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Childhood stunting remains a global public health problem. Many stunted
children live in the same household as overweight or obese adults (the
so-called double burden of malnutrition), evidence that quality as well as
quantity of food is important. In recent years, food security measurement has
shifted away from anthropometry (e.g., stunting) to experiential measures (e.g.,
self-reported hunger). However, given the continued problem of stunting, it is
important that national surveys identify malnutrition.

Objectives: To examine the associations between a variety of food security
indicators, including dietary diversity, with adult, child (0—-4 years) (5-9 years)
and adolescent (10-17 years) anthropometry. To estimate the prevalence of
double burden households.

Methods: The study utilized cross-sectional data from the South African
National Income Dynamics Survey NIDS (2008). We examined the associations
between five food security indicators and anthropometry outcomes. The
indicators were adult and child hunger in the household, self-reported
household food sufficiency, food expenditure>60% of monthly expenditure
and household dietary diversity. Multinomial and logistic regression models
were employed to examine the associations with adult BMI categories and
children’s stunting and BMI.

Results: The prevalence of stunting was 18.4% and the prevalence of wasting
and overweight was 6.8 and 10.4%, respectively. Children <5 and adolescents
with medium dietary diversity were significantly more likely to be stunted than
children with high dietary diversity. Among children <5, child hunger and
medium dietary diversity were significantly associated with wasting. None of
the food security indicators were associated with stunting in children aged 5-9.
Among stunted children, 70.2% lived with an overweight or obese adult. Among
adults, increased dietary diversity increased the risk of overweight and obesity.
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Dietary diversity can be used as a proxy for poor nutritional

status among children<5 years and adolescents but the relationship between
dietary diversity and adult obesity is more complex. Given the double burden of
malnutrition in many low- and middle-income countries, indicators of dietary
quality remain important. These tools can be further refined to include an extra
category for processed foods. Given the relative simplicity to collect this data,
national surveys would be improved by its inclusion.

dietary diversity, food security measurement, experiential indicators, stunting,
obesity, national surveys, double burden of malnutrition, food expenditure

Introduction

Stunting in children remains an urgent public health
problem in low- and middle-income countries (LMIC).
Research suggests that stunting is consistently associated with
poorer cognitive function, schooling outcomes and reduced
earning potential (1-3). However, stunting is a multifaceted
problem associated with a variety of factors including chronic
malnutrition, infectious diseases in early childhood and adverse
birth and pregnancy outcomes like low birthweight and
intrauterine growth restriction (3-6).

In many LMIC, there is an obesity epidemic occurring
alongside high rates of stunting. This is primarily driven by
fundamental changes in the food system including the ease and
availability of cheap processed foods, reduced physical activity
and the high cost of healthy varied diets (7, 8). Childhood
stunting and adult overweight and obesity often occur in the
same household, the so called double burden of malnutrition
(DBM) (3, 7, 9-12).

In recent years, food security measurement has shifted
away from the measurement of anthropometry to self-reported
experiential measures. These measures, focused on individual
perceptions of hunger and anxiety around access to food (13, 14),
are premised on the concept that hunger and food insecurity
are universal experiences that exist along a spectrum of severity
(15). However, such measures do not capture the nutritional
quality of food consumed. One indicator that has potential as an
effective proxy for malnutrition are dietary diversity indicators.
These have been found to be an effective indicator for overall
dietary quality in some studies and are often associated with
child anthropometry outcomes (16, 17).

A systematic review of household food insecurity and
dietary diversity in relation to stunting in Sub-Saharan Africa
(SSA) noted that two thirds of the included studies found
that household food insecurity and low dietary diversity were
linked to stunting (6). Another systematic review that examined
dietary diversity and undernutrition across 32 demographic and
health surveys in SSA found that children with adequate dietary
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diversity had a 12% lower likelihood of being stunted than those
with inadequate dietary diversity (18). A study from Nigeria
found that children’s age, maternal age, and food expenditure
were among the significant determinants of children’s dietary
diversity (19). Although the prevalence of food insecurity,
low dietary diversity and stunting are subject to geographical
variations, the linkages between them are often observed across
regions. These findings suggest that both food insecurity and low
dietary diversity are common in Sub-Saharan Africa and have
adverse implications for growth and development, particularly
among young children.

In South Africa, an estimated 27% of children under 5 years
are stunted as a result of chronic malnutrition and a generally
deficient growth environment (2, 3). The prevalence of stunting
has remained virtually unchanged in the past two decades,
despite a decrease in reported hunger in national statistics and
one of the largest social protection systems in the world (2, 20,
21). National surveys in South Africa currently rely primarily
on experiential measures of food security that measure hunger,
skipping meals and running out of money to purchase food (the
most severe forms of food insecurity). However, such measures
may miss households that don’t necessarily experience hunger
but where child growth is faltering due to poor quality diets.

The findings from two recent national surveys suggest that
food insecurity remains a serious problem in South Africa.
Results from the 2017 general household survey (GHS) noted
that about 13.4 million households had inadequate or severely
inadequate access to food and about 1,6 million households
experienced hunger (22). The NIDS coronavirus rapid mobile
survey found that a lack of money to buy food remained high in
2020, due to the protracted nature of the COVID-19 pandemic
and the subsequent economic and social impact (23, 24).

In this paper we estimate the prevalence of malnutrition
among children, adolescents and adults and describe the
proportion of double burden of malnutrition (DBM)
households. Then, we examine whether different food
security indicators are associated with adult BMI categories
(normal weight, underweight, overweight or obese) and
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child height (normal height or stunted/severely stunted)
and child BMI (normal weight, wasted/severely wasted and
overweight/obese) and whether dietary diversity is an effective
proxy for nutritional status.

Methods

The national income dynamics study

The South African National Income Dynamics Study (SA-
NIDS) is a nationally representative panel survey of over 28,000
individuals in 7,300 households across South Africa. A stratified,
two-stage cluster sample design was used in sampling the
households to be included in the first wave (2008). In the first
stage, 400 primary sampling units (PSUs) were selected from
Stats SA’s 2003 master sample of 3000 PSUs. This master sample
was the sample used by Stats SA for its Labor Force Surveys and
General Household Surveys between 2004 and 2007. The surveys
were conducted on non-overlapping samples drawn within each
PSU to ensure that households did not have to participate in
both surveys (25). NIDS is a government funded survey to track
inequality over time and examines several exposures (e.g., social
capital, labor market participation, household composition and
structure) in relation to poverty and inequality. Data on health
outcomes, fertility and mortality were also collected. The survey
is conducted by the Southern Africa Labor and Development
Research Unit based at the University of Cape Town. Food
security indicators were dropped in subsequent waves of the
NIDS study and in this paper, we therefore use data from the
baseline wave, conducted in 2008.

Food security indicators

Household hunger

Data on adult and child hunger were collected separately
using the following question: In the past year did an adult/child
go hungry? never, seldom, sometimes, often, always. These
are questions from the Household Food Insecurity Access
Scale (HFIAS). We created a binary hunger indicator for
adult and child hunger with households that reported never
or seldom experiencing hunger scoring a 0 and households
that reported sometimes, often or always experiencing hunger
scoring a 1, using the same methodology as Statistics South
Africa (26).

Food sufficiency

Respondents were also asked a question about household
food consumption in relation to the household’s needs in the
past 12 months. Respondents reported if food consumption
was less than adequate, just adequate or more than adequate
for household needs. The data was converted into a binary
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indicator, with households who reported more than adequate or
just adequate scored a 0 and households that reported less than
adequate scored a 1.

Dietary diversity

We calculated household dietary diversity score (HDDS)
from the NIDS data using the Food and Agriculture
Organization (FAO) guidelines (27). The HDDS is comprised
of 32 individual food types and 12 different food groups with
a minimum score of 1 and a maximum score of 12. The 12
food groups are; (i) cereals and grain produces (ii) starchy
roots and tubers (iii) Legumes (iv) vegetables (v) Fruits and
nuts (vi) Sugars (vii) Meat and poultry (viii) Eggs (ix) Fish and
shellfish (x) Milk and dairy products (xi) Oils and fats (xii)
Miscellaneous (including beverages). Dietary diversity scores
(DDS) was summed up by counting each of the 12-food groups,
and classified as low (<4), medium (5-8) and high (9-12) with
high dietary diversity being the reference standard. There is no
gold standard for dietary diversity cut-offs and we used these
cut-offs based on a recent study that examined stunting and
dietary diversity in South Africa (28). We also included dietary
diversity as a continuous variable (ascending order from 1
to 12).

Food expenditure

Food expenditure was calculated by dividing the amount
spent on food each month by total household expenditure. A
cut-off of total monthly expenditure above 60% was used to
define a household as food insecure, as recommended by the
FAO (29, 30).

Child and adult anthropometry

Child anthropometry for children up to the age of 5 years
was classified according to the WHO child growth standards,
weight for height, BMI for age, and height-for-age (HAZ) scores.
A HAZ score of —2SD of the mean is classified as stunted and
a HAZ score of —3SD is classified as severely stunted. Child
wasting and overweight/obesity was also classified according
to the WHO growth standards with BMI for age below —2SD
classified as wasted and BMI above 2SD classified as overweight
(31). For children older than 5 years the WHO growth standards
for school aged children and adolescents were used as a reference
in the calculation of z-scores for height for age, BMI for age (32).
Due to the low proportion of children who were severely stunted,
we grouped stunted and severely stunted children together in
the regression model. We also grouped wasted and severely
wasted children together, and overweight and obese children
together for the multinomial model. Child anthropometry data
were calculated by the NIDS team (25). Children were grouped
according to the following age categories: <5 years, 5-9 years
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TABLE 1 Prevalence of household food insecurity by each item.

Indicator (n households) Percentage who reported food

insecurity% (1) (95% CI)

High dietary diversity (9-12) 65.2 (4 724) (64-66%)

(
Medium dietary diversity (5-8) 30.7 (2 219) (30-32%)

Low dietary diversity (1-4) 4.1 (297) (3-4%)
Food expenditure 17.3 (7 291) (16-18%)
23 (7 266) (22-24%)

14.5 (5 359) (13%—15%)

Adult hunger
Child hunger

Food Insufficiency 38.1 (7 291) (37-39%)

and 10-17 years. People aged 18 and older were classified as
adults and their BMI measurements were categorized according
to the WHO growth standards and considered underweight
(BMI<18.5), normal weight, (BMI 18.5-24.9) overweight (BMI
25-29.9) and obese (BMI >29.9) with normal weight used as the
reference standard (33).

Data analysis

Logistic and multinomial regression models were used to
examine child stunting and BMI status in relation to food
security indicators. The explanatory variables were dietary
diversity both as a continuous score and as a categorical
indicator, food expenditure >60% of total monthly expenditure,
child hunger in the past year and household food sufficiency
in the past year. For the stunting model, the response
variable was children’s stunting status (normal height or
stunted/severely stunted). For children’s BMI the response
variables were normal weight, wasted or overweight/obese.
We examined each explanatory variable individually for
both the stunting and BMI models (Tables4, 5). Analyses
were clustered at the household level on the assumption
that children in the same household had similar access
to food.

Multinomial regression models were used to examine
adult BMI
and obese) in relation to food security indicators. The

(underweight, normal weight, overweight
were identical to
The adult model

variable in place

explanatory variables for both models
the child variables except for hunger.
used adult hunger as an explanatory
of child hunger. For adult BMI, the
was adult BMI status. These results are presented in
Table 6.

Food and
were generated from datasets with
created by the NIDS data team (25). All analyses were
conducted using Stata 15.1
Station, TX).

response variable

security  indicators outcome  categories

imputation values

(Stata Corporation, College
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TABLE 2 Prevalence of childhood stunting by age category.

Category >5years 5-9yrs 10-17yrs Total

% (n) % (n) % (n) % (n)
Normal height 73.8(1526) 86.5(2156) 82.1(3457) 81.3(7139)
Stunted/severely stunted ~ 28.2 (543) 13.5(338) 17.9 (757)  18.7 (1 638)
Total 100 (2069) 100 (2494) 100 (4214) 100 (8 777)
Results

Insufficient food over the past 12 months was the most
frequently reported food insecurity indicator (38.1%) followed
by medium household dietary diversity scores (30.7 %). Low
dietary diversity scores were the least common indicator (4.1%)
followed by child hunger in the past 12 months (14.9%). These
findings are presented in Table 1.

Height for age scores were available for 8 777 children across
3 831 household clusters. Children of normal height (n =7 139)
were the reference category. A total of 18.66% of children (n
= 1 638) were classified as stunted as seen in Table 2. Children
aged <5 years had the highest proportion of stunting (28.2%)
followed by adolescents (17.9%). Children in the 5-9-year age
category had the lowest prevalence of stunting (13.5%). These
findings are presented in Table 2.

BMI scores were available for 7 385 children across 3 559
6118)
were the reference category. A total of 6.8% of children were

household clusters. Children of normal weight (n =

classified as wasted or severely wasted (n = 500) and 10.4% of
children were classified as overweight or obese (1 = 767). The
prevalence of wasting was highest among adolescents (7.7%)
while the prevalence of overweight and obesity was highest
among children aged <5 years (17.5%). These findings are
presented in Table 3.

For the full sample, each unit increase of dietary diversity
offered a protective effect against stunting and reduced the
risk of stunting by 5%. Children and adolescents children with
medium dietary diversity were significantly more likely to be
stunted than children with high dietary diversity (OR 1.35).
When we stratified the children by age group, medium dietary
diversity was significantly associated with stunting for children
aged <5 years and adolescents. Low dietary diversity scores were
associated with stunting among adolescents but not among other
age groups. However, the prevalence of low dietary diversity was
only 3.9% in this sample which likely contributed to the null
finding. Medium dietary diversity and food expenditure >60%
of monthly expenditure were associated with stunting among
the adolescent group. None of the experiential indicators (child
hunger and household food insufficiency) were associated with
stunting for any age group in the sample. These findings are
presented in Table 4.

Medium dietary diversity and child hunger was associated
with wasting in children <5. Child hunger represents the most
severe form of food insecurity and households that reported

frontiersin.org


https://doi.org/10.3389/fpubh.2022.948090
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Harper et al.

TABLE 3 Prevalence of childhood wasting and overweight by age category.
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Category <5 years 5-9yrs 10-17 yrs Total)

% (n) % (n) % (n) % (n)
Normal weight 77.2 (1373) 85.7 (1 756) 84 (2989) 82.8(6118)
Wasted/severely wasted 5.3(95) 6.5(133) 7.7 (272) 6.8 (500)
Overweight/obese 17.5(311) 7.8 (160) 8.3 (296) 10.4 (767)
Total 100 (1 779) 100 (2 049) 100 (3 557) 100 (7 385)
TABLE 4 Logistic regression model of food security in relation to childhood stunting.
Indicators Odds ratio of being stunted (p-Value)

Bivariate regressions
<5 years 5-9 years 10-17 years Full sample

n=2,069 n = 2,494 n=42,14 n=_8,777
Dietary diversity (continuous) 0.97 (0.195) 0.96 (0.153) 0.91 (P < 0.000) 0.94 (P < 0.000)
Medium dietary diversity (5-8) 1.27 (0.028) 1.12 (0.386) 1.53 (P < 0.000) 1.35 (P < 0.000)
Low dietary diversity 1-4 0.86 (0.628) 0.87 (0.667) 1.88 (0.002) 1.29 (0.115)
Food expenditure (>0.6) 1.26 (0.056) 1.09 (0.576) 1.24 (P < 0.000) 1.24 (P < 0.000)
Child hunger 0.97 (0.774) 0.99 (0.926) 0.97 (0.713) 0.97 (0.642)
Food insufficiency 1.08 (0.453) 0.89 (0.380) 1.14 (0.100) 1.07 (0.276)
Bold values indicate to highlight statistically significant results.
TABLE 5 Multinomial regression model of food security in relation to childhood wasting and overweight.

<5 years 5-9 years 10-19 years Full sample

Indicators n=1,779 n = 2,049 n = 3,557 n=7385
Relative risk ratio of being wasted or severely wasted (n = 500)
Dietary diversity (continuous) 0.93 (0.145) 0.96 (0.387) 0.93 (0.017) 0.94 (0.008)
Medium dietary diversity (5-8) 1.76 (0.014) 0.88 (0.541) 1.23 (0.160) 1.22 (0.086)
Low dietary diversity (1-4) 2.28 (0.071) 1.05 (0.802) 1.37 (0.389) 1.88 (0.011)
Food expenditure>0.6 1.51 (0.087) 0.81 (0.387) 0.81 (0.244) 0.92 (0.594)
Child hunger 2.0 (0.003) 1.11 (0.651) 0.97 (0.842) 1.17 (0.216)
Food insufficiency 1.0 (0.984) 1.16 (0.444) 0.95 (0.690) 1.01 (0.945)
Relative risk ratio of being overweight or obese (n =767)
Dietary diversity (continuous) 0.98 (0.496) 1.06 (0.147) 1.05 (0.088) 1.03 (0.143)
Medium dietary diversity (5-8) 0.96 (0.782) 0.83(0.329) 0.87 (0.330) 0.89 (0.183)
Low dietary diversity (1-4) 1.35(0.352) 0.84 (0.335) 0.93 (0.841) 1.04 (0.883)
Food expenditure>0.6 1.21 (0.189) 0.89 (0.607) 0.75 (0.098) 0.98 (0.841)
Child hunger 0.87 (0.392) 0.50 (0.005) 0.56 (0.002) 0.66 (P < 0.000)
Food insufficiency 0.92 (0.541) 0.63 (0.011) 0.62 (0.001) 0.74 (P < 0.000)

Bold values indicate to highlight statistically significant results.

children going hungry in the past year likely represent the most
poor and deprived households. Each unit increase of dietary
diversity decreased the risk of wasting in adolescents. Child
hunger and food insufficiency decreased the risk of obesity
among children in the 5-9-year age group and adolescents.
These findings are presented in Table 5.

Frontiersin Public Health 05

Anthropometry measurements were available for 12 199
adults aged 18 and above across 6 483 household clusters. The
prevalence of underweight, overweight and obesity was 7.6,
23.4 and 26.3%, (respectively). Adult hunger and household
food insufficiency were the indicators most strongly associated
with an increased risk of underweight (RR 1.25 and 1.34).
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TABLE 6 Multinomial regression model of food security in relation to adult anthropometry.

Indicators

Relative risk ratio of being underweight (n = 927)
Dietary diversity (continuous)

Medium dietary diversity (5-8)

Low dietary diversity (1-4)

Food expenditure>0.6

Adult hunger

Food insufficiency

Relative risk ratio of being overweight (n = 2,857)
Dietary diversity (continuous)

Medium dietary diversity (5-8)

Low dietary diversity (1-4)

Food expenditure>0.6

Adult hunger

Food insufficiency

Relative risk ratio of being obese (n = 3,219)
Dietary diversity (continuous)

Medium dietary diversity (5-8)

Low dietary diversity (1-4)

Food expenditure>0.6

Adult hunger

Food insufficiency

Relative risk ratios (95% CI) p-Value
Bivariate regressions
0.98 (0.96-1.01) 0.214
1.09 0.321
0.94 (0.89-1.17) 0.730
0.99 (0.85-1.19) 0.942
1.25 (1.10-1.45) 0.007
1.34 (1.10-1.43) P <0.000
1.05 (1.03-1.07) P<0.000
0.86 0.003
0.70 (0.76-0.92) 0.004
0.90 (0.81-1.01) 0.087
0.67 (0.61-0.75) P < 0.000
0.81 (0.74-0.90) P < 0.000
1.11 (1.07-1.14) P <0.000
0.69 P <0.000
0.57 (0.52-0.65) P < 0.000
0.81 (0.71-0.91) 0.001
0.71 (0.64-0.78) P <0.000
0.90 (0.80-0.96) 0.022

The reference category was adults of normal weight N = 5,229. Bold values indicate to highlight statistically significant results.

Other food security indicators followed a similar pattern
with an increased risk for underweight among adults and a
decreased risk for overweight and obesity. However, each unit
increase of dietary diversity increased the risk of overweight
and obesity, but a reduction in dietary diversity was not
associated with being underweight. These findings are presented
in Table 6.

There was a total of 3,720 households that had
anthropometry measurements for both adults and children
in the household and 850 (22.8%) of these households
included stunted children as well as obese adults (Table 7).
The DBM describes the coexistence of overnutrition
(overweight and obesity) with undernutrition (stunting).
In this sample, among households with stunted children,
70.2% of stunted children lived with overweight or obese
adults. For ease of interpretation, we have grouped overweight
and obese adults together as well as stunted and severely
stunted children. When examining the double burden of
malnutrition, households with one or more stunted child
and one or more overweight or obese adults were classified
as double burden households while households with stunted
children and normal weight adults were classified as single
burden households.

Frontiersin Public Health

Discussion

Our results show that 18.43% of children are stunted,
and that the double burden of malnutrition is evident in
our sample with over 70% of stunted children living in the
same household as an overweight or obese adult. Among
children aged <5 vyears, children with medium dietary
diversity are significantly more likely to be stunted than
children with high dietary diversity. Among adolescents,
medium dietary diversity, low dietary diversity and food
expenditure are associated with stunting. Child hunger
in the household and medium dietary diversity are
significantly associated with wasting among children aged
<5 years.

We did not find any of the food security indicators to be
associated with stunting in children aged 5-9 years. There are
several potential reasons for this. Children aged 5-9 had the
lowest prevalence of stunting (13.5%) across age groups, with
28.2% of children <5 yrs and 18.6% of adolescents classified
as stunted. The primary drivers of stunting among <5 yrs
may be different (i.e., diarrhea and other infectious diseases or
babies born small for gestational age) to those among older
children. Moreover, stunting is a cumulative process and the
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TABLE 7 Prevalence of the double burden of malnutrition by household.

10.3389/fpubh.2022.948090

Category Normal/underweight BMI Overweight/obese adult Total
% (n)

Normal height child/ren 24% (602) 76% (1 908) 100 (2 510)

Stunted or severely stunted child/ren 29.8% (360) 70.2% (850) 100 (1 210)

Total 25.9% (962) 74.1 (2 758) 100 (3 720)

Bold values indicate to highlight statistically significant results.

consequence of chronic malnutrition and a deficient growth
environment over time (3), hence the greater prevalence among
adolescents. Thus, stunting in adolescence is a continuation
from stunting in early childhood for most stunted adolescents.
Adolescence is a critical period of development as 15-20% of
total height is achieved during this phase. This may present
the final opportunity to increase adult height but there is a
lack of high-quality longitudinal evidence on whether catch
up growth during adolescence is even possible (34). A South
African cohort study found that found that <2% of children
experienced late incident stunting between the ages of 2 and
5 (35). In other words, most of the linear growth deficit had
already occurred by the age of 2 years. In addition, only a
quarter of children who were stunted at age 2 experienced
enough catch up growth to no longer be stunted by age 5 (35).
Interventions to increase dietary diversity among vulnerable
groups can still improve nutritional outcomes and wellbeing but
this may not necessarily translate into a meaningful reduction in
stunting (36).

Neither hunger nor food insufficiency were associated
with stunting for any age group, highlighting the limitations
of experiential indicators in relation to stunting. The South
African General Household Survey (GHS) uses the Household
Food Insecurity Access Scale (HFIAS), an experiential scale
which classifies households into three separate categories of
severity (food secure, moderately food insecure or severely food
insecure) for monitoring food security at a population level
(37, 38). The HFIAS was originally developed for food security
surveys in the US population, where child stunting is very
low and not considered a public health problem, unlike South
Africa. Furthermore, responses to experiential scales like the
HFIAS may vary dependent upon cultural and social contexts
and this limits comparison of food insecurity prevalence across
countries (16, 39). However, there is substantial evidence for
the protective effect of household dietary diversity against
childhood stunting and this has been observed in numerous
studies from LMIC (6, 17, 40, 41). We found that medium
dietary diversity was moderately associated with stunting among
children <5 years and strongly associated with stunting among
adolescents (OR 1.27 and 1.53). This suggests that children in
the low to medium dietary diversity category are more likely
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to be malnourished and dietary diversity is an effective proxy
for malnutrition.

While we did find that high proportion of food expenditure
was associated with stunting among adolescents and reduced
the risk of obesity among adults, expenditure data has
several limitations as an indicator. These include that it is
challenging to collect, and may be subject to recall bias and
lacks generalizability across different regions and currency
systems (16). However, food expenditure is associated with both
children’s linear growth and dietary diversity in a number of
studies (19, 42). Furthermore, such data are routinely included
in national surveys in many LMIC and so the association
between longitudinal household food expenditure patterns,
dietary diversity and children’s linear growth could be the subject
of more detailed research.

Although South Africa does not have public policies
designed specifically to address childhood stunting, South Africa
has an extensive Child Support Grant (CSG) program with over
12 million monthly disbursements to the caregivers of children
aged 18 and under. The CSG is an unconditional cash transfer
of R 400 (25 USD) per month to the primary caregiver. The
CSG is intended to purchase food, school supplies and other
essentials for low-income children. However, the CSG has not
been effective in reducing the burden of stunting in South Africa.
One potential reason for this is that the funds are insufficient
to purchase even a basic food basket or that the funds are not
used to purchase food (43, 44). However, some studies have
found that when coupled with maternal education (grade 8 or
higher) the CSG has a small but significant impact on increasing
children’s HAZ scores (45). These findings suggest that the
CSG may be more effective over time if maternal education
levels improve. A study from Mexico also found that maternal
education mitigated the effects of child stunting and maternal
overweight in a rural area (46).

However, the existing evidence suggests that even if they do
experience catch up growth, children who were stunted at age
2 years perform almost as poorly in cognitive tests as children
who remained stunted (35). This suggests that the first 2 years of
life are critical for both linear growth and cognitive development
and reinforces the need for interventions that can mitigate
stunting in the first 1,000 days of life (35). Thus, improvements
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in household dietary diversity may reduce stunting during
this critical period of development. However, dietary diversity
needs to be consistently measured at the population level if
policymakers are to identify vulnerable groups and develop
effective interventions.

The double burden of malnutrition (DBM) is particularly
common in LMIC countries like South Africa that have
undergone a nutrition transition characterized by rapid changes
in the food system and the availability of cheap and highly
processed foods (7, 47). Of the stunted children in this study,
over 70% lived in households with overweight or obese adults
(Table 7). Many stunted children may not experience hunger
but will still be malnourished by a nutrient poor diet that
consists primarily of starchy staples. This “hidden hunger” may
also extend to many of their overweight or obese parents. The
double burden of malnutrition is also visible among stunted
children who are also overweight or obese. Although this study
found that low dietary diversity was associated with stunting,
we also found an inverse relationship with adult BMI whereby
increased dietary diversity was associated with being overweight
or obese. However, increased dietary diversity did not increase
the risk of overweight/obesity among children or adolescents.
As the direction of the associations go in opposite directions for
stunting and obesity, further research is also needed to elucidate
the relationship between dietary diversity and anthropometry
across the full income range.

A longitudinal analysis of NIDS data that examined
changes in BMI found that higher household income per
capita was associated with a higher rate of change in weight
gain (48). Thus, an improvement in living standards and
economic progress is also a driver of the obesity epidemic
in South Africa. Cultural preferences around different body
types, sedentary lifestyles as well as a lack of knowledge and
education around healthy foods and nutrition also play a role
(49-52). Discerning to what extent rising obesity rates are
driven by higher income and broader choices of food, or food
insecurity coping strategies such as increased consumption
of cheap processed foods requires rigorous longitudinal
research (7, 47).

Limitations

While dietary diversity is a good proxy for dietary quality
and micronutrient adequacy, it also has limitations, as most
dietary diversity measures do not include a separate category
for processed foods, an important risk factor for overweight
and obesity (16, 17, 53). In addition, dietary diversity does
not capture the quantities of the diverse foods consumed
and there is a lack of formal cut-offs or theory that links a
number of food groups consumed to nutrient adequacy or
overall sufficient quantity of food (13). Currently, there is no
gold standard dietary diversity measure and the most widely
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used scales vary from between 7 and 15 food different food
groups (16).

Conclusion

Stunting is a cumulative process and interventions to
mitigate stunting at the beginning of the life course may
be most effective for long term growth and developmental
outcomes. Accurate monitoring of food and nutritional
security at a population level is essential if LMIC hope to
improve nutritional outcomes, particularly among vulnerable
children. However, measures that are focused on hunger
fail to capture important dimensions of dietary quality.
Given the time and budget constraints of conducting large
surveys, household dietary diversity data are relatively
simple to collect and national surveys would be improved
by their inclusion in addition to existing measures of
food security.
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