (665) 6.7 (758) 4.9 (1 423)
2012 3.8 (433) 5.3 (421) 4.6 (854)

Asian/Indian 2002 6.3 (62) 14.1 10.2 (118)
2008 9.9 (222) 5.2 (290) 7.2 (512)
2012 (42)* (41)*

*Too few observations to record reliably.
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Compared with males, female blacks,
coloureds and whites had higher obesity
levels for all the three time points, whereas
the opposite was observed in the Asian/
Indian sample in 2008. For males, white and
Asian/Indian samples presented the highest
prevalence of obesity, whereas coloureds
and blacks presented lower levels across all
time points. Black males had the highest
APC increase. For females, the sharpest
increase was observed in coloureds between
2002 and 2008, and the biggest drop was
observed in Asians/Indians between 2002

and 2008. Obesity prevalence was positively
and inversely associated with GDP per capita
and the Gini coefficient, respectively.
Increases in childhood obesity over time
reflected similar trends associated with
the economic heath and epidemiological
transition reported among adult popula-
tions, but limited data are available to
enable understanding of its manifestation
among children and adolescents, especially
in developing countries. The underlying
determinants of and causes related to
increases in obesity among the youth over
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Fig. 2. Obesity prevalence for females by ethnicity, 2002 - 2012. Black APC 3.4% (95% CI -14.1 - 24.5;
p=0.3); coloureds 3.9% (95% CI -39.0 - 76.9; p=0.5). For Asians/Indians and whites, APC could not
be computed because of two time points. (APC = annual percentage change; CI = confidence interval.)

12 _
10 4
X
g 8 1
v
S 6
©
E 7 /
a Pas
2 -—
0
2002 2008 2012
Year
—o— Black - White —4— Coloured == Asian/Indian

Fig. 3. Obesity prevalence for males by ethnicity, 2002 - 2012. Black APC 9.4% (95% CI -23.0 - 55.3;
p=0.20); coloureds 2.9% (95% CI -17.0 - 27.5; p=0.30). For Asians/Indians and whites, APC could not
be computed because of two time points. (APC = annual percentage change; CI = confidence interval.)

Table 3. Economic growth indicators

time include increases in sedentary beha-
viour, and changes in dietary and nutrition
patterns that have shifted from predomin-
antly prudent to westernised diets,?**102
Looking closely at the abovementioned
determinants, diet and physical activity are
both influenced to a large extent by the
economic activity and growth of a country.

Females had higher obesity levels
than males for all three time points, and
these observations have been reported
elsewhere.'*731 Data from developing
countries including SA suggest that adoles-
cent girls have very low physical activity.'%*
Girls mostly seem to be engaged in minor
household chores and are less involved than
boys in outdoor activities.*® In the current
analysis, Joinpoint regressions indicated
a statistically significant higher annual
percentage increase among males compared
with females, highlighting the possibility that
males could be catching up over time.

Obesity prevalence was positively and
inversely associated with GDP per capita
and the Gini coefficient, respectively. The
findings of the present study point to the
Lancet framework on global drivers of
obesity, which describes economic growth
and other relevant policies that influence
economic systems as strong probable
systemic or distal environmental drivers for
obesity, including in children.”’ Although
economic stimulation and growth has
become the most important priority for SA,
there seems to be a point of diminishing
returns in relation to obesity among the
youth and in terms of related NCDs among
adults. Data reporting associations between
obesity and economic growth, technological
advances, socioeconomic changes and
inequalities are available,"*!*3*%! but these
are limited for countries still experiencing
the double burden of disease characterised
by both undernutrition-related illness and
emergence of NCDs. Owing to the observed
economic growth in SA, rapid changes in
food production, technology, equity and
transport systems could be other underlying
factors related to the increase in obesity
among children observed over time.

As GDP per capita increases, SES, a
known determinant of obesity, concurrently

Year GDP per capita (constant 2005 USD000) HECE per capita (constant 2005 USD000) Gini coefficient
2002 4.994 3.024 0.67
2008 5.999 3.742 0.64
2012 6.051 3.929 0.64

GDP = gross domestic product; HFCE = household final consumption expenditure.
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Table 4. South African Gini coefficient by ethnicity

Ethnicity

Year Black White Coloured Asian/Indian Total

2002 0.61 0.5 0.58 0.55 0.67

2008 0.58 0.44 0.53 0.49 0.64

2012 0.57 0.44 0.53 0.48 0.64
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Fig. 4. Obesity prevalence for males by race and GDP per capita, 2002 - 2012. (GDP = gross domestic
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Fig. 5. Obesity prevalence for females by race and GDP per capita, 2002 - 2012. (GDP = gross domestic

product.)

improves. Ethnicity reflects an underlying
risk factor for obesity, as it can be used as
a proxy for SES in the SA context. In the
current analysis, although male whites and
Asians/Indians had the highest prevalence
of obesity across all time points, with
coloureds and blacks having lower levels,
black males had the highest APC increases
over time, while in females, the sharpest
increase was observed in coloureds between
2002 and 2008. This observation could be
related to shifts and transitions in those of

lower SES, who once seemed to be protected
from obesity through their prudent diets
and physical activity, and now appear to
be catching up with those of higher SES.
Obesity is known to be related to SES,
although this varies by gender, age and
country.” In general, low SES for those
in developed countries and high SES in
developing countries increase the risk of
obesity, although shifts are being observed in
the latter.”” In a systematic review on ethnic
inequalities in obesity among children and
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adults in the UK, no consensus about obesity
prevalence relative to Caucasians among
South Asian and black children was reached,
but as for adults, blacks had a higher risk of
obesity relative to Caucasians.”® However,
another systematic review on developing
countries, assessing the association of SES
with obesity, reported a positive association
in that the affluent were more at risk.!"!

In a similar analysis involving SA adults,
obesity patterns similar and comparable
to the current analysis using child and
adolescent data were observed at gender
and ethnicity
comparable associations between EGIs and
obesity were observed, further suggesting
a probable underlying contribution of
economic growth to obesity across the
spectrum. Complementary feeding, and
other substitutes to breastfeeding, could
partly explain some of the trends, as many
women are opting to work, and can access
alternatives to breastfeeding as they become
more financially independent.

level.'!!  Furthermore,

Study strengths and limitations

The strengths of the study include having
data over a long time frame, and data on
gender and ethnicity being available from
national SA surveys. Additionally, Joinpoint
regressions were computed to assess whether
APC changes were statistically significant
or not. Limitations include the ecological
nature of the analytical design (group data);
causality therefore cannot be inferred, and
suggested associations should be interpreted
with care. Furthermore,
were not available at an individual level,
other known determinants of obesity such
as physical activity could not be adjusted
for. Although the BMI has great validity,
concerns still exist around whether it

because data

captures intrinsic body composition in terms
of whole-body compartments, especially
among children.

Conclusions

An increase in childhood and adolescent
obesity was observed over time, while
trend associations between obesity and
EGIs were seen to exist. Interventions to
prevent and reduce childhood obesity
include targeting periods in the life cycle,
including young women likely to conceive,
and women throughout pregnancy and
in the post-neonatal and early childhood
stages.*”! Without appropriate and targeted
interventions, childhood obesity is likely
to continue in adolescence and adulthood.
Additionally, childhood obesity is associated
with a wide range of serious health
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Fig. 7. Inequality by race and female obesity prevalence.

complications and an increased risk of
NCDs, including diabetes and heart disease
in later adult life.[*!

Key points

o SA is experiencing a health transition
mainly attributable to rapid urbanisation
and characterised by the emergence of
NCDs including obesity, the HIV/AIDS
pandemic, and undernutrition-related
infectious diseases.

o Economic growth has been associated
with increasing obesity levels, yet no
data are available on similar trends for
childhood obesity, especially in countries
in which both under- and overnutrition
exist.

o Trend associations have been reported
between SAs economic growth using
various indicators (namely per capita
GDP, HFCE and Gini coefficients) and
adult obesity prevalence over a 20-year
time frame.

« Increases in childhood obesity over time
are becoming apparent in SA. Patterns are
unique by ethnicity, and associations with
EGIs exist.

o The burden of obesity in SA, and whether
the health system will cope if it continues,
are grounds for increasing concern. Innova-

tive preventive interventions specific to
this setting are urgently needed.
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