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Figure 3  Bayesian posterior median smoothed prevalence of obesity by province (and wave, A) and district-level prevalence 
(equal intervals, 2017, B) among children <5 years. BCI, Bayesian credibility interval.

an 80-country study further highlighting this ongoing 
public health conundrum.30 31 Our results demon-
strate a strong west to east gradient of higher under-
weight burden on the western side of South Africa and 
greater obesity on the eastern seaboard (Eastern Cape 
and KwaZulu-Natal). A map of poverty and inequality 
in South Africa (https://​southafrica-​info.​com/​people/​
mapping-​poverty-​in-​south-​africa/) illustrates the coexis-
tence of high levels of poverty and inequality in many 
parts of KwaZulu-Natal and the Eastern Cape with high 
levels of overweight/obesity. This is further confirmed 
by our individual child-level analysis which suggested a 
significantly higher obesity prevalence in lower income 
households. Metropolitan areas displayed high levels of 
nutritional inequality that complement national studies 
of poverty and inequality.32

Undernutrition and overnutrition status appeared 
positively associated with lower household income 
classification. This finding of stunting and wasting 
disproportionately affecting the poor has been often 
demonstrated.33 Other studies in Africa in particular 
have documented similar patterns, that is, children 
living in low SES households, children who live in 
peripheral areas and whose mothers had little or no 
schooling were at significantly higher risk of malnutri-
tion.34 The inconsistent challenges facing health author-
ities are occurring in the face of rapid urbanisation 
and industrialisation that simultaneously attract both 
the rich and the poor to live in the same geographic 
districts.35 The heterogeneous geographic relationship 
between household income and undernutrition is also 
affected by the allocation of household income that is 
a function of maternal education, access to markets, 
infrastructure and sanitation.36 Additionally, these data 
suggest that there is a strong and highly significant 

association between higher food insecurity (child 
hunger frequency in the preceding year) and increased 
thinness/wasting. Community and government-based 
packages of support need to be highly targeted to the 
poorest and most food-insecure households to further 
reduce inequality in this regard and maximise reduc-
tions in malnutrition.

Our findings suggest that children with LBW (due 
to preterm delivery, fetal/intrauterine growth restric-
tion or a combination of the two) were significantly 
more likely to be stunted than normal weight babies 
and this has been demonstrated in many other low 
and middle-income settings37 . SES/factors are known 
risk factors for LBW38 and may in part explain the 
significant association found between stunting and 
lower household income. South Africa has the higher 
number of incident and prevalent HIV infections 
globally.39 A further important contextual risk factor 
for LBW is maternal HIV status. A systematic review 
and large observational studies focusing on low and 
middle-income countries (LMIC) suggest a strong and 
significant association between maternal HIV infection 
and LBW.40 41 Evidence from South Africa also suggests 
the anthropometric z-score of HIV-infected children 
appears to be consistently lower when compared 
with HIV-exposed but uninfected children.42 We also 
observed a significantly higher prevalence of stunting 
among male children which has been demonstrated 
previously in a meta-analysis for SSA,43 the suggested 
cause of which might be that male children are more 
vulnerable to health inequalities relative to female 
children of the same age. Strengthening community-
based packages of care and community health worker 
(CHW) performance/skills in rural and high-burden 
geographies are key strategies to improve primary 
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healthcare delivery through better identification of 
women at higher risk of poor birth outcomes (eg, HIV 
positive, history of previous poor birth outcomes and/
or currently malnourished), higher referral rates for 
facility births and improved linkage to other health as 
well as social services.44 Lastly, given the high adoles-
cent fertility rates in many parts of South Africa,45 
there is also much scope to improve CHW identifi-
cation of households with higher risk malnourished 
adolescent girls prior to pregnancy to ensure more 
optimal linkage to government and social support to 
ensure adequate nutrition as well as improved aware-
ness regarding family planning practices, for example, 
ensuring adequate birth spacing.46

Obesity in children has a complex aetiology that 
includes a wide range of socioeconomic, demographic, 
environmental and cultural variables,47such as house-
hold composition, mother’s education, household 
income, household size, environmental factors, rural 
versus urban location and sanitation.9 48 The high 
burden of obesity is likely associated with a progressive 
increase in the per-capita food supply and consump-
tion of high-calorific foods (eg, fat, sugar, fast and/
or processed foods) in South Africa.49 This rapidly 
changing dietary pattern has, in part, been attributed 
to urbanisation, growing and expanding supermar-
kets/formal food retailers and the availability of fast/
processed foods.50 An interesting finding in these data 
was the significant positive association between child 
obesity status and residing in a lower income household. 
This association has been demonstrated previously51–53 
and this evidence base is growing. This conforms with 
the idea that lower and higher income households/
families often have a higher obesity risk than middle-
income households, that is, so-called U-shaped associ-
ation. Lower income or economically deprived families 
often replace health fresh food options with cheaper 
and more calorific processed foods.52 Multiple studies 
have demonstrated that the majority of low-income 
South Africans have a low dietary diversity, and, there-
fore, consume a limited food range consisting predom-
inantly of a starchy staple such as bread and maize, with 
low intakes of vegetables and fruits.49 Future work will 
characterise food purchasing patterns (and changes 
over time) among households in South Africa which will 
be compared with paired longitudinal anthropometric 
measurements to identify specific dietary patterns asso-
ciated with child nutritional status.

Lastly and contextually, body mass is culturally influ-
enced in South Africa, and the high level of obesity in 
KwaZulu-Natal and Eastern Cape may at least in part 
be a result of cultural beliefs that associate overweight 
with wealth and good health.54 Geographic patterns 
of higher obesity in South Africa appeared to overlap 
areas of high poverty particularly on the eastern side 
of the country (https://​southafrica-​info.​com/​people/​
mapping-​poverty-​in-​south-​africa/) and thus not solely 
concentrated among higher socioeconomic households.

Strengths
To our knowledge this is the first spatial-temporal anal-
ysis of malnutrition trends among children under 5 years 
of age in South Africa. We used standardised anthro-
pometric measurements of children and their mothers 
from nationally representative repeated panel data over 
a 10-year period. The panel nature of the design allows 
assessment of change in malnutrition burden within the 
same individuals/households observed at multiple time 
points. A further strength was the implementation of a 
fully Bayesian space-time shared component model to 
produce more stable joint estimates of malnutrition by 
province, district and year.

Weaknesses
The study has several limitations. First, missing or invalid 
weight/height measurements (especially in wave 2, 
and among infants—online supplementary material 7) 
may have introduced selection bias (if not missing at 
random), and may thus have affected both the internal 
validity and the representativeness of the findings in the 
broader South African context. Second, as the primary 
panel study was not designed/powered for provincial14 
and lower geographic-level analysis, we cannot discount 
the resultant impact on precision/random variability 
when analysing at provincial/district level (administrative 
tier just below the province) and further stratification by 
sociodemographic correlates. Third, we cannot discount 
the effect of interobserver variability across different 
study districts, despite extensive interviewer training and 
standardisation of study protocols. All anthropometric 
measurements (eg, weight, height) were taken in dupli-
cate in NIDS26 which would have ensured better reliability.

Cost of malnutrition, policy and research needs
Estimating the cost of child malnutrition in South Africa 
is extremely complicated and no locally determined cost 
data exist. Data from the USA suggest that the incre-
mental lifetime direct medical cost for a 10-year-old 
obese child relative to a 10-year-old normal weight child 
ranges from US$12 660 to US$19 630.55 Estimates of 
the cost of treating wasted children are approximately 
US$200 per child56 while stunting has been consistently 
linked to worse economic outcomes in adulthood57 and 
estimates suggest that, on average, the future per-capita 
income penalty for a stunted individual could be as large 
as 9%–10% in SSA.58 Urgent investments are needed to 
accelerate the reduction of all forms of malnutrition, 
as well as to curb the obesity epidemic among young 
children in South Africa. There is also considerable 
evidence that indicates childhood wasting and stunting 
can be reduced by 60% and 20%, respectively, using 
10 nutrition-specific interventions,59 with an estimated 
return on investment of 18:1, that is, for US$1 spent 
on implementing effective programmes there would be 
US$18 return in future economic benefits.60 Very few 
obesity prevention interventions targeting children have 
been effective and a comprehensive multifaceted strategy 
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tackling diet, physical inactivity, coupled with psycho-
social support and local food environment change may 
prove more effective. Nutrition policies tackling child 
obesity must promote household nutrition security and 
healthy growth, decrease overconsumption of nutrient-
poor foods, better shield children from increasingly 
pervasive marketing of energy-dense, nutrient-poor foods 
and sugar-sweetened beverages as well as reduction of 
growing physical inactivity.61

Our findings suggest the need to implement evidence-
based child health strategies and policy (eg, further 
social grant support to vulnerable and impoverished 
households) that is tailored to specific geographies and 
socially disadvantaged subpopulations. A higher preva-
lence of child thinness/wasting among younger mothers 
(<25) in poorer, food-insecure household highlights the 
importance of policies that enable younger mothers to 
adequately care for their children in all settings. Inte-
grated nutrition programmes in LMICs have had a 
substantial impact on child nutrition and health via a 
combination of multisector-targeted interventions.62 
Furthermore, implementation and/or strengthening of 
school-based food programme can provide a launching 
pad for preventive programmes, including education and 
awareness, provision of healthier/more nutrition food 
options and micronutrient supplementation, deworming, 
increased immunisation coverage and improved growth 
monitoring as well as counselling.62 This may be espe-
cially true of obese children where high prevalence was 
observed in higher income households with higher food 
purchasing power and where local food environments 
are likely to be an important contextual determinant. A 
further contextual trend which may further compound 
this problem is the rapidly rising median household 
income observed over the period (from ZAR1400 in 2008 
to ZAR3640 by 2017).

Conclusions
The heterogeneity of malnutrition is a feature of spatial 
inequality and rapid urbanisation that has manifested in 
widening levels of inequality in South Africa’s districts 
and a need to reassess where nutrition programmes 
need to be further decentralised to the highest risk 
municipalities and local communities to maximise 
effectiveness. This work provides the first district-level 
ranking of childhood overweight, thinness/wasting 
and stunting and allows a differentiated proactive 
tailored intervention to be developed for each munic-
ipal district. The dual epidemic of undernutrition and 
overweight/obesity requires differential geographical 
policy inputs in metropolitan areas and districts across 
the rural-urban divide. The current and future health 
cost of malnutrition among South African children is 
likely substantial based on previous costing estimates. 
There is an urgent need to address nutrition problems 
among preschool-aged children in South Africa and 
other LMICs. Effective public health planning and 

geographically/contextually tailored interventions are 
required at subnational level to address this challenge. 
The analytical framework employed in this study we 
believe will have definite utility in other settings.
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