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Abstract

Background: Overweight and obesity in adults are increasing globally and in South Africa (SA), contributing
substantially to deaths and disability from non-communicable diseases. Compared to men, women suffer a dispro-
portionate burden of obesity, which adversely affects their health and that of their offspring. This study assessed the
changing patterns in prevalence and determinants of overweight and obesity among non-pregnant women in SA
aged 15 to 49years (women of childbearing age (WCBA)) between 1998 and 2017.

Methods: This paper conducts secondary data analysis of seven consecutive nationally representative household
surveys—the 1998 and 2016 SA Demographic and Health Surveys, 2008, 2010-2011, 2012, 2014-2015 and 2017
waves of the National Income Dynamics Survey, containing anthropometric and sociodemographic data. The chang-
ing patterns of the overweight and obesity prevalence were assessed across key variables. The inferential assessment
was based on a standard t-test for the prevalence. Adjusted odds ratios from logistic regression analysis were used to
examine the factors associated with overweight and obesity at each time point.

Results: Overweight and obesity prevalence among WCBA in SA increased from 51.3 to 60.0% and 24.7 to 35.2%,
respectively, between 1998 and 2017. The urban-rural disparities in overweight and obesity decreased stead-

ily between 1998 and 2017. The prevalence of overweight and obesity among WCBA varied by age, population
group, location, current smoking status and socioeconomic status of women. For most women, the prevalence of
overweight and/or obesity in 2017 was significantly higher than in 1998. Significant factors associated with being
overweight and obese included increased age, self-identifying with the Black African population group, higher edu-
cational attainment, urban area residence, and wealthier socioeconomic quintiles. Smoking was inversely related to
being overweight and obese.

Conclusions: The increasing trend in overweight and obesity in WCBA in SA demands urgent public health atten-

tion. Increased public awareness is needed about obesity and its health consequences for this vulnerable popula-
tion. Efforts are needed across different sectors to prevent excessive weight gain in WCBA, focusing on older women,
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self-identified Black African population group, women with higher educational attainment, women residing in urban

areas, and wealthy women.

Keywords: Overweight, Obesity, Non-communicable diseases, Non-pregnant women, South Africa

Background

Obesity is a global public health problem. Overweight
and obesity among adults increased globally, with obe-
sity prevalence almost tripling since 1975 [1]. In 2016,
the World Health Organization (WHO) estimated that
over 2 billion adults worldwide were overweight or
obese [1], and over 70% of overweight or obese adults
resided in low- and middle-income countries (LMICs)
[2]. The condition of obesity is largely driven by the
obesogenic environment where there is easy accessibil-
ity, affordability and availability of high energy-dense
foods, preference for the consumption of these foods,
in addition to reduced opportunities for physical activ-
ity at work, community or leisure [3]. Obesity features
among key risk factors for adverse outcomes from the
coronavirus disease 2019 (COVID-19) [4, 5].

In South Africa, the prevalence of adult overweight
and obesity [6] has increased, and this has been linked
to economic growth and nutritional transition [7-9].
Obesity also contributes substantially to deaths and
disabilities from non-communicable diseases, includ-
ing cardiovascular diseases, diabetes and some cancers
[10]. The country faces a dual burden of overweight
and obesity among adult women aged at least 15years
[11]. Overweight and obesity were respectively impli-
cated in 18 and 57% pulmonary embolism deaths
among mothers. The obesity burden in South Africa
is disproportionately higher among women than men.
According to a government report published in 2019,
about 41% of women and 11% of men aged 15 years and
above were obese [12]. Because women of childbear-
ing age between 15 to 49 years old (WCBA) accumulate
weight faster than other women [13-16], the adverse
consequences of obesity among this group could be
pronounced. Obesity during a woman’s childbearing
years is associated with an increased risk of infertility,
miscarriage, stillbirths and births with congenital dis-
abilities, shoulder dystocia and other adverse obstetric
outcomes [17-22]. In recognition of the magnitude of
obesity, especially among women in South Africa, the
government set targets in August 2013 to reduce obe-
sity [23]. For example, it targets reducing the preva-
lence of overweight and obesity by 10% by 2020 from
1998 (particularly, the overweight and obesity preva-
lence for adult women aged 15years and above in
1998 were 56 and 30%, respectively) [23, 24], and this
requires not only evidence but a clear plan of action.

Studies in the United States [25], Morocco [26] and
sub-Saharan Africa [27, 28] show obesity prevalence
among WCBA ranging between 10 and 39%, with
rates over 30% in urban Egypt [27] and South Africa
[28]. Recent studies have shown an increasing trend in
overweight and obesity among WCBA in sub-Saharan
Africa [27, 29-33] and Bangladesh [34]. Research also
shows that the prevalence varies by subgroups (age
groups, educational attainment, socioeconomic status,
parity and race/ethnicity) [25, 31-33, 35], although pat-
terns might differ between high-income countries and
LMICs. For example, in high-income countries, obesity
prevalence is higher among women with low education
and the poor [25], while the reverse pattern is seen in
LMICs [31-33, 36]. In sub-Saharan Africa and else-
where, factors such as increased age [25, 37], increased
parity [38], being rich [29, 36, 37], higher education [25,
36-38], urban residence [37], race/ethnic differences
[25, 38] and increased television watching or a seden-
tary lifestyle [38, 39] are associated with a higher prob-
ability of overweight and obesity in WCBA. In South
Africa, apart from earlier studies (including a govern-
ment report) showing the prevalence of overweight and
obesity at one single point in time [28, 40, 41], there is
a dearth of studies looking at trend data on overweight
and obesity prevalence among WCBA, including their
socioeconomic correlates or determinants.

This study is critical, mainly as the country faces a bur-
geoning threat of non-communicable diseases, especially
among women [42, 43], and there is a desire to address
these challenges. South Africa recorded about 119 mater-
nal deaths per 100,000 live births in 2017 [44], which is
far higher than the target set for the sustainable develop-
ment goal (i.e. reducing maternal mortality ratio to fewer
than 70 maternal death per 100,000 live births) [45]. The
significant contributions of overweight and obesity to
maternal morbidity and mortality in South Africa have
been documented. Obesity led to significant pregnancy
complications, including hypertensive, pre-eclamptic and
surgical complications [46], including lower quality of life
and distress [47]. It is critical to understand the evolution
in prevalence and related determinants of overweight and
obesity over the last decades in the South African set-
ting. Answering this research question will inform policy
targeted action/interventions to reach the national obe-
sity targets [23]. This study, therefore, assessed, for the
first time in South Africa, the change in the prevalence
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of overweight and obesity among non-pregnant WCBA
between 1998 and 2017. It also identified the determi-
nants of overweight and obesity in this population.

Methods

Data sources

This paper was based on a secondary analysis of de-iden-
tified data from several national household surveys that
received ethics approval. These anonymised datasets are
publicly available and hosted on the DataFirst portal at
the University of Cape Town (www.datafirst.uct.ac.za).
The nationally representative datasets used in this paper,
detailed below, include the 1998 and 2016 South Africa
Demographic and Health Surveys (SADHS), and the
2008-2017 National Income Dynamics Study (NIDS).
These data are comparable because they are nationally
representative and used a similar sampling strategy.

South Africa demographic and health surveys

The 1998 and 2016 SADHS are nationally representa-
tive cross-sectional surveys. The fieldwork for the 1998
SADHS was between January and September 1998, with
a total sample size of 11,735 women (i.e. a 95% response
rate among women) [24]. The 2016 SADHS was under-
taken between July and September 2016 yielding a total
sample size of 8514 women (i.e. a 86% response rate) [12].
The sampling procedures for the SADHS are detailed
elsewhere [12, 24]. Briefly, the 1998 and the 2016 SADHS
used a two-stage sampling strategy with the 1996 and
2011 Census Enumeration Areas (EAs) as sampling
frames, respectively. The EAs were stratified into the
nine provinces and by urban, farm and traditional areas.
The first stage consisted of selecting EAs with probabil-
ity proportional to the size. The second stage consisted
of systematically sampling residential dwelling units. The
SADHS collect information from a household question-
naire, biomarker questionnaire, woman’s questionnaire
and a man’s questionnaire. The DHS data are stored in
several dataset files: household recode, individual recode,
birth’s recode, kid’s recode, men’s recode and couples
recode. This paper used data from the women and house-
hold’s files.

National Income Dynamics Study

The NIDS is a nationally representative longitudinal
panel survey repeated every two years since 2008 by the
Southern African Labour and Development Research
Unit, funded by the South Africa Presidency. Fieldwork
for the first NIDS wave (2008) was carried out between
February and December 2008. The second wave (2010-
2011) between May 2010 and September 2011. The third
wave (2012) was between May and December 2012.
The fourth wave (2014-2015) was between September
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2014 and August 2015, and the latest wave (2017) was
between February and December 2017 [48]. The over-
all survey response rates for the 2008, 2010-2011, 2012,
2014-2015 and 2017 waves were 51.2, 45.3, 49.9, 53.9 and
53.3%, respectively. Details of the sampling procedure,
including calculating the different sampling weights, are
described elsewhere [48-51]. Briefly, the NIDS used a
stratified two-stage cluster sampling strategy to sample
households at baseline. A total of 400 primary sampling
units (PSUs) were selected in the first stage from Statis-
tics South Africa’s 3000 PSUs in the 2003 Master sample.
In 2008, a total of 7305 households were interviewed in
the 400 PSUs. All household members became a Contin-
uing Sample Member (CSM) to be interviewed every two
years. Children born to CSM women after Wave 1 are
‘born into’ the sample. Everyone currently living with a
CSM (i.e. individuals referred to as Temporary Sampling
Members [TSMs]) are also interviewed. As CSMs move
out and start their households, the number of interview-
ees also grows. Trained fieldworkers collected the data
through standardised questionnaires across the waves;
household questionnaire, adult questionnaire for adults
aged 15years and older, proxy questionnaire for non-
available adults, and child questionnaires for children
aged between 0 and 14years. This paper used data from
the 2008-2017 NIDS waves based on the adults (contain-
ing WCBA) and household questionnaires.

Participants

The analysis included adult non-pregnant women aged
between 15 and 49years (i.e., WCBA). This definition
includes lactating women.

Definitions of key variables
Table 1 contains a description of the key variables used in
this paper.

Dependent variable

According to the WHO, and as used in the present study,
overweight and obesity in adulthood were classified
as BMI of >25kg/m? and >30kg/m? respectively [52]
(Table 1).

Explanatory variables

Guided by the social determinants of health concept
[54], several predictors of overweight and obesity were
selected (see Table 1). Previous literature, the availabil-
ity of the variables in the datasets, and the comparabil-
ity of variables across datasets also guided the selection
of predictors. Explanatory variables, as shown in Table 1,
include age and population groups, education, area of
residence, smoking status and socioeconomic quintiles.
Population group was categorised as Black-African or
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Variable Definition

Overweight A body mass index (BMI) > 25 kg/m? [52]
Obesity A BMI>30kg/m? [52]

Age category 1 A woman aged between 15years and 24 years
Age category 2 A woman aged between 25 years and 34 years
Age category 3 A woman aged between 35years and 49 years
Black African' Women self-identified as black African race

Non-black African

No schooling/primary education®
Secondary education

Tertiary education”

Rural

Urban

Quintiles of socioeconomic status’

Women self-identified as white, coloured and Asian race

A dummy variable for a woman with no education or only primary education
A dummy variable for a woman with secondary education

A dummy variable for a woman with tertiary education

A woman residing in a rural location

A woman residing in an urban location

Quintile 1=1ifa woman is in the poorest socioeconomic group; 0 otherwise

Quintile 2=1 if a woman is in the second poorest socioeconomic group; 0 otherwise
Quintile 3=1 ifa woman is in the middle socioeconomic group; 0 otherwise
Quintile 4=1 if a woman is in the second richest socioeconomic group; 0 otherwise
Quintile 5=1 if a woman is in the richest socioeconomic group; 0 otherwise

Current smoking status

No =0 if woman does not currently smoke tobacco including cigarettes

Yes=1 if woman currently smokes tobacco including cigarettes

Notes':The self-identified black race group dominates in South Africa with previous studies reporting the existence of racial disparities for obesity and overweight
[53]; 3No schooling and primary education are combined due to small numbers?; Tertiary education refers to education attained post-secondary school. This includes
certificates, diplomas, bachelors, master’s and doctoral degrees®;Quintiles of socioeconomic status are based on household expenditure per capita for the NIDS

datasets and household wealth index for the SADHS datasets

non-black African because self-identified black race
group dominates in South Africa with previous studies
reporting the existence of racial disparities for obesity
and overweight [53].

Statistical analysis

There was a nationally representative sample of 5403
WCBA in the 1998 SADHS, 7298 women in the 2008
NIDS, 7713 women in the 2010-2011 NIDS, 8683 in the
2012 NIDS, 9703 in the 2014—2015 NIDS and 8210 in the
2016 SADHS and 10,267 in the 2017 NIDS. We computed
the descriptive statistics for continuous and categorical
data. The continuous variable (i.e., age) was expressed as
mean and standard deviation (SD). The categorical vari-
ables were expressed as percentages. Descriptive statis-
tics were estimated by subgroup (i.e., population group,
education, area of residence, current smoking status and
socioeconomic quintile). The prevalence of overweight
and obesity for WCBA across the key variables in Table 1
(except for smoking status) and the corresponding 95%
confidence intervals (Cls) were estimated in each survey
year. The patterns of the prevalence of overweight and
obesity were assessed between periods. Also, an infer-
ential assessment using simple t-statistics was used to
assess if the prevalence of overweight or obesity across
the key variables (except for smoking status) was statisti-
cally different between periods [55].

The effect of each explanatory variable on BMI sta-
tus was examined using multiple logistic regression
models. In the multiple logistic regression analysis, the
reference group for the dependent variable (not being
overweight or obese) was compared to other catego-
ries (obese vs not obese; and overweight vs not over-
weight). The significance of each explanatory variable
in predicting overweight or obesity was determined
using the likelihood ratio test, which gives p-values for
each predictor in the model. The outputs of the models
were presented using adjusted odds ratios (AOR) and
95% Cls. The multiple logistic regression models were
adjusted for age, population group, education, area of
residence, current smoking status, and socioeconomic
quintiles. The level of significance was set at p <0.05.

All analyses were adjusted for the sample design
(cluster and sample weight) and performed in Stata ver-
sion 15 [56].

Results

Descriptive summary

The mean age of women was approximately 30years
between 1998 (mean 29.8, SD 9.71) and 2017 (mean
30.3, SD 9.48), with Black Africans forming the pre-
dominant population group (Table 2). Over half of the
women had attained secondary education, over 60%
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Table 2 Descriptive statistics of the sample of women of childbearing age between 15 and 49years by time period, South Africa

Variables Survey year
%
95% Cl
1998 2008 2010/2011 2012 2014/2015 2016 2017
Sample 5403 7298 7713 8683 9703 8210 10,267
Age, mean (SD) 29.8(9.71) 29.7 (9.87) 29.6 (9.88) 29.8 (9.75) 30.0 (9.79) 304 (9.80) 30.3 (948)
Population group
Black African 784 79.5 80.1 80.9 81.7 86.7 82.1
75.9-80.7 74.3-83.8 74.8-84.6 75.5-854 76.9-85.6 84.4-88.7 77.8-85.7
non-Black African 216 205 19.9 19.1 18.3 133 17.9
19.3-24.1 16.2-25.7 154-25.2 14.6-24.5 14.4-23.1 11.3-154 14.3-22.2
Education
No school/primary 419 18.7 15.6 13.6 10.7 11.0 7.8
39.9-439 16.9-20.7 14.0-174 12.0-153 9.6-12.0 9.9-12.2 6.9-8.8
Secondary 51.1 679 69.9 69.9 71.6 77.2 714
49.2-53.0 65.9-69.8 67.9-71.8 67.9-71.9 7.0-734 7.6-79 6.9-73.3
Tertiary 7.0 134 14.5 16.5 176 11.8 20.8
6.1-8.1 114-15.7 12.7-16.5 14.5-18.6 15.9-19.6 104-134 18.8-229
Area of residence
Rural 36.4 372 39.8 399 39.0 328 34.8
34.9-38.1 324-423 343-456 34.6-454 34.1-44.1 30.6-35.2 304-395
Urban 63.6 62.8 60.2 60.1 61.0 67.2 65.2
61.9-65.1 57.7-67.6 54.4-65.7 54.6-654 55.9-65.9 64.8-69.4 60.5-69.6
Current smoking status 11.5 89 78 6.5 7.7 6.9 6.7
Yes 10.3-129 7.2-109 5.9-103 49-86 5.8-10.0 5.8-8.2 54-8.1
885 91.1 922 935 923 93.1 933
No 87.1-89.7 89.1-92,8 89.7-94.1 91.4-95.1 90.0-94.2 91.8-94.2 91.9-94.6
Socioeconomic status quintile
1 (poorest) 149 20.1 20.0 19.9 20.0 19.3 20.1
13.1-16.8 17.7-22.7 17.6-22.7 17.4-22.8 17.6-22.7 16.7-22.2 17.7-22.8
2 (poor) 184 19.9 20.0 20.0 19.9 19.9 20.0
16.6-20.5 17.9-22.1 17.9-22.2 18.0-22.1 18.0-22.0° 18.0-219 18.1-22.0
3 (middle) 20.5 20.0 20.1 20.0 20.1 211 20.0
18.6-22.6 17.8-224 18,2-22.1 17.9-223 18,3-22.0 19.2-23.2 18.3-219
4 (rich) 237 20.0 20.0 20.0 199 208 202
21.4-26.1 17.8-224 17.7-224 18.0-22.2 18.0-22.0 18.7-23.2 18.4-22.1
5 (richest) 22.5 20.0 20.0 20.0 20.0 18.8 19.7
20.3-24.9 16.3-24.2 164-24.2 16.5-24.1 17.3-23.1 16.2-21.8 16.9-22.7

SD standard deviation, % percent, 95% Cl 95% confidence interval

women resided in urban areas, and about 6.5-11.5%
were currently smoking.

Changes in the prevalence of overweight and obesity

over time

Overall prevalence

The overweight prevalence for WCBA increased
from 51.3% (95% CI 49.6-53.0) in 1998 to 62.3% (95%
CI 60.0-64.6) in 2016 (p<0.0001), but fell in 2017
(60.0%;95% CI 58.1-61.9) to a lower level than it was

in 2016 (p=0.0180). However, the difference of prev-
alence estimates between 1998 and 2017 were sta-
tistically significant (p<0.0001) (Fig. 1). Similarly,
obesity prevalence increased from 24.7% (95% CI
23.3-26.2%) in 1998 to 35.7% (95% CI 33.4-38.0%) in
2016 (p<0.0001), but fell slightly in 2017 (35.2%;95%
CI 33.3-37.1%) to a lower level that it was in 2017
(p=0.6411). Here also, the difference of prevalence
estimates between 1998 and 2017 were statistically sig-
nificant (p <0.0001).
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Fig. 1 Overweight and obesity prevalence for women aged 15-49years from 1998 to 2017, South Africa. Error bars represent 95% confidence

intervals
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Prevalence stratified by age group

After stratifying by age group, the overweight preva-
lence remained higher among older than younger women
between 1998 and 2017 (Fig. 2). In 1998, the overweight
prevalence was higher among women aged 35-49years
(70.8%) compared to those aged 25-34years (55.9%) or
aged 15—24years (29.1%). In 2017, the pattern remained
similar with the estimate higher among women aged
35-49years (74.5%) compared to those aged 25—-34 years
(67.3%) or aged 15-24years (36.4%). Increasing preva-
lence of overweight was seen in women aged 15-24 years
(29.1% in 1998 to 36.4% in 2017; p <0.0001), 25-34 years
(55.9% in 1998 to 67.3% in 2017; p<0.0001) and
35—49years (70.8% in1998 to 74.5% in 2017; p <0.0001),
although there were no statistically significant differences
for some of the periods.

Similarly, obesity prevalence remained higher among
older than younger women between 1998 and 2017
(Fig. 2). In 1998, the obesity prevalence was higher
among women aged 35-49years (39.6%) compared to
those aged 25-34years (26.8%) or 15-24years (9.0%). In
2017, the estimate was also higher among women aged
35—-49years (49.3%) compared to those aged 25-34years

(40.5%) or 15-24years (14.4%). Obesity prevalence also
increased for women aged 15—24years (9.0% in 1998 to
14.4% in 2017; p<0.0001), 25—34years (26.8% in 1998 to
40.5% in 2017; p<0.0001) and 35—49years (39.6% in 1998
to 49.3% in 2017; p <0.0001). However, there were no sta-
tistically significant differences in prevalence estimates
for some periods.

Prevalence stratified by population group
The results after stratifying overweight and obesity
prevalence by population group were different in pat-
tern. In 1998, overweight and obesity occurred more in
the self-identified Black African population group than
the self-identified non-Black African population group.
The gap in overweight and obesity prevalence between
the self-identified Black African population and the non-
Black African population reduced significantly since 2008
(Fig. 3). In some cases, overweight and obesity prevalence
was higher among the non-Black African than Black Afri-
can population groups.

Generally, except for a few years, the overweight
and obesity prevalence among the self-identified Black
African and the non-Black African population groups
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for women aged 15-49years from 1998 to 2017. Error bars represent 95%

increased between 1998 and 2017 (p<0.0001), though
there were no statistically significant differences for adja-
cent periods. For example, between 1998 and 2017, the
obesity prevalence among the self-identified non-Black
African population rose from 21.3 to 33.5% (p<0.0001)
and from 25.6 to 35.5% (p <0.0001) among the self-identi-
fied Black African population group. Even though the dif-
ference in prevalence estimates of obesity and overweight
among the self-identified Black African and the non-
Black African population groups were not statistically
significant for the adjacent years, they were statistically
significant when the prevalence in 1998 was compared to
that in 2017 (p <0.0001) (Fig. 3).

Prevalence stratified by education

In 1998, women with no schooling/primary education
and women with secondary education had a higher over-
weight prevalence than those with tertiary education
(Fig. 4). By contrast, since 2008, women with tertiary
education had a higher overweight prevalence than those
with no schooling/primary/secondary education. The
overweight prevalence among those with no schooling/

primary education has not changed between 1998 and
2017 (56.6% versus 58.3%; p=0.0703) (Fig. 4). In 1998,
the overweight prevalence among those with no school-
ing/ primary education was 56.6% (95% CI of 53.9 to
59.3%). In 2017, the prevalence increased to 58.3% (95%
CI of 53.7 to 62.8%). Similarly, the overweight prevalence
among women who had a secondary education rose from
48.1 to 57.9% (p <0.0001), between 1998 and 2017. Also,
overweight prevalence among women who had tertiary
education increased from 42.3% in 1998 to 68.2% in 2017
(p<0.0001)).

Like the overweight results, women with no schooling/
primary education and those with secondary education
had a higher obesity prevalence than those with tertiary
education in 1998 (Fig. 4). However, the pattern changed
since 2010 as women with tertiary education had a higher
obesity prevalence than those with secondary, primary or
no formal education. The trend for obesity was margin-
ally different from that of overweight, where prevalence
estimates among women with no schooling/ primary
education appeared to have risen between 28.8% in 1998
and 37.3% in 2017 (p <0.0001).
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Prevalence stratified by area of residence

The urban-rural disparity in overweight and obesity
prevalence decreased steadily between 1998 and 2017.
As shown in Fig. 5, the overweight prevalence among
urban residents steadily increased between 1998 and
2016 (from 53.8 to 63.1%; p <0.0001) but fell slightly in
2017 (60.7%) to a level lower than in 2016 (p =0.0095).
However, the differences in prevalence estimates
between 1998 and 2017 were statistically significant
(p<0.0001). While overweight prevalence among
rural residents also steadily increased between 1998
and 2016 (from 47.0 to 61.0%; p <0.0001), it had fallen
slightly in 2017 (58.7%) to a level lower than in 2016
(»=0.0370), with the difference of prevalence estimates
between the 1998 and 2017 were statistically significant
(p<0.0001). The obesity prevalence among urban resi-
dents steadily increased between 1998 and 2016 (from
27.4 to 36.7%; p <0.0001), but dropped in 2017 (37.3%)
to a level lower than in 2017 (p=0.5116). Again, the

differences in prevalence estimates between 1998 and
2017 were statistically significant (» <0.0001) (Fig. 5).
The obesity prevalence among rural residents also
steadily increased between 1998 and 2016 (from 20.0 to
34.0%; p<0.0001), but fell slightly in 2017 (31.7%) to a
level lower than in 2016 (p=0.0363). Again, the differ-
ences in prevalence estimates between 1998 and 2017
were statistically significant (p <0.0001).

Prevalence stratified by smoking status

Generally, except for a few years, the overweight and
obesity prevalence among WCBA currently smoking and
those not smoking increased significantly between 1998
and 2017 (Fig. 6). For example, between 1998 and 2017,
the obesity prevalence among WCBA currently smok-
ing rose from 23.3 to 27.5% (p <0.0001) and from 24.5 to
35.8% (p<0.0001) among those not smoking.
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Over the period, overweight and obesity prevalence
was generally lower among those currently smoking
than those not smoking. In some cases, overweight and
obesity prevalence was similar among WCBA currently
smoking and not smoking (Fig. 6).

Prevalence stratified by socioeconomic status

The differences in the prevalence of overweight and obe-
sity were more pronounced between the lowest and high-
est socioeconomic quintiles than between the middle
and highest socioeconomic quintiles. As shown in Fig. 7,
the overweight prevalence among women in the lowest
socioeconomic quintile increased from 46.6% in 1998 to
54.5% in 2016 (p<0.0001). The prevalence dropped in
2017 (50.7%) to a level lower than in 2016 (p =0.0004),
although there were no statistically significant differences
for some periods. Also, overweight prevalence among
women in the highest socioeconomic quintile increased
from 50.8% in 1998 to 65.9% in 2016 (p<0.0001) but
decreased slightly in 2017 (64.1%) to a level lower than
it was in 2016 (p=0.03). A similar pattern existed for

obesity prevalence across the socioeconomic quintiles.
For example, among women in the lowest socioeconomic
quintile, obesity prevalence appeared to be on an upward
trend between 1998 and 2016 (18.6% in 1998 to 26.9% in
2016; p<0.0001). The obesity prevalence in 2017 (26.9%)
had since decreased to a level lower than it was in 2016,
but not statistically significant (p=0.4455). Across all
the socioeconomic quintiles, the obesity prevalence in
2017 was significantly higher than the estimates in 1998
(p<0.0001).

Determinants of overweight and obesity

Age group

The odds of being overweight and obese were signifi-
cantly higher with increasing age (Tables 3 and 4). For
example, in 1998, women in all the older age groups (25—
34years and 35-49years age groups), compared to those
in the 15-24years age group, had higher odds of being
overweight (25-34years versus 15-24years, AOR 3.11,
95% CI 2.60-3.72; 35—49years versus 15—-24years, AOR
6.60, 95% CI 5.39-8.09) (Table 3). Similarly, the odds of
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being obese are higher in all the older age groups com-
pared to the 15-49years age group (25-34years versus
15-24years, AOR .71, 95% CI 2.91-4.71; 35—-49years ver-
sus 15-24 years, AOR 6.87, 95% CI 5.40—-8.73) (Table 4).

Population group
In 1998 and 2016, women who self-identified as Black
African had higher odds of being overweight and obese
than those who self-identified as non-Black African
(Tables 3 and 4).

Education

In most years (except for 1998 and 2016), the odds of
being overweight and/or obese were higher in women
having a secondary education than in the reference cat-
egory (no schooling/primary school education) (Tables 3
and 4). In 1998, the odds of being overweight and
obese was lower in women having a tertiary education

compared to those having no schooling/primary school
education. Whereas in 2012 and 2014/2015, women
having tertiary education, compared to no schooling/
primary school education, had a higher odds of being
overweight and/or obese.

Socioeconomic status

The odds of being overweight and obese increased with
wealth as women living in wealthier households had
greater odds of being overweight or obese than those

living in households with lower socioeconomic status
(Tables 3 and 4).

Current smoking status

In general, smoking was inversely associated with over-
weight and obesity. Smoking reduced the odds of being
overweight and/or obese (Tables 3 and 4). Compared to
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Table 3 Determinants of overweight among women of childbearing age in South Africa

Survey year
AOR (95% ClI)
Determinants 1998 2008 2010/2011 2012 2014/2015 2016 2017
Age
15-24 1 1 1 1 1 1 1
25-34 307 2.54%% 2.83%* 3.19%% 3.08*** 2.99%** 357
(260-3.72) (2.02-3.18) (2.27-3.54) (267-3.82) (2.59-3.65) (2.39-3.73) (3.00-4.11)
35-49 6.60%** 5.35%%* 5.24%%% 6.64%%* 5.65%%* 5.98%** 5.28%**
(5.39-8.09) (4.32-6.63) (4.14-6.63) (544-8.11) (4.72-6.75) (4.54-7.87) (4.52-6.17)
Population group
Non-Black African 1 1 1 1 1 1 1
Black African 1.69%%* 1.04 1.39 134 1.25 1.42% 1.12
(1.35-2.11) (0.73-1.48) (0.95-2.04) (0.98-1.83) (0.94-1.67) (1.01-2.00) (0.89-141)
Education
No schooling/Primary 1 1 1 1 1 1 1
Secondary 097 1.30% 1.43** 1.78*** 1.36** 1.25 1.30%
(0.82-1.15) (1.05-1.62) (1.14-1.79) (1.36-2.32) (1.11-1.66) (091-1.72) (1.03-1.64)
Tertiary 0.56*** 1.33 1.39 1.71%* 1.70%%% 1.10 1.28
(0.41-0.76) (0.93-1.88) (0.99-1.96) (1.21-2.42) (1.24-2.33) (0.70-1.73) (0.95-1.73)
Area of residence
Rural 1 1 1 1 1 1 1
urban 1.25% 1.15 1.16 1.10 092 0.92 098
(1.02-1.53) (0.90-1.45) (0.92-147) (0.91-1.34) (0.76-1.11) (0.73-1.16) (0.81-1.19)
Current smoking status 0.61%** 0.63** 081 0.86 0.73 0.92 0.62**
(0.48-0.79) (0.45-0.88) (0.48-1.39) (0.49-1.52) (0.50-1.07) (0.60-1.42) (0.47-0.84)
Socioeconomic quintiles
1 (poorest) 1 1 1 1 1 1 1
2 (poor) 1.12 1.07 TA7** 1.24 1.16 1.32 1.19
(0.84-1.49) (0.82-1.39) (1.13-1.91) (0.99-1.55) (0.93-1.44) (0.99-1.77) (0.98-1.43)
3 (middle) 1.15 1.16 1.35 0.96 1.54%%% 1.59%* 1.30%
(0.87-1.53) (0.87-1.54) (0.99-1.83) (0.74-1.24) (1.24-191) (1.18-2.13) (1.03-1.63)
4 (rich) 1.27 1.36 1.26 1.32 1.65%%% 1.56% 1.66%%*
(0.92-1.75) (0.99-1.87) (0.91-1.75) (0.99-1.76) (1.26-2.18) (1.09-2.22) (1.30-2.12)
5 (richest) 1.35 1.24 1.38 1.40 1.39* 1.62% 1.39*
(0.95-1.94) (0.79-1.96) (0.92-2.07) (0.98-2.02) (1.00-1.92) (1.06-2.46) (1.04-1.87)
Constant 0.21%** 0.35%** 0.25%** 0.21%% 0.29%** 0.30%** 0.34***
(0.15-0.30) (0.22-0.54) (0.15-041) (0.14-0.33) (0.20-043) (0.19-0.50) (0.24-0.48)
Observations 4993 5785 6286 7594 9034 3262 9342
AOR Adjusted odds ratio, 95% CI 95% confidence intervals in parentheses
*** p<0.001, ** p<0.01, * p<0.05
women residing in rural areas, those residing in urban  Discussion

areas had significantly greater odds of being overweight
(AOR 1.25, 95% CI 1.02-1.53) and obese (AOR 1.32,
95% CI 1.03-1.70) in 1998. In 2017, women residing in
rural areas compared with those residing in urban areas
had significantly greater odds of being obese (AOR
1.23, 95% CI 1.00-1.52). The effect of urbanicity on
overweight and obesity was not statistically significant
for the other years.

This study assessed the changes in the prevalence of over-
weight and obesity between 1998 to 2017 for non-preg-
nant women aged 15 to 49years in South Africa. It also
examined the determinants of overweight and obesity.
The paper found a general upward trend in overweight
prevalence from 51.3 to 60.0% and obesity from 24.7 to
35.2% over the period. Overweight and obesity preva-
lence remained higher for older than younger women. In
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Table 4 Determinants of obesity among women of childbearing age in South Africa

Survey year
AOR (95% ClI)
Determinants 1998 2008 2010/2011 2012 2014/2015 2016 2017
Age
15-24 1 1 1 1 1 1 1
25-34 3.77%% 2.79%%* 3.24%%* 3.74%%* 3.65%** 3.24%% 3.95%%
(291-4.71) (2.17-3.59) (255-4.12) (3.01-4.65) (3.01-4.42) (242-433) (3.28-4.75)
35-49 6.87%** 6.46%** 5.88*** 6.53*** 6.34*** 6.61%** 5.86***
(5.40-8.73) (5.05-8.28) (4.70-7.37) (5.28-8.06) (5.17-7.77) (5.10-8.57) (4.89-7.02)
Population group
Non-Black African 1 1 1 1 1 1 1
Black African 1.771%%* 1.21 1.31 1.46* 0.98 1.52% 1.03
(1.33-2.19) (0.86-1.70) (091-1.91) (1.01-2.11) (0.73-1.31) (1.01-2.29) (0.82-1.30)
Education
No schooling/Primary 1 1 1 1 1 1 1
Secondary 0.90 1.11 1.29* 1.34* 1.06 1.19 1.03
(0.73-1.10) (0.91-1.35) (1.04-1.60) (1.07-1.67) (0.86-1.30) (0.87-1.63) (0.82-1.30)
Tertiary 0.59** 093 1.29 1.38* 1.24 1.00 1.07
(0.40-0.85) (0.67-1.27) (0.94-1.78) (1.01-1.88) (0.92-1.66) (0.65-1.55) (0.80-1.41)
Area of residence
Rural 1 1 1 1 1 1 1
urban 1.32% 1.23 1.29* 1.24 1.09 0.88 1.23*%
(1.03-1.70) (0.95-1.59) (1.03-1.63) (0.99-1.54) (0.88-1.35) (0.69-1.13) (1.00-1.52)
Current smoking status 0.68* 0.73 0.87 1.21 0.65* 1.12 0.57%**
(0.50-0.93) (0.50-1.07) (0.51-1.50) (0.74-1.97) (0.44-0.96) (0.70-1.78) (0.43-0.74)
Socioeconomic quintiles
1 (poorest) 1 1 1 1 1 1 1
2 (poor) 124 1.13 1.85%% 1.23 1.09 140 1.28*
(0.89-1.72) (0.82-1.56) (1.36-2.52) (0.96-1.56) (0.86-1.38) (1.00-1.96) (1.03-1.58)
3 (middle) 1.47% 123 1.77% 0.89 1.49% 1.84%%% 1.45%*
(1.04-2.07) (0.90-1.68) (1.26-2.48) (0.67-1.18) (1.16-1.93) (1.29-2.63) (1.10-1.91)
4 (rich) 1.76** 137 1.70%* 147% 1.34 1.79** 1.60%%*
(1.22-2.53) (0.94-1.99) (1.16-2.50) (1.07-2.01) (0.96-1.87) (1.22-2.61) (1.24-2.06)
5 (richest) 1.74%* 127 1.78** 1.63* 1.26 2.19%* 1.15
(1.18-2.56) (0.80-2.04) (1.17-2.70) (1.09-2.45) (0.87-1.82) (1.33-3.59) (0.84-1.57)
Constant 0.042%** 0.085*** 0.060*** 0.057*** 0.127%** 0.073%** 0.77%**
(0.027-0.063) (0.053-0.14) (0.037-0.097) (0.036-0.089) (0.084-0.19) (0.041-0.13) (0.076-0.16)
Observations 4993 5785 6286 7594 9034 3262 9342

AOR Adjusted odds ratio, 95% Cl 95% confidence intervals in parentheses
**% 1 <0.001, ** p<0.01, * p<0.05

1998, women with no schooling/primary education and
those with secondary education had a higher overweight
and obesity prevalence than those with tertiary education.
This pattern was reversed in 2017. Also, the prevalence
of overweight and obesity tended to be higher among
women from wealthier socioeconomic backgrounds than
their counterparts from less wealthy backgrounds. For
most women, the prevalence of overweight and/or obesity
in 2017 was significantly higher than the estimate in 1998.

Significant predictors of overweight and obesity included
increased age, self-identifying with the Black African pop-
ulation group, higher educational attainment, residing in
an urban area, and wealth. Smoking was inversely associ-
ated with being overweight and obese.

South Africa is undergoing a nutrition transition, char-
acterised by an increasing prevalence of overweight
and obesity. Our finding that overweight and obesity

increased over time was consistent with previous studies
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from sub-Saharan Africa [27, 31-34]. Many factors could
account for this rise in prevalence over time in South
Africa, including rapid economic development since
the new democracy in 1994, urbanisation and increased
female labour force participation (i.e. working outside
the home) [57]. Working women tend to have low-energy
jobs, and mobility is less energy-intensive because of
shorter commutes and the use of motorised transpor-
tation. Furthermore, time constraint is a challenge for
many women in preparing healthy meals because of long
working hours and having greater access to processed
foods. The South African National Health and Nutri-
tion Examination Survey (SANHANES) [41] indicated
that more older men and women ate outside their homes
every month than their younger counterparts (24.1% for
15-24years; 25.9% for 15-34years, 32.2% for 35—44years
and 33.4% for 45-54years). The Growth, Employment
and Redistribution (GEAR) Policy in 1996 liberalised the
South African economy, leading to the rapidly changing
food environment. This significantly increased the num-
ber of large transnational food and beverage industries,
supermarkets and fast-food chains [58—60]. These con-
tributed to the widespread availability and acceptability of
cheap processed foods; people changed diets from tradi-
tional to Western lifestyle diets with more processed high
energy-dense foods of poor quality and low nutritional
value coupled with increased sedentary lifestyles [8, 9].
Consistent with previous studies from sub-Saharan
Africa, overweight and obesity prevalence varies by age
groups, educational attainment, urban/rural residence,
socioeconomic status, race/ethnicity [31-33]. Similar to
previous studies from South Africa and elsewhere [25,
28], this paper found that the odds of being overweight
and obese were significantly higher with increasing age.
This relationship was consistent over time and could be
due, in part, to the increased physical inactivity among
older women and increased weight gain during this
life stage [36, 61, 62]. Also, increased consumption of
unhealthy food and convenient foods (i.e. food prepared
outside the home, takeaways, and readymade meals) as
discussed above may compound overweight and obesity
in women in South Africa during this life stage [63, 64].
This study finds that in 1998 and 2016, the odds of
being overweight and obese was greater among women
who self-identified as Black African population group
than the non-Black African population group. This
observed relationship may be partly due to not only
nutrition transition [8, 9] but to other factors, includ-
ing the impact of changes in the food environment'

! The food environment refers to “the collective physical, economic, policy
and socio-cultural surroundings, opportunities and conditions that influence
people’s food and beverage choices and nutritional status ”[65]
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towards unhealthy eating [66] for the different popula-
tion groups residing in neighbourhoods perceived to be
unsafe (which limits ability and willingness to engage in
physical activities), culture, socioeconomic status and the
built environment (which constitute obstacles to physical
activity) [67]. In addition, the observation might be due
to the perception of larger body size as a sign of wealth in
the Black African population group [67].

Our study finds that, in 2012 and 2014/2015, women
having tertiary education, compared to no schooling/pri-
mary school education, had a higher odds of being over-
weight and/or obese. In addition, in most years (except
for 1998 and 2016), the odds of being overweight and/
or obese was higher in women having a secondary edu-
cation compared to those with no schooling/primary
school education. This corroborates other studies from
sub-Saharan Africa [68—72]. Those with higher education
tend to have less energy-demanding jobs, be more physi-
cally inactive and have sedentary lifestyles [73]. By con-
trast, we find that in 1998, the odds of being overweight
and obese was lower in women having a tertiary educa-
tion compared to those having no schooling/primary
school education. This is consistent with the findings
of Puoane and colleagues [74] that women with tertiary
education had a lower BMI than those with some school-
ing, maybe because they are more aware of the health
benefits of physical activity. Micklesfield and colleagues
[67] suggested that this finding may be due to the wide
distributions of education and socioeconomic status
among the South African population just after the coun-
try became a democracy in 1994.

Consistent with previous studies from sub-Saharan
Africa [32, 33], this paper finds that in 1998 and 2017,
women residing in urban areas had a higher odds of
being overweight or obese than those who resided in
rural areas. The finding of a higher odds of overweight
and obesity in urban areas is due to the westernised diets,
processed food consumption and lifestyles, including
increased physical inactivity and sedentary behaviour
characteristic of the urban populations [7]. Furthermore,
the SANHANES indicated that more men and women
living in formal urban settlements have ever eaten out-
side the home (57.3%) than those living in formal rural
settlements (36.4%) [41].

Also, in line with the studies from South Africa [75-77]
and other sub-Saharan African countries [31-33, 36, 70,
72, 78, 79], women living in wealthier households had
higher odds of being overweight and obese compared
to those in lower socioeconomic groups. The relation-
ship between socioeconomic status and overweight or
obesity was consistent over time, suggesting an inverse
socioeconomic gradient in overweight and obesity occur-
ring in the context of the nutrition transition [8, 9]. While
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there may be the perception of larger body size as a sign
of wealth [67], there is still no clear explanation for this
gradient.

In general, the study found that WCBA who currently
smoke had a lower prevalence of overweight and obe-
sity than those who did not smoke. A few years were an
exception to this trend; however, WCBA who currently
smoke, had similar overweight and obesity prevalence
to those who did not smoke. In keeping with previous
studies from South Africa [40], smoking was inversely
associated with being overweight and obese, which
may explain its ability to increase energy expenditure
and suppress appetite leading to weight loss [40, 80].
As such, smokers will need support to find alterna-
tive ways to lose weight such as exercise when quitting
smoking.

The COVID-19 pandemic has highlighted the impor-
tance of caring for those with conditions such as obe-
sity and overweight as these conditions put them at a
greater risk of death and severe COVID-19 [4, 5]. With
the COVID-19 pandemic and high prevalence of obe-
sity among WCBA in South Africa, to minimise adverse
consequences, there is an urgent call to prioritise the vul-
nerable populations through timeous vaccination, test-
ing and detection, and providing prompt and aggressive
treatment for obese patients [5] even before their condi-
tions become severe.

Policy implications

This study has some policy implications. The current
tax on sugar-sweetened beverages [81] highlights an
example of the government’s commitment to fight-
ing non-communicable diseases, including obesity and
overweight in South Africa. However, the high preva-
lence and pattern of overweight and obesity among
WCBA reported in this paper means the government
needs to complement the sugar-sweetened bever-
age tax with other policies to address overweight and
obesity. Although many essential food items, includ-
ing “healthy” food items, are exempted from value-
added tax in South Africa [82], they could be further
subsidised to increase accessibility and availability [2].
There is also a need for awareness-raising campaigns
promoting healthy eating and lifestyles among WCBA
[21], bearing in mind that the risk of obesity increases
with age. Regular anthropometric measurement is cru-
cial for confirming overweight or obesity status and for
timely interventions [83]. Based on the study findings,
we advocate for routine weight monitoring in WCBA to
identify sub-population groups that need timely action.
These women should regularly check their weight at
home or during health visits [21]. Moderate to vigorous
physical exercise is recommended for at least 150 min
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a week to maintain good health [21]. To maintain a
healthy weight, women need to exercise regularly. How-
ever, having a safe physical environment for exercise is
an issue in South Africa [84]. In addition to advocat-
ing for increased physical activities among WCBA, the
government should secure the physical environment to
enhance physical exercise, given the relatively high bur-
den of overweight and obesity reported in this paper.
The finding of a more rapidly increasing prevalence of
overweight and obesity between 1998 and 2017 in rural
areas compared to urban areas was consistent with pre-
vious literature [85], citing shifts from eating healthy to
unhealthy food among rural residents, to be responsi-
ble for the trend. The finding suggests the need for the
government to promote access (including availabil-
ity and affordability) to good quality food in rural and
urban areas. There is also a need for action on the social
determinants of health reported in this paper to reduce
the burden of obesity and overweight among WCBA in
South Africa.

Strengths and limitations of the study

This study has some strengths and limitations. The
use of comparable nationally representative second-
ary data, covering two decades, allowed for applying
sampling weights and generalising the results. Also,
an objective measure of BMI was used to categorise
women as overweight and obese. This study uses only
non-pregnant women because BMI measures can be
conflated by pregnancy. Employment as an impor-
tant explanatory variable was omitted because it was
not collected in the same way between these datasets.
Moreover, employment is another measure of socio-
economic status that could also be correlated with,
for example, education already included in the model.
Some risk factors associated with overweight and obe-
sity were not contained in the datasets. Examples of
risk factors not contained in the datasets but associated
with higher odds of overweight and obesity include
Increased parity [38], increased television viewing or a
sedentary lifestyle [38, 39].

Recommendations for future research

We recommend future research in several areas. Fur-
ther research needs to assess changes over time in soci-
oeconomic inequality in overweight and obesity among
WCBA and to decompose this inequality into determi-
nants to identify their contribution to inequality. Future
research could also be conducted to investigate whether
changes in processed food consumption patterns, a likely
determinant of overweight and obesity, occurred in
households and explore how that affects socioeconomic
inequality in overweight and obesity.
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Conclusion

In South Africa, overweight and obesity prevalence
increased among non-pregnant WCBA, especially older
women. Prevention of overweight and obesity by focus-
ing on the most affected groups identified in this paper
is critical to reduce the health problems. Several oppor-
tunities exist to prevent and reduce the burden of obesity
in WCBA in South Africa as highlighted in this paper,
including action on many determinants of health. In the
context of COVID-19 and for South Africa to meet key
national targets. There is a need to focus on older women,
those self-identified as Black African, with higher educa-
tional attainment, residing in urban areas, and wealthy.

Abbreviations

%: Percent; 95% Cl: 95% confidence interval; AOR: Adjusted odds ratio; BMI:
Body Mass Index; COVID-19: Corona-virus disease 2019; CSM: Continuing Sam-
ple Member; EAs: Enumeration Areas; GEAR Policy: Growth, Employment and
Redistribution Policy; kg: kilogram; LMICs: Low- and middle- income countries;
m?% metre squared; NIDS: National Income Dynamics Study; SANHANES: South
African National Health and Nutrition Examination Survey; SA: South Africa;
SD: Standard deviation; WCBA: Women of childbearing age; WHO: World
Health Organization.

Acknowledgements
Not applicable.

Authors’ contributions

MDN carried out the statistical analysis with input from JEA and wrote the
first draft of the manuscript. All authors helped to conceptualise the research,
reviewed the results, helped to revise the manuscript, read approved the final
version of the manuscript submitted for publication.

Funding

The work reported herein was made possible through funding by the South
African Medical Research Council (SAMRC) through its Division of Research
Capacity Development under the National Health Scholarship Programme
from funding received from the Public Health Enhancement Fund/South Afri-
can National Department of Health. The content hereof is the sole responsibil-
ity of the authors and does not necessarily represent the official views of the
SAMRC. JEA is supported by the South African Research Chairs Initiative of the
Department of Science and Technology and the National Research Founda-
tion. The funder had no role in the design of the study and collection, analysis,
and interpretation of data and in writing the manuscript.

Availability of data and materials

The datasets analysed during the current study are publicly available in the
DataFirst open research data repository based at the University of Cape Town
[www.datafirst.uctac.zal and the DHS Program repository [https://www.dhspr
ogram.com/Data/]. Data are accessed free of charge upon registration on the
DataFirst portal [86-91] and the DHS Program repository [11].

Declarations

Ethics approval and consent to participate

Although datasets were publicly available, ethics approval was obtained from
the Human Research Ethics Committee at the University of Cape Town (Refer-
ence 409/2019).

Consent for publication
Not applicable.

Competing interests
The authors report no conflict of interest.

Page 16 of 18

Author details

"Health Economics Unit, School of Public Health & Family Medicine, Faculty
of Health Sciences, University of Cape Town, Cape Town 7925, South Africa.
Department of Community Health Sciences, Max Rady College of Medicine,
Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, Canada.

Received: 7 February 2021 Accepted: 19 January 2022
Published online: 25 February 2022

References

1. World Health Organization. Obesity and Overweight Fact sheet. 2017.

2. Shekar M, Popkin B. Obesity health and economic consequences of an
impending global challenge. Washington, D. C: World Bank Publications;
2020.

3. Lake A, Townshend T. Obesogenic environments: exploring the built
and food environments. J R Soc Promot Heal. 2006;126(6):262-7.

4. Zhang J, XuY, Shen B, He H, Liu M, Zhao M, et al. The association
between obesity and severity in patients with coronavirus disease
2019: a retrospective, single-center study, Wuhan. Int J Med Sci.
2021;18(8):1768-77. https://doi.org/10.7150/ijms.54655.

5. vanVollenstee FA, van der Merwe MT. Obesity and its implica-
tions for COVID-19 pandemic in South Africa. South Afr J Infect Dis.
2021;36(1):228. https://doi.org/10.4102/sajid.v36i1.228.

6. Institute for Health Metrics and Evaluation: overweight and obesity
Viz. http://vizhub.healthdata.org/obesity. (2017). Accessed 21 February
2019.

7. Pisa PT, Pisa NM. Economic growth and obesity in south African adults:
an ecological analysis between 1994 and 2014. Eur J Pub Health.
2017;27(3):404-9. https://doi.org/10.1093/eurpub/ckw119.

8. Popkin BM. An overview on the nutrition transition and its
health implications: the Bellagio meeting. Public Health Nutr.
2002;5(1a):93-103.

9. Popkin BM. The shift in stages of the nutrition transition in the
developing world differs from past experiences! Public Health Nutr.
2002;5(1a):205-14. https://doi.org/10.1079/phn2001295.

10. Joubert J, Pillay-van Wyk V, Norman R, Bradshaw D, Goedecke JH, Steyn
NP, et al. Estimating the burden of disease attributable to excess body
weight in South Africa in 2000. SAMJ. 2007;97(8):683-90.

11. National Department of Health (NDoH) [South Africa], Statistics South
Africa (Stats SA), South African Medical Research Council (SAMRC), and
ICF. Demographic and Health Survey 2016 [dataset]. Version 1. Fairfax:
National Department of Health (NDoH) [South Africa], Statistics South
Africa (Stats SA), South African Medical Research Council (SAMRC), and
ICF [producer], 2019. Fairfax: ICF [distributor]. https://dhsprogram.com/
data/dataset/South-Africa_Standard-DHS_2016.cfm?flag=1.

12. National Department of Health, Statistics South Africa, South African
Medical Research Council, ICF. South Africa Demographic and Health
Survey 2016. Pretoria, South Africa and Rockville, Maryland, United States:
National Department of Health, Statistics South Africa, South African
Medical Research Council, and ICF; 2019.

13. Dutton GR, Kim Y, Jacobs DR Jr, Li X, Loria CM, Reis JP, et al. 25-year weight
gain in a racially balanced sample of U.S. adults: The CARDIA study. Obe-
sity (Silver Spring, Md). 2016;24(9):1962-8. https://doi.org/10.1002/0by.
21573.

14. Gordon-Larsen P, The NS, Adair LS. Longitudinal trends in obesity in the
United States from adolescence to the third decade of life. Obesity (Silver
Spring, Md). 2010;18(9):1801-4. https://doi.org/10.1038/0by.2009.451.

15. Norman JE, Bild D, Lewis CE, Liu K, West DS. The impact of weight change
on cardiovascular disease risk factors in young black and white adults: the
CARDIA study. Int J Obes Relat Metab Disord. 2003;27(3):369-76. https://
doi.org/10.1038/5).ij0.0802243.

16. Adamson L, Brown W, Byles J, Chojenta C, Dobson A, Fitzgerald D, et al.
Women'’s weight: findings from the Australian Longitudinal Study on
Women's Health. Canberra: Australian Government Department of Health
and Ageing; 2007.

17. Ramsay JE, Greer |, Sattar N. ABC of obesity. Obesity and reproduction.
BMJ. 2006;333(7579):1159-62. https://doi.org/10.1136/bmj.39049.439444.
DET.


http://www.datafirst.uct.ac.za
https://www.dhsprogram.com/Data/
https://www.dhsprogram.com/Data/
https://doi.org/10.7150/ijms.54655
https://doi.org/10.4102/sajid.v36i1.228
http://vizhub.healthdata.org/obesity
https://doi.org/10.1093/eurpub/ckw119
https://doi.org/10.1079/phn2001295
https://dhsprogram.com/data/dataset/South-Africa_Standard-DHS_2016.cfm?flag=1
https://dhsprogram.com/data/dataset/South-Africa_Standard-DHS_2016.cfm?flag=1
https://doi.org/10.1002/oby.21573
https://doi.org/10.1002/oby.21573
https://doi.org/10.1038/oby.2009.451
https://doi.org/10.1038/sj.ijo.0802243
https://doi.org/10.1038/sj.ijo.0802243
https://doi.org/10.1136/bmj.39049.439444.DE1
https://doi.org/10.1136/bmj.39049.439444.DE1

Nglazi and Ataguba BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

(2022) 22:395

Cresswell JA, Campbell OM, De Silva MJ, Filippi V. Effect of maternal
obesity on neonatal death in sub-Saharan Africa: multivariable analysis of
27 national datasets. Lancet (London, England). 2012;380(9850):1325-30.
https://doi.org/10.1016/50140-6736(12)60869-1.

Lynch CM, Sexton DJ, Hession M, Morrison JJ. Obesity and mode

of delivery in primigravid and multigravid women. Am J Perinatol.
2008;25(3):163-7. https://doi.org/10.1055/5-2008-1061496.

Leary C, Leese HJ, Sturmey RG. Human embryos from overweight and
obese women display phenotypic and metabolic abnormalities. Hum
Reprod (Oxford, England). 2015;30(1):122-32. https://doi.org/10.1093/
humrep/deu276.

Ojiegbe I. Impacts of obesity on the health of women of childbearing
age: a call for action. Int J Med Biomed Res. 2016;5(1):19-27.

Chu SY, Bachman DJ, Callaghan WM, Whitlock EP, Dietz PM, Berg CJ, et al.
Association between obesity during pregnancy and increased use of
health care. N Engl J Med. 2008;358(14):1444-53. https://doi.org/10.1056/
NEJMoa0706786.

Republic of South Africa. Strategic plan for the prevention and control of
non-communicable diseases 2013-17. Pretoria: National Department of
Health; 2013.

National Department of Health, Macro International. South Africa Demo-
graphic and Health Survey 1998. Pretoria, South Africa: Department of
Health/South Africa; 2002.

Vahratian A. Prevalence of overweight and obesity among women of
childbearing age: results from the 2002 National Survey of family growth.
Matern Child Health J. 2009;13(2):268-73. https://doi.org/10.1007/
$10995-008-0340-6.

Belahsen R, Mziwira M, Fertat F. Anthropometry of women of childbear-
ing age in Morocco: body composition and prevalence of overweight
and obesity. Public Health Nutr. 2004;7(4):523-30. https://doi.org/10.
1079/phn2003570.

Amugsi DA, Dimbuene ZT, Mberu B, Muthuri S, Ezeh AC. Prevalence and
time trends in overweight and obesity among urban women: an analysis
of demographic and health surveys data from 24 African countries, 1991-
2014. BMJ Open. 2017;7(10):e017344. https://doi.org/10.1136/bmjop
en-2017-017344.

National Department of Health, Medical Research Council, The DHS Pro-
gram. South Africa Demographic and Health Survey 2016: Key Indicator
Report. Pretoria: Statistics South Africa; 2017.

Mukabutera A, Nsereko E, Aline U, Umwungerimwiza YD, Cyprien M.
Overweight or obesity prevalence, trends and risk factors among women
in Rwanda: a cross-sectional study using the Rwanda demographic and
health surveys, 2000-2010. Rwanda J. 2016;3(1):14-20.

Tuoyire DA, Kumi-Kyereme A, Doku DT. Socio-demographic trends in

overweight and obesity among parous and nulliparous women in Ghana.

BMC Obesity. 2016;3:44. https://doi.org/10.1186/540608-016-0124-2.
Dake FA, Tawiah EO, Badasu DM. Sociodemographic correlates of obesity
among Ghanaian women. Public Health Nutr. 2011;14(7):1285-91.
https://doi.org/10.1017/51368980010002879.

Mukora-Mutseyekwa F, Zeeb H, Nengomasha L, Kofi AN. Trends in preva-
lence and related risk factors of overweight and obesity among women
of reproductive age in Zimbabwe, 2005-2015. Int J Environ Res Public
Health. 2019;16(15):2758. https://doi.org/10.3390/ijerph16152758.

Yaya S, Ghose B. Trend in overweight and obesity among women of
reproductive age in Uganda: 1995-2016. Obes Sci Pract. 2019;5(4):312-23.
https://doi.org/10.1002/0sp4.351.

Biswas T, Uddin MJ, Mamun AA, Pervin S, Garnett SP. Increasing preva-
lence of overweight and obesity in Bangladeshi women of reproductive
age: findings from 2004 to 2014. PLoS One. 2017;12(7):e0181080. https://
doi.org/10.1371/journal.pone.0181080.

HeY, Pan A, Yang Y, Wang Y, Xu J, Zhang Y, et al. Prevalence of under-
weight, overweight, and obesity among reproductive-age women and
adolescent girls in rural China. Am J Public Health. 2016;106(12):2103-10.
https://doi.org/10.2105/ajph.2016.303499.

Bwalya BB, Mapoma CC, Mulenga JN. Rural-urban differentials in the
prevalence of overweight and obesity among women of child bearing
age in Zambian. Epidemiol Biostat Public Health. 2017;14(2).e12247.
https://doi.org/10.2427/12247.

Mia MN, Rahman MS, Roy PK. Sociodemographic and geographical
inequalities in under- and overnutrition among children and mothers in
Bangladesh: a spatial modelling approach to a nationally representative

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

Page 17 of 18

survey. Public Health Nutr. 2018;21(13):2471-81. https://doi.org/10.1017/
$1368980018000988.

Okoh M. Socio-demographic correlates of overweight and obesity
among women of reproductive age in Nigeria. Afr J Reprod Health.
2013;17(4):66-76.

Chowdhury MAB, Bachman DJ, Adnan MM, Hassan MZ. Trends, preva-
lence and risk factors of overweight and obesity among women of
reproductive age in Bangladesh: a pooled analysis of five national cross-
sectional surveys. BMJ Open. 2018;8(7):e018468. https://doi.org/10.1136/
bmjopen-2017-018468.

Peer N, Lombard C, Steyn K, Gwebushe N, Levitt N. Differing patterns of
overweight and obesity among black men and women in Cape Town:
the CRIBSA study. PLoS One. 2014;9(9):e107471. https://doi.org/10.1371/
journal.pone.0107471.

Shisana O, Labadarios D, Rehle T, Simbayi LC, Zuma K, Parker W-a, et al.
The south African National Health and nutrition examination survey :
SANHANES-1: Cape Town HSRC Press; 2014.

Hamid S, Groot W, Pavlova M. Trends in cardiovascular diseases and
associated risks in sub-Saharan Africa: a review of the evidence for Ghana,
Nigeria, South Africa, Sudan and Tanzania. Aging Male. 2019;22(3):1-8.
https://doi.org/10.1080/13685538.2019.1582621.

Nojilana B, Bradshaw D, Pillay-van Wyk V, Msemburi W, Somdyala N,
Joubert JD, et al. Persistent burden from non-communicable diseases in
South Africa needs strong action. S Afr Med J. 2016;106(5):23-4. https://
doi.org/10.7196/SAMJ.2016.v106i5.10776.

World Health Organization, the United Nations Children’s Fund, United
Nations Fund for Population Activities, World Bank Group, the United
Nations Population Division. Trends in Maternal Mortality: 2000 to 2017.
Geneva: World Health Organization; 2019.

United Nations Department of economic and social affairs: sustainable
development goals. https://sustainabledevelopment.un.org/sdgs (2017).
Accessed 22 December 2017.

Nieuwoudt M, van der Merwe JL, Harvey J, Hall DR. Pregnancy outcomes
in super-obese women-an even bigger problem? A prospective cohort
study. South Afr J Obstetrics Gynaecol. 2014;20(2):54-9.

Tisane M, Van der Merwe J, Hall D. Weight-related quality of life in obese,
pregnant women in South Africa. J Endocrinol Metab Diabetes S Afr.
2017,22(3):43-6.

Brophy T, Branson N, Daniels RC, Leibbrandt M, Mlatsheni C, Woolard .
National Income Dynamics Study Panel User Manual. Release 2018. Ver-
sion 1. Cape Town: Southern Africa Labour and Development Research
Unit; 2018.

Leibbrandt CM, Woolard I. National Income Dynamics Study Panel User
Manual. Cape Town: Southern Africa Labour and Development Research
Unit; 2016.

Leibbrandt M, Woolard |, de Villiers L. Methodology: report on NIDS wave
1. Technical paper no. 1. Cape Town: Southern Africa Labour and Devel-
opment Research Unit; 2009.

Wittenberg M. Weights: report on NIDS wave 1. Technical paper no. 2.
Cape Town: Southern Africa Labour and Development Research Unit;
2009.

World Health Organization: BMI classificaiton http://apps.who.int/bmi/
indexjsp?introPage=intro_3.html (2018). Accessed 13 January 2018.
Averett SL, Stacey N, Wang Y. Decomposing race and gender differences
in underweight and obesity in South Africa. Economics & Human Biology.
2014;15:23-40.

Dahlgren G, Whitehead M. Policies and strategies to promote social
equity in health. Stockholm: Institute for future studies; 1991.

Cumming G, Finch S. Inference by eye: confidence intervals and how to
read pictures of data. Am Psychol. 2005;60(2):170-80.

StataCorp. Stata: release 15 - statistical software. College Station, Texas:
StataCorp LP; 2017.

World Bank. World Dev Indicators. 2020.

Igumbor EU, Sanders D, Puoane TR, Tsolekile L, Schwarz C, Purdy C, et al.
"big food," the consumer food environment, health, and the policy
response in South Africa. PLoS Med. 2012;9(7):1001253. https://doi.org/
10.1371/journal.pmed.1001253.

Puoane TR, Tsolekile LP, Caldbick S, Igumbor EU, Meghnath K, Sanders

D. Chronic non-communicable diseases in South Africa: Progress and
challenges: social and environmental determinants of health. South Afr
Health Rev. 2012,2012(1):115-26.


https://doi.org/10.1016/s0140-6736(12)60869-1
https://doi.org/10.1055/s-2008-1061496
https://doi.org/10.1093/humrep/deu276
https://doi.org/10.1093/humrep/deu276
https://doi.org/10.1056/NEJMoa0706786
https://doi.org/10.1056/NEJMoa0706786
https://doi.org/10.1007/s10995-008-0340-6
https://doi.org/10.1007/s10995-008-0340-6
https://doi.org/10.1079/phn2003570
https://doi.org/10.1079/phn2003570
https://doi.org/10.1136/bmjopen-2017-017344
https://doi.org/10.1136/bmjopen-2017-017344
https://doi.org/10.1186/s40608-016-0124-2
https://doi.org/10.1017/s1368980010002879
https://doi.org/10.3390/ijerph16152758
https://doi.org/10.1002/osp4.351
https://doi.org/10.1371/journal.pone.0181080
https://doi.org/10.1371/journal.pone.0181080
https://doi.org/10.2105/ajph.2016.303499
https://doi.org/10.2427/12247
https://doi.org/10.1017/s1368980018000988
https://doi.org/10.1017/s1368980018000988
https://doi.org/10.1136/bmjopen-2017-018468
https://doi.org/10.1136/bmjopen-2017-018468
https://doi.org/10.1371/journal.pone.0107471
https://doi.org/10.1371/journal.pone.0107471
https://doi.org/10.1080/13685538.2019.1582621
https://doi.org/10.7196/SAMJ.2016.v106i5.10776
https://doi.org/10.7196/SAMJ.2016.v106i5.10776
https://sustainabledevelopment.un.org/sdgs
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
https://doi.org/10.1371/journal.pmed.1001253
https://doi.org/10.1371/journal.pmed.1001253

Nglazi and Ataguba BMC Public Health

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

(2022) 22:395

Weatherspoon DD, Reardon T. The rise of supermarkets in Africa:
implications for agrifood systems and the rural poor. Dev Policy Rev.
2003;21(3):333-55.

Little M, Humphries S, Patel K, Dewey C. Factors associated with BMI,
underweight, overweight, and obesity among adults in a population of
rural South India: a cross-sectional study. BMC Obesity. 2016;3(1):12.

Sidik SM, Rampal L. The prevalence and factors associated with

obesity among adult women in Selangor, Malaysia. Asia Pac Fam Med.
2009;8(1):2. https://doi.org/10.1186/1447-056x-8-2.

Vorster HH, Kruger A, Wentzel-Viljoen E, Kruger HS, Margetts BM. Added
sugar intake in South Africa: findings from the adult prospective urban
and rural epidemiology cohort study. Am J Clin Nutr. 2014;99(6):1479-86.
https://doi.org/10.3945/ajcn.113.069005.

Ronquest-Ross L-C, Vink N, Sigge GO. Food consumption changes in
South Africa since 1994. S Afr J Sci. 2015;111(9-10):01-12.

Swinburn B, Sacks G, Vandevijvere S, Kumanyika S, Lobstein T, Neal B, et al.
INFORMAS (international network for food and obesity/non-communica-
ble diseases research, monitoring and action support): overview and key
principles. Obes Rev. 2013;14(Suppl 1):1-12. https://doi.org/10.1111/0br.
12087.

Hunter-Adams J, Battersby J, Oni T. Food insecurity in relation to obesity
in peri-urban Cape Town, South Africa: implications for diet-related non-
communicable disease. Appetite. 2019;137:244-9. https://doi.org/10.
1016/j.appet.2019.03.012.

Micklesfield LK, Lambert EV, Hume DJ, Chantler S, Pienaar PR, Dickie K,

et al. Socio-cultural, environmental and behavioural determinants of obe-
sity in black south African women. Cardiovasc J Afr. 2013,;24(9-10):369-
75. https://doi.org/10.5830/cvja-2013-069.

Adeboye B, Bermano G, Rolland C. Obesity and its health impact in Africa:
a systematic review. Cardiovasc J Afr. 2012;23(9):512-21. https://doi.org/
10.5830/cvja-2012-040.

Dalal S, Beunza JJ, Volmink J, Adebamowo C, Bajunirwe F, Njelekela M,

et al. Non-communicable diseases in sub-Saharan Africa: what we know
now. Int J Epidemiol. 2011;40(4):885-901. https://doi.org/10.1093/ije/
dyr050.

Letamo G. The prevalence of, and factors associated with, overweight
and obesity in Botswana. J Biosoc Sci. 2011;43(1):75-84. https://doi.org/
10.1017/50021932010000519.

Mfenyana K, Griffin M, Yogeswaran P, Modell B, Modell M, Chandia J, et al.
Socio-economic inequalities as a predictor of health in South Africa--the
Yenza cross-sectional study. S Afr Med J. 2006,96(4):323-30.

Abrha S, Shiferaw S, Ahmed KY. Overweight and obesity and its socio-
demographic correlates among urban Ethiopian women: evidence from
the 2011 EDHS. BMC Public Health. 2016;16:636. https://doi.org/10.1186/
$12889-016-3315-3.

National Department of Health, South African Medical Research Council,
Macri International Inc. South African Demographic and Health Survey
2003. Pretoria, South Africa. 2007.

PuoaneT, Steyn K, Bradshaw D, Laubscher R, Fourie J, Lambert V, et al.
Obesity in South Africa: the south African demographic and health
survey. Obes Res. 2002;10(10):1038-48. https://doi.org/10.1038/0by.2002.
141.

Cois A, Day C. Obesity trends and risk factors in the south African

adult population. BMC Obesity. 2015;2:42. https://doi.org/10.1186/
s40608-015-0072-2.

Sartorius B, Veerman LJ, Manyema M, Chola L, Hofman K. Determinants
of obesity and associated population Attributability, South Africa:
empirical evidence from a National Panel Survey, 2008-2012. PLoS One.
2015;10(6):20130218. https://doi.org/10.1371/journal.pone.0130218.
Alaba O, Chola L. Socioeconomic inequalities in adult obesity prevalence
in South Africa: a decomposition analysis. Int J Environ Res Public Health.
2014;11(3):3387-406. https://doi.org/10.3390/ijerph110303387.

Steyn NP, Nel JH, Parker WA, Ayah R, Mbithe D. Dietary, social, and
environmental determinants of obesity in Kenyan women. Scand J Public
Health. 2011;39(1):88-97. https://doi.org/10.1177/1403494810384426.
Olatunbosun ST, Kaufman JS, Bella AF. Prevalence of obesity and over-
weight in urban adult Nigerians. Obes Rev. 2011;12(4):233-41. https://doi.
org/10.1111/j.1467-789X.2010.00801 .

Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for
body weight, body fat distribution, and insulin resistance. Am J Clin Nutr.
2008;87(4):801-9. https://doi.org/10.1093/ajcn/87.4.801.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

Page 18 of 18

Republic of South Africa. Taxation of sugar sweetened beverages. Preto-
ria: National Treasury; 2016.

Roos EL, Horridge JM, van Heerden JH, Adams PD, Bohlmann HR, Kobe
KK, et al. National and regional impacts of an increase in value-added tax:
a CGE analysis for South Africa. South Afr J Econ. 2020;88(1):90-120.
Hambidge KM, Krebs NF, Garcés A, Westcott JE, Figueroa L, Goudar SS,

et al. Anthropometric indices for non-pregnant women of childbearing
age differ widely among four low-middle income populations. BMC
Public Health. 2018;18(1):45. https://doi.org/10.1186/512905-020-01135-x.
Kolbe-Alexander TL, Pacheco K, Tomaz SA, Karpul D, Lambert EV. The
relationship between the built environment and habitual levels of physi-
cal activity in south African older adults: a pilot study. BMC Public Health.
2015;15(1):518.

Non-Communicable Disease Risk Factor Collaboration. Rising rural
body-mass index is the main driver of the global obesity epidemic

in adults. Nature. 2019;569(7755):260-4. https://doi.org/10.1038/
s41586-019-1171-x.

Department of Health & Medical Research Council. Demographic and
Health Survey 1998 [dataset]. Version 1. Pretoria: Department of Health
& Medical Research Council [producer], 2001. Cape Town: DataFirst
[distributor]; 2013. https://doi.org/10.25828/6mbk-a889.

Southern Africa Labour and Development Research Unit. National
Income Dynamics Study (NIDS) Wave 1, 2008 [dataset]. Version 7.0.0.
Pretoria: SA Presidency [funding agency]. Cape Town: Southern Africa
Labour and Development Research Unit [implementer], 2018. Cape
Town: DataFirst [distributor]; 2018. https://doi.org/10.25828/e7w9-m033.
Southern Africa Labour and Development Research Unit. National
Income Dynamics Study Wave 2, 2010-2011 [dataset]. Version 4.0.0.
Pretoria: SA Presidency [funding agency]. Cape Town: Southern Africa
Labour and Development Research Unit [implementer], 2016. Cape
Town: DataFirst [distributor]; 2016. https://doi.org/10.25828/j1h1-5m16.
Southern Africa Labour and Development Research Unit. National
Income Dynamics Study Wave 3, 2012 [dataset]. Version 3.0.0. Pretoria:
SA Presidency [funding agency]. Cape Town: Southern Africa Labour and
Development Research Unit [implementer], 2016. Cape Town: DataFirst
[distributor]; 2016. https://doi.org/10.25828/7pgq-q106.

Southern Africa Labour and Development Research Unit. National
Income Dynamics Study 2014-2015, Wave 4 [dataset]. Version 2.0.0. Pre-
toria: Department of Planning, Monitoring, and Evaluation, SA Presidency
[funding agency]. Cape Town: Southern Africa Labour and Development
Research Unit [implementer], 2016. Cape Town: DataFirst [distributor];
2016. https://doi.org/10.25828/f4ws-8a78.

Southern Africa Labour and Development Research Unit. National
Income Dynamics Study 2017, Wave 5 [dataset]. Version 1.0.0 Pretoria:
Department of Planning, Monitoring, and Evaluation [funding agency].
Cape Town: Southern Africa Labour and Development Research Unit
[implementer], 2018. Cape Town: DataFirst [distributor]; 2018. https://doi.
0rg/10.25828/fw3h-v708.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/1447-056x-8-2
https://doi.org/10.3945/ajcn.113.069005
https://doi.org/10.1111/obr.12087
https://doi.org/10.1111/obr.12087
https://doi.org/10.1016/j.appet.2019.03.012
https://doi.org/10.1016/j.appet.2019.03.012
https://doi.org/10.5830/cvja-2013-069
https://doi.org/10.5830/cvja-2012-040
https://doi.org/10.5830/cvja-2012-040
https://doi.org/10.1093/ije/dyr050
https://doi.org/10.1093/ije/dyr050
https://doi.org/10.1017/s0021932010000519
https://doi.org/10.1017/s0021932010000519
https://doi.org/10.1186/s12889-016-3315-3
https://doi.org/10.1186/s12889-016-3315-3
https://doi.org/10.1038/oby.2002.141
https://doi.org/10.1038/oby.2002.141
https://doi.org/10.1186/s40608-015-0072-2
https://doi.org/10.1186/s40608-015-0072-2
https://doi.org/10.1371/journal.pone.0130218
https://doi.org/10.3390/ijerph110303387
https://doi.org/10.1177/1403494810384426
https://doi.org/10.1111/j.1467-789X.2010.00801.x
https://doi.org/10.1111/j.1467-789X.2010.00801.x
https://doi.org/10.1093/ajcn/87.4.801
https://doi.org/10.1186/s12905-020-01135-x
https://doi.org/10.1038/s41586-019-1171-x
https://doi.org/10.1038/s41586-019-1171-x
https://doi.org/10.25828/6mbk-a889
https://doi.org/10.25828/e7w9-m033
https://doi.org/10.25828/j1h1-5m16
https://doi.org/10.25828/7pgq-q106
https://doi.org/10.25828/f4ws-8a78
https://doi.org/10.25828/fw3h-v708
https://doi.org/10.25828/fw3h-v708

	Overweight and obesity in non-pregnant women of childbearing age in South Africa: subgroup regression analyses of survey data from 1998 to 2017
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	South Africa demographic and health surveys
	National Income Dynamics Study
	Participants
	Definitions of key variables
	Dependent variable
	Explanatory variables
	Statistical analysis

	Results
	Descriptive summary
	Changes in the prevalence of overweight and obesity over time
	Overall prevalence

	Prevalence stratified by age group
	Prevalence stratified by population group
	Prevalence stratified by education
	Prevalence stratified by area of residence
	Prevalence stratified by smoking status
	Prevalence stratified by socioeconomic status
	Determinants of overweight and obesity
	Age group

	Population group
	Education
	Socioeconomic status
	Current smoking status

	Discussion
	Policy implications
	Strengths and limitations of the study
	Recommendations for future research

	Conclusion
	Acknowledgements
	References


